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Success in clinical dentistry requires a thorough under-

standing of the anatomical and biologic nature of the 

tooth, with its components of enamel, dentin, pulp, 

and cementum, as well as the supporting tissues of 

bone and gingiva (Fig 1-1; see also Fig 1-9a). Dentistry 

that violates the physical, chemical, and biologic 

param eters of tooth tissues can lead to premature res-

toration failure, compromised coronal integrity, recur-

rent caries, patient discomfort, or even pulpal necrosis. 

The principles, materials, and techniques that consti-

tute operative dentistry are effective only when uti-

lized within a framework based on these biologic 

parameters. This chapter presents a morphologic and 

histologic review of tooth tissues with emphasis on 

their clinical significance for the practice of restorative 

dentistry.

Enamel
Enamel provides the shape and hard, durable outer 

surface of teeth, which protects the underlying dentin 

and pulp (see Fig 1-9a). Both color and form contribute 

to the esthetic appearance of enamel. Much of the art 

of restorative dentistry comes from efforts to simu-

late the color, texture, translucency, and contours of 

enamel with synthetic dental materials, such as resin 

composite or porcelain. Nevertheless, the lifelong 

preser vation of the patient’s own enamel is one of the 

defining goals of the discipline of operative dentistry. 

Although enamel is capable of lifelong service, its crys-

talline mineral makeup and rigidity, exposed to an oral 

environment of occlusal, chemical, and bacterial chal-

lenges, make it vulnerable to acid demineralization, 

attrition (wear), and fracture (Fig 1-2). Mature enamel is 

unique compared with other tissues because, besides 

alterations in its mineral content, repair or replacement 

can only be accomplished through dental therapy.

Permeability

At maturity, enamel is 96% inorganic hydroxyapatite 

mineral by weight and more than 86% hydroxyapatite 

mineral by volume. Enamel also contains a small vol-

ume of organic matrix, as well as 4% to 12% by volume 

water, which is contained in the intercrystalline spaces 

and in a network of micropores opening to the exter-

nal surface.1 These microchannels form a dynamic con-

nection between the oral cavity and the pulpal inter-

stitial space and dentinal tubule fluids.2 Various fluids, 

ions, and low–molecular weight substances, whether 

deleterious, physiologic, or therapeutic, can diffuse 

through the semipermeable enamel. Therefore, the 

dynamics of acid demineralization, reprecipitation or 

remineralization, fluoride uptake, and vital bleaching 

therapy are not limited to the surface but are active in 

three dimensions.3–6 When teeth become dehydrated, 

as from nocturnal mouth breathing or rubber dam 

isolation for dental treatment, the empty micropores 

make the enamel appear chalky and lighter in color 

(Fig 1-3). The condition is reversible with return to the 

“wet” oral environment. There is some evidence that 

the permeability of the enamel decreases with age and 

may be affected by various dental procedures, such as 

tooth whitening, acid etching, or the physical removal 

of the outermost layer of enamel.7–9

Lifelong exposure of semipermeable enamel to the 

ingress of elements from the oral environment into 

the mineral structure of the tooth results in coloration 

intensity and resistance to demineralization. The yel-

lowing of older teeth may be attributed to thinning 

or increased translucency of enamel, accumulation of 

trace elements in the enamel structure, and perhaps 

the sclerosis of mature dentin. This yellowing may 

be treated conservatively with at-home or in-office 

bleaching. The enamel remineralization process ben-

efits from the incorporation of fluoride from water 
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sources or toothpaste and from the fluoride concentrated in 

the biofilm (plaque) that adheres to enamel surfaces. Enamel 

damaged by acid-producing biofilm bacteria can be repaired 

by remineralization with fluoride, which increases the rate 

of conversion of hydroxyapatite into more stable and less 

acid-soluble crystals of fluorohydroxyapatite or fluoroapatite.10 

There has been a considerable amount of research recently 

directed at further enhancing the effectiveness of fluoride 

remineralization by creating new delivery systems that increase 

the available calcium and phosphate required to form fluoro-

hydroxyapatite and fluoroapatite.11 With aging, color (hue) is 

intensified, but acid solubility of enamel, pore volume, water 

content, and permeability are reduced, although a basic level 

of permeability is maintained.12

Clinical appearance and defects
The dentist must pay close attention to the surface character-

istics of enamel for evidence of pathologic or traumatic condi-

tions. Key diagnostic signs include color changes associated 

with demineralization, cavitation, excessive wear, morphologic 

faults or fissures, and cracks (see Fig 1-2).

Color
Enamel translucency is directly related to the degree of min-

eralization, and its color is primarily a function of its thickness 

and the color of the underlying dentin. From approximately 2.5 

mm at cusp tips and 2.0 mm at incisal edges, enamel thickness 

decreases significantly below deep occlusal fissures and tapers 

to become very thin in the cervical area near the cemento-

enamel junction (CEJ). Therefore, the young anterior tooth has 

a translucent gray or slightly bluish hue near the incisal edge. A 

more chromatic yellow-orange shade predominates cervically, 

where dentin shows through thinner enamel. Coincidentally, in 

about 10% of teeth, a gap between enamel and cementum in 

the cervical area leaves vital, potentially sensitive dentin com-

pletely exposed.13

Anomalies of development and mineralization, extrinsic 

stains, antibiotic therapy, and excessive fluoride can alter the 

natural color of the teeth.14 However, because caries is the 

primary disease threat to the dentition, enamel discoloration 

related to demineralization caused by acid from a few micro-

organisms, primarily mutans streptococci, within biofilm15 is 

a critical diagnostic observation. Subsurface enamel porosity 

from demineralization is manifested clinically as a milky white 

Wear facet

Enamel

Dentin

Pulp

Caries lesion
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Fig 1-2 Observations of clinical importance on the tooth surface.
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Fig 1-1 Component tissues and supporting structures of the tooth. DEJ— 

dentinoenamel junction.
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opacity termed a white spot lesion (Figs 1-2 and 1-4). Early 

enamel fissure–caries lesions are difficult to detect on bitewing 

radiographs. However, diagnostic accuracy can be improved 

by a systematic visual ranking of the enamel discoloration 

adjacent to pits and fissures, which in turn is correlated with the 

histologic depth of demineralization.16,17 In the later stages of 

enamel demineralization extending to near the dentinoenamel 

junction (DEJ), the white-spot opacity is evident not only when 

the tooth is air dried but also when it is wet with saliva.18 It may 

take 4 to 5 years for demineralization to progress through the 

enamel,19 but with improved plaque removal and remineraliza-

tion, the lesion may arrest and, with time, appear normal again. 

In one study, 182 white spot lesions in 8-year-old children were 

reevaluated at age 15 years: 9% had cavitated, 26% appeared 

unchanged, and 51% appeared clinically sound.20 In addition, 

sealing an initial caries lesion with resin has also been shown to 

be an effective method for arresting its further development.21,22

A longstanding chalky and roughened white-spot appear-

ance of the facial or lingual enamel surface (see Fig 1-4a) may 

be a result of factors such as inadequate oral hygiene, a cario-

genic diet, and an insufficient amount of saliva resulting from 

medical conditions or medication. All of these factors place the 

patient at a higher risk for caries.23 As the caries progresses, 

the overlying enamel takes on a blue or gray tint that provides 

a clinical sign indicating advanced dentin involvement. With 

the advent of effective remineralization, dentin bonding tech-

niques, and fissure sealants, several authorities have suggested 

that invasive restorative procedures or replacement restora-

tions should be considered only if caries lesion extension to 

dentin can be confirmed by visual signs of deep discoloration, 

enamel cavitation to dentin, or radiographic evidence.24,25

Cavitation
In the early stages of an enamel caries lesion, acid from the 

biofilm penetrates through the eroded crystal spaces to form 

a subsurface lesion of demineralized and porous mineral struc-

ture that appears clinically as a white spot. The acid protons fol-

low the direction of the widened intercrystalline spaces of the 

affected enamel rods toward the DEJ. If the cariogenic biofilm, 

the etiology of the lesion, is not regularly removed through 

preventive measures, the lesion will progress in depth to the 

DEJ and into the dentin. When seen in two dimensions, as in 

a radiograph, smooth-surface enamel lesions are triangular, 

with the base of the triangle at the enamel surface; in a three-

dimensional view, the proximal enamel lesion is a cone with 

its base equivalent in location and area to the demineralized 

enamel surface and its apex closest to the DEJ. The deepest 

demineralized enamel rods, those at the apex of the cone, 

are first to be demineralized to the depth of the DEJ because 

of their longer time of exposure to the acid concentrations 

produced by the biofilm. The nature of enamel caries lesions 

in occlusal fissures is similar, but the shape is more complex 

because it occurs simultaneously at the confluence of two or 

more cuspal lobes, each with divergent rod directions (see Fig 

1-4b). In two dimensions, a fissure-caries lesion presents with 

the apex of the triangular-shaped lesion located where the 

initial demineralization occurs simultaneously in both of the 

opposing internal surfaces of the occlusal fissure, and as the 

caries process follows the divergent rods of both opposing 

lobes toward the dentin, the lesion widens to form a broader 

base that parallels the DEJ.

Along with regular plaque removal, topical fluoride applica-

tions help to limit or even reverse enamel demineralization.26 

Fig 1-3 Color change resulting from dehydration. The right cen-

tral incisor was isolated by rubber dam for approximately 5 min-

utes. Shade matching of restorative materials should be deter-

mined with full-spectrum lighting before isolation.

Fig 1-4 (a) White spot lesion on the facial surface of the maxillary premolar. (b) Premolar with 

both an occlusal fissure-caries lesion (Class 1), extending into the dentin, and a proximal smooth-

surface caries lesion (Class 2). 

a b
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Some preventive materials attempt to replace minerals in the 

subsurface enamel lesion using home applications of amor-

phous and reactive calcium phosphate complexes.27 Another 

product employing synthetic hydroxyapatite in an acid paste 

is said to repair defects and replace crystals within a matter of 

minutes.28

Unless prevention or remineralization can abort or reverse 

the carious demineralization, the dentin structure is compro-

mised and can no longer support the enamel, which eventually 

breaks away to create a “cavity” (Fig 1-5). A restoration must 

then be placed. Untreated, the cavitation expands to compro-

mise the structural strength of the crown, and microorganisms 

proliferate and infiltrate deep into dentin to jeopardize the 

vitality of the pulp. When the caries lesion extends past the 

CEJ, as in root caries (see Fig 1-2), factors such as isolation, 

access, and gingival tissue response complicate the restorative 

procedure.

Wear
Enamel is as hard as steel,29 with a Knoop Hardness Number 

of 343 (compared with 68 for dentin). However, enamel will 

wear because of attrition or frictional contact against oppos-

ing enamel or harder restorative materials, such as porcelain. 

The normal physiologic contact wear rate for enamel is 15 to 

29 µm per year.30 Restorative materials that replace or function 

against enamel should have compatible wear, smoothness, 

and strength characteristics. Heavy occlusal wear is demon-

strated when rounded occlusal cuspal contours are ground to 

flat facets (see Figs 1-1 and 1-2). Depending on factors such as 

bruxism, other parafunctional habits, malocclusion, age, and 

diet, cusps may be lost completely and enamel abraded away 

so that dentin is exposed and occlusal function compromised 

(Fig 1-6). In preparing a tooth for restoration, a cavity outline 

form should be designed so that the margins of restorative 

materials avoid critical, high-stress areas of occlusal contact.31 

The potential effects of lost vertical dimension from tooth wear 

may be offset by active tooth eruption and apical cemento-

genesis.32,33

Faults and fissures
Various defects of the enamel surface may contribute to the 

accumulation and retention of plaque. Perikymata (parallel 

ridges formed by cyclic deposition of enamel), pitting defects 

formed by termination of enamel rods, and other hypoplastic 

flaws are common, especially in the cervical area.1 Limited lin-

ear defects or craze lines result from a combination of occlusal 

loading and age-related loss of resiliency but are generally 

not clinically significant. Organic films of surface pellicle and 

dental cuticles, extending 1 to 3 µm into the enamel, may play 

key roles in ion exchange and in adhesion and colonization of 

bacterial plaque on the enamel surface.33,34

Of greater concern are the fissure systems on the occlusal 

surfaces and, to a lesser extent, on buccal and lingual sur-

faces of posterior teeth. A deep fissure is formed by incomplete 

fusion of lobes of cuspal enamel in the developing tooth. The 

resulting narrow clefts provide a protected niche for acidogenic 

bacteria and the nutrients they require (Fig 1-7; see also Fig 

1-4b). It is estimated that caries lesions are five times more likely 

to occur in occlusal fissures and two and a half times more likely 

to occur in buccal and lingual fissures than in proximal smooth 

surfaces.35 The 2000 US Surgeon General’s report,36 which was 

based on a national survey of dental health, confirms that over-

all caries experience, especially that of smooth-surface lesions, 

is declining. A report from the National Center for Health Sta-

tistics, based on the US National Health and Nutrition Exami-

nation Survey comparing various survey time periods from 

1988–1994 through 2007–2008, indicated that the incidence of 

untreated caries in the overall US population has been steadily 

decreasing.37 This survey found that the only segment of the 

population that had shown a significant increase in caries over 

this time period was the segment consisting of children who 

were 2 to 4 years of age.38 The fissured surfaces of the teeth 

Fig 1-5 Maxillary molar with extensive carious den-

tin. This is only the initial entry through unsupported 

enamel into the carious dentin; the final preparation 

of the tooth will likely remove at least the distolingual 

cusp and the marginal ridge to eliminate any unsup-

ported enamel.

Fig 1-6 Excessive occlusal enamel and dentin loss from a 

combination of bruxism, attrition, and erosion. (Courtesy of Van 

B. Haywood, Augusta, Georgia.)
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are relatively inaccessible for plaque-control measures and 

account for nearly 90% of total decayed, missing, and filled 

surfaces (DMFS) in US schoolchildren. Several studies offer evi-

dence that the physical barrier provided by an enamel-bonded 

resin fissure sealant is an effective preventive treatment for 

high-caries-risk patients and for individual teeth with incipient 

enamel pit and fissure lesions.39–41

Cracks
Although craze lines in the surface enamel are of little conse-

quence, pronounced cracks that extend from developmental 

grooves across marginal ridges to axial surfaces, or from the 

margins of large restorations, may portend coronal or cuspal 

fracture. A crack defect is especially critical when the crack, 

viewed within a cavity preparation, extends through dentin or 

when the patient has pain while chewing (Fig 1-8). A cracked 

tooth that is symptomatic or involves dentin requires a restora-

tion that provides complete coronal coverage or at least adhe-

sive splinting.42,43 It should be noted, however, that even if a 

crack is identified early in patients with a diagnosis of reversible 

pulpitis and a crown is placed, subsequent root canal treatment 

may still be necessary in about 20% of the cases.44

Rod and interrod crystal structure
Enamel is a mineralized epidermal tissue. Ameloblast cells of 

the developing tooth secrete the organic matrix gel to define 

the enamel contours and initiate its mineralization. Calcium 

ions are transported both extra- and intracellularly to form 

“seeds” of hydroxyapatite throughout the developing matrix. 

These hydroxyapatite seeds form nidi for crystallization, and 

the crystals enlarge and supplant the organic matrix. The 

repeating molecular units of hydroxyapatite, Ca
10

(PO
4
)
6
(OH)

2
, 

make up the building blocks of the enamel crystal. However, 

the majority of apatite units exist in an impure form in which 

carbonate is substituted in the lattice, resulting in a destabiliz-

ing effect on the crystal. When exposed to plaque acids, the car-

bonated components of the crystal are the most susceptible to 

demineralization and the first to be solubilized. Both the thera-

peutic substitution of fluoride into the enamel apatite crystal 

and the facilitatory role of fluoride to enhance reminerali-

zation following cycles of acid dissolution are key to the 

dynamics of remineralization. In the presence of fluorides, 

enamel crystals in the incipient caries lesion are replaced or 

repaired with fluoro apatite or fluorohydroxyapatite, which are 

relatively insoluble. Therefore, the best outcome of repeated 

cycles of demineralization-remineralization, when accompa-

nied by plaque control and fluoride availability, is a more 

caries-resistant enamel.6

The maturing ameloblast cell develops a cytoplasmic exten-

sion, the Tomes’ process, which simultaneously secretes enamel 

protein matrix and initiates the mineralization and orientation 

of enamel crystals. The divergent directions of the crystals 

generated from the central and peripheral surfaces of Tomes’ 

processes, repeated in a symmetric pattern, form the two 

basic structural units of enamel: cylindric enamel rods and 

the surrounding interrod enamel. Figure 1-9 shows electron 

microscope photomicrographs of enamel, progressing from a 

macrostructural image to ultrastructural images showing indi-

vidual enamel crystals. 

The crystals in the enamel rods and interrod enamel dif-

fer only in the orientation of the crystals: Interrod crystals are 

almost perpendicular to rod crystals. In mature enamel, the 

closely packed, hexagonal crystals have cross-sectional dimen-

sions of approximately 30 × 60 nm (see Fig 1-9f). The matrix 

proteins, enamelins, and water of hydration form a shell, or 

envelope, around each crystal. With the exception of the amor-

phous inner and outer enamel surface, the rod and interrod 

enamel are thought to be continuous throughout the thick-

ness of the enamel. The multitude of crystals that form these 

two entities may also span the width of the enamel structure. 

The appearance of light and dark bands observed in sectioned 

specimens of enamel are known as Hunter-Schreger bands (Fig 

1-10). This optical effect, seen under magnification in cut or 

fractured sections of tooth structure, is a result of the variation 

of light reflection from the bands of the enamel crystals that 

Fig 1-7 (a) Fissured occlusal surface of a maxillary premolar. (b) Cross section 

of the fissure shown in a.

Fig 1-8 (a) Molar with pronounced cracks extending across the mesial and 

distal marginal ridges. (b) Same molar with the occlusal restoration removed, 

exposing a mesiodistal incomplete fracture across the pulpal floor. (Courtesy of 

Van B. Haywood, Augusta, Georgia.)

ba a b
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are oriented in different directions. The variation in both den-

sity and orientation of these crystals may have a direct effect 

on both the degree of mineral dissolution when exposed to 

acidic solutions as well as the susceptibility of different areas of 

the tooth to the development of crack lines in enamel.45,46 The 

crystals within the cylinders of rod enamel run parallel to the 

long axis of the rods, which are approximately perpendicular to 

the enamel surface. A narrow space filled with organic material 

around three-fourths of each rod, called the rod sheath, sepa-

rates the two enamel units. However, the two separate enamel 

components are connected at the portion of the rod circumfer-

ence that is not bounded by the rod sheath to form an isthmus 

Fig 1-9 Enamel composition. (a) Scanning elec-

tron photomicrograph of a cross section of a tooth 

crown showing enamel as the outer protective 

covering for the tooth. (Bar = 1 mm.) (b) Scanning 

electron photomicrograph showing the complex of 

enamel rods and the DEJ. (Bar = 100 µm.) (c) Scan-

ning electron photomicrograph showing enamel 

rods (R) and interrod enamel (IR). (Bar = 6 µm.) 

(d) Scanning electron photomicrograph of a cross 

section of enamel rods (R) and interrod enamel 

(IR). Note the connecting isthmus between the two 

enamel components and the gap (sheath) around 

the rods. (Bar = 10 µm.) (e) Transmission electron 

photomicrograph showing divergent crystal orienta-

tion in rodent enamel rod and interrod enamel. (Bar 

= 0.1 µm.) (f) Transmission electron photomicro-

graph showing the elongated hexagonal shape of 

hydroxyapatite crystals in enamel. The dimensions 

of each crystal are in the range of 30 × 60 nm. (Bar 

= 20 nm.) (Reprinted from Nanci12 with permission.)

e f

a b

dc
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of confluent crystals (see Fig 1-9d). In cross section, the rod 

core and the connecting isthmus of interrod enamel together 

have traditionally been described as keyhole-shaped and as 

the basic repeating structural unit of enamel. However, recent 

studies show the interrod enamel to be continuous within the 

enamel mass and to be a step ahead of the rod in development. 

Therefore, the current interpretation of the structure of enamel 

is that of cylindric enamel rods embedded in the surrounding 

interrod enamel.12 

Enamel and acid etching
The spacing and divergent orientation of the crystals in the rod 

and in the interrod enamel make the enamel rod differentially 

soluble when exposed for a brief time to weak acids. Depend-

ing on the acid, contact time, and plane of cavity preparation, 

either the ends or the sides of the crystals may be preferen-

tially exposed. Different etch patterns have been described 

depending on the type and contact time of the etchant and 

whether the primary dissolution affects the rod or the interrod 

structure.47,48

The initial effect of acid contact in etching enamel for bond-

ing to restorative materials is to remove about 10 µm of surface 

enamel, which typically contains no rod structure. Then, with 

rod and interrod structure exposed, the differential dissolution 

of enamel rod and interrod structure forms a three-dimensional 

macroporosity (Fig 1-11). The acid-treated enamel surface has 

a high surface energy so that resin monomer flows into, inti-

mately adapts to, and polymerizes within the pores to form 

retentive resin tags that are up to 20 µm deep. At the same 

time, the internal cores of all the exposed individual crystals are 

solubilized to create a multitude of microporosities. It is these 

countless numbers of minitags, formed within the individual 

crystal cores, that contribute most to the enamel-resin bond.49 

Because there are 30,000 to 40,000 enamel rods per square 

millimeter of a surface of cut enamel, and the etch penetration 

increases the bondable surface area 10- to 20-fold, the attach-

ment of resin adhesives to enamel through micromechanical 

interlocking is extremely strong.50,51 

As stated, the crystals within the enamel rod cylinders run 

parallel to the length of the enamel rods, which are approxi-

mately perpendicular to the external enamel surface. A cavity 

wall preparation that is perpendicular to the surface will expose 

predominantly the sides of both the enamel rods and their crys-

tals. This configuration is recommended for amalgam prepara-

tions because it preserves the dentinal support of the enamel, 

but it does not present the optimum bondable enamel sub-

strate. When the transverse section or face of the crystal, rather 

than its side, is exposed to acid, the central core of the crystal 

is most susceptible to acid dissolution. Resin bond strengths 

are twice as high when adhering to the acid-etched ends of 

the crystals as compared with the sides of the crystals.52 Thus, 

a tangential cut or bevel of approximately 45 degrees across a 

90-degree cavosurface angle of a prepared cavity will expose 

the ends of the rods and their rod crystals. Beveling enamel 

cavosurface angles of cavity preparations for resin composite 

Fig 1-10 The appearance of Hunter-Schreger bands 

(alternate dark and light bands) viewed on the labial sur-

face of a maxillary canine using reflected light. (Reprinted 

from Lynch et al45 with permission.)

Dentin

Enamel

Hunter-
Schreger 

bands

 Scanning electron photomicrograph of an acid-etched enamel surface. Note 

the keyhole-shaped rods and uneven surface formed by the disparity in depth 

of rod heads and rod peripheries. (Bar = 10 µm.)
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is generally recommended to expose the ends of the rods and 

to maximize the integrity of the restoration at its margins.53,54 

An exception is on occlusal surfaces, where beveling would 

extend tapering resin margins into areas of increased stress. 

Regardless of the variation in the etch pattern, the orientation 

of the enamel crystals, or the selected tooth surface, the acid-

etch modification of enamel for micromechanical retention 

provides a conservative, reliable alternative to macromechani-

cal undercuts traditionally used for retention of restorations.55

Strength and resilience
Enamel is hard and durable, but the rod sheaths, where the 

crystals of the interrod enamel abut three-fourths of each 

enamel rod cylinder, form natural cleavage lines through which 

longitudinal fracture may occur. The tensile bond strength of 

enamel rods is as low as 11.4 MPa.56 The fracture resistance 

between enamel rods is weakened if the underlying dentinal 

support is pathologically destroyed or mechanically removed 

(Fig 1-12). Fracture dislodgment of the enamel rods that form 

the cavity wall or cavosurface margin of a dental restoration 

creates a gap defect. Leakage or ingress of bacteria and their 

by-products may lead to secondary caries lesions.57 Some 

clinical dental treatments and procedures, such as whitening 

treatments or acid etching prior to restorative procedures, can 

directly affect the mechanical properties of enamel, including 

its hardness and modulus of elasticity.58,59 When resin compos-

ite is adhesively bonded to approximately parallel opposing 

walls of a cavity preparation, stress development due to polym-

erization shrinkage has led to reports of enamel microcracks 

and crazing at margins.60,61 Therefore, beveling acute or right-

angle enamel cavosurface margins so that the bond near mar-

gins is primarily to cross-sectional rods and not to the sides of 

rods is believed to be beneficial in preventing these fractures.62 

Considering the variation in direction of enamel rods and inter-

rod enamel and the structural damage caused by high-speed 

eccentric bur rotation, planing the cavosurface margin with 

hand instruments or low-speed rotary instruments to remove 

any friable or fragile enamel structure is recommended as a 

finishing step.

Although enamel is incapable of self-repair, its protective 

and functional adaptation is noteworthy. Carious deminerali-

zation to the point of cavitation generally takes several years. 

In comparison with the underlying dentin, enamel deminer-

alization is much slower because the apatite crystals in enamel 

are 10 times larger than those in dentin63 and offer less 

surface-to-volume exposure to acids. The crystals are pressed 

so tightly together that their hexagonal shape is distorted,12 

but this tight adaptation makes for little or no space for acid 

penetration between the crystals. With preventive measures 

and exogenous or salivary renewal of calcium, phosphates, and 

especially fluorides, the dynamics of demineralization can be 

stopped or therapeutically reversed. Additionally, the crystals 

are separated by a thin organic matrix that provides some 

additional strain relief to help prevent fracture.64 Studies on 

the mechanical properties of enamel indicate that the struc-

tural and compositional characteristics of the minor protein 

component found surrounding the enamel rods and individual 

hydroxyapatite crystals may significantly affect the mechanical 

properties of enamel.65

Enamel thickness and its degree of mineralization are great-

est in occlusal and incisal areas of enamel where masticatory 

contact occurs.66 The enamel rods are grouped in bundles that 

undulate in an offset pattern as they course to the surface. As 

a functional adaptation to occlusal stress, the spiraling weave 

of rod direction is so pronounced at the cusp tips of posterior 

Fig 1-12 (a) Coronal section through an interproximal 

box in a cavity preparation. Use of a rotary instrument 

(bur), which may leave the proximal wall with an 

acute enamel angle and undermined enamel, requires 

careful planning. (b) Marginal defect, resulting from 

improper cavity wall preparation, leads to eventual loss 

of enamel at the restoration interface. 

a b
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teeth that it is referred to as “gnarled” enamel. If enamel were 

uniformly crystalline, it would shatter with occlusal function. An 

enamel structure with divergent crystal orientations organized 

into two interwoven substructures—enamel rods and interrod 

enamel—yet bound at a connecting area by continuous crys-

tals provides a strong latticework. The enamel rods, which are 

parallel to each other and perpendicular to the surface structur-

ally, limit the lateral propagation of occlusal stress and transfer 

it unidirectionally to the resilient dentinal foundation.67

Dentin
Dentin provides both color and an elastic foundation for the 

enamel. The radicular (root) dentin covered with cementum 

and the coronal (crown) dentin supporting the enamel form 

the bulk of the structure of the tooth. The strength and durabil-

ity of the coronal structures are related to dentinal integrity. To 

the extent that open dentinal tubules can become closed and 

impermeable, dentin is a protective barrier and chamber for 

the vital pulp tissues. As a tissue without substantive vascular 

supply or innervation, it is nevertheless able to respond to 

external thermal, chemical, or mechanical stimuli. 

Dentinoenamel junction
The transition between the highly mineralized enamel and 

the collagen-containing dentin is a complex junction of two 

structurally different tissues. This interface, the DEJ, must resist 

fracture and separation under the extreme forces from occlu-

sal loading. The DEJ has been described as a transitional area 

rather than a definite line demarcating the junction of the 

two tissues. Although various methods of measurement have 

resulted in a wide range of values for the mean width of the 

DEJ, a majority of studies seem to report values for the DEJ 

width that fall within a range of 2 to 15 µm.68–71 It has been 

noted that the width of the DEJ may vary for different loca-

tions in the tooth.68 The transitional band of the DEJ appears 

to be scalloped with wavelike crests pointing outward toward 

the enamel; there is conjecture that this interlocking scalloped 

form may increase the strength of the interface between the 

two types of tissue.69,71 The scalloping has been observed to be 

larger in posterior teeth that are exposed to heavier occlusal 

wear.72 Some collagen fibers from the dentinal material extend 

through this transitional area and are embedded in the more 

highly mineralized enamel. These embedded collagen fibers 

may also add to the overall strength and resilience of the junc-

tion between the two tissues.73 A 200- to 300-µm layer of den-

tin that transitions from the bulk dentin into the DEJ complex, 

which includes the mantle layer of dentin, has been described 

as a soft zone of dentin because it contains tubules with little to 

none of the highly mineralized peritubular lining seen in other 

sections of dentinal tubules. This soft zone exhibits a reduced 

stiffness in comparison with bulk dentin, and it may play a sig-

nificant role in providing a cushioning soft layer between the 

enamel and bulk dentin of the tooth.74 

Support
Tooth strength, rigidity, and integrity rely on an intact dentinal 

substrate. To appreciate the magnitude of occlusal loading, 

a mean maximum bite force of 738 N (166 lb)75 applied to an 

average contact area of 4 mm2 distributed over 20 occlusal 

contacts76 produces more than 26,000 psi (180 MPa) of stress. 

Investigators have reported that resistance to tooth fracture 

is compromised with increasing depth and/or width of cav-

ity preparation.77,78 Dentin has a tensile strength of 40 MPa 

(6,000 psi) and a compressive strength of 266 MPa (40,000 

psi).79 A posterior tooth with an endodontic access prepara-

tion retains only a third of the fracture resistance of an intact 

tooth.80 In vitro studies report that large mesio-occlusodistal 

(MOD) preparations increase the strain or deflection of facial 

cusps threefold compared with that of intact control teeth, 

and coronal stiffness decreases more than 60%.80 Elastic defor-

mation of the crown and cuspal flexure are factors that can 

contribute to noncarious cervical lesions,81 cervical debonding 

of restorations,82 marginal breakdown,83 fatigue failure, crack 

propagation, and fracture.84,85 Removal and replacement of 

dental restorations over a patient’s lifetime generally result in 

successively larger or deeper preparations.86 Therefore, to pre-

serve coronal integrity, a conservative approach that combines 

localized removal of carious tooth structure with preservation 

of sound tooth structure, placement of sealants, and placement 

of bonded restorations is recommended.87 If a large prepara-

tion is required, the dentist should consider complete cover-

age of the occlusal surface with an onlay or a crown. As with 

enamel, there is evidence that chemical treatments applied 

to the tooth during certain dental treatments, such as higher 

concentrations of tooth-whitening agents, may have adverse 

effects on the fracture toughness of dentin.60,88

Morphology
Dentin is primarily composed of small, thin apatite crystal flakes 

embedded in a protein matrix of cross-linked collagen fibrils. 

The thickness of the apatite crystals varies from 3.5 nm near 

the DEJ to about 2 nm close to the pulp. Although a random 

orientation is found for most of these thin apatite crystal plate-

lets, it has been observed that there is a significant increase 

in the amount of parallel coalignment of these particles in 

areas where high strain might be expected, such as cusps.89 

The odontoblast, with its cell body at the pulp periphery and 

its extended process within the dentinal tubule, secretes the 

organic dentin matrix and regulates mineralization. The con-

verging paths of the odontoblastic processes form channels or 

tubules traversing the full 3.0- to 3.5-mm (3,000- to 3,500-µm) 

thickness of the dentin from the pulp to the DEJ. The mean 

tubule diameter near the pulpal wall is 2.5 µm. Within the first 
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0.5 mm from the pulp, the mean diameter decreases rapidly 

down to 1.9 µm, tapers more gradually over the next 2 mm 

of its length, and then tapers very little in the final 1.5 mm of 

the tubule to terminate in a diameter of 0.8 µm at the DEJ.90 

The tubules comprise about 10% of dentin volume.90 Near the 

axial coronal area of the DEJ, the tubule paths form a double 

curve or S shape, whereas tubules near the DEJ in occlusal 

areas and root surfaces form a relatively straight path to the 

pulpal interface. In mature dentin, the odontoblastic process 

extends within the dentinal tubule to about one-third the den-

tinal thickness.91 Variations, such as the density of tubules and 

the degree and quality of cross-linking of collagen fibers, have 

been observed between the structure of coronal dentin and 

root dentin. These variations could affect the degree of demin-

eralization achieved with phosphoric acid or other acids, the 

stability and durability of the hybrid layer, and bond strength in 

these areas of the tooth.92 (See chapter 9 for more on bonding 

to dentin and enamel.) 

Unlike enamel, which is acellular and predominantly miner-

alized, dentin is, by volume, 45% to 50% inorganic apatite crys-

tals, about 30% organic matrix, and about 25% water. Dentin is 

typically pale yellow in color and is slightly harder than bone. 

Two main types of dentin are present: (1) intertubular dentin, 

the structural component of the hydroxyapatite-embedded 

collagen matrix forming the bulk of dentin structure, and (2) 

peritubular dentin, limited to the lining of the tubule walls (Fig 

1-13). Peritubular dentin has little organic matrix but is densely 

packed with miniscule apatite crystals. Though primary intertu-

bular dentin remains dimensionally stable, the hypermineral-

ized peritubular lining gradually increases in width over time.93 

The relative and changing proportions of mineralized crystals, 

organic collagen matrix, and cellular and fluid-filled tubular 

volume determine the clinical and biologic responses of dentin. 

These component ratios vary according to location (depth) in 

the dentin, age, and the history of trauma to the tooth. 

Permeability
Although functional in forming and maintaining dentin, the 

open tubular channels of dentin compromise its function as 

a protective barrier. When the external covering of enamel or 

cementum is removed from dentin through cavity prepara-

tion, root planing, caries, trauma, or abrasion and erosion, the 

exposed tubules, if patent, become conduits between the pulp 

and the external oral environment. The exposure of the tubules 

with cavity preparation is somewhat offset by a layer of tena-

cious grinding debris, the smear layer, which adheres to the 

surface and partially plugs the tubular orifices.94 For optimum 

success, dentin bonding systems must remove, modify, or pen-

etrate this organic-inorganic barrier to facilitate resin diffusion 

and micromechanical bonding with the demineralized dentinal 

substrate.95 However, the removal of the smear layer with acids 

during dentin bonding procedures causes an increase in the 

local dentinal permeability along with an outward fluid move-

Peritubular 
dentin

Intertubular 
dentin

Tubule 
lumen

Fig 1-13 Dentin near the DEJ (top) and near the pulp (bottom) is compared to 

show relative differences in intertubular and peritubular dentin and in lumen spac-

ing and volume.

Salivary
ions

Bacteria

Microleakage

Secondary caries

Permeability

Bacteria

Inflammation

Pulpitis

Tertiary dentin

Sclerotic dentin

Cement liner

Varnish
Corrosion
Smear layer
Bonding resin

Fig 1-14 Leaking restoration interface (left); sealed restoration interface 

(right). Microleakage is exacerbated by polymerization shrinkage, conden-

sation gaps around the restorative material, and/or differences in thermal 

expansion. When microleakage is present, the tubule openings in dentin 

form a potential pathway between the oral environment and the pulp. Various 

restorative materials, together with the tooth’s defenses of tubule sclerosis 

and reparative dentin, restrict the noxious infiltration. 
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ment from the tubules, which results in adverse conditions for 

adhesive bonding.96 Currently available dentin adhesives are 

capable of establishing an effective immediate bond strength 

in the wet environment presented by the cut dentinal sur-

face; however, there are still some questions concerning the 

long-term effectiveness of these bonds because of problems 

involving the degradation of the resin and/or hydrolysis of the 

collagen.97–99

When injury or active caries affects dentin, the immediate 

inflammatory response is pulpal vasodilation, increased blood 

flow, and increased interstitial fluid pressure, which results in 

an increased outward flow rate of tubular fluid.100 In vitro stud-

ies have shown that the fluid outflow may partially counteract 

the inward diffusion of toxic solutes through the tubules by 

50% to 60%.101 In addition, vasodilation and temporary gaps 

between the junctional complexes of adjacent odontoblast 

cells accommodate the passage of plasma proteins, such as 

albumin and immunoglobulins, into the dentinal fluid. These 

components agglutinate within the tubules to limit the diffu-

sion to the pulp of exogenous stimuli and possibly to provide a 

direct immune response to bacteria.102,103 Thus, with exposure 

of the tubules, a vascular response and accelerated outward 

flow of the tubular fluid constitute an immediate protective 

response. Nonetheless, tubules that are blocked or constricted 

provide the pulp with better protection from the permeation of 

noxious substances.

The diffusion gradient is reduced by both smaller tubular 

diameters and greater tubular lengths, ie, greater remaining 

dentinal thickness (RDT). Indeed, the functional diameter of 

the tubule is only a fraction of the anatomical lumen, because 

intratubular cellular, collagenous, and mineral inclusions restrict 

flow through the tubular channels.104 Furthermore, the length 

of tubules and the inherent buffering capacity of a full thickness 

of dentin create an effective biofilter of diffusion products.105,106 

There are also regional differences in dentinal permeability. 

The coronal occlusal dentin (pulpal floor of a cavity prepara-

tion) is inherently less permeable than is the dentin around 

the pulp horns or axial surfaces.107,108 As a result, although the 

fissured occlusal surfaces of posterior teeth often require cavity 

preparation, only about 30% of the subjacent dentinal tubules 

are patent over their entire length. However, gingival areas of 

preparations, such as prepared proximal boxes or crown mar-

gins, which are relatively more susceptible to microleakage and 

development of recurrent caries lesions, are located where the 

dentin is most permeable.109,110

The presence of bacteria or their by-products in deep dentin 

causes an acute histopathologic and inflammatory response 

within the pulp.111,112 Even restored teeth are at risk of contin-

ued toxic diffusion through the phenomenon of microleakage, 

the flux of substances between the oral environment and the 

restoration-tooth interface due to the presence of interfacial 

gaps and possibly the differing coefficients of thermal expan-

sion of tooth structure and restorative materials111 (Fig 1-14). 

No restorative material or technique can ensure a complete 

hermetic seal of the restoration-tooth interface, and leakage 

at the gingival (cementum or dentin) margins of resin-bonded 

restorations is commonly reported.113,114 Through marginal 

defects, differential thermal expansion, and capillary action, 

various cytotoxic components or bacterial endotoxins may 

diffuse through the dentinal substrate to reach the pulp. Clini-

cally, an open margin or leaking restoration contributes to a 

wide range of problems, from marginal stains to sensitivity and 

chronic pulpitis, and is therefore frequently cited as the reason 

for replacement of an existing restoration115 (Fig 1-15).

Tubular conduits connecting the pulp to the external oral 

environment create a virtual micropulpal exposure. Newly 

erupted teeth with relatively open tubules are particularly vul-

nerable to pulpal effects from active caries and rapid penetra-

tion of bacteria.116 Without treatment, loss of tooth structure 

due to carious demineralization or excessive wear results in a 

diminished thickness of dentin separating the pulp from the 

oral environment. If the threatening stimuli are moderate and 

Fig 1-15 (a) Failed resin composite restoration. 

Polymerization shrinkage and cervical debonding 

created a restoration-wall gap defect (arrow, cervical 

margin), leading to microleakage and secondary car-

ies. (b) In vitro dye penetration reveals microleakage 

and diffusion through dentinal tubules.

a b
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slow in developing, the dentin-pulp complex may have time 

to hypermineralize or sclerose the tubular channels or to add 

new tertiary dentin at the pulp-dentin junction (PDJ). Block-

age of the tubules and dentinal repair are the most important 

defensive reactions of the dentin. However, with trauma, rapid 

advance of a caries lesion, or deep cavity preparation, a minimal 

RDT with numerous open tubules renders the pulp vulnerable 

to the influx of noxious substances. Without intervention, bac-

teria eventually reach the level of the PDJ, and pulpal necrosis 

is the probable outcome.117

Dentinal substrates 
The form and constituency of dentinal tissue are not static, and 

changes in its basic components may occur throughout the 

life of the tooth. Some of the variations in the dentinal tissue 

occur during its natural sequence of development or aging, 

while other variations result from the effects of external factors 

on the tooth, such as caries, injury, or wear. An understanding 

of these variations in the dentinal tissue is important because 

they are related to the long-term success of dental procedures 

and therapies.

Primary and secondary physiologic dentin
Bioactive signaling molecules and growth factors in the inner 

dental epithelium differentiate ectomesenchymal cells of the 

dental papilla into mature odontoblast cells. They synthe-

size and secrete extracellular organic matrix, which, following 

mineralization, forms the primary and secondary physiologic 

dentin93,118 (Fig 1-16). The first-formed, 150-µm-thick layer 

of primary dentin subjacent to the enamel is termed mantle 

dentin. It differs from other primary dentin in that it is 4% less 

mineralized, and the collagen fiber orientation is perpendicular 

rather than parallel to the DEJ. Following mantle deposition, 

odontoblasts begin to form odontoblastic processes and cre-

ate tubules as the cell bodies converge pulpally. When mature, 

as long as the root apex remains undeveloped and open, the 

odontoblasts produce primary dentin, mainly intertubular den-

tin, at a rate of 4 to 8 µm/day. Approximately 2 to 3 years fol-

lowing tooth eruption, and coincident with root apexification, 

the bulk of dentin surrounding the pulp chamber and canal 

systems, termed circumpulpal dentin, is completely formed. The 

synthesis of dentin then slows to 1 to 2 µm/day, decreasing in 

rate with age but continuing as long as the tooth is vital. The 

tubules remain regularly spaced and continuous with tubules 

within the primary dentin. As the tooth matures, this secondary 

dentin is distributed gradually and asymmetrically to create 

pulp-chamber volume reduction with a relatively constricted 

occlusogingival dimension. The pulp horns and root canals are 

also gradually reduced in volume. With this ongoing reduction 

in size of the pulp, the inherent risk of pulpal exposure dur-

ing cavity preparation tends to decrease with the age of the 

patient. Before starting a cavity preparation or crown prepara-

tion, the dentist should radiographically assess the size and 

location of the pulpal tissues in relation to the size and location 

of the caries lesion in order to anticipate the need for an indi-

rect pulp capping procedure and to attempt to avoid a pulpal 

exposure. 

Fig 1-16 Primary and secondary dentin. (left) Primary dentin and large pulp chamber and 

root canals are shown in a mandibular molar after eruption but before completion of root 

formation, when accelerated primary dentin formation ceases and secondary dentinogenesis 

begins. (right) Mature molar that has had gradual and continued deposition of secondary 

dentin. Note the large mesiobuccal pulp horn that is susceptible to exposure with deep cavity 

preparation. There is asymmetric deposition of secondary dentin on the pulp chamber roof 

and floor to narrow the vertical dimension. (Courtesy of James A. Gillis, San Antonio, Texas.)

Fig 1-17 Scanning electron photomicrograph of 

tubules in outer dentin. All highly mineralized peri-

tubular dentin has been removed in the specimen 

preparation. (Bar = 10 µm.)
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Outer dentin
In the first-formed dentin near the DEJ, the tubules of the outer 

dentin (Fig 1-17; see also Fig 1-13) are relatively far apart, and, 

with time, mineral supplementation of peritubular walls pro-

gressively narrows the lumen. With relatively fewer tubules at 

the periphery, around 20,000 tubules/mm2, and small tubule 

diameters of approximately 0.8 µm, the tubule lumens only 

constitute about 4% of the surface area of cut outer dentin119 

(see Fig 1-17). However, there is extensive terminal branching 

of the tubules in the outer 250 µm of dentin and regularly 

spaced connecting branches between tubules. Smaller fine 

canaliculi and even microfine 0.1-µm pores extend from the 

tubule walls to permeate the intertubular dentin (Figs 1-18 and 

1-19). Similar to the vascular system, this highly interconnected 

and fluid-filled tubular system acts as a transporting medium 

for mineral exchange and for bioactive molecules released 

from the dentinal matrix.90,120 This networking of tubules may 

account for the paradox that pressure as localized as an explor-

er tip moving across a surface of cut dentin may indirectly 

stimulate a plexus of neurons to cause a sensation of pain. 

Also, when the prepared dentinal surface is acid etched for 

resin bonding, the highly mineralized peritubular walls are the 

first to be solubilized to create wide funnel-shaped tubules and 

expose connecting branches. Resin penetration into tubules 

and branches, together with the micromechanical bond of the 

resin-dentin hybrid layer, form a mechanical interlocking of 

resin tags to create the best possible bond to the etched dentin 

substrate.121

It has been shown that the resin bond to dentin deteriorates 

over time.97,98,122 The degradation of denuded collagen in the 

layer of resin-infiltrated dentin is currently considered to be one 

of the main problems related to the deterioration of this bond. 

Current research attempting to identify the cause of this deg-

radation of the bond between resin and dentin suggests a link 

to water sorption–induced hydrolysis of the hydrophilic resin 

components123 and the breakdown of the protein within the 

collagen by a group of enzymes known as matrix metallopro-

teinases (MMPs).124 MMPs are released from the dentinal matrix 

DEJ

Peritubular 
dentin

Periodontoblastic 
space

Intertubular 
dentin

Odontoblastic 
process

Canaliculi

Predentin

Odontoblast

Nerve

Gap 
junction

 Scanning electron photomicrograph of resin penetra-

tion into a dentinal tubule system after etching with 

phosphoric acid. The dentin was then demineralized 

with hydrochloric acid and the organic component 

removed with sodium hypochlorite, leaving the resin 

to illustrate tubule configuration. Note the cross-

branching of tubules; this illustrates the com plexity of 

the dentinal tubule. (Courtesy of Jorge Perdigao, Min-

neapolis, Minnesota.)

Fig 1-18 Odontoblastic cell process and tubule system through dentin. Continual deposition of peritu-

bular dentin and minerals, accelerated by a chronic, noxious stimulus, gradually occludes the tubules 

peripherally. Note the terminal branching and interconnections between odontoblastic cell processes and 

between cellular walls. Direct neural penetration of dentin is limited to less than 20% of the tubules and 

rarely beyond the predentin.
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during the acid-conditioning step and degrade the strength of 

the bond by attacking the collagen fibers in the hybrid layer.125 

Evidence has been presented for various suggested approach-

es to resolve this bond degradation problem. One approach 

suggests that the use of an MMP inhibitor, such as chlorhexi-

dine digluconate (often used during dental procedures as an 

antibacterial agent) or galardin (a synthetic protease inhibi-

tor), incorporated into dentin bonding systems may be able 

to counterattack the effects of this endogenous enzyme on 

the dentin bond.125,126 Another approach suggests the incor-

poration of some form of amorphous calcium phosphate 

nanoprecursor into the dentin bonding system to attempt to 

accomplish both interfibrillar and intrafibrillar remineralization 

of the degraded dentinal tissue.127 Adhesion to tooth structure 

is discussed in more detail in chapter 9.

Because the processes of the odontoblastic cells extend no 

farther than the inner third of adult dentin (approximately 1.0 

mm), cavity preparations or caries lesions confined to the outer 

dentin do not directly sever or degrade the vital cellular com-

ponent of the dentin-pulp complex. Peripheral preparations 

or lesions with a substantial remaining dentin thickness of 2.0 

mm or more provide a sufficient physiologic barrier to safe-

guard pulpal health from routine restorative techniques.128 One 

important exception is an extensive crown preparation without 

water coolant and with constant, as opposed to intermittent, 

cutting, which may generate a level of heat or rate of tempera-

ture increase capable of creating histopathologic evidence of 

pulpal injury.129

Inner dentin
The dentinal substrate near the predentin and PDJ is quite dif-

ferent from that near the DEJ. The 20-µm-thick predentin layer 

consists of newly secreted organic matrix awaiting mineraliza-

tion. The converging tubules at the predentin, the portion of 

the dentin closest to the pulp, number up to 58,000/mm2 in 

cross section and contain the processes of the odontoblast 

cells130 (Figs 1-20 and 1-21). Careful cavity preparation and 

proper restorative technique are required to limit surgical trau-

ma to the odontoblast cell bodies and prevent their injurious 

displacement into the tubules,131 but with good technique and 

a healthy pulp prior to tooth preparation, the likely outcome of 

a deep preparation is pulpal healing without clinical symptoms. 

The tubule diameters near the PDJ are larger (2.5 to 3.0 µm), the 

distance between tubule centers is half that between tubule 

centers at the DEJ, and the peritubular dentin is diminished in 

thickness or absent.132 At the PDJ, the area of the intertubular 

dentin is as little as 12% of the surface, and the volume of the 

fluid-filled tubule lumens approaches 80%.90,133 Therefore, at 

this level, the dentin is more permeable and about 22 times 

wetter than the dentin at the DEJ.134 The fluid in the dentinal 

tubules is an extension of the interstitial fluid within the pulp, 

which has a positive pressure of 5 to 20 mm Hg. Therefore, 

the deeper the cavity preparation, the greater the outward 

flow of dentinal fluid from the exposed tubules to “wet” the 

cut surface. Some moisture has been shown to facilitate den-

tin bonding.135 However, studies of various bonding systems 

incorporating simulated pulpal pressure in deep dentin have 

Fig 1-20 Scanning electron photomicrograph of tubules in inner dentin of tooth 

in Fig 1-17. The section was approximately parallel to the walls of the pulp cham-

ber. All highly mineralized peritubular dentin has been removed in the specimen 

preparation. (Bar = 10 µm.)

Fig 1-21 Magnified tubule orifice with collagen 

matrix and odontoblastic process. (Bar = 1.0 µm.)
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demonstrated “overwet” conditions and lower bond strengths 

for some adhesives, but not for others.91,136–138 Also, deep cavity 

preparation extending near to the pulp may injure the cellular 

tissues, and a minimal RDT, whether from preparation, trauma, 

or a caries lesion, places the pulp in close proximity to toxic or 

immunologic stimuli.139

Carious dentin
The caries process is driven by the presence of a biofilm con-

taining acid-producing bacteria on the tooth surface. Without 

intervention, a progression of destructive changes occurs, 

prompting pulpal and dentinal responses. This begins with the 

subsurface enamel lesion and is followed by dentin demineral-

ization, cavitation, infection of demineralized dentin, dentin-

matrix dissolution, and, ultimately, pulpal necrosis.140 The 

degree and type of response is related to the caries activity, 

which may vary from active and rapidly progressive to chronic 

and slowly progressive or arrested. Over time, with the chang-

ing interplay of the oral environment, lesion development, host 

response, and preventive practices, the same lesion may 

assume any of these forms. 

The earliest dentinal response occurs adjacent to the center 

or apex of the enamel lesion, where the deepest demineraliza-

tion of enamel rods approaches the DEJ. Even before the enam-

el lesion reaches the DEJ histologically, acid protons, solubilized 

matrix components, and released bioactive molecules diffuse 

through the tubules contiguous with the affected enamel rods 

to stimulate morphologic changes and metabolic activity in the 

affected primary odontoblasts. Mineralizing components are 

released into the tubular fluid of the periodontoblastic space 

to augment the existing peritubular walls and to form a local-

ized zone of hypermineralized dentin subjacent to the enamel 

lesion of permeable enamel rods.141,142

When the enamel rod dissolution and enamel porosity reach 

the DEJ, the hypermineralized zone then becomes subject 

to accelerated acid dissolution. In contrast to enamel, dentin 

demineralization is more rapid because of the tubular network 

and the high surface-to-volume ratio of the small hydroxy-

apatite crystallites embedded in the collagen.143 Clinically, the 

affected dentin is often distinguished from normal dentin by 

decreased hardness and by a yellow-brown discoloration due 

to acid effect on the organic dentin matrix or possibly from 

exogenous staining.144 Unchecked, demineralization of the soft 

and discolored dentin progresses toward the pulp (Fig 1-22). 

However, as long as the enamel surface remains intact, the 

dentin lesion is relatively sterile and devoid of viable bacteria.16 

Incipient, noncavitated lesions may be arrested with plaque 

control or with other noninvasive preventive therapies.145

A pivotal point of caries lesion progression occurs if the 

20- to 50-µm surface layer of enamel over the internal enamel 

lesion fractures so that the surface becomes cavitated. Within 

the defect, which is generally inaccessible to brushing or floss-

ing, the facultative cariogenic bacteria multiply to generate 

a destructive acidic environment. A pathologic cycle of tooth 

destruction, infection, and tubular invasion of the dentin 

structure ensues (Fig 1-23; see also Fig 1-5). Following the 

demineralization of the peritubular walls and the intertubular 

crystals, proteolytic enzymes from the bacteria disrupt the 

cross-linked collagen framework of intertubular dentin. Clini-

cally, advanced or acutely infected dentin differs from normal 

dentin or dentin of an arrested caries lesion in that it is soft, 

readily excavated, wet, and generally light yellow to orange in 

color.146 This amorphous lesion is referred to as infected dentin 

and histologically as the zone of destruction. Beneath this zone, 

where the dentin matrix is still intact and limited bacterial pen-

etration is confined to the tubules, the dentin is termed affected 

dentin.147 Only select microorganisms invade the tubules. In the 

outer superficial or cavitated lesion, strains of gram-positive 

streptococcus prevail, whereas anaerobic rods are the bacteria 

primarily found in deep dentinal tubules and infected pulps 

and root canals.148 If the caries lesion progress is gradual, the 

pH gradient in the deeper tubules below the affected dentin 

promotes recrystallization of the solubilized minerals. The pre-

cipitated crystals, called the zone of sclerosis, occlude the tubule 

lumens to restrict diffusion of toxins to the pulp. However, 

without operative intervention, the acidic and bacterial front 

eventually breaches the hard tissue defenses that protect the 

pulp. The infusion of endotoxins and bacterial antigens into the 

pulp evokes severe immunologic, inflammatory, and cellular 

responses, with the probable outcome of irreversible pulpitis. 

However, several clinical studies of sealants, sealed restora-

tions, and indirect pulp capping procedures in vital teeth sug-

 Precavitated smooth-surface caries lesion with demineralization of enamel rods 

in the center of an enamel lesion extending to the DEJ; dentin demineralization 

is guided by the direction of dentinal tubules. Note that the affected dentin area 

at the DEJ is adjacent to the enamel rods that have suffered demineralization at 

the outer surface (dotted lines) as well as those that have been demineralized to 

the DEJ. (Reprinted from Bjørndal and Mjör140 with permission.)
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gest that even advanced or infected dentin caries lesions may 

be arrested in situ if the bonded materials successfully seal the 

lesion and entomb the bacteria.149,150

In the event of cavitation and dentinal infection, restorative 

treatment is necessary to remove the infected dentin and re store 

the integrity of the coronal surface. Discoloration is an unreli-

able guide to excavation of carious dentin, but the degree of 

dentin hardness, as determined by tactile feedback from exca-

vating burs and hand instruments, is the most reliable guide to 

differentiation between infected, affected, and normal den-

tin.151 As with dentin of different depths, some types of bond-

ing systems are better suited to dentin altered by caries. Etch-

and-rinse systems have bonded well to moist, caries-affected 

dentin,152 and extended etching times have helped.153 Howev-

er, self-etching systems provide significantly reduced bond 

strengths when applied to affected and infected dentin.154,155

Altered dentin
Dentin experiences alterations in its morphology due to both 

the aging process and the localized defensive and repair 

responses to injury resulting from caries or wear. The mecha-

nisms of biologic control and coordination of these pulpal and 

dentinal responses are beginning to be understood. The hard 

tissue responses to injury include tubular hypermineralization 

and sclerosis, which restrict the tubular diffusion of noxious 

agents. Also, tertiary dentinogenesis adds new barrier dentin 

at the pulpal interface. At the same time, a pulpal response is 

underway, including activation of odontoblastic and subodon-

toblastic cells, proliferation of vascular and neural tissues that 

support these cells, a heightened immune response, and 

inflammation.

Sclerotic dentin. A combination of abrasion, attrition, erosion 

from dietary sources or gastric acid, or occlusal stress may lead 

to the loss of enamel, cementum, and dentin. The progres-

sive loss of tooth structure at the CEJ typically presents as a 

wedge-shaped defect. Although the etiology of the lesion is 

multifactorial, it is not primarily a result of demineralization 

from bacteria-produced acids, and it is termed a noncarious 

cervical lesion (NCCL). The exposed radicular dentin of an 

advanced NCCL differs in appearance from cut coronal dentin 

in that it is generally deep yellow in color and has a transparent, 

glossy surface156 (Fig 1-24). These lesions may be episodically 

and acutely sensitive to touch or to changes in temperature, 

so the dentin is termed hypersensitive. The condition is directly 

related to the percentage of open or patent tubules between 

the exposed root surface and the pulp; nearly 75% are present 

in sensitive dentin versus about 24% in insensitive root den-

tin.157 Sclerotic dentin is characterized by hypermineralization 

or blockage of the tubules with whitlockite crystals and by 

a denatured collagen network. Studies have demonstrated 

acid-resistant, bacteria-embedded, hypermineralized, layered 

plaques on the surface of the sclerotic dentin of NCCLs.158 The 

altered surface and substrate limit the formation of both the 

Zone of
penetration

Zone of
destruction

Zone of
sclerosis

Reparative
dentin

Fig 1-23 Tooth response to carious destruction of tooth surface. Acid demineralization and enzymatic destruction of the collagen matrix lead to cavitation, an irrevers-

ible change. (a) Bacteria fill and demineralize the lumens of the tubules peripherally, but dissolved minerals reprecipitate at a deeper level to augment sclerosis and 

hypermineralization of subcarious dentin. Reparative dentin with irregular and noncontinuous tubules forms a final barricade against bacterial metabolites. (b) Note the 

lateral spread of the caries lesion at the DEJ and a hypermineralized sclerotic zone around the pulp.

a b
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hybrid layer and the resin tags, so that the bond strengths 

observed during in vitro testing to sclerotic dentin in a NCCL is 

20% to 40% less than the bond strengths to dentin in artificially 

created wedge-shaped lesions prepared with carbide cutting 

burs in the cervical area.159 However, in a recent 8-year clinical 

study involving the preparation and restoration of 112 NCCLs, 

no increase was observed in the loss rate of restorations placed 

in sclerotic dentin when compared with restorations placed 

in normal dentin.160 The optimum mechanical or chemical 

preparation of the hypermineralized surface, types of bonding 

systems, and techniques used to bond restorations to sclerotic 

dentin are still being investigated.156,161 

Hypermineralized dentin. Following root formation and for 

as long as the tooth is vital, the odontoblasts slowly produce 

extracellular dentin matrix and concentrate minerals for the 

production of physiologic secondary dentin. It is theorized 

that a portion of the mineralizing components released into 

the tubules gradually augments the thickness of the mineral-

ized peritubular walls. As the tooth matures, beginning at the 

periphery of the dentin, the tubules become progressively 

hypermineralized and, with constriction of the lumen, less 

permeable. Just as secondary dentin deposition is primarily 

physiologic, tubular hypermineralization or sclerosis is an age-

related process of the coronal dentin and, especially, of the root 

dentin.162 However, with an external stimulus or irritation, such 

as a slowly progressing caries lesion, attrition, or restorative 

procedures, the rate of mineral augmentation to the tubular 

walls can be accelerated.

Mineral crystallization within the tubules, as in sclerotic 

dentin in the walls of NCCLs, is also an important defensive 

response to attrition and to an active caries process in dentin. 

The apatite minerals of the inorganic dentin are dissolved in 

the acidic environment of the peripheral cavitated lesion. The 

supersaturated acidic solution is diluted and buffered by dif-

fusion through and contact with the tubular walls, and the pH 

kinetics reverse to favor reprecipitation of calcium and phos-

phates. Platelike, cuboidal, or rhomboid mineral crystals form 

to barricade the open lumen163 (Fig 1-25). Similar crystals are 

observed within tubules of coronal or root dentin exposed to 

the oral environment through attrition or abrasion.164

The combination of peritubular wall thickness and intra-

tubular crystals creates a zone of hypermineralized dentin 

beneath exposed or carious dentin, the zone of sclerosis or 

translucent zone (see Fig 1-23a). Sclerotic dentin is frequently 

found beneath both active caries lesions and restorations and 

is an important defense reaction of the hard tissues because 

it limits the permeability of dentin.165 Rate of caries lesion 

progression and patient age are important factors. Rapidly 

progressive caries lesions in newly erupted teeth can lead to 

dead tracts, empty tubules in which the odontoblast and its 

process are destroyed before any defensive restriction of the 

tubules can occur.166 In one study, the sclerotic zones beneath 

caries lesions in young adults limited the dentin permeability 

to only 14% of the permeability of noncarious controls. With 

subjects aged 45 to 69 years, the dentin beneath caries lesions 

was completely impermeable.167 However, as with the scle-

rotic dentin of NCCLs, the altered sclerosed dentinal substrate 

may limit bond strengths of restorative systems. It is not clear 

to what extent the genesis of the sclerotic dentin is purely 

physicochemical or biologically controlled. However, hard tis-

sue responses to external noxious stimuli generally occur in 

conjunction with an active biologic cellular response of tertiary 

dentinogenesis. 

Tertiary dentin. Newly formed dentin at the dentin-pulp 

interface compensates for the loss of peripheral dentin from 

caries or injury and may provide a superior pulpal seal against 

Fig 1-24 Large NCCLs in the maxillary left central 

incisor, canine, and first premolar that illustrate the 

appearance of sclerotic dentin.

 Intertubular precipitation crystallites (arrow) nearly occluding the dentin tubule. 

(Original magnification ×27,000. Reprinted from Yoshiyama et al157 with permis-

sion.)
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noxious diffusion through the tubules (Fig 1-26). If the stimulus 

is relatively low-grade, such as from an incipient enamel caries 

lesion, the primary odontoblasts are metabolically reactivated 

to produce a localized tertiary dentin termed reactionary dentin 

(Fig 1-27a). At the same time, complex biochemical signaling 

systems promote proliferation of supportive vascular and neu-

ral tissues among the affected odontoblast cells. Paradoxically, 

despite being reactivated, the odontoblasts do not assume the 

increased size and complexity observed during secretion of the 

primary dentin matrix.118 The affected odontoblasts are smaller 

and have a decreased cytoplasm-to-nucleus ratio.170,171 The rate 

of reactionary dentin formation, the inclusion of tubular and 

cellular components, and the continuity of tubules in reaction-

ary dentin with tubules in the overlying dentin all vary accord-

ing to the severity of the stimulus. Reactionary dentin resulting 

from a mild, slowly progressing caries lesion may resemble 

secondary dentin with connecting tubules between the two 

tissues. An active noncavitated lesion may result in atubular 

reactionary dentin.172 With a rapidly progressing caries lesion, 

neither tubular hypermineralization nor reactionary dentin has 

an opportunity to form.173

When cavity preparation reduces the RDT to less than 0.25 

mm, the trauma to the odontoblastic cell bodies and their 

processes reduces their numbers by up to 41%.174 Even before 

restorative tooth preparation, an advancing caries lesion gen-

erates hydrogen ions and endotoxins that have the potential 

to critically injure the primary odontoblasts. With a mechani-

cal pulpal exposure, 100% of the primary odontoblasts are 

destroyed. Yet, with vital pulp tissue surrounding the area of 

destroyed cells, the dentin-pulp complex can recruit other 

pulpal cells, including stem cells, to become odontoblast-like 

cells.175 The damaged odontoblasts appear to be replaced by 

differentiating dental pulp cells that show an increased produc-

tion of collagen type I, which provides the basic framework for 

dentin, along with dentin sialoprotein and phosphophoryn, 

both of which are proteins that control the deposition of apa-

tite crystals in dentin.176 The cascade of biologic signals to other 

pulpal cells is complex because recruitment, migration to the 

odontoblastic layer, differentiation, and a change in form and 

function must precede the secretion of new dentin matrix. The 

process takes 20 to 40 days before dentinogenesis begins.177 

With a mechanical pulpal exposure, the formation of a tertiary 

Fig 1-26 Reparative dentin forming a localized defense barrier and replace-

ment for lost carious dentin at the periphery. The effectiveness of the diffusion 

barrier is shown by the absence of pulpal inflammation. (Reprinted from Trow-

bridge168 with permission.)

Tertiary dentin

a b

Fig 1-27 (a) Reactionary dentin. Note the layer of intact primary odontoblast cells (arrow) and the regular pattern of tubules continuous with those of the physiologic 

secondary dentin. (Hematoxylin-eosin stain, original magnification ×56.) (Reprinted from Trowbridge168 with permission.) (b) Reparative dentin. The dentin is produced 

by differentiation of subodontoblastic cells that replace the primary odontoblasts killed from the effects of caries. The tubules are less regular and not continuous with 

those of the overlying dentin. (Reprinted from Trowbridge169 with permission.)
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dentin “bridge” is expedited by direct pulp capping procedures 

that limit bacterial contamination and seal the exposure site.178 

Tertiary dentin produced by odontoblast-like replacement cells 

is termed reparative dentin (Figs 1-26 and 1-27b). The layer of 

reparative matrix formed at the dentin-pulp interface, termed 

interface dentin, is atubular and is therefore a superior barrier 

because it seals and terminates the tubular pathways of the 

overlying dentin.179,180 Depending on the nature and rate of 

progression of the caries lesion, subsequent layers of tertiary 

dentin, equivalent to wound healing or scar formation, may 

vary in their tubular content.172 Both reactionary and repara-

tive dentin can form beneath the same caries lesion because 

the periphery of a dentin lesion may be less advanced than the 

center.171 To the extent that bacterial antigens and cytotoxins 

begin to breach the hard tissue barriers, the pulpal defenses 

must rely on increased vascular clearance, activated immune 

response, and inflammation.

Molecular signals link caries-inflicted or other injury to the 

tooth with the hard and soft tissue responses of the dentin-

pulp complex. Until recently, mature dentin was considered 

inert and tertiary dentin a type of irritation response.181 Recent 

research has identified molecules trapped within the min-

eralized dentin matrix that are equivalent to the signaling 

molecules responsible for the differentiation and activation of 

the embryonic preodontoblast cells. During primary dentino-

genesis, they are synthesized and secreted by the odontoblasts 

into the extracellular dentin matrix. These bioactive molecules 

are embedded in both the soluble mineral and the insoluble 

collagen components of the dentin. Cells that have receptors 

for these growth factors, including odontoblasts and subodon-

toblastic cells,182 are directed to various activities, including 

migration, metabolic functions, proliferation, and differentia-

tion.169 

Some of the active growth factors in dentin, such as bone 

morphogenetic protein-2 (BMP-2), are also present and instru-

mental in bone regeneration.183 The foremost and most abun-

dant of the numerous dentin growth factors is transforming 

growth factor-β1 (TGF-β1), one of a group of transforming 

growth factors.184 With injury or caries, TGF-β1 is a pivotal 

molecule that initiates tertiary repair and modulates the inflam-

matory reaction.185 Experimental extracts of solubilized dentin 

matrix contain the released growth factors. When placed in 

deep, atraumatically prepared cavities with a minimum RDT, 

the growth factors diffuse across the dentin to stimulate both 

reactionary and reparative tertiary dentin.186 With caries, growth 

factors are released by demineralization, caused by either bac-

terial or restorative etching acids, and then diffuse pulpally 

through the dentinal tubules to interact with the odontoblasts 

and pulpal cells.187,188 Also relevant to pulpal therapy, dentin 

extracts or chips of dentin experimentally placed on vital pulp 

tissue expedite reparative dentinogenesis.189 The therapeutic 

application of growth factors incorporated into restorative 

materials to induce dentin impermeability and repair has been 

investigated to some extent. In an animal study, the inclusion of 

TFG-β1 in a calcium phosphate/hydrosoluble polymer compos-

ite pulp capping material was found to trigger stem cells in the 

pulp to differentiate into odontoblast-like cells and to induce 

the formation of tertiary dentin.190

Sensitivity
Dentin can be painfully sensitive, but there is no direct ana-

tomical explanation. Although sensitive to thermal, tactile, 

chemical, and osmotic agents, dentin is neither vascularized 

nor innervated, except in about 20% of tubules that have nerve 

fibers penetrating inner dentin by no more than a few microns. 

The possibility of the odontoblastic cell body and process hav-

ing a role in direct transmission of sensation is doubtful.93 The 

odontoblastic process does not extend beyond the inner third 

of mature dentin.191 In addition, the cell membranes of odonto-

blasts are nonconductive, and there is no synaptic connection 

between the odontoblastic cell and the contiguous terminal 

branches of the pulpal nerve plexus. Finally, pain sensation 

remains even when concentrated anesthetic solutions are 

placed on the dentin surface or when the odontoblastic layer is 

disrupted.192 However, recent studies demonstrating the abil-

ity of odontoblasts to generate action potentials193 have led 

some researchers to believe that odontoblasts could possibly 

be directly involved in the sensory transduction process of the 

tooth through some form of mechanosensory system.194

Brännström et al195 proposed a theory based on the capillary 

flow dynamics of the fluid-filled dentinal tubules (Fig 1-28a). 

Tubular fluid flow of 4 to 6 mm/sec is produced by the applica-

tion of a stimulus that expands or contracts the tubular fluid 

volume and/or creates rapid shifts in the rate and/or direction 

of the fluid flow. An outward flow apparently causes more sen-

sation than does flow in a pulpal direction.197 Common clinical 

procedures associated with tooth preparation, such as air dry-

ing, cold water rinses, or pressure from probing and cutting 

dentin, generate outward fluid displacement. The “current,” or 

hydrostatic pressure, displaces the odontoblastic cell bodies 

and stretches the intertwined terminal branches of the nerve 

plexus to allow the entry of sodium to initiate depolarization 

and the perception of pain.198 Adenosine triphosphate (ATP), 

released from damaged cells or by stimulation of endothelial 

cells, may provide a chemical rather than mechanical explana-

tion for depolarization, because ATP receptors have been iden-

tified on terminal branches of the pulpal sensory neurons.199 

Ahlquist et al200 correlated intensity of pain with rapid 

changes of hydrostatic pressure applied to smear-free dentin 

in axial walls of cavity preparations. Other evidence supporting 

the hydrodynamic theory is the in vivo correlation of tubule 

patency with hypersensitivity of root dentin. With hypersensi-

tive root dentin, the degree of tubule closure from intratubular 

crystals was directly correlated with decreased sensitivity to 

touch, air, or temperature stimuli.158,201 Chemical compounds 

that promote intratubular crystallization, such as oxalates or 

strontium chloride, are active ingredients in some toothpastes 

and professional desensitizing compounds.202 Other materials, 

such as potassium nitrate, resin-glutaraldehyde mixtures, fluor-
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ide varnish, and resin bonding agents, have also been success-

fully utilized clinically to reduce dentin sensitivity by occluding 

dentinal tubules through various mechanisms.203,204

A painful stimulus-reflex response is protective as an alarm 

to avoid trauma or injury. However, the advantages of pain-

ful and sensitive dentin to foods and fluids are less clear, and 

pain is not a reliable indicator of histopathologic changes or 

of dentin demineralization caused by caries. It is possible that 

the major protective benefit of stimulating the sensory pulpal 

nerves is not the registering of pain in the central nervous sys-

tem. Branches of these afferent nerves loop back via an axon 

reflex to stimulate the contractile components of the vascular 

complex (Fig 1-28b). When triggered, they release potent neu-

ropeptides to activate vasodilation, increase blood flow, and 

elevate interstitial pressure.196,205 Thus, rather than discomfort, 

homeostasis and pulpal defense may be the critical protective 

outcomes of the hydrodynamic response.

Conclusion
The elastic nature of dentin provides stress relief for brittle 

enamel. The integrity of dentin is related to coronal strength 

and durability and can be compromised by carious demineral-

ization, traumatic injury, wear, or poor restorative techniques. 

Unlike the relatively homogenous nature of enamel, the den-

tinal substrate varies considerably with location, age, and 

response to external stimuli. Differences in dentinal permeabil-

ity, wetness and dryness, hypermineralization, and pathologic 

events complicate comparative research studies on dentin and 

dentin bonding systems. The dentinal matrix can no longer be 

considered biologically inert. Signaling molecules and growth 

factors are released in dentin injury or demineralization to acti-

vate tertiary dentin repair and to initiate mobilization of pulpal 

defenses. The barrier protection of the pulpal tissue is directly 

related to the impermeability of the dentinal tubules. When 

carious metabolites, toxins, and bacterial by-products access 

the pulpal tissues through these portals, both hard (dentinal) 

tissue and soft (pulpal) tissue defensive reactions are activated 

to seal the tubules and repair the damage. Because of the 

numerous interactions between tissues of the dentin and pulp, 

the two are often discussed together as one complex.

Pulp
Dental pulp,93,206 composed of 75% water and 25% organic 

material, is a viscous connective tissue of collagen fibers and 

organic ground substance supporting the vital cellular, vas-

Fig 1-28 (a) Hydrodynamic phenomenon explains the sensitivity of dentin, which is without significant innervation. Fluid dynamics of the tubules move the odonto-

blastic cell bodies and mechanically depolarize approximating sensory afferent nerve endings. (b) Axon loops from activated sensory nerves provide reflex efferent 

functions to pulpal, immunologic, and vascular cells by releasing neuropeptides, such as calcitonin gene-related peptide (CGRP) and substance P (SP), from terminal 

nerve endings. Whereas the sensory action potentials along nerve membranes are nearly instantaneous, the axonal transport of chemical factors and neuropeptide 

replacements may take hours or days.196 CNS—central nervous system.
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cular, and nerve structures of the tooth. It is a unique connec-

tive tissue in that its vascularization is essentially channeled 

through one opening, the apical foramen at the root apex, 

and it is completely encased within relatively rigid dentinal 

walls. Therefore, it is without the advantage of an unlimited 

collateral blood supply or an expansion space for the swelling 

that accompanies the typical inflammatory response of tissue 

to injury. However, the protected and isolated position of the 

pulp belies the fact that it is a sensitive and resilient tissue with 

great potential for healing.

The dental pulp fulfills several functions: 

•  Formative: Generates primary, secondary, and tertiary dentin 

(dentinogenesis)

•  Nutritive: Provides the vascular supply and ground substance 

transfer medium for metabolic functions and maintenance of 

cells and organic matrix

• Sensory: Transmits afferent pain sensation (nociception)

•  Protective: Coordinates inflammatory, antigenic, neurogenic, 

and dentinogenic responses to injury and noxious stimuli

Additional protective functions include homeostasis and 

clearance of noxious and antigenic substances through the vas-

cular and lymphatic systems and through defense cells, such as 

macrophages and leukocytes.

Morphology

The pulpal tissue is traditionally described in histologically dis-

tinct, concentric zones: the peripheral odontoblastic layer, the 

cell-free zone, the cell-rich zone, and the innermost pulp core 

(Fig 1-29).

The radicular and coronal pulp core is largely ground sub-

stance, an amorphous hydrated matrix gel that, with collagen 

fibrils, surrounds and supports the pulpal cells and the vascular 

and sensory elements. The matrix gel, like interstitial fluid, 

serves as a transfer medium for transporting nutrients and 

by-products between widely separated cells of the pulp core 

and the vasculature. Arterioles and venules, myelinated and 

unmyelinated nerves, and lymphatic channels, bundled into 

trunks, pass into and out of the pulp core through the apical 

foramen or foramina. Collagen is a component of all connec-

tive tissues, but in the pulp, the discrete bundles of fibers are 

dispersed, rather than organized into a supportive framework 

as in dentin. The proportion of collagen increases with age and 

is concentrated in the radicular pulp; this facilitates its removal 

with a barbed broach if a pulpectomy is required. 

The cell-rich zone consists of fibroblasts and undifferenti-

ated cells. The cells of the stratified odontoblastic layer and 

of the cell-rich zone are separated and supported by a plexus 

of capillaries and axons that form the cell-free zone. Cells of 

Fig 1-29 (a) Pulpal histology: odontoblastic layer with immunocompetent dendritic cells, cell-free zone filled with both nerve and capillary plexuses, cell-rich zone of 

fibroblasts and undifferentiated cells, and pulp core. (b and c) Photomicrographs of dentin and underlying pulpal tissues. The multilayered appearance of odontoblast 

cells is an artifact. (Courtesy of Charles Cox, Birmingham, Alabama.)
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the pulp function for matrix production, immune reactions, 

defense, vascular control, and inflammatory response.

Pulpal cells
Odontoblast cell bodies form the outer periphery of the pulp 

tissue. These specialized, postmitotic cells, each with a process 

extending into a dentinal tubule, form a single layer at the 

predentin-pulp interface. As long as the tooth remains vital, 

they produce and adapt the dentin matrix, including collagen, 

and they may provide an active transport of calcium ions.207 

The odontoblasts synthesize and secrete various noncollag-

enous proteins that affect the structure and mineralization of 

the dentin. Also synthesized are bioactive growth and signaling 

molecules that supplement neuropeptides within the pulp to 

coordinate pulpal-dentinal responses for healing and repair. 

The cellular morphology reflects the stage of activity: large, 

complex, and columnar when active; small and flattened when 

quiescent, injured, or aged. Each cell body forms a loose “plug” 

at the pulpal terminus of the dentinal tubule and is therefore 

subject to the hydrostatic shear currents of the tubular fluid. 

The hydrodynamic effects range from “aspiration” of the cell 

bodies into the tubules and autolysis of the cells to minor 

displacement and depolarization of nerve terminals in close 

contact with the cells. The cell membranes are bound together 

through a variety of membrane junctions characterized as 

tight and permanent or gapped and adhesive.208 Prominent 

fibers interconnect the cells to form a terminal web, which may 

orchestrate their secretory functions and stimulus responses as 

a unified zone. The membrane junctions may modulate either 

a physiologic barrier or a molecular sieve to regulate transfer of 

ions and plasma molecules between the interstitial fluid of the 

pulp and the tubular fluid.209 Either injury or routine operative 

procedures can temporarily disrupt the odontoblastic barrier 

to permit infusion of plasma proteins and to increase outward 

tubular flow.210,211

Fibroblasts, the most numerous pulpal cells, form a dis-

persed but interconnecting network through their cytoplasmic 

extensions. They produce, maintain, and remodel pulpal matrix 

and collagen. They are concentrated in the cell-rich zone sup-

porting the odontoblastic cells. Fibroblasts, undifferentiated 

mesenchymal cells, stem cells, pericytes, and smooth muscle 

cells supporting the capillary walls are all prime candidates to 

be progenitor cells capable of differentiation and phenotype 

conversion into matrix-secreting replacements for destroyed 

primary odontoblasts.212

Immunocompetent cells include macrophages, lympho-

cytes, and dendritic cells that function as a host defense system 

against foreign bodies and antigens.118,206 Macrophages are 

large cells that are scavengers, able to phagocytize microor-

ganisms, cellular debris, and damaged extracellular matrix. 

Dendritic cells are highly motile cells with branched extensions 

up to 50 µm long; they have great capacity for encoding anti-

gens on their membrane surfaces. With early caries lesions or 

injury, they congregate among layers of injured or destroyed 

odontoblasts and even extend their branches into the affected 

tubules for surveillance of protein antigens.213,214 Once antigens 

are captured, they migrate to nearby lymph nodes to present 

their encoded antigens to T-lymphocytes. This initial phase is 

the primary immune response in which memory T cells carrying 

the antigen “blueprint” are cloned and released back into the 

pulp tissue. After 3 to 5 days, following another antigen expo-

sure, encoded dendritic cells or macrophages directly interface 

with the preprogrammed memory T cells in the pulp tissue 

to release proinflammatory cytokines.215 With dental caries, 

this secondary phase of the cell-mediated immune response 

typically produces chronic inflammation because bacterial 

by-products diffuse into the pulp long before the organisms 

themselves directly reach and infect the tissue.168 Tubular scle-

rosis, tertiary dentin, and restorative treatment limit or elimi-

nate the antigen stimulus, so an area in which there is chronic 

inflammation should revert to a healthy histologic state. How-

ever, if microorganisms penetrate the tertiary dentin that forms 

beneath the caries lesion, the host responds with a prompt and 

massive influx of neutrophilic and mononuclear leukocytes 

typical of an acute inflammatory response.216

Vascular system
The microvascular system of the pulp217 contains vessels no 

larger than arterioles and venules. The primary function is 

maintenance of tissue homeostasis. The extent of the presence 

of true lymphatic vessels in normal pulp tissues is somewhat 

controversial218,219; lymphatic vessels exist in most tissues and 

serve to return tissue fluid and high–molecular weight plasma 

proteins back to the vascular system. It has been suggested by 

some investigators that true lymphatic vessels may not be pres-

ent in all healthy pulpal tissue but may be formed only follow-

ing inflammation. It has also been hypothesized that in some 

normal pulpal tissues, the interstitial fluids could simply flow 

via nonendothelialized interstitial channels and exit the tooth 

through the apical foramina.219,220 Capillaries supply oxygen 

and nutrients that dissolve in and diffuse through the viscous 

ground substance of the pulp to reach the cells. In turn, the cir-

culation removes waste products, such as carbon dioxide, by-

products of inflammation,166 and diffusion products that have 

permeated through the dentin so that they do not accumulate 

to toxic levels221 (see Fig 1-14). The equilibrium between diffu-

sion and clearance may be temporarily threatened by use of 

long-acting anesthetic agents that contain vasoconstrictors, 

such as epinephrine. An intraligamental injection of a canine 

tooth with 2% lidocaine with 1:100,000 epinephrine will cause 

pulpal blood flow to cease for 20 minutes or more.222 Fortu-

nately, the respiratory requirements of mature pulpal cells are 

so low that no permanent cellular damage ensues.

Inflammation, the normal tissue response to injury and the 

first stage of repair, is somewhat modified by the pulp’s unique 

location within the noncompliant walls of the pulp chamber. A 

stimulus that produces cellular damage initiates neural and 

chemical signals that increase blood flow and capillary perme-

ability. Plasma proteins, fluids, and leukocytes spill into the 
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confined extracellular space and elevate interstitial fluid pres-

sure.223 The smooth muscle sphincters that regulate capillary 

blood flow are under the control of both neurons and local 

cellular conditions so that a localized vascular response to 

stimuli may occur independent of the overall system. Theoreti-

cally, elevated extravascular tissue pressure could collapse the 

thin venule walls and start a destructive cycle of restricted cir-

culation and expanding ischemia. However, the pulpal circula-

tion is unique because it contains numerous arteriole “U-turns,” 

or reverse flow loops, and arteriole-venule anastomoses, or 

shunts, to bypass the affected capillary bed.224 Many of these 

capillaries are normally nonfunctional but facilitate instanta-

neous localized hyperemia in response to injury. Also, at the 

periphery of the affected area, where high tissue pressure is 

attenuated, capillary recapture and lymphatic adsorption of 

edematous fluids are expedited.225 These processes confine the 

edema and elevated tissue pressure to the immediate inflamed 

area. Animal studies indicate that tissue pressure in an area of 

pulpal inflammation is two to three times higher than normal 

but is diminished to nearly normal levels approximately 1.0 mm 

from the affected area.226

Another protective effect of elevated but localized pulpal 

tissue pressure is a vigorous outward flow of tubular fluid to 

counteract the pulpal diffusion of noxious solutes through per-

meable dentin.227,228 However, an inflammatory condition and 

higher tissue pressure may also induce hyperalgesia, a lowered 

threshold of sensitivity of pulpal nerves. Thus, an afflicted tooth 

exposed to the added stress of cavity preparation and restora-

tion may become hypersensitive to cold or other stimuli.200

Innervation
Some patients seek dental services because their teeth, through 

caries lesion(s), injury, or exposed cervical dentin, are painful. 

Various noxious, thermal, electrical, and mechanical stimuli 

may be interpreted to some degree as pain. However, pain per-

ception, termed nociception, is less important to preservation 

of pulp vitality than is the role of neuromediation of vascular, 

inflammatory, immune, and defense functions.196

Nociception
Innervation of the pulp229 is primarily from sensory (afferent) 

axons, with their cell bodies located a great distance away in 

the trigeminal ganglion. There are also sympathetic (efferent) 

axons, with nuclei in the cervical sympathetic ganglia, which 

produce vasoconstriction when activated. Nerves are classified 

according to purpose, myelin sheathing, diameter, and conduc-

tion velocity. Although a few large and very high-conduction-

velocity A-β nerves with a proprioceptive or touch pressure 

function have been identified, most sensory interdental nerves 

are either A-δ nerves or smaller, unmyelinated C fibers. About 

13% of the nerves innervating premolars are myelinated A 

nerves,230 but they gradually lose their myelin coating as they 

form the sensory plexus of the cell-free zone and branch into 

multiple free-end terminals.231 Up to 40% of the tubules at the 

pulp horns contain neural filaments extending up to 200 µm 

into inner dentin,232 but their role in nociception is unclear. The 

A-δ nerves have conduction velocities of 13.0 m/sec and low 

sensitization thresholds to react to hydrodynamic phenom-

ena.233,234 Activation of the A-δ system results in pain character-

ized as a sharp, intense jolt.235

About 87% of axons innervating premolars are smaller, 

unmyelinated C fibers, which are more uniformly distributed 

through the pulp.236 The conduction velocities of C fibers are 

slower, 0.5 to 1.0 m/sec, and C fibers are only activated by a 

level of stimuli capable of creating tissue destruction, such as 

prolonged high temperatures or pulpitis. The C fibers are also 

resistant to tissue hypoxia and are not affected by reduction of 

blood flow or high tissue pressure. Therefore, pain may persist 

in anesthetized, infected, or even nonvital teeth.237,238 The 

sensation resulting from activation of the C fibers is a diffuse 

burning or throbbing pain, and the patient may have difficulty 

locating the affected tooth.235

Neuromediation of pulpal functions
The close proximity of terminal sensory fibers to odontoblast 

cells responding to hydrodynamic fluid movement accounts 

for dentin sensitivity, but the central nervous system is not the 

sole terminus. As with the odontoblast cells, multiple branches 

from the axon form the same close apposition with fibroblast 

cells, perivascular cells, and immunocompetent cells. The ter-

minal nerve ends contain receptors for released or generated 

bioactive factors caused by injury to the dentin, pulpal cells, or 

the interstitial environment (see Fig 1-28b). Examples include 

released dentin growth factors for tertiary dentinogenesis or 

nerve growth factor (NGF) from fibroblasts to activate sprout-

ing and new growth of additional neurons.239 Appropriate 

signals from nearby cells (paracrine), through the blood supply 

(endocrine), or even from the same cell (autocrine) trigger the 

release of potent neuropeptides stored within the terminal 

neurons. Two potent neuropeptides with receptor sites on 

vascular cells are calcitonin gene–related peptide (CGRP) and 

substance P; these induce vasodilation and increased blood 

flow to commence inflammation.240,241 The importance of 

the neurogenic link was demonstrated when teeth that were 

experimentally denervated and exposed to trauma showed sig-

nificantly greater pulpal damage because they lacked sufficient 

inflammatory response.242 The neuropeptides are so potent 

that the experimental stimulation of a single C fiber resulted 

in a detectable increase in blood flow.243 The exchanges of 

factors and neuropeptides regulate the inflammatory, dentino-

genic, and immunologic functions and other defenses of the 

dentin-pulp complex. The responses are dynamic, increasing or 

decreasing with the severity of the external stimulus and with 

the phase of response (acute, chronic, or healed). These effector 

functions of the sensory neurons are critical to the function and 

vitality of the dentin-pulp complex. 
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Restorative dentistry and pulpal health

Mechanically cutting tooth structure, especially dentin, during 

restorative treatments generates considerable physical, chemi-

cal, and thermal irritation of the pulp. However, if the dentist 

uses an acceptable and conservative technique and achieves 

bacterial control, even a mechanical pulp exposure or use 

of acidic restorative materials poses few problems for pulpal 

health.244–247 With all restorative surgical procedures on tooth 

structure, maintenance of a thick RDT will decrease the chance 

of pulpal irritation or injury.248 Although microleakage around 

restorations is ubiquitous, the fact that almost all pulps remain 

healthy is related to diminished virulence of the bacteria, rela-

tive impermeability of the dentin, and the healing potential of 

the pulp. An animal study reported 15% pulpal necrosis after 

a 5.5°C increase in intrapulpal temperature and up to 60% 

necrosis after an 11°C increase.249 In vitro crown preparation 

studies without water coolant record increased intrapulpal 

temperatures of this degree.250 Although a retrospective radio-

graphic study of teeth prepared for crowns using only air cool-

ant reported good success,251 many authorities state that water 

coolant and intermittent rotary instrument contact with tooth 

structure during crown preparations is essential to avoid histo-

pathologic damage.252,253

Materials utilized in the treatment and restoration of dental 

tissues can have a direct effect on the pulpal tissues. The main 

factor influencing the extent of the effect that these materials 

may exert on the dental pulp is the amount of the RDT. With a 

reduced RDT, the permeability of the dentin increases,110 and 

thus it will more freely allow the penetration of various compo-

nents of restorative materials into the pulp.254 In vitro studies 

have introduced concern that some materials used in adhesive 

bonding techniques contain various components, such as 

monomers and acids, that may have deleterious effects on the 

health and function of pulpal cells.255–257 However, animal stud-

ies and clinical investigations have shown that many of these 

materials exhibit acceptable biocompatibility from a clinical 

aspect when not in direct contact with the pulp tissue.258–260 

Beyond the effects of chemical components of restorative 

materials, some materials are capable of creating damage to 

pulpal tissue due to high temperatures from exothermic reac-

tions. Certain methacrylate-based provisional crown materials 

can generate temperatures during polymeri zation that are high 

enough to injure pulp tissue.261 Tooth-whitening procedures 

that utilize various oxidizing agents to break down stains in 

tooth structures have also presented concerns in regard to their 

effects on the pulpal tissues. Studies have shown that higher 

concentrations of hydrogen peroxide can diffuse into the pulp 

and cause damage to the tissues.262 There also are concerns 

about the use of certain high-energy light-curing units and the 

possibility of heat transfer to the pulp during photopolymeriza-

tion of bonded restorative resins.263,264

The aged tooth is less able to respond to noxious stimuli and 

injury. Age-related changes include reduced blood supply, a 

smaller pulp chamber, 50% reduction of pulp cells with a lower 

ratio of pulp cells to collagen fibers, loss and degeneration of 

myelinated and unmyelinated nerves, decreased neuropep-

tides, loss of water from the ground substance, and increased 

intrapulpal mineralizations (denticles).93,265 However, the aged 

tooth is generally less sensitive and is protected by sclerotic 

and tertiary dentin that make it impermeable to diffusion of 

injurious agents. The dentin-pulp complex is neither static nor 

noncompliant but is dynamic and adaptive to environmental 

stresses. Advances in clinical dentistry such as effective preven-

tive measures, sensitive diagnostic tools, improved bonding 

systems and restorative materials, and conservative surgical 

preparations should extend the durability and biocompatibility 

of dental services to preserve the teeth for a lifetime. See chap-

ter 6 for more on pulpal considerations in relation to restorative 

dentistry.

Potential for regenerative therapies
The regenerative powers of the dental stem cells and undiffer-

entiated mesenchymal cells found in the pulp and other dental 

tissues have tremendous potential for future dental therapies. 

Research in the area of dental tissue regeneration involving 

these progenitor/stem cells is progressing rapidly. These pro-

genitor cells can be found in several different dental tissues, 

such as the pulp of both exfoliated deciduous and permanent 

teeth, the periodontal ligament (PDL), the tips of developing 

roots, and from the tissue (dental follicle) that surrounds the 

unerupted tooth. All of these progenitor cells probably share 

a common lineage of being derived from neural crest cells, 

and all have generic mesenchymal stem cell–like proper-

ties.266 These mesenchymal stem cells have demonstrated the 

capability to regenerate dentinal, pulpal, and other tissues 

that are derived from mesenchymal-type cells. In addition to 

the mesenchymal progenitor cells that have been identified, 

a study has recently suggested that epithelial-type stem cells 

also might exist in the dental pulp of human primary teeth and 

could play a role in the development of a process for the repair 

or regeneration of tooth enamel.267

Techniques known as cell homing or cell transplantation 

are evolving as possible methods to regenerate pulpal tissue 

within the pulp chamber of a tooth. Some of these methods 

have shown the ability to regenerate a vascularized pulpal 

tissue within the confines of a mouse tooth, and the devel-

opment of odontoblasts that produce a continuous layer of 

dentinlike tissue lining the dentinal wall of the pulp canal has 

been demonstrated.268,269 The ability to regenerate an entire 

tooth from stem cells has also been investigated. The results 

of animal studies indicate that the process for regeneration 

of the various dental tissues required to regenerate a tooth is 

indeed possible.270,271 However, there are significant technical 

difficulties that first must be overcome, such as the develop-

ment of precise shapes, sizes, and interfaces for the different 

types of dental tissues.272 As mentioned earlier in the discussion 

of the formation of tertiary dentin, research has also indicated 

the possibility of using a directed repair method that induces 



25

1Gingiva

pulpal mesenchymal stem cells to repair dentin damaged by 

disease or trauma. Several experimental techniques have been 

investigated involving transplantation of various pulp cells, 

bone marrow cells, or extracellular matrix molecules that can 

differentiate into odontoblasts and which have the potential to 

direct a regenerative repair of damaged tissues.183,273

Progenitor/stem cells that reside in the PDL have been dem-

onstrated to have the ability to induce alveolar bone formation, 

remodeling, and the regeneration of PDL tissue.274,275 It has 

been shown that these PDL progenitor cells can assemble new 

PDL-like structures in vivo.276 Clinical implications of this may 

include the ability to place implants with PDL progenitor cells 

applied to the surface that will regenerate both bone and a 

PDL in the interface between the implant and the bony socket. 

A clinical study performed on human subjects created what 

were termed as “ligaplants,” which were implants coated with 

PDL-derived cells. These ligaplants were inserted into the sub-

jects’ jaws, and the cells were shown to produce a periodontal 

attachment in the implant site.277

Although research directed toward the clinical regeneration 

of dental tissues is still in its early stages, the results of recent 

studies suggest that the possibility of tissue engineering of 

human dental tissues in situ is promising. The techniques for 

the practical applications of these technologies are still being 

investigated, but the results may have a significant impact on 

the future of restorative dentistry.

Gingiva 
The gingival complex278,279 forms the interface between the 

hard, mineralized structure of the tooth, the oral cavity, and 

the underlying periodontal tissues. As such, its structure and 

composition are designed to withstand functional forces, such 

as mastication and toothbrushing; to resist chemical effects 

of food, drink, and biofilms; and to protect against oral patho-

gens. Along with tooth-related characteristics, the position, 

color, contour, and symmetry of the gingiva define esthetic 

form. High or low gingival margins or red, swollen gingival tis-

sues produce readily visible esthetic compromises. Periodontal 

disease affects up to 50% of the population in the United 

States.280 Gingivitis, the most prevalent form, is characterized as 

a chronic but reversible inflammatory response of the gingiva 

to bacterial biofilm.280 Gingivitis progresses to periodontitis, 

a more severe and destructive form of periodontal disease, 

characterized by a loss of PDL and alveolar bone supporting the 

teeth.280,281 In general, gingivitis can be reversed and periodon-

titis can be controlled by the regular removal of supragingival 

and accessible subgingival biofilm.282,283 When restorations are 

required, a healthy gingival response can be ensured by the 

clinician’s insertion of restorations that precisely replicate the 

contours and surface smoothness of the tooth structure they 

are replacing, along with meticulous oral hygiene on the part 

of the patient.284,285

Morphology
A normal, healthy gingiva (Fig 1-30) presents a scalloped mar-

ginal outline, firm texture, coral pink or normally pigmented 

coloration (depending on ethnicity), and, in about 40% of the 

population, a stippled surface. Coronally, free gingiva includes 

the scalloped cuff of tissue forming the marginal crest, which 

curves internally to form a narrow internal crevice or sulcus 

around the tooth. The external free gingiva extends apically 

1.0 to 2.0 mm to the free gingival groove, corresponding to 

the base of the sulcus and located at the level of the CEJ in 

a healthy situation. The main component of the gingiva, the 

attached gingiva, is firmly affixed to the periosteum of the 

alveolar bone and hard palate and to the supra-alveolar cemen-

tum of the root of each tooth. The free and attached gingiva 

extends interproximally to form the interdental papilla that fills 

the gingival embrasure below the interproximal contacts. Fig-

ure 1-31 shows the various collagen fiber bundles that attach 

the tooth and gingival tissue to the bone and to each other. In 

 Clinically healthy, normal gingiva. (Reprinted from Chapple 

and Gilbert286 with permission.)
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a healthy periodontium in which the gingival tissue and bone 

have not receded apically, the interdental papilla completely 

fills the gingival embrasure. However, if the periodontal health 

is neglected, the interdental papilla may not completely fill 

the gingival embrasure. Unlike attached gingiva, the epithelial 

lining of the sulcus and of the papillary col between the facial 

and lingual sides of the papilla is not keratinized. Therefore, in 

a mouth that harbors periodontal pathogens, without effective 

oral hygiene procedures, both the sulcus and the papilla are 

susceptible to inflammatory reactions to the plaque biomass 

that accumulates there. The vertical width or zone of keratinized 

gingiva refers to the distance from the free gingival margin to 

the mucogingival junction. The mucogingival junction is the 

junction of the keratinized gingiva with the alveolar mucosa, 

which is mobile, darker red, and nonkeratinized. The usual 

width of keratinized gingiva varies by location on both the 

facial and lingual aspects of the teeth. Facially, it is normally 

widest in the incisor areas and narrowest in the canine and first 

premolar regions. Lingually, it varies from less than 2.0 mm in 

the area of the mandibular incisors to 9.0 mm on the lingual 

aspects of mandibular molars.287 

The significance of the width (zone) of keratinized gingiva 

in restorative dentistry is somewhat controversial. Lang and 

Löe287 evaluated sites without restorations in adults with effec-

tive oral hygiene and concluded that a minimum width of 

2.0 mm of keratinized gingiva is required to prevent chronic 

gingival inflammation. Maynard and Wilson288 recommended 

5.0 mm of keratinized gingiva (2.0 mm of free and 3.0 mm of 

attached gingiva) to achieve predictability of gingival response 

to restorations with margins placed within the gingival crevice 

or sulcus. These same authors also advised that the thickness 

of the gingiva be evaluated. In clinical situations in which the 

tissue is thin enough to see the periodontal probe through the 

free gingival margin, the soft tissues may be unable to support 

intracrevicular restorative procedures.288 In a human clinical 

study, Stetler and Bissada289 compared areas of a narrow (less 

than 2 mm) zone of keratinized gingiva to wide (greater than 

2 mm) zones. In sites with no restorations present, there was 

no clinical difference in gingival inflammation between nar-

row and wide areas. Teeth in narrow keratinized areas with 

subgingival restorations had greater inflammation.289 In a 

similar study,290 restored teeth with margins placed within the 

gingival sulcus adjacent to narrow areas of keratinized gingiva 

suffered increased recession and attachment loss. In summary, 

both the width (zone) and thickness of the gingival tissues 

should be evaluated prior to the placement of restorations that 

will extend subgingivally. In compromised areas, mucogingi-

val therapy (soft tissue grafting) prior to placing restorations 

should be considered.

Dentogingival complex and biologic width
The junctional epithelium and the subjacent connective tis-

sue between the base of the gingival sulcus and the alveolar 

crest stabilize and seal the gingiva around the cervical enamel 

and supra-alveolar cementum surfaces. The combination of 

these two tissues (junctional epithelium and connective tissue 

attachment) is termed the dentogingival junction, and their 

combined vertical dimension is termed the biologic width (Fig 

1-32). The junctional epithelium (or epithelial attachment) is 

nonkeratinized and provides intimate adhesion against the 

cervical enamel or, with gingival recession or attachment loss, 

against the cementum. With inflammation, a periodontal probe 

used to measure pocket depth may easily penetrate the junc-

tional epithelium to the level of the connective tissue attach-

ment. The clinical attachment level is the distance from the CEJ 

to the tip of the probe when the probe is in the sulcus. As a 

defensive mechanism against pathogenic bacterial penetra-

tion, the junctional epithelial cells have a high mitotic rate and 

are rapidly exfoliated and replaced. The cellular spacing and 

narrow, tapering width of the junctional epithelium layer facili-

tates the movement of crevicular fluid, a serum exudate con-

taining defensive cells, complement, and antibodies, into the 

sulcus. These same characteristics of the epithelium also allow 

bacterial antigens and toxins to pass from the sulcus into the 

underlying tissues. The inflammatory response may become 

exaggerated and result in gingival edema, color changes, and 

bleeding, classic signs of gingivitis. The amount of crevicular 

fluid exudate and of bleeding with probing are two indices of 

gingival inflammation.286,291 

The protective body defenses can be overcome by the 

chronic accumulation of pathogenic bacteria in the biofilm or 

at local plaque-retaining sites, such as calculus or imperfect 

restoration margins. With unfavorable genetic host factors, the 

Fig 1-31 Interproximal papilla and attached gingiva. Various collagen fiber bun-

dles continuous with the connective tissue attachment circle the teeth or attach 

the gingiva to the cementum and bone. The gingival embrasure or interdental 

space below the contact is prone to plaque accumulation, which is responsible 

for both caries lesion development and gingivitis. 
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inflammatory response can become destructive. Proliferation 

and apical migration of the junctional epithelial cells create 

greater pocket depths and a loss of attachment with resorp-

tion of alveolar bone, both manifestations of periodontitis. 

The internal and external epithelial layers are supported by a 

network of collagen fiber bands coursing around and between 

the teeth and anchoring the gingiva to the alveolar bone and 

cementum of the roots (see Fig 1-31). From periodontally 

healthy adult cadaver dissections, Vacek et al292 reported that 

the mean vertical dimension of the junctional epithelium 

was 1.14 mm. The subjacent connective tissue attachment 

measured a relatively consistent 0.77 mm. Together, the mean 

biologic width dimension was 1.91 mm (1.75 mm for anterior 

teeth and 2.08 mm for posterior teeth). The results affirm an 

earlier dissection study by Gargiulo et al293 in which the bio-

logic width averaged 2.04 mm. Based on these dissections 

and on clinical experience, clinicians have generally accepted 

a 1.0-mm depth guideline for a healthy gingival sulcus. Thus, 

at a midfacial location, 3.0 mm (2.0 mm biologic width plus an 

additional 1.0-mm sulcus depth) is a simplified working con-

cept of the average dimensions of the dentogingival complex 

(see Fig 1-32). Interproximally, with adjacent teeth present, the 

dentogingival complex dimension is reported to be in a range 

of 3.0 to 4.5 mm.294,295

Several clinical studies have demonstrated that the closer a 

crown margin is to the dentogingival attachment (ie, the deep-

er into the gingival sulcus the margin is placed), the greater 

the probability of an inflammatory response, as evidenced by 

increased gingival plaque, increased bleeding indices, and, 

with time, the loss of attachment.296–298 A prospective clini-

cal study299 evaluating 480 metal-ceramic crowns found that 

the risk of gingival bleeding was related to the baseline oral 

hygiene index and was twice as high for intrasulcular margins 

as for supragingival margins. Thus, it is generally accepted 

that a supragingival crown margin is beneficial for periodontal 

health. However, a subgingival preparation margin is often 

necessary because of a short clinical crown, cervical or root car-

ies lesions, a coronal fracture, or the need to hide the margin. 

Maintenance of the 2.0-mm dimension of the dentogingival 

junction is generally considered necessary for maintaining 

periodontal health. Although patient susceptibility varies, the 

assumption is that a violation of the biologic width, especially 

into the connective tissue attachment, will lead to chronic 

inflammation and perhaps the loss of attachment, bone resorp-

tion, and gingival recession.300

It is difficult to clinically measure the separate tissue com-

ponents that make up the biologic width. Kois294,295 advocates 

the diagnostic use of a periodontal probe to confirm the level 

of the bone support to validate a biologically safe placement 

of the gingival margin. With anesthesia, the probe penetrates 

the midfacial sulcus to contact the osseous crest, a process 

called bone sounding (see Fig 1-32). The distance from the free 

gingival margin to the osseous crest defines the dentogingival 

complex (ie, the biologic width plus the sulcus depth). In 85% of 

subjects, a 3.0-mm reading confirms existence of an optimum 

biologic width, and the preparation margin may be safely 

placed 0.5 mm below the existing gingival margin. In addition, 

the preparation must follow the contours of the gingival mar-

gin, which parallels the CEJ, to avoid violation of the biologic 

width (or biologic zone), especially in the interproximal areas. 

With maxillary incisors, the proximal CEJ and junctional attach-

ment may be scalloped as much as 3.5 mm incisal to the level 

of the facial CEJ (Fig 1-33). A midfacial reading greater than 3.0 

mm confirms distant osseous support for the gingiva so that 

Fig 1-32 Biologic width and dentinogingival complex. Note that the gingival crown cavosurface margin 

is ideally no more than 0.5 mm into the sulcus (no closer than 2.5 mm from the osseous crest). The tip 

of the periodontal probe has been pushed through the DEJ (junctional epithelium and connective tissue 

attachment) to the osseous crest (bone sounding).

 The dentist should carefully parallel and duplicate the 

pronounced curve of the interproximal gingiva (and 

CEJ) during crown preparation, as shown by the pink 

dotted line, to prevent violation of the bio logic width.
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recession of the gingiva or interdental papillae may result fol-

lowing restorative procedures. An important anatomical study 

has demonstrated a quantitative relationship between the 

height of the gingival papilla and the distance from the alveolar 

crest to the base of the proximal contact. At a distance of 5.0 

mm, 98% of the dental papillae completely filled the restored 

gingival embrasure; but at 6.0 mm, only 56% did so.301 The den-

tist might be able to adjust the incisal/occlusal–gingival level 

of restored proximal contacts accordingly, in order to avoid an 

unesthetic space between the tip of the papilla and the proxi-

mal contact. If the dimension of the dentogingival complex 

is less than 3.0 mm, which suggests a compromised biologic 

width, a mucogingival flap and osseous resection (a crown 

lengthening procedure) is generally recommended to achieve 

the necessary dentogingival complex dimension in the area.302

The clinical imperative of a 2.0-mm biologic width is based 

on the averages of dimensions determined in the autopsy 

studies cited above; however, much variation was found in the 

dimensions of the individual tissues, particularly the depth of 

the sulcus and the length of the junctional epithelium.292,293 

Fifteen percent of teeth in the study by Vacek et al292 had 

restoration margins less than 2.0 mm from the osseous crest 

with no related loss of attachment. In an animal study, Class 5 

restorations were placed directly at the osseous crest. At 1 year, 

a functional biologic width re-formed apically with one-fifth the 

linear dimensions of the preoperative nonrestored controls.303 

A 2-year prospective clinical study evaluated the periodontal 

effects of subgingival crown margins within the dentogingi-

val complex in three groups of patients: Group 1 consisted of 

patients with subgingival crown margins 1.0 mm or less from 

the alveolar crest (within the connective tissue attachment); 

Group 2 included patients with margins between 1.0 and 2.0 

mm from the alveolar crest (within the junctional epithelium); 

and Group 3 included patients with margins 2.0 mm or greater 

from the alveolar crest (within the sulcus). A marked increase 

in papillary bleeding for Group 1 was the most significant sign 

that the health of the periodontium was compromised. Even 

though gingival inflammation resulted from the violation of 

the connective tissue attachment, there were no signs of either 

gingival recession or bone resorption.304 On the other hand, a 

review305 of the literature on the placement of the gingival mar-

gin based on traditional concepts of biologic width concluded 

that the evidence is primarily based on opinion and anecdotal 

cases. Nevertheless, the authors suggest that “clinical experi-

ence and prudence” favor a 3.0-mm space between the alveo-

lar crest and the restoration margin.305 For additional discussion 

of evaluation and management of tissue during crown prepara-

tion, see chapter 18.

Defective restorations and periodontal health
Dental restorations have a definite impact on the health of 

the periodontal tissues. In a longitudinal study involving 884 

individuals, the probing depths and gingival recession were 

recorded for each individual at age 26 years and again at age 

32 years. The results of the study showed that for a periodontal 

site in which a restoration was placed prior to the age of 26 

years, the attachment loss in the corresponding periodontal 

site at age 32 years would be twice as likely to be > 3.0 mm than 

if the adjacent tooth surface had remained sound until age 32 

years.306 In addition to the subgingival placement of the resto-

ration margin described earlier, poor quality of the restoration 

margin, including marginal openings, roughness, and over-

hangs, may impair periodontal health. With an ideal prepara-

tion, it is technically possible to obtain a marginal discrepancy 

of less than 10 µm with a cast metal restoration and less than 

50 µm with a ceramic restoration.307 However, with additive 

effects of luting cement thickness, preparation design deficien-

cies, and technique errors, the interface discrepancy can be 

much greater. In a retrospective study of 42 crowns with intra-

sulcular margins and more than 4 years of service, the mean 

marginal discrepancy was 160 µm, and 15 crowns (36%) had 

discrepancies greater than 200 µm. The investigators reported 

a direct quantitative correlation between increased marginal 

discrepancy and an increased gingival index and crevicular 

fluid-flow volume.308 Another study reported that, in addition 

to increased inflammation, radiographically determined bone 

loss was associated with crown margin discrepancies greater 

than 50 µm.309 With a marginal discrepancy of 200 µm com-

pletely surrounding a restored tooth, the total computed area 

of exposed cement surface amounts to several square millime-

ters. This interface is rough, porous, and retentive to biofilm.310

A common problem with restoration margins, especially 

with Class 2 direct restorations, is the overhang, an extension 

of the restorative material beyond the cavity preparation. The 

morphologic variation in the cervical aspect of teeth, includ-

ing furcations, fluting, convexities, and concavities, makes it 

difficult to consistently place a wedge and matrix band to fully 

adapt to the gingival cavosurface margin. Lervik et al311 magni-

fied bitewing radiographs and found that 25% of proximal-

surface restorations presented overhangs. Of these, 29% were 

greater than 0.2 mm and 4% were greater than 0.5 mm. Jeffcoat 

and Howell312 grouped 100 restorations with overhangs by 

the percentage of intrusion or invasion into the interproximal 

space and compared adjacent bone loss with the 100 contra-

lateral nonrestored controls. They concluded that gingival dis-

placement caused by large overhangs intruding 51% or more 

into the interproximal space is directly related to alveolar bone 

loss. In a literature review of overhanging dental restorations 

(ODRs) and their effects on the periodontium, Brunsvold and 

Lane313 reported a prevalence range of interproximal over-

hangs from 25% to 76%. The authors attributed the wide range 

to differences in classification criteria and diagnostic methods. 

Their conclusions, which follow, are validated by recent studies 

and reviews314,315:

•  Prevalence of ODRs is high, involving at least 25% of restored 

teeth.

•  Radiographic and tactile exploration must be combined to 

improve ODR detection.
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•  Increased bone loss, attachment loss, pocket depth, and 

inflammation occur adjacent to teeth with ODRs; the peri-

odontal destruction is related to the size of the ODR.

Restoration overhangs have been described as “perma-

nent calculus.” As with poor marginal fit of crowns, iatrogenic 

defects in restorations contribute to the retention and concen-

tration of plaque biomass. Lang et al316 found that an ODRs 

also alter the pathologic nature of the biofilm bacteria. Two 

sets of MOD onlays were made for each subject, one with 

normal contours and one with a 0.5- to 1.0-mm overhang. 

One of the restorations was temporarily cemented, and after 

19 to 27 weeks, that restoration was removed and the other 

was placed in a crossover study design. With the overhanging 

restorations, a normally healthy sulcus microflora changed to a 

gram-negative, anaerobic culture typical of chronic periodonti-

tis. It is important to note that when the onlays with overhangs 

were exchanged for the properly fitted restorations, equivalent 

to the clinical removal of an overhang, the gingival index and 

microflora returned to a healthy state. However, in a study in 

which amalgam overhangs were removed with an ultrasonic 

scaler and followed for 3 months, baseline gingival inflamma-

tion and early bone loss were not significantly reversed except 

in the group with meticulous plaque control.317 In another simi-

lar study, a combination of the removal of the overhangs, peri-

odontal scaling, and antibiotics resulted in beneficial effects on 

the probing depths and clinical attachment levels, along with 

a reduction of the population of some pathologic bacteria.318 

Thus, in addition to encouraging patients’ oral hygiene, the cli-

nician should carefully plan the location of restoration margins 

and strive for excellent fit and contour of the restoration. When 

overhangs are detected, their removal should be part of the 

treatment plan.319

Other parameters of restorations that have a less direct det-

rimental effect on the health of the periodontium are overcon-

toured axial surfaces, traumatic occlusion, and defective inter-

proximal contacts. Undercontoured or “flat” facial and lingual 

profiles have been advocated to benefit periodontal health, 

while overcontoured restorations have been associated with 

biofilm retention.320 Crowns are commonly overcontoured, 

from 0.7 to 1.28 mm wider than the buccolingual dimension 

of the teeth before restoration.321 It appears that some latitude 

in facial and lingual contours is acceptable, but it is important 

to incorporate “fluting” in areas where the restoration abuts 

furcations to facilitate plaque removal.322 A common clinical 

sign of traumatic occlusion on a specific tooth or group of 

teeth, especially with a loss of periodontal support, is hyper-

mobility. A clinical study of patients with periodontitis found a 

relationship between tooth mobility and increased loss of both 

attachment and bone.323 In their review, the authors concluded 

that in patients with preexisting plaque-induced periodontitis, 

concomitant occlusal trauma may increase the rate of destruc-

tion, but “trauma from occlusion cannot induce periodontal 

tissue breakdown.”324

Another aspect of restorations that relates to the health and 

comfort of the periodontium is deficient or open interproximal 

contacts. Acceptable interproximal contacts should contribute 

to tooth stability, deflect food to the vestibular or oral embra-

sures to protect the nonkeratinized gingival col, and prevent 

food impaction. However, when the level of oral hygiene is 

good and there is no food impaction, there is no clear relation-

ship between deficient interproximal contacts and periodontal 

problems.325 Indeed, the majority of healthy teeth, unless in 

heavy occlusion, have a slight interproximal gap that will often 

allow an 8-µm-thick strip of shimstock to pass through the con-

tact.326 Nevertheless, if the teeth are in contact preoperatively, 

authorities agree that the new restoration should restore the 

contact to prevent possible gingival irritation and patient dis-

comfort from food impaction. 

Conclusion
Just like the dentition, the periodontium is at risk from specific 

biofilm-induced destruction; therefore, long-term oral health 

requires routine effective plaque removal. Errors in diagnosis 

and treatment planning and iatrogenic problems associated 

with the restoration of teeth can exacerbate biofilm reten-

tion and contribute to inflammation, loss of connective tissue 

attachment, and loss of bone support. A healthy periodontium 

is essential for the well-being, comfort, and esthetics of the oral 

structures.
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Excellence in dental care is achieved through the 

dentist’s ability to assess the patient, determine his or 

her needs, design an appropriate plan of treatment, 

and execute the plan with proficiency. Inadequately 

planned and sequenced treatment, even when well 

executed, will result in less-than-ideal care. The pro-

cess of identifying problems and designing the treat-

ment for those problems is the essence of treatment 

planning and the focus of this chapter.

As an integral part of comprehensive dental care, 

treatment planning for the restoration of individual 

teeth must be done in concert with the diagnosis of 

problems and treatment planning for the entire masti-

catory system. The objective of this chapter is to pres-

ent a problem-oriented approach to treatment plan-

ning for restorative dentistry. This approach begins 

with a comprehensive patient evaluation and gradu-

ally narrows its focus to the restoration of individual 

teeth. Emphasis is placed on the decision-making 

processes involved in identifying problems related 

to restorative dentistry and determining their causes, 

which will affect the treatment outcome; assessing 

the demands of the oral environment; and selecting 

the materials, operative modalities, and sequence best 

suited to the treatment of these problems.

The Problem-Oriented Treatment 
Planning Model
Treatment planning is generally accomplished with 

either a treatment-oriented model or a problem-

oriented model. In the treatment-oriented model, the 

dentist examining the patient finds certain intraoral 

conditions and mentally equates those problems to 

the need for certain forms of treatment. The examina-

tion findings are summarized in the form of a list of 

needed treatments, which then becomes the treat-

ment plan. The problem-oriented model requires that 

the examination lead to the formulation of a list of 

problems. Each problem on the list is then considered 

in terms of treatment options, each of which has differ-

ent advantages and disadvantages. The optimal solu-

tion for each problem is then chosen, and, after 

sequencing, this list of solutions becomes the treat-

ment plan.

For patients with only a few, uncomplicated prob-

lems, the outcomes are similar whether the treatment 

plan is problem based or treatment based. In more 

complex cases, problems are often interrelated, and 

the solution to one problem may affect the treatment 

needed to resolve other problems. In these instances, 

the process of identifying and listing the individual 

problems enables the dentist to think through each 

one and to consider the various options for treating 

it without getting lost in the magnitude of the overall 

task.

The problem-oriented approach directs the dentist 

to perform a systematic evaluation of the patient so 

that no problems are overlooked, either in diagnosis or 

in treatment planning. It is designed to prevent tunnel 

vision of obvious pathoses at the expense of less obvi-

ous but equally important problems. 

The problem-oriented treatment planning process 

includes the following steps: a thorough evaluation of 

the patient’s general health and the stomatognathic 

system; identification of the problems requiring treat-

ment; and development of an integrated treatment 

plan. Armed with knowledge of all the problems, the 
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clinician envisions the state of the dentition after the seriously 

compromised and nonrestorable teeth have been removed. 

Based on this vision of the remaining sound dentition, the den-

tist visualizes the optimal state to which the patient’s dentition 

can be restored and maintained. Treatment needed to achieve 

this optimal result can then be documented. This process of 

planning in reverse, starting with the desired end result, often 

enables the clinician to identify previously unrecognized or 

unforeseen problems and add them to the existing problem list 

to ensure that treatment of each problem on the problem list 

is consistent with the desired optimal treatment goal. A list of 

integrated treatment steps can then be generated.

Problem list formulation
The dentist initially evaluates the patient from a subjective 

standpoint, ascertaining the chief complaint and the patient’s 

goals of treatment. A medical and a dental history are then 

elicited. The objective portion of the assessment consists of a 

categorical evaluation of the patient, beginning with vital signs 

and an extraoral head and neck examination and progressing 

through a thorough intraoral evaluation. The examination pro-

cedures are standardized and routinely accomplished in the 

same order and fashion to simplify the procedure and to ensure 

that crucial steps are not omitted. Related nonclinical portions 

of the evaluation include examinations of radiographs, diag-

nostic casts (usually mounted on a semiadjustable articulator), 

and photographs.

The objectives of the examination are to distinguish nor-

mal from abnormal findings and to determine which of the 

abnormal findings constitute problems that require treatment 

or will influence treatment. From the findings of the initial 

examination, a problem list is established. If the problems are 

listed under categorical headings (eg, periodontal problems, 

endodontic problems), the dentist is unlikely to omit problems. 

This list is dynamic and can be modified as new problems arise.

Problem-oriented planning
In the next phase of treatment planning, the dentist consid-

ers the various problems with which the patient presents and 

uses clinical judgment based on evidence-based treatment 

concepts to estimate which teeth have a sufficiently favor-

able prognosis to justify being retained and which teeth, if 

any, should be removed. The dentist visualizes the state of 

the dentition after the removal of nonsalvageable teeth and 

then forms a mental image of the optimal condition to which 

the patient can be rehabilitated. This visualization requires the 

dentist to decide which teeth need to be replaced and which 

form of prosthodontic replacement and restorative treatment 

is most appropriate. Once this optimal condition has been 

visualized, a treatment solution is proposed for each problem 

on the problem list, with each individual solution planned to 

coincide with the final visualized optimal treatment objective. 

If the treatment plan for any of the individual problems 

conflicts with the optimal treatment plan, either the treat-

ment for the individual problem or the optimal treatment 

goal must be altered until they are coincident. When the 

clinician believes that, in consideration of all the problems 

and proposed treatments, the optimal treatment objective 

is feasible and maintainable, this list of individual treatments 

becomes the unsequenced treatment plan. For example, a 

patient presents with a chief complaint of a broken right maxil-

lary central incisor that will require a crown to restore it, but 

the maxillary anterior facial gingival contours are asymmetric, 

which adversely affects the patient’s smile. Esthetic crown 

lengthening of these teeth would greatly improve the smile. 

If the patient agrees to this procedure, then the broken incisor 

should initially be restored with a long-term provisional crown 

to satisfy the chief complaint. The esthetic crown lengthening 

would then be performed and a definitive crown placed follow-

ing a satisfactory healing period.

Treatment sequencing
The final step in treatment planning, sequencing the treatment, 

is completed by arranging the solutions to the various prob-

lems in a set order (Box 2-1). The proposed treatment sequenc-

ing follows the logic of the medical model, so disease is treated 

in the priority of importance to the patient’s overall health. This 

method of sequencing ignores the common technique of treat-

ing by specialty, where, for example, all the periodontal care is 

provided, followed by the endodontic care, which is followed 

by the restorative care.

Chief complaint
The patient’s chief complaint should be addressed at the outset 

of treatment, even if only via discussion, and even if definitive 

treatment of this problem will be deferred.

Medical/systemic care
The medical/systemic care phase includes aspects of treatment 

that affect the patient’s systemic health. These take precedence 

over the treatment of dental problems and must be considered 

before dental problems are addressed. This most commonly 

includes medically related diagnostic tests and consultations. 

• Chief complaint

• Medical/systemic care

• Emergency care

• Treatment plan presentation

• Disease control

• Reevaluation

• Definitive care

• Maintenance care

Box 2-1 Sequence of treatment
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An example is the investigation of the status and control of a 

patient’s hypertension, anticoagulant therapy, or diabetes.

Emergency care
Problems addressed in the emergency care phase include 

those involving head and neck pain or infection. They are treat-

ed before routine dental problems but after acute problems 

involving the patient’s systemic health. Evidence-based clinical 

judgment is exercised to determine the relative importance of 

systemic problems and dental emergency problems. A review 

of this topic is found in the text by Little et al.1

Treatment plan presentation
The treatment plan presentation (and patient acceptance of 

the treatment plan) should precede all nonemergency dental 

care. Presentation and discussion of the proposed treatment 

are the basis of informed consent and must not be overlooked. 

The use of intraoral and extraoral photographs of the patient 

often provides valuable information for educating the patient 

during this presentation. In addition to the primary or optimal 

treatment plan, the dentist should be prepared to present 

alternative plans that may be indicated based on extenuat-

ing circumstances, such as patient finances or the therapeutic 

response of teeth crucial to the success of the plan.

Disease control
The disease control phase consists of treatment designed to 

arrest active disease. Examples include endodontic treatment 

to control infection; periodontal treatment to control inflam-

mation; and restorative care, linked with behavior modification, 

to control caries. Treatment in this phase is aimed at the control 

of active disease so that the disease processes would not prog-

ress even if no treatment beyond disease control were pro-

vided.

Reevaluation
The reevaluation phase consists of a formal reassessment, 

during which the dentist decides if all factors, including such 

criteria as the patient’s treatment goals, oral hygiene, behavior 

modification, and response to periodontal therapy, warrant 

continuing with the original treatment plan. This is an impor-

tant phase of treatment because it provides a predetermined 

point at which both patient and clinician may elect to alter or 

even discontinue treatment.

Definitive care
The definitive care phase is the final phase of treatment pre-

ceding maintenance care. Many of the procedures accom-

plished within the disease control phase, such as removal of 

carious tooth structure and placement of direct restorations, 

achieve both disease control and definitive restoration; how-

ever, a number of procedures that go beyond the treatment of 

active disease are possible. These include procedures designed 

to enhance function and esthetics, such as orthodontics, sur-

gery, prosthodontics, and cosmetic restorative procedures. 

Treatment sequencing for most of these modalities is beyond 

the scope of this text; a detailed and comprehensive review is 

provided by Stefanac and Nesbit.2

Maintenance care
Maintenance care is an ongoing phase designed to maintain 

the results of the previous treatment and prevent recurrence 

of disease. The maintenance phase generally focuses on the 

maintenance of periodontal health; the prevention, detection, 

and treatment of caries; and the prevention of dental attrition, 

erosion, and abrasion.

Dental History and Chief Complaint
The key to successful treatment planning lies in identifying the 

problems that are present and formulating a treatment plan 

that addresses each problem so that each phase of treatment 

is designed to lead to the final, optimal treatment goal. The 

dentist who follows this approach begins by listening carefully 

to the patient and asking relevant questions. A thorough dental 

history serves as a guide for the clinical examination.

The dental history is divided into three components: (1) chief 

complaint, (2) dental treatment, and (3) symptoms related to 

the stomatognathic system. The chief complaint is addressed 

first and is recorded in the dental record in the patient’s own 

words. By discussing the patient’s chief concern at the outset, 

the dentist accomplishes two important goals. First, the patient 

feels that his or her problems have been recognized, and the 

doctor-patient relationship begins positively; second, by writ-

ing out the chief complaint, the dentist ensures that it will 

not be omitted from the problem list. It is not uncommon to 

encounter a patient who has a multitude of significant dental 

problems but only a minor chief complaint. If the dentist focus-

es too quickly on the other problems and omits a discussion 

of the chief complaint, the patient may question the dentist’s 

ability and desire to resolve the patient’s chief concern.

A brief history of past dental treatment can provide useful 

information. The number and frequency of past dental visits 

reflect the patient’s dental awareness and the priority he or 

she places on oral health. The dentist should elicit information 

about the past treatment of specific problems, as well as the 

patient’s tolerance for dental treatment. All of this information 

can be of use in developing the treatment plan.

Questions about previous episodes of fractured or lost 

restorations, trauma, infection, sensitivity, and pain can elicit 

information that will alert the dentist to possible problems and 

guide him or her during the clinical and radiographic examina-

tion. Patients may not volunteer this information; hence, spe-

cific questions regarding thermal sensitivity, discomfort during 

chewing, gingival bleeding, and pain are warranted. When 

there is a history of symptoms indicative of pulpal damage or 

incomplete tooth fracture, specific diagnostic tests should be 

performed during the clinical examination.

Dental History and Chief Complaint
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Clinical Examination

Every patient examination should include an assessment of 

the extraoral and intraoral soft tissue conditions as well as the 

dentition. The reader is referred to standard texts on physical 

examination for details. The temporomandibular joint and 

associated musculature should be evaluated and a systematic 

assessment of any signs or symptoms of pathology conduct-

ed.3 For the purpose of restorative treatment planning, the 

intraoral assessment involves an examination of the periodon-

tium, dentition, and occlusion. Specific diagnostic tests may 

be performed as indicated, and a radiographic examination is 

completed at this time. The dentist should be sure to complete 

one portion of the evaluation before beginning another aspect 

of the examination (Box 2-2). The findings from each area are 

placed under the appropriate heading in the problem list. 

Some problems may be noted in the evaluation of more than 

one system. For example, gingival bleeding and periodontal 

inflammation resulting from the impingement of a restoration 

on the periodontal attachment would be noted in both the 

periodontal examination and the evaluation of the existing res-

torations. At this stage, such duplication of effort is acceptable 

in the interest of completeness.

The following sections describe the elements of the intra-

oral examination used to establish the restorative dentistry 

problem list.

Evaluation of the dentition

Caries risk and plaque
An assessment of caries risk (see chapter 5) should be accom-

plished, and the presence of plaque should be documented 

with a standardized plaque index. The O’Leary index, for exam-

ple, is a simple, effective measure of plaque accumulation.4 The 

use of a standardized index permits an objective assessment of 

plaque accumulation. Depending on initial findings, a dietary 

analysis and/or unstimulated salivary flow rate determination 

may be indicated. The determination of baseline caries risk and 

plaque levels at the time of initial examination provides a basis 

for communication with the patient and other clinicians and 

permits assessment of changes over time. This is important 

information in establishing a prognosis for restorative care 

and provides criteria for deciding whether treatment should 

progress beyond the disease control phase into the definitive 

rehabilitation stage.

The levels and location of plaque should be established 

at the outset of the examination. At the conclusion of the 

examination, the patient may be given a toothbrush and floss 

and asked to clean the teeth as well as possible. Reassessment 

immediately after the cleaning will establish the patient’s 

hygiene ability and reveal the nature of hygiene instructions 

needed. A patient who sincerely tries to remove plaque but is 

unsuccessful in certain areas requires instruction in technique, 

whereas the patient who demonstrates effective hygiene while 

in the office but consistently presents with high plaque levels 

has a problem with motivation. This information is important in 

designing the treatment plan: A plan requiring a great deal of 

patient participation and compliance would not be appropriate 

for a patient with inadequate motivation, while a motivated 

patient who is teachable may well be suited to such a plan.

One of the most reliable indicators of future caries activity 

is the presence of an existing or recently treated caries lesion.5 

Three additional factors that heighten the risk of caries are (1) 

a large number of cariogenic bacteria, (2) frequent ingestion of 

cariogenic sugars, and (3) an inadequate flow of saliva.6 Patients 

demonstrating active caries should receive an evaluation that 

entails more than simply a determination of levels and location 

of plaque.7 Both a diet survey and a salivary flow assessment are 

useful in determining the patient’s susceptibility to caries and 

the caries-related prognosis for restorative treatment.

Diet has been shown to be one of the most significant fac-

tors in caries risk. A review of more than 100 studies by van 

Palenstein Helderman et al8 demonstrated that the frequency 

and duration of refined carbohydrate exposure is more predic-

tive of caries occurrence than Streptococcus mutans counts. 

Using a diet survey, the patient itemizes all food and drink 

intake for a specified period (generally 1 week). From this diary, 

the dentist can identify the contribution of specific dietary 

I. Evaluation of the dentition

• Caries risk and plaque

• Caries lesion detection and disease activity

• Pulp 

• Existing restorations

• Occlusion and occlusal contours

• Axial tooth surfaces

• Tooth integrity and fractures

• Esthetics

 II. Evaluation of the periodontium

• Disease activity

• Structure and contour of bony support

• Mucogingival assessment

• Tooth mobility

III. Evaluation of radiographs

VI.  Evaluation of diagnostic casts (may include a diagnostic 

mounting in centric relation and use of a facebow)

Elements of the clinical examination
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habits to the patient’s caries risk and can direct the patient’s 

attention to these areas. The identification and management 

of episodic sugar and carbohydrate intake (snacking), as well 

as overall carbohydrate consumption, should be the focus of 

dietary intervention.9,10

Xerostomia, or dry mouth, is associated with increases in 

the number of cariogenic bacteria and increased caries activ-

ity.11 Saliva provides lubrication; promotes oral clearance of 

fermentable carbohydrates, sugars, and acids; and possesses 

antimicrobial components and buffering agents.11–13 Saliva 

is critical to tooth remineralization because it is a source of 

calcium, phosphates, and proline-rich proteins active in recrys-

tallization of the tooth surface.12,13 The patient’s health status, 

medications, iatrogenic changes, and possibly aging can alter 

salivary flow and composition and, thereby, caries-risk status. 

Consideration should be given to assessing salivary flow rates 

in all caries-active patients. There is not complete agreement 

as to the minimum salivary flow rate necessary to maintain oral 

health. Some authorities suggest that unstimulated salivary 

flow in a range less than 0.1 to 0.2 mL/min is the criterion for 

hypofunction.14–16 However, others correlate clinical symptoms 

of hypofunction, such as dysphasia, dysphagia, xerostomia, and 

a higher incidence of caries lesions and/or candidiasis, with an 

unstimulated flow rate of less than 0.2 mL/min.17,18

Because the character of the microflora determines the 

cariogenicity of the plaque, periodic assessment of the num-

ber of cariogenic bacteria present in the plaque can indicate 

alterations in the caries susceptibility of patients at high risk 

of developing caries.19,20 Although higher levels of S mutans 

(greater than 106 colony-forming units [CFUs]/mL of saliva) are 

not consistently indicative of caries activity, estimates of the 

number of bacteria are more useful for predicting the absence, 

rather than the presence, of an active infection.20,21 By monitor-

ing the levels at baseline and over time, the dentist can assess 

the effectiveness of caries-management measures.

Once plaque assessments have been completed, an exami-

nation of other areas can be accomplished. The visual examina-

tion of the dentition should be conducted in a dry field, with 

adequate lighting, using a mirror and explorer. Ideally, the 

dentist will employ some form of magnification to aid in the 

examination. A number of products providing 2× to 6× mag-

nification are commercially available. Some magnifying lenses 

attach to eyeglasses and can be removed, while others are built 

directly into the lenses of specially constructed eyeglasses (see 

Fig 7-68). The use of magnification with adequate lighting sig-

nificantly enhances the ability of the clinician to detect subtle 

signs of disease. If the presence of plaque and calculus partially 

obscures the dentition, debridement is required to accomplish 

a thorough examination.

Detection of caries lesions
The terms carious lesion and caries lesion are both acceptable to 

describe the effect of the caries process on a tooth, and both 

terms will be used interchangeably throughout this textbook. 

Caries lesions may be classified by location into two broad 

categories: pit and fissure caries lesions and smooth-surface 

caries lesions (including those involving proximal surfaces, 

root surfaces, and lesions on other smooth surfaces). Detection 

of caries lesions requires both clinical (visual and tactile) and 

radiographic examinations.

Pit and fissure caries lesions. Pit and fissure caries lesions 

are generally found in areas of incomplete enamel coales-

cence. These areas are most commonly found on the occlusal 

surfaces of posterior teeth, the lingual surfaces of maxillary 

anterior teeth and maxillary molars, and the buccal pits of 

mandibular molars. Because pit and fissure lesions may begin 

in small enamel defects that lie in close approximation to the 

dentino enamel junction, they may be difficult to detect. A pit 

and fissure lesion must be fairly extensive to be detected radio-

graphically; these lesions generally appear as crescent-shaped 

radiolucencies immediately subjacent to the enamel22 (Fig 2-1).

Historically, tactile examination with firm application of a 

sharp explorer into the fissure was the clinical technique most 

commonly used by dentists in the United States to locate 

pit and fissure lesions.23 A sticky sensation on removal of the 

explorer has been the classic sign of pit and fissure caries. Clini-

cal studies, however, have shown this method to be unreliable, 

producing many false-positive and false-negative diagnoses.24 

Fig 2-1 (a) Occlusal caries. The shadowing around the stained pits in the second molar indicates the presence of carious dentin at the base of the fissure. (b) The 

caries lesion extends well into dentin. (c) The typical pattern of an occlusal caries lesion in cross section.

a b c
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In addition, an explorer can cause cavitation in a demineralized 

pit or fissure, precluding the possibility of remineralization.24–27

Visual observation, with magnification, of a clean, dry tooth 

has been found to be a reliable, nondestructive method of 

detecting pit and fissure caries lesions,24–28 which appear as 

gray or gray-yellow opaque areas that show through the enam-

el (see Fig 2-1a). However, stain within a fissure is not indicative 

of carious dentin at the base of the fissure. 

Fiber-optic transillumination may be helpful in visualizing 

pit and fissure and other types of caries lesions. A variety of 

new technologies are being evaluated for detection of caries 

lesions. A discussion of these new technologies can be found 

in chapter 5.

When the presence of pit and fissure lesions is uncertain 

and the patient will be available for recall evaluations, a sealant 

may be placed over the suspected area. Clinical investigation 

by Mertz-Fairhurst et al29 indicates that sealed caries lesions 

do not progress. However, placement of sealants in fissures 

over known carious dentin cannot be recommended at pres-

ent, because the risk of sealant loss makes this an injudicious 

practice. Mertz-Fairhurst et al29 found the placement of a con-

servative amalgam or resin composite restoration, followed 

by the placement of a resin fissure sealant over the margins of 

the restoration and remaining fissures, to be a predictable and 

relatively conservative treatment for such lesions. A recent sys-

tematic review by Azarpazhooh and Main30 recommended that 

sealants be placed on all permanent molars without cavitation 

as soon after eruption as isolation can be achieved.

Smooth-surface caries lesions. Of the three types of smooth-

surface caries lesions, proximal lesions are the most difficult to 

detect clinically. Proximal caries lesions in posterior teeth are 

generally inaccessible to both visual and tactile examination 

and are usually detected radiographically. Proximal lesions in 

anterior teeth may be detected radiographically or with visual 

examination using transillumination28 (Fig 2-2). Root caries 

lesions located on facial or lingual surfaces of the roots pres-

ent few diagnostic problems. When root-surface lesions occur 

proximally, however, they are not readily visible on clinical 

examination and are generally detected through the radio-

graphic examination (Fig 2-3). Smooth-surface caries lesions 

occurring on enamel in nonproximal areas are not difficult 

to detect clinically. These lesions, which are most commonly 

found in patients with high levels of plaque and a cariogenic 

diet or deficient salivary flow, occur on the facial and lingual 

enamel surfaces and are readily accessible during visual and 

tactile examination.

Dental pulp
Evaluation of pulpal vitality in every tooth is not warranted; 

however, each tooth that will undergo extensive restoration, 

as well as all teeth that are critical to the plan of treatment and 

teeth with pulps of questionable vitality, should be tested.

The application of cold is a valuable method of vitality test-

ing. Canned refrigerants present minimal risk to teeth and 

restorations. A cotton pellet saturated with an aerosol refriger-

ant spray, such as tetrafluoroethane, is placed on the tooth to 

determine its vitality. A similar test can be performed by plac-

ing a “pencil of ice” (made by freezing water inside a sterilized 

anesthetic cartridge) against a tooth. 

An additional vitality test involves the use of an electric 

pulp tester. While it can provide information regarding pulp 

vitality, this test has limitations; it cannot be used in a wet field 

or on teeth with metallic proximal surface restorations unless 

measures are taken to insulate adjacent teeth. Furthermore, 

the numeric scale of the instrument does not reflect the health 

of the pulp or its prognosis. The electric pulp tester is merely 

a means of determining whether the tissue within the pulp 

senses electrical current. A high score may be due to the pres-

ence of a partially necrotic pulp or extensive reparative dentin, 

or it may be the result of poor contact between the tooth and 

the pulp tester.

When the results of pulp tests are not congruent with the 

clinical impression, additional tests are indicated. When neither 

thermal nor electric pulp tests provide a clear picture of pulp 

vitality and a restoration is indicated, the preparation can be 

initiated without the use of anesthetic. This is termed a test 

cavity. If pain or sensitivity is elicited when dentin is cut with a 

Fig 2-2 Proximal caries lesion detected in an anterior tooth 

with the use of transillumination.

Fig 2-3
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bur, pulpal vitality is confirmed. The restoration may then be 

completed after administration of local anesthetic.

Pulp vitality should be determined prior to restorative 

treatment. It is professionally embarrassing to discover that 

a recently restored tooth was nonvital prior to restoration 

and subsequently became symptomatic, requiring endodontic 

treatment and a replacement restoration. It is advantageous 

to ascertain the pulpal prognosis of a tooth prior to restorative 

treatment. When pulpal prognosis is uncertain or guarded, it 

is often best to perform endodontic therapy before extensive 

restorative treatment. If the endodontic treatment is com-

pleted before restorative care, the repair or replacement of a 

recently completed large restoration may be avoided. 

Planning for endodontic treatment and presenting it as 

part of the original treatment plan is generally more accept-

able to the patient than presenting this treatment option after 

treatment has begun. An added benefit is that the endodontic 

prognosis can be established before the dentist commits to 

restorative care. When endodontic therapy is required, the 

feasibility of completing the endodontic procedures should be 

determined early in the course of treatment. The more critical 

the tooth is to the overall success of the treatment, the more 

important it becomes to complete the necessary endodontic 

treatment early in the treatment schedule. It is poor planning to 

rely on a tooth in the treatment plan when that tooth cannot be 

successfully treated with endodontics. Endodontic diagnosis 

can be challenging. A thorough discussion of this subject can 

be found in the text by Hargreaves and Cohen.31

When a posterior tooth has received endodontic treatment, 

placement of a complete-cuspal-coverage restoration is gener-

ally indicated to prevent fracture.32,33 When an anterior tooth 

has received endodontic treatment, the least invasive form 

of restoration that satisfies the esthetic and functional needs 

of the patient is indicated.34 If sufficient enamel and dentin 

remain for support, a bonded restoration, such as a resin com-

posite restoration or a ceramic veneer, is preferred. If there 

is insufficient support for such a restoration after removal of 

carious tooth structure or defective restorations or following 

endodontic access preparation, a ceramic or metal-ceramic 

crown is the restoration of choice. A post is indicated primarily 

to retain a core in a tooth with extensive loss of coronal tooth 

structure.32,35,36 When a post is needed, preparation of a small 

post space preserves dentin and provides optimal fracture 

resistance for the tooth32,37 (see chapter 21).

Existing restorations
In the course of the intraoral examination, the serviceability 

of existing restorations must be evaluated. The following gen-

eral criteria are used to evaluate existing restorations: (1) struc-

tural integrity, (2) marginal opening, (3) anatomical form, (4) 

restoration-related periodontal health, (5) occlusal and inter-

proximal contacts, (6) recurrent caries lesions, and (7) esthetics.

Structural integrity. The structural integrity of a restoration 

should be evaluated to determine whether it is intact or 

whether portions of the restoration are partially or completely 

fractured or missing. The presence of a fracture line dictates 

replacement of the restoration. If voids are present, the dentist 

must exercise clinical judgment in determining whether their 

size and location will weaken the restoration and predispose 

it to further deterioration or recurrent carious involvement 

(Fig 2-4).

Marginal opening. Few restorations have perfect margins, 

and the point at which marginal opening dictates replacement 

of the restoration is difficult to determine. For amalgam restora-

tions, it has been demonstrated that marginal ditching neither 

implies the presence nor necessarily portends the develop-

ment of caries lesions38; therefore, its existence does not dictate 

the replacement of amalgam restorations. Because the margins 

of amalgam restorations become relatively well sealed by the 

accumulation of corrosion products, a general guideline has 

been to continue to observe the restoration unless signs of 

recurrent caries lesions or marginal gaps are present.39 An accu-

mulation of plaque in the marginal gap is also an indication 

for repair or replacement of an amalgam restoration. Repair 

of noncarious marginal gaps in amalgam with a flowable resin 

composite or a sealant will enhance the longevity of the resto-

ration.40–42 A long-term, retrospective clinical study by Smales 

and Hawthorne43 indicated that the repair of local defects in 

amalgam restorations is an effective alternative to restoration 

replacement.

For restorations that do not seal by corrosion, a marginal 

gap into which the end of a sharp explorer may penetrate 

should be considered for repair, or the restoration should be 

replaced. This is especially true for resin composite restora-

tions, because bacterial growth has been shown to progress 

more readily adjacent to resin composite than to amalgam or 

glass-ionomer materials.44 Repair, sealing, or replacement of 

resin composite restorations with defective margins will result 

in significant improvement in the longevity of the restoration.45 

Fig 2-4 Bitewing radiograph illustrating a large void in the 

Class 2 resin composite restoration of the mandibular right first 

premolar.
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An increased susceptibility to caries has been reported in resin 

composite restorations whose marginal gaps exceeded 100 to 

150 µm.46 In anterior teeth, replacement is indicated when the 

tooth structure adjacent to the marginal gap becomes carious 

or when marginal staining is esthetically unacceptable. Often 

this stain may be associated with unbonded resin flash that can 

usually be polished away. The dentist must carefully evaluate 

the restoration margin to determine the need for replacement 

(Fig 2-5).

The presence of a marginal gap is less critical for restorations 

with anticariogenic properties (eg, glass-ionomer cement). 

Both in vitro47–53 and in vivo54–58 studies have shown that tooth 

structure adjacent to glass-ionomer restorations is less suscep-

tible to caries attack than that adjacent to either resin compos-

ite or amalgam restorations. Consequently, restorations with 

anticariogenic properties generally should be replaced not 

because of marginal ditching but rather when a frank caries 

lesion has occurred or when some other defect indicates the 

need for treatment. 

Anatomical form. Anatomical form refers to the degree to 

which the restoration duplicates the original contour of the 

intact tooth. Common problems include overcontouring, 

undercontouring, uneven or flat marginal ridges, inadequate 

facial and lingual embrasures, and lack of occlusal or gingival 

embrasures. Many restorations exhibit one or more of these 

problems yet adequately serve the needs of the patient and 

do not require replacement. The critical factor in determining 

the need for replacement is not whether the contour is ideal 

but whether pathosis has resulted, or is likely to result, from the 

poor contour.

Restoration-related periodontal health. Examination of res-

torations must include an assessment of the effect that existing 

restorations have on the health of the adjacent periodontium. 

Problems commonly encountered in this area are (1) surface 

roughness of the restoration, (2) interproximal overhangs, 

and (3) impingement of the restoration margin on the zone of 

attachment, called the biologic width or the dentogingival junc-

tion (the area, approximately 2 mm in the apicocoronal dimen-

sion, occupied by the junctional epithelium and the connective 

tissue attachment) (Fig 2-6; see also Fig 1-32).

All three of these phenomena can cause inflammation 

within the periodontium.59–61 If restorative material extends 

vertically or horizontally beyond the cavosurface margin in 

the region of the periodontal attachment or impinges on the 

biologic width, the health of the periodontal tissue should be 

assessed (Fig 2-7). If other local etiologic factors have been 

removed and periodontal inflammation persists in the pres-

ence of these conditions, treatment should be initiated. In 

the case of overhanging restorations, pathosis may be elimi-

nated and the restoration may be made serviceable simply by 

removing the overhang. If the periodontal inflammation fails 

to resolve, the restoration should be replaced. In the case of 

biologic width impingement, space for a healthy periodontal 

attachment must be gained through surgical crown lengthen-

ing or a combination of orthodontically forced eruption and 

surgical crown lengthening.

Inflammatory changes suggestive of biologic width viola-

tions are common on the facial aspects of anterior teeth that 

have been restored with crowns. On occasion, however, evalu-

ation of the marginal areas reveals inflammation even when 

an adequate space remains between the crown margin and 

the periodontal attachment apparatus, leaving the clinician 

puzzled as to the cause of the problem. If periodontal inflam-

mation persists in the apparent absence of local etiologic fac-

tors, including biologic width impingement, the dentist should 

evaluate the entire cervical circumference of the restoration. 

Inflammatory changes on the facial aspect of a restoration 

are sometimes a manifestation of interproximal inflamma-

tion. Further evaluation may reveal an interproximal violation 

of biologic width from which the inflammatory reaction has 

extended to the more visible facial areas.

Even in the absence of impingement on biologic width, 

open or rough subgingival margins can harbor sufficient bac-

terial plaque to generate an inflammatory response. Gingival 

inflammation around a crown may also be due to an allergic 

reaction to a material in the crown. Several investigations have 

shown that low gold content or predominantly base metal 

alloys, especially those containing nickel and palladium, can 

cause such reactions, with an incidence of around 7%.62–66

During the assessment of existing restorations or the plan-

ning of future restorations, the location of margins is an impor-

tant consideration. Supragingival margins result in significantly 

less gingival inflammation than do subgingival margins.67 

Supragingival margins should be the goal when overriding 

concerns (eg, esthetics or requirements for resistance and 

retention) do not contraindicate their use.

Occlusal and interproximal contacts. The dentist should assess 

all interproximal contacts with thin dental floss. In addition, the 

Fig 2-5
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patient should be queried regarding any problems encoun-

tered in the passing of floss through the contacts during home 

hygiene procedures. Contacts that do not allow the smooth 

passage of floss must be altered, or the restoration must be 

replaced, to permit the use of floss. The use of an interproximal 

contact–smoothing device is often effective in eliminating 

roughness that impedes the passage of floss (Fig 2-8).

Contacts that are open or excessively light should be evalu-

ated to determine whether pathosis, food impaction, or annoy-

ance to the patient has resulted. When any of these problems 

is present, steps should be taken to alleviate it. Generally, the 

placement or replacement of a restoration is required to estab-

lish an adequate proximal contact. When an open contact is 

identified, an attempt should be made to determine its cause. 

If occlusal contacts have moved a tooth and a restoration is to 

be placed to close the proximal contact, the occlusal contacts 

must be altered to prevent the open contact from recurring 

after the placement of the new restoration.

The occlusal contacts of all restorations should be evalu-

ated to determine if they are serving their masticatory function 

without creating a symptomatic or pathogenic occlusion. In the 

absence of periodontally pathogenic bacteria, traumatic occlu-

sion has not been found to initiate loss of periodontal attach-

ment.68–70 However, in a susceptible host and in the presence of 

periodontal pathogens, occlusal trauma can play a role in the 

progression of periodontal disease.71–74 A more recent study 

indicates that these previous studies may have underestimated 

the impact that occlusal trauma has on the periodontium.75 

Existing restorations located in teeth exhibiting significant 

attachment deficits should be examined closely for the pres-

ence of hyperocclusion. Restorations in which occlusal contacts 

are creating primary occlusal trauma should be altered or 

replaced, as necessary, to resolve the problem.76 Restorations 

that are in significant infraocclusion may permit the supraerup-

tion of teeth and should be considered for replacement. 

Recurrent caries lesions. The evaluation for carious tooth 

structure around existing restorations focuses on an examina-

tion of the margins. The dentist must use a combination of 

visual, tactile, and radiographic examinations to detect the 

presence of caries lesions. A radiolucent area surrounding a 

radiopaque restoration on a radiograph or the presence of soft 

tooth structure generally indicates a caries lesion and warrants 

either repair or replacement of the restoration.

Discoloration in the marginal areas is a more difficult sign to 

interpret. It often indicates leakage of some degree. In non-

amalgam restorations without anticariogenic properties, dis-

coloration that penetrates the margin often indicates the need 

for replacement of the restoration (Fig 2-9). This is not a definite 

indication, however, and clinical judgment is required. For 

exam ple, in restorations with anticariogenic properties, leakage 

and staining may be observed with less concern for caries 

Fig 2-8 An interproximal contact–smoothing device is useful 

for removing irregularities that impede the passage of floss.

Fig 2-6 Bitewing radiograph illustrating an amalgam overhang 

on the distal of the maxillary first molar.

Fig 2-7 Periodontal inflammation caused by the encroachment of 

crown margins into the periodontal attachment area of the maxillary 

right central incisor.
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involvement, leaving esthetics as the primary consideration. 

This is not to imply that restorative materials with caries-

resistant properties are immune to caries, however. Caries 

lesions have been documented adjacent to glass-ionomer res-

torations.55,77 If the tooth structure adjacent to the margin of 

a restoration appears to be carious (either with undermined 

enamel or cavitation), rather than simply discolored, the resto-

ration should be repaired or replaced, depending on location 

and extent of caries. 

For amalgam restorations, the decision to replace a restora-

tion when there is discoloration in the adjacent tooth structure 

is less clear because corrosion products may discolor tooth 

structure, even in the absence of caries lesions, especially when 

little dentin is present. When there is no apparent communica-

tion between the cavosurface margin and the stained area, and 

when the discoloration is primarily gray, then metal “show-

through” should be suspected and observation is warranted 

(Fig 2-10). When the discolored area appears yellow or brown 

and appears to communicate with the cavosurface margin, 

replacement of the restoration is indicated (Fig 2-11).

Esthetics. The esthetic evaluation of existing restorations is 

highly subjective. When the functional aspects of a restora-

tion are adequate, it is often best to simply inquire whether or 

not the patient is satisfied with the esthetic appearance of the 

existing restorations. If the patient expresses dissatisfaction 

with the appearance of a restoration, the dentist must deter-

mine whether improvement is feasible. Care should be taken 

to ascertain the reason that the original restoration has less 

than optimal esthetics. An underlying problem may preclude 

improvement of the original esthetic problem, and an equally 

unsatisfactory result may occur in the replacement restoration. 

When replacing a restoration for esthetic reasons only, the 

dentist must carefully explain the risks (eg, endodontic compli-

cations) incurred in replacement.

Some of the more common esthetic problems found in 

existing restorations are (1) display of metal, (2) discoloration 

or poor shade match in tooth-colored restorations, (3) poor 

contour in tooth-colored restorations, and (4) poor periodontal 

tissue response in anterior restorations. (See chapter 3 for fur-

ther discussion of esthetic problems.)

Occlusion, occlusal wear, and erosion
The occlusion can have significant effects on the restorative 

treatment plan. The following factors should be evaluated in 

the course of the occlusal examination: (1) occlusal interfer-

Fig 2-9(a) (b)

Fig 2-10 The shadow in the mesiofacial aspect of the maxil-

lary right first molar is caused by amalgam that shows through 

the translucent enamel. No caries lesion is present.

Fig 2-11 The shadow located on the mesiolingual cusp adja-

cent to the larger occlusal amalgam restoration on the maxillary 

right first molar indicates the presence of carious dentin.

a b
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ences between the occlusion when the mandibular condyles 

are in centric relation (centric occlusion [CO]) and in maximal 

intercuspation (MI); (2) the number and position of occlusal 

contacts, as well as the stress placed on the occlusal contacts 

in MI; (3) occlusal interferences in working and nonworking 

excursive movements; (4) the amount and pattern of attrition 

of teeth and restorations resulting from occlusal function and 

parafunction; and (5) the interarch space available for place-

ment of needed restorations.

Occlusal interferences. Most people have some difference 

between the positions of CO and MI and have no consequent 

pathosis. Working and nonworking contacts are also common-

ly noted during occlusal evaluations without consequential 

pathosis. These findings indicate that the existence of a discrep-

ancy between these positions is not, in itself, an indication for 

occlusal equilibration. Findings from the occlusal examination 

that should be recorded in the restorative dentistry problem 

list and that do warrant treatment with occlusal adjustment 

are the following: (1) signs and symptoms of occlusal pathosis 

resulting from discrepancies between CO and MI (eg, mobility, 

excessive wear of teeth in the areas of interference between CO 

and MI, or periodontal ligament soreness); (2) occlusal discrep-

ancies on teeth with periodontal disease; and (3) the need to 

restore the majority of the posterior occlusion.

This third factor does not imply the restoration of the major-

ity of the posterior teeth but rather the restoration of the major-

ity of the occlusal contacts. For example, insertion of a three-

unit fixed partial denture in the mandibular right quadrant and 

several large restorations in the maxillary left quadrant results 

in the restoration of the majority of the occlusal contacts for the 

posterior teeth. There is no reason to fabricate the occlusion of 

the new restorations to duplicate the interferences that existed 

preoperatively. In such a case, occlusal equilibration should be 

completed prior to the restorative treatment. Through adjust-

ment of only a very few occlusal contacts on teeth not involved 

in restorations and subsequent fabrication of the new restora-

tions in CO, the occlusions of centric relation and MI become 

coincident.

Occlusal contacts. The number and position of occlusal con-

tacts in the MI position, the force of the occlusal load, and the 

manner in which opposing teeth occlude in excursive function 

strongly influence the selection of restorative materials, as well 

as the design of the preparation and restoration. As the number 

of missing teeth increases, so does the proportion of the occlu-

sal load borne by each tooth. As occlusal stress increases, the 

dentist is forced to select the strongest of the available restor-

ative materials and to design restorations that will provide the 

greatest strength in the areas of maximum stress. Likewise, the 

greater the potential for the patient to function on the restora-

tions in lateral excursions, the greater the need for strength 

in the restorative material and the greater the imperative to 

select a material that will function without causing injury to the 

opposing dentition.

Wear. The clinician must be concerned with the abrasive 

potential of various restorative materials on the opposing den-

tition. Wear (mechanical and chemical) is a progressive phe-

nomenon characterized by the loss of anatomical tooth form. 

Mechanical wear can be either attrition (tooth against tooth) 

or abrasion (other than tooth against tooth). Chemical wear is 

termed erosion and is the progressive loss of tooth structure 

through chemical processes that do not involve bacterial 

action. Wear may result from physiologic or pathologic causes. 

Physiologic wear is generally considered a slow, progressive 

surface degradation of tooth form manifesting as a flatten-

ing of cusp tips of posterior teeth and incisal mamelons of 

anterior teeth.78,79 The mean annual physiologic occlusal wear 

has been estimated at 15 to 29 μm.80,81 When wear becomes 

excessive, it presents restorative difficulties. Excessive occlusal 

wear is caused primarily by occlusal parafunction. In these 

instances, facets on opposing teeth match well, indicating 

the predominant pattern of parafunctional activity. Because 

altering occlusal parafunctional habits is extremely difficult, 

prevention of excessive occlusal wear is accomplished with the 

use of an occlusal appliance (Fig 2-12). The dentist should iden-

tify patients who demonstrate signs of excessive occlusal wear 

(especially patients who exhibit these signs at an early age) and 

include occlusal appliance therapy in the treatment plan.

Fig 2-12 (a) Significant occlusal attrition caused by a habit of parafunctional grinding in a patient less than 30 years old. (b) An 

occlusal acrylic resin appliance is used to minimize the abrasive trauma generated by the parafunctional grinding habit.

a b
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The restorative materials used in dentistry today have vary-

ing abrasive potential. No single variable is predictive of abra-

sivity; it is a function of a number of mechanical properties.39 

Hardness is a useful indicator, but the best predictor of wear 

is the relative clinical performance of the various materials. In 

clinical determinations of wear behavior, occlusal contact of 

enamel to amalgam causes only slightly greater wear to the 

amalgam than enamel-to-enamel contact causes to enamel. 

The amalgam causes less wear to the opposing dentition than 

does enamel.82 The wear rate of resin composite depends on 

the nature of the resin composite. Microfilled composites typi-

cally exhibit similar wear behavior as enamel to abrasive forces, 

while micro- and nanohybrid composites may demonstrate 

more or less wear depending on the size of their filler particles. 

Micro- and nanohybrids typically generate more wear on 

opposing enamel than does either amalgam or enamel. Nano-

filled resin composites have demonstrated mechanical proper-

ties and wear that are equivalent to many microhybrids while 

exhibiting improved optical properties.83–85 Polished cast gold 

is more wear resistant than enamel or amalgam and generates 

minimal wear of opposing tooth structure.

Ceramic restorations have demonstrated a consistent ability 

to severely abrade the enamel of the opposing dentition78,86 

(Fig 2-13). Manufacturers of dental ceramics called low-fusing 

ceramic materials claim that they are less abrasive to the oppos-

ing natural dentition than the conventional porcelains. Several 

authors have supported this hypothesis87–90; however, just as 

many have contradicted it.91–93 Some have even reported that 

the low-fusing porcelains can result in significantly greater 

enamel wear than conventional porcelain.92,94 

Minimizing wear of enamel by dental ceramics can best be 

accomplished by following these guidelines95:

•  Ensure anterior guidance, which disoccludes posterior teeth 

in excursive movements.

• Eliminate occlusal interferences.

• Use gold alloys in functional bruxing areas.

•  If occlusion is on a ceramic surface, use small-particle veneer-

ing porcelains on the occluding surfaces.

• Polish ceramic surfaces periodically.

• Adjust occlusion periodically if needed.

Occasionally, the presence of abrasive substances in the 

mouth is the cause of excessive occlusal wear. When the 

vocation or lifestyle of a patient frequently places him or her 

in contact with airborne abrasives, prevention of wear is dif-

ficult. Education of the patient and use of an occlusal appliance 

will decrease the occlusal abrasion; however, decreasing the 

patient’s exposure to the causative agent is the only reliable 

means of reducing the problem.

Erosion. As defined earlier, erosion is the progressive loss of 

tooth structure through chemical processes that do not involve 

bacterial action. Some authors have suggested the term corro-

sion be used instead of erosion and have referred to caries as 

biocorrosion.96 Erosion can result from habits such as sucking 

lemons or swishing carbonated beverages or from the intro-

duction of gastric acid into the oral cavity, which can occur 

with repeated regurgitation. Gastroesophageal reflux disease, 

frequently referred to as GERD, occurs in the presence of an 

incompetent esophageal sphincter and is a common cause 

of acid-related erosion of the dentition. While the dentist may 

be the first to detect the signs of this condition, referral to a 

physician to manage the disease is in order. Bulimia is another 

condition that may be detected by the dentist first. The fre-

quent forced regurgitation associated with this disorder results 

in acidic dissolution of exposed tooth surfaces and can have 

devastating effects on the dentition.

Chemical erosion can be distinguished from mechanical 

wear by the location and character of the defects. Erosive 

lesions have a smooth, glassy appearance, and if the process 

is active, the teeth are frequently hypersensitive. When found 

on the occlusal surfaces of posterior teeth, these lesions are 

characterized by concave defects into which abrasive agents 

are unlikely to penetrate. Severely “cupped out” cusp tips and 

teeth that have restorations standing above the surrounding 

tooth structure, often termed “amalgam islands,” are clinical 

findings commonly associated with chemical erosion (Fig 2-14). 

Erosion lesions appearing in both arches, primarily on the 

lingual surfaces of maxillary teeth and the occlusal surfaces of 

posterior teeth, are characteristic of erosion caused by gastric 

acid. Smooth lesions on the facial surfaces might be of chemi-

cal or mechanical origin. In instances of uncertainty, questions 

related to habits may elucidate the cause of mechanical abra-

sion, while a thorough history and medical evaluation may 

reveal the presence of acid-related erosion. When bulimia is 

the underlying problem, detection is often difficult. The dentist 

must be tactfully candid in discussing this possible etiology. 

The primary cause of the loss of tooth structure should always 

be determined and resolved before rehabilitative therapy is 

undertaken. 

Often wear lesions are the result of a combination of attri-

tion, abrasion, and erosion. Once enough enamel has been lost 

to expose the dentin, erosion and three-body wear, a form of 

Fig 2-13  Extensive tooth structure has been lost in the mandibu-

lar teeth because of wear caused by the opposing porcelain fixed 

partial denture.
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abrasion, can severely exacerbate the loss of tooth structure. 

This happens commonly on the cusp tips and incisal edges, 

resulting in deep cratering or fissuring and a potential for 

enamel chipping and fracturing. Resin composite offers the 

opportunity to successfully restore these noncarious lesions 

with little or no preparation with a bur.97 Early intervention in 

these lesions can prove a valuable service to patients (Fig 2-15). 

A thorough review of the loss of tooth structure from wear and 

erosion has been published by Verrett.79

Interarch space. When the dentist determines that significant 

loss of occlusal tooth structure has occurred and pulpal sensi-

tivity has arisen, or that teeth have been so weakened by abra-

sion or erosion as to be at risk for fracture, restorative treatment 

is indicated. The dentist must evaluate the occlusion in MI and 

determine whether sufficient space exists for the placement 

of the restoration. If inadequate space is available, the dentist 

must either (1) gain space for adequate tooth reduction and 

restoration resistance form by surgical crown lengthening, 

orthodontic intrusion, or shortening the opposing tooth or (2) 

select a different restorative option that requires less bulk of 

material for resistance. Recognition of the space inadequacy 

prior to tooth preparation is essential.

In those cases in which generalized wear or erosion has 

resulted in the loss of an extensive amount of tooth structure, 

the dentist is faced with a significant restorative problem. In 

these instances, sufficient interarch space is often not avail-

able to restore the lost tooth structure without increasing the 

vertical dimension of occlusion. This represents a complex 

restorative process involving more than a consideration of the 

mechanics of individual tooth restoration.

Axial tooth surfaces
Unlike changes in occlusal contours, the alteration of the 

axial contours of teeth is not caused by tooth-to-tooth wear. 

Although it is generally due to erosion or abrasion, occlus-

ally generated stresses may contribute to this phenomenon in 

some instances.98 The term abfraction is applied when noncari-

ous cervical lesions (NCCLs) are thought to have a combined 

cause of abrasion and occlusally induced tooth flexure.99–102 

There is general agreement that the etiology of NCCLs is 

multifactorial,103 Preventive treatment for cervical abrasion 

is directed at altering the habit or other factor(s) causing the 

problem. Modification of tooth brushing habits to include the 

use of small, pea-sized amounts of minimally abrasive tooth-

pastes with a neutral pH can reduce the rate of erosion and 

abrasion. If abfraction is suspected, treatment should include 

the nighttime wear of an occlusal appliance.

NCCLs should be included on the problem list to alert 

the patient to the problem and to ensure that the dentist 

addresses the possible causes and considers restorative treat-

ment options. In the absence of symptoms, the extent of the 

lesion should be assessed and restorative intervention should 

be a matter of clinical judgment. A prudent approach would 

be to restore the area when tooth loss has progressed to the 

point that the normal tooth contour could be replaced with 

restorative material without leaving the restorative material too 

thin to withstand functional and abrasive stresses. The reader 

is referred to a 2003 paper on diagnosis and treatment of 

NCCLs104 and to chapter 15 for a detailed discussion of etiology 

and treatment.

Fig 2-14 (a) In the absence of 

facets that would indicate occlusal 

wear, significant loss of tooth struc-

ture is evidence of a chemical ero-

sive process. Note both the amal-

gam restoration situated above the 

surrounding tooth structure and the 

smooth, glasslike character of the 

dentin. Also note the cratering pat-

tern of the buccal cusp tips of the 

premolars. (b) In another patient, 

the loss of enamel on the buccal 

surfaces of the posterior teeth is 

suggestive of soft-drink swishing.

Fig 2-15 (a) Cratered noncarious occlusal lesions on the buccal cusps of both 

mandibular premolars. (b) Restoration of these lesions with a microhybrid resin 

composite.

a b

a b
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Tooth integrity and fractures
Tooth fractures are either complete or incomplete. A 2004 

study105 presented the risk indicators and incidence of com-

plete cusp fractures in posterior teeth. The authors concluded 

that fewer than 10% of complete cusp fractures of posterior 

teeth occur in teeth without restorations and that the greatest 

risk indicator is the presence of a fracture line that is detect-

able through tactile examination. Lubisich et al106 reported on 

the frequency and location of cracked teeth by averaging the 

results of 12 studies. Mandibular molars comprised 48% of the 

cracked teeth, while maxillary molars made up 28%. Maxillary 

premolars were 16% of the cracked teeth, and mandibular pre-

molars were found to have cracks much less frequently at 6%. 

In the maxillary arch, the first molar and first premolar fractured 

slightly more frequently than the second molar and premolar. 

In the mandibular arch, the first molar cracked about twice 

as often as the second molar. In both arches, the nonholding 

cusps (maxillary facial cusps and mandibular lingual cusps) 

tended to fracture more often than the holding cusps. This trait 

was more pronounced in the mandibular arch.107,108

Incomplete tooth fractures are most commonly called 

cracked teeth, but several terms have been used over the 

years.109,110 Cracked-tooth syndrome is a fairly common result 

of the incomplete fracture of a vital tooth. Patients suffering 

from cracked-tooth syndrome present with a series of symp-

toms that include discomfort during chewing, unexplained 

sensitivity to cold, and pain on application or release of pres-

sure.111–117 Cracked-tooth syndrome may be found in restored 

or unrestored teeth.118 In restored teeth, it is often associ-

ated with existing small to medium-sized restorations.119,120 A 

practice-based study of 1,962 molars found that molars with 

resin composite restorations had 4 times the likelihood of hav-

ing a crack compared with an unrestored molar, while a molar 

with an amalgam restoration had 7.7 times the likelihood of 

having a crack compared with an unrestored molar.121 Another 

study of 51 patients concluded that teeth treated with Class 

1 or 2 restorations have 29 times greater risk for cracks.116 

Often patients with multiple cracked teeth have parafunctional 

habits or malocclusions that have contributed to the problem. 

Cracked-tooth syndrome is an age-related phenomenon; the 

greatest occurrence is found among patients between 33 and 

50 years of age.118 A recent study of the etiology for increased 

incidence of incomplete and complete fractures includes intra-

oral jewelry, especially in the tongue.122 Lip piercings have been 

associated with an increase in gingival recession and a slight 

increase in localized periodontitis.123

Cracked-tooth syndrome is often difficult to diagnose. The 

patient is frequently unable to identify the offending tooth, 

and evaluation tools, such as radiographs, visual examination, 

percussion, and pulp tests, are typically nondiagnostic. The two 

most useful tests are transillumination and the biting test.

Many teeth contain cracks and craze lines, most of which 

cause no symptoms; however, transillumination of a severely 

cracked tooth generally presents a distinctive appearance that 

permits the clinician to distinguish minor cracks from those 

deep enough to result in symptoms. When a tooth with a severe 

crack (one that extends into dentin) is transilluminated from 

either the facial or lingual direction, light transmission is inter-

rupted at the point of the crack.106 This results in the portion of 

the tooth on the side away from the light appearing quite dark. 

The transition from bright illumination on one side of the tooth 

to darkness on the other is sudden rather than gradual, occur-

ring abruptly at the point of the fracture (Fig 2-16). 

The biting test is the most definitive means of localizing the 

crack responsible for the patient’s pain. By having the patient 

bite a wooden stick, rubber wheel, or one of the commercially 

available instruments designed for that purpose (eg, Tooth 

Slooth, Professional Results), the dentist is generally able to 

Fig 2-17 The mesiodistal crack in the pulpal floor of the mandibular right sec-

ond molar caused sharp pain upon chewing. The tooth is to be restored with an 

onlay to splint the tooth together during function, relieve the patient’s symptoms, 

and prevent propagation of the crack.

Fig 2-16 With the use of transillumination, cracks in the tooth are 

visible through the mesial and midlingual areas when the transmis-

sion of the light is disrupted.
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reproduce the patient’s symptom and identify not only the 

cracked tooth but also the specific portion of the tooth that 

is cracked. Crunchy food placed sequentially on suspected 

teeth has also been suggested as a diagnostic aid.124 Once the 

offending tooth has been identified, tooth preparation often 

allows visualization of the crack (Fig 2-17; see also Fig 1-8).

Where direct diagnostic methods prove unsuccessful, indi-

rect methods may be used. Orthodontic bands may be placed 

on suspected teeth to prevent separation of the crack during 

function. If the patient’s symptoms subside, the diagnosis of 

cracked-tooth syndrome can be made.

In the treatment of incomplete tooth fracture, the tooth sec-

tions are splinted together with a complete-cuspal-coverage 

restoration.114,115,119,125 Although a full-veneer crown is often 

the treatment of choice, cuspal coverage and protection may 

also be accomplished with the use of an amalgam restora-

tion126 or an indirectly fabricated onlay of metal, ceramic, or 

resin composite. Because of their potential to lose bond integ-

rity over time, bonded intracoronal restorations presently have 

not been considered to be adequate for long-term resolution 

of the problem.115,127,128 However, several recent studies have 

demonstrated success with direct resin composite intracoronal 

or cuspal overlay restorations.129–131 After their thorough review 

of the literature, Lubisich et al106 concluded that cracked teeth 

with reversible pulpitis could be successfully treated with a full-

coverage crown, complex amalgam, or a bonded ceramic or 

resin composite onlay.

While the diagnosis of incomplete tooth fracture has his-

torically been symptom based, the dental operating micro-

scope, with its high magnification capability, allows the dentist 

a new level of increased diagnostic sensitivity. An excellent 

review on the use of the surgical optical microscope in the diag-

nosis of early enamel and dentin cracks is available.132

Esthetic evaluation
In addition to an esthetic evaluation of existing restorations, 

an assessment of the esthetics of the entire dentition should 

be completed. Because dental esthetics is a subjective area, 

patients should be questioned about any dissatisfaction they 

may have regarding the esthetics of their dentition. In the 

absence of complaints by the patient, the dentist’s impressions 

regarding esthetic problems should be tactfully conveyed 

to determine whether the patient would like the esthetic 

problems addressed. The dentist is often better able than the 

patient to determine how dental procedures might enhance 

the patient’s appearance. If an agreement is reached between 

the patient and dentist as to the existence of specific esthetic 

problems, the problems should be included on the restorative 

dentistry problem list. 

Commonly encountered esthetic problems that are related 

to or may be addressed by restorative dentistry include (1) 

stained or discolored anterior teeth; (2) unesthetic contours 

in anterior teeth (eg, unesthetic length, width, incisal edge 

shape, or axial contours); (3) unesthetic position or spacing of 

anterior teeth; (4) caries lesions and unesthetic restorations; (5) 

excessive areas of dark space in the buccal corridors due to a 

constricted arch form; and (6) unesthetic color and/or contour 

of tissue adjacent to anterior restorations. This last problem 

includes excessive gingival display, occasionally referred to as 

the “gummy smile.” (See chapter 3 for a thorough discussion of 

esthetic considerations in diagnosis and treatment planning.)

The restorative treatment of esthetic problems may range 

from conservative therapy, such as bleaching, to more invasive 

measures, such as the placement of resin composite or ce ramic 

veneers and posterior restorations or complete-coverage 

crowns. Additionally, adjunctive periodontal, endodontic, or 

orthodontic procedures may be helpful, depending on the 

nature of the original problem. Esthetic restorations are dis-

cussed in subsequent chapters.

Evaluation of the periodontium
From a restorative dentistry perspective, the periodontium 

must be evaluated primarily for two reasons: (1) to determine 

the effect that the periodontal health of the teeth will have on 

the restorative dentistry treatment plan and (2) to determine 

the effect that planned and existing restorations will have on 

the health of the periodontium.

Evaluation of the periodontium consists of a clinical assess-

ment of attachment levels, bony topography, and tooth mobil-

ity; a qualitative assessment of tissue health; and a radiographic 

evaluation of the supporting bone. The assessment of attach-

ment levels involves periodontal probing of the entire denti-

tion with both a straight probe for determination of vertical 

probing depths and a curved probe to explore root concavities 

and furcation areas. Any bleeding induced by gentle probing 

should be noted. A variety of tests are available to aid in deter-

mining the presence and identity of periodontal pathogens; 

however, the most consistent clinical indicator of inflammation 

is bleeding on probing.133 Bleeding on probing does not always 

indicate the presence of active periodontal disease, but active 

disease has been consistently found to be absent when there is 

no bleeding on probing.133

The qualitative assessment of periodontal tissue health 

calls for a subjective assessment of the inflammatory status of 

the tissue; tissue color, texture, contours, edema, and sulcular 

exudates are noted. The presence of specific local factors, such 

as plaque and calculus, and their relationship to tissue inflam-

mation should be noted. Abnormal mucogingival architecture, 

such as gingival dehiscences and areas of minimal attached 

gingiva, should be recorded. This is especially true when these 

anomalies are noted in the proximity of existing or planned 

restorations.

During examination of the periodontium, the dentist not 

only must be cognizant of periodontal inflammation adjacent 

to existing restorations but also must estimate the location of 

margins for future restorations and their potential for imping-

ing on the biologic width. Review of radiographs, especially 

correctly angulated bitewing radiographs, during the peri-

odontal examination enables the dentist to assess the relation-
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ship of existing and planned restorations to bone levels and to 

correlate radiographic signs with clinical findings.

When the clinical and radiographic portions of the peri-

odontal examination have been completed, a periodontal 

prognosis should be established for all teeth; special attention 

should be given to teeth involved in the restorative dentistry 

treatment plan. Teeth requiring restorative treatment that 

have a guarded periodontal prognosis should be noted in the 

restorative dentistry problem list. Until the periodontal progno-

sis becomes predictably positive, the restorative treatment of 

teeth with a guarded prognosis should be as minimal as pos-

sible, and treatment planning that relies on these teeth must 

remain flexible.

Evaluation of radiographs
The radiographic examination is an essential component of 

the comprehensive evaluation. Problems detected during the 

evaluation of radiographs should be listed under the appropri-

ate headings on the problem list (eg, restorative, endodontic, 

periodontal).

Although radiographs can provide valuable information for 

use in diagnosis and treatment planning, exposure of patients 

to ionizing radiation must be minimized; therefore, discretion 

is required when the dentist orders radiographs. There are no 

inflexible rules for radiographic evaluation; rather, clinical judg-

ment should be exercised. The goal is to minimize unnecessary 

exposure and cost but to avoid underutilization, which could 

result in inadequate diagnosis. The use of patient-specific cri-

teria is the key. Different patients have different requirements 

both in terms of the radiographic views needed and the fre-

quency with which radiographs should be repeated.

A reasonable guideline to follow is that all dentate patients 

should initially have a radiographic series completed that 

reveals the periapical areas of the entire dentition. This will 

permit detection of central lesions not visible on bitewing 

radiographs and will serve as a baseline, allowing the clini-

cian to assess changes over time. Bhaskar134 has reported that 

approximately 85% of central jaw lesions are apparent in views 

of the apical areas of the dentition but are not visible on bite-

wing radiographs. For patients with periodontal disease, peri-

apical and/or vertical bitewing radiographs are indicated. For 

patients with no significant periodontal pathoses, a panoramic 

radiograph provides the necessary view. For all patients with 

approximating teeth, a series of films is indicated to show the 

proximal areas of posterior teeth. Bitewing radiographs serve 

this purpose.

The frequency with which radiographs should be updated 

is a matter of clinical judgment. The dentist should assess the 

etiologic factors present and determine whether new disease is 

likely to have occurred since the last radiographic examination. 

The dentist must weigh the risk of undetected disease against 

the cumulative risk of radiation exposure. A suggested guide-

line is to make new bitewing radiographs of caries-active adults 

at 6- to 18-month intervals and of caries-inactive adults every 2 

to 3 years.135,136 Patients may be considered minimally suscep-

tible to caries if they have had no caries lesions in recent years, 

demonstrate low plaque levels, have adequate salivary flow, 

have a noncariogenic diet, and exhibit no clinically discernible 

caries lesions. Periapical radiographs of the entire dentition 

should be repeated only as dictated by the specific needs of the 

treatment to be accomplished. For example, a patient under 

active treatment or maintenance for periodontal disease may 

require an updated radiographic series every 2 to 3 years to 

reevaluate bony contours, while another patient whose disease 

processes are controlled may require subsequent periapical 

radiographic updates only every 4 to 5 years.

In evaluating radiographic findings for restorative purposes, 

the dentist should note open interproximal contacts, marginal 

openings, overhanging restorations, periapical radiolucencies 

and radiopacities, and radiolucencies within the body of the 

tooth or the restoration (see Figs 2-4 and 2-6). The dentist must 

interpret “abnormal” radiographic findings with caution. Many 

phenomena that are detectable radiographically can also be 

detected clinically and should be verified clinically before 

treatment is planned. This is especially true when the clinician 

evaluates radiolucencies that appear to represent carious tooth 

structure but may in fact represent nonpathologic structures. 

An example of this is the radiographic phenomenon commonly 

known as “burn out” (Fig 2-18). Burnout is a radiolucency that is 

not caused by demineralization but instead occurs when the 

x-ray beam traverses a portion of the tooth with less thickness 

than the surrounding areas. It is most commonly found near 

the cervical area of a tooth and may be caused by concavities 

in the tooth or the angulation of the beam, but it is also related 

to the portion of the tooth not covered by enamel or alveolar 

bone.

The dentist must be careful not to mistakenly diagnose as 

demineralized tooth structure a decrease in radiopacity result-

ing from an abraded area. Likewise, the dentist must be cau-

Fig 2-18 The radiolucent area beneath the restoration in the mesial surface of 

the maxillary first molar is radiographic burnout. No carious tooth structure is 

present.
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tious in diagnosing carious tooth structures beneath existing 

restorations, because certain radiolucent dental materials have 

a radiographic appearance similar to that of demineralized 

tooth structure. A comprehensive review of dental radiology 

has been provided by Goaz and White.137

Evaluation of diagnostic casts and photographs
The dentist can gain valuable information through an evalua-

tion of diagnostic casts and patient photographs. The use of 

diagnostic casts and photographs allows the dentist to thor-

oughly analyze conditions while the patient is not in the chair.  

By examining diagnostic casts of the dentition, the dentist can 

see areas that are visually inaccessible during the clinical exami-

nation. Facets and marginal openings that may be difficult to 

discern intraorally are readily visible on the diagnostic casts. 

Facets on the casts of the dentition can be aligned to provide a 

guide to dynamic occlusal relationships. In addition, the dentist 

may use gypsum casts to complete diagnostic preparations 

and diagnostic wax-ups, simulating planned treatment. Where 

removable partial dentures are indicated, survey and design 

procedures may be completed on the diagnostic casts before 

restorative treatment is planned. The requirements of remov-

able partial denture design may thus be considered during the 

planning of restorative care.

Although not every case requires the evaluation of casts 

mounted on a semiadjustable articulator, cases involving sig-

nificant occlusal wear, multiple missing teeth, or the restoration 

of a significant portion of the occlusion should be evaluated 

with diagnostic casts mounted in centric relation. If multiple 

teeth are missing, the articulator maintains the correct inter-

arch relationship, permitting buccal and lingual views of inter-

arch spaces. Using a semiadjustable articulator that provides 

a reasonable approximation of the patient’s intercondylar 

distance, condylar inclination, lateral guidance, and hinge axis 

of rotation, the dentist can simulate the patient’s mandibular 

movements. This enables the clinician to assess the occlusal 

scheme and to plan restorative care accordingly.

Treatment Plan
Having completed a comprehensive examination, the dentist 

documents problems related to restorative dentistry on the 

restorative dentistry problem list (Fig 2-19). Each problem on 

the list is then reevaluated. After consideration, some of the 

problems may be deleted. For example, a tooth with a defec-

tive restoration may also have a significant loss of periodontal 

attachment and, therefore, a poor periodontal prognosis. In 

such a case, the defective restoration is initially considered a 

problem, but, in view of the periodontal condition, the tooth 

would be planned for extraction rather than restoration. The 

defective restoration is then omitted from the restorative prob-

lem list. Sometimes the treatment planned to address a prob-

lem may lead to additional problems. For example, reducing 

an extruded tooth to the level of the occlusal plane may result 

in the need for elective endodontic treatment, surgical crown 

lengthening, and a full-coverage restoration.

Once the final problem list is formulated, the next step is 

to establish a plan for the treatment of each problem on the 

list. The treatment planned for each problem should be based 

on current research evidence to the extent possible.138 Caries 

should be treated as a disease using a medical model,139,140 and 

interventions to stop demineralization and bring about remin-

eralization should be planned for early caries lesions.140–142 (See 

chapter 5 for an in-depth review of current strategies for caries 

management.) A problem list worksheet (Fig 2-20) is a useful 

tool to help organize the planning of treatment for each prob-

lem. It consists of an unsequenced list of problems and their 

associated solutions. Later, during the sequencing process, this 

list of treatments will be integrated into the comprehensive 

treatment plan.

Planning the restoration of individual teeth is the “nuts and 

bolts” of restorative dentistry treatment planning. It requires 

the consideration of four primary factors as well as a number 

of modifying factors. The primary considerations are (1) the 

amount and form of the remaining tooth structure, (2) the 

functional needs of each tooth, (3) the esthetic needs of each 

tooth, and (4) the final objective of the overall treatment plan.

Remaining tooth structure
The quantity and location of remaining tooth structure deter-

mine the resistance features available for the restoration and 

thus greatly influence the restorative design. These factors 

determine not only the resistance to displacement of the 

restoration but also the fracture resistance of the remaining 

tooth structure. The clinician should select the restoration that 

provides for the best retention and the optimal protection of 

the remaining tooth structure, using the least invasive design 

possible.

For the restoration of posterior teeth, an intracoronal resto-

ration with amalgam or resin composite is generally the most 

conservative choice, and both materials have proven to be 

clinically successful. When the width of the intracoronal prepa-

ration of a posterior tooth exceeds one-third of the intercuspal 

width, the tooth becomes significantly more susceptible to 

cuspal fracture and the concern becomes not only restoration 

failure but also tooth fracture.143

Even more significant than restoration width to the suscep-

tibility of a tooth to fracture is the depth of the preparation.144 

In instances of deep and/or wide preparations, the clinician 

must assess the need for occlusal coverage to protect the 

fracture-prone portions of the tooth. Often the assessment of 

remaining tooth structure and integrity can be accomplished 

only after removing the existing restoration and any defective 

tooth structure. For occlusal coverage, choices include cuspal-

coverage amalgam, partial veneer restorations (eg, onlays, 

three-quarter crowns, or seven-eighths crowns), and complete 

crowns. The clinician should resist the temptation to progress 
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PATIENT: Blank, Felina D.

PROBLEM LIST

Chief complaint: “My tooth hurts every time I chew, and lately iced tea has made it hurt, too.”

Medical/systemic: Hypertension. Present blood pressure: 155/95

Restorative (also see charting):

• Incomplete tooth fracture of mesiolingual cusp, #19

• Caries lesions, #20, #21, #28 (high caries risk)

• Defective restorations, #2, #12

• Facial, noncarious cervical lesion, #12

• Worn incisal edges, #6 to #11

• Fluorosis stain, #8

• Biologic width impingement, #3, distal

• Patient wishes to whiten maxillary anterior teeth

Periodontal:

• AAP Case Type I (see periodontal charting form)

• Generalized marginal gingivitis 

• Generalized minimal bone loss with 3- to 4-mm pockets

• Vertical defect, #3, distolingual (5 mm)

• Biologic width problem, #3, distal

•  Plaque and calculus: Generalized interproximal plaque in all posterior sextants (modified O’Leary index: 50% plaque 

free), subgingival calculus revealed on bitewing radiographs of #19 and #30; supragingival calculus present on lingual 

surfaces of mandibular anterior teeth

Endodontic: None

Prosthodontic: Missing, #29

Orthodontic: None

Occlusion: Supraeruption, #4; excessive wear, #6 to #11

Temporomandibular dysfunction: None

Oral surgery: None

Fig 2-19 Example of a problem list.
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PATIENT: Blank, Felina D.

PROBLEM LIST WORKSHEET

 Problem Treatment

 Chief complaint: cracked #19 •  Gold onlay

 Hypertension •  Referral to physician for evaluation and treatment

 Caries •  Educate patient: snacking, hygiene techniques, home fluoride use

  •  Rx: neutral sodium fluoride (1.1%) gel or dentifrice

  •  If caries continues, complete caries risk assessment  

(diet survey, S mutans culture)

  •  #20, #21: Class 5 resin-modified glass-ionomer restorations

 Defective restorations •  #2: Mesio-occlusodistal (MOD) amalgam

  •  #4: Porcelain-fused-to-metal (PFM) crown (shorten to level occlusal 

plane)

  •  #12: Mesio-occlusal resin composite 

 Abrasion: #12 •  Class 5 resin composite restoration

 Wear: #6 to #11 •  Protective acrylic resin occlusal splint

 Fluorosis: #8 •  Microabrasion

 Biologic width: #3 •  Surgical crown lengthening

 Patient desires to lighten maxillary 

 anterior teeth •  Home bleaching, #5 to #12

 Periodontal inflammation associated  

 with local factors •  Patient education and hygiene instruction; goal: 90% plaque-free index

  •  Prophylaxis; scaling/root planing in mandibular sextants and any areas 

not responding to initial care

  •  Reevaluate; goal: eliminate bleeding on probing 

  •  Surgical crown lengthening, #3: osseous recontouring and soft tissue 

excision

 Missing: #29 •  Fixed partial denture (FPD), #28 to #30; PFM retainer, #28; three-quarter 

retainer, #30

 Supraeruption: #4 •  Shorten #4 when PFM crown is completed

Fig 2-20 Example of a problem list worksheet to accompany the problem list shown in Fig 2-19.
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immediately to a complete crown and instead should select 

the most conservative choice that satisfies the needs of the 

individual tooth and the overall treatment plan.

The quantity of remaining tooth structure has an equally 

important effect on the choice of restorations for anterior teeth. 

For conservative interproximal restorations in anterior teeth, 

resin composite is almost always indicated because sufficient 

tooth structure is generally available for effective resin-enamel 

and resin-dentin bonding. When extensive facial tooth structure 

has been esthetically compromised but the facial enamel and 

the majority of the lingual aspect of the tooth remain intact, a 

ceramic veneer affords a conservative alternative to a complete 

crown. The veneer satisfies the esthetic requirement but is con-

siderably less invasive than complete coronal coverage. When 

the facial enamel has been destroyed, significant lingual tooth 

structure has been lost, occlusal stress is exceptionally heavy, or 

there is very darkly pigmented dentin, veneers are not a viable 

option and complete crowns are required (Fig 2-21).

Functional needs
The choice of restorative materials and the design of restora-

tions must accommodate the functional needs of the indi-

vidual patient. This precludes the use of a cookbook approach 

to treatment planning and requires that the clinician assess the 

specific circumstances of each tooth before planning restor-

ative procedures. The functional and parafunctional stresses 

of the occlusion are significant considerations in this decision 

process. For example, a patient with average-strength mus-

culature, an anterior-guided disocclusion of posterior teeth 

in excursions, and minimal tendency toward parafunction 

may require only an intracoronal amalgam or resin composite 

restoration to restore mesial and distal surfaces of a posterior 

tooth. In a similar circumstance, a patient with heavy muscu-

lature, signs of parafunctional activity, and no anterior-guided 

disocclusion may require a cast metal restoration that covers 

the entire occlusal surface to minimize the chances of tooth 

fracture.

A useful guide in making decisions about material selection 

and restoration design is the evidence of functional demand 

provided by the existing dentition. Patients who present with a 

dentition exhibiting minimal destruction are good candidates 

for conservative, directly placed restorations. Patients whose 

teeth exhibit severe wear facets or considerable loss of tooth 

structure from occlusal attrition are best served by materials 

high in strength and wear resistance, such as cast metal or pos-

sibly zirconia restorations.

Restorations planned for NCCLs pose little dilemma in terms 

of restorative choices. Any of the restorative materials suited to 

the restoration of Class 5 areas will serve satisfactorily. Glass-

ionomer restorative materials have proven to be effective in 

the restoration of Class 5 areas, providing longevity in excess 

of 10 years.145,146 Resin-modified glass-ionomer restorative 

materials provide an alternative to conventional glass-ionomer 

cements and have been shown to demonstrate exceptional 

retention. One study147 found a retention rate of 98% after 3 

years, and an independent study148 found 100% retention after 

5 years. Improvements in the performance of resin adhesives 

have made the retention of resin composites and polyacid-

modified resin composite restorations predictable as well. A 

number of investigators have reported retention rates for resin 

composite restorations of over 95% after 3 years.149,150 Another 

study reported a resin composite retention rate of 98% after 

18 months, but over the following 2 to 3 years the loss rates 

increased considerably, resulting in a 75% retention rate after 8 

years, with no significant difference in retention whether bond-

ing to nonsclerotic or sclerotic dentin.151 A comparative study 

of six resin bonding systems and a resin-modified glass iono-

mer with annual evaluation over a 13-year period concluded 

that all systems showed a continuous degradation of the bond, 

with variations dependent on the adhesion strategy. The best 

retention (about 65%) was achieved with the resin-modified 

glass ionomer, followed closely by a four-step etch-and-rinse 

system (about 64%).146 The glass-ionomer materials offer the 

anticariogenic advantage of fluoride release, while the materi-

als containing greater amounts of resin composite generally 

provide better esthetics and wear resistance.

Another strategy for the treatment of NCCLs involves a 

connective tissue graft or a coronally advanced flap alone or 

in combination with a resin-modified glass-ionomer restora-

tion. Six-month to 2-year root-coverage results of better than 

80%, and some as high as 90%, have been demonstrated. The 

amount of gingival coverage was unaffected by the presence 

of a resin-modified glass-ionomer restoration, demonstrating 

the compatibility of this material with the periodontium.152,153

The patient’s level of caries activity will influence the selec-

tion of restorative materials. Patients whose caries risk assess-

ment indicates a high potential for caries are good candidates 

for treatment with anticariogenic restorative materials as well 

as the use of a caries-management protocol.154 Conventional 

glass-ionomer cements have been found through clinical study 

Fig 2-21 Facets and chipped incisal edges are evidence of the severe stresses 

placed on these anterior teeth by parafunction. Although they demonstrate tetra-

cycline staining and possess a largely intact facial surface, these teeth would be 

poor candidates for veneer restorations. Complete-coverage restorations are 

indicated if the patient wishes to mask the tetracycline staining.
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to provide an anticariogenic effect.54–58 Resin-modified glass-

ionomer materials have been found to inhibit simulated caries 

in vitro47–51 and have been shown to possess anticariogenic 

properties in the clinical environment.52,55,56,155 None of the 

anticariogenic restorative materials presently available are able 

to withstand the stresses of occlusal function. In addition, in 

cases of severe caries challenge, such as occurs with patients 

having greatly diminished salivary flow due to medications or 

radiation therapy, exposure to additional sources of fluoride 

beyond that which can be provided by these dental materials  

is needed to maintain tooth health.56,157

Esthetic needs
Establishing the patient’s esthetic priorities is essential in plan-

ning restorative care. In most instances, the dentist will have 

the choice of a tooth-colored or a non–tooth-colored restora-

tion for a given situation. Because metals are generally supe-

rior in strength and durability, they are the materials of choice 

when strength and wear resistance are the overriding consider-

ations. With the patient’s input, the clinician must decide which 

requirement is more important, durability or esthetics.

For intracoronal, directly placed restorations in the anterior 

area of the mouth, resin composites are the obvious choice. 

They can be made to match most teeth in color and have been 

shown to be acceptable with a success rate of up to 95% after 

5 years; the reasons for failure are surface discoloration, caries, 

and fracture of the restoration.157–160 In stress-bearing areas 

in the posterior aspect of the mouth, amalgam has been the 

material of choice for direct intracoronal restorations.161,162 

When compared with large amalgam restorations, large resin 

composite restorations have not always fared as well in clinical 

studies as do the more conservative restorations.163,164 Where 

full or partial occlusal coverage is required, amalgam has been 

found to yield favorable results, routinely providing service in 

excess of 10 years165–167 (Fig 2-22). Recent studies, however, 

have demonstrated that large, multisurface resin composite 

restorations are performing as well as multisurface amalgam 

restorations in excess of 10 years of service.168–170 In the high-

caries-risk patient, amalgam remains the restoration of choice 

and can be a predictable alternative to crowns.167,168 

Cast metal restorations offer even greater longevity and 

should receive special consideration for patients with para-

functional habits (see chapter 20).171–173 Although these indi-

rect restorations may have accompanying complications, they 

offer an excellent service to the patient in maintaining tooth 

function.174 When occlusal coverage is required in an area 

of esthetic concern, the clinician may choose between an all-

ceramic and a metal-ceramic restoration. All-ceramic restora-

tions generally provide a superior esthetic result, while the 

metal substructure of metal-ceramic restorations offers tre-

mendous strength. However, recent improvements in the fab-

rication techniques of all-ceramic restorations have produced 

high-purity copings that have the potential to replace the metal 

copings for the metal-ceramic crowns. These copings are made 

through a slip-casting technique (In-Ceram Alumina, Vident) 

or a computer-aided milling process (Procera AllCeram, Nobel 

Biocare).175 These crowns have demonstrated flexural strengths 

four to six times greater than conventional feldspathic and 

pressed porcelain systems.176 The strongest of the ceramic 

cores is zirconia, which has a strength that approaches seven 

times that of conventional porcelains.39

Unfortunately, as the strength of the core ceramic increases, 

the esthetic value decreases, but this may be more important 

for teeth in the esthetic zone than for posterior teeth. A 

moderate-strength ceramic core, lithium disilicate (eMax [for-

merly IPS Empress 2], Ivoclar Vivadent), has good esthetics with 

or without veneering porcelains and is also four times as strong 

as traditional porcelains and about one-half as strong as zir-

conia.39,176 Giordano176 reports a success rate of about 97% for 

Procera from 2-year data in the United States and 5-year data 

from Europe and a 98% success rate for In-Ceram from 7-year 

data with anterior and posterior crowns. Other studies evaluat-

ing crown survival and clinical success provide favorable data 

for these stronger ceramic systems.177–180

Zirconia-based restorations are rapidly becoming the indi-

rect restoration of choice by many practitioners. They not only 

offer esthetics, biocompatibility, color stability, wear resistance, 

relatively low cost, and low thermal conductivity but also pos-

sess comparable strength to porcelain-fused-to-metal (PFM) 

restorations. Zirconia-based crowns and fixed partial dentures 

(FPDs) can be conventionally cemented in a manner similar to 

that for PFMs. Advances in computer-aided design/computer-

assisted manufacture (CAD/CAM) technology have made the 

use of zirconia more readily available in dentistry. Zirconia 

has been recommended as suitable for posterior or anterior 

crowns, long-span FPDs, and implant abutments.181 The pri-

mary concern with zirconia restorations has been the chipping 

and fracturing of the veneering porcelains. However, more 

refined processing procedures have started to yield much bet-

ter results in preventing the loss of the surface porcelain.182,183

All-ceramic materials and fiber-reinforced resin materials 

have been marketed for use in the fabrication of FPDs. One 

Treatment Plan

Fig 2-22 Example of a large cuspal-coverage amalgam resto-

ration. This restoration is 6 years old.
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clinical study reported a 93% success rate for 30 posterior 

lithium disilicate–based core ceramic FPDs after 2 years.184 In a 

retrospective study of In-Ceram Alumina–core FPDs, Olsson et 

al185 found successful results for anterior FPDs and promising 

survival rates (93%) for alumina-core posterior FPDs during a 

5-year observaion period. Another study demonstrated a 90% 

success rate after 5 years with In-Ceram Alumina posterior 

FPDs.186 Another promising technology is the computer-aided 

milling of single, large zirconia blanks for the cores of long-span 

posterior prostheses. A recent in vitro study reported on pos-

terior zirconia-based FPDs spanning up to five units with a life 

expectancy comparable to metal-ceramic FPDs.187 Although 

these results appear promising, more long-term clinical data 

is required to support the use of all-ceramic core materials as 

an alternative to metal or metal-ceramic materials for posterior 

FPDs. With regard to the single missing tooth, osseointegrated 

dental implants are replacing the traditional FPD as the treat-

ment of choice in appropriate clinical situations. 

Ultimately, predictably successful restorations depend on 

the choice of a system that fits the clinical situation, proper 

preparation of the tooth, careful laboratory fabrication of the 

restoration, and careful insertion technique.188,189 Even though 

there has been marked improvement in the strength of all-

ceramic restorations, they are still subject to fracture if proper 

preparation principles are not followed (Fig 2-23). Chapters 

17 to 20 are dedicated to the discussion of advantages and 

disadvantages of the different designs and materials of indirect 

restorations.

Final treatment objective
The anticipated ultimate outcome of restorative and prostho-

dontic rehabilitation is the final factor to consider when the 

design of a restoration is planned and the restorative material 

is selected. Teeth that may require one type of restoration to 

restore health and function may require a different treatment 

to meet the needs of the final treatment plan. For example, if 

implant treatment is planned or if no prosthodontic replace-

ment is planned for teeth that are missing, the teeth adjacent 

to the edentulous area may require only conservative restor-

ative care for the treatment of small caries lesions. In a different 

treatment plan that calls for replacement of the missing teeth 

with a removable partial denture, surveyed indirect restora-

tions may be required for the teeth adjacent to the edentulous 

area. In a third variation of the same case, missing teeth may be 

replaced with an FPD and the teeth in question may be needed 

as FPD abutments.

When the final treatment objective has been visualized, it is 

often possible to identify certain teeth as key teeth, the reten-

tion and restoration of which are crucial to the success of the 

treatment plan. These teeth are often potential prosthodontic 

abutments and/or canine teeth, which are typically critical for 

developing an appropriate occlusal scheme in the final restor-

ative rehabilitation. Because the success of the total treatment 

plan often hinges on these teeth, it is crucial to ascertain their 

periodontal and endodontic prognosis and to plan the restor-

ative treatment that provides the best long-term prognosis. 

This may dictate an aggressive restorative design to achieve 

the most predictable success for these key teeth.

The following example serves to illustrate this principle. 

A hypothetical patient has a freestanding second molar that 

contains a defective mesio-occlusodistal (MOD) amalgam res-

toration. Although the facial wall location slightly undermines 

the facial cusp, a replacement amalgam restoration appears 

likely to function adequately. In the comprehensive treatment 

plan, the tooth will serve as a distal abutment for a removable 

partial denture. With mere replacement of the defective amal-

gam restoration, the tooth is at some risk for cuspal fracture in 

the future. Fracture of the tooth would necessitate fabrication 

of a crown beneath the removable partial denture. By planning 

a crown prior to fabrication of the removable partial denture, 

a treatment plan somewhat more aggressive than would be 

dictated by the needs of the individual tooth, the prognosis for 

the ultimate treatment objective becomes more predictable 

and the risk of compromising the final result is reduced. This 

does not mean that every removable partial denture abutment 

should receive a crown, but it is intended to convey the impor-

tance of planning for predictable longevity in key teeth.

Treatment Sequence
Once the completed treatment has been envisioned and the 

design of the restorations required to address each problem 

on the restorative dentistry problem list has been established, 

the final step in establishing the restorative treatment plan is 

sequencing the treatment, which can present a significant chal-

lenge. Proper sequencing of all procedures involved is critical 

to successfully achieving the treatment goals. The dentist not 

only must be able to envision the ultimate outcome of treat-

ment but must also understand the order in which the proce-

Fig 2-23 Example of a catastrophic failure of an all-ceramic 

crown. The crown is 5 years old. The failure is probably due to 

inadequate tooth preparation of the palatal cusp and excessive 

occlusal forces. The thin porcelain is visible at the mesial aspect 

of the fracture.
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dures must be performed to achieve that outcome. Consider-

able thought is required to understand and plan a treatment 

sequence that avoids unnecessary complications.

Most restorative treatment will fall into the categories of 

disease control or definitive rehabilitation treatment. Restor-

ative treatment aimed at controlling active disease generally 

consists of direct restorative procedures using amalgam, resin 

composite, or glass-ionomer materials. Assuming that the 

patient’s chief complaint has been satisfactorily addressed, 

the sequence of treatment within the disease control phase is 

dictated by three considerations: (1) severity of the disease pro-

cess (ie, the most symptomatic tooth, the tooth with the deep-

est lesion, or the most debilitated tooth is restored first), (2) 

esthetic needs, and (3) effective use of time. At each appoint-

ment, treatment is rendered in the area in the most acute 

need of treatment. When possible, the restorations should be 

completed by sextant or quadrant to optimize the use of time.

Treatment provided in the definitive rehabilitation phase 

goes beyond that needed for the stabilization of active dis-

ease and includes restorative treatment designed primarily to 

enhance esthetics (eg, ceramic veneers) and to provide opti-

mum function (eg, replacement of missing teeth using FPDs) 

and resistance to oral stresses (eg, cast restorations).

One of the primary benefits of segregating the restorative 

treatment into these categories is that a formal reevaluation is 

completed at the end of the disease control phase before pro-

gressing into the definitive treatment phase. This is not to imply 

that the phased approach to restorative care is so structured 

as to preclude consideration of definitive care in the disease 

control phase. For example, a patient who has demonstrated 

good plaque control and has adequate finances may require 

an amalgam build-up on a maxillary first premolar as part of the 

disease control phase of treatment. Ultimately, it is anticipated 

that this tooth will receive an all-ceramic crown. However, 

this amalgam build-up would be esthetically unacceptable to 

the patient, and so the amalgam core may be immediately 

prepared for a crown and a provisional restoration placed dur-

ing the disease control phase of care. The phased approach 

incorporates into the plan the opportunity to modify or curtail 

restorative treatment after the control of caries and the replace-

ment of defective restorations. There can be many reasons for 

altering the original treatment plan, including the patient’s 

desires, disease risk, failure to accomplish disease control, 

finances, or the doctor-patient relationship.

The patient’s financial situation or third-party payment 

guidelines may dictate that treatment be divided into stages 

and completed over a period of time. Organization of treat-

ment into phases serves the patient’s most urgent needs first, 

directing resources into the management of active disease 

and allowing less acute problems to be addressed as finances 

permit.

As previously emphasized, treatment planning for restor-

ative dentistry requires that the dentist recognize the sequence 

in which restorative care should be provided within the context 

of the overall plan. It is not enough to be able to envision the 

final goal of treatment; one must be able to visualize each step 

that must be accomplished to achieve this goal. The following 

example illustrates this point. 

A patient presented stating that he wished to “close the 

spaces” between his front teeth (Fig 2-24a). Upon evaluation, 

this seemingly simple request revealed a complex set of prob-

lems. The dentist recognized the problem associated with the 

patient’s chief complaint: diastemata resulting from a tooth-

size versus jaw-size discrepancy. The dentist also recognized 

other esthetic problems associated with the anterior teeth 

(Fig 2-24b): fluorosis-related discolorations of the teeth and 

incomplete exposure of the crowns of the anterior teeth due to 

altered passive eruption of the maxillary lateral incisors.

The dentist considered possible solutions to the diastema 

problem. The two most common solutions to this type of 

space-related problem are (1) closure of the spaces by the 

placement of restorations and (2) orthodontic retraction of the 

maxillary teeth, creating a smaller arch perimeter and reducing 

or eliminating the spaces between the teeth. An occlusal analy-

sis revealed that the maxillomandibular dental relationships 

would not permit retraction of the maxillary anterior teeth (see 

Fig 2-24b). Thus, complete space closure would require filling 

all of the open spaces with tooth-colored restorative materials. 

A space analysis and a diagnostic wax-up revealed that closure 

of all of the spaces would result in excessive (unesthetic) wid-

ening of the maxillary lateral incisors and canines. Complete 

space closure would be esthetically acceptable only if it were 

accomplished by adding a small amount of restorative material 

to all of the maxillary anterior teeth. The two options available 

were (1) partial closure of the diastemata with tooth-colored 

restorative material, leaving small spaces between the maxil-

lary lateral incisors and canines, or (2) orthodontic redistribu-

tion of the existing spaces followed by complete space closure 

using tooth-colored restorations placed on all six maxillary 

anterior teeth. 

When presented with these possibilities, the patient stated 

that he would prefer complete space closure and would be will-

ing to undergo orthodontic treatment to accomplish this. The 

dentist then visualized the optimal treatment goal and realized 

that the maxillary lateral incisors would need to be moved to a 

more distal position to equalize the anterior spacing. This was 

added to the problem list. Visualizing the distal movement 

of the maxillary lateral incisors, the dentist realized that the 

positions of the mandibular canines would interfere with this 

movement. This presented a new problem, which was added to 

the problem list. The dentist considered two options: (1) ortho-

dontic movement of the mandibular canines or (2) alteration 

of the contour of the mandibular canines to accommodate the 

repositioning of the maxillary lateral incisors. The orthodontic 

movement required to reposition the mandibular canines was 

deemed unfeasible, so the second option was selected.

Having determined the feasibility of orthodontic space 

redistribution for the maxillary anterior teeth, the dentist 

visualized the final result. Increasing the width of the ante-

rior teeth using tooth-colored restorations (ceramic veneers) 
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Fig 2-24 (a) The patient wished to close the 

diastemata adjacent to the maxillary lateral inci-

sors. (b) A close-up view reveals, in addition to 

the diastemata and discolored anterior teeth, 

the unesthetically short clinical crowns of the 

maxillary lateral incisors. For better space distri-

bution prior to ceramic veneer fabrication, the 

maxillary lateral incisors need to be reposi-

tioned distally and their crowns lengthened. The 

mandibular canines are obstructing movement 

of the maxillary lateral incisors into the desired 

locations. (c) The maxillary lateral incisors have 

been repositioned orthodontically. Space was 

created by odontoplasty of the mandibular 

canines followed by resin composite restora-

tions. The space redistribution permits diastema 

closure to be completed by adding restorative 

material to all six anterior teeth, which avoids 

the problem of making any single tooth exces-

sively wide. (d) Mucogingival flap elevation 

reveals the osseous crest to be immediately 

adjacent to the cementoenamel junctions of the 

maxillary lateral incisors. This anatomical rela-

tionship is responsible for the gingiva covering 

a portion of the crowns of these teeth. (e) 

Ostectomy and osteoplasty have created 

approximately 3 mm of space for the combina-

tion of sulcus depth, connective tissue attach-

ment, and epithelial attachment. This space will 

allow the gingival crest to reside at the level of 

the cervical margin of the veneers, displaying 

the entire crown of each tooth. (f) Three months 

after surgery, healing is complete and the teeth 

are ready for veneer preparation. (g) One 

month after veneer placement (maxillary first 

premolar to first premolar). The spaces have 

been closed, and the fluorosis-related discolor-

ation has been eliminated. (h) The patient was 

extremely satisfied with the final results of his 

multidisciplinary treatment.

a
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would increase the tooth-width to tooth-height ratio, making 

the maxillary lateral incisors appear unesthetically short and 

wide. Diagnostic periodontal probing and bone sounding pro-

cedures were completed to address this newfound problem. 

The relative locations of the cementoenamel junctions and the 

distances from the gingival crests to the osseous crests of the 

maxillary lateral incisors were determined. It was decided that 

the ideal solution for the “short tooth” problem of the maxil-

lary lateral incisors was to expose the complete crown of these 

teeth through surgical crown lengthening before ceramic 

veneer placement. This plan was presented and was accepted 

by the patient. 

In stepwise fashion, the entire problem complex was broken 

down into its individual components. Each component and 

its proposed solution were assessed. Any new problems that 

were created by proposed treatment were considered. The 

final chain of treatment was established and presented to the 

patient. By recognizing which form of treatment was required 

to address each component problem, the dentist was able to 

plan the entire sequence before initiating treatment. All of the 

proposed procedures were completed, and the treatment of 

the patient’s anterior esthetic problem was realized (Figs 2-24c 

to 2-24h). 

The Dental Record
Accurate and descriptive record keeping is essential to quality 

dental care. The dental chart should include findings from the 

history and examination, the problem list, the treatment plan, 

and a description of the treatment accomplished. This record 

serves several purposes:

•  Organization and documentation of the examination find-

ings, the problem list, the treatment plan, and the treatment 

rendered

• Documentation for third-party payment, if applicable

• Legal purposes

• Forensic purposes

Organizing and documenting the examination findings and 

the problem list enable the dentist to evaluate the patient’s 

dental problems and plan the treatment when the patient is 

no longer present. Once treatment has begun, documentation 

of the sequenced treatment plan also permits the dentist to 

review the anticipated treatment without the need to recon-

sider the entire treatment planning process. Dental records 

should include the following information:

•  Charting of examination findings, including existing restora-

tions and dental relationships (eg, diastemata, dentoalveolar 

extrusion, tilted teeth), existing periodontal and endodontic 

conditions, occlusal relationships, and caries lesions and 

defective restorations

• Medical history and consultations

• Problem list

• Treatment plan

• Description of treatment provided

• Informed consent documentation

• Follow-up assessment

In addition to handwritten or, more recently, electronic 

entries in a dental record, pictorial charting is an efficient 

means of recording a great deal of information in a small area 

(Figs 2-25 and 2-26). Intraoral imaging devices, either conven-

Fig 2-25 Example of a pictorial charting system used 

to record dental restorations. Any system that distin-

guishes among the various restorations is acceptable. 

In this example, tooth 1 is missing; tooth 4 has been 

replaced with a metal-ceramic FPD that extends from 

tooth 3 to tooth 5 with ceramic occlusal coverage; tooth 

8 has a facial veneer; tooth 9 has a mesial resin com-

posite restoration; tooth 11 has been endodontically 

treated and has a post and metal-ceramic crown; tooth 

13 has been replaced by a metal-ceramic FPD that 

extends from tooth 12 to tooth 14 with metal occlusal 

coverage; tooth 16 is impacted; tooth 17 is missing; 

tooth 19 has an MOD amalgam restoration; tooth 20 

has been restored with a metal crown; tooth 25 has 

been endodontically treated, received a retrograde res-

toration, and has a resin composite restoration in the 

lingual access opening; tooth 27 has a facial tooth-

colored restoration; tooth 30 has a metal three-quarter 

crown; and tooth 32 is missing.
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Fig 2-26 Example of a combined written and pictorial treatment planning worksheet. The pictorial charts are for use in recording both completed treatment (left) and 

treatment yet to be accomplished (right). Once completed, the treatment charted in pencil on the right may be erased. The remarks section is for making comments, 

generally in pencil (erased and updated as needed). The area below the remarks section is for the sequenced treatment plan. A treatment planning sheet such as this 

allows for quick review of the overall treatment plan and provides a profile of the current status of treatment.

PATIENT: Blank, Felina D.

TREATMENT PLAN BY APPOINTMENT

REMARKS

    Total Patient Insur. Comp. 
Appt Problem Treatment Time cost cost code date

 1 CC: #19 Discuss & defer until after med Tx 30 min 
  Hypertension Refer to Dr Dogood

 2 Tx plan Present Tx plan Dr: 30 min 
  Caries Counseling; diet and hygiene instruction Hygiene: 60 min 
  Periodontics  Plaque index; prophylaxis; 

scale/root plane mandibular posterior sextants

 3 Cracked: #19 Prep gold onlay 45 min 

 4 Defective #2: MOD amalgam 60 min 
  restorations: #12: MO resin composite  
  #2, #12 #12: Class 5 resin composite

 5 Caries: #20, #21 Resin-modified glass ionomer, Class 5 facial #20, #21 60 min 
  #19 Deliver #19 gold onlay

 6 Biologic width: #3 Crown lengthening surgery 45 min

 7 Biologic width: #3 Postop evaluation (1 week) 10 min

 8 Reevaluation Perio and hygiene reeval; confirm definite phase plan 20 min

 9 Missing: #29 Prep FPD, #28–#30 2 h 
  Supraerupted: #4 Shorten

 10 Missing: #29 Deliver FPD, #28–#30 90 min 
   Impression for occlusal splint

 11 Wear: #6–#11 Deliver occlusal splint 30 min

 12 Fluorosis: #8 Microabrasion; maxillary impression for  30 min 

   bleaching stent

 13 Color: maxillary Deliver bleaching stent & give use instructions 15 min 

  anterior teeth  

 14 Color: maxillary Reevaluate bleaching results; reinforce hygiene 10 min 

  anterior teeth  

 15 Maintenance Prophylaxis; fluoride; reexamination Dr: 10 min 

    Hygiene: 30 min   

5 6 7 8 9 10 11 12 13 14 15 16

171819202122232425262728
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tional cameras or videographic recording devices, provide an 

extremely effective means of recording findings and docu-

menting treatment and are an ideal complement to a pictorial 

charting system. These offer the added advantage of simplify-

ing communication with the patient and third-party funding 

agencies.

The format used to document the care provided should 

reflect an orderly and logical diagnostic and treatment 

sequence. A method commonly used in medicine that satis-

fies this requirement is the SOAP format. SOAP is an acronym 

for the steps involved whenever any treatment is rendered. S 

refers to subjective findings. This includes a summary of the 

patient’s medical status, chief complaint, a description of his or 

her symptoms, and any other relevant information the patient 

provides. The patient’s own words should be used as much as 

possible. The O refers to objective findings. These include both 

extraoral and intraoral examination findings (including vital 

signs) and the results of consultations and diagnostic tests. A 

refers to the assessment, which is the dentist’s diagnosis, based 

on the subjective and objective findings present as well as 

overall patient assessment (for example, a patient with a high 

caries risk). The P refers to the plan of treatment (when the 

treatment is rendered immediately, it refers to the procedures 

or the treatment itself). An example of the use of the SOAP for-

mat is provided in Box 2-3.

The SOAP format is an excellent guide in the performance 

and documentation of care when a challenging diagnostic 

problem presents itself; however, it is less suited to the routine 

restorative care provided based on the treatment plan. When a 

straightforward diagnosis is made in the absence of symptoms 

and patient complaint, a more concise form of documentation 

is appropriate (Box 2-4).

There are times when the identification of a deceased 

individual must be accomplished through the use of dental 

records. A complete record of the dentition and restorations, 

a radiographic survey, and photographic records are useful for 

identification purposes.

The dental record is a legal document. The nature and 

clarity of the entries made should reflect the knowledge that 

it may be needed in a court of law to document examination 

findings, informed consent, and treatment completed. The 

records should be accurate and should contain the elements 

listed above. They should not contain erasures or text that has 

been obliterated by any means. If errors are made, a single line 

should be drawn through the mistake and the change should 

be initialed and dated. In the retrospective review of a legal 

investigation, the descriptiveness and clarity of the record is 

often held to be an indication of the quality of care provided.

Summary
Treatment planning for restorative dentistry can be a complex 

undertaking. Use of a logical and orderly problem-oriented 

approach can simplify the process. The following principles 

have been offered as guidelines:

•  Be aware of pathoses that may be encountered and be able 

to distinguish the normal from the abnormal and stable from 

risk-prone situations. 

• Organize abnormal findings into a problem list. 

•  Envision an overall restorative goal for the patient. This is the 

anticipated final state of rehabilitation. Not every patient can 

be restored to the ideal, but each patient has an optimum 

state of health that can be obtained given his or her circum-

stances.

•  Determine a treatment plan for each problem so that each 

treatment contributes to the achievement of the anticipated 

ultimate treatment goal. This is the linchpin of restorative 

treatment planning. It requires that the dentist consider a 

number of factors before selecting the optimum restorative 

option. Chief among these considerations are the overall 

goal of treatment, the functional and esthetic needs of 

each restorative situation (using the existing dentition and 

S:  Patient presents complaint of a “toothache that began 

yesterday and has hurt all night.” (Patient points to 

tooth 30.) Patient states that ice water reduces the 

pain.

O:  Teeth 27 and 30 are within normal limits (WNL) to 

percussion, palpation, and periodontal examination 

and are vital and normal to cold testing. Tooth 31 is 

painful to percussion, and pain is alleviated with the 

application of cold. Radiographs of teeth 27 to 31 are 

unremarkable, except for a deep mesio-occlusal amal-

gam restoration on tooth 31.

A: Tooth 31 has irreversible pulpitis.

P:  Patient advised of diagnosis. Patient consents to 

en dodontic treatment on tooth 31. Appointment for 

pulpectomy on tooth 31 at 3:00 PM today.

Box 2-3 Example of SOAP format

DX: Caries in tooth 3, vital to cold and asymptomatic.

TX:  Tooth 3: MOD amalgam (Tytin), Amalgambond, 

rubber dam. Local anesthesia: 36 mg lidocaine, 

with 0.018 mg epinephrine.

Plan:  Schedule appointment for preparation of veneers 

for teeth 5 to 12.

Box 2-4 Example of concise format
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restorations as an indicator of the performance of future 

restorations), the strengths and weaknesses of the various 

restorative materials available, and the amount and location 

of remaining tooth structure.

•  Recognize the sequence of steps needed to achieve a specific 

restorative objective. The dentist must know, for example, 

that a tooth fractured at the level of the osseous crest and 

in need of a crown will require endodontic treatment, a post 

and core, and crown lengthening surgery before fabrication 

of the definitive restoration.

•  Sequence the treatment based on a logical model. Control 

active disease processes first, beginning treatment with teeth 

in the most acute need of care. Complete as much care as is 

feasible in each sextant at the same appointment. Establish 

a restorative prognosis for key teeth early in the treatment 

schedule. Consider nondental factors (especially third-party 

payment guidelines and time-related limits) when planning 

the treatment schedule.
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Esthetic Considerations  
in Diagnosis and  
Treatment Planning

J. William Robbins

Because beauty is primarily a matter of personal taste 

modified by social norms, visualizing beauty is a sub-

jective experience. Creating a beautiful smile requires 

a foray into these subjective waters. This chapter pro-

vides comprehensive and, when possible, evidence-

based guidelines that will enable dentists to provide 

esthetic as well as functional dentistry.

Esthetic Parameters

Facial height
The face can be divided vertically into thirds, and the 

length of the middle third of the face should approxi-

mately equal the lower third of the face when mea-

sured in repose1 (Fig 3-1). The midface is measured 

from glabella, the most prominent point of the fore-

head between the eyebrows, to subnasale, the point 

below the base of the nose. The lower face is measured 

from subnasale to soft tissue menton, the lower border 

of the chin.

Variations from the norm can reflect a continuum 

from underdevelopment to hypertrophic develop-

ment of either one or both arches. However, regard-

ing esthetic diagnoses that impact dental treatment, 

excessive length of the lower third of the face is most 

common. The long lower face is commonly the result 

of vertical maxillary excess and, in many cases, is 

accompanied by excess gingival display in the maxilla 

during full smile.

Lip length
The length of the upper lip is measured from subna-

sale to the inferior border of the upper lip in repose 

(Fig 3-2a). The average length of the upper lip is 20 

to 22 mm in the young adult female and 22 to 24 

mm in the young adult male.2 The upper lip tends to 

lengthen with age. After age 40 years, the amount of 

incisal edge display decreases approximately 1 mm 

per decade.3,4 When a patient presents with excess 

gingival display (more than 2 mm of gingiva exposed 

above the maxillary central incisors during full smile), 

lip length may be part of the etiology (Fig 3-2b).

Lip mobility
Mobility of the upper lip is measured from repose posi-

tion to high smile position. The average lip mobility is 

6 to 8 mm. In the patient with excess gingival display 

in full smile, hypermobility of the upper lip may be a 

contributing factor.

Symmetry
Outline symmetry is essential at the midline5; the 

maxillary central incisors should be mirror images of 

each other. Additionally, a line drawn between the 

maxillary central incisors should be perpendicular 

Fig 3-1 The length of the middle third of the face 

should equal the length of the lower third of the face.
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to the horizon6 (Fig 3-3). Ideally, the maxillary dental midline 

should be coincident with the facial midline.7 However, a 1- to 

2-mm midline discrepancy has been shown to have a minimal 

effect on the overall beauty of the smile.8 Asymmetry at the 

midline creates a visual tension in the observer, resulting in an 

unacceptable esthetic presentation. As the eye moves periph-

erally from the midline, deviations from perfect symmetry (eg, 

notched edges or slight differences in edge lengths) become 

acceptable, even desirable.9

Incisal plane
The incisal plane should be parallel to the horizon; the interpu-

pillary line is helpful in making this determination,9 but only if 

the interpupillary line is parallel to the horizon. The incisal plane 

is evaluated from cusp tip of the maxillary right canine to cusp 

tip of the maxillary left canine. Although the incisal plane must 

be parallel to the horizon, it is generally not flat but instead has 

a curve that parallels the curve of the lower lip in full smile. In 

addition, it should not be canted up or down from right to left.

It is important not to perpetuate or create a canted incisal 

plane with restorations. If the interpupillary line is parallel to the 

horizon, the corners of the mouth should be pulled outward so 

that the upper lip parallels the interpupillary line (Fig 3-4). The 

relationship between the incisal plane and the interpupillary 

line, via the upper lip, can then be visualized. To transfer this 

information to an articulator, a facebow may be used as long 

as the horizontal member of the facebow is made parallel to 

the horizon before attaching the bite fork. An incisal plane 

relationship bite may also be used. A bite registration paste is 

placed between the maxillary and mandibular incisors. A long 

cotton-tipped applicator is then embedded in the bite registra-

tion paste and set parallel to the horizon (Fig 3-5). This relation-

ship bite can then be used to mount the maxillary cast with an 

accurate incisal plane orientation to the maxillary member of 

the articulator (Fig 3-6).

Fig 3-2 (a) Lip length of 18 mm (average, 20 to 22 mm in women) causes gingival display in full smile. (b) 

Approximately 2 mm of gingival display in full smile.

a b

Fig 3-3 Midline canted in relation to the horizon.

Fig 3-4 The upper lip is pulled to parallel the inter-

pupillary line. The vermilion border of the upper lip is 

then used to evaluate the cant of the incisal plane and 

posterior occlusal plane in relation to the horizon.

Fig 3-5 Bite registration paste is placed between 

the maxillary and mandibular anterior teeth, and a 

cotton-tipped applicator is embedded in the paste. 

The cotton-tipped applicator is then paralleled with 

the interpupillary line, and the paste is allowed to set.

Fig 3-6 The bite registration is placed on the maxil-

lary cast, and the stick is set parallel to the maxillary 

member of the articulator to orient the cast for mount-

ing.
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Posterior occlusal plane

The buccal cusp tips of the maxillary posterior teeth should 

provide a visual progression from the canine cusp tips, with no 

step up or step down. In addition, the posterior occlusal plane 

should not be canted up or down from right to left.6 It is impor-

tant not to perpetuate or create a canted posterior occlusal 

plane. The same techniques used to ensure an accurate mount-

ing of the incisal plane are used for the posterior occlusal plane.

Buccal corridor
The buccal corridor is the space between the buccal surfaces 

of the maxillary posterior teeth and the cheek. In full smile, the 

buccal corridor is almost filled with teeth. However, a minimal 

negative space frames the maxillary posterior teeth and is 

desirable.6 Excess buccal corridor space (Fig 3-7) is usually due 

to a developmental problem, such as a constricted maxillary 

arch. Inadequate space in the buccal corridor is usually due to 

bulky posterior restorations.

Lower lip
In full smile, the incisal edges of the maxillary anterior teeth ide-

ally are cradled by the lower lip10,11 (Fig 3-8). The smile may also 

be very pleasing when a space exists between the lower lip and 

the maxillary incisal edges, as long as the space is uniform from 

right to left (Fig 3-9). Conversely, none of the incisal edges of 

the maxillary anterior teeth should be concealed by the lower 

lip in full smile.

If there is a reverse incisal edge curve in relation to the lower 

lip or a significant space between the lower lip and the maxil-

lary incisal edges during full smile, esthetics may be enhanced 

with increased incisal edge length. Conversely, if incisal edges 

of maxillary anterior teeth are hidden by the lower lip during 

full smile, there is likely a problem with the vertical position of 

the maxilla. The cause may be overeruption of maxillary ante-

rior teeth, vertical maxillary excess, or both.

Upper lip

In full smile, the upper lip should ideally translate up to the gin-

gival line10 (see Fig 3-8b). This occurs in approximately 70% of 

the population. Approximately 10% have a high smile line, and 

approximately 20% have a low smile line.11 To evaluate the gin-

gival line, a straight line is drawn from the tooth-gingiva inter-

face of the right maxillary canine to the tooth-gingiva interface 

of the left maxillary canine. The tooth-gingiva interface of both 

central incisors should be on this line. The tooth-gingiva inter-

face of the lateral incisors may either fall on the gingival line or 

be up to 1.5 mm below it12 (Fig 3-10). 

If the upper lip does not translate up to the gingival line 

during full smile, some of the clinical crowns of the maxillary 

anterior teeth remain covered. This results in a loss of dynamics 

in the smile. If, in full smile, the upper lip translates above the 

gingival line, the result is gingival display above the clinical 

crowns. Gingival display of 2 mm or more above the gingival 

line results in compromised esthetics.

Lip asymmetry
If a patient displays an upper lip asymmetry during full smile 

(Fig 3-11), it does not generally influence treatment. However, 

if a patient has an asymmetric upper lip translation, resulting in 

excess gingival display on one side, esthetic crown lengthening 

surgery may be accomplished to provide more symmetry in 

the posterior gingival display. Any time a patient has an upper 

lip asymmetry, he or she should be advised of the condition 

before restoration of the maxillary anterior teeth, because the 

brighter restored teeth will draw attention to the smile and 

accentuate the asymmetry.

If a patient has a lower lip asymmetry during full smile that 

results in a unilateral increase in negative space between the 

maxillary incisal edges and the lower lip, smile symmetry is lost 

(see Fig 3-31b). The treatment for the asymmetric lower lip is 

Botox (Allergan). 

Lip asymmetries, which can play a significant role in the final 

restorative result, are commonly overlooked.

Incisal edge placement of maxillary central incisors
Determining the correct position of the incisal edges of the 

maxillary central incisors is essential and the first step in the 

provision of anterior restorative dentistry. The following five 

guidelines are used to determine the correct incisal edge 

position:

1.  In full smile, the incisal edges of the maxillary anterior teeth 

should be cradled by the lower lip10,11 (see Fig 3-8b).

2.  In full smile, the buccal cusp tips of the posterior maxillary 

teeth should provide a visual progression from the canine 

cusp tip, with no step up or step down6 (Figs 3-12 and 3-13).

3.  In gentle repose (have the patient say “M” or “Emma” and 

ask them to let their lips lightly fall apart), approximately 3 

Fig 3-7 A patient with excess space in the buccal corridors.
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to 4 mm of the incisal edges of the maxillary central incisors 

should be displayed in the young adult female (Fig 3-14). In 

the young adult male, approximately 1 to 2 mm of the incisal 

edges should be displayed. After age 40 years, the amount 

of incisal edge display decreases approximately 1 mm per 

decade.3

4.  The average length of the maxillary central incisor is 10 to 

11 mm.13

5.  When the patient says “F” or “V,” the incisal edges of the max-

illary central incisors should lightly touch the wet-dry border 

of the lower lip14 (Fig 3-15).

Steps 1 through 4 are used together to develop an approxi-

mation of the correct incisal edge position for the diagnostic 

wax-up. At this point, incisal edge position is dictated strictly 

by esthetics. After tooth preparation, provisional restorations 

that have been fabricated using the diagnostic wax-up are 

placed. The definitive incisal edge position is then developed 

dynamically, over time, in the provisional restorations to ensure 

suitable function and phonetics as well as esthetics. Step 5 is 

helpful in assessing phonetics with lengthened provisional 

restorations.

Esthetic Parameters

Fig 3-8 (a and b) Ideal maxillary incisal edge position in relation to the lower lip and ideal relationship 

between the upper lip and the gingival line.

Fig 3-9 Uniform space between the maxillary inci-

sal edges and the lower lip.

Fig 3-10 Gingival line from canine to canine. The maxillary lateral incisors can 

fall on this line or be up to 1.5 mm below it.

Fig 3-11 Upper lip asymmetry. Fig 3-12 (a and b) Note step up from maxillary left canine to maxillary left first premolar.

a b

Fig 3-13 Note bilateral step down from maxillary 

canines to maxillary first premolars.

Fig 3-14 Three millimeters of display of maxillary 

central incisors in repose.

Fig 3-15 Patient pronouncing an “F.”

a b



72

Esthetic Considerations in Diagnosis and Treatment Planning3

Facial contour of maxillary incisors

Divide the facial surface of the maxillary central incisor into two 

planes. The gingival half of the tooth should be parallel to and 

continuous in contour with the surface of the gingival tissue 

overlying the alveolus15 (Fig 3-16). The incisal half is tapered 

back for ease in speaking and swallowing (Fig 3-17).

Facial overcontouring of a partial- or full-coverage restora-

tion in the gingival half can result in chronic gingival inflamma-

tion. Facial overcontouring in the incisal half may result in lip 

pressure, causing linguoversion of the overcontoured teeth or 

interference with the path of lip closure.

Lingual contour of maxillary incisors
Incorrect spacing between maxillary and mandibular anterior 

teeth may cause a lisp. A lisp can occur with too much or too 

little space, although it occurs most commonly with too little 

space.

If a patient develops a lisp after placement of provisional or 

definitive restorations, the position of the incisal edges of the 

mandibular incisors in relation to the maxillary central incisors 

when the patient makes an “S” sound must be determined. If 

the mandibular incisor approximates the cingulum or lingual 

concavity of the maxillary incisor, the lisp is corrected most 

commonly by increasing the lingual concavity of the maxil-

lary incisors. If, however, the mandibular incisor approximates 

the incisal edge of the maxillary central incisor during the “S” 

sound, the lisp can be corrected most commonly by changing 

the length of the maxillary central incisors.

Gingival zenith
The long axes of the maxillary anterior teeth are distally 

inclined. Therefore, the gingival contour adjacent to the maxil-

lary incisors is not a symmetric, rounded arch form. Rather, the 

marginal gingiva has a parabolic shape with the highest point 

(gingival zenith) slightly distal to the midline of the tooth12 (Fig 

3-18).

In gingival recontouring surgery, the gingival zenith should 

not be overemphasized. Although a distalized zenith is more 

common, many patients prefer a more symmetric gingival 

architecture.

Interproximal contact areas
Maxillary interproximal contact areas become progressively 

more gingival from central incisor to canine (Fig 3-19). The 

interproximal contact between the maxillary central incisors 

is in the incisal third of the teeth. However, the interproximal 

contact between the central and lateral incisors is at the junc-

tion of the incisal and middle thirds; it is slightly more gingival 

between the lateral incisors and the canines.9

If the interproximal contact extends too far incisally, a closed 

and unnatural-appearing incisal embrasure results. If the inter-

proximal contact does not extend far enough gingivally, an 

open gingival embrasure, or black triangle, results.

Incisal embrasures
The incisal embrasures increase from maxillary central incisor 

to canine (see Fig 3-19). While the incisal embrasure between 

the maxillary central incisors is minimal, the incisal embrasure 

between the maxillary central and lateral incisors is more pro-

nounced and between the lateral incisors and canines is the 

most pronounced. Uniform incisal embrasures from maxillary 

canine to canine are esthetically unnatural.

Maxillary incisal edges and tooth morphology
In nature, it is impossible to determine sex based on tooth 

shape or incisal edge relationships.11 However, tooth morphol-

ogy and tooth-to-tooth relationships do convey information, 

albeit subjective, about the individual. In 1973, based on the 

Fig 3-16 The gingival half of the maxillary cen-

tral incisor is parallel to and continuous in con-

tour with the surface of the gingival tissue overly-

ing the alveolus.

Fig 3-17 The incisal half of the central inci-

sor is contoured to feel comfortable to the 

patient during lip closure and speech.

Fig 3-18 The gingival zenith is slightly distal to the midline on 

the maxillary central and lateral incisors.
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writings of Frush and Fisher,16,17 Lombardi6 described relation-

ships for fabricating complete dentures. His matrix is equally 

relevant for the dentulous patient today (Fig 3-20) and makes it 

possible to characterize the teeth in the diagnostic wax-up, the 

provisional restorations, and, ultimately, the definitive restora-

tions.

Maxillary incisal edge shape (buccolingual)
Natural maxillary incisal edges, in a buccolingual direction, are 

not rounded but rather are sharp. Because of wear, the inciso-

facial line angle in adults is relatively sharp and blends into a 

1-mm lingual facet before dropping off to the concave lingual 

surface (Fig 3-21). Rounded maxillary incisal edges give the resto-

ration an unnatural appearance due to the light reflection off a 

curved surface.

Halo effect
The natural incisal edge anatomy of the maxillary incisor com-

monly imparts a thin, white, opaque “halo effect” at the incisal 

edge that frames the incisal translucency (Fig 3-22). The halo 

effect is incorporated into porcelain restorations by building 

the sharp incisal edge anatomy into the crown or porcelain 

veneer (Fig 3-23).

Fig 3-20 The Lombardi matrix describes characteristics asso-

ciated with different incisal edge configurations.

Fig 3-21 Maxillary incisal edge. Fig 3-22 “Halo effect” in natural maxillary incisors. Note the 

similarity in the outline form of the distal surfaces and distoinci-

sal line angles of the maxillary lateral and central incisors.

Fig 3-19 Maxillary interproximal contact areas become pro-

gressively more gingival from central incisor to canine, and 

incisal embrasures increase in depth from midline to canine.

Fig 3-23 Porcelain veneers on maxillary and mandibular teeth. 

Note the natural appearance of the maxillary incisal edges with 

the halo effect. (Porcelain veneers by Gilbert Young, CDT, 

Plano, Texas.)
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Mandibular incisal edge shape

The incisal edge of the mandibular incisor should have a nar-

row, but defined, flat incisal table. This incisal table should be 

slightly canted facially. This is referred to as the pitch of the inci-

sal table. The facial incisal line angle should be slightly beveled 

(Becker I, personal communication, 1997) (Fig 3-24; see also Fig 

3-21). This incisal edge configuration not only enhances esthet-

ics but also improves function. As the mandible moves forward, 

the disocclusion occurs efficiently on the leading incisofacial 

line angle of the mandibular incisor, rather than dragging on 

the broader facial surface.

Outline symmetry
The distal surfaces of the maxillary central and lateral incisors 

should be similar in outline form, as should the distoincisal 

line angles of these teeth6 (see Fig 3-22). The outline symmetry 

of the maxillary central and lateral incisors should be similar. 

A large outline discrepancy (eg, a peg-shaped lateral incisor) 

negatively affects the beauty of the smile.

Facial contour of the maxillary incisors
The facial surfaces of the maxillary incisors should not be 

rounded mesiodistally but rather should be flat, with resulting 

bold mesial and distal line angles and deep facial embrasures 

(Fig 3-25). Restorations with rounded facial surfaces look unnat-

ural; facial embrasures are not well defined, resulting in a lack of 

visual distinction of the maxillary anterior teeth.

Outline form of maxillary canines
The distal half of the maxillary canine should not be visible 

when viewed from the front9 (Fig 3-26). As the eye moves later-

ally from the midline, each tooth should appear proportionate-

ly narrower than its mesial neighbor. This is termed the principle 

of gradation.6 After placement of porcelain restorations on the 

maxillary teeth, the most common offender of this principle is 

the canine. It appears too wide in relation to both the lateral 

incisor and the first premolar because the mesiodistal height of 

contour is too distal.

Correct placement of the mesiodistal height of contour on 

the facial surface of canine restorations involves the skills of 

both the dentist and the laboratory technician. First, the dentist 

must remove sufficient tooth structure on the distofacial half 

of the tooth to allow the technician to create the correct facial 

contours. Second, the technician must visualize the case from 

the front during final contouring of the restorations to ensure 

that the principle of gradation is heeded.

Color
Natural teeth are polychromatic. They generally have higher 

chroma in the gingival third, transitioning to a lower chroma 

and higher value in the middle third. The incisal third is charac-

Fig 3-24 The incisal edge of a mandibular incisor. Note the 

pitch of the incisal table and the bevel of the incisofacial line 

angle.

Fig 3-25 Incisal view of natural maxillary incisors. Note the flat 

facial surfaces, bold mesial line angles, slightly less bold distal 

line angles, and deep facial embrasures.

Fig 3-26 A smile that demonstrates the principle of gradation. 

The maxillary central incisor is visually the widest tooth, followed 

by the lateral incisor, the canine, and so on distally. The distal 

half of the canine must not be visible when viewed from the front 

to maintain the principle of gradation.
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terized by the transition to incisal translucency, which is com-

monly framed by the halo effect (see Fig 3-22). Maverick colors 

can appear anywhere, and they individualize the tooth.

The chroma and value of the maxillary lateral incisor is 

commonly the same as that of the central incisor. In the maxil-

lary canine, the chroma is generally higher, especially in the 

gingival third, and the value is lower. Incisal translucency is 

usually minimal in the maxillary canine, and seldom does the 

halo effect occur.

Polychromaticity in the individual tooth and between 

neighboring teeth is essential in porcelain restorations if natu-

ral beauty is the goal. Color in dentistry is described in greater 

detail in chapter 4.

Color modifiers
It has been stated that hair color, skin color, and lipstick color all 

significantly affect shade selection when restorations are being 

placed in the esthetic zone.14 Of these modifiers, skin color is 

by far the most important. A given tooth shade will look lighter 

and higher in value in a patient with darker skin. Conversely, 

the same tooth shade will appear yellower and lower in value 

in a patient with very light skin. 

When choosing a tooth shade for a patient with variable skin 

color, for instance, a white patient with a deep tan, the impact 

of the skin color must be discussed with the patient prior to 

treatment. If porcelain restorations are placed while the skin 

is tanned, the restorations will appear to become more yellow 

and lower in value as the skin color lightens.

Image
The overall presentation of the smile can be described as the 

image. Miller10 discusses the differences between the “natural 

image” and the “media image.” With the media image, the 

teeth are generally more symmetric, monochromatic, and very 

high in value. The natural image incorporates asymmetries, 

polychromaticity, and lower value with higher chroma. Dentists 

commonly make esthetic choices for patients based on their 

own notions of beauty rather than on the patient’s desires.18 

When restoring maxillary anterior teeth, it is essential that the 

dentist understand the overall image that the patient desires. 

To maximize predictability when placing anterior restorations, 

the issue of overall smile presentation first must be developed 

to the patient’s satisfaction in the provisional restorations.

Age characteristics of teeth
Both tooth color and surface texture relate information about 

the age of the patient (Figs 3-27 and 3-28).

Chroma and value
The value, or brightness, of a tooth is higher in young patients 

and decreases with age. Conversely, the chroma, or color satu-

ration, is lower in young patients and increases with age.5

Surface texture
Surface texture is higher in the young patient and decreases as 

the patient ages.5 The surface luster is a function of the amount 

of surface texture. Therefore, the young tooth with greater 

surface texture has a lower luster. As the surface texture is worn 

away with age, the surface luster increases.

It is important to communicate with the laboratory techni-

cian about texture and luster. For example, porcelain veneers 

with low value, low surface texture, and high luster are not 

appropriate for a 25-year-old patient.

Individual tooth length and proportion
The maxillary central incisors are the centerpiece of the smile. 

The average length of the maxillary central incisor is 10 to 11 

mm13 (Fig 3-29). The ratio of height to width in the maxillary 

central incisor should be approximately 1.2 to 1.0. In other 

words, the width of the central incisor should be approximately 

75% to 80% of its height.13 When evaluating a smile, the dentist 

must start with the position and size of the maxillary central 

incisor. It is difficult, if not impossible, to develop optimum 

esthetics with short maxillary anterior teeth.

Fig 3-27 Young teeth demonstrate higher value, lower chro-

ma, higher surface texture, and lower luster.

Fig 3-28 Older teeth demonstrate lower value, higher chroma, 

lower surface texture, and higher luster.
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Tooth-to-tooth proportions

The principle of gradation6 states that as the eye moves lateral-

ly from the midline, each tooth should appear proportionately 

narrower than its mesial neighbor. There has been much dis-

cussion about what this mesiodistal proportion should be. The 

golden proportion (1.618:1.0), which was formulated as one 

of Euclid’s elements, has been proposed.19 Viewed from the 

front, the maxillary central incisor would be 1.618 times wider 

than the lateral incisor, the lateral incisor would be 1.618 times 

wider than the visual width of the canine, and so on as the eye 

moves distally. However, developing esthetic proportions is 

not that simple. In a patient with a very tapered maxillary arch, 

the maxillary central incisors will appear wide, and the teeth 

may approximate the golden proportion. However, in a patient 

with a very square maxillary arch form, the golden proportion 

would result in unesthetically wide central incisors. To some 

degree, the width of the central incisor in relation to that of the 

lateral incisor is also a matter of personal taste. The golden pro-

portion produces very bold central incisors,6,20 which appeals 

to some individuals. However, in natural teeth situated in 

natural arch forms, the golden proportion seldom occurs. The 

natural proportion of the width of the maxillary central incisor 

to that of the lateral incisor, when measured with a caliper, is 

approximately 1.2 to 1.0.18 The golden proportion is not based 

on actual tooth measurements but on the tooth proportions 

when viewed from the front. This proportion is approximately 

1.4 to 1.0 in nature (Fig 3-30).

Because dental esthetics is a matter of taste, the ultimate 

decision on widths and proportions must be developed in pro-

visional restorations with the patient.

Principle of illumination
Visually, light objects are perceived to approach the viewer and 

dark objects to recede from the viewer.6 This principle must be 

considered when high-value porcelain or resin composite res-

torations are placed only on maxillary anterior teeth, because 

the result may be an unesthetic visual separation of the anterior 

and posterior teeth. A visual coupling of the front and back of 

Fig 3-29 (a and b) Short maxillary central incisors measuring 8 mm due to altered passive eruption. (c) After esthetic crown lengthening to treat altered passive eruption.

a b c

Fig 3-30 (a) Note the beauty and proportionality of this natural smile. (b) The measurement of the visual widths of the maxillary 

central incisors and maxillary lateral incisosr reveals a natural proportion of central incisor to lateral incisor of 1.4 to 1.0.

ba
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the mouth may require placement of restorations on one or 

more maxillary premolars (Fig 3-31).

Law of the face
The face of a tooth is that portion of the facial surface bound by 

transitional line angles when viewed from the front.5 To make 

teeth of dissimilar widths appear similar, the apparent faces 

should be made equal.

To make an anterior tooth appear wider, the transitional 

facial line angles are moved into the interproximal facial embra-

sures. Conversely, to make an anterior tooth appear narrower, 

the transitional line angles are moved closer to the tooth mid-

line (Fig 3-32).

Fig 3-31 (a and b) Porcelain veneers were placed only on the maxillary anterior teeth. Note that the maxillary first premolars are 

virtually invisible when viewed from the front. This results in a loss of visual coupling of the front and the back of the mouth. Note also 

the lower lip asymmetry.

a b

Fig 3-32 (a) A direct bonded restoration on the maxillary right central incisor appears too wide. (b) The cast of the maxillary arch 

demonstrates that the mesiofacial and distofacial transitional line angles are too far into the facial embrasures, resulting in a visual 

widening of the tooth. (c) After replacement of the direct bonded restoration on the right central incisor, the tooth now appears nar-

rower. (d) The cast of the patient after the direct bonded restoration was replaced. Note the narrower appearance of the tooth because 

the mesiofacial and distofacial transitional line angles are closer together.

a b

c d
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Conclusion

The provision of esthetic and functional restorative dentistry 

must be based on a set of guidelines founded on the best 

clinical science available. These guidelines can then be used 

to determine a patient’s overall orofacial presentation and to 

guide the diagnostic wax-up. Based on the diagnostic wax-

up, the provisional restorations are fabricated and placed. It 

is at this point that the “eye of the artist” becomes helpful for 

developing the final shade, shape, contour, and incisal edge 

configuration of the provisional restorations, which will serve 

as the blueprint for the defintive restorations.
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There is a significant professional interest in color and 

appearance in dentistry.1,2 The number of publications 

listed on MEDLINE for the keywords color and den-

tistry has increased rapidly from only 109 in 1970 to 

4,315 in 2010. The same is true for the public interest 

and demand related to esthetic and cosmetic dental 

procedures. According to a survey by the American 

Academy of Cosmetic Dentistry, virtually everyone 

believes that a smile is an important social asset, 

and three-quarters of adults feel that an unattractive 

smile can hurt a person’s chances for career success.3 

Discolored, yellow, or stained teeth were identified as 

characteristics that make a smile unattractive. On the 

other hand, participants listed straightness, whiteness, 

and color of teeth as the first things they notice in a 

person’s smile. The top two items related to desired 

changes in one’s smile were whiter and brighter teeth. 

It is easy to notice that almost all of these remarks are 

associated with tooth color. 

Therefore, color is a key component of the esthetic 

complex in dentistry, and to a significant extent color 

delineates esthetic from nonesthetic in our profession. 

A simple explanation on the importance of color in 

dentistry was offered by Dr Stephan Bergen, one of the 

pioneers of esthetic dentistry: “Color is unimportant 

to the physiologic success of a dental restoration, yet 

it could be the controlling factor in the overall accep-

tance by the patient.”4

Color 
Color is a psychophysical sensation produced in the 

eye by visible light and interpreted by the brain. Color 

requires three components: light source, object, and 

observer.

A light source is any area or body that emits radia-

tion in the visible spectral range. Some standard light 

sources are designated as A (incandescent), B, C, and 

D (daylight). Daylight is further categorized as D50, 

D55, D65, and D75, the designations corresponding to 

the correlated color temperature (CCT) in kelvin (the 

number after the letter D times 100 equals the CCT in 

kelvin). The object reflects, absorbs, or transmits the 

light from the source.5 The reflected portion of light is 

used during shade matching in dentistry. The observer 

is the third part of the triplet. All visual sensations are 

brought to the brain through the eye. The retina has 

two types of nerve endings: rods and cones. While rods 

only record light (ie, they respond to black and white), 

cones enable color vision. The three types of cones 

are blue-, green-, and red-sensitive, or short, medium, 

and long wavelengths, respectively. Visual informa-

tion from the eye is then relayed to the brain, where 

the messages from the rods and cones are interpreted.

Dimensions of color
Color is a three-dimensional phenomenon character-

ized by the dimensions of hue, value (lightness), and 

chroma (Fig 4-1).

Hue is a dimension that enables differentiation 

be tween “color families.” For example, red, green, 

blue, and yellow represent hues (Fig 4-2). Graphically, 

hues are placed on the exterior of a closed hue circle 

that encompasses 360 degrees (see Fig 4-1). Value, or 

lightness, enables differentiation between light and 

dark colors (Fig 4-3). In the center of the hue circle 

exists a vertical value axis that progresses from pure 

black at the bottom to pure white at the top (see Fig 

4-1). Chroma allows differentiation between pale ver-

sus strong, pale versus chromatic, and washed-out ver-

sus saturated colors (Fig 4-4). Chroma is represented 

as the distance from the achromatic value axis toward 

the particular hue on the circumference of the circle, 

and it increases with the increase of the distance from 

the vertical axis (see Fig 4-1). While hue is related to 

different colors, chroma is associated with the differ-

ences in strength of the same color (eg, pale red versus 

chromatic red).
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Color notation systems

Various color notation systems have been used in dentistry. 

Historically, these include the Munsell hue-value-chroma (HVC) 

system and two formulas developed by the International 

Commission on Illumination (Commission Intérnationale de 

l’Eclairage [CIE]), CIE 1931 (xyY) and CIE 1964 (XYZ).

However, the most frequently used color notation system in 

dentistry is the CIELAB (CIE L*a*b* or CIE 1976) system5 (see Fig 

4-1). Any color can be designated by one of two classifications 

of coordinates related to the diagram in Fig 4-1. Rectangular 

coordinates of the CIELAB color space are L* (lightness), a* (–a*, 

green; +a*, red), and b* (–b*, blue; +b*, yellow), which mark a 

point on the vertical (L*) axis and on the circumference of the 

horizontal wheel. Polar coordinates are L*, C*
ab

 (chroma) and 

h
ab

 (hue), which mark a point on the vertical (L*) axis as well 

as the distance away from the vertical axis (C*
ab

) at a particular 

angle (h
ab

) on the horizontal plane.

CIELAB color difference is designated as ∆E*
ab

, where the 

symbol ∆ stands for difference and E stands for Empfindung, 

which means sensation in German. CIELAB color difference takes 

into account all aspects of color and is calculated using differ-

ences in either L*a*b* or light, chroma, and hue coordinates.

More recently, an advanced CIE color-difference formula, 

CIEDE2000, has been introduced.6,7 Color difference in 

CIEDE2000 is designated as ∆E’. The CIEDE2000 formula is 

becoming more common in dental research as well.8

Additional Appearance Attributes
Tooth appearance attributes other than color include opacity, 

translucency, gloss, opalescence, fluorescence, and iridescence.

Opacity and translucency are exactly of opposite nature. 

Opacity is the ability of a material to block the passage of light 

through the material, whereas translucency is the ability of the 

material to allow light to pass through it.2,9

Gloss has physical, physiologic, and psychologic aspects. 

The following visual criteria define an object’s gloss: specular 

gloss, contrast gloss (or luster), sheen, distinctness of image, 

haze, and surface phenomena. Specular gloss is the most fre-

quently evaluated type in dentistry, and it corresponds in 

simple terms to the ratio of reflected to incident light energy, 

where the angle of the reflected light is equal and opposite to 

the angle of the incident light for a specified angle of incidence, 

source, and receptor angular apertures.2,9

Opalescence is an optical property that gives a material a 

bluish appearance under reflected light and an orange/brown 

appearance under transmitted light, while fluorescence is the 

absorption of light by a material and the spontaneous emis-

sion of light in a longer wavelength. Fluorescence is not usu-

ally detected with the color-corrected lights normally used in 

dental operatories; it is normally seen under ultraviolet lighting 

(eg, “black light” or sunlight). It is important for optimal esthetic 

matching that dental materials, such as porcelains, especially 

when used in veneers on the anterior teeth, have fluorescing 

agents in their composition; otherwise they may appear rather 

dull and not lifelike. Iridescence is the rainbowlike effect in 

which surfaces appear to be different colors depending on the 

illuminating and/or viewing angle.2,9

Color and Appearance of Human Teeth
Tooth color varies from person to person, by dentition (primary 

versus permanent), by tooth within the same dentition, and 

within the same tooth. Permanent teeth are small, curved, 

whitish-yellowish, and slightly reddish. They exhibit color tran-

sitions from cervical to incisal, mesial to distal, and labial/buc-

cal to lingual. Variations in thickness and translucency of the 

Fig 4-1 Color coordinates L*a*b*C*h. L*—lightness (vertical axis); a* (–a*, 

green; +a*, red); b* (–b*, blue; +b*, yellow); C*
ab

—chroma; h
ab

—hue. 

Fig 4-2 Hue. Color families or color name.

Fig 4-3 Value. White to black, achromatic.

Fig 4-4 Chroma. Pale to strong, washed-out to 

chromatic.
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enamel and dentin are also present. In addition, tooth color 

changes throughout a person’s lifetime due to various physi-

ologic and pathologic conditions. Local color characteristics, 

such as enamel cracks and craze lines, enamel hypoplasia, 

fluorosis, tetracycline staining, or incisal halo, bring additional 

complexity to tooth color matching, communication, repro-

duction, and verification.10,11 Interaction among color-related 

characteristics of human teeth and other attributes of appear-

ance, such as translucency/opacity, gloss, fluorescence, and 

phosphorescence, makes working with color one of the most 

challenging tasks in esthetic and restorative dentistry (Fig 4-5). 

There are findings on the influence of sex, bleaching history, 

and smoking on the color of permanent teeth. A color differ-

ence (∆E*) of 3.0 was recorded between teeth in males and 

females. Male teeth were significantly darker, more chromatic, 

and redder than female teeth. The color difference between 

bleached and nonbleached teeth was even greater  (∆E* = 4.6); 

nonbleached teeth were significantly darker, more chromatic, 

and of lower hue angle. As for the influence of smoking on 

tooth color, the color difference between nonsmokers and 

smokers was 2.7, with only the difference in lightness being 

statistically significant.12 A significant color difference (ΔE* = 

8.2) has been shown between permanent and primary teeth, 

and primary teeth were found to be much lighter (ΔL* = 7.7), 

less chromatic (ΔC* = –2.5), and redder (Δh° = –4.2) than per-

manent teeth.13 

Color-Matching Ability

Influence of sex and experience
The shade-matching abilities of color-normal men and women 

are equal. Therefore, sex should not be the criterion for choos-

ing the person to perform shade matching. Shade-matching 

competency of dental students and professionals should be 

routinely tested.14 Color deficiency is a weakness or absence 

in one or more cone systems. People with deficiencies in their 

cone systems are not “color blind”; rather, approximately 8% of 

males and 0.5% of females are color deficient. Different types 

of color deficiency compared with color-normal vision are illus-

trated in Fig 4-6. The literature is equivocal on whether years in 

practice or specialty affects shade-matching ability. Experience 

is relevant, but so is the status and age of the visual organ.9 

Color-Matching Ability

Fig 4-5 Interaction among color-related characteristics of human teeth and 

other attributes of appearance makes working with color one of the most chal-

lenging tasks in dentistry. (Courtesy of Adam J. Mieleszko, CDT, New York, New 

York.)

b

c d

a

Fig 4-6 (a) Image representing normal 

color vision. (Courtesy of Adam J. 

Mieleszko, CDT, New York, New York.) 

(b to d) Vischeck computer simulations 

representing different types of color defi-

ciency: deuteranope (green photorecep-

tors of retina are absent) (b), protanope 

(complete absence of red photorecep-

tors) (c), and tritanope (blue receptors 

are ab sent) (d). 
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Color education and training
Sproull stated in 1973 that “the technology of color is not a 

simple matter that can be learned without study; neither is it a 

complicated matter beyond the comprehension of dentists.”15 

Color education and training can influence shade-matching 

results. Education and training should be the first step in 

the process, which would ideally result in predictable and 

enhanced esthetic outcomes.1

It is apparent that humans are not as good in color matching 

and reproduction as they might expect. When asked to match 

16 pairs of tabs of two VITA Classical shade guides (Vident) 

using a visual method, the participants in a study correctly 

matched only 50%.16 In another study, which more closely 

resembled clinical dentistry because no exact match was 

included in the choices, the observers’ choice was the second 

or the third best match.17

Several color education and training programs are currently 

available.1,10,11 Dental Color Matcher,10 a free online color edu-

cation and training program for esthetic dentistry, is in essence 

a computer game. Dental Color Matcher consists of interactive 

color-matching exercises using the VITA Linearguide 3D-Master 

shade guide (Vident) (“closest match,” “exact match,” and 

“match the pairs” exercises [Fig 4-7]), a didactic video, and a 

quiz. Upon program completion, all users can print a diploma 

and obtain two continuing education credit hours. 

Color Matching and Measuring
Tooth color can be matched or measured visually and/or using 

color-measuring instruments. Dental shade guides are used for 

making visual comparisons, and this shade-matching method 

is predominant in dentistry today,18 despite the fact that it is 

subjective and to a certain extent inconsistent. Dental color-

measuring devices are objective, and while very beneficial, they 

are presently used by a relatively small percentage of dental 

professionals. There is a need to carefully consider the meaning 

of the words subjective and objective when it comes to color in 

dentistry. While there is a difference in subjective color percep-

tion among color-normal individuals as well as for the same 

individual, these differences are typically not very pronounced. 

On the other hand, errors in instrument selection and use, 

differences from visual findings, and instrument inability to 

quantify optical illusions are some of the shortcomings asso-

ciated with objective color matching. One should not forget 

that the design of all advanced color-measuring instruments 

incorporates the response of the so-called standard observer. 

Therefore, the objective might be good only as far as it corre-

sponds to the subjective.

Dental shade guides
The primary requirements for dental shade guides are logical 

ordering and adequate color distribution within the tooth color 

space.19–22 Three basic conceptions of dental shade guides are 

currently present: 

1.  VITA Classical and Classical-keyed products (empirical con-

ception)

2. VITA 3D-Master shade guides (scientifically grounded) 

3. Other (proprietary conceptions)

Several VITA Classical-keyed and proprietary shade guides, 

and the combinations of these two, are shown in Fig 4-8.

VITA Classical 
The VITA Classical shade guide has been available since 1956. 

Since that time, it has been the gold standard for visual shade 

matching. The majority of resin composites are keyed to the 

VITA Classical shade guide system. Two tab arrangements are 

utilized for this system.

The VITA Classical A-to-D arrangement (Fig 4-9) distributes 

tabs into four groups based on hue: A is red, B is yellow, C is 

gray, and D is reddish-gray. Within each group, chroma increas-

es with an increase in the tab number, which appears after the 

letter designating the group (eg, B4 is more saturated than B1). 

The shade-matching method with the tabs arranged from A to 

D encompasses initial selection of the group in the first step, 

followed by selection of a shade within the chosen group in 

the second step.

The VITA Classical value scale arrangement (Fig 4-10) rep-

resents a light-to-dark arrangement, from 1 (B1) to 16 (C4). 

The only shade-matching instruction for this arrangement of 

tabs is to select the best overall match. The value scale is fre-

quently used for visual monitoring of tooth-whitening efficacy, 

expressed in shade guide units (SGU). However, discrepancies 

in the visual light-to-dark arrangement and nonuniform color 

distribution in the VITA Classical value scale reduce to a certain 

extent its efficacy for this purpose.

Fig 4-7 Dental Color Matcher: “closest match” exercise.
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Fig 4-8 Examples of VITA Classical-keyed and proprietary shade guides and combinations of 

these two: (a) Vintage Halo NCC (Shofu), (b) Ivoclar Chromascop (Ivoclar Vivadent), (c) Venus 

(Heraeus) (top) and Estelite (Tokuyama) (bottom), and (d) Esthet-X (Dentsply/Caulk) (top) and 

Trubyte Bioform (Dentsply/Caulk) (bottom).

a b

dc

Fig 4-9 VITA Classical shade guide, A-to-D arrangement. From left to right: A1, 

A2, A3, A3.5, A4, B1, B2, B3, B4, C1, C2, C3, C4, D1, D2, D3, D4.

Fig 4-10 VITA Classical shade guide, value scale arrangement. From left to 

right: B1, A1, B2, D2, A2, C1, C2, D4, A3, D3, B3, A3.5, B4, C3, A4, C4.
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VITA 3D-Master 
VITA 3D-Master shade guides are the Toothguide, Linearguide, 

and Bleachedguide. These shade-matching tools have been 

developed based on research findings.16,23–26 They match the 

color range and distribution of human teeth better than other 

shade guides, so the probability of selecting a good match 

will be highest with these products.27–29 Each 3D-Master tab is 

marked using a number-letter-number combination. The first 

number designates the group and represents value, with 0 as 

the lightest and 5 the darkest. The letter represents hue, with 

the letter L corresponding to yellowish, M to medium, and R to 

reddish. The final number represents chroma, with 1 being the 

least chromatic and 3 the most chromatic. 

Toothguide was the first 3D-Master shade guide. Shade 

matching with the Toothguide requires three steps. In the first 

step (Fig 4-11), the lightness is determined using all tabs, and 

the number of possible shades is reduced from a total of 29 to 

2 (group 1), 3 (groups 0 and 5), or 7 (groups 2, 3, and 4). Verti-

cal chroma variations are present within each group (Fig 4-12), 

while horizontal hue variations exist only within groups 2, 3, 

and 4 (Fig 4-13). Chroma and hue should be determined in two 

separate subsequent steps. This shade-matching method can 

be challenging for those with little experience in tooth shade 

matching or with no or little knowledge of color physics. 

Linearguide 3D-Master has the same tabs as the Tooth-

guide. However, its design and recommended shade-matching 

method are different. A single linear scale consisting only of the 

middle tabs from each group (0M2 to 5M2, dark-gray tab hold-

er) is used in step 1 (group selection). A small number of tabs 

(six) with pronounced color differences and the familiar linear 

tab arrangement simplify the initial selection (Fig 4-14a). The 

second step involves “fine tuning” within the group selected 

in step 1: 0-1, 2, 3, 4, or 5 (Fig 4-14b, light-gray holders). Users 

frequently describe the shade-matching method with Linear-

guide as self-explanatory and user-friendly.17

The 29-SGU Bleachedguide 3D-Master is the first shade 

guide developed for visual evaluation of tooth whitening (Fig 

4-15). It exhibits a wider color range and a more consistent 

color distribution when compared with the VITA Classical 

shade guide and some other products. The inclusion of very 

light shades complements contemporary esthetic dentistry.21,22 

Bleachguide 3D-Master has recently replaced VITA Classical as 

an example of an appropriate shade guide for the evaluation 

of tooth whitening in the American Dental Association guide-

lines for bleaching products (dentist dispensed and over-the-

counter) as well as for stain-removal products.30

Shade-matching conditions 
Determining the optimal shade-matching conditions requires 

a consideration of light and environment. Either a ceiling light 

or a portable light (floor, table, or handheld light), can be used 

for shade matching. In either case, diffuse color-corrected light 

should be used for color matching and reproduction in the 

office and laboratory. Daylight (D65, D55, or similar) lamps and 

tubes with a color rendering index (CRI) of 90 or greater should 

be selected. The recommended light intensity is 1,000 to 1,500 

lux. The immediate surroundings should ideally be neutral, 

such as light gray. Creation of a designated shade-matching 

and reproduction area in the office/laboratory is helpful. 

Fig 4-11 VITA Toothguide 3D-Master: Group division (0 to 5) is based on 

lightness (value).

Fig 4-12 VITA Toothguide 3D-Master: Vertical chroma variations (ranging from 

1 to 3) are present within each group. 

Fig 4-13 VITA Toothguide 3D-Master: Horizontal hue variations (L, M, and R) 

are present only within groups 2, 3, and 4.
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Using handheld lamps (Fig 4-16) for shade matching can 

significantly reduce the influence of surrounding colors, espe-

cially if the ceiling light is off. These lamps usually come with 

instructions on the positioning, distance, and specific method 

to be used. 

Guidelines for shade matching
•  Shade matching should be performed by individuals with 

normal color vision; color-deficient persons should be assist-

ed. Tinted glasses or contact lenses should not be worn dur-

ing shade matching or any other work with color in dentistry.

•  The tooth whose color is to be matched should be cleaned 

with pumice or toothpaste and rinsed. The patient should 

remove any lipstick.

•  To avoid a mistake in shade matching due to eye fatigue of 

the dentist, the procedure should be performed at the begin-

ning of the appointment.

•  The viewing angle should be approximately 45 degrees to 

the illumination angle. In the dental operatory, the tooth 

should be observed perpendicularly to its labial surface, 

with the eyes aligned at the same level as the teeth. Shade-

matching distance should be 25 to 35 cm (or 10 to 14 inches). 

This corresponds to the viewing angle of 0 degrees, while 

the light (one-directional, two-directional, or circumferential) 

should be at a 45-degree angle to the tooth. In the dental 

laboratory, it is more typical that a table light is placed per-

pendicular to the dentition (a 0-degree lighting angle). In 

this case, the teeth should be viewed from approximately a 

45-degree viewing angle. 

•  Whenever possible, the shade tabs should be placed on the 

same plane with the tooth to be matched and with the same 

relative edge position. When the adjacent tooth is present, 

tabs can be placed in front of it or horizontally or vertically 

in between the maxillary and mandibular teeth.

•  A single shade-matching trial should last no more than 5 sec-

onds at a time, because a vision pigment is used up quickly 

during color perception. A neutral, light-gray card should be 

observed between trials. In the past, light-blue cards were 

recommended, but they are now discouraged because of the 

after-effect phenomenon: When the blue cones are fatigued, 

a neutral field may appear slightly yellow. 

•  Wetting with water can reduce or neutralize surface texture 

differences between the tab and the tooth.

•  The number of potential matches should be reduced as quick-

ly as possible. These tabs should be separated from the other 

tabs before proceeding with final shade matching.

•  Translucency, gloss, and local color characteristics should be 

visualized and documented.

Fig 4-14 VITA Linearguide 3D-Master. (a) Step 1: group selection. (b) Step 2: selection within the group.

Fig 4-15 Prototype of a 29-step VITA Bleachedguide 3D-Master. Fig 4-16 Handheld lamps for shade matching. From left to right: Optilume 

Trueshade (Optident), shade wand (Authentic Dental Lab), Rite-lite (AdDent), 

and Demetron Shade Light (Kerr).

Shade Wand

Trueshade

Rite-lite

Demetron
Shade
Light

a b
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•  It is always good to verify the shade selection under different 

lights and at different angles to avoid or reduce metamer-

ism. Metamerism occurs when two colored samples appear 

to match under one set of observational conditions but not 

under another.

The human eye cannot see lightness, chroma, and hue sepa-

rately. Therefore, color matching is a comparison of the overall 

impression of color differences between observed objects. 

Humans can see differences in lightness, chroma, and hue, but 

these differences are dependent on one another. It is quite 

easy, for example, to confuse a decrease in chroma with an 

increase in lightness. The example with which many dental 

professionals are familiar is the A1 and B1 tabs of VITA Classical 

(B1 is considered to be the lightest shade in the system). 

Although the A1 tab actually has a higher lightness (value) than 

B1, it appears darker because it is more chromatic. Therefore, 

the best shade-matching advice and strategy is to simply select 

the best match. When one must perform a dimension-by-

dimension technique, identify value first, then chroma, and 

then hue. 

Color-matching instruments and software

Color-matching instruments and software can be used inde-

pendently or combined with a visual method. They can also be 

valuable for color communication, reproduction, and verifica-

tion. Spectrophotometers and colorimeters are available, and 

some of them are capable of providing a detailed image of the 

tooth surface as well as a tooth color map.31 An overview of 

available instruments and software is listed in Table 4-1. 

Shade-matching results of instrumental measurements are 

typically given in the units of the CIELAB system and the best-

matching shade tab(s). All listed compact and cordless color-

matching instruments consist of a handpiece and a base unit 

(Figs 4-17 and 4-18). They have their own light sources and 

a means for electronic storage and transfer of information.10 

Tooth color–matching instruments can be categorized into 

complete tooth surface measurement devices and limited-area 

(“spot”) measurement devices. 

SpectroShade Micro (MHT Optic Research) uses a digital 

camera/light-emitting diode (LED) spectrophotometer com-

bination with an internal computer, analytic software, and a 

Table 4-1 Instruments and software for color matching in dentistry9,10,32

ClearMatch Crystaleye Easyshade Compact SpectroShade Micro

Manufacturer Clarity Dental Olympus Vident MHT Optic Research

Device type Software Spectrophotometer Spectrophotometer Spectrophotometer

Measurement area Complete tooth image Complete tooth image 5-mm probe diameter Complete tooth image

Relative cost Low High Low Moderate

Fig 4-17 Shade-matching instrument: Spectro-

shade Micro (MHT Optic Research).

Fig 4-18 Shade-matching instruments: Vita EasyShade Compact (Vident) (left) 

and Crystaleye (Olympus) (right).
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tooth-positioning guidance system31 (see Fig 4-18). Crystaleye 

(Olympus) uses a combination of a traditional spectrophotom-

eter and digital photography (see Fig 4-18). Virtual shade tabs 

in its database can be cross-referenced and superimposed 

with a natural tooth or dental restoration, thus enhancing 

color communication.33 VITA Easyshade Compact (Vident) is a 

contact-type spectrophotometer with a 5-mm probe diameter 

and a variety of measurement modes (see Fig 4-18): tooth 

single mode, tooth area mode (cervical, middle, and inci-

sal shades), restoration color verification (includes lightness, 

chroma, and hue comparison), and shade tab mode (practice/

training mode).32,34 ClearMatch (Clarity Dental) is software that 

requires the use of a digital camera. It compares tooth color 

with its own color database.

Instrumental shade matching has attracted a lot of attention 

from researchers,10 starting from the performance assessment 

of shade-matching devices35–37 and digital imaging systems38–40 

through comparisons between visual and instrumental find-

ings,41–43 evaluation of color of natural teeth27,28,44,45 and vari-

ous dental materials,46–49 and tooth whitening.50–53 While many 

of these systems have been shown to be reproducible and 

accurate and can be very helpful in providing quantitative dif-

ferences, they will likely always be used as adjuncts to human 

shade matching because of the highly subjective and some-

what personal nature of the process.

Communicating color and appearance
Once the shade for indirect restorations is selected, analyzed, 

and agreed upon by the patient, the information should be 

transferred to the dental laboratory. In addition to the informa-

tion obtained using visual and instrumental shade analysis, 

subsequent reference photography of the tooth, with the 

selected shade tab aligned next to it, is highly recommended 

as an effective communication tool (Fig 4-19). Uniformly cali-

brated monitors in the dental office and laboratory further 

contribute to enhanced communication on color and appear-

ance. Digital imaging can be shared instantly via the Internet, 

email, CD-ROM, or other storage device. Inclusion of verbal and 

written instructions and custom-made or modified shade tabs 

is also recommended for complex cases. 

Reproduction and Verification of Color 
and Appearance

Color reproduction is a combination of dental art and sci-

ence. Because different restorative techniques are described in 

other parts of this book, the three clinical cases presented here 

include only information about color-related properties of den-

tal materials and offer examples of nonconventional yet very 

successful techniques for reproducing color and appearance.

Color-related properties of dental materials
Color-related properties of esthetic dental materials can be 

categorized as follows1,9:

•  Color compatibility between materials and teeth, between 

different materials, and within the same material (batch color 

variations)

•  Color stability during fabrication (condensation, firing, glaz-

ing, or at placement), polymerization and other types of set-

ting, and after placement (aging and staining)

• Color interactions (blending and layering)

It is important to note that in spite of remarkable improve-

ments associated with the optical properties of dental materi-

als, one person can still experience different outcomes based 

solely on material selection.9 Therefore, material selection can 

be critical for the esthetics and, consequently, for the overall 

success of a dental restoration. It is highly recommended to 

consult professional resources, such as MEDLINE, professional 

journals and newsletters,53–59 and information from manu-

facturers regarding material selection. The following cases 

highlight different techniques for achieving excellent esthetic 

outcomes.

Fig 4-19 Communication on color and appear-

ance using various shade-matching techniques 

and digital photography. (a) Photographs should 

be taken so the shade tab designation is included 

in the photograph and can be viewed by the labo-

ratory. (b) The black-and-white tab attached to the 

shade tab handle is used by the dental laboratory 

to calibrate the color of their computer monitor to 

the photograph.

a b



88

Color and Shade Matching4

Fig 4-20 Five dimensions of color technique. Facial (a) and palatal (b) views of the clinical situation show a nonvital, discolored, and severely compromised maxillary 

left central incisor with a large existing composite restoration. Following root canal retreatment and use of the internal walking-bleach technique with 12% hydrogen 

peroxide, the tooth is prepared with a chamfer on the facial enamel (c) and 90-degree butt interproximal and lingual margins (d). (e) A silicone index made from a 

mock-up or diagnostic wax-up is used for creation of the lingual wall and is adapted to all involved teeth. (f) A thin layer of universal enamel resin composite allows for 

easy reproduction of the natural anatomy of the lingual wall. Dentin body and enamel effects are then created: (g) dentin body is formed with lighter incisal mamelons 

(characterization type 1); (h) amber and white resin composite are used at the incisal and approximal margins (characterization type 3); (i) free spaces between margin 

and dentin mamelons are filled with opalescent blue (opalescent type 1) to increase the halo effect; (j) a thin layer of intense white is stratified to create a white-spot 

appearance (intensive type 2). The stratification is completed on the facial surface with a thin layer (0.8 mm) of universal enamel. In the facial (k) and palatal (l) views, the 

intensive, opalescent, and characterization elements give a natural, three-dimensional quality to the completed case. (Courtesy of Lorenzo Vanini, Chiasso, Switze rland.)
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Case A: Five dimensions of color

The five dimensions of color technique (Fig 4-20) was devel-

oped by Lorenzo Vanini primarily for restoring natural color 

and appearance of teeth with direct resin composite restora-

tions.60,61 This approach encompasses the following elements:

•  Chromaticity is related to one hue (universal dentin) and dif-

ferent chroma levels (0, 0.5, 1, 2, 3, 4, 5, and 6).

•  Value (luminosity) is strictly related to enamel, with two main 

groups: lower value (older tooth biotype) and higher value 

(younger tooth biotype).

•  Intensives are classified by shape types: spots, small clouds, 

snowflakes, and horizontal bands. 

•  Opalescents create the blue and amber hue of the incisal halo 

at the interproximal level and free enamel margin. The author 

describes different shapes: mamelon, split mamelon, comb-

like, windowlike, and stainlike. 

•  Characterizations encompass five different types: two in 

dentin, mamelon, and band, and three in enamel, margin 

(younger teeth), stain, and cracks (adult and older teeth).

Case B: Natural layering concept
The natural layering concept (Fig 4-21) was developed by 

Didier Dietschi for the creation of highly esthetic direct restora-

tions.62,63 This method suggests single hue, single opacity, and 

broad chroma scales for mimicking dentin color and appear-

ance. Enamel and corresponding materials are categorized 

as the following types: young enamel (white tint, high opal-

escence, less translucency), adult enamel (neutral tint, less 

opalescence, and intermediary translucency), and old enamel 

(yellow tint, more translucency). Only two basic layers, dentin 

and enamel, are used to enhance tooth and smile anatomy. 

Fig 4-21 Natural layering concept. (a) A young patient presents with a healthy dentition but a highly irregular smile line. The patient wants improvement but demands 

a conservative solution. (b) Following placement of rubber dam, an index (made from a mock-up or wax-up) will serve to guide proper placement of the two resin 

composite layers in three dimensions. (c) The restorations are placed using the natural layering concept. (d) The completed restorations demonstrate the satisfactory 

esthetic integration of the direct composite restorations using a modern hybrid material, which exhibits proper color, opacity, translucency, and opalescence. (Courtesy 

of Didier Dietschi, Geneva, Switzerland.)

a b

dc
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Fig 4-22 Combined visual-instrumental technique. A 32-year-old woman presents with missing maxillary lateral incisors. She wants to replace them with single 

implants and crowns. (a to d) Two narrow-diameter bone-level implants are placed, and zirconia all-ceramic crowns (Lava, 3M ESPE) are fabricated with Vita VM9 

layered porcelain (Vident). (e) Although the color of the crowns is symmetric, a perceivable difference in the peri-implant soft tissue appearance is observed between the 

two implant-supported crowns. (f and g) Color mapping of the peri-implant tissue around the maxillary right lateral incisor shows that it has blanched, which can also be 

seen in the linked image. (h) At the 1-month follow-up appointment, an improvement in the optical properties of the peri-implant soft tissue of the maxillary right lateral 

incisor compared with f is observed. (i) The digital camera image shows an excellent color match of both maxillary lateral incisor crowns and an improved appearance 

of the peri-implant soft tissue. (Courtesy of Shigemi Nagai, Boston, Massachusetts.)
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Case C: Combined visual-instrumental technique

Shigemi Nagai and her team are among the leaders when it 

comes to combining visual and instrumental techniques64–67 

(Fig 4-22). Using sophisticated color-measurement instruments 

to their best advantage requires clinical/laboratory excellence 

and sound color science. This means not only knowing how, 

when, and why to use the instrument but also being able to 

understand and interpret the findings and to adjust the color 

and appearance of the dental restoration using principles of 

subtractive color mixing and complementary color theory, for 

both color control and final verification of the crowns and gin-

giva. This case provides an example of what is possible when 

this combination technique is utilized by experts in the field.
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Traditional caries management has consisted of the 

detection of caries lesions followed by immediate 

restoration. In other words, caries was managed pri-

marily by restorative dentistry. However, when the 

dentist removes tooth structure with a handpiece, 

an irreversible process begins. Placing a restoration 

does not guarantee a sound future for the tooth; on 

the contrary, it may be the start of a restorative cycle 

in which the restoration will be replaced several times 

(Fig 5-1). This is reflected in the philosophy of Dr V. Kim 

Kutsch: “I get to the cause of the disease, instead of 

just treating the symptoms. When you’re focused on 

just treating the symptoms surgically, which tradition-

ally is what we’ve done in dentistry, you never catch 

up. You never get ahead.”1 Caries is like every other 

bacterial disease, and restoration without removal of 

the causative factors is like placing a new roof on a 

burning house. 

A new paradigm for caries management, patient-

centered caries management (PCCM), is recommend-

ed.2 PCCM is enabled by the International Caries 

Detection and Assessment System (ICDAS) clinical 

visual scoring system for caries detection and activity.2 

When integrated into the caries management by risk 

assessment (CAMBRA),3,4 treatment of caries is a pro-

cess that can be controlled so that lesions may never 

form or, if they do, lesion progression can be arrested. 

The PCCM strategy involves a comprehensive assess-

ment and includes evaluation of the caries risk and 

protective factors, detection and diagnosis of caries, 

and determination of the activity of existing caries in 

order to establish the individual patient’s caries risk. 

The information collected from the comprehensive 

assessment is synthesized into a personalized treat-

ment plan, composed of preventive and noninvasive 

treatment options, operative and minimally invasive 

treatment options, and maintenance care involving 

recall appointments for reassessment and monitoring 

(Fig 5-2). The treatment options recommended for 

specific caries lesions and patients will depend on a 

variety of prognostic factors, including lesion activity, 

and the monitoring of lesion behavior over time. It is 

important to mention that preventive regimens will 

arrest the caries process by redressing the imbalance 

between demineralization and remineralization.5 

Caries Management:  
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Fig 5-1 Iatrogenic damage caused by repeated treatment 

procedures.
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The treatment goal in caries management should be to 

prevent new lesions from forming, to detect lesions sufficiently 

early in the process so that they can be treated and arrested 

by noninvasive means,5 and to educate patients on the cause 

of the disease to gain their cooperation with recommended 

preventive strategies. 

The Caries Process 
Our understanding of the nature of any disease determines 

how we diagnose it and how we manage it. This general princi-

ple also applies to dental caries. Through scientific research, our 

understanding of the nature of caries and factors relating to its 

development has changed over time, as has the way we diag-

nose and manage the disease. The initiation of the develop-

ment of dental caries by the concurrent action of three primary 

factors (the tooth, dental plaque, and diet) were presented in 

the 1960s in a model of overlapping circles.6 Since then, the 

model has been supplemented with factors that modulate 

the actions of the primary factors to determine the manifesta-

tion and clinical severity of caries7 (Fig 5-3). At first sight, these 

circles constitute a simple model to explain caries risk, which 

is represented by the overlap of the three inner circles. When 

one of the risk factors increases, the respective circle becomes 

larger, as does the overlap of the circles, indicating increased 

caries risk. 

Fig 5-2 Algorithm for PCCM. (Modified from Pitts and Richards2 with permission.)
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Dental plaque

The prevalence of mutans streptococci and lactobacilli is asso-

ciated with dental caries.8–10 Streptococcus mutans is involved 

in caries lesion formation from its initiation, while lactoba-

cilli flourish in a carious environment and contribute to caries 

progression. Dental plaque may be more cariogenic locally 

where mutans streptococci and lactobacilli are concentrated, 

but in everyday practice it is difficult for the dentist to identify 

cariogenic plaque to make this knowledge useful in treating 

individual patients. Plaque can be sampled and mutans strep-

tococci and lactobacilli levels quantified, but the procedure is 

quite complicated and requires the support of a microbiologic 

laboratory. It is easier to count mutans streptococci and lacto-

bacilli in saliva, and kits are commercially available for this pur-

pose. However, these counts do not give site-specific informa-

tion and are poor predictors of high caries activity in general, 

although low counts or absence of mutans streptococci are 

good predictors of low caries activity.11 

High numbers of mutans streptococci and lactobacilli are 

probably the consequence of a high sugar intake and the 

resulting periods of low pH levels in dental plaque.12,13 Inversely, 

it has been shown that restriction of sugar intake reduces the 

numbers of mutans streptococci and lactobacilli.12,14 In one 
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study of Weight Watchers clients who complied with a non-

cariogenic diet, the numbers of mutans streptococci and lac-

tobacilli were reduced by half.15 A comparable reduction was 

found in subjects who reduced their sugar intake frequency 

from 7.2 to 1.8 times per day.16 However, the decrease in 

mutans streptococci was more pronounced on buccal than on 

proximal tooth surfaces, and, interestingly, the pH response to 

glucose was reduced in buccal but not in interdental plaque.16,17 

Six weeks after completing the sugar restriction period, the 

numbers of mutans streptococci increased again.16

The oral flora colonizes on teeth continuously, but it takes 

up to several days before the dental plaque contains enough 

acidogenic bacteria to lower plaque pH to the level that causes 

demineralization.18 Theoretically, plaque removal every sec-

ond day would be sufficient. If the dentition is professionally 

cleaned, an even lower frequency of home-care cleaning has 

been demonstrated to prevent caries.19,20 But considering the 

caries prevalence in the prefluoride era, it is obvious that few 

people are capable of cleaning their teeth to a level adequate 

to prevent caries.

Teeth 
Teeth consist of a calcium phosphate mineral that demineral-

izes when the environmental pH lowers. As the environmental 

pH recovers, dissolved calcium and phosphate can reprecipi-

tate on remaining mineral crystals. This process is called remin-

eralization. Remineralization is a slower process than deminer-

alization. When remineralization is given enough time, it can 

eliminate the damage done during demineralization, but in the 

absence of this, the caries process will progress and a lesion 

will develop. Dentin is more vulnerable than enamel because 

of structural differences and greater numbers of impurities in 

the crystal lattice, which facilitate its degradation in an acidic 

environment. For many years, much emphasis was given to 

the preeruptive effect of fluoride improving the quality of the 

dental hard tissues. However, it is now clear that posteruptive 

use of fluoride is far more protective against caries.21–23 Enamel 

in primary teeth is less mineralized and more variable than per-

manent enamel. Optically it is more opaque, which may repre-

sent greater porosity. It gives the clinical impression of wearing 

more quickly and being less resistant to caries.24

Diet 
Dietary carbohydrates are necessary for the bacteria to pro-

duce the acids that initiate demineralization. In general, dietary 

advice for caries prevention is based on three principles: (1) the 

drop in pH lasts for approximately 30 minutes; (2) the fre quency 

of intake is more important than the quantity; and (3) the 

stickiness of foods is an important factor in their carioge nicity. 

It has become obvious, however, from many epidemiologic 

studies where fluoride is used daily, that sugar consumption 

and caries prevalence have become less tightly related for 

many individuals. Even when there was a significant correlation 

between sugar consumption and caries prevalence, the caries-

preventive effect of sugar restriction was small. For instance, in 

Basel, Switzerland, wartime restriction reduced sugar supply 

from about 48 to 16 kg per person per year, but the number 

of caries-free children rose only from approximately 3% to 

15%.25,26 At that time, the improvement seemed impressive, 

but it was dwarfed by the effect of nationwide optimum fluo-

ride administration, when the number of caries-free children 

rose from approximately 7% to more than 50%, with a reduc-

tion of sugar supplies from approximately 42 to 39 kg per per-

son per year.25 Obviously, fluoride administration was far more 

effective in reducing caries than lowering sugar supplies. With 

this evidence, the role of dietary counseling in caries preven-

tion should be reexamined. This does not negate the value of 

diet analysis and advice for patients presenting with multiple 

caries lesions, but the importance of the proper use of fluoride 

should always be emphasized. 

Information gathered with the reliable pH-telemetry meth-

od has revealed that a pH drop induced by eating may last for 

hours if there is no stimulation of the salivary flow.18,27,28 Even 

the consumption of an apple can depress the pH for 2 hours or 

longer.18 Long pH depressions will be most prevalent in areas 

where saliva has little or no access, and these areas are the 

most caries prone. It is unknown how much additional harm 

is caused by a second sugar intake during such a period of low 

pH or how beneficial it is to omit a second sugar intake during 

that period. Foods believed to be “good” for teeth may not be 

better than foods that are supposedly “bad.” A chocolate and 

caramel bar might be considered bad because it feels sticky. In 

reality, however, the caramel dissolves and leaves the mouth 

relatively quickly, whereas potato chips, generally considered 

less harmful, take a longer time to clear from the mouth.29 

During this retention, the carbohydrate fraction may be hydro-

lyzed to simple sugars, providing a substrate for the acidogenic 

bacteria.30 

All the uncertainties about the determinants of the cario-

genicity of foods make it impossible to provide strict dietary 

guidelines. To snack in moderation, limited to 3 or 4 snacks a 

day, is the only wise recommendation. 

Time 
Time affects the caries process in several ways. When caries 

was considered to be a chronic disease, time was introduced 

to indicate that the substrate (dietary sugars) must be present 

for a sufficient length of time to cause demineralization.31 Now 

we know that caries is not a chronic disease and that its effects 

can be arrested or completely repaired if enough time is given 

for remineralization. Finally, it is clear that caries lesions do not 

develop overnight but take time; in fact, it may take years for a 

caries lesion to develop a distinct discontinuity or break in its 

surface integrity (otherwise called cavitation). This potentially 

gives the dentist and the patient ample time for preventive 

treatment strategies.
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Fluoride 

Experiments have shown that fluoride protects enamel more 

effectively when it is present in the ambient solution during 

acid challenges than when it is incorporated into the enamel 

crystal lattice.21 One of the mechanisms by which fluoride 

inhibits demineralization is by reprecipitation of dissolved 

calcium and phosphate, which prevents these constituents 

from being leached out of the enamel into the plaque and 

saliva.23 Part of the reprecipitation takes place at the surface of 

the tooth. This narrows the pores in the enamel surface that 

provide diffusion pathways for the acids produced in the dental 

plaque to penetrate into the enamel. Acid penetration is thus 

hampered. In addition, during periods in which the ambient 

pH is higher than 5.5, fluoride will facilitate remineralization, 

promoting lesion arrest and repair. A lack of fluoride constitutes 

a caries risk. 

The retention of fluoride in the mouth is site specific. In 

plaque and saliva and in dentin samples fixed in dental splints, 

most fluoride was found on the labial surfaces of maxillary 

incisors and buccal surfaces in the mandibular molar region 

after rinsing with a fluoride solution.32,33 In addition, it was 

observed that fluoride from passively dissolving fluoride tablets 

remained highly concentrated only at the site of tablet dissolu-

tion. There was very little or no transport of fluoride between 

the right and the left sides of the mouth and between the max-

illary and mandibular arches.33 Because of this, localized caries 

lesions in the mouth may be related to an insufficient spread of 

fluoride when subjects use fluoride toothpaste. When patients 

use fluoride toothpaste, they should be encouraged to spit out 

any excess rather than to rinse vigorously with water. Alterna-

tively, the toothpaste slurry may first be used as a mouth rinse.

Saliva 

The important role of saliva is clearly demonstrated by the 

rampant caries (Fig 5-4) that may occur in subjects with com-

promised salivary flow. These subjects lack the protective quali-

ties of saliva (Table 5-1), of which the flow rate and buffering 

capacity may be the most important. Both help to neutralize 

and clear the acids and carbohydrates from dental plaque. 

Clearance, however, is not uniform throughout the mouth and 

may be slowest at the labial aspects of the maxillary incisors 

and buccal aspects of the mandibular molars. Other sites in the 

dentition may not be easily accessible to saliva as a result of an 

individual’s anatomy, including interproximal spaces and fis-

sures. Dental plaque in a cavitated area of a tooth may also be 

protected from salivary clearance. 

The sites that are difficult for saliva to reach also may be diffi-

cult to reach with mechanical cleaning devices, such as a tooth-

brush or dental floss. Plaque and food may adhere for long 

periods of time in these areas, making these sites more prone 

to caries. Furthermore, this caries risk factor may be overlooked 

in children, whose teeth appear to be clean as judged from the 

sites that are easily cleaned. These children may brush twice 

daily, have only a moderate frequency of sugar intake per day, 

and still develop caries lesions at these sites. The most feasible 

way to prevent caries lesions at these sites is by thorough oral 

hygiene measures and use of a fluoride-containing toothpaste 

so that plaque is removed and fluoride is applied. In Fig 5-5a, 

a white spot lesion had developed on an erupting permanent 

second molar because of insufficient toothbrushing. However, 

the progression of the lesion was stopped by a better under-

standing of how, when, and why to brush; keeping the tooth-

brush at a right angle in the fissure; and using a toothpaste with 

fluoride. The arrested lesion is shown 1 year later (Fig 5-5b). 

Fig 5-4 Rampant caries. (Courtesy of Claudia Isabel Contreras, San 

Antonio, Texas.)

Table 5-1
Functions of components of saliva involved in the  

caries process

Components Functions

Mucins, lysozyme, lactoferrin,  

lactoperoxidase

Antibacterial

Histamine, agglutinin, cystatines Antibacterial

Secretory immunoglobulin A, alpha-

amylase, histatins, histidine-rich pro-

teins

Antibacterial

Proline-rich glycoprotein, mucins Lubrication/viscoelasticity

Mucins Inhibition of demineralization

Proline-rich proteins, statherin, calcium 

phosphate

Remineralization

Bicarbonate, phosphate, urea, arginine-

rich proteins

Buffering
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Social and demographic factors 

Many studies have shown that, at least in the western world, 

dental caries is more prevalent in lower socioeconomic catego-

ries, in less affluent areas, and among some ethnic minorities34 

(Table 5-2). Differences related to socioeconomic status are 

very clear for the primary dentition and less clear for the perma-

nent dentition, although this pattern may differ in other parts 

of the world. Studies have shown that for the prediction of car-

ies lesion development, social and demographic factors may be 

successful in very young children without a long dental history, 

but for older children, clinical parameters such as the dmfs 

(decayed/missing/filled surfaces in primary teeth) and DMFS 

(decayed/missing/filled surfaces in permanent teeth) as shown 

in Table 5-3 are more predictive.11,35–37 In the elderly popula-

tion, however, root caries lesion development again seems to 

be more prevalent in people from lower socioeconomic back-

grounds. 

Caries prediction 
A good estimate of the caries risk is necessary to make the most 

appropriate treatment decisions. A recent study38 described 

developmental trajectories of caries experience in the perma-

nent dentition to age 32 years. Three caries-experience trajec-

tories were identified and categorized as high (approximately 

15% of the population), medium (approximately 43% of the 

population), and low (approximately 42% of the population) 

DMFS. All were relatively linear, although the higher trajectories 

were more S-shaped. The data suggest that, among individu-

als following a similar caries trajectory, caries rate is relatively 

constant across time. The trajectories already diverged at an 

early age of the individuals. This study supports that indicators 

of past caries experience are the strongest predictors of future 

caries, and the status of the most recently erupted or exposed 

surfaces is a strong predictor for the newly emerging surfaces. 

One very elegant review plots the strongest clinical predictors 

against age and dentition11 (see Table 5-3).The sensitivity and 

specificity of the predictors varied from 0.60 to 0.80, indicating 

that 20% to 40% of the children who developed caries lesions 

during the study were not identified as being at high risk for 

caries and that 20% to 40% of the children who were not caries 

active were, in contrast, predicted to develop caries lesions. In 

addition, it is important to recognize that none of the studies 

in the review were designed to predict the progression rate of 

carious demineralization at a specific site. So, even if it could 

be predicted that an individual would develop caries lesions, 

the lesion that is going to progress cannot be confidently 

identified. 

Rate of caries lesion progression 
The decline in caries prevalence has been accompanied by a 

change in lesion behavior. Caries lesions progress more slowly 

than they did several decades ago, probably due to increased 

use of fluoride, which delays lesion progression. It is clear 

that the progression rate is not the same for each site. Little 

is known about the progression rate of fissure caries lesions. 

Longitudinal epidemiologic data from the 1950s, when fluoride 

was not yet widely used, showed that it took approximately 

1 year for an enamel fissure lesion to develop into a dentinal 

lesion.39 More recent data from the same geographic area, after 

the introduction of fluoride toothpaste, showed that 50% of the 

enamel fissure lesions had progressed to involve dentin within 

2 years while 75% had become dentinal lesions after 4 years.39 

Data from Switzerland showed that, for permanent first molars, 

approximately 10%, 20%, and 45%, respectively, of sound fis-

sures, fissures with a yellowish discoloration, and fissures with a 

dark discoloration progressed to carious dentin or tooth resto-

ration in 4 years.40 These progression rates were slightly lower 

than those found by the same investigators 10 years earlier. It 

is the experience of many clinicians that not all initial fissure 

lesions will develop to involve the dentin but that a number 

of them may become arrested. In populations in which not 

all fissure lesions develop into open cavities, the dentist will 

be confronted with clinically undetected carious dentin at the 

base of occlusal fissures.41 This is not a new phenomenon; it 

was discussed as early as 1931.42 Today, reported progression 

rates of pit and fissure caries lesions vary greatly.43,44 

Based on epidemiologic data from the 1950s, the progres-

sion rates in the permanent dentition of proximal caries lesions 

from initial enamel lesions to involving dentin was estimated to 

be 2 years at age 7 years and approximately 4 years at age 12 

years.37 Data collected after fluoride supplementation became 

Fig 5-5 (a) A permanent mandibular second molar with an active white spot 

lesion in the occlusal fissures. (b) The same lesion after 1 year of brushing with 

toothpaste containing fluoride. (Courtesy of Jette Christiansen, Copenhagen, 

Denmark.)

a b
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available showed a progression rate of 3 to 4 years for proximal 

caries lesions to reach the dentin in 12-year-olds.44 Shwartz et 

al45 concluded from data collected in Sweden and the United 

States that it takes an average of 4 years for caries lesions to 

progress through the proximal enamel of permanent teeth. 

The progression rate seemed to be independent of the DMFS 

of the individuals. 

Not all caries lesions progress, however. In one study, more 

than 50% of initial proximal caries lesions in 13-year-old adoles-

cents had not advanced during a 3-year period.46 The majority 

of the lesions that progressed were found in the adolescents 

who had the highest number of lesions at the start of the 

study, which probably reflects the difference between caries-

active and caries-inactive individuals. Recently, Mejàre et al47 

published data on the caries lesion prevalence on the proximal 

surfaces of the posterior teeth at various ages (Fig 5-6). The 

prevalence was low, with the distal surfaces of the first molars 

being the most prone to developing caries lesions. 

The Caries Process

Table 5-2
 Percentages of 6- and 12-year-old caries-free children and mean dmfs and DMFS scores in children who were not 

caries free in 1989, 1993, and 1996, according to socioeconomic level34

6-year-old children 12-year-old children

Socioeconomic status % d m f dmf ± SD % D M F DMF ± SD

Low

  1989 43 4.7 0.6 2.8 8.2 ± 8.5 46 0.2 0.0 3.4 3.6 ± 2.2

  1993 39 4.8 0.3 2.7 7.8 ± 9.0 67 0.1 0.0 3.9 4.0 ± 3.1

  1996 49 5.0 1.1 3.5 9.6 ± 9.8 50 0.1 0.0 3.1 3.2 ± 2.4

Medium

  1989 60 3.4 0.8 1.3 5.5 ± 6.9 49 0.2 0.1 3.5 3.9 ± 2.7

  1993 69 4.0 0.3 1.4 5.8 ± 7.5 61 0.3 0.0 2.5 2.8 ± 1.9

  1996 79 3.7 0.9 0.4 4.9 ± 5.3 89 0.0 0.0 3.6 3.6 ± 2.6

High

  1989 77 1.5 0.0 0.6 2.1 ± 1.3 59 0.9 0.2 1.8 2.9 ± 2.0

  1993 77 2.5 0.2 1.7 4.4 ± 3.5 63 0.3 0.0 1.7 2.1 ± 1.6

  1996 84 1.6 0.9 2.2 4.7 ± 5.1 86 0.3 0.0 2.0 2.3 ± 2.1

dmfs —decayed/missing/filled surfaces in primary teeth; DMFS—decayed/missing/filled surfaces in permanent teeth, SD—standard deviation.

Table 5-3 Timeline of strongest clinical predictors of caries incidence11

Age (y)

0 and 1 2–5 6–9 10–13 14–21 22–45 > 45

Dentition Primary Primary Mixed Mixed Early  

permanent

Mature  

permanent

Mature perma-

nent and  

gingival recession

Predictor* Mutans  

streptococci

dmfs, espe-

cially primary 

incisors; 

mutans strep-

tococci and 

lactobacilli

dmfs, espe-

cially primary 

molars; first 

molar occlusal 

morphology: 

DMFS

DMFS, especially 

permanent first 

molars; first molar 

occlusal morphology; 

incipient smooth- 

surface lesions

Incipient 

smooth- 

surface 

lesions; 

DMFS

Not studied Coronal and root 

DMFS; number of 

teeth; periodontal 

disease

*The strongest predictors are in bold. dmfs—decayed/missing/filled surfaces in primary teeth; DMFS—decayed/missing/filled surfaces in permanent teeth.
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Fig 5-6 Prevalence (percentage of approximal surfaces affected) of dentinal 

lesions in the respective approximal surfaces in different age groups. (Data from 

Mejàre et al.47)
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Caries lesions on free smooth surfaces seem to progress 

more slowly than on proximal surfaces or in fissures. Many 

lesions do not progress into the dentin and even show regres-

sion to sound enamel.37,48–50 In one study, dentists were asked 

at what point they would restore small noncavitated lesions 

on the buccal surfaces of teeth. Approximately 40% indicated 

that they would use a preventive rather than an operative strat-

egy.51 This indicates that many dentists believe that they are 

well able to judge the severity of buccal lesions and to monitor 

lesion development. 

Altogether, the evidence indicates that the decline in caries 

prevalence has been accompanied by a decline in caries lesion 

progression rates. Between the initiation of caries and the 

involvement of dentin in the caries process, there is ample time 

for a preventive management strategy. This implies that the 

early lesion should be detected so that preventive treatment 

can arrest its progress and bring about lesion arrest/remineral-

ization. If this strategy is successful, operative intervention will 

not be required.

Detection and Diagnosis
Diagnosing a caries lesion as a deviation from the normal 

appearance of enamel or root surface involves integration of 

the information obtained by clinical examination of the oral 

cavity, use of caries diagnostic aids, conversation with the 

patient, and biologic knowledge of the caries process.52 Unfor-

tunately, this process is often referred to as caries detection, 

which is simply an objective method of determining whether 

or not clinical signs of caries are present at one point in time.53 

Caries, however, is a highly dynamic process characterized by 

alternating periods of demineralization and remineralization. 

Caries begins and progresses when demineralization outgains 

remineralization, which is seen in a frequent eating condition 

in which the pH of the oral environment is never allowed to 

come to neutrality, or in inadequate use of fluorides. While 

detection only describes the clinical signs of caries, diagnosis 

tries to estimate the dynamics and determinants of the process. 

White spot lesion is found by detection; after diagnosis, it may 

be called an initial caries lesion.

Detection
The primary objective of early detection of caries is to limit the 

progression and impact of the disease after onset at as early 

a stage as possible. This objective is based on the fact that 

caries is reversible as well as preventable. Restoration of a cavi-

tated caries lesion is costly in terms of time, resources, and oral 

health; therefore, a major goal is the prevention of demineral-

ization and promotion of remineralization of early caries. This 

goal can be achieved only if the early clinical signs of caries are 

Fig 5-9 Reliable detection of caries lesions can be obstructed by plaque. (a) Plaque covers the labial surfaces and conceals a 

cavity in the maxillary right central incisor. (b) The same surface, cleaned, reveals the cavitated lesion. (Courtesy of K. R. Ekstrand, 

Copenhagen, Denmark.)

Fig 5-7 The first clinical sign of caries: a chalky and matte 

whitish surface. 

Fig 5-8 White spot lesion discolored by staining has turned 

into a brown spot lesion.

a b
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detected and effective prophylactic intervention is employed 

to reverse or arrest the lesion before the need for restorative 

intervention. The conventional caries detection methods are 

visual and radiographic examinations. 

Visual examination
The first clinical sign of caries is a chalky and matte (rough) 

whitish surface (hence white spot lesion) (Fig 5-7). Microscopi-

cally, this white spot is a porous surface that can easily be 

stained into brown or black discoloration by chromogens from 

foods; thus, a caries lesion can be seen either as a white or as 

a brown/black spot lesion (Fig 5-8). There are noncavitated 

and cavitated stages of dental caries that can be identified and 

described using clinical signs.

Although it is the most common method used by clinicians, 

the detection of early caries by visual examination is consid-

ered subjective, less sensitive, and of poor specificity because 

of the various factors that might influence it. The presence of 

saliva, ambient light reflections, and bacterial plaque on tooth 

surfaces lowers the accuracy of visual examination, and the 

factors that affect color perception and interpretation render 

visual examination subjective. The sensitivity and specificity of 

this method of examination can be improved by certain pre-

requisites.

•  Clean tooth. Most often the tooth is covered by a film of bacte-

rial plaque that can camouflage a suspect lesion (Fig 5-9). It is 

necessary before caries detection that the plaque be removed 

gently with the explorer; detection may also be carried out 

immediately following prophylactic cleaning.

•  Dry tooth. The teeth should be thoroughly dried with an air-

water syringe (> 5 seconds) before all surfaces are carefully 

examined. The presence of saliva on tooth surfaces interferes 

with the detection of white spot lesions because of optical 

phenomena resulting from differences in the refractive indi-

ces of water (1.33), enamel (1.62) and air (1.0).54 A white spot 

lesion is a porous surface, and the pores are filled with saliva 

when the lesion is wet. Because the refractive indices of water 

and enamel are so close, an early white spot lesion can hardly 

be distinguished from a sound enamel surface in the pres-

ence of saliva. When a white spot lesion is thoroughly dried, 

air replaces the saliva in the pores, making the lesion frostier 

and more clearly seen.

Furthermore, drying the tooth surface during examina-

tion has diagnostic as well as prognostic functions. Removing 

water from the porous tissue enables the dentist to gauge 

how far through the enamel a lesion has progressed. A white 

spot lesion visible on a wet tooth surface indicates that 

demineralization is over halfway through the enamel, pos-

sibly extending into dentin. A white spot lesion that becomes 

visible only after thorough air drying will be less than halfway 

through enamel.55–58 Prognostically, the latter condition has 

a better chance of complete reversal, while the former condi-

tion may only be arrested.57

•  Magnification and lighting. It has been demonstrated that the 

accuracy of visual caries detection can be improved 50% with 

the use of a magnifying device, such as a prism loupe or a 

surgical microscope.59 Good lighting aids vision. The mouth is 

a dark hole and the operating lamp illuminates it. The dental 

mirror can catch and reflect the light onto individual tooth 

surfaces.

General clinical criteria for visual caries detection. The iden-

tification of a caries lesion is a stepwise process. The diagnosis 

of a caries lesion should be preceded by a series of questions so 

that the most appropriate type of intervention can be selected 

for the patient (ie, it provides a basis for a treatment decision)52: 

Is there a change from normal appearance of enamel or root 

surface (presence of a lesion)? Is the change consistent with the 

appearance of dental caries or developmental hypomineraliza-

tion? If there is caries, is it cavitated (loss of surface integrity) or 

noncavitated? If it is noncavitated, is there a shadowing under-

neath the enamel or white (or brown/black) spot lesion? If there 

is a white (or brown/black) spot lesion, is it active or arrested? 

The whitish appearance of a lesion is due to changes in 

the optical properties of enamel with demineralization or 

hypomineralization. Hence, carious white spots should be 

differentiated from developmental hypomineralizations such 

as fluorosis. The following factors may guide the dentist to a 

definitive diagnosis of a white spot as caries or developmental 

hypomineralization (Table 5-4). 

Table 5-4 Differences between white spots due to caries or developmental hypomineralization

Characteristic Caries Hypomineralization

Appearance and texture Opaque, chalky, and matte (rough) surface when air 

dried

Smooth, glossy, and less opaque surface when air 

dried

May be discolored by extrinsic stain No extrinsic discoloration

Feels rough when the tip of a CPITN probe or blunt 

explorer is moved gently across the surface

Feels smooth when the tip of a CPITN probe or blunt 

explorer is moved gently across the surface 

Location and distribution Located in plaque stagnation areas Located mainly in self-cleansing areas

Bilateral or multiple corresponding teeth; eg, canines

CPITN—Community Periodontal Index of Treatment Needs.
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Appearance and texture. After prolonged drying (> 5 seconds) 

with an air-water syringe, white spot lesions from develop-

mental hypomineralization usually have smooth and glossy 

surfaces like a sound enamel surface, while active caries lesions 

have chalky, matte (rough) surfaces. This can be elicited by 

gently running the tip of a ball-ended Community Periodontal 

Index of Treatment Needs (CPITN) probe or blunt explorer on 

the surface of the lesion. Carious white spots can be discolored 

after a long exposure in the oral environment, while the surface 

of developmental hypomineralization is not porous and cannot 

be easily discolored, except in mottling due to severe fluorosis.

Location and distribution. Caries occurs in plaque stagnation 

areas (areas that are difficult to reach by toothbrush), such 

as gingival margins, occlusal pits and fissures, buccal/lingual 

grooves and fossa, proximal areas below contact points, and 

stagnant areas created by overcrowding of teeth. Although 

developmental hypomineralization can occur at any point on 

the tooth surface, a white spot at the tip of the cusp or coronal 

third of a tooth is more likely to be a developmental anomaly 

because these areas are self-cleansing and harbor hardly any 

plaque. Moreover, white spots that occur on corresponding 

sites and have similar shape on all corresponding teeth (eg, all 

Table  

5-5

ICDAS criteria for visual examination of caries lesions, including two-digit coding for restoration and caries  

severity53,60

First digit (restoration and sealant codes) Second digit (caries severity codes)

0 = Not sealed or restored 0 = Sound tooth surface

1 = Partial sealant 1 =  First visual change (opacity or discoloration) in enamel hardly visible on the wet  

surface but distinctly visible after air drying

2 = Full sealant 2 = Distinct visual change (opacity or discoloration) in enamel, visible without air drying

3 = Tooth-colored restoration 3 = Enamel breakdown, no dentin visible

4 = Amalgam restoration 4 = Dentin shadow (not cavitated into dentin)

5 = Stainless steel crown 5 = Distinct cavity with visible dentin

6 = Porcelain, gold, PFM crown or veneer 6 = Extensive distinct cavity with visible dentin

7 = Defective restoration

8 = Temporary restoration

PFM—porcelain fused to metal.

Table 

5-6

Correlation of the ICDAS caries severity codes with the histologic depth 

of the lesions into the tooth tissue on the occlusal surface55–58

Score Demineralization depth

0 No enamel demineralization

1 Enamel demineralization limited to the outer half of the enamel layer

2 Demineralization involving enamel and the outer third of the dentin

3–4 Demineralization involving the middle third of the dentin

5–6 Demineralization involving the pulpal third of the dentin

Table 5-7 ICCS codes for general practice*

Sites of caries (1–4)

Stages of caries (0–3)

0

No disease

ICDAS 0

1

Initial lesion

ICDAS 1 and 2

2

Moderate lesion

ICDAS 3 and 4

3

Extensive lesion

ICDAS 5 and 6

1. Pits and fissures 1.0 1.1 1.2 1.3

2. Approximal surfaces 2.0 2.1 2.2 2.3

3.  Cervical and smooth 

surfaces 

3.0 3.1 3.2 3.3

4. Root surfaces 4.0 4.1 4.2 4.3

*Reprinted from Pitts and Richards2 with permission.

0 (green)—sound tooth surface; 1 (yellow)—distinct, visual noncavitated change in enamel; 2 (orange)—localized enamel breakdown;  

3 (red)—distinct cavity with visible dentin.
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first premolars) in the four quadrants of the dentition are likely 

to be developmental hypomineralizations. These sites on those 

four teeth developed at the same time and would be equally 

affected by tooth mineralization factors.

Clinical visual caries scoring system. Efforts to improve 

examiner objectivity and caries status recording has led to the 

development of scoring systems to stage lesions along the 

continuum—from very small initial lesions, just visible to the 

human eye, through established white and brown spot lesions, 

to shadowing beneath the enamel, and to different extents of 

cavitation.53 The International Caries Detection and Assessment 

System (ICDAS) is highly recognized among these systems.60 

It was developed for use with primary coronal caries, caries 

adjacent to restorations and sealants, and for root surface caries 

and includes noncavitated caries lesions. The ICDAS detection 

codes (Table 5-5) include a seven-point staging of caries, which 

enable a detailed recording of caries status during a patient’s 

initial assessment comparison over time. It is also applied in 

caries risk evaluation and reevaluation. ICDAS is a two-stage, 

two-digit coding system comprised of a code for the restora-

tion and sealant status of the tooth surface, followed by a code 

for the caries severity (see Table 5-5).

Although the ICDAS caries severity codes 1 and 2 of noncavi-

tated caries (white or brown spot lesion) are based on clinical 

appearance of the lesion in relation to moisture on the surface, 

it has value for diagnosis, treatment, and prognosis. For occlusal 

surface caries, there is a high correlation between the ICDAS 

caries severity codes and the histologic depth of the lesions 

into enamel and dentin55–58 (Table 5-6). Studies have demon-

strated histologically that in ICDAS code-1 lesions the enamel 

demineralization is limited to the outer half of the enamel 

layer55–58; this lesion has higher chances of complete reversal 

with remineralization therapy. In an ICDAS code-2 lesion, the 

demineralization involves the entire enamel layer and outer 

third of the dentin layer,55–58 and this lesion stands higher 

chances of being arrested rather than reversed. 

The ICDAS Committee also developed an International Car-

ies Classification System (ICCS), a simplified format of ICDAS 

codes for general practice2 (Table 5-7). This format groups the 

ICDAS codes into four color-coded stages of caries.2 The color 

coding facilitates communication between patients and the 

dental team.

Visual caries detection specific to different types of lesions. 

Pit and fissure lesions. Detection of carious structure in fis-

sures and pits is most often performed by visual inspection, 

and good lighting and dry, clean teeth are prerequisites. Any 

sign of visible cavitation in the occlusal surface corresponds to 

progression of the lesion into the dentin.55,56,61 When occlusal 

surface caries was recorded visually using a caries score ranking 

system (see Table 5-5), a high correlation with the histologic 

depth of the lesions into enamel and dentin was found55,56,61 

(see Table 5-6).

Shadowing or grayish discoloration of the adjacent trans-

lucent enamel along the pits and fissures may indicate pos-

sible undermining of enamel by hidden caries. Opaque, matte 

texture of enamel adjacent to the stained pits and fissures may 

indicate the presence of active caries underneath them. When 

there is no caries underneath, discoloration will remain within 

the confines of the pit and/or fissure. However, lesions under-

neath (along the walls) will be discolored by stain that diffused 

through the porous lesion surface. Looking perpendicularly 

through the translucent adjacent healthy enamel along the 

pit and/or fissure, a clinician can observe these stained “wall” 

lesions as discoloration extending beyond the confines of the 

pit and/or fissure in the form of a “bottle-brush” appearance 

(Fig 5-10). These lesions are caused by plaque stagnation at 

the entrance to the fissure. When this plaque is cleaned off, 

the lesion is clearly visible. The patient can arrest this lesion by 

brushing with toothpaste containing fluoride.62

Careful examination of bitewing radiographs is also impor-

tant, although occlusal enamel lesions will not be visible. 

Carious dentin, however, can usually be detected, and such 

lesions are often large (Fig 5-11). Bitewing radiographs provide 

a “safety net” for detecting occlusal lesions.57,63

Tactile examination of fissures with a dental explorer has 

long been advocated as an important method to detect caries 

lesions, but research has shown this to be an unwise practice. 

The method is inaccurate,64,65 and, worse, the explorer can 

Fig 5-10 Illustration of the visual detection of lesions on the 

walls of stained pits/fissures. (a) A stained fissure (red circle) 

under visual examination. (b) Looking perpendicularly through 

the translucent adjacent healthy enamel along the fissure 

(white arrows), lesions on the walls of the fissure are seen as 

discoloration extending (ie, underneath the translucent enamel) 

beyond the confines of the fissure with a “bottle-brush” appear-

ance (red arrows).

a b
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damage a white spot lesion by breaking through the relatively 

intact surface zone66 (Fig 5-12). Vigorous use of a sharp explor-

er can cause a cavity that will subsequently trap dental plaque 

and encourage lesion progression. Detection of fissure caries 

lesions should rely on sharp eyes, not sharp explorers. The clini-

cian should use the explorer in the following appropriate ways:

•  Detect and remove plaque in fissures, along gingival margins, 

and in proximal spaces.

•  Gently “feel” margins and defects to confirm and assess cavi-

tations.

•  Gently “feel” the hardness of root surface lesions.

•  Gently “feel” the texture (roughness) of white spot lesions by 

gentle running of the tip of a ball-ended CPITN probe or blunt 

explorer on the surface of the lesion.

Lesions involving proximal surfaces. Extensive active proximal 

lesions can be revealed by shadowing or grayish discoloration 

of the undermined occlusal enamel ridge. Otherwise, when 

there is contact between proximal surfaces, the radiograph is 

the most accurate method for detecting demineralization. In 

the premolar and molar regions, lesion progression or arrest 

can be monitored, provided that subsequent bitewing radio-

graphs are taken at approximately the same angulation.66 

The radiograph should be examined carefully to determine 

whether caries lesions are present in the outer enamel, at the 

dentinoenamel junction, in the outer half of dentin, or in the 

inner half of dentin (Fig 5-13). 

For detection of proximal lesions in anterior teeth, the fiber-

optic transillumination technique is particularly appropriate 

and convenient.67 With this technique, a fine light, coned down 

to a 0.5-mm diameter, is transmitted through a contact area. 

A lesion appears as a dark shadow. It is difficult, however, to 

discriminate between demineralization extending just into 

enamel and that progressing further into dentin, especially in 

the posterior areas. 

Finally, use of an orthodontic separator has been advocated 

in some cases to allow the dentist to see more clearly and to 

gently feel for a break in the enamel surface.68

Lesions on buccal, lingual, and root surfaces. Active caries 

lesions in smooth, free enamel surfaces are typically located 

close to the gingival margin and have chalky matte, whitish/

yellowish surfaces. A caries lesion on a root surface is seen 

as a clearly demarcated, light brown, dark brown, or black 

discolored area on the root surface or at the cementoenamel 

junction.69 A root surface lesion is cavitated if there is loss of 

surface integrity or if the depth of the cavity is ≥ 0.5 mm when 
measured with the ball of the CPITN probe. The diameter of the 
ball is 0.5 mm, so if the cavity accommodates the ball, then the 
depth is ≥ 0.5 mm. If there is no loss of surface integrity or if the 
depth of the cavity is less than 0.5 mm (does not accommodate 
the ball), the lesion is noncavitated.69

Secondary or recurrent caries. Secondary caries or recurrent 

caries are primary lesions at the margins of a restoration. The 

Fig 5-11 The radiograph as “safety net”: 

Occlusal carious dentin is well detected (man-

dibular left first molar).

Fig 5-12 (a and b) The explorer tip can easily damage white spot lesions.

a b

Fig 5-13 (a and b) Radiographs showing proxi-

mal demineralizations in the outer enamel to the 

dentinoenamel junction and in the outer and inner 

half of dentin. (Occlusal lesions are visible on the 

mandibular left second molar and right first and 

second molars, and a recurrent caries lesion is 

underneath the restoration on the maxillary left 

first molar.)

a b
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clinical criteria are thus identical to those for primary caries. The 
dentist can check that the restoration is secure in the cavity by 
pushing it with an explorer; a loose restoration ensures plaque 
stagnation, and active caries is likely to be present.

Radiographic examination
Bitewing radiography has a long history in the dentist’s arma-
mentarium for the detection of lesions that are clinically hidden 
from a careful clinical visual examination (eg, proximal caries). 
The importance of radiographs to diagnose initial caries lesions 
in proximal surfaces is well established.70 It is possible to detect 
early proximal lesions amenable to preventive care. However, 
radiographic evaluation of occlusal surfaces has been found 
to be of minimal diagnostic value for detecting enamel caries 
and superficial dentinal caries because of the large amounts of 
surrounding sound enamel. In deeper occlusal lesions reaching 
the dentin, radiographs show a high specificity (the identifica-
tion of true negatives). Although useful for proximal surfaces, 
the bitewing radiograph still cannot distinguish between cavi-
tated and noncavitated proximal lesions; thus, it is necessary 
to establish what level of radiolucency should be accepted as 
cavitation.71 This threshold will aid in determining the treat-
ment strategy to be applied for a particular lesion (Fig 5-14). 
The threshold determines the sensitivity (the identification of 
true positives) and specificity of detection decisions. A low 
diagnostic threshold leads to detection of not only more 
small lesions but also more false-positive diagnoses, while a 

high threshold will increase the specificity but will lower the 
sensitivity because the small lesions will be missed. Although 
bitewing radiographs can be used to estimate the depth of the 
lesion, the radiographic extent of radiolucency is not precisely 
correlated to the histologic extent of the lesion. Radiographs 
have been shown to underestimate the depth of the lesion.72 
Bitewing radiography is associated with the problem of varia-
tion in the quality of radiographs and differences in the viewing 
conditions. Radiographs should be obtained using a film holder 
and beam-aiming device to take the guesswork out of tube 
alignment and allow comparable views to be taken on subse-
quent occasions.66 Because lesions confined to enamel should 
be managed by preventive treatment, radiographic monitoring 
is important. 

Computer enhancement tools have been developed to 
allow images from video or digital radiographs to be enlarged 
to aid in early diagnosis. In addition, color enhancement  
increases visual contrast and has been proven to be an objec-
tive and reproducible methodology.73–76 The Logicon Caries 
Detector software (Northrup Grumman)73–75 and MiPACS Den-
tal Enterprise Viewer (Medicor Imaging) are currently being 
used in conjunction with digital radiographs for clinical car-
ies detection. The use of digital radiography permits image 
manipulation and reduces the amount of radiation required 
to obtain a diagnostic image. Although processing of digi-
tized and directly captured images tended to perform more 
accurately than conventional radiography, studies have shown 

Fig 5-14 Algorithm for diagnosis and management of caries lesions in proximal coronal surfaces of permanent teeth based on radiographic classification of lesions. 

(Courtesy of the Department of Comprehensive Dentistry, University of Texas Health Science Center at San Antonio.) E1—less than halfway through proximal enamel; 

E2—more than halfway through proximal enamel, not penetrating past the dentinoenamel junction; D1—slightly past the DEJ; D2—less that halfway through dentin 

toward the pulp; D3—halfway or more through dentin.
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no significant difference between the two methods.76 Thus, 
digital intraoral radiographs appear to be as accurate as film 
radiographs for the detection of dental caries. The sensitivity of 
digital systems is relatively high for detection of occlusal lesions 
into dentin but is of no value for detection of early enamel 
lesions.76 Just like the conventional radiographic films, the main 
disadvantage of the digital radiography is the high number of 
false-positive results when used for occlusal caries detection.77

Caries detection aids 
Caries is a dynamic process of alternating demineralization 
and remineralization that may result in progression, regression 
(reversal), or arrest (stabilization) of the lesion. Thus, the activi-
ties of a caries lesion continue to change over time as a result of 
continued change in mineral status of the lesion. Hence, there 
is a need for devices that aid in monitoring by quantitatively 
assessing the mineral changes over time within a caries lesion. 
The conventional caries detection methods, visual and radio-
graphic examination, cannot quantitatively account for this 
dynamic of caries. 

Diagnostic techniques capable of providing valid, reliable, 
and nonsubjective measurements are in demand. The read-
ings in an acceptable instrument must be consistent between 

different models for the same operator on different occasions 
and for different operators. There are an increasing number 
of new technologies being developed to aid detection and 
monitoring of caries lesions. Most of these devices claim to 
detect and monitor caries activities based on the change in the 
reflectance, transmission, fluorescence, electrical conductance/
impedance, or ultrasound transmittal properties of enamel 
following demineralization. These claims have not been evalu-
ated using controlled clinical trials. Although such instruments 
cannot make the clinical judgment of lesion activity when used 
once, a valid and reproducible method could be used longitu-
dinally to measure lesion progression or arrest.

Diagnosis 
Clinical observations have demonstrated that caries lesions 
can be arrested at any stage of lesion development provided 
that clinically plaque-free conditions are maintained. Thus, a 
caries lesion detected in a clinical examination can be active or 
inactive. An active lesion is considered to have a greater likeli-
hood of transition (progress, arrest, or regress) than an inactive 
lesion. Hence, it must be determined whether the detected 
lesion is active or inactive. If the lesion is arrested, no treatment 

Table 5-8 Characteristics of active and arrested lesions in enamel and roots

Condition Tooth tissue Active Arrested

Appearance Enamel Lesion is chalky (lacks luster) when air 

dried and is whitish or yellowish  

Lesion has shiny surface when air dried and may 

be whitish, brownish, or blackish  

Root Clearly demarcated and may be discol-

ored yellowish/light brown

Note: Color change is not a reliable indi-

cator

Same as active lesion

Texture Enamel Feels rough when the tip of the probe 

(explorer) is moved gently across the 

surface

Feels hard and more smooth than rough when 

the tip of the probe is moved gently across the 

surface

Root Lesion has soft or leathery base on gentle 

probing using blunt or CPITN probe

Lesion has hard and shiny base using blunt or 

CPITN probe

Translucency Enamel Opaque Semitransparent  

Root NA NA

Presence of plaque Enamel Lesion covered by plaque Generally plaque free

Root Lesion covered by plaque Generally plaque free

Locations Enamel Mostly on plaque stagnation areas Lesion area is usually plaque free

Root Anywhere Same as active lesion

Cavitation Enamel From localized surface defect (micro-

cavity) in enamel only to distinct cavity 

with soft or leathery base on gentle  

probing

From localized surface defect (microcavity) in 

enamel only to distinct cavity with hard base on 

probing with gentle pressure; surface of cavity 

may be shiny

Root Cavitated if there is loss of surface integ-

rity or if the depth is ≥ 0.5 mm measured 
using the ball of the CPITN probe;

noncavitated if no loss of surface integrity 

or if the depth is < 0.5 mm

Same as active lesion

NA—not applicable.
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is required except for esthetic or functional reasons. If the lesion 
is active, treatment is needed to arrest lesion progression and 
must include preventive measures. It may also include restor-
ative dentistry. Thus, caries diagnosis includes both caries 
detection and the assessment of lesion activity.78 

Assessing caries activity 
There are some features of individual lesions that indicate 
whether a lesion is active or arrested. These assessments are 
inevitably “best guesses,” but this is acceptable because most 
patients see their dentist at regular intervals. Thus, the initial 
diagnosis should be refined at recall visits, and the effects of 
preventive treatment can be assessed. Table 5-8 lists param-
eters relevant in the assessment of caries activity.

The features of active and arrested lesions79 at the individual 
sites are discussed in the following section.

Occlusal lesions. The visual features of occlusal caries lesions 
were presented in Table 5-5. The occlusal surface must be 
cleaned by the dentist with a brush before it is examined. 

The following features indicate lesion activity: 

•  White spot lesions that have a matte or visibly frosted surface 
or are plaque covered (visible after drying or application of a 
disclosing solution)62 

•  Cavitated lesions, including small cavities and cavities expos-
ing dentin (Fig 5-15) 

• Lesions visible in dentin on bitewing radiographs80

The lesion may be arrested if white or brown spot lesions 
with a shiny surface62 are present (Fig 5-16).

Proximal lesions. Diagnosis of lesion activity is more difficult 
when the adjacent tooth precludes a direct visual assessment. 
(The radiographic features of proximal lesions are presented 

in chapter 2 and in preceding paragraphs.) The presence or 
absence of a cavity is relevant to lesion activity, but this cannot 
be determined from the radiograph unless the lesion is very 
deep. For an active caries lesion to be arrested, plaque must be 
removed regularly from the cavity. However, on a proximal sur-
face, there is no access for the toothbrush, and even the most 
fastidious of flossers will only slide over the surface. 

The following features tend to indicate lesion activity: 

•  A patient with proximal lesions on the radiograph who is at 
high risk for caries71

•  A proximal lesion present radiographically plus persistent gin-
gival inflammation despite the patient’s attempts to remove 
plaque with dental floss81

• A lesion not present at previous examination 

The following features indicate that the lesion may be 
arrested: 

•  Successive, reproducible bitewing radiographs showing no 
lesion progression 

•  A patient who is now judged to be at low risk for caries 
because, following preventive behavior, he or she presents 
with no new lesions 

Smooth, free surface lesions. These are probably the most 
straightforward lesions for assessment because they are the 
most visible. Of all lesions, these are the ones most likely to be 
arrested by preventive treatment alone. 

The following features indicate lesion activity: 

•  White spot lesions close to the gingival margin that have a 
matte or visibly frosted surface; these are often plaque cov-
ered (Fig 5-17) 

Fig 5-15 Active occlusal caries. Fig 5-16 Arrested lesions.
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•  Cavitated, plaque-covered lesions with or without exposed 
dentin; if dentin is exposed and soft, the dentin is heavily 
infected and the lesion is active (Fig 5-18)

The following features indicate that the lesion is arrested: 

•  Shiny white or brown lesions, often well exposed due to gin-
gival recession; the lesions are not plaque covered (Fig 5-19) 

•  Cavitated lesions, often dark brown, with hard dentin at 
their bases; the lesions are not plaque covered and are often 
remote from the gingival margin (Fig 5-20)

Root caries. Active lesions are: 

• Close to the gingival margin and plaque covered 
• Soft or leathery in consistency 

Arrested lesions are: 

•  Often at some distance from the gingival margin and not cov-
ered with plaque (Fig 5-21) 

• As hard as the surrounding healthy root surface82 

Color is unreliable in differentiating active from inactive 
lesions. While arrested lesions may be dark, so may be the soft 
dentin in some active lesions. There currently is no clear expla-
nation of why demineralized dentin is brown.

Recurrent caries. A caries lesion at the margin of a restoration is 
called recurrent caries, and its diagnosis on various tooth surfac-
es is the same as that described previously for primary lesions. 

The bitewing radiograph is very important in the diagnosis of 
recurrent caries lesions because they often form cervical to an 
existing proximal restoration, in the area of plaque stagnation. 
Lesions that are obviously in dentin as seen radiographically 
tend to be cavitated and active. However, research has shown 
that ditching and staining around an amalgam restoration83 
and staining around a tooth-colored restoration84 are not reli-
able indicators of an active caries lesion beneath a restoration.

Assessing Caries Risk
Caries risk may be defined as the probability of an individual 
developing a certain number of caries lesions reaching a given 
stage of disease progression during a specified period.85 It is 
a key and essential component of PCCM.2 Because caries is 
a multifactorial disease, it is not surprising that the format of 
existing tools for caries risk assessment varies among develop-
ers and depends on the information the tool is tailored to col-
lect. However, a tool for comprehensive caries risk assessment 
should consist of three major sections (Fig 5-22). The first part 
is the subjective section that collects the information given 
by the patient on his or her (1) oral hygiene attitude, includ-
ing dental plaque control and use of fluoride/other anticaries 
agents; (2) dietary habits; (3) access to dental care; (4) use of 
tobacco; and (5) use of medications affecting caries risk. The 
second part is the objective section that contains information 
gathered about the patient by the dentist through clinical 
examination, clinical tests (if applicable), and conversation and 
is composed of the (1) medical history, (2) social history, (3) 
existing caries and restorations, (4) saliva properties, and other 

Fig 5-17 Matte, white, active cervical lesions. Fig 5-18 (a and b) Cavitated, active cervical lesions.

Fig 5-19 Shiny, white, arrested cervical lesion. Fig 5-20 Brown, arrested lesion. Fig 5-21 Arrested root caries lesions.

a b
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Caries risk FaCtors Initial Evaluation

(Check where applicable) Yes No

1. Medical & social History

Autoimmune disease (eg, Sjögren, RA)

Hyposalivary medications

Radiation therapy

Physical disability

Eating disorder/GERD

Diabetes

Tobacco/alcohol

Recreational drugs

2. Predisposing oral Conditions

Plaque

Malocclusion/crowding

Appliances

3. Caries

Cavitated lesions

Radiographic lesions

White spots/initial caries lesions

Recent restorations (past 3 yrs.)

4. Dietary

Sugary snacks

Sugary drinks/soda

5. Protective Factors

Fluoridated water

Fluoride toothpaste/mouthrinse

Xylitol gum/mints

6. saliva

Salivary flow

Salivary pH

Buffering capacity

interpret findings and determine 

overall risk (see guidelines  

table 5-9)

overall Caries risk status

Low Moderate High

PreveNtive treatMeNt PlaN

(Check if recommended)

oral Hygiene instruction & Plaque Control

❑ Brush twice a day with a fluoride toothpaste

❑ Floss daily

❑ Prophylaxis

❑ Gross debridement

❑ Scaling & root planing

Diet

❑ Dietary assessment

❑ Dietary & oral health counseling

saliva

❑ Unstimulated flow rate

❑ Stimulated flow rate

❑ Saliva retest

❑ Salivary flow stimulation counseling

❑ Salivary products

❑ Rx medications

Fluoride

❑ Professional application (APF, neutral NaF)

❑ OTC (ACT/Fluoriguard, Oral B 0.05% NaF)

❑ Rx (Prevident 1.1% NaF, Gel-Kam 0.4% SnF
2
)

❑ 1 (at night)           ❑ 2 (morning and night)

❑ Remineralization: 

            Tooth #: ___ ___ ___ ___ ___ ___ ___ 

           Surfaces: ___ ___ ___ ___ ___ ___ ___

❑ Topical fluoride varnish

❑ Rx fluoride supplement (NaF tablets)

other

❑ Sealants:      Tooth #: ___ ___ ___ ___ ___ ___ ___

❑ Xylitol gum (After meals for 10 minutes)

tobacco

❑ Cessation counseling

❑ Cessation program referral

Caries risk reevalution                          Due Date

❑ 3 mo.      ❑ 6 mo.      ❑ 12 mo.

Caries risk assessMeNt ForM

Patient Name: ______________ Age: ________ Patient #: ________ Initial Assessment Date: ________ Reevaluation date: ________

How often do you brush? ______________ Floss? _________

Type of toothpaste used: ______________________________

Do you brush your teeth before bedtime? Yes / No

Do your gums bleed when you brush? Yes / No

Do you use a mouthrinse? Yes / No           Type: __________

Does your mouth feel dry? Yes / No

What relieves your dry mouth? _________________________

Do you use breath mints? Yes / No           Type: ___________

Do you chew gum? Yes / No                    Type: ___________

Do you drink milk or eat cheese every day? Yes / No

How many snacks do you eat per day? __________________

Type of snacks: _____________________________________

How many beverages do you drink per day? ______________

Type of beverage: ___________________________________

When was your last dental visit? ____________________________        Have you had a filling in the past 3 years? Yes / No

Do you use tobacco? Yes / No        If No, have you ever used tobacco in the past? Yes / No

Medications affecting oral disease risk: _______________________________________________________________________________

IntervIew patIent for InformatIon above dashed lIne:

dentIst Completes InformatIon below dashed lIne:

Fig 5-22 Caries risk assessment form. (Modified from the Department of Comprehensive Dentistry, University of Texas Health Science Center at San Antonio with 

permission.) 
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oral conditions predisposing the patient to caries risk. The third 
part is the synthesis section that identifies the overall risk level 
(low, moderate, high) of the patient. Some tools may contain a 
fourth section that lists the preventive care options from which 
the clinician can develop a personalized preventive plan for an 
individual patient. 

Identifying the risk factors 

Presence of caries
The presence of cavitated, noncavitated (initial lesions), and/
or radiographic (mainly proximal lesions) caries lesions is an 
indication that the patient is actively developing new caries 
that are progressing from initial caries to visible cavitations. 
Any of these findings is an indication that the patient is at risk 
of developing caries, and they should be carefully assessed, 
along with other caries risk factors, to determine the patient’s 
overall caries risk.

Recent restorations (one or more within the past 3 years) 
is also an indication that the patient has been active in devel-
oping caries and should be seen to be at a risk of developing 
further caries, which places the patient in a high-caries-risk 
category. Combining this information with the date of the last 
dental visit gives an indication of the patient’s caries activity 
over a period of time and also indicates the ability and interest 
of the patient in seeking dental care. 

Dental plaque 
Dental plaque is a risk factor for dental caries.86 All patients with 
active lesions should be shown the relationship of disclosed 
plaque in the mouth to the lesions that are present. This makes 
advice on tooth cleaning relevant to the patient and specific to 
the lesion. 

Note should be taken of the following experimental evi-
dence87:

•  Fluoride concentration of toothpaste. Confirm that the patient 
is using a toothpaste containing fluoride (1,000 ppm and 
above). Although the international recommendation is 1,000 
ppm fluoride for younger children and up to 1,500 ppm for 
older children, the decision of what fluoride levels to use for 
children under 6 years should be balanced with the risk of 
fluorosis. The possible risk of fluorosis may necessitate recom-
mending using toothpaste containing less than 1,000 ppm 
fluoride.88

•  Frequency of brushing. Fluoride-containing toothpaste should 
be used twice a day, including immediately before bedtime. 

•  Toothbrushing in children. Check that a parent or caregiver is 
helping a child to brush and supervising the amount of tooth-
paste on the brush for children younger than 7 years of age. 
The adult should complete the brushing, paying particular 
attention to occlusal surfaces of erupting teeth. 

•  Rinsing behavior. Ask whether large volumes of water are 
used to wash away excess toothpaste. The message should 

be to “spit, don’t rinse” or to use the toothpaste slurry as rinse 
before spitting. This maintains the fluoride in contact with the 
teeth longer.

•  Ability to remove plaque. When plaque is disclosed, can 

the patient remove it? On a subsequent visit, has he or she 
removed plaque? The answer to the second question defines 
the patient’s motivation rather than his or her ability with a 
toothbrush. 

It should also be remembered that placing a dental appli-
ance such as an orthodontic appliance89 or a partial denture90 
in the mouth can encourage plaque retention and explain the 
development of caries lesions. 

Use of fluoride
Check the following: 

• Does the patient’s toothpaste contain fluoride? 
•  Does the patient live in an area in which the water is fluori-

dated? 

The patient with multiple lesions is unlikely to live in an area 
with fluoridated water. It is also possible that he or she has 
selected (perhaps unwittingly) nonfluoride toothpaste. 

Diet 
The diet of a patient presenting with multiple lesions, whether 
white spots or cavities, should be analyzed for frequency of 
sugar intake. An inappropriate dietary habit, such as a sweet 
drink frequently consumed, will often be obvious.91 

Saliva 
A dry mouth predisposes to high caries risk,92 and measuring 
salivary flow, particularly unstimulated, is useful because a low 
flow rate may help to explain multiple lesions. There are four 
common causes of dry mouth: 

1.  Medications, such as antidepressants, antipsychotics, tran-
quilizers, antihypertensives, and diuretics

2.  Sjögren syndrome, which affects the salivary and lacrimal 
glands, leading to a dry mouth and dry eyes; rheumatoid 
arthritis may indicate the presence of this disorder 

3.  Eating disorders, which may induce hyposalivation; this, 
combined with a poor diet, can lead to extensive caries93 

4.  Radiation therapy in the region of the salivary glands for a 
head and neck malignancy, which often induces xerostomia 

Patients with multiple caries lesions will have high salivary 
counts of mutans streptococci and lactobacilli. Many research 
studies have shown that these counts help predict caries risk.94 
This large volume of work appears to show that, in individual 
patients, low counts are often good predictors of low risk but 
that the opposite is not necessarily true. Therefore, the routine 
use of salivary counts for the prediction of risk status is not rec-
ommended for everyone. 
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Medical history 
Medically compromised and handicapped people may be at 
high risk for developing caries, and the onset of such problems 
may explain a change in a patient’s caries status.95 For these 
patients, oral hygiene may be difficult, and long-term use of 
medicines can be a problem if the medicines are sugar based96 
or cause reduced salivary flow. 

The most important caries risk factor in a medical history is 
the complaint of dry mouth, discussed previously. It is impor-
tant to realize that the medical history is a factor that can 
change. A vigilant dentist will detect such changes and assist 
the patient with the potential dental consequences. 

Social history 
Many studies97,98 have shown that social deprivation can pre-
dispose to caries. The dentist may notice high caries rates in 
siblings, and the patient or parent may possess little knowledge 
of dental disease. Concern about dental health may be low and 
dental visits irregular.

Guide to identifying the overall caries risk status 
of the patient 

The dentist is now in a position to categorize the caries risk 
status (low, moderate, high) of a patient. Identifying the caries 
risk status can be facilitated by categorizing the information 
gathered in the subjective and objective sections of the assess-
ment tool into “risk” (pathologic) factors that may increase car-
ies risk and “protective” factors that may decrease caries risk99 
(Fig 5-23). Certain factors and criteria as summarized in Table 

5-9 and 5-10 may help a dentist in making the decision on the 
overall risk level of the patient.

Knowledge of the risk and protective factors serves both 
diagnostic and prognostic purposes and forms the basis for the 
preventive portion of the treatment plan, while the overall caries 
risk status forms the platform for the integrated, personalized 
treatment plan for the individual patient. This risk knowledge 
may be of great use to the dentist in explaining the lesions that 
are present and in identifying factors that need to be modified 
in order to reduce risk; poor plaque control and/or a frequently 
consumed sweet drink is a good example of this. Other factors 
that cannot be modified may affect the preventive manage-
ment regimen and the prognosis. For instance, a patient with 
reduced salivary flow because of Sjögren syndrome is, and will 
remain, at high risk for caries. Furthermore, while the dentist 
might like to make the prediction, “This patient will develop 
new caries lesions within the next 12 months unless something 
is done to prevent it,” it is difficult to predict accurately because 
caries is a multifactorial disease. Clinical and radiographic 
examination and dental history are the most important sources 
of information. Thus, a person with no active lesions, few or no 
restorations, and no history of needing restorations replaced 
may safely be designated as currently at low risk. On the other 
hand, a person with multiple active lesions, a heavily restored 
mouth, and a history of repeated replacement of restorations 
may be designated as being at high risk. Instead of concentrat-
ing on predicting the future, dentists should concentrate on 
controlling the caries lesions their patients have at present. The 
linchpin of the preventive approach is proper self care, and this 
also helps to prevent future lesions.

Fig 5-23 A schematic of 

the caries balance. (Modified 

from Featherstone99 with per-

mission.)

Caries balance

Pathologic factors

• Acid-producing bacteria

• Subnormal salivary flow or function

• Reduced fluoride availability

• Frequent intake of fermentable carbohydrates

Protective factors

• Good oral hygiene

• Good salivary flow and components

• Topical fluoride application

• Sealants

• Use of other anticaries or remineralizing agents

Caries No caries
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Table 5-9 American Dental Association (ADA) recommended guide to identifying an overall caries risk status100

Caries risk  

category Younger than 6 years 6 years or older 

Low No white spot or cavitated primary or secondary caries 

lesions during the last 3 years and no factors that may 

increase caries risk

No white spot or cavitated primary or secondary caries 

lesions during the last 3 years and no factors that may 

increase caries risk

Moderate No white spot or cavitated primary or secondary caries 

lesions during the last 3 years but presence of at least 

one factor that may increase caries risk

One or two white spots or cavitated primary or secondary 

caries lesions in the last 3 years

OR

No white spot or cavitated primary or secondary caries 

lesions in the last 3 years but presence of at least one  

factor that may increase caries risk

High •  Any white spot or cavitated primary or secondary caries 

lesions during the last 3 years

•  Presence of multiple factors that may increase caries 

risk

•  Low socioeconomic status, especially in children too 

young for their risk to be based on caries history

• Suboptimal fluoride exposure

• Xerostomia

•  Three or more white spots or cavitated primary or second-

ary caries lesions in the last 3 years

• Presence of multiple factors that may increase caries risk 

• Suboptimal fluoride exposure

• Xerostomia

Table 5-10 Specific caries risk factors that may guide the overall caries risk status

Factor       High risk       Low risk

Plaque Poor hygiene Good hygiene

Type of diet High sucrose Low sucrose

Carbohydrate frequency > 7 times per day < 7 times per day

Resting SFR < 0.2 mL/min ≥ 0.2 mL/min

Stimulated SFR < 0.7 mL/min ≥ 0.7 mL/min

Buffer capacity Low:    pH High:    pH

Fluorides Low:    remineralization Optimal:    remineralization 

Caries lesions White spots No white spots

Caries activity Within last 3 years None

Socioeconomic status ≤ Poverty level > Twice the poverty level

Mother’s caries history High caries rate Not caries active

Sibling caries history High caries rate Not caries active

Home dental care None Established

SFR—salivary flow rate.
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Risk-Based Caries Management

Traditionally, radiographic evidence of demineralization in 
enamel or to the dentinoenamel junction has led to the imme-
diate decision to place a restoration. Such management is still 
an accepted part of some state board examinations. However, 
contemporary research has shown that this is not the correct 
approach. Radiographs may reveal demineralization, but this 
does not necessarily mean that there is an active lesion. If the 
lesion is arrested, it requires no treatment. Caries is caused by 
a multifactorial process, and its management should reflect 
this.101 The general approach to active caries should be preven-
tive treatment,19 including plaque control, use of fluoride, and 
dietary modification. Restoration makes up only one part of a 
strategy to facilitate plaque control. Hence, the recommended 
caries management strategy is PCCM, which is enabled by 
the ICDAS clinical visual scoring systems for caries detection 
and activity53,60 and integrated into the CAMBRA treatment 
approach.3,4 With PCCM, treatment should be based on inter-

pretation of the activity of the lesion and on future caries risk. 
Thus, a personalized treatment plan is developed from the 
information gathered through the risk assessment together 
with the overall caries risk status of the patient. The plan should 
involve the choice of appropriate treatment options (preven-
tive and noninvasive treatment options; operative and mini-
mally invasive treatment options), followed by maintenance 
care, including recall visits for reassessment and monitoring.

Establishing the right protocols can help protect patients. 
Figures 5-24 to 5-26 (see also Fig 5-14) demonstrate the algo-
rithms for the management of lesions in occlusal pits/fissures, 
nonproximal smooth surfaces, proximal surfaces, and root sur-
faces, with different features leading to different treatment 
options depending on lesion activity and risk assessment. 
Boxes 5-1 to 5-3 depict the general guidelines for caries man-
agement in an individual patient; these contain all the elements 
of personalized treatment planning and are based on the acro-
nym PTPM (plaque control, treatment of existing caries lesions, 
protection of surfaces at risk, and maintenance for prevention).

No treatment

Moderate

or highLow

Sealant
(with cleaning or slight enamel preparation in  

external 0.5 mm of fissure to provide sound 

enamel for bond)

Restoration
• Preventive resin restoration

• Preventive amalgam restoration

No caries lesion or arrested caries  

lesion in fissure with caries-susceptible 

morphology

ICDAS score 1 or 2

Suspected but no distinct 

evidence of caries lesion at  

base of fissure

ICDAS score 1 or 2

Obvious cavitation or  

radiographically evident carious  

dentin at base of fissure

ICDAS scores 3, 4, 5, 6

Caries

risk

Fig 5-24 Algorithm for caries management in fissured surfaces of permanent teeth. (Courtesy of the Department of Comprehensive Dentistry, University of Texas 

Health Science Center at San Antonio.)
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Caries

risk

Lesion
progression

Lesion arrest
(remineralization

therapy)

Restoration  
(RC, RMGI, or  

sandwich)

Monitor lesion at 
periodic reevaluation 

appointment

Low

Moderate  

or high

Yes

No

No evidence of lesion  

progression at 3 to 6 months

Evidence of lesion  

progression at 3 to 6 

months

Lesion soft to  
explorer and  

estimated depth  
less than 0.5 mm

Lesion soft to  
explorer and  

estimated depth  
greater than 0.5 mm

Lesion hard to  
explorer; stained or 

unstained

Fig 5-26 Algorithm for diagnosis and management of caries lesions in root surfaces of permanent teeth. RC—resin composite; RMGI—resin-modified glass ionomer. 

(Courtesy of the Department of Comprehensive Dentistry, University of Texas Health Science Center at San Antonio.) 

Fig 5-25 Algorithm for management of initial caries lesions in nonproximal coronal smooth surfaces of permanent teeth. RMGI—resin-modified glass ionomer. (Cour-

tesy of the Department of Comprehensive Dentistry, University of Texas Health Science Center at San Antonio.) 

YesNo

(Dull surface 

when air dried)

(Shiny surface 

when air dried)

Noncavitated lesion (white spot lesion)

ICDAS score 1 or 2

or

Lesion with only slight loss of surface integrity

ICDAS score 3

Cavitated lesion

ICDAS scores 4, 5, 6

Restoration
(resin composite, RMGI,  

sandwich, or amalgam)

Monitor lesion  
at recall appointments

Lesion arrest
(remineralization or resin infiltration) 

and recall for reevaluation of risk 

status and lesions

Lesion

active

No evidence of

lesion progression at 1 year
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Step 1: Plaque control

•  Provide prophylactic treatment followed by fluoride 
application

• See patient regularly to reinforce oral hygiene 

Step 2: Treatment of existing caries lesions 

• Treat noncavitated lesions as needed
• Restore cavitated lesions and seal surrounding pits and 

fissures as needed
• Salivary flow measurement to check for dry mouth and 

treat for xerostomia if needed 

Step 3: Protection of surfaces at risk 

• Seal all deep pits and fissures 
• Apply fluoride varnish to exposed roots

Step 4: Maintenance care for prevention 

•  Review oral hygiene and dietary habits and advise 
patient to:
– Reduce the number of between-meal sweet snacks 
– Substitute snacks rich in protein

• Advise patient to brush at least twice daily with high 
fluoride–delivery toothpaste

• Advise patient to floss once daily 
• Provide home treatment and/or other adjunctive ther-

apy:
– Use over-the-counter fluoride rinse daily
–  Chew or suck xylitol-containing gum or candies three 

times daily
• Recall patient every 3 months to: 

– Reevaluate current caries risk
– Receive fluoride varnish treatment of all teeth

•  Obtain bitewing radiographs every 3 to 6 months to 
check for lesions

Box 5-1

General guidelines for caries management 

for a high-caries-risk patient, based on 

PTPM

Step 1: Plaque control 

•  Provide prophylactic treatment followed by fluoride 
application

• See patient regularly to reinforce oral hygiene

Step 2: Treatment of existing caries lesions 

• Treat noncavitated lesions as needed
•  Restore cavitated lesions and seal surrounding pits  

and fissures as needed 

Step 3: Protection of surfaces at risk

• Seal all deep pits and fissures 
• Apply fluoride varnish to exposed roots

Step 4: Maintenance care for prevention

•  Review oral hygiene and dietary habits and advise 
patient to:
– Reduce the number of between-meal sweet snacks 
– Substitute snacks rich in protein

•  Advise patient to brush twice daily with over-the- 
counter fluoride toothpaste

• Advise patient to floss once daily 
•  Provide home treatment and/or other adjunctive ther-

apy:
– Use over-the-counter fluoride rinse daily
–  Chew or suck xylitol-containing gum or candies three 

times daily
• Recall patient every 3 to 6 months to:

– Reevaluate current caries risk
– Receive fluoride varnish treatment of all teeth

• Obtain bitewing radiographs every 12 to 18 months to 
check for cavities 

Step 1: Plaque control

• Continue to reinforce oral hygiene

Step 2: Maintenance care for prevention 

• Review oral hygiene habits
• Advise patient to brush twice daily with over-the-counter fluoride toothpaste
• Recall patient every 12 to 24 months to reevaluate current caries risk
• Obtain bitewing radiographs every 24 months to check for caries

Box 5-3
General guidelines for caries management for a low-caries-risk 

patient, based on PTPM

Box 5-2

General guidelines for caries management 

for a moderate-caries-risk patient, based 

on PTPM
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Preventive and Noninvasive  
Treatment Options

The dentist is now in a position to develop the preventive 
treatment plan based on the identified risk factors associated 
with the individual patient. However, it may be pertinent to 
first discuss the concept of “caries balance”99 (see Fig 5-23) as 
the ultimate objective of the practitioner, which should be to 
reduce the risk factors and increase the protective factors that 
relate to the individual patient. Our current knowledge of the 
caries process can be used to summarize that caries is: 

• A process involving commensal bacteria in plaque
• Dependent on dietary fermentable carbohydrates 
• Driven by frequency of eating 
• Modified by the inherent nature of the tooth
• Modified by fluoride
• Modified by saliva
• Reversible in its early stages
• Controllable in terms of lesion formation and progression

Thus, it is clinically relevant to consider caries and its pro-
gression or regression as an ongoing and often changing bal-
ance between pathologic (risk) factors and protective factors99 
(see Fig 5-23). If the pathologic factors outweigh the protective 
factors, then caries lesions develop and progress. In the reverse 
situation, caries lesion development is inhibited, and an early 
lesion is arrested or reversed. 

It is logical, from the above summary, to state that the devel-
opment of caries lesions can be prevented and, if caries lesions 
form, their progression can be controlled. This can be achieved 
by changing the local biochemistry of the oral environment 
to one that reduces the proliferation of cariogenic bacteria, 
neutralizes plaque acid, and provides the required minerals for 
lesion remineralization through alteration in oral hygiene and 
dietary behavior of the patient, fluoride application, and saliva 
stimulation.

The following approach may be applied in relation to the 
risk factors associated with the individual patient to develop a 
personalized preventive treatment plan for the patient:

•  Caries-inactive/caries-controlled patients. These patients pre-
sent with no new lesions and need only maintenance care, 
discussed in the following sections, to continue good oral 
hygiene with a fluoride-containing toothpaste. 

•  Caries-active patients with relevant risk factors that can 
potentially be changed. These patients present with lesions. 
Mechanical plaque control should be improved and con-
sideration given to supplementing fluoride toothpaste with 
mouthrinses and/or chairside fluoride applications. Where 
diet investigation shows multiple sugar attacks, advice should 
be given as to how this might be improved. 

•  Caries-active patients with some risk factors that cannot be 
changed. These cases are difficult because the progress that 

can be made will depend very much on individual circum-
stances. For instance, if a disability is preventing adequate 
plaque control, is it possible for a caregiver to help? Social 
deprivation and level of education may mean that the preven-
tive treatment required is not considered of sufficient impor-
tance by the patient, and it may, indeed, be unaffordable. 
In this case, motivational interviewing may help to increase 
inherent motivation. A dry mouth is often a permanent con-
dition, and preventive treatments, plaque control including 
professional tooth cleaning, use of fluoride, dietary modifica-
tion, and stimulation of salivary flow all may play a role. Saliva 
substitutes that contain fluoride and other inorganic ions will 
protect against caries, in addition to providing comfort and 
relief for dry mouth conditions, providing a protective coating 
for teeth and oral tissues, and helping to control bad breath.

•  Caries-active patients with some risk factors that have not 
been identified. This is the most frustrating group for the 
dentist. Something has been missed, so the detective work 
must continue, and the case must be managed as with the 
preceding group. 

In caries management, choosing the right products can help 
protect patients. The following products and strategies can 
be selected in relation to the risk factors associated with the 
individual patient.

Self-applied preventive measures

Fluoride products
Fluoride dentifrices for plaque control. Regular dentifrices. 

The most plausible explanation for the decline of caries preva-
lence is the steady improvement in oral hygiene, which results 
in regular disturbance and partial removal of dental plaque, 
combined with a regular daily administration of fluoride, pro-
vided via toothpastes.22,102 A recently published analysis of 
data derived from a sample of 1,450 preschool children studied 
in the British National Diet and Nutrition Survey confirmed 
the significant caries-inhibiting effect of toothbrushing with 
a fluoride dentifrice twice daily. On a population basis, sugar-
containing foods and drinks were not associated with caries 
experience, unless children brushed once a day or less.103 Thus, 
the cornerstone of any preventive strategy for the manage-
ment of caries is oral self care: twice daily careful cleaning of 
the teeth with a toothbrush and an effective fluoride tooth-
paste. Additionally, dental floss should be used, but patients 
should be instructed carefully, and the frequency of flossing 
should be recommended individually in relation to oral health 
needs and the characteristics of the patient: dental floss could 
be indicated for individuals with closed interdental spaces and 
interproximal brushes for periodontal patients or in those with 
open embrasures.104 Flossing once daily may be recommended 
for caries prevention, but twice daily flossing may be required 
if gingivitis needs to be prevented as well.105 In areas where the 
water is fluoridated to optimal levels, twice daily careful clean-
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ing of the teeth with fluoride toothpaste is a safe and effective 
preventive treatment and caries management strategy.106–108 

Dentifrices with antimicrobials. Some elements combined 
with fluoride in dentifrices can provide additional benefit and 
may be considered while advising a patient on the choice of 
toothpaste. The antimicrobial compound amine (Am) and stan-
nous ions (Sn) have been combined with fluoride (F). Amine 
has intrinsic antiglycolytic properties, and therefore the antimi-
crobial effect of amine fluoride (AmF) is stronger as compared 
with sodium fluoride (NaF).22,109–111 The stannous ion itself does 
not affect mineral dissolution, but studies have shown the 
antimicrobial activity of the SnF2 complex in vivo.112,113 Its effect 
on the inhibition of plaque formation is stronger as compared 
with other fluoride combinations. AmF/SnF2 can be effective in 
low concentrations by slowing down bacterial growth through 
the inhibition of bacterial metabolism (eg, acid production) 
Triclosan in toothpaste has long been demonstrated to provide 
antibacterial effects by disrupting bacterial cell walls.114 These 
products may be more suitable for those patients at high caries 
risk because of their poor oral hygiene attitude.

High–fluoride content dentifrices. Prescription-strength topi-
cal fluorides are often recommended to patients at high caries 
risk after assessing fluoride exposure of the patient. Lower-level 
fluoride (eg, in the United States, 1,100 ppm fluoride) denti-
frices generally lead to a caries reduction of around 25%88,115; 
this is insufficient protection for high-risk patients, and there-
fore alternative therapies are usually needed for these patients. 
A patient’s daily use of a conventional 1,100-ppm fluoride-
containing dentifrice may be substituted with a high-fluoride 
dentifrice (eg, 5,000 ppm). Clinical studies have shown that as 
much as a 75% reduction in caries incidence may be achieved 
through use of 5,000-ppm fluoride topical treatments.115

Options when plaque control is insufficient. If caries or caries 
lesion progression is not prevented, the reasons should be 
carefully examined. A first step in this procedure is to carefully 
assess the quality of the oral hygiene (Fig 5-27). If hygiene is 
adequate, it is appropriate to evaluate whether additional risk 
factors, such as multiple intake episodes of sugar-containing 
foods and drinks, are present. If so, these risks must be reduced 
as much as possible. In the meantime, the patient can be 

Fig 5-27 Assessment of oral hygiene procedures when caries or caries progression is not prevented.

Assess quality of oral hygiene procedures

Adequate

• Fluoride toothpaste

• Daily brushings: 2

• No plaque visible

• No bleeding on probing

Additional determination of risk factors

• Salivary flow

• Use of medicines

•  High/frequent intake of sugars (eg,  

nursing bottle caries; multiple  

sugared drinks)

Patient could comply  

with adequate  

procedures

Patient unable to  

comply (eg, due to handi-

cap)

No other risk factors:

Additional fluoride  

supply and professionally  

applied temporary  

prevention

Additional risk factors:

Elimination or reduction  

of risk factors (if possible)

and professionally  

applied temporary  

prevention

Reinforcement to  

improve oral hygiene  

(do not make it more  

complicated) and

professionally applied  

temporary prevention

Instruction on alternative 

oral hygiene methods

and professionally  

applied temporary  

prevention

Not adequate

• No fluoride toothpaste

• Daily brushings: < 2

• Plaque visible

• Bleeding on probing
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helped with professionally applied preventive measures, such 
as topical applications of concentrated fluoride solutions, gels, 
or varnishes100,116 (Tables 5-11 and 5-12). The benefits of topi-
cal fluorides are firmly established based on a sizeable body 
of evidence from randomized controlled trials. The size of the 
reductions in caries increment in both the permanent and the 
primary dentitions emphasizes the importance of including 
topical fluoride delivered through toothpastes, rinses, gels, or 

varnishes in any caries prevention program.117,118 Salivary flow 
can be stimulated by daily use of sugar-free chewing gum. 
When no additional risks can be identified, the fluoride supply 
must be intensified, perhaps by adding a third daily fluoride 
application in the form of additional brushing, a mouthwash, 
or a tablet (see Tables 5-11 and 5-12). Although fluoride tooth-
pastes in comparison with mouthrinses or gels appear to have 
a similar degree of effectiveness for the prevention of dental 

Table 5-11 Guidelines for basic preventive advice and the use of recommended preventive products*

Basic preventive steps for moderate/high-risk patients Special needs

Patient motivation Emphasis on behavioral change R, H

Diet counseling Reduction of fermentable carbohydrate intake and frequency R, H

Reduction of soft drink consumption and frequency

Toothbrushing Twice daily with fluoride toothpaste (preferably three times a day) R, H

Flossing Daily, few times a week R, H

Sugar-free gum Two pieces for ≥ 5 minutes three times a day (after each meal preferred) R, H

Sealants All at-risk surfaces (sound or noncavitated) H

Adjunct topical therapies for moderate/high-risk patients Special needs

Home fluoride options:

Prescription fluoride (5,000 ppm) 

toothpaste 

•  Brush at least twice a day (preferably three times a day), including  

immediately before going to bed

• Follow motto “spit, don’t rinse”

• Apply via tray daily for patients with radiation-induced hyposalivation

R, H

Fluoride rinses Twice daily/daily/weekly depending on need and product R, H

In-office fluoride options:

Fluoride gel/foams • 1.23% APF or neutral 2% NaF

• 4 minutes, two to four times per year

• For root caries, four times over 2 to 4 weeks

R, H

Fluoride varnishes •  Apply to lesions and other surfaces at risk two to four times per year 

depending on risk

R, H

Potentially helpful adjuncts to home fluoride: Special needs

Xylitol chewing gum • Xylitol must be listed as first ingredient

•  Two pieces for ≥ 5 minutes, three times per day (after each meal  
preferred) for 2 weeks

H

Calcium-based products Includes paste, toothpaste, mints with/without fluoride; regimen depends 

on product

H

*Modified from Peters116 with permission. H—hyposalivation; R—root caries.

Table 5-12 ADA evidence-based recommendations for professionally applied topical fluoride100

Risk group < 6 years 6–18 years > 18 years

Low May not receive additional  

benefit from topical fluoride 

May not receive additional  

benefit from topical fluoride

May not receive additional  

benefit from topical fluoride

Medium Varnish every 6 months Varnish or fluoride gel  

application every 6 months 

Varnish or fluoride gel  

application every 6 months

High Varnish every 3 or 6 months Varnish every 3 or 6 months 

or 

Fluoride gel application every  

3 or 6 months 

Varnish every 3 or 6 months

or

Fluoride gel application every  

3 or 6 months 
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caries in children,119 topical fluorides (mouthrinses, gels, or var-
nishes) used in addition to fluoride toothpaste achieve a mod-
est reduction in caries compared with toothpaste used alone.120 
If the daily oral hygiene procedures are inadequate, an attempt 
should be made to determine whether the problem is due to 
an inability to use a toothbrush or whether the patient simply is 
noncompliant. The dentist or hygienist should apply disclosing 
solution to the teeth and watch as the patient demonstrates 
the oral hygiene procedures. If he or she is not able to remove 
the plaque, the patient should be taught alternative methods. 
Sometimes a patient can be helped by professionally applied 
preventive measures. If a patient is able to remove plaque but is 
not motivated to do so, the dentist/hygienist must try to deter-
mine the reasons. The patient may not be convinced of the 
necessity for thorough plaque removal. This puts the dentist/
hygienist in the realm of behavior modification, a subject not 
within the scope of this chapter but well discussed by Freeman 
and Ismail.121 

Fluoride gels, mouthrinses, and supplements. The benefits 
of topical fluorides have been firmly established on a sizeable 
body of evidence from randomized controlled trials.122 There is 
clear evidence of the caries-inhibiting effect of fluoride gel, with 
the best estimate of the magnitude of this effect, based on 14 
placebo-controlled trials, being a 21% reduction in DMFS.123,124 
The most commonly available at-home-use fluoride gels for 
daily application come in prescription-strength 1.1% NaF. 
These are recommended for high-risk adults and children 6 
years and older and are to be applied once daily over the tooth 
surfaces using a finger, toothbrush, or individually fitted trays, 
preferably immediately before bed. The gel should be left in 
contact with the teeth surfaces for 5 minutes, after which the 
individual should spit and not rinse. There is little information 
concerning effects on the primary dentition and on adverse 
effects, so the prescriber should take responsibility for possible 
side effects and misuse. Clinical trials have shown that, depend-
ing on the strengths and rinsing frequencies, supervised regu-
lar use of a fluoride mouthrinse is associated with a clear reduc-
tion in caries occurrence in children.125 Over-the-counter (OTC) 
mouthrinses are available as 0.05% or 0.02% NaF (in the United 
States) for daily use. Prescription-strength 0.2% NaF rinses may 
be used daily or weekly depending on the caries risk status of 
the patients. It is recommended that 10 mL of the fluoridated 
mouthrinse be swished around in the mouth for 1 minute. Clini-
cal trials of both the daily and weekly regimen show an average 
caries reduction of 30%.126 

Mouthrinses have also been formulated with acidulated 
phosphate fluoride (APF), stannous fluoride, ammonium fluo-
ride, and amine fluoride. Acidulation of the solutions may 
increase the fluoride uptake into the tooth mineral.22,127,128 
Application of an acidulated product causes mild etching of 
the enamel, which creates micropores for increased fluoride 
diffusion and increases the surface-reactive area for fluoride. 
The result is increased uptake and accumulation of fluoride 
within a caries lesion or healthy tissue. Etching may also cause 

the transformation of apatite to brushite as an intermedi-
ate product. The brushite in turn is readily recrystallized into 
fluoroapatite when exposed to low concentrations of fluoride 
(< 1,000 ppm), especially in the presence of a low F/Ca ratio. 
In the presence of higher fluoride concentrations, however, 
brushite reacts instead to form calcium fluoride (CaF2) glob-
ules, which are covered by salivary components preventing 
immediate dissolution. Under acidic challenge, the solubility of 
the CaF2 globules increases to release calcium and fluoride in 
the environment. Therefore, the low pH of APF enhances more 
rapid fluoride uptake by enamel, while the presence of the 
orthophosphate prevents enamel dissolution by saturating the 
immediate environment of the tooth surface with phosphate 
ions (common ion effect).22,127,128 

Caution: Although some of these mouthrinses tend to 
recharge glass-ionomer restorations, the pH of the topical fluo-
ride used to recharge glass-ionomer restorations is important. 
Acidic topical fluoride solutions, such as APF solutions and 
other acidified fluoride preparations, degrade glass-ionomer 
materials, porcelain crowns, and veneers and should be avoid-
ed in these patients.129–131 Resin-modified glass ionomers are 
more resistant to surface degradation than conventional glass 
ionomers but still degrade when exposed to acids and orange 
juice.123 Resin composites are also degraded by frequent appli-
cations of acidic fluoride solutions, producing filler dislodg-
ment and destruction of the filler-resin matrix interface.132 

Nonfluoride products
Xylitol products. The noncariogenicity of xylitol, demon-
strated in clinical studies through its use in chewing gum,133,134 
oral syrup,135 and gummy bears,136 is based on the inability of 
the cariogenic bacteria to metabolize this sugar and produce 
acid. Xylitol in gums and candies has been shown to have a 
caries-preventive effect, which is probably based on stimula-
tion of salivary flow, although an antimicrobial effect cannot 
be excluded. Xylitol chewing gums can be recommended for 
saliva stimulation, especially in moderate- and high-caries-risk 
individuals, and most essentially for patients with hyposali-
vation. Two pieces of gum should be chewed for at least 5 
minutes three times daily, preferably after each meal. The 
minimum effective dose for xylitol has not been established, 
but studies employing daily doses of between 0.9 and 7.0 g 
have been shown to be effective.137 Although no minimum 
frequency of exposure has been established, there are some 
indications that there is an exposure frequency effect and that 
at least three exposures daily should be achieved.137 

Calcium-based dentifrices and mouthrinses. Calcium-based 
agents, such as nanohydroxyapatite (nHAP), tricalcium phos-
phate (TCP), calcium sodium phosphosilicate (NovaMin, Nova-
Min Technologies), and amorphous calcium phosphate (ACP), 
have been incorporated into toothpastes to prevent the devel-
opment of caries and/or aid remineralization/arrest of caries 
lesions. nHAP-based toothpaste has been commercially avail-
able in Japan since the 1980s and was approved as an anticaries 
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agent in 1993 in Japan, following an anticaries field trial in Japa-
nese schoolchildren.138 A combined fluoride plus function-
alized β-TCP is currently being added into single-phase aque-
ous or nonaqueous topical fluoride formulations (eg, dentifrices, 
rinses, varnishes, etc).139,140 In these formulations, functionaliza-
tion of TCP with specific organic molecules (eg, fumaric acid 
or sodium lauryl sulfate) provides a barrier that prevents 
un wanted TCP-fluoride interactions and also provides targeted 
delivery of TCP when applied to the teeth. Placebo-controlled 
clinical studies have demonstrated products with functional-
ized TCP to improve remineralization of white spot lesions.141,142 

The potential of NovaMin-based toothpaste to prevent 
demineralization and aid in remineralization of enamel has 
been demonstrated. When introduced into the oral environ-
ment, the material releases sodium, calcium, and phosphate 
that then can interact with the oral fluids, resulting in the for-
mation of a crystalline hydroxycarbonate apatite layer.143 

ACP technology is commercially available as toothpaste 
based on unstabilized ACP, in which a calcium salt and a 
phosphate salt are delivered separately intraorally via a dual-
chamber device or delivered in a product with a low water 
activity.144,145 As the salts mix with saliva, they dissolve, releas-
ing calcium and phosphate ions. The mixing of calcium ions 
with phosphate ions results in the immediate precipitation of 
ACP or, in the presence of fluoride ions, amorphous calcium 
fluoride phosphate (ACFP). In the intraoral environment, these 
phases (ACP and ACFP) are potentially very unstable and may 
rapidly transform into more thermodynamically stable, crystal-
line phases (eg, hydroxyapatite and fluorhydroxyapatite).144 
Clinical studies have demonstrated the ability of ACP-based 
dentifrices to lower the incidence of root caries146 and ACP-
based mouth rinses to promote remineralization of enamel sub-
surface lesions.147 However, there is concern about promotion 
of dental calculus formation with long-term use.

Dietary management for caries prevention
Considerable evidence exists that between-meal snacks favor 
development of dental caries.148 A frequent and prolonged 
eating pattern, such as snacking with sugary foods between 
meals, increases the caries risk of an individual149 because in a 
frequent-eating condition the pH is seldom allowed to come to 
neutrality. Consequently, demineralization will outweigh remin-
eralization, and caries will develop and progress. However, it 
is often not possible to gain the compliance of people when 
asking them to abstain from snacking. Alternatively, patients 
can be advised to snack smartly by choosing nonsugary and/
or low-fat snack foods, such as raw vegetables, fresh fruits, or 
whole-grain crackers or bread with margarine or peanut but-
ter, low-fat (or filled milk) cheese, lean meats, or skim milk. The 
nature of the foods as well as food combinations influence their 
effect on the caries process. Thus, the following basic dietary 
principles may help to reduce the risk for dental caries:

•  Eat a diet that is low in sucrose and retentive fermentable 
carbohydrates.

•  Reduce the frequency of eating or drinking fermentable car-
bohydrates.

•  Combine cooked and processed foods with nonacidogenic 
foods.

• Do not eat cariogenic snacks.
• Include foods of firm or hard texture.
•  Choose fats in diet wisely to reduce risk of chronic disease 

while still benefiting from fat coating on tooth surfaces, which 
reduces the adherence of plaque.

•  Chew sugarless gum (preferably with xylitol) for 15 to 20 min-
utes after eating to increase salivary benefits.

•  Combine and sequence foods to encourage chewing and 
saliva production.

• Only eat sweets with noncariogenic sweeteners.

Professionally applied preventive measures

Varnishes, gels, and foams
Professionally applied topical fluorides in gels or varnishes have 
been shown to be effective in many clinical trials.119,120,122,150 
The benefits of topical fluorides are firmly established based on 
a sizeable body of evidence from randomized controlled trials. 
The size of the reductions in caries occurrence in both the per-
manent and the primary dentitions emphasizes the importance 
of including topical fluoride delivered through toothpastes, 
rinses, gels, or varnishes in any caries preventive program.117 
A substantial caries-inhibiting effect of fluoride varnish in both 
the permanent and the primary dentitions based largely on 
trials has been reported.151–153 Fluoride varnish treatment twice 
a year at 6-month intervals prevented proximal caries in ado-
lescents as much as 69% in high-, 66% in medium-, and 20% 
in low-risk individuals.152 Table 5-12 summarizes the American 
Dental Association (ADA) Council on Scientific Affairs clinical 
recommendations for professionally applied topical fluoride.100 
Fluoride varnishes contain a high level of fluoride (5% NaF, 
22,600 ppm F), and its application on tooth surfaces results in 
formation of a deposit of calcium fluoride globules that can act 
as a reservoir for the slow release of fluoride and calcium over 
time under acid challenge. 

Several excellent studies confirm that fluoride varnish appli-
cation is effective in reversing and arresting active enamel 
lesions and therefore reduces the need for restorative inter-
vention.154–160 Peyron et al161 concluded that fluoride varnish 
application has a definite cariostatic effect on proximal caries. 
Following isolation of each quadrant of the dentition with cot-
ton rolls, fluoride varnish is applied to the lesions and other sur-
faces at risk about two to four times per year, depending on the 
caries risk of the individual patient. The varnish can be dragged 
onto the proximal surfaces with dental floss using forward 
and backward strokes. Fluoride gels and foams, such as 1.23% 
acidulated phosphate fluoride or neutral 2% NaF, are applied 
with custom-made trays for 4 minutes, two to four times per 
year or, for root caries, four times over 2 to 4 weeks.
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Pit and fissure sealants
Fissures are more susceptible to caries attack than smooth sur-
faces because fissure anatomy favors plaque maturation and 
retention.162 However, lesions can be prevented, and active 
white spot lesions can be arrested by brushing alone.62 Sealing 
is a recommended procedure to prevent caries of the occlu-
sal surfaces of permanent molars,163 but it is only required if 
occlusal surfaces are not being cleaned. Pit and fissure sealants 
have been used successfully for many years to prevent caries by 
preventing the growth of bacteria that promote decay in pits 
and fissures in teeth. Sealants may be indicated for children and 
adults who, because of poor oral hygiene, may be at moderate 
or high risk of developing dental caries, have active white spot 
lesions (limited to enamel of pits and fissures), or have existing 

pits and fissures that are anatomically susceptible to caries. 
Currently there are two main types of pit and fissure sealant 

materials available: resin-based sealants/composites and glass-
ionomer cements. The effectiveness of resin-based sealants 
has been demonstrated in many studies.164,165 Glass-ionomer 
cements contain fluoride, and it has been suggested that glass-
ionomer sealants, through their fluoride release, can prevent 
the development of caries even after the visible loss of sealant 
material.166 Pits and fissures in partially erupted molars where 
moisture control for placement of a conventional sealant is dif-
ficult can be temporarily protected with a recently developed 
moisture-tolerant material. This is a light-cured glass-ionomer 
material in varnish form that is recommended for site-specific, 
protective coating of enamel and dentin tooth surfaces, espe-
cially as a protective coating for at-risk surfaces.

Noninvasive Options for Treatment of 
Existing Lesions

Treatment of noncavitated lesions

Lesion arrest (remineralization therapy)
Active noncavitated caries lesions on occlusal, proximal, and 
nonproximal coronal smooth surfaces or root surfaces can be 
arrested. The choice of treatment for active noncavitated 
lesions on proximal coronal surfaces depends on the caries risk 
status of the patient as well as the depth of the lesion (see Fig 
5-14). Arrest of active caries lesions can be achieved success-
fully with a combination of improved oral hygiene and applica-
tion of topical fluoride agents, such as varnishes, gels, or 
foams. Application of the agent can be repeated every 3 
months until caries activity is under control. This regimen 
should be em ployed with good oral hygiene and a daily use of 
high fluoride–containing toothpaste/or mouthrinse. 

The average speed of progression of caries lesions on differ-
ent surfaces has been determined.66,167 On proximal and free, 
smooth areas, caries proceeds slowly. It is thus reasonable to 
postpone restorative intervention. A procedure whereby the 

patient is examined regularly (“watchful waiting”) creates the 
opportunity for arrest and remineralization. “Watchful wait-
ing” implies that nothing is done, but in fact it is based on the 
intellectual decision not to restore because of knowledge of 
the caries process. The dentist is performing active preventive 
treatment by helping the patient to improve oral hygiene, by 
applying fluoride, and by encouraging the patient to modify his 
or her diet. These measures should always be carried out when 
active noncavitated lesions exist.

Occlusal sealants
The choice of management of an initial noncavitated car-
ies lesion depends on the caries risk status of the individual 
patient and the location of the lesion in the dentition. When 
active fissure caries has been diagnosed or if a high risk has 
been established, and fissures have susceptible morphologic 
characteristics, sealants may be indicated (see Fig 5-24). After 
acid etching (for a lightly filled resin fissure sealant or a flowable 
resin composite) or conditioning (for a glass-ionomer cement), 
the sealant material is used to penetrate the fissures, rendering 
it self-cleansing to prevent plaque accumulation. This is espe-
cially important during the period of tooth eruption, although 
the application of sealants in suspect fissures is also advisable 
in older patients with high caries risk.168 There are several 
advantages of fissure sealants: No irreversible interventions are 
necessary, active dentin lesions inadvertently covered by the 
resin do not progress further, and the possible development of 
new lesions in other sites of the fissure is prevented. Sealants 
have been used successfully for many years.169 Concern has 
been expressed about placement of sealants over undetected 
dentin caries lesions. However, there is ample evidence that 
caries lesions do not progress as long as the fissure remains 
sealed.170–175 Sealed, radiographically evident caries lesions 
have been shown in one study not to progress over a 10-year 
period.174,175 

Proximal sealants
The concept of arresting caries by applying a resin barrier to the 
surface, as in occlusal fissure sealing, has also been transferred 
to proximal surfaces. Active caries lesions on proximal surfaces 
have been treated by application of either adhesives or fissure 
sealants after temporary tooth separation.176–180 Clinical trials 
suggest that novel techniques for sealing proximal lesions 
show promise.176–180 However, proximal sealing techniques are 
as complex to apply and time-consuming as proximal restora-
tions.

Lesion infiltration
Lesion infiltration technique is an emerging alternative method 
of treating active noncavitated lesions extending radiographi-
cally into inner enamel or the outer third of dentin that are 
located on the nonproximal and proximal coronal smooth 
surfaces.181 In contrast to sealing of fissure caries, where the 
protective resin layer is established on the tooth surface, caries 
infiltration occludes lesion pores with low-viscosity light-curing 
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resins in order to create a diffusion barrier and hence arrest 
caries progression. Following etching of the lesion with hydro-
chloric acid and achievement of a dried surface using ethanol 
and air drying, the low-viscosity infiltrant is applied on the 
lesion surface in two stages (Fig 5-28). In the first application, 
the infiltrant is allowed to infiltrate the lesion for 3 minutes and 
then is light cured. In the second application, the infiltrant is 
allowed to infiltrate for only 1 minute and then is light cured. 
The infiltration technique is based on the fact that if the lesion 
body is sufficiently well infiltrated with resin, lesion progression 
is significantly reduced in a cariogenic environment; moreover, 
infiltration might stabilize the fragile lesion structure.181,182 
However, the current infiltrant is radiolucent, making it difficult 
to determine the depth of infiltration or identify an already 
infiltrated lesion in a radiograph.

Treatment of cavitated lesions
Caries lesions may be detected at a relatively late point of 
development. This may be because of difficulties in detecting 
the early lesion, or it may be because the patient did not visit 
the dentist early in the lesion process. Although this may sug-
gest the value of a rigorous, invasive approach, it is preferable 
to select a treatment option that is as conservative as possible 
because of the iatrogenic damage that may occur during prep-
aration. Lussi and Gygax183 showed that during the preparation 
of a proximal surface, the neighboring surface was damaged 
100% of the time, despite very careful operating procedures. 
Iatrogenic preparation damage represents a dental health 
problem, because the damage increases the caries progression 
and the perceived need for restorative therapy of the adjacent 
teeth.184

Although lesions that are cavitated are treated tradition-
ally by preparation and restoration, clinical observations sug-
gest that caries lesions can be arrested at any stage of lesion 
development (ie, even at the cavitation stage if plaque-free 

conditions are maintained).79 Thus, a preventive treatment 
approach is often successful, especially when the lesion is in a 
free, smooth surface. When a lesion is present in an occlusal or 
proximal surface, it will often be difficult to arrest lesion pro-
gression because of the difficulty of removing plaque. Before 
invasive procedures are initiated, noninvasive options must be 
explored and preventive measures taken. 

Several authors have shown that when an occlusal lesion 
has cavitated, the dentin is always involved in the process.55,56 
Moreover, these lesions, mostly detectable on radiographs, 
contain many microorganisms and are therefore considered 
active.57,58,64,65 Measures directed at a thorough removal of 
plaque are ineffective on the occlusal surface because the 
bristles of the toothbrush cannot get into the undermined 
cavity. Proximal cavitations are also difficult to reach. Dental 
floss will skim the surface but will not achieve access to the 
cavitated area. However, where there are cavitated areas on 
free, smooth surfaces, the situation is different. Those areas are 
easily reached by the toothbrush but may be difficult to clean 
due to undermining of the enamel. Removal of the overhang-
ing enamel margins must be considered to aid in keeping the 
whole area free of plaque. Cavities in these surfaces, cleaned 
twice daily with a fluoride toothpaste, can be arrested and con-
verted into leathery or hard lesions79,185 (see Figs 5-20 and 5-21). 
When the activity of highly infected caries lesions is decreased 
and finally arrested, the carious layers contain few bacteria 
that can be cultivated.186–189 Although occlusal or proximal 
caries lesions cannot be approached by preventive measures 
alone, in the primary dentition this method can be successful 
(Fig 5-29). Therefore, undermined enamel margins should be 
eliminated so that when plaque is removed, fluoride can be 
applied easily to the carious dentin. Under ideal conditions, 
carious dentitions can be managed so that caries is arrested 
and demineralization and remineralization are in equilibrium 
(Fig 5-30; see also Fig 5-29).

Fig 5-28 Caries infiltration. (a) Active noncavitated caries lesions (white spot lesion). (b) After application of an infiltrant, the lesion loses its whitish appearance. (c) 

The cross section of a noncavitated proximal caries lesion. (d) Confocal microscopic image of an infiltrated lesion. The infiltrant (Inf) is shown in green, whereas the 

remaining pores within the lesion are shown in red. The infiltrant almost completely penetrates the lesion body (LB) and thereby acts as a diffusion barrier inside the 

lesion. (Courtesy of Sebastian Paris and Hendrik Meyer-Lückel, Aachen, Germany.)
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Operative and Minimally Invasive 
Treatment Options

Restoration of noncavitated (initial) lesions

Bitewing radiographs are the most effective method of detect-
ing proximal lesions, but correlation with surface integrity is 
poor. The algorithm shown in Fig 5-14 demonstrates that caries 
lesions on proximal surfaces are considered differently when it 
comes to restorative treatment. In addition to the caries risk 
status of the patient, the depth of the demineralization plays a 
role in the choice of treatment. Lesions that extend on the 
radiograph slightly past the dentinoenamel junction (D1 lesions 
as classified in Fig 5-14) are selected by some dentists for restor-
ative treatment. Such a decision is based on the fact that radio-
graphs have been shown to considerably underestimate the 
histologic size of the lesion,71 and the possible prediction of the 
cavitation of proximal lesions is based on the radiographic depth 
and caries activity of the patient.72 However, in contemporary 
populations, these deep proximal lesions are rarely cavitated. 
They should be treated preventively as described previously 
and reassessed clinically and radiographically at an appropriate 
recall interval, depending on the patient’s caries risk status. 
Teeth separation using orthodontic elastic separators, allowing 
impression/inspection, may serve as an effective diagnostic 
tool for assessing surface integrity of proximal lesions.72

Restoration of cavitated lesions

Cavitated caries lesions are candidates for traditional restor-
ative treatment, such as resin composite, resin-modified glass 
ionomer, or a sandwich technique combining resin-modified 
glass ionomer and resin composite or amalgam. It is necessary 
to have well-defined criteria for the decision to restore a tooth 
due to caries. The most important reason for placing a restora-
tion is to aid plaque control. Elderton and Mjör190 formulated 
the following indications for restorative treatment: 

• The cavitated tooth is sensitive to hot, cold, sweetness, etc. 
•  Occlusal and proximal lesions extend deep into dentin (and 

cannot be reached by the toothbrush). 
• The pulp is endangered. 
•  Previous attempts to arrest the lesion have failed, and there is 

evidence that the lesion is progressing (such evidence usually 
requires an observation period of months or years). 

• The patient’s ability to provide effective home care is impaired. 
• Drifting is likely to occur through loss of proximal contact. 
• The tooth has an unesthetic appearance. 

Treatment will be directed in such a way that infected dental 
tissue is removed and the remaining cavity is adapted so that 
the restorative material can be optimally placed. The particular 
preparation methods and restorative procedures are discussed 
in subsequent chapters.

Fig 5-29 (a and b) Arrested caries lesions in the primary dentition.

Fig 5-30 (a and b) Arrested lesions seen as brownish “scar tissue.”
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Preventive resin restorations and preventive amalgam  
restorations
Restoration of the carious surface should be accompanied 
with sealing of surrounding pits and fissures. Sealed restora-
tions placed directly over frankly cavitated lesions can arrest 
lesion progression. Sealing of restorations, therefore, conserves 
sound tooth structure, protects the margins of restorations, 
and prevents recurrent caries (secondary caries).175

Interim therapeutic restorations
Interim therapeutic restorations (ITRs) are utilized as part of 
comprehensive caries management when caries control is 
necessary prior to placement of definitive restorations. ITRs 
may be employed in patients with multiple caries lesions to 
temporarily restore the lesions prior to definitive restoration 
of the teeth.191 It should be applied to children experiencing 
early childhood caries,192 in cases of rampant caries, in very high 
caries risk cases, to uncooperative patients, to patients with 
special health care needs,193 or when traditional cavity prepara-
tion and/or placement of traditional dental restorations is not 
feasible and needs to be postponed.191–198 It is also used when 
there is need for stepwise excavation in children or adults with 
multiple open caries lesions prior to definitive restoration of 
the teeth.199 ITRs may be used to reduce the levels of cariogenic 
bacteria in the oral cavity200,201 and make the tooth surfaces 
more cleansable prior to placing definitive restorations.

The ITR procedure involves removal of caries using hand or 
low-speed rotary instruments, with caution not to expose the 
pulp, followed by restoration of the tooth with an adhesive 
restorative material, such as conventional or resin-modified 
glass-ionomer cement.202 It is applicable mainly to single-
surface or small two-surface restorations, where the greatest 
success has been achieved.203 Maximum caries removal from 
the periphery of the lesion will help to minimize leakage 
of the restoration, while inadequate cavity preparation with 
subsequent lack of retention and insufficient bulk can lead to 
failure.203 However, ITRs must be accompanied with mainte-
nance care including oral hygiene instruction, topical fluoride 
application, and interviews to motivate and educate patients 
and modify their habits and risk factors during the time that 
they have transitional restorations.

Atraumatic restorative treatment
Atraumatic restorative treatment (ART) is a procedure based 
on excavation of carious tooth tissues using hand instruments 
alone. Thus, it eliminates the need for anesthesia and use of 
expensive equipment and restores the cavity with glass iono-
mer, an adhesive material that bonds to the tooth structure and 
releases fluoride.196,204 Some suggest that it may aid in reminer-
alization of tooth structure. Removing carious tooth tissue with 
hand instruments alone and restoring the cavity with an adhe-
sive material will conserve as much tooth structure as possible 
and prevent further decay. In addition to its use as a restorative 
material, glass ionomers can be applied in the very early stages 
of caries development. The glass ionomer adheres to the tooth 

and halts or slows the progression of lesions, probably because 
it slowly releases fluoride.196 However, ART must be accompa-
nied with maintenance care with oral hygiene instruction and 
topical fluorides to improve the treatment outcome, especially 
in high-caries-risk populations.

ART is minimally invasive, making it highly acceptable to 
patients. It is recommended as a definitive restoration for use in 
children as well as in fearful adults. It also serves as a definitive 
restorative option for special groups in the community, such as 
the physically or mentally handicapped, people living in nurs-
ing homes, and the home-bound elderly.198,204 

ART is considered as a preventive and definitive treatment 
modality for caries in communities with little or no access to tra-
ditional dental care. ART also has its place in the industrialized 
world as a minimal intervention, minimal invasion, and minimal 
cavity preparation for caries lesions. The World Health Organi-
zation actively promotes ART as a viable approach to meet the 
need for treatment of dental caries. ART is now considered as 
part of a total package of oral health care that is based on a 
philosophy of promoting health and preventing disease.204

Maintenance Care
A continuing care program is essential in PCCM because it cre-
ates the opportunity to engage the patients in the treatment 
of caries, and a high level of compliance is required for its 
success. Thus, as part of the initial management of caries in an 
individual patient, personalized oral health maintenance care 
should be included in the treatment planning. Maintenance 
care should be offered to all patients visiting the dental clinic. It 
is important to realize that the caries risk status of an individual 
can change over time. Von der Fehr et al205 and Koch206 have 
shown that normal individuals can turn into individuals with 
high caries risk. Within a short period of time, numerous initial 
caries lesions can develop when oral hygiene is withdrawn and 
a sugar-rich diet is offered.205,206 However, when effective oral 
hygiene and application of topical fluoride are instituted and a 
normal, less sugar-rich diet is consumed, reversal of the situa-
tion seems possible. Caries risk assessment is inevitably a “best 
guess” based on available evidence. Thus, recall and reassess-
ment are important to review the original decision. 

Recall and reassessment visits 
The establishment of a recall visit should be a component of 
the maintenance plan to prevent future disease occurrence. 
A recall system is a means of establishing a continuing care 
regimen that provides opportunities to reassess and monitor 
the oral health of patients and to inform future treatment plan-
ning.207 There is some evidence that recall visits, irrespective of 
the frequency, have a positive impact in terms of the preserva-
tion of the dentition.208 However, the main objectives of the 
recall system are the following:
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• Prevent new disease occurrence.
• Facilitate early detection of any newly developed disease.
•  Assess the status of a previously diagnosed and treated dis-

ease.
•  Enable the clinician or the patient to consider altering the 

treatment regimen to obtain a more favorable outcome.
•  Provide evidence for future clinical governance and quality 

improvement services.
•  Create opportunities to advise, reassess, and reinforce the 

appro priateness of previous advice.
•  Monitor patient compliance with previous advice and treat-

ment.
•  Encourage patient behavior that will improve and maintain 

their oral and general health.
•  Create the opportunity, where possible, of using motiva-

tional interviewing to increase the inherent motivation of the 
patient.

The United Kingdom National Institute for Clinical Excel-
lence (NICE) issued a guidance document in 2004 recommend-
ing that the individual patient’s caries risk status should inform 
his or her recall interval209 (Box 5-5).The recommendations 
cover risk factors such as caries incidence and restorations; 
periodontal health and tooth loss; patients’ well-being, gen-
eral health and preventive habits; and pain and anxiety. The 
information collected during the caries risk assessment should 
be used to determine a personalized variable time interval to 
assess, reassess, and monitor the oral health and caries status 
of patients, based on the clinical judgment and expertise of the 
dental team and discussions with the patient. The personalized 
interval should vary from 3 to 24 months, according to risk 
(see Boxes 5-1 to 5-3). The recommended recall interval should 
be discussed with the patient to seek his or her agreement to 
facilitate compliance with the visits. This interval should be 
reviewed at the next oral health visit for possible alteration, 
depending on the prevailing caries risk status and patient 
compliance; hence, it is important to inform patients that their 

recommended recall interval may vary over time. Furthermore, 
the patient’s ability or desire to visit the dentist at the recom-
mended interval and the financial costs to the patient of having 
the oral health review and any subsequent treatments should 
be discussed. The following key components are recommend-
ed at the recall visits:

•  Discussion between the dental team and the patient (and/or 
his or her parent, guardian, or caregiver) concerning, where 
appropriate, the effects of oral hygiene, diet, fluoride use, 
tobacco, and alcohol on the oral health of the individual 
patient. 

•  Discussion on the risk factors that may influence the patient’s 
oral health and their implications to future caries occurrence 
or failure of the treated lesions.

•  General preventive advice on frequency of brushing and 
the use of fluoride delivery agents; frequency of flossing116 
(see Table 5-11); and dietary advice, such as reduction of the 
number of between-meal sweet snacks and substitution with 
snacks rich in protein. 

•  Provision of the patient with self-applied (at-home use) caries-
preventive agents, such as OTC fluoride rinses, and agents 
for salivary stimulation, such as xylitol-containing gum or 
candies116 (see Table 5-11).

•  Establishment of an interval for bitewing radiographs to check 
for lesions, especially proximal lesions. The current recom-
mendation based on the evidence is that the interval should 
depend on the caries risk status of the individual patient and 
should be every 3 to 6 months for patients at high caries risk, 
every 12 to 18 months for moderate caries risk, and every 24 
months for low caries risk.

•  Recommendation of the next recall visit and the interval of the 
visit (see Box 5-4).

The advice is tailored to eliminate or at least minimize the 
risk factors and increase the protective factors (see Fig 5-23).

Step 1: Consider the patient’s age, which sets the range of recall intervals.
• For children and teenagers under 18 years, the range is 3 to 12 months.
• For adults 18 years or older, the range is 3 to 24 months.

Step 2: Consider modifying factors in light of the patient’s medical, social, and dental histories and findings of the clinical 
examination.

Step 3: Integrate all diagnostic and prognostic information, considering advice from other members of the dental team 
where appropriate. Use clinical judgment to determine the interval for the next oral health review.

Step 4: Discuss the recommended interval with the patient and record the agreed-upon interval or any reason for dis-
agreement.

Step 5: At the next oral health review, consider whether the interval was appropriate. Adjust the interval depending on the 
patient’s ability to maintain oral health between reviews.

Box 5-4 NICE209 recommended method for determining a personalized recall interval 
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Because caries is a bacterial infection, it has a deleteri-
ous effect on the pulp, ranging from mild inflamma-
tion to pulpal death. In addition, virtually all restorative 
procedures cause pulpal irritation. As discussed in 
chapter 1, the pulp has inherent defense mechanisms 
to limit damage caused by irritants. There are also a 
number of dental procedures performed with the goal 
of preserving pulpal health. Most of these procedures 
attempt to provide a barrier to external irritants by 
placing a protective sealer or liner on the cavity walls.

Before placing or cementing a restoration into a 
cavity preparation, the clinician must decide if a pro-
tective cavity base, sealer, or liner should be placed. 
While seemingly simple, this decision has been com-
plicated by an ever-increasing number of products for 
sealing and lining. This chapter reviews pulpal consid-
erations relevant to operative dentistry, including the 
effects of cavity preparation, caries, and restorative 
materials on the pulp. In addition, it defines the various 
protective materials, describes the ways they interact 
with and provide protection for the pulp, reviews 
the properties of current materials, and discusses the 
changes that have occurred in this area of operative 
dentistry in recent years.

Physiologic Considerations
The physiology of the pulp is influenced by several fac-
tors that form the basis for the decision to use a sealer, 
liner, and/or base.

Remaining dentinal thickness

No material that can be placed in a tooth provides 
better protection for the pulp than dentin. Dentin has 
excellent buffering capability to neutralize the effects 
of cariogenic acids,1 and it insulates the pulp from 
temperature increases during cavity preparation.2 The 
remaining dentinal thickness (RDT), from the depth of 
the cavity preparation to the pulp, is the single most 

important factor in protecting the pulp from insult.1,3 
In vitro studies have shown that a 0.5-mm thickness 
of dentin reduces the effect of toxic substances on 
the pulp by 75% and a 1.0-mm thickness reduces the 
effect of toxins by 90%.4 Little pulpal reaction occurs 
when there is an RDT of 2 mm or more.1 The greatest 
impact on the pulp occurs when the RDT is no more 
than 0.25 to 0.30 mm.3,5,6 Conservation of remaining 
tooth structure is more important to pulpal health 
than is replacement of lost tooth structure with a cav-
ity liner or base.

Causes of pulpal inflammation
Like other soft tissues, the pulp reacts to an irritant 
with an inflammatory response.7,8 It was previously 
believed that pulpal inflammation was primarily the 
result of the toxic effects of dental materials.9,10 More 
recent evidence, however, demonstrates that pulpal 
inflammatory reactions to dental materials are mild 
and transitory; significant adverse pulpal responses 
occur more as the result of pulpal invasion by bacteria 
or their toxins3,11–18 (Fig 6-1a). Even early enamel caries 
lesions that extend less than one-fourth of the way to 
the dentinoenamel junction (DEJ) have been shown to 
induce a slight pulpal reaction, particularly when the 
caries lesion has advanced rapidly. This is probably due 
to an increase in the permeability of enamel, allowing 
the transmission of stimuli along enamel rods.19,20

As a lesion progresses deeper into the tooth, pulpal 
reaction increases.19 When actual pulpal encroach-
ment by bacteria and/or their toxins has taken place, 
severe inflammation or pulpal necrosis frequently 
occurs.14 The outward flow of fluid through dentinal 
tubules does not prevent bacteria or their toxins from 
reaching the pulp and initiating pulpal inflamma-
tion.21 The caries process also induces the formation 
of reparative dentin and reactive dentin sclerosis, 
which increases the protective effects of the remain-
ing dentin.22
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When bacterial contamination is prevented, favorable re-
sponses have been found in pulpal tissue adjacent to many 
restorative materials. Those materials include amalgam, light-
activated resin composite, self-curing resin composite,23 zinc 
phosphate cement, silicate cement,13 glass-ionomer cement, 
and acrylic resin.24 Acid etching of dentin has long been consid-
ered detrimental to the pulp, but the pulp can readily tolerate 
the effects of low pH if bacterial invasion is prevented12,23,25 and 
resin components are precluded from traversing the dentinal 
tubules and entering the pulp.5,26

A number of instrumentation techniques elicit pulpal re-
sponses as well. The most common are rotary instruments 
used in high- and low-speed handpieces for tooth preparation. 
Tooth preparation can be traumatic to the pulp, and a number 
of factors affect pulpal reaction. The degree of pulpal reaction 
is dependent on the amount of friction and desiccation.27,28 
One retrospective study indicated that high-speed preparation, 
with the use of light force (1 to 3 oz), new burs, air coolant, and 
intermittent water spray from the air-water syringe, rarely led to 
a need for postrestoration endodontic therapy.29 However, the 
key to controlling both friction and desiccation is water spray at 
the site of contact between the bur and tooth structure. While 
some research has shown that this is more important than 
the amount of water that is used on a rotating bur,28 another 
study has demonstrated that increased water spray volume 
can significantly reduce pulpal temperature rises caused by 
friction.2 Frictional heat generated by tooth preparation can 
result in burn lesions in the pulp and abscess formation.30 While 
it is often advantageous to refine aspects of a cavity prepara-
tion without water spray in order to aid visibility, this must be 
done conservatively. The pulp can tolerate dry preparation in 
a limited area, but the severity of the pulpal reaction increases 
as the area of dentin subjected to preparation without water 

spray increases.28 Another consequence of desiccating dentin 
in a preparation is that dentinal fluid is lost from the tubules. 
The lost fluid may be replaced with chemicals that can elicit a 
harmful pulpal reaction.28

The temperature rise is considerably greater when enamel or 
a combination of enamel and dentin is prepared versus prepa-
ration of dentin alone.31 Additionally, research has shown that 
pressure applied during rotary instrumentation has a greater 
effect on temperature rise than does rotational speed,31 which 
is probably why preparation using low-speed rotary instrumen-
tation has been shown to be more traumatic to the pulp than 
high-speed preparation.30 Diamond burs tend to produce more 
temperature increase than do carbide burs,30 and the reaction 
of the pulp tends to increase as the depth of the cavity prepa-
ration increases (and RDT decreases).32,33 Considering the latter 
two findings, it should not be surprising that an occasional 
consequence of full-coverage restorations is pulpal necro-
sis.34–36 Research has shown that 3% to 22% of teeth with full- 
coverage crowns require endodontic therapy.35–37 It is clear 
that the combination of reducing water coolant and RDT and 
increasing bur speed and pressure can produce a significant 
increase in temperature during tooth preparation.2,30,31,38 There-
fore, the keys to minimizing adverse pulpal reaction from rotary 
instrumentation are the following:

• Adequate air-water coolant spray
• Light pressure
• Sharp rotary cutting instruments
• Preservation of tooth structure

Two relatively new methods for tooth preparation are 
available—lasers and kinetic cavity preparation, also known 
as air abrasion. Animal studies have shown that air-abrasion 

Fig 6-1 (a) Bacteria will penetrate the marginal gap and dentinal tubules from the saliva, which may cause pulpal irritation, pulpal 

necrosis, or recurrent caries. (b) If a restoration is not well sealed, fluid flows out of the dentinal tubules and into the space between 

the restorative material and the tooth surface (arrows). A stimulus such as heat or cold causes a change in the flow rate, which is 

interpreted by mechanoreceptors as pain.
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cavity preparation is no more traumatic to the pulp than ro-
tary instrumentation.38,39 Likewise, the use of a variety of lasers, 
including carbon dioxide, erbium-doped yttrium aluminum 
garnet, neodymium-doped yttrium aluminum garnet, erbium- 
chromium–doped yttrium scandium gallium garnet and free-
electron lasers, on tooth structure has demonstrated minimal 
pulpal response compared with that of high-speed rotary in-
strumentation.40–44 The key to minimizing thermal pulpal insult 
during tooth preparation with a laser, as with preparation using 
rotary instrumentation, is the use of water coolant.45

One other modality commonly used in conjunction with 
operative dentistry—electrosurgery to remove gingival tissue 
for enhanced access during tooth preparation and impression 
making—may affect the dental pulp. Several animal studies 
have shown that as long as the contact of the electrosurgical 
probe is with intact enamel, little or no pulpal reaction ensues. 
However, if the probe contacts a metallic restoration, adverse 
and often severe pulpal reaction results.46–49 This adverse reac-
tion occurs regardless of whether a cavity base is present.49 The 
pulpal response is more severe with increased contact time 
(longer than 0.4 seconds)47 and decreased dentin thickness 
between the metallic restoration and the pulp.46,49

Causes of pulpal pain
The causes of pulpal pain and sensitivity, while not fully 
explained, are becoming better understood. Increased 
intrapulpal pressure on nerve endings, secondary to an inflam-
matory response, is one mechanism that may explain pain as a 
result of bacterial invasion.1 However, this interpretation fails to 
explain sensitivity that occurs in the absence of inflammation. 
The explanation for pulpal pain in the absence of inflammation 
that is most accepted is the hydrodynamic theory, which is 
described in detail below.50

Causes of thermal sensitivity
Prevention of postoperative thermal sensitivity has long been 
a rationale for the placement of cavity bases beneath metallic 
restorations. Initial in vivo research documenting the alleged 
problem was sparse and poorly controlled. Although one study 
showed reduced postoperative sensitivity when thick cement 
bases were used,51 another demonstrated that, by 6 months 
postoperatively, few patients had thermal sensitivity regard-
less of whether a cavity base had been placed.52 In one survey, 
50% of patients questioned 24 hours after restoration place-
ment reported some discomfort, but 78% of these patients 
described the discomfort as mild and fleeting.53 Several more 
recent studies have demonstrated that a significant majority 
of patients receiving amalgam restorations do not experience 
postoperative thermal sensitivity, regardless of lesion depth or 
the absence or presence of a particular cavity sealer or liner. Of 
those patients with postoperative thermal discomfort, almost 
all describe it as minor, and it has almost always disappeared 
within 30 days.54–60 Any discussion of the need for protection 

against postoperative thermal sensitivity must be tempered by 
the understanding that the prevalence and magnitude of this 
problem have likely been overestimated.

Theory of thermal shock
There are two theories about the cause of thermal sensitivity 
(usually to cold) following restoration placement and, conse-
quently, two philosophies about how to best address the prob-
lem. The first theory states that sensitivity is the result of direct 
thermal shock to the pulp via temperature changes transferred 
from the oral cavity through the restorative material,61,62 espe-
cially when remaining dentin is thin. Protection from this insult 
would then be provided by an adequate thickness of an insulat-
ing material with low thermal diffusivity.62,63 It has been noted 
that resin composite exhibits such low thermal diffusivity that a 
thermal insulating base should be unnecessary in conjunction 
with resin composite restorations.63,64 Use of an insulating base 
for thermal protection would therefore be limited to metallic 
restorative materials that exhibit higher rates of temperature 
transfer.

When a base is used to provide insulation to counter 
thermal sensitivity in amalgam restorations, the thickness of 
the material must be minimized in areas subject to occlusal 
loading. Research has shown that, as the thickness of the base 
increases, the fracture resistance of the overlying amalgam de-
creases.65,66 Because temperature diffusion through amalgam 
to the floor of the cavity preparation is effectively reduced by 
0.50 to 0.75 mm of basing material, if a base is used, its thick-
ness should be restricted to no more than 0.75 mm.63 Modulus 
of elasticity is the key property that determines how effectively 
a base or liner will support an amalgam restoration; a high 
modulus of elasticity indicates stiffness, while a low modulus 
of elasticity indicates flexibility. As the modulus of elasticity of a 
basing material decreases, the resistance to fracture of overly-
ing amalgam decreases.65–67

Theory of pulpal hydrodynamics
The more widely accepted theory of thermal sensitivity holds 
that temperature sensitivity is based on pulpal hydrodynamics. 
Most restorations have a gap between the wall of the prepara-
tion and the restorative material that allows the slow outward 
movement of dentinal fluid (Fig 6-1b). Cold temperatures cause 
a sudden contraction of this fluid, resulting in a rapid increase 
in the flow, which is perceived by the patient as pain.50 As den-
tin nears the pulp, tubule density and diameter increase,1,68 as 
does permeability,69 thus increasing both the volume and the 
flow of pulpal fluid susceptible to the hydrodynamic effects of 
cold temperatures. This may explain why deeper restorations 
are sometimes associated with more problems of sensitivity.17

According to this theory, if the tubules can be occluded, 
fluid flow is prevented and a cold temperature does not induce 
pain. The operative factor in reducing sensitivity to thermal 
change thus becomes effective sealing of dentinal tubules 
rather than placement of an insulating material of a certain 
thickness.50 Scanning electron microscopic observations have 
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revealed significantly higher numbers of open tubule orifices 
in hypersensitive dentin, lending credence to this theory.70,71

The theory of pulpal hydrodynamics has gained general 
acceptance in recent years and has changed the direction of 
restorative procedures away from thermal insulation and to-
ward dentinal sealing. Thus, there is increasing emphasis on 
the integrity of the interface between restorative material and 
prepared tooth.

Cavity Sealers, Liners, and Bases
The terms varnish, sealer, liner, and base, used to describe a 
variety of materials, have been a source of confusion in dental 
literature. In 1995, McCoy72 provided the following definitions 
for these terms.

•  Cavity sealers: Materials in this category provide a protective 
coating to the walls of the prepared cavity and a barrier to 
leakage at the interface of the restorative material and the 
walls. The term sealer implies total prevention of leakage, but, 
in fact, the barrier provides various degrees of seal. Sealers 
usually coat all walls of a cavity preparation. Commonly used 
sealers fall into two categories:
–  Varnish: A natural rosin or gum (such as copal), or a synthetic 

resin, dissolved in an organic solvent such as acetone, chlo-
roform, or ether.73

–  Adhesive sealers: Adhesive systems designed to provide 
sealing as well as bonding at the interface between res-
toration and cavity-preparation walls.

•  Cavity liners: Cement or resin coating of minimal thickness 
(usually less than 0.5 mm) to achieve a physical barrier to 
bacteria and their products and/or to provide a therapeutic 
effect, such as an antibacterial or pulpal anodyne effect. Lin-
ers are usually applied only to dentin cavity walls that are near 
the pulp.

•  Cavity bases: Materials to replace missing dentin, used for bulk 
buildup and/or for blocking out undercuts in preparations for 
indirect restorations.

Knowledge of the properties and indications for the materials 
in each category will aid in the selection process when the prac-
titioner is faced with an array of choices.

Cavity sealers
Cavity sealers provide a protective coating for freshly cut tooth 
structure of the prepared cavity. The tooth-restoration interface 
has always been considered critical in dentistry, a fact apparent 
in the profession’s emphasis on marginal adaptation of dental 
restorations. The concern is that any interfacial gap, even one 
not readily apparent under magnification, will allow microleak-
age. Kidd74 defined microleakage as the passage of bacteria, 
fluids, molecules, or ions along the interface of a dental res-
toration and the wall of the cavity preparation. This process 
is theorized to cause marginal discoloration, secondary caries, 
and pulpal pathosis. A summary of some clinical studies on the 
percentage of clinical failures of existing restorations due to 
secondary caries is provided in Table 6-1.

Clearly, the junction between the restorative material and 
tooth structure is the source of a considerable number of resto-
ration failures; providing a seamless transition from restoration 
to tooth structure has long been a goal in dentistry. Cavity seal-
ers, used to fulfill this function, take two forms: varnishes and 
adhesive sealers.

Varnishes
As previously discussed, varnish is a natural gum (such as copal), 
a rosin, or a synthetic resin dissolved in an organic solvent, such 
as acetone, chloroform, or ether, that evaporates, leaving 
behind a protective film.73 It is used as a barrier against the 
passage of bacteria and their by-products into dentinal tubules, 
and it reduces the penetration of oral fluid at the restoration-
tooth interface. This film is very thin, usually 2 to 5 µm, and 
provides no thermal insulation.80–82

Copal varnishes were used for many years to fill the gap at 
the amalgam-tooth interface until corrosion products formed 
to reduce the gap.80,83,84 Varnishes have also been used as bar-
riers against the passage of irritants from cements and bacteria 
into dentinal tubules.80 Two applications have been shown to 
be more effective than a single coat, but a third application 
does not significantly improve the coating of the cavity walls.85 
Copal varnish is capable of reducing dentin permeability 
by 69%86 and significantly reducing microleakage for 4 to 6 
months.87–89 Although its use has diminished in recent years, 
varnish has commonly been used under amalgam restora-
tions and before cementation of indirect restorations with zinc 
phosphate cement. Placement of copal varnish before crown 
cementation with zinc phosphate does not have a detrimental 
effect on retention.90 

Table 6-1
Tooth-restoration interface: Materials and 

clinical failures*

Study Composite Amalgam

Glass  

ionomer

Opdam et al75 43% 23.5% NA

Bernardo et al76 88% 66% NA

Soncini et al77    51.8% 43.6% NA

Opdam et al 78 38% 29% NA

Forss and  

Widström79 38.6% 50% 42.4%

*Numbers denote percentage of failures attributable to secondary caries.
NA–not applicable.



Adhesive sealers
The most recent materials to be used as cavity sealers have a 
demonstrated multisubstrate bonding ability that allows the 
restorative material to adhere to tooth structure. Examples 
include adhesive bonding systems, resin luting cements, and 
glass-ionomer luting cements. The benefits of using adhesive 
bonding systems (described in chapter 9) to attach resin com-
posite materials to tooth structure are well documented and 
accepted. It is well established that acid etching will promote a 
reliable, durable bond to enamel.12 Its mechanism of action (ie, 
the diffusion of polymerizable monomers into porosities and 
channels established in enamel and dentin as a result of the 
demineralizing action of acid) is well accepted. Bonding sys-
tems also provide a chemical bond between the unfilled resin 
of the adhesive system and the resin composite. Enamel’s more 
consistent and highly mineralized structure provides a more 
reliable bond than that achieved to dentin.91,92

Researchers and clinicians have worked to develop cavity 
sealers that can improve the seal provided by cavity varnishes 
for amalgam restorations. Some studies have demonstrated 
that varnishes reduce, but do not eliminate, microleakage 
around amalgam restorations,87,93,94 while other studies have 
shown no benefit or even increased microleakage when a 
varnish is used.95–97 Because of postplacement amalgam mar-
ginal leakage, the duration of which is prolonged when the 
slower-corroding high-copper alloys are used, more effective 
and longer-lasting sealers have been sought. This has led to the 
frequent use of adhesive resins in conjunction with amalgam 
restorations.98 At least one study has shown an adhesive to be 
inferior to varnish in the seal it provides99; others have shown 
adhesives and varnishes to exhibit similar degrees of microleak-
age,100,101 while still others have shown adhesive resin to impart 
no greater seal than when no sealer at all is used.95,102 However, 
numerous studies have shown resin adhesives to provide a 
significant reduction in leakage.88,89,103–111

While not unanimous, there is compelling evidence that 
adhesive resins used as sealers reduce interfacial microleakage 
compared with either unsealed or varnish-sealed amalgam 
restorations when evaluated in the short term (24 hours to 14 
days). Superior sealing of dentinal tubules by bonding resins 
compared with varnish has also been demonstrated.89,103,108,111 
Animal research has demonstrated that dentin primers alone or 
in conjunction with dentin adhesives can significantly reduce 
dentin sensitivity112 and that they have good pulpal compat-
ibility when used in cavity preparations.113,114 However, modern 
adhesives continue to exhibit leakage when cavity margins are 
on dentin or cementum.92,115–118 Most in vitro research on the 
use of bonding systems with amalgam restorations is of short 
duration, and uncertainty exists concerning the durability of 
the bonded interface between amalgam and tooth structure. 
Studies have found that both interfacial and dentinal tubule 
leakage increase significantly over periods of 1 month to 1 year 
after placement of the resin bonding/sealing resin and amal-
gam.90,104,108,109

Most important, numerous controlled clinical trials have failed 
to demonstrate a decrease in postoperative sensitivity with the 
use of adhesive agents under amalgam restorations compared 
with the use of either traditional sealers and liners or no cavity 
sealer at all.54,56–59,119–122 These results are consistently found 
regardless of cavity depth and RDT.57,58

Given these facts, there are some concerns about the use of 
adhesive resins under amalgam restorations. The insoluble ad-
hesive layer may act as a barrier to prevent amalgam corrosion 
products from ultimately sealing the tooth-restoration inter-
face. As a result, the dentin bonding resins may potentially put 
the patient at greater risk for marginal leakage and recurrent 
caries in the long term. In addition, bonding resins are much 
more technique sensitive than varnishes,118,123 and bonding 
systems are more expensive and time-consuming.124 Research-
ers have also noted the tendency of self-curing adhesive sealers 
used in conjunction with amalgam restorations to spread to 
adjacent tooth surfaces, potentially giving rise to periodontal 
irritation.59 Additional potential drawbacks to the use of adhe-
sive sealers with amalgam include pooling of resin, resulting in 
radiographic artifacts,125 and incorporation of sealer into the 
amalgam during condensation,126 leading to significant loss of 
amalgam strength.127,128

These considerations need to be weighed against clinical 
research evaluating the performance of bonded amalgam res-
torations. A number of studies have demonstrated clinical per-
formance of bonded restorations that is comparable with that 
of nonbonded restorations.54,59,120,122 One trial demonstrated 
equal performance of complex amalgam restorations (includ-
ing at least one proximal surface and one cusp), using either 
pin retention or adhesive bonding over 6 years.122 Those out-
comes are encouraging because bonded amalgam restorations 
permit minimal tooth preparation rather than necessitating the 
removal of sound tooth structure to develop traditional resis-
tance and retention form. However, the results of these clinical 
studies should be interpreted with some caution, because most 
have evaluated relatively low numbers of restorations and, with 
the exception of the 6-year study of large restorations cited 
above, have been of short duration (3 years or less) and have 
tested mostly small to moderate-sized restorations. With these 
precautions in mind, it should be noted that evidence is accu-
mulating to support the use of adhesive sealers in conjunction 
with amalgam restorations.

Cavity liners
Cavity liners are placed with minimal thickness, usually less 
than 0.5 mm, and provide some type of therapeutic benefit, 
such as fluoride release, dentinal seal through adhesion to 
tooth structure, and/or antibacterial action that promotes 
pulpal health.72

Calcium hydroxide
Calcium hydroxide [Ca(OH)2] has long been used as a liner 
because of its pulpal compatibility and purported ability to 
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stimulate reparative dentin formation with direct pulpal con-
tact.1 However, research has shown that not all formulations of 
calcium hydroxide have a stimulatory effect on human pulpo-
blasts.129 There is a growing belief that reparative dentin forma-
tion is assisted, rather than stimulated, and that this is due to 
the antibacterial action of calcium hydroxide, which reduces 
or eliminates the inflammatory effects of bacteria and their by-
products on the pulp.14,50,130,131 Research has also indicated that 
calcium hydroxide may release growth factors from dentin that 
can assist in pulpal healing.131,132

Conventional formulations of calcium hydroxide liners have 
demonstrated poor physical properties.65,133 High solubility 
of some calcium hydroxide liners may lead to contamination 
of bonding resins and result in increased marginal leakage.134 
High solubility may also result in softening of the liner and 
in material loss under poorly sealed restorations.50,135 Visible 
light–activated calcium hydroxide products have overcome 
most of these deficiencies. They exhibit improved physical 
properties136 and significantly reduced solubility.133 While the 
modulus of elasticity of the light-activated products has been 
shown to be higher than that of conventional calcium hydrox-
ide in one study,137 in another it was lower,136 with a resulting 
reduced ability to support an overlying amalgam restoration.138 
These unfavorable physical properties restrict calcium hydrox-
ide use to application over the smallest area that would suffice 
to aid in the formation of reparative dentin when a known or 
suspected pulp exposure exists.

Glass ionomer
Glass ionomer has been used as a cavity liner in an attempt 
to take advantage of two highly desirable properties: chemi-
cal bond to tooth structure and fluoride release.133 Although 
fluoride release from glass ionomer decreases with time,139 sus-
tained release has been demonstrated140 with corresponding 
uptake into adjacent tooth structure.141 This is thought to aid 
in anticariogenic activity.142 Like zinc phosphate, glass ionomer 
is quite acidic on initial mixing but tends to neutralize within 
24 hours.143 Pulpal response to both visible light–activated and 
conventional glass-ionomer formulations has been shown to 
be favorable when not in direct pulpal contact,23,144–146 likely 

because glass ionomer decreases interfacial bacterial penetra-
tion.6,17,18,145 The exact mechanism by which this is achieved 
is uncertain, but it may be due to one or more of the follow-
ing: fluoride release, initial low pH,147 chemical bond to tooth 
structure (physically excluding bacteria),145 or release of a 
metal cation.148,149 Both visible light–activated and convention-
al glass-ionomer liners exhibit good physical properties, with 
the conventional version exhibiting reduced interfacial gap for-
mation,150 a higher modulus of elasticity,151 and subsequently 
improved support for amalgam restorations.138 Glass ionomer 
has been shown to reduce microleakage under amalgam resto-
rations.95,152 Conventional glass ionomers are relatively soluble 
in an acidic environment and are susceptible to rapid surface 
deterioration when subjected to acid etching.153 Visible light–
activated glass ionomers show improved resistance to acid sol-
ubility136 while maintaining fluoride release and bond to tooth 
structure.151 Therefore, the visible light–activated formulations 
are more desirable for use with resin composite restorations.

Glass-ionomer cements have been recommended as liners 
under resin composite restorations to reduce microleakage. 
The use of glass-ionomer cement as an intermediate layer 
between dentin and resin composite, particularly in Class 5 
restorations, is often referred to as the sandwich technique. 
Glass ionomer use, most often in conjunction with Class 2 resin 
composite restorations, is sometimes called the bonded-base 

technique. Both techniques can be “open,” in which the glass-
ionomer cement at the gingival margin is exposed, or “closed,” 
in which the glass-ionomer cement is completely covered by 
resin composite. Glass-ionomer cement liners, both visible 
light–cured and self-cured, have been studied extensively for 
their ability to seal the interface between resin composite and 
the cavity preparation. The preponderance of in vitro evidence 
indicates that glass-ionomer cement liners perform at least as 
well as, and in most cases significantly better than, bonding 
resins used alone to seal the restoration-tooth interface. This is 
probably due to the chemical bond to tooth structure, as well 
as a delayed set and increased strain capacity provided by the 
glass-ionomer cement. This may reduce the tendency for po-
lymerization shrinkage stress to pull the resin composite away 
from the preparation walls.154 In addition, the open sandwich or 

Fig 6-2 The primary use for bases is to block out undercuts in divergent preparations. Glass-ionomer bases are used here to block 

out undercuts in ceramic inlay preparations (a) and in a gold onlay preparation (b).
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bonded-base restoration appears to be superior to the closed 
technique in achieving this seal.155–164 The use of the open 
sandwich technique with posterior resin composite restora-
tions is discussed in greater detail in chapter 11.

Cavity bases
As previously stated, cavity bases are used as dentin replace-
ment materials, allowing for less bulk of restorative material 
or blocking out undercuts for indirect restorations72 (Fig 6-2). 
Although cavity bases generally are not used for pulpal protec-
tion or health, they are briefly described here.

Zinc oxide–eugenol and zinc phosphate cements
Zinc oxide–eugenol (ZOE) and zinc phosphate cements have 
been used for a number of years as bases under a variety of 
restorative materials. Although both provide excellent thermal 
insulation13,63 and zinc phosphate cement exhibits excellent 
physical properties,1 their use has diminished in recent years 
with the growing question of their benefit to pulpal health and 
with the advent of materials that release fluoride and adhere to 
dentin.165

Glass ionomer
As previously discussed, glass-ionomer materials have excel-
lent mechanical properties, modulus of elasticity, and restora-
tion support. As a result, glass ionomers can be used as cavity 
bases as well as cavity liners.

Guidelines for basing, lining, and sealing
Clinicians must always consider the limitations of currently 
available materials. The best possible base for any restoration 
is sound tooth structure. The following are guidelines for place-
ment of bases, liners, and sealers:

•  Do not remove sound tooth structure to provide space for a 
base. Maintaining sound dentin will enhance restoration 
support and provide maximum dentinal thickness for pulpal 
protection.

•  Use bases as indicated for buildup materials and block-out 
materials for cemented indirect restorations. If used for direct 
amalgam restorations or bonded restorations, minimize the 
extent of the base. Basing a preparation to “ideal” depth and 
internal form is contraindicated.166 Bases in cavity prepara-
tions for amalgam restorations and bonded resin or ceramic 
restorations lead to decreased bulk of restorative material and 
increased potential for restoration fracture.

•   Use the minimum thickness of liner necessary to achieve the 
desired result. For liners under amalgam restorations, this 
should not exceed 0.5 mm.167

•  While there is research support for the use of adhesive sealers 
(dentin bonding agents) under amalgam restorations, long-
term clinical evidence is not strong.

Direct and Indirect Pulp Capping

Pulp capping is defined as “endodontic treatment designed to 
maintain the vitality of the endodontium.”168 Several favorable 
conditions must be present before considering direct or indi-
rect pulp capping168,169:

•   The tooth must have a vital pulp and no history of spontane-
ous pain.

•  Pain elicited during pulp testing with a hot or cold stimulus 
should not linger after stimulus removal.

•  A periapical radiograph should show no evidence of a perira-
dicular lesion of endodontic origin.

•  Bacteria must be excluded from the site by the restoration.

If these conditions can be met, an indirect pulp capping pro-
cedure is preferable to a direct pulp capping procedure. An 
indirect pulp capping procedure allows a protective thickness 
of dentin to remain adjacent to the pulp. Not only does this 
provide the advantages previously described for maintaining 
dentin (as RDT), but because RDT is directly related to odon-
toblast survival, reparative dentin formation is also enhanced.3 
In addition, avoiding pulp exposure means that there is less 
chance for infected debris to be introduced into the pulp to 
cause an inflammatory reaction.3,170 Avoiding pulp exposure 
also means that there is no concern for hemorrhage from the 
pulp, a factor that has been associated with decreased success 
rates in direct pulp capping.171–174

Because of the uncertainty for success with either indirect 
or direct pulp capping procedures, pulpal health should be 
monitored for several months in teeth that are to receive indi-
rect restorations or serve as abutments for fixed or removable 
partial dentures. If the pulpal status of a tooth is uncertain, the 
clinician should consider endodontic therapy before initiating 
restorative treatment.

Direct pulp capping
Considerable research has been done regarding direct pulp 
capping. However, a caveat is in order because much of this 
research has used animal models. While providing useful infor-
mation, pulp capping outcomes in animals often do not reflect 
the outcomes of pulp capping in humans.26,175,176 As such, pulp 
capping findings in animals must be interpreted with caution.

Pulps can be exposed as a result of trauma, caries, or mechan-
ical reasons. The latter exposure is usually of iatrogenic origin. 
Direct pulp capping is an attempt to maintain pulpal vitality by 
placing a material directly over the exposed pulp. It is hoped that 
this will allow the pulp to heal normally, regenerate reparative 
dentin, and prevent the need for more extensive and expensive 
treatment, such as root canal therapy. Studies have indicated 
that pulp capping is more likely to be successful if the cause of 
the pulp exposure is mechanical rather than due to caries.168,177 
A carious exposure will cause bacterial contamination of the 
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pulp resulting in inflammation131 and a pulp that is less able 
to respond and heal, whereas mechanical exposure will likely 
cause less bacterial contamination and resulting inflammation.

After a pulp has been exposed, it is important to control 
pulpal bleeding before placing a pulp capping agent.172 In-
creased bleeding that is difficult to stop can compromise the 
success of the procedure. This is likely due to one or both of two 
reasons. First, increased pulpal bleeding may be indicative of a 
higher level of pulpal inflammation and therefore a reduced 
capacity for pulpal healing. Second, the blood contamination 
of dentin adjacent to the exposure site may compromise the 
seal required to exclude bacterial contamination of the ex-
posed pulp.

Pulpal bleeding is normally controlled with a cotton pellet 
saturated in a solution applied to the exposure site. A variety 
of solutions have been used in this situation. Water or saline 
are the most benign to the pulp.178 Sodium hypochlorite, in 
concentrations ranging from 0.12% to 5.25%, is more caustic to 
the pulp but is extremely effective at controlling bleeding and 
is very effective at disinfecting the area. It has been used effec-
tively in a number of studies and is likely the most commonly 
used agent for controlling pulpal bleeding. Chlorhexidine 
solution is an effectual antibacterial but is not as effective for 
controlling hemorrhage. Other solutions, such as those used to 
control gingival bleeding during impression taking, have less 
evidence to support their use in pulp capping, but short-term 
data seem to show few adverse effects on the pulp. One excep-
tion to this might be ferric sulfate, for which multiple clinical 
studies have indicated increased postoperative pain when it 
was used in conjunction with pulp capping.173,179–184

It has been suggested that age may have an impact on the 
success or failure of direct pulp capping, because older pulps 
have increased fibrosis and a decreased blood supply185 and 
thus a decreased ability to mount an effective response to 
invading microorganisms.174 However, there is no consensus in 
the literature regarding age as a factor in the success of direct 
pulp capping. Some studies have shown no relationship be-
tween success and patient age172,177; however, other research 
has found that age did have a bearing on success.186,187

The best chance for direct pulp capping to permit forma-
tion of a dentin bridge and to maintain pulpal vitality is in 
the presence of the most ideal conditions. If a large number 
of bacteria from a caries lesion or exposure to the oral flora 
have contaminated the pulp, the likelihood of regaining or 
maintaining a healthy pulp is slight. The adverse consequences 
of bacterial contamination of the pulp have been well docu-
mented.12–14,23,24 Ideally, direct pulp capping would be at-
tempted only when a small mechanical exposure of an other-
wise healthy pulp occurs. A recent systematic review provided 
evidence that direct pulp capping of carious exposures can be 
carried out successfully.188 However, the tooth should exhibit 
the favorable conditions noted previously. The tooth must be 
isolated with rubber dam, and adequate hemostasis must be 
achieved. The exposure should be covered with an appropri-
ate pulp capping agent, and it must be possible to restore the 
tooth with a well-sealed restoration that will prevent subse-
quent bacterial contamination (Fig 6-3). The next section will 
consider the various materials that have been suggested for 
use as direct pulp capping agents.

Direct pulp capping materials
Zinc oxide–eugenol. ZOE has been used in dentistry as a base, 
liner, cement, and provisional restoration for decades. What is 
most appealing about ZOE as a potential pulp capping agent is 
its antibacterial properties. ZOE releases eugenol in concentra-
tions that are quite cytotoxic.189–192 However, ZOE also exhibits 
high interfacial leakage.193 Although it has been suggested that 
high leakage does not matter because ZOE provides a “bacte-
rial seal” due to the eugenol release, it should be noted that 
eugenol release declines dramatically with time.191 This would 
seem to imply that the effectiveness of ZOE at excluding bacte-
rial penetration would decrease over time.

Clinical research on direct pulp capping with ZOE is sparse. 
One study found dramatic adverse outcomes for human teeth 
in which pulps were capped with ZOE. All teeth receiving ZOE 
pulp caps demonstrated chronic inflammation and a lack of 
dentin bridging and pulpal healing 12 weeks after pulp cap-
ping. However, all control teeth that had been pulp capped 
with calcium hydroxide showed healing within 4 weeks.194

Glass ionomer/resin-modified glass ionomer. Glass ionomer 
and resin-modified glass ionomer demonstrate cytotoxicity 
when in direct contact with cells, although not to the same 
degree as ZOE. Resin-modified glass-ionomer formulations 
tend to show greater cytotoxicity than does the conventional 

Pulp

Fig 6-3 For a direct pulp capping procedure, a calcium hydroxide or mineral 

trioxide aggregate lining material is placed on the exposed pulpal tissue and a 

small amount of surrounding dentin. A sealing liner and/or a sealing restoration 

is then placed to seal out bacteria and their by-products. RMGI—resin-modified 

glass ionomer; MTA—mineral trioxide aggregate.
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hydroxide
or MTA
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glass-ionomer form. However, both glass ionomer and resin-
modified glass ionomer make excellent cavity liners/bases in 
deep preparations because of their ability to chemically adhere 
to tooth structure. The resultant seal prevents toxic elements 
from penetrating into the pulp. Glass ionomer and resin-
modified glass ionomer also provide an excellent seal against 
bacterial penetration, with good biocompatibility when not in 
direct contact with the pulp.6,17,192,195,196

As with ZOE, there is little human clinical research to support  
direct pulp capping with glass ionomer and resin-modified 
glass ionomer. One study showed chronic inflammation and 
lack of dentin bridge formation up to 300 days after direct 
pulp capping with a resin-modified glass ionomer. The calcium 
hydroxide–treated control teeth demonstrated significantly 
better healing.197

Adhesive systems. In the early 1990s, it was suggested that 
dentin bonding agents could be used for direct and indirect 
pulp capping198 based on the belief that they could provide an 
effective, permanent seal against bacterial invasion to promote 
pulpal healing. However, as with ZOE, glass ionomer, and resin-
modified glass ionomer, all components of adhesive systems 
are cytotoxic to pulpal cells.199 The cytotoxic effects of the 
adhesive system components are synergistic with each other, 
increase with contact time, and are present in single- as well as 
multicomponent systems. Insufficiently cured adhesives exhib-
it greater cytotoxicity than adhesives that are well polymerized 
due to the presence of unpolymerized components.199,200

The interest in using adhesives for pulp capping was driven, 
at least in part, by the fact that some studies on nonprimates 
found that mechanical pulp exposures capped with adhesives 
generally resulted in pulpal healing.201–203 These results were 
not unanimous, as some nonprimate studies did find inferior 
healing following pulp capping with adhesives compared with 
calcium hydroxide.204,205 A number of studies on primates with 
noncontaminated mechanical pulp exposures capped with ad-
hesive systems generally resulted in healing comparable with 
that of calcium hydroxide.171,206–208 However, the outcome 

changes when the results are examined from studies of 
bacteria-contaminated mechanical pulp exposures in primates. 
This experimental regimen was chosen to more closely resem-
ble the situation that might be encountered if a pulp exposure 
occurred due to caries or without a rubber dam in place. These 
contaminated exposures capped with adhesives resulted in 
poor pulpal healing compared with that of calcium hydrox-
ide.173,207 

When the results of human pulp capping studies are re-
viewed, the conclusions become very different than what 
would have been deduced from animal studies. Table 6-2 sum-
marizes several human studies comparing pulp capping with 
calcium hydroxide versus adhesives. In each study cited, calci-
um hydroxide provided significantly improved pulpal repair 
compared with adhesive systems, regardless of whether it was 
an etch-and-rinse or self-etching system. There are several pos-
sible explanations for these poor outcomes in human studies. 
First are the direct cytotoxic effects produced by adhesives on 
pulpal cells.199 Second is the difficulty in obtaining an adequate 
seal to protect against bacterial contamination. This poor seal 
may be due to one or more reasons. Etchant and primer com-
ponents of adhesives are vasodilators, which can increase 
bleeding that contaminates adjacent dentin and degrades ad-
hesion.180,214,215 The increased moisture at the pulp capping site 
reduces polymerization of the adhesive. This has the dual detri-
mental effects of decreasing adhesion and increasing the avail-
ability of the unpolymerized and more toxic components of the 
adhesive.216 Finally, resin components reduce the pulp’s im-
mune response, making it less likely that the pulp will be able 
to defend itself against bacterial contamination.217 These find-
ings were confirmed in a review of pulp capping with adhe-
sives, in which De Souza Costa and others175 concluded the 
following: (1) adhesives result in inferior pulp healing; (2) adhe-
sives result in chronic inflammation, even in the absence of 
bacteria; and (3) inflammation is a poor environment for pulpal 
healing.

Another issue in placing bonding resins directly on pulpal 
tissue is heat generation from a quartz-tungsten-halogen (QTH) 
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Table 6-2
Human study outcomes comparing direct pulp capping with calcium hydroxide versus  

adhesive systems* 

Study† No. of teeth Restoration Time (mo) Results‡

Accorinte et al, 2006209 40 Etch-and-rinse/composite 2 Calcium hydroxide

De Souza Costa et al, 200126 33 Self-etch/composite 10 Calcium hydroxide

Accorinte et al, 2008210 34 Self-etch/composite 3 Calcium hydroxide

Sübay and Demirci, 2005211 16 Etch-and-rinse/composite 1 Calcium hydroxide

Accorinte et al, 2005212 25 Etch-and-rinse/composite 2 Calcium hydroxide

Fernandes et al, 2008213 46 Etch-and-rinse/composite 1 Calcium hydroxide

Hörsted-Bindslev et al, 2003214 34 Etch-and-rinse/composite 2 Calcium hydroxide

*Reprinted from Hilton169 with permission.
†All studies used mechanical exposures and performed histologic analysis.
‡Results column denotes which pulp cap material performed better.
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or a light-emitting diode (LED) curing light. An intrapulpal tem-
perature increase of more than 20°F (11.2°C) has been shown 
to cause irreversible damage in vivo.218 One study investigated 
the temperature rise in a bonding resin during polymerization 
with a QTH curing light.219 An increase of 18.2°C was found with 
a 10-second cure, and a 25.2°C increase was detected with a 
20-second cure. Because most bonding resins require a 
10-second cure, and some a 20-second cure, there is potential 
for the pulp to be exposed to dangerous heat levels. It was 
originally hoped that the LED curing lights would be shown to 
produce less heat than QTH lights. This was the case when first 
introduced, with LED lights demonstrating significantly less 
heat production than plasma arc curing (PAC) lights and high-
intensity QTH (HQTH) lights.220 However, current LED lights 
demonstrate considerably higher light intensity output and are 
capable of generating much greater heat. This can be a bio-
logic hazard to the pulp when little or no remaining dentin is 
present.221

Calcium hydroxide. Calcium hydroxide was introduced to the 
dental profession in 1921 and has been considered the gold 
standard of direct pulp capping materials for several decades 
for a number of reasons.186 Calcium hydroxide has excellent 
antibacterial properties.222 One study found a 100% reduction 
in microorganisms associated with pulpal infections after 1 hour 
of contact with calcium hydroxide.223 Most important, calcium 
hydroxide has a long-term track record of clinical success as a 
direct pulp capping agent in periods of up to 10 years,172,209,224 
although reduced success rates have been found in studies in 
which dental students were the operators.168,177,214,225

Calcium hydroxide has some disadvantages as well. The 
self-curing formulations are highly soluble and are subject to 
dissolution over time,226 although it has been noted that by the 
time the calcium hydroxide is lost due to dissolution, dentin 
bridging has occurred.209 Calcium hydroxide has no inherent 
adhesive qualities and provides a poor seal.227 Another criti-
cism noted of calcium hydroxide is the appearance of so-called 
tunnel defects in reparative dentin formed beneath calcium 
hydroxide pulp caps.228,229 A tunnel defect has been described 
as a patency from the site of the exposure through the repara-
tive dentin to the pulp, sometimes with fibroblasts and capillar-
ies present within the defect.229 Other researchers have found 
that the quality of reparative dentin improves as the bridge 
gets thicker230 and that the tunnel defects are not often patent 
with the pulp.204 Of studies of direct pulp capping with calcium 
hydroxide, more did not report tunnel defects than did report 
them.180,209,210,212,214

Calcium hydroxide is believed to effect pulpal repair by one 
or more of several mechanisms of action. Calcium hydroxide 
possesses antibacterial properties, and this can minimize or 
eliminate bacterial in the capped pulp.222 Traditionally, it has 
been believed that calcium hydroxide’s high pH causes ir-
ritation of the pulpal tissue, which stimulates repair via some 
unknown mechanism.132 In recent years, this “unknown mecha-
nism” has been explained as the release of bioactive molecules. 

It is known that a variety of proteins are incorporated into 
the dentinal matrix during dentinogenesis. Of particular im-
portance to the topic of pulp capping, at least two of these 
proteins, bone morphogenic protein (BMP) and transforming 
growth factor-β1 (TGF-β1), have demonstrated the ability to 
stimulate pulpal repair.231–233 Furthermore, calcium hydroxide 
is known to solubilize these proteins from dentin, lending 
credence to the release of these bioactive molecules as a sig-
nificant mediator in pulpal repair following pulp capping.132,233

Mineral trioxide aggregate. Mineral trioxide aggregate (MTA) 
has generated considerable interest as a direct pulp capping 
agent in recent years. Unset MTA is primarily calcium oxide in 
the form of tricalcium silicate, dicalcium silicate, and tricalcium 
aluminate. Bismuth oxide is added for radiopacity.234,235 MTA 
is considered a silicate cement rather than an oxide mixture, 
and so its biocompatibility is due to its reaction products.236 

Interestingly, the primary reaction product of MTA with water 
is calcium hydroxide.234,236–238

As a result, many of the advantages and potential mecha-
nisms of action for MTA are similar to those for calcium hydrox-
ide, including its antibacterial and biocompatibility properties, 
high pH, radiopacity, and its ability to aid in the release of bio-
active dentin matrix proteins.237–243 There are some differences 
between MTA and calcium hydroxide. First, MTA is available in 
two colors, white and gray. The gray version is created by the 
addition of iron.244 Another significant difference is the fact that 
MTA does provide some seal to tooth structure.245

There are several disadvantages to the use of MTA as well. 
It has shown high solubility, demonstrating 24% loss after 78 
days’ storage in water.237,238 The presence of iron in the gray 
MTA formulation may darken the tooth.242 A significant down-
side to MTA is the prolonged setting time of approximately 2 
hours, 45 minutes.240,241 This requires that pulp capping with 
MTA either be done in a two-step procedure, placing a provi-
sional restoration to allow the MTA to set before placing the 
restoration, or using a quick-setting liner to protect the MTA 
during definitive restoration placement. The handling charac-
teristics of the powder-liquid MTA are very different from the 
typical paste-paste formulations of calcium hydroxide that 
most practitioners find easy to handle. When compared with 
these paste-paste formulations of calcium hydroxide, MTA is 
very expensive. One gram of MTA powder costs approximately 
the same as 24 grams of calcium hydroxide base/catalyst paste, 
making MTA much less cost-effective per use.

A review of direct pulp capping studies in animals compar-
ing MTA with calcium hydroxide generally reveals better pulpal 
healing with MTA.246–250 As with pulp capping studies compar-
ing adhesives with calcium hydroxide, the results are differ-
ent when comparing MTA with calcium hydroxide in human 
studies. Most human studies show similar outcomes of MTA 
and calcium hydroxide.242,251–255 However, four studies do dem-
onstrate superior performance of MTA.251,256–258 These studies 
must be interpreted cautiously, because two of them are very 
short term (2 and 3 months),251,256 and both share an interesting 
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study characteristic: The pulp capped teeth were restored with 
a temporary ZOE material, while a definitive restoration was 
used in the other studies. As discussed in the section on ZOE, 
these materials leak significantly and lose their antibacterial 
eugenol-release rapidly. Thus, these results may highlight the 
ability of MTA to provide a seal over the pulp exposure that 
calcium hydroxide does not. The third study also suffers from 
some shortcomings, including the facts that the treatment was 
not randomly assigned and the study had too few subjects to 
adequately determine the outcome with appropriate power.257 
The fourth study was a practice-based trial of pulp caps for 
mostly carious pulp exposures with 358 participants followed 
for up to 2 years, which also showed significantly better out-
comes with MTA compared with calcium hydroxide. A recent 
systematic review188 showed significantly better outcomes for 
MTA with an indirect comparison between calcium hydroxide 
and MTA on the weighted pooled success rate. Additional 
human studies using MTA as the sole pulp capping agent with 
no control group have shown good success in periods ranging 
from 6 months to 4 years.183,259,260

On the basis of the literature to date, it would appear that 
MTA’s success is likely due to the fact that it serves as a reser-
voir for calcium hydroxide and/or its capacity to provide a seal 
at the site of the pulp exposure. Even though MTA seals better 
than calcium hydroxide, it should be kept in mind that glass 
ionomer or resin-modified glass ionomer will be needed as a 
liner over either pulp capping material. In the case of calcium 
hydroxide, the glass-ionomer/resin-modified glass-ionomer 
liner is needed to provide a protective antibacterial seal that 
the calcium hydroxide alone cannot provide. In the case of 
MTA, the glass-ionomer/resin-modified glass-ionomer liner is 
needed to protect the MTA during restoration placement due 
to the prolonged setting time. Without this glass-ionomer/
resin-modified glass-ionomer protective sealer, it would be 
necessary to place a provisional restoration for a period of time 
until the MTA is set, requiring a second appointment for defini-
tive restoration placement.

Success in direct pulp capping. With its long-term track 
record of clinical success, calcium hydroxide has long been con-
sidered the gold standard for direct pulp capping. However, the 
sum total of the latest research comparing calcium hydroxide 
and MTA shows that MTA demonstrates superior outcomes 
for direct pulp capping. There are several keys to direct pulp 
capping success: restricting pulp capping to asymptomatic or 
mildly symptomatic teeth consistent with reversible pulpitis, 
controlling bleeding, providing a bacterial seal at the exposure 
site, and providing a well-sealed restoration following the pulp 
capping procedure.

Indirect pulp capping
Removal of carious tooth structure has been a basic step in 
dentistry. When the caries lesion is deep, every restorative 
dentist is faced with the decision as to the best way to proceed: 

Is it better to remove all carious dentin regardless of pulpal 
consequences or to stop short to avoid pulp exposure? When 
practitioners in a dental practice-based research network were 
given a hypothetical scenario that involved this question, only 
17% responded that they would stop, leave the remaining cari-
ous dentin in place, and restore the tooth.261 This procedure, 
in which carious dentin is allowed to remain adjacent to a vital 
pulp—rather than risk pulp exposure—and is covered with a 
cavity sealer or liner prior to restoration is termed an indirect 

pulp capping procedure, or indirect pulp treatment262 (Fig 6-4). 
Pierre Fauchard first suggested indirect pulp capping 200 years 
ago.263

The evidence regarding indirect pulp capping stands in 
contrast to the response of the practitioners, however. Several 
studies show that restored teeth with partial caries removal 
have equal success compared with restored teeth with com-
plete caries removal.264–266 A number of studies have evaluated 
the fate of caries lesions in which partial caries removal was 
accomplished. Typically, an initial clinical and microbiologic 
assessment of the caries lesion is carried out, partial caries re-
moval is accomplished, and a sealer or liner and restoration is 
placed for a period of 4 to 12 months before the tooth is re-
entered and reassessed. Invariably, these studies find that (1) 
the lesion color has changed from light brown to dark brown, 
(2) the tissue consistency has changed from soft and wet to 
hard and dry, (3) Streptococcus mutans and Lactobacillus have 
been significantly reduced to a limited number or even zero 
viable organisms, and (4) the radiographs show either no 
change or even a decrease in the radiolucent zone. 

6Direct and Indirect Pulp Capping 

Pulp

Fig 6-4 In an indirect pulp capping procedure, all carious, demineralized dentin 

is removed in the periphery of the preparation, but a small amount of demineral-

ized dentin is left immediately over the area of the pulp. A calcium hydroxide 

lining material is placed to cover the remaining demineralized dentin. A sealing 

liner and/or a sealing restoration is then placed to seal out bacteria and their by-

products. RMGI—resin-modified glass ionomer.

Restorative material

Demineralized 
dentin

RMGI sealing liner

Calcium 
hydroxide



It is known that inflammation is present when active caries 
is adjacent to the pulp, but there is little to no inflammation if 
caries is arrested.267 The type of liner is less important to suc-
cess than the placement of a well-sealed restoration.266,268–275 In 
addition, partial removal of carious dentin significantly reduces 
the chance of pulp exposure during caries excavation.276,277 This 
is very important, because pulp exposures result in more pulp 
injury, inflammation, and poorer prognosis for pulp vitality 
than when pulp exposure is avoided.278,279 

Two thorough systematic reviews confirmed the scientific 
validity of indirect pulp capping and concluded the following: 
(1) partial removal of carious dentin reduced the risk of pulp 
exposure by 98% compared with complete caries excavation 
in teeth with deep caries lesions; (2) there is no evidence that 
partial removal of carious dentin is detrimental in terms of 
signs, symptoms, pulpitis occurrence, or restoration longevity; 

and (3) there is substantial evidence that complete removal of 
carious dentin is not needed for success provided the restora-
tion is well sealed.280,281

An indirect pulp capping procedure (Box 6-1) should be 
considered when there is a radiographically or clinically evident 
deep caries lesion encroaching on the pulp and the tooth has 
no history of spontaneous pain and responds normally to vital-
ity tests. Pulp exposure must be avoided; if it occurs, it should 
be regarded as an iatrogenic event. A direct pulp capping pro-
cedure should be necessary only if the operator inadvertently 
exposes the pulp in attempting an indirect pulp capping proce-
dure. With a deep caries lesion, the indirect pulp capping pro-
cedure is always preferred to a direct pulp capping procedure.

For indirect pulp capping (Figs 6-5 and 6-6), after the initial 
entry into the carious dentin (see Fig 6-5c), a spoon excavator 
or large round bur, rotating very slowly in a low-speed hand-
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Diagnosis 

The preoperative status of the pulp and periradicular 
tissues should be evaluated carefully. The tooth is a 
candidate for indirect pulp capping only if the following 
conditions exist:

• There is no history of spontaneous pulpal pain.
•  Pulpal vitality has been confirmed with thermal or elec-

tric pulp testing. 
•  Pain occurring during application of a hot or cold stimu-

lus does not linger after the tooth returns to mouth 
temperature.

•  A periapical radiograph shows no evidence of a perira-
dicular lesion of endodontic origin.

Treatment

1.  Isolation: After administering anesthetic, isolate the 
tooth with a rubber dam.

2.  Preparation: Prepare the tooth for the definitive resto-
ration, leaving demineralized dentin only in the area 
immediately adjacent to the pulp. All peripheral carious 
tooth structure, particularly at the cavosurface margins, 
must be removed. Use a caries-disclosing dye if neces-
sary to ensure complete carious dentin removal (other 
than that immediately adjacent to the pulp). After 
this is accomplished, use a spoon excavator or a large 
round bur in a low-speed handpiece at very low speed. 
Use very gentle, feather weight strokes over the area 
of the demineralized dentin to remove only the wet 
(soft, amorphous) carious dentin. Leave the dry, fibrous, 
demineralized dentin that gives some moderate resis-
tance to gentle scraping with a spoon excavator. 

3.  Lining: Place a calcium hydroxide liner over the remain-
ing demineralized dentin and allow it to set. Then 

place a layer of resin-modified glass ionomer that 
covers the calcium hydroxide and extends onto sound 
dentin on the periphery to provide a seal.

4.  Restoration:
 a.  Direct restorations: For direct restorations (bonded 

amalgam, resin composite, glass ionomer), place 
the definitive restoration. If time does not allow 
for placement of a definitive restoration at the 
first appointment, a glass-ionomer or reinforced 
ZOE provisional restoration should be placed and 
another appointment scheduled for the definitive 
restoration as soon as possible. The indirect pulp 
capping liner should not be disturbed during the 
subsequent restoration process.

 b.  Indirect restorations: For indirect restorations (cast 
metal restorations, ceramic onlays, or crowns), place 
a definitive buildup (bonded amalgam, resin com-
posite, glass ionomer) at the appointment in which 
the indirect pulp capping procedure was performed 
if time allows. Delay placement of the definitive 
restoration for 4 to 8 months. Before proceeding 
with the definitive restoration, ensure normal pulp 
vitality. 

Precautions

•  Use care in removing carious dentin near the pulp to 
prevent accidental pulp exposure.

•  If a provisional restoration has previously been placed 
over an indirect pulp capping liner and the tooth is re-
entered for a restorative procedure, do not remove the 
indirect pulp capping material.

•  Prior to excavation, use tactile exploration to confirm 
that dye-stained dentin lacks hardness.

Box 6-1 Protocol for indirect pulp capping procedures



143

6Direct and Indirect Pulp Capping 

Fig 6-5 Indirect pulp capping procedure, mandibular left first molar. (a) Mandibular first molar with deep recurrent carious involvement. Preoperative evaluation 

indicated vital pulpal tissue and no history of pain. (b) Preoperative radiograph shows demineralized dentin around the base, under the amalgam, with carious deminer-

alization advancing toward the pulp. (c) The old restoration and base are removed, revealing soft, carious dentin. (d) The preparation is widened to enable removal of a 

large amount of carious dentin and some undermined enamel. (e) A cotton pellet, saturated with a blue caries-disclosing dye solution (Cari-D-Tect, Gresco), is placed 

so that the dye coats all areas of the preparation. The cotton pellet is left in place for 10 seconds and removed. The area is then washed with air-water spray. (f) Note 

the remaining large amount of demineralized dentin, as revealed by the dye. The stained dentin is checked for softness, and softened dentin is removed with a large 

round bur rotating very slowly. The dye is reapplied and rinsed, and additional softened dentin is removed. (g) Most of the demineralized dentin has been removed. 

Only a small amount of dye-stained dentin is left; this dentin is believed to immediately overlie the pulp. (h) A calcium hydroxide liner (Dycal, Caulk/Dentsply) is placed 

over the remaining demineralized dentin. (i) A glass-ionomer liner (Vitrebond, 3M) is placed over the calcium hydroxide liner. The glass-ionomer liner provides some 

seal and improved strength for amalgam condensation. (j) The completed amalgam restoration immediately after placement. (k) The restoration after 7 years of service.
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piece, should be used to excavate the caries-softened dentin. 
Demineralized dentin not near the pulp should be completely 
removed, leaving hard, sound dentin. As the excavation of cari-
ous dentin nears the pulp, caution must be exercised to avoid 
pulp exposure. A spoon excavator may aid in tactile detection 
of softened dentin. The wet (soft, amorphous) carious dentin 
should be removed; as the pulp is approached, the dry, fibrous, 
demineralized dentin that offers some moderate resistance to 
gentle scraping with a spoon excavator should be allowed to 
remain.

Caries-disclosing dyes may be used to assist in excavation of 
carious dentin (see Figs 6-5e to 6-5g and 6-6d to 6-6g). Studies 
have demonstrated the benefit of these dyes to aid in identifi-
cation and removal of demineralized dentin282 and to greatly 
reduce remaining viable bacteria.283 It must be recognized that 
the dyes stain not only demineralized dentin but also anything 
porous, such as debris that may have been left in the cavity 
preparation. In addition, noncarious deep dentin will absorb 
the dye284–286 because of the increased number and size of 
the dentinal tubules in deep dentin; if this dye-stained sound 

dentin is removed, pulp exposure will result. There has been 
concern that, when using a dentin bonding system, the previ-
ous use of caries-disclosing dyes can reduce the strength of the 
bond to dentin and increase microleakage at the interface of 
the bonded restoration with the wall of the cavity.287 However, 
the preponderance of evidence indicates that neither of these 
should be a concern.288–290

In the indirect procedure, all carious dentin is removed 
except for the last portion of firm, leathery carious dentin 
immediately overlying the pulp. At this point, a calcium hy-
droxide liner is placed over the demineralized area of dentin 
(see Fig 6-5h). Placement of calcium hydroxide over this layer 
of leathery dentin has been shown to virtually eliminate all 
remaining bacteria and to render the residual carious dentin 
operationally sterile.291,292 Then a layer of resin-modified glass 
ionomer is placed, covering the calcium hydroxide and extend-
ing onto sound dentin on the periphery to provide a seal (see 
Fig 6-5i). Resin-modified glass ionomer alone (without calcium 
hydroxide as an initial layer) is also effective at providing favor-
able clinical and microbiologic changes when used as a liner on 

Fig 6-6 Indirect pulp capping procedure, maxillary left first premolar. (a) Maxillary left first premolar with extensive proximal caries on the distal surface. (b) Bitewing 

radiograph reveals the extent of the caries lesion. (c) Initial entry reveals soft, carious dentin. (d) Caries-disclosing dye is applied. (e) Dye-stained carious dentin. (f) After 

several applications of caries-disclosing dye and removal of caries-softened dentin, only a small amount of dye-stained dentin remains adjacent to the pulp chamber. 

(g) Calcium hydroxide and glass-ionomer liners are applied over the remaining demineralized dentin. (h) The completed amalgam restoration. The deep and stained 

fissure was addressed using a pit and fissure sealant.

a b c

d e f
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remaining caries.275 If any vital bacteria remain, a well-sealed 
restoration should isolate them from life-sustaining substrate 
and prevent further acid production, thereby arresting the 
caries process.264,293 These facts argue against a two-step pro-
cedure in which the tooth is reentered for the purpose of exca-
vating the remaining acid-affected dentin to confirm reparative 
dentin formation. Bacterial levels in caries lesions are reduced 
most significantly after the initial caries excavation and liner 
placement, with little additional benefit from the subsequent 
excavation.71 In addition, a second caries removal procedure 
risks creating a pulp exposure and causing further traumatic 
insult to the pulp.294 A glass-ionomer liner should be placed 
over the calcium hydroxide liner to improve strength during 
amalgam condensation and to enhance the seal (see Figs 6-5i 
and 6-6g). The definitive restoration should be placed to mini-
mize microleakage at the interface of the restoration with the 
cavity-preparation walls (see Figs 6-5j and 6-6h).

The future of direct pulp capping materials
A number of materials are being investigated for future use as 
direct pulp capping agents. Hydroxyapatite elicited a better 
pulpal response than calcium hydroxide in one animal study 
because the hydroxyapatite acted as a scaffold for dentin 
formation.295 It seems that the most promising research area 
in pulp capping likely relates to placing materials that either 
contain bioactive molecules or are capable of releasing them 
from the dentin matrix. Growth factors such as BMP and TGF-
β1 offer intriguing potential as initiators and/or mediators in 
pulpal repair.233 In an animal study, BMP and bone sialoprotein 
(BSP) were more effective for inducing reparative dentin than 
was calcium hydroxide.296 Another animal study showed that 
TGF-β1 was able to stimulate pulpal stem cells to differentiate 
into odontoblast-like cells that produced reparative dentin.232

Antibacterial Efficacy of  
Restorative Materials
One of the keys to any successful restoration, but particularly 
for a tooth that has undergone a pulp capping procedure, is the 
ability to exclude bacteria and their by-products from entry into 
the pulp.13,168 Of particular concern are the cariogenic bacteria, 
which tend to invade the interface between the restoration 
and the cavity preparation. Ultimately, these bacteria may 
lead to recurrent caries, and, if they reach the pulp in sufficient 
quantities, they will cause inflammatory and ultimately patho-
logic responses.13 In particular, S mutans is often used in in vitro 
studies evaluating the efficacy of restorative materials against 
bacteria, because this organism is associated with recurrent 
caries297 (see chapter 5).

The discussion so far has focused on the materials placed 
immediately adjacent to the site of near or actual pulp expo-

sure. However, the seal provided by the restorative material will 
also affect the ultimate success of the procedure. Restorative 
materials can effectively prevent bacterial contamination by 
one of two means: (1) providing an impermeable seal with the 
cavity walls to physically exclude bacteria and the toxins they 
produce or (2) possessing antibacterial properties to destroy 
bacteria entering the restoration-tooth interface. No material 
yet provides an impermeable seal that can ensure the physical 
exclusion of bacteria.

Amalgam
Although typically not considered a material possessing anti-
bacterial properties, dental amalgam has demonstrated vary-
ing levels of antibacterial activity.297–301 This activity has been 
attributed to a variety of elements released from amalgam, 
including copper, mercury, zinc, silver, and chloride com-
pounds. A number of studies have shown that amalgam is 
effective against cariogenic bacteria, including S mutans, Acti-

nomyces viscosus, and Lactobacillus species.297–301

S mutans thrive and produce lactic acid in an acidic environ-
ment.302 The tooth-amalgam interface has a decreased pH,303 

which results in demineralization of tooth structure.304 In vivo 
studies have shown that metallic solutions of copper, silver, and 
zinc are all capable of reducing acid production in plaque.305 In 
one case, ions of these metals reduced acid production more 
than did fluoride in a comparable concentration.306 All of these 
ions are released by amalgam and would therefore be present 
at the tooth-restoration interface.298–301

In addition to its antibacterial properties, amalgam is the 
only restorative material in which the marginal seal improves 
with time. This is due to the acidic environment and low 
oxygen concentration that exists in the amalgam-to–cavity wall 
gap, which promotes corrosion. In conventional amalgam, the 
gamma-2 phase forms SnO2, SnCl2, and Sn(OH)2Cl, which slowly 
fill the interfacial gap. In high-copper alloys, in which there is no 
gamma-2 phase (tin-mercury phase), the eta phase (copper-tin 
phase) corrodes to form CuO2 and CuCl2, but this occurs much 
more slowly. Corrosion in high-copper alloys may take twice 
as long as in conventional alloys to produce the same level of 
seal.307

Glass ionomer
Glass ionomer has the ability to decrease bacterial penetra-
tion,145 possibly through its fluoride release, initial low pH,147 
physical exclusion of bacteria,145 or release of a metal cat-
ion.148,149 Whatever the mechanism, glass-ionomer restorative 
and liner/base materials inhibit cariogenic bacteria151 and 
demineralization at tooth-restoration interfaces.308,309 In vivo 
plaque studies assessing the level of cariogenic bacteria invari-
ably show significantly lower levels of these organisms adja-
cent to glass ionomer compared to either resin composite or 
amalgam.310–312

Antibacterial Efficacy of Restorative Materials 6



146

Pulpal Considerations6

Resin composite

In contrast to amalgam and glass ionomer, resin composite is 
most dependent on the formation of an impermeable seal to 
exclude bacterial penetration. This is because, as shown in in 
vitro bacterial-inhibition studies, there is little, if any, inhibitory 
effect demonstrated by resin composite against cariogenic bac-
teria,149 and, therefore, there is little resistance to secondary car-
ies activity.309 This is true even if a resin composite contains flu-
oride.309 In fact, research has indicated that certain monomers 
released from resin composite actually stimulate cariogenic 
bacterial growth.313 In vivo plaque studies have demonstrated 
that levels of cariogenic bacteria in the plaque present on sur-
faces of resin composite restorations are significantly higher 
than on either amalgam or glass ionomer.311–315 While certain 
adhesive systems are similar to resin composite in that they 
demonstrate no bacterial inhibition,316 some glutaraldehyde-
containing bonding systems have shown an inhibitory effect 
on cariogenic organisms.316,317 As previously stated, the quality 
and durability of adhesive bonding to dentin is questionable, 
and an impermeable seal may not be achieved. Because resin 
composite does not have the ability to inhibit cariogenic bacte-
ria, placement of a resin composite restoration with a margin in 
dentin in a tooth that has been treated with pulp capping may 
decrease the chances of successful treatment.

Summary
•  Most operative procedures are traumatic to the pulp, and the 

effects are at least somewhat cumulative. Excessive heat and 
dehydration should be avoided. Questionable teeth should 
receive pulp vitality testing before undergoing clinical pro-
cedures.

•  Avoid exposing the pulp. The chances for tooth survival are 
excellent if the tooth is asymptomatic and well sealed, even if 
residual carious dentin remains.

•  Control hemorrhage with water, saline, or sodium hypochlo-
rite. Water and saline are the most benign to the pulp; sodium 
hypochlorite is more effective for controlling hemorrhage and 
disinfecting.

•  Because no dentin remains between the capping material and 
the pulp for direct pulp capping, the problem of exposure of 
pulpal tissues and surrounding vital dentin to caustic or toxic 
materials is significant. The effects of thermal and chemical 
insults are magnified with an exposed vital pulp. While cal-

cium hydroxide has been the gold standard for pulp capping 
because of its long track record of clinical success, MTA has 
demonstrated superior performance to calcium hydroxide 
in recent clinical studies. Either calcium hydroxide or MTA 
should be used with very meticulous clinical technique and 
excellent isolation. Indirect pulp capping is preferred to direct 
pulp capping; with proper diagnosis and good clinical proce-
dure, direct pulp capping should rarely be required.

•  Calcium hydroxide or glass ionomer are the materials of 
choice for indirect pulp capping. If the restoration-to–cavity 
wall interface is well sealed, calcium hydroxide eliminates or 
greatly reduces the number of viable bacteria in the remain-
ing demineralized dentin. Dentin bonding resins adhere 
poorly to carious dentin, provide an inadequate seal, and 
impart little to no antimicrobial activity.

•  Drawbacks attributed to the use of calcium hydroxide as a 
pulp capping agent include dissolution with acid etching, 
degradation under leaking restorations, and interfacial failure 
during amalgam condensation. While the most significant 
drawback of calcium hydroxide is its inability to provide a 
permanent seal against bacterial invasion, the integrity and 
durability of the bond achieved with dentin adhesives is 
questionable as well. ZOE, glass ionomer, resin-modified glass 
ionomer, and adhesives are poor direct pulp capping agents 
and should be avoided for this application.

•  When calcium hydroxide or MTA is used as a pulp capping 
material, it should be limited to as small an area as possible, 
and some method of protecting it should be considered 
during subsequent restorative procedures. Placement of a 
glass-ionomer lining material over the calcium hydroxide 
provides a combination of clinically proven materials associ-
ated with clinical success in pulp capping. Calcium hydroxide 
provides antibacterial properties; glass ionomer, especially 
resin-modified glass ionomer, provides resistance to acids, 
condensation pressures, and dissolution, as well as adhesion 
to the tooth structure and a source of fluoride in the event of 
leakage.

•  Provide a well-sealed restoration immediately after pulp cap-
ping. This will provide protection against ongoing leakage 
and bacterial contamination that can compromise success.
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Nomenclature and  
Instrumentation

James B. Summitt

Basic to any science is a language understood by the 
members of the community of the discipline. This 
chapter is devoted to a review of the language of 
operative dentistry and to the basic instrumentation 
of that discipline. Operative dentistry may be defined as 
that part of restorative dentistry involving assessment, 
prevention, and treatment of diseases and defects 
of the hard tissues of individual teeth to maintain or 
restore functional, physiologic, and esthetic integrity 
and health.

Nomenclature and Classification 
of Caries Lesions and Cavity  
Preparations

Systems for naming and numbering teeth
Each tooth may be identified by its location in the 
mouth and by its individual name. Examples include 
the maxillary right central incisor and the mandibular 
left second premolar. Areas of the mouth are referred 
to by arch (maxillary or upper and mandibular or 
lower) and by the side of the patient’s midline (left and 
right) (Fig 7-1). Each arch is divided in half at the mid-
line, forming four quadrants (maxillary right and left 
quadrants and mandibular right and left quadrants). 
In addition, each tooth is identified as primary or per-

manent. Finally, the individual name of the tooth, eg, 
molar or central incisor, completes the identification. 
Examples of complete tooth names are mandibular 
left permanent first molar and maxillary right primary 
canine.

Because their names are cumbersome, teeth 
are frequently referred to by number. The tooth- 
numbering systems primarily used today are the Uni-
versal system and the Fédération Dentaire Interna-
tionale (FDI) system (Fig 7-2). In the Universal system, 
the numbering begins with the maxillary (upper) right 
third molar (tooth 1), proceeds around the arch to the 

maxillary left third molar (tooth 16), then continues 
with the mandibular (lower) left third molar (tooth 17) 
and around the mandibular arch to the mandibular 
right third molar (tooth 32). 

In the FDI system, the first digit of the tooth number 
represents a quadrant (1, maxillary right; 2, maxillary 
left; 3, mandibular left; and 4, mandibular right). The 
second digit represents the tooth (1, central incisor, 
regardless of the arch or quadrant; 2, lateral incisor; 
3, canine; and so on to 8, third molar). The maxillary 
left first premolar would be identified as tooth 24; the 
mandibular right second molar would be identified as 
tooth 47.

Incisors and canines are referred to as anterior 

teeth, regardless of the arch; premolars and molars are 
referred to as posterior teeth.

In addition to quadrants, the mouth may also be 
divided into sextants, or sixths. There are three sextants 
in each arch, with divisions between the canines and 
first premolars—the maxillary right, anterior, and left 
sextants and the mandibular right, anterior, and left 
sextants.

Nomenclature of tooth surfaces and cavity 
preparations

The surfaces of the teeth are identified by their loca-
tions. Any surface or movement toward the midline of 
the arch is referred to as mesial (see Fig 7-1). A surface 
or movement away from the midline is distal. Surfaces 
and movements toward the tongue are termed lingual 

(or palatal in the maxilla); those that are in the direc-
tion of the cheek or lips are termed facial. For the ante-
rior teeth, facial may be referred to as labial (toward 
the lips); for posterior teeth, facial may be referred to 
as buccal (toward the cheek).1

On any tooth, gingival refers to an area or move-
ment toward the gingiva (Figs 7-3 and 7-4). A distinc-
tion is made, however, between the chewing surfaces 
of posterior teeth, which are called occlusal (see Fig 
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Fig 7-1 Nomenclature of directions and tooth surfaces.

Fig 7-2 Tooth-numbering systems and nomenclature.
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7-4) and the biting edges of anterior teeth, which are called 
incisal (see Fig 7-3). A proximal surface is one that faces an 
adjacent tooth; it may be further identified as mesial or distal.1 
The contact between two adjacent teeth is referred to as the 
interproximal contact.

The anatomical contour of anterior teeth is less complicated 
than that of posterior teeth, in which the occlusal surfaces are 
characterized by grooves, cusp tips and ridges, marginal ridges, 
and fossae. Marginal ridges (both mesial and distal) border the 
lingual surfaces of anterior teeth (see Fig 7-3b) and the occlusal 
surfaces of posterior teeth (see Fig 7-4b). A groove is a linear 
channel between enamel elevations, such as cusps and/or 
ridges. A fissure is a developmental linear cleft usually found 
at the base of a groove; it is commonly the result of the lack of 
fusion of the enamel of adjoining dental cusps or lobes. A pit is 
a small depression in enamel, usually located in a groove and 
often at the junction of two or more fissures. A fossa is a hollow, 

rounded, or depressed area in the enamel surface of a tooth. 
For example, a mesial fossa lies just distal to a mesial marginal 
ridge1 (see Fig 7-4b).

Because of the advent of bonding restorative materials to 
teeth, walls of cavity preparations are less distinct than they are 
in preparations for restorations that are retained by mechani-
cal undercuts in the preparation walls or by nonadhesive 
cements. The walls of cavity preparations, however, are gener-
ally referred to by the same terms as the surface features of the 
teeth (eg, the gingival and distal walls) (Figs 7-5 to 7-9). Excep-
tions are the pulpal wall (or floor), which is only in the occlusal 
portion of a preparation and is the wall adjacent or nearest to 
the pulp chamber of the tooth (see Figs 7-6 and 7-7), and the 
axial wall, which, in all other areas of a preparation, is the wall 
adjacent or nearest to the pulp chamber or pulp canal(s) and is 
approximately parallel to the long axis of the tooth1 (see Figs 
7-5, 7-6, and 7-9).

Fig 7-3 Directions, features, and tooth surfaces of anterior teeth. (a) Facial view. (b) Lingual view.
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Fig 7-4 Directions, features, and tooth surfaces of posterior teeth. (a) Lingual view of mandibular right second premolar and first molar. (b) Occlusal view of mandibular 

right molar.
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Fig 7-5 Class 5 cavity preparation in an anterior tooth (maxillary canine, facial 

view). In a posterior tooth, there would be an occlusal wall instead of an incisal 

wall.

Fig 7-6 Class 2 cavity preparation (maxillary molar, proximal view).
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Fig 7-7 Class 1 cavity preparations in a posterior tooth. The occlusal surface 
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occlusal view). In a direct restoration (such as for amalgam), the facial and 
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walls of a preparation for bonded resin composite could diverge as shown here 

or by considerably more, because the restoration would be bonded to the enamel 

and dentin.
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The junction of two walls in a cavity preparation is called a 
line angle.1 Again, in preparations for bonded restorations, line 
angles may not be well defined, but the names for line angles 
may be used to refer to general areas of the preparation. For 
example, the meeting of the facial and axial walls forms the 
facioaxial (or axiofacial) line angle (see Fig 7-6). Similarly, the 
junction of three walls is referred to as a point angle. For exam-
ple, the junction of the facial, axial, and gingival walls creates 
the facioaxiogingival (or axiofaciogingival or gingivofacioaxial) 
point angle. Again, the junction of two walls is often rounded, 
so it does not actually form a line, but it is still referred to as a 
line angle; likewise, a point angle is usually not a sharp point.

The margins (or cavosurface angles1) of a preparation, which 
are formed by the junction of a cavity wall and an external 
tooth surface, are identified by the names of the adjacent walls 
(eg, incisal margin, mesial margin, or gingival margin).

The anatomical crown of a tooth is the portion that extends 
from the cementoenamel junction, or cervical line, to the occlu-
sal surface or incisal edge; it is covered by enamel (Figs 7-10 
and 7-11). The clinical crown is the portion that is visible in the 
oral cavity.1 Depending on the tooth, the clinical crown may 
include only part of the anatomical crown (see Fig 7-10), or it 
may include all of the anatomical crown and part of the root 
(see Fig 7-11).

Classification of caries lesions and tooth  
preparations

Near the beginning of the 20th century, G. V. Black,2 who is 
known as the father of operative dentistry, classified caries 
lesions into groups according to their locations in permanent 

Fig 7-10 Anatomical and clinical crowns of a mandibular molar with the peri-

odontal attachment at the normal, healthy level.

Fig 7-11 Anatomical and clinical crowns of a mandibular molar with the peri-

odontal attachment at a more apical level (periodontal recession). With loss of 

gingival height comes an increase in the length of the clinical crown, but the 

anatomical crown, which is defined by the cementoenamel junction (or cervical 

line), stays constant. The occlusogingival dimension of the anatomical crown can 

be reduced by loss of occlusal tooth structure from wear or erosion.
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Fig 7-12 Classification of cavity preparations.
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teeth. The same classification is used to refer to cavity prepara-
tions, because the location of carious tooth structure is a major 
factor in the design of the cavity preparation and the selection 
of instruments (Fig 7-12).

Class 1 (I) lesions occur in pits and fissures on the facial, lin-
gual, and occlusal surfaces of molars and premolars and, less 
often, on the lingual surfaces of maxillary anterior teeth (most 
frequently lateral incisors, less frequently central incisors, rarely 
canines) (see Figs 7-7, 7-8, and 7-12).

Class 2 (II) lesions occur in the proximal surfaces of the pos-
terior teeth (molars and premolars). If a proximal surface of a 
posterior tooth is involved in a restoration, it is a Class 2 restora-
tion (see Figs 7-6 and 7-12).

Class 3 (III) lesions occur in the proximal surfaces of anterior 
teeth (central and lateral incisors and canines). Class 3 cavities 
do not involve an incisal angle (see Figs 7-9 and 7-12).

Class 4 (IV) lesions occur in the proximal surfaces of anterior 
teeth when the incisal angle requires restoration. The angle 
may have to be removed because of its fragility or for proper 
placement of the restoration, or it may have been fractured by 
trauma (Fig 7-13; see also Fig 7-12).

Class 5 (V) lesions occur in smooth facial and lingual surfaces 
in the gingival third of teeth. Class 5 lesions begin close to the 
gingiva and may involve a cementum or dentin surface as well 
as enamel (see Figs 7-5 and 7-12).

Class 6 (VI) lesions are in pits or wear defects on the incisal 
edges of anterior teeth or the cusp tips of posterior teeth (Fig 
7-14; see also Fig 7-12).

In addition to being named for their classifications, cavity 
preparations and restorations are named for the tooth surfaces 
involved. For example, a restoration involving the mesial and 
occlusal surfaces of a posterior tooth is called a mesio-occlusal 

Class 2 restoration; simply saying mesio-occlusal restoration 
identifies it as a Class 2 restoration because the proximal sur-

face of a posterior tooth is involved. A preparation or restora-
tion involving the mesial, occlusal, distal, and facial surfaces of 
a posterior tooth is called a mesio-occlusodistofacial preparation 

or restoration.
For brevity’s sake, the names of the surfaces are often abbre-

viated (distal, D; lingual, L; facial, F; mesial, M; incisal, I; occlusal, 
O; buccal, B). A mesio-occlusal restoration in a posterior tooth 
is abbreviated MO, and a distolingual restoration in an anterior 
tooth is abbreviated DL.

Black’s steps in cavity preparation
Treatment modalities for dental caries other than surgical 
removal of lesions are discussed in chapter 5. When it has been 
determined that nonsurgical means of treating caries lesions 
will not suffice, however, restorative therapy is indicated. This 
involves the surgical removal of carious tooth structure and 
restoration of the tooth to its original anatomical form with a 
suitable restorative material. The design of the cavity prepara-
tion is determined first by the location of the caries lesion(s) in 
the tooth. The shape or outline of the cavity preparation, as it 
meets the external surface of the tooth, is referred to as outline 

form. Other factors influencing the design include the need to 
obtain access for the instruments as the operator is preparing 
the cavity or placing the restoration (convenience form) and the 
need to provide retention for the restorative material (retention 

form). Also required is resistance to stresses on the restoration 
and the tooth from forces of biting and chewing (resistance 

form). Because cavity preparation is a surgical procedure in 
which a mistake can mean injury to living tissue, it is essential 
that the operator be knowledgeable and highly skilled.

Sequential steps for cavity preparation were established by 
Black.2 Black’s steps represent a systematic, scientific procedure 
for efficiency in cavity preparation. Although the technology of 

Fig 7-13 Class 4 preparation for a bonded, tooth-colored 

restoration (maxillary incisor, facial view).

Fig 7-14 Class 6 preparations in the incisal edge of a maxil-

lary canine and the cusp tip of a premolar (incisal/occlusal 

view). The dotted area of the preparation represents dentin; the 

clear area of the preparation represents enamel. The prepara-

tions have no mechanical, or undercut, retention; they are for 

bonded, tooth-colored restorations.

Bevel
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bonding restorative materials to enamel and dentin was not 
available to Black, his steps of cavity preparation are generally 
as appropriate today as they were when he formulated them:

1.  Establish outline form. Outline form is based primarily on the 
location and extent of the caries lesion, tooth fracture, or 
erosion. In carious teeth, the outline form is established after 
penetration into carious dentin and removal of the enamel 
overlying the carious dentin. The extent of carious dentin 
should be a primary determinant of the outline form of the 
preparation; the final outline is not established until the cari-
ous dentin and, usually, its overlying unsupported enamel 
have been removed.

2.  Obtain resistance form. Resistance for the remaining tooth 
structure and for the restoration must be designed in the 
preparation so that the restoration will be resistant to dis-
placement and both the tooth and the restoration will be 
resistant to fracture during function.

3.  Obtain retention form. Retention may be obtained through 
mechanical shaping of the preparation to retain the restora-
tion and/or via bonding procedures that attach the restor-
ative material to tooth structure.

4.  Obtain convenience form. Convenience form allows adequate 
observation, accessibility, and ease of operation during 
preparation and restoration of the tooth. Convenience form 
that involves the removal of sound, strong tooth structure 
should be limited to that which is necessary.

5.  Remove remaining carious dentin. Removal of remaining 
carious dentin applies primarily to that in the deepest part 
(pulpally) of the preparation. Other carious tooth structure 
was removed when the outline form was established. Caries 
removal may necessitate a modification of the outline form.

6.  Finish enamel walls and cavosurface margins. For indirect 
restorations (those requiring the making of an impression 
and fabrication of a stone duplicate of the preparation or 
the creation of a digital image), finishing involves making 
the walls relatively smooth. For direct and indirect restora-
tions not utilizing bonding, finishing involves removing 
any unsupported, weak, or fragile enamel and making the 
cavosurface margin smooth and continuous to facilitate 
finishing of restoration margins. For bonded resin composite 
restorations, enamel that is not supported by dentin and is 
not going to be exposed to significant occlusal loading is 
frequently allowed to remain in place and is reinforced by 
bonding to its internal surface. However, weak, fragile, or 
unsupported enamel should be removed to prevent fracture 
due to polymerization shrinkage.

7.  Clean the preparation. Black referred to this step as “perform-
ing the toilet of the cavity.” It includes washing or scrubbing 
away any debris in the preparation and drying the prepara-
tion. Afterward, the cavity is inspected for any remaining 
debris, fragile enamel, and demineralized tooth structure 
and altered if necessary; then the restoration is placed.

Instrumentation

Hand instruments
Black2 organized not only the classification of cavity prepara-
tions and their parts but also the naming and numbering of 
hand instruments. Cutting instruments, which he also called 
excavators, were to be used in shaping the tooth preparation. 
All other hand instruments are grouped into the noncutting 
category.

Metals
For many years, carbon steel was the primary material used 
in hand instruments for operative dentistry, because carbon 
steels were harder and maintained sharpness better than stain-
less steels. Stainless steels, which are more corrosion resistant 
than carbon steels, are now the preferred materials for hand 
instruments, because all instruments must be sterilized with 
steam or dry heat between patients and because the properties 
of stainless steels have improved. There are literally hundreds 
of formulas for stainless steels,3 all based on iron and incorpo-
rating a significant amount of chromium, some carbon, and 
very often nickel. Chromium imparts corrosion resistance and 
brightness to the metal; carbon imparts hardness.

Cutting instruments
Before rotating instruments were available, dentists could cut 
well-shaped cavity preparations using sharp hand instruments 
alone. The process was slow. The advent of the dental hand-
piece in 1871,4 first attached to a foot-operated engine, allowed 
increased speed of tooth preparation. Most tooth preparation 
today is accomplished with rotary instruments, but hand cut-
ting instruments are still important for finishing many tooth 
preparations. Few preparations involving a proximal surface 
can be completed properly without the use of hand cutting 
instruments. It is crucial that hand instruments used for cutting 
tooth structure or carving restorative materials be sharp.

Design. Hand cutting instruments are composed of three parts: 
handle (or shaft), shank, and blade2 (Fig 7-15). The primary 

cutting edge of a cutting instrument is at the end of the blade 
(called the working end), but the sides of the blade are usually 
beveled and also may be used for cutting tooth structure (Fig 
7-16). The shank joins the blade to the handle of the instrument 
and is angled to keep the working end of the blade within 2 
to 3 mm of the axis of the handle (Fig 7-17). This angulation is 
intended to provide balance, so that when force is exerted on 
the instrument it is not as likely to rotate, which would decrease 
the effectiveness of the blade and could possibly cause dam-
age to the tooth or soft tissue. Figure 7-17a illustrates an instru-
ment that has a single angle at the junction of the blade and 
the shank. Because the working end of the blade is not aligned 
with the handle, the instrument is said to be out of balance. 
Such an instrument may still be useful in tooth preparation. Its 
blade will usually be relatively short, and it will usually be used 
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with minimal force. Figure 7-17b shows a shank that has two 
angles to bring the cutting edge into near alignment with the 
long axis of the handle to provide balance.

A variety of handle configurations are available (Fig 7-18). 
Padded handles (Fig 7-18b) are said to increase operator 
comfort and grip during use. Most metal handles today are 

round and have knurled areas for improved grip. The standard 
metal handle has a diameter of approximately ¼ inch (6.4 mm). 
Although little research support can be found, handles with 
larger diameters, such as the 3/8-inch (9.5-mm) diameter handle 
illustrated in Fig 7-18c, are said to be more ergonomic and 
less likely to contribute to the development of carpal tunnel 

Fig 7-15 Components of a hand instrument. Although the handle is also called 

a shaft, that designation is little used.

Blade
Shank Handle 

(or shaft)

Fig 7-16 Blade bevels. Most hand cutting instruments not only have a bevel 

on the end of the blade but also have bevels on the sides. Although most of the 

work of a hand cutting instrument is accomplished with the end of the blade, the 

sides may also be used to plane or scrape walls and margins. (In the illustration 

on the right, the blade is lying face down.)
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Fig 7-17 The shanks of instruments have multiple angles to keep the working 

end of the instrument within 2 to 3 mm of the long axis of the handle. (a) The 

working end of this instrument is not close to the long axis of the handle, and the 

instrument is therefore not balanced. (b) The shank of this instrument has two 

angles in it so that the working end is brought near (within 2 mm) to the long axis 

of the handle; this provides balance to facilitate control of the instrument during 

the application of force. The instrument is said to be contra-angled.

a b

Fig 7-18 Instrument handle configurations. Instrument handles are available 

from most manufacturers in a variety of designs and diameters. (a) Standard 

stainless steel handle with a diameter of approximately 6.4 mm. (b) Padded 

handles are available; the diameter of the illustrated padded handle is approxi-

mately 8 mm. (c) Handles with larger diameters are said to be more ergonomic; 

the diameter of the one illustrated is approximately 9.5 mm.

a
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syndrome. A handle with an intermediate diameter (5/16 inch or 

7.9 mm) is also available. The larger diameters are encouraged 

primarily for dental hygienists, who spend a large part of their 

day using hand instruments. A drawback to the use of larger 

handles in operative dentistry is the space they consume in an 

instrument tray.

Nomenclature. The terminology organized by Black2 in the 

early part of the last century is still used today, with minor mod-

ifications. Most names Black assigned to cutting instruments 

were based on the appearance of the instrument, such as 

hatchet, hoe, spoon, and chisel. For an instrument that did not 

have the appearance of a commonly used item, Black based the 

name on the intended use (eg, gingival margin trimmer). Black 

called all cutting instruments used for tooth preparation exca-

vators, and he referred to instruments as hatchet excavators, 

spoon excavators, etc. The term excavator is still applicable, 

but in the day-to-day language of operative dentistry, it is little 

used. In catalogs of instruments, however, cutting instruments 

are often indexed as excavators.

Black combined the name of each instrument with a desig-

nation of the number of angles in the shank of the instrument. 

Shanks may be straight, monangle (one angle), binangle (two 

angles), triple-angle (three angles), or quadrangle (four angles) 

(Fig 7-19). The term contra-angled refers to a shank in which 

two or more angles are necessary to bring the working end into 

near alignment (within 2 to 3 mm) with the axis of the handle 

(see Fig 7-17b).

Hatchet. In a hatchet (also called an enamel hatchet), the blade 

and cutting edge are on a plane with the long axis of the han-

dle; the shank has one or more angles (Figs 7-19e, 7-20a, 7-21, 

and 7-22). The face (see Fig 7-16) of the blade of the hatchet 

will be directed either to the left or the right in relation to the 

handle, and the instrument is usually supplied in a double-

ended form. Therefore, there are left-cutting and right-cutting 

ends of the double-ended hatchet.

Chisel. A chisel has a blade that is either aligned with the 

handle (Figs 7-19a, 7-23, and 7-24d), slightly angled (Figs 7-19b, 

7-24a, and 7-24b), or curved (Fig 7-24c) from the long axis of 

the handle, with the working end at a right angle to the handle.

Hoe. A hoe has a cutting edge that is at a right angle to the 

handle, like that of a chisel. However, its blade has a greater 

angle from the long axis of the handle than does the chisel; its 

shank also has one or more angles (Figs 7-15, 7-19c, and 7-25). 

A general guideline for distinguishing between a hoe and a 

chisel will be given later in the chapter.

Fig 7-19 Instruments classified by the number of angles in 

the shank: (a) straight; (b) monangle; (c) binangle; (d) triple-

angle; (e) quadrangle.

Fig 7-20 (a) Binangle hatchet. (b) Binangle 

spoon. A double-ended hatchet or spoon would 

have a left-cutting end and a right-cutting end 

(see Fig 7-22).

Fig 7-21 (a and b) Monangle hatchets (left-

cutting).

a b c d e a b a b

Fig 7-22 End view of binangle hatchets, paired: (a) right-

cutting; (b) left-cutting. A double-ended binangle hatchet has 

left-cutting and right-cutting ends.

a b
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Spoon. The blade of a spoon is curved, and the cutting edge at 
the end of the blade is in the form of a semicircle (Figs 7-20b 
and 7-26b); this gives the instrument an outer convexity and 
an inner concavity that make it look somewhat like a spoon. 
Like the hatchet, the spoon has a cutting edge at the end of its 
blade that is parallel to the handle of the instrument; therefore, 
there are left-cutting and right-cutting spoons. The shank of 
some spoons holds a small circular, or disk-shaped, blade at its 
end, and the cutting edge extends around the disk except for 

its junction with the shank; these are called discoid spoons (Figs 
7-26a and 7-26c).

Gingival margin trimmer. A gingival margin trimmer is similar 
to an enamel hatchet, except that the blade is curved and the 
bevel for the cutting edge at the end of the blade is always on 
the outside of the curve; the face of the instrument is on the 
inside of the curve (Figs 7-27 and 7-28). Gingival margin trim-
mers, like hatchets and spoons, come in pairs (left cutting and 

Fig 7-23 Straight chisel with bevels on the 

sides of the blade, to give secondary cutting 

edges, as well as on the end (primary cutting 

edge).

Fig 7-24 Chisels: (a) binangle; (b) monangle; (c) Wedel-

staedt; (d) straight. The blades for a, c, and d are slightly 

rotated to visualize the face as well as the side bevel.

a b c d

Fig 7-26 Spoons: (a) triple-angle discoid 

spoon; (b) binangle spoon (or regular spoon 

or banana spoon); (c) binangle discoid spoon. 

Spoons are used in tooth preparation for remov-

ing (or “spooning out”) carious dentin.

a b c

Fig 7-25 Hoes: (a) monangle; (b) binangle. 

The blade of a hoe has an angle from the long 

axis of the handle of greater than 12.5 centi-

grades (45 degrees); in contrast, the blade of a 

chisel will have an angle from the long axis of the 

handle of 12.5 centigrades (45 degrees) or less 

(see Figs 7-33 and 7-34).

a b

Fig 7-27 End view of gingival margin trimmers, paired: 

(a) right-cutting, (b) left-cutting. A double-ended gingival 

margin trimmer has both left-cutting and right-cutting 

ends, but there must be two double-ended gingival mar-

gin trimmers to complete a set, one double-ended mesial 

gingival margin trimmer and one double-ended distal 

gingival margin trimmer.

a b

Fig 7-28 (a) Left-cutting mesial gingival margin 

trimmer. (b) Left-cutting distal gingival margin 

trimmer. (c) Right-cutting binangle hatchet.

a b
c
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right cutting) (see Fig 7-27), but there are also mesial gingival 
margin trimmers and distal gingival margin trimmers (see Fig 
7-28). Thus, a set of gingival margin trimmers is composed of 
four instruments: left-cutting and right-cutting mesial gingival 
margin trimmers and left-cutting and right-cutting distal gingi-
val margin trimmers. Because these are usually double-ended 
instruments, one instrument is a mesial gingival margin trim-
mer (with left- and right-cutting ends), and the other is a distal 
gingival margin trimmer (with left- and right-cutting ends). Fig-
ure 7-28a illustrates a mesial left-cutting gingival margin trim-
mer. Figure 7-28b illustrates a distal left-cutting gingival margin 
trimmer. Contrasted with these is a right-cutting hatchet (see 
Fig 7-28c). Gingival margin trimmers have many uses in addi-
tion to trimming gingival margins (Fig 7-29).

Off-angle hatchet. Black’s instrument names apply to instru-
ments that have cutting edges that are either parallel or at a 
right angle to the handle. Instruments have been developed 
that have blades rotated 45 degrees from the plane of the long 
axis of the handle; these are called off-angle hatchets.

Usage. Hand cutting instruments are, for the most part, made 
in pairs, and, as with the gingival margin trimmers, most instru-
ments used today are double-ended and will have one of the 
pair on each end (see Figs 7-15, 7-22, and 7-27). A cutting instru-
ment may be used with horizontal strokes, in which the long 
axis of the blade is directed at between 45 and 90 degrees to 
the surface being planed or scraped (see Fig 7-29a), or with ver-
tical or chopping strokes, in which the blade is nearly parallel to 
the wall or margin being planed (see Fig 7-29b). For horizontal 
(scraping) or vertical (chopping) strokes, the acute angle of the 
cutting edge is intended for use. The acute angle is the junc-
tion of the face of the blade with the bevel; in other words, the 
bevel is on the back of the blade, not the face of the blade. A 
double-ended hatchet, gingival margin trimmer, or spoon will 
have one end that is designated as right cutting and one that 

is designated as left cutting. In a double-ended hoe, in addition 
to allowing vertical or chopping strokes, one end is intended 
for pulling strokes (beveled end or end with distal bevel) and 
the other is intended for pushing strokes (contrabeveled end 
or end with mesial bevel).

The cutting edges of most hand cutting instruments used 
today are single beveled, as are all of those described here (see 
Fig 7-16). Double-beveled, or bi-beveled, cutting edges are also 
available but have limited application in contemporary opera-
tive dentistry (Fig 7-30). These instruments usually have narrow 
blades and are used for tasks such as adding mechanical reten-
tion points in areas of preparations that cannot be reached by 
a bur.

Numeric formulas. The configuration of the shanks combined 
with the appearance of the blade or the use of the instrument 
produces names such as straight chisel, monangle chisel, 
binangle hoe, and triple-angle hatchet. These are descriptive 
terms, but they are imprecise because they do not indicate 
sizes or angles. For more complete identification of hand 
cutting instruments, Black2 developed a system of assigning 
numeric formulas to instruments (Figs 7-31 and 7-32). The 
formulas make use of the metric system. For designating the 
degree of angulation, centigrades are used. Centigrades are 
based on a circle divided into 100 units (Fig 7-33), as opposed 
to the 360-degree circle ordinarily used to designate angles. In 
a centigrade circle, a right angle has 25.0 centigrades.

Three-number formula. For instruments in which the primary 
cutting edge (at the end of the blade) is at a right angle to the 
long axis of the blade, Black developed a formula that has three 
numbers (see Fig 7-31). The first number is the width of the 
blade in tenths of a millimeter; the second is the length of the 
blade in millimeters, and the third is the angle (in centigrades) 
made by the long axis of the blade and the long axis of the 
handle (Fig 7-34).

Fig 7-29 (a) Gingival margin trimmer being used 

in a proximal box of a Class 2 preparation with a 

horizontal (left or right) stroke to scrape (plane) 

a gingival wall and margin. (b) Gingival margin 

trimmer being used with a vertical, or chopping, 

stroke to plane a facial or lingual wall and margin. 

A hatchet could be used in a similar way.

a b

Fig 7-30 Bi-beveled cutting edge. These instru-

ments are useful in placing retention points in 

some direct gold (gold foil) preparations but have 

little use in any of the preparations described in 

this book.
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Fig 7-31 Black’s three-number formula for instruments that have a primary cut-

ting edge (working end) that is at a right angle (90 degrees) to the long axis of 

the blade: The first number is the width of the blade in tenths of a millimeter; the 

second number is the length of the blade in millimeters; and the third number is 

the blade angle, the angle the blade makes with the long axis of the handle, in 

centigrades (c). The complete name of the instrument illustrated would be binan-

gle hatchet, 10-7-14. The formula would be the same if the blade were rotated 90 

degrees on the shank to form a hoe, but the name would be different. Assuming 

the instrument illustrated is double-ended, the right-cutting end is shown.

Fig 7-32 Black’s four-number formula for instruments that have a primary cut-

ting edge (working end) that is not at a right angle to the long axis of the blade: 

The first number is the width of the blade in tenths of a millimeter; the second 

number is the cutting edge angle, the angle the primary cutting edge makes with 

the long axis of the handle, in centigrades (c); the third number is the length of 

the blade in millimeters; and the fourth number is the blade angle, the angle the 

blade makes with the long axis of the handle, in centigrades. Illustrated is the 

right-cutting end of a distal gingival margin trimmer, 13-95-8-14.

10-7-14

14 c

7 
m

m

1 
m

m
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Fig 7-33 Centigrade scale. The circle is divided into 100 units.
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Fig 7-34 Centigrade scale inset to show angulation indica-

tor of 16.0 centigrades for the blade angle of this hoe (three-

number formula). The vertical axis (0.0 centigrades) is the 

axis of the instrument’s handle. If the blade of the instrument 

were 1.4 mm wide and 10.0 mm long, the formula for the 

instrument would be 14-10-16.
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Four-number formula. For instruments in which the cutting 
edge at the end of the blade is not at a right angle to the 
long axis of the blade, such as gingival margin trimmers, 
Black designed a four-number formula (see Fig 7-32). The first 
number is the width of the blade in tenths of a millimeter; the 
second number is the angle (in centigrades) that the primary 
cutting edge (working end) makes with the axis of the handle 
(Fig 7-35); the third number is the length of the blade in mil-
limeters; and the fourth number is the angle (in centigrades) 
that the long axis of the blade makes with the handle. In margin 
trimmers, a cutting edge angle of greater than 90 centigrades is 
intended for distal gingival margins (see Fig 7-32); an angle of 
85 centigrades or less is intended for mesial gingival margins.

Chisel versus hoe. Although Black defined a chisel as having a 
blade that is aligned with the handle or slightly curved from it, 
terminology has evolved so that a chisel may also have a blade 
that is angled from the handle up to 12.5 centigrades.5 A chisel 
with a blade angled more than 3.0 or 4.0 centigrades from the 
axis of the handle must be binangle for the instrument to be 
balanced.

If the blade is angled more than 12.5 centigrades, the instru-
ment is defined as a hoe. In a curved or angled chisel or a hoe, 
a blade with its primary cutting edge (and its face) on the side 

of the blade toward the handle is said to be beveled, or to have 
a distal bevel (see Figs 7-24a to 7-24c); a blade with its primary 
cutting edge (and its face) on the side of the blade away from 
the handle is said to be contrabeveled, or to have a mesial bevel 
(see Fig 7-19c).

Recommended instrument kit. Black recommended a long 
set of 96 cutting instruments, a university set of 44 cutting 
instruments, or a short set of 25 cutting instruments. Because 
bonding technology and high-speed handpieces were not 
available, the dental materials of the time were more limited, 
and a primary restorative material was direct gold; the lon-
gevity of restorations depended on the retention and resis-
tance form developed with hand cutting instruments.

With access to advanced materials and technology, current 
use of hand cutting instruments is greatly diminished. The kit 
recommended in this chapter (Box 7-1) has only 12 hand cut-
ting instruments (six double-ended instruments). Because it is 
now recognized that there is no need to plane walls and floors 
of cavity preparations to smoothness with hand instruments 
for a restoration to perform well, hand cutting instruments play 
only a small, albeit important, part in cavity preparation. If burs 
alone were used for shaping proximal preparations, excessive 
sound tooth structure would have to be removed from the 
tooth being restored or the bur would damage the adjacent 
tooth. Hand cutting instruments enable the dentist to shape 
and refine small proximal boxes without damaging adjacent 
teeth.

Hatchets, hoes, chisels, and gingival margin trimmers have 
straight cutting edges and are designed to plane enamel and 
dentinal walls and margins in shaping cavity preparations, 
especially in areas of the preparation that cannot be reached 
with a bur. Spoons, on the other hand, have rounded cutting 
edges; their intended use is the removal of carious dentin. 
Although slowly rotating round burs are most useful in remov-
ing carious dentin, a spoon gives more tactile sensation and is 
preferred by many operators for evaluating the hardness and 
penetrability of dentin in tooth preparation.

Noncutting instruments
Non–tooth-cutting hand instruments are similar in appearance 
to cutting instruments, except that the blade used for tooth 
preparation is replaced with a part that has a totally different 
use. In noncutting instruments such as burnishers and con-
densers, the blade is replaced by a nib or point.2 The flat end of 
the nib of a condenser is called the face. Amalgam carvers have 
carving blades instead of tooth-cutting blades.

Condensers, carvers, and burnishers are used to place dental 
amalgam and, to a certain extent, resin composite restorative 
materials. Plastic filling instruments are used to place resin 
composite and glass-ionomer materials, provisional restorative 
materials, and sometimes cavity-basing materials into tooth 
preparations. Spatulas may be necessary for mixing cavity-
lining and cavity-basing materials, provisional restorative mate-
rials, and cements for luting inlays, onlays, and crowns.

Fig 7-35 Centigrade scales inset to show angulation indicators of 7.0 centi-

grades for the blade angle and 95.0 centigrades for the cutting edge angle of 

this gingival margin trimmer (four-number formula). The vertical axis (0.0 centi-

grades) is the axis of the instrument’s handle. If the blade were 1.5 mm wide and 

10.0 mm long, the formula for the instrument would be 15-95-10-7.
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A compact assembly of hand instruments that will satisfy 
most operators’ needs during any amalgam, resin com-
posite, glass-ionomer, ceramic, or cast gold restorative 
procedure is presented here. This kit is especially useful 
for dental schools and large group practices. Dental stu-
dents, residents, and practitioners have used the kit, and, 
although another instrument may have to be added for 
a specific situation from time to time, the kit will more 
than suffice for most procedures. The kit was designed 
with the sequence of most operative procedures in mind.    

  Therefore, instrument sequence in the kit proceeds 
from the mirror and explorer for examination, to the 
plastic instrument used to facilitate dam placement as 
well as for placement of materials, to tooth preparation 
instruments, to restoration placement instruments. The 
kit uses a 26-slot tray with a small well (open, boxlike sec-
tion) from American Eagle. American Eagle has this tray 
and others available with customizable color-coded tabs 
to facilitate replacement of similarly color-coded instru-
ments into the correct positions in the tray.

Box 7-1   Suggested operative dentistry instrument kit

In slots (in this order, from left to right, with the open well 

to the rear):

• Mirror, no. 5 with handle

• Explorer–periodontal probe, XP23/QOW

• Cotton forceps (college, with serrations)

• Plastic instrument, no. 1-2

• Spoon, discoid, 11½-7-14

• Hatchet, 10-7-14

• Hoe, 12-10-16

• Gingival margin trimmer, 10-80-7-14

• Gingival margin trimmer, 10-95-7-14

• Wedelstaedt chisel, 10-15-3

• Applicator/spatula (American Eagle or Miltex)

• Condenser, SA1 (American Eagle or Miltex)

• Condenser, SA2 (American Eagle or Miltex)

• Condenser, SA3 (American Eagle or Miltex)

• Burnisher, beavertail-ovoid, 2/30

• Burnisher, PKT3

•  Barghi no. 1 (paddle-shaped for composite) (American 

Eagle)

• Carver, cleoid-discoid, UWD5

• Carver, Walls no. 3

• Carver, Hollenback no. ½

• Carver, interproximal (IPC)

• Carver, no. 14L

• Articulating paper forceps

• Carrier, amalgam, medium/large

In well of tray:

• Scalpel handle, no. 3, flat

• Sharpening stone, flat, Arkansas or ceramic

• Tofflemire retainer, straight

• Tofflemire retainer, contra-angle

•  Amalgam well, stainless steel, small (American Eagle or 

Miltex)

Clipped to lid of tray:

• Hemostat, mosquito, 5-inch curved

• Scissors, Quimby

Sterilized separately and available for each operative pro-

cedure:

• Anesthetic syringe

•  Rubber dam kit (forceps; punch; frame; 1 each of clamps 

W2A, 27, and 212SA; and 2 W8ASA clamps [Hu-Friedy])

•  Brasseler bur block (no. A600) with burs arranged in the 

following order:

 –  Friction-grip burs, no. 1/8, ¼, 1, 2, 33 ½, 56, 169L,170, 329, 

330, 7404, OS1F, 7803, 7901, ET9F

 – Latch burs, no. 2, 4, 6, 8

 – Mandrel for pop-on disks

Sterilized separately and available for occasional use:

• Condenser, SA4

• Hemostat, mosquito, 5-inch straight

• Mirror, no. 2 (on handle)

•  Proximal contact disks (Thierman Products or Centrex) 

(see chapter 8)

• Rubber dam clamps, 00, W1A, W8A

• Scaler, McCalls, SM13s-14s

• Spatula, no. 24 (or 324)
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Amalgam carriers. For dental amalgam restorations, amalgam 
is placed into the preparation with an amalgam carrier, an 
instrument with a hollow cylinder that is filled with amalgam 
(Fig 7-36). A plunger operated with a finger lever pushes the 
amalgam out of the carrier into the preparation.

Condensers. Condensers are used to compress amalgam or to 
push resin composite or glass-ionomer materials into all areas 
of the preparation. The working ends, or nibs, of condensers 
may be any shape, but usually they are round with flat ends 
(faces). Figure 7-37 shows four round condensers of different 
sizes and configurations. Other commonly used condenser nibs 
are triangular, rectangular, or diamond shaped. Amalgam is 
condensed by pushing the condenser directly into the prepara-
tion and confining the amalgam between the condenser face 
and the preparation floor through vertical pressure (vertical 
condensation). The amalgam is condensed against the vertical 
walls of the preparation (lateral condensation) by angling the 
nib and using the end for condensation or by lateral, or side-to-
side, movements of the condenser, using the sides of the nib to 
condense the amalgam.

The condensation pressure applied to the amalgam with a 
condenser depends on the size of the face and the amount of 
force used by the operator. For small condensers, such as the 
SA1 condenser (see Fig 7-37a), little force is needed. The nibs of 
the SA1 condenser are 0.5 and 0.6 mm in diameter. For larger 
condensers, such as the SA3 (see Fig 7-37c), with nib diameters 
of 1.5 and 2.0 mm, a significant amount of force (6 to 8 lbs) 
gives optimum condensation.

When condensers are used in placing resin composite or 
glass-ionomer materials, the resin material is not actually con-
densed but is pushed or patted into all areas of the preparation 

with the largest condenser face that will fit into the area. Firm 
pressure will push the condenser into the increment of com-
posite and risks forming a void in the restoration.

Carvers. Carvers are used to shape amalgam and resin com-
posite and other tooth-colored materials after they have been 
placed in tooth preparations. Figure 7-38 shows the shapes of 
the blades of a cleoid-discoid carver. Figure 7-39 illustrates six 
commonly used carvers. In general, when a convex amalgam 
contour is being carved, a concave-shaped carver facilitates the 
shaping or carving. Likewise, a convex carver facilitates carving 
of a concave shape. A convex carver may be used to carve a 
convex surface; the surface is carved tangentially, with multiple 
strokes. Whether a carver is used to carve amalgam or resin 
composite, it is important that the blade be sharp.

The cleoid-discoid (or discoid-cleoid) carvers shown in Figs 
7-39a and 7-39b are used primarily for occlusal carving in amal-
gam restorations. The Walls no. 3 carver (see Fig 7-39c) is useful 
for carving occlusal surfaces; the end that is shaped like a hoe is 
also useful for shaping cusps and for carving facial and lingual 
surfaces of large amalgam restorations. The Hollenback no. ½ 
carver (see Fig 7-39d) is useful for occlusal, proximal, and axial 
(facial and lingual) surfaces; several larger Hollenback carvers, 
with the same general shape, are also available. The inter-
proximal carver (IPC) (see Fig 7-39e) has very thin blades and 
is extremely valuable for carving proximal amalgam surfaces 
near the interproximal contact area, as well as those surfaces 
mentioned for the Hollenback carver (occlusal, proximal, axial). 
Other uses for this instrument include placing and shaping 
resin composite and glass ionomer and pushing retraction cord 
into a gingival sulcus. The no. 14L carver (see Fig 7-39f) can be 
used to carve proximal surfaces, or it may be used for carving 

Fig 7-36 Amalgam carriers: (a) regular; (b) large. Amalgam carriers are usually 

supplied as double-ended instruments. They are available in several different 

diameters; for example, mini is 1.5 mm; regular (medium) is 2.0 mm; large is 2.5 

mm; and jumbo is 3.0 to 3.5 mm. These are the approximate inside diameters 

of the cylinders of amalgam carriers and may vary slightly from manufacturer to 

manufacturer.

Fig 7-37 Condensers with round faces: (a) SA1, with 0.5- and 0.7-mm-diameter 

faces; (b) SA2, with 0.7- and 1.0-mm faces; (c) SA3, with 1.5- and 2.0-mm faces; 

(d) SA4, with a 2.5-mm face on the binangle end and a 1.5-mm face on the triple-

angle or back-action end.

a

b

a

b

c

d
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convex facial and lingual surfaces of very large amalgam resto-
rations. The no. 14L carver has a very strong, hollow-ground tri-
angular blade, so it can be used to remove amalgam overhangs 
from completely set amalgam.

Although most of the shaping of resin composite restora-
tions should be completed before the material is polymer-
ized and most operators prefer to use rotary instruments for 
post-polymerization shaping, several amalgam carvers are 
also useful for carving resin composite. The discoid carvers 
are especially useful for lingual concavities of anterior teeth; 
cleoid and discoid carvers and the hoe-shaped end of the Walls 
no. 3 carver are useful for occlusal surfaces of posterior resin 
composite restorations. Another carver very useful for resin 
composite restorations is a disposable scalpel blade (no. 12 or 
no. 12B blade) mounted in a scalpel handle.

Burnishers. Burnishers are used for several functions. The word 
burnish is defined as “to make shiny or lustrous, especially by 
rubbing; to polish” and “to rub (a material) with a tool for com-
pacting or smoothing or for turning an edge.”6 Burnishing is 
probably used in all of these ways in dentistry. Two frequently 
used double-ended burnishers are illustrated in Fig 7-40.

One use of burnishers is to shape metal matrix bands so 
that they impart more desirable contours to restorations. Large 
burnishers are used with considerable force to pinch off freshly 
condensed amalgam at the margins, or, in other words, to 
impart some condensation and to begin shaping the occlusal 
surfaces of amalgam restorations. After the amalgam has been 
carved, a burnisher may be used with a gentle rubbing motion 
to smooth the surface. The PKT3 (P. K. Thomas no. 3) burnisher 
(see Fig 7-40a) and some other burnishers are also useful for 

Fig 7-38 (a) Cleoid-discoid carver: (top) cleoid end; (bottom) discoid end. This type of carver is a double-ended instrument. Cleoid means claw shaped. 

Both shapes are useful in carving occlusal surfaces of amalgam restorations. The point of the cleoid carver is used to carve the bases of grooves in the 

occlusal amalgam, and the tip is usually very slightly rounded so that the grooves it carves will not be sharp. (b) Cleoid (top) and discoid (bottom) ends 

of the cleoid-discoid carver.

ba

a

b

c

d
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Fig 7-39 Amalgam carvers: (a) large cleoid-discoid (Tanner no. 5 [5T]) carver; 

(b) small cleoid-discoid (UWD5) carver; (c) Walls no. 3 carver; (d) Hollenback 

no. ½ carver; (e) interproximal carver (IPC); (f) no. 14L sickle-shaped carver.

a

b

c

Fig 7-40 Burnishers: (a) PKT3 (rounded cone-shaped) burnisher, designed by 

Peter K. Thomas as a waxing instrument but useful in placing direct restorations 

as well; its rounded end and cone shape allow it to serve most functions that 

a small ball-shaped burnisher would serve, plus others; (b) beavertail (no. 2) 

burnisher; (c) football or ovoid (no. 30) burnisher. The ovoid burnisher, available 

in various sizes (eg, 28, 29, and 31), can be used for final condensation of amal-

gam and the initial shaping of the occlusal anatomy in amalgam. The beavertail 

and ovoid burnishers are useful for burnishing margins of cast gold restorations.
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sculpting occlusal anatomy in posterior resin composite resto-
rations prior to polymerization of the resin.

Burnishers are used to “bend” cast gold near the margin to 
narrow the gap between the gold and the tooth. This closing of 
a marginal gap is best accomplished with a narrow burnisher, 
such as the side of a beavertail burnisher, used with heavy force 
in strokes parallel to the margin but about 1.0 to 1.5 mm away 
from it. If burnishing is accomplished directly on a thin gold 
margin, the gold can be bent severely and may break.

Plastic instruments. Plastic instruments (or plastic filling instru-
ments) are so named because they were originally designed to 
use with plastic restorative materials, such as acrylic resins, or 
other nonmetal restoratives, such as the silicates, used in the 
middle of the 20th century. The name does not refer to the 
material from which the instrument itself is constructed. They 
are currently used to carry and shape tooth-colored restor-
ative materials, such as resin composites and glass-ionomer 
restorative materials. Many specially designed instruments are 
available, in a myriad of shapes and sizes, for contouring resin 
composite and resin-modified glass ionomer prior to curing. A 
plastic instrument with a large, slightly curved, paddle-shaped 
blade (eg, Almore Gold Microfil Instrument, Almore; Fig 7-41a) 
is very useful for placing and contouring large, anterior resin 
composite restorations or veneers. 

A commonly used plastic instrument is the no. 1-2 (Fig 
7-41b). The double-ended instrument has a nib or blade on 
each end, one at a 90-degree angle to the other. Other double- 
ended plastic instruments have a blade-type nib on one end 
and a condenser nib on the other. The bladed plastic instru-
ments have many uses in operative dentistry in addition to 
carrying and contouring restorative materials. The IPC (see Fig 

7-39e), for instance, is preferred by some operators for packing 
knitted cord and placing and shaping resin composite.

These instruments are now available in both hard plastic 
and metal, and metal instruments are available with several 
different coatings on blades or nibs to prevent resin materials 
from sticking to them. The original rationale for using an instru-
ment made of plastic (Fig 7-41c) was to eliminate abrasion of 
metal by the quartz in resin composites, which caused gray-
ness in the tooth-colored material. Because of changes in the 
inorganic fillers used in many of today’s resin composites, the 
problem of metal abrasion and graying is unusual and material-
specific, so even a stainless steel instrument functions well to 
carry and shape resin composite.

Cement spatulas. A variety of materials in operative dentistry 
require mixing, some on a glass slab, others on a paper pad. 
Several spatulas are available, and they vary in size and thick-
ness (Fig 7-42). The larger cement spatulas were originally 
designed for mixing luting cements and the smaller spatulas 
for cavity liners, but since the advent of resin luting cements, 
the smaller spatulas are frequently used for mixing small 
amounts of those materials. The thinner spatulas are flexible; 
the thicker ones are rigid. Selection of a rigid or flexible cement 
spatula is dependent on the desired viscosity of the cement 
and personal preference.

Sharpening of hand instruments
To assess sharpness, the user of the instrument should look at 
the cutting edge in bright light; the presence of a glint indi-
cates that the edge is dull or rounded (Fig 7-43). Alternatively, 
the dentist can pull the instrument across hard plastic, such as 
the handle of a plastic mouth mirror or an evacuator tip. A dull 

Fig 7-41 (a) The Almore Gold Microfil instrument is very useful for placing and contouring large, anterior resin composite restorations or veneers. (b) The no. 1-2 

plastic instrument, made of stainless steel, is useful for placing a rubber dam, placing and shaping resin composite and other tooth-colored restorative materials, and 

packing gingival retraction cord into the sulcus around a crown or abutment preparation before an impression is made. Some cord-packing instruments are similar to the 

no. 1-2 plastic instrument but may have serrated ends to provide better control of the cord. (c) A plastic instrument made of hard plastic, rather than metal, is preferred 

by some operators for placing resin composites.

b

ca
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blade will slide across the plastic; a sharp blade will cut into 
the surface, stopping movement. A specially made, sterilizable, 
sharpness-testing stick is also available (Fig 7-44) (Dalron Test 
Stick, American Eagle or Miltex).

Sharpening is performed in different ways for different 
hand instruments. When chisels, hatchets, hoes, and margin 
trimmers are sharpened, the cutting-edge bevel is placed flat 
against a flat stone on a stable surface, and the instrument 
is pushed or pulled so that the acute cutting angle is moved 
forward, with fairly heavy force on the forward stroke and with 
little or no force on the back stroke (Figs 7-45 and 7-46). Usu-
ally, unless the instrument has been badly neglected, only two 
or three forward strokes are required. Because the bevels of 
these instruments should usually make a 45-degree angle with 

the face of the blade, the blade should make a 45-degree angle 
with the surface of the sharpening stone (Figs 7-46 and 7-47).

When spoons, discoid carvers, and cleoid carvers are sharp-
ened, the instrument is rotated as the blade is advanced on 
the flat stone (Fig 7-48). The bevel is at 45 degrees, or slightly 
more or less, to the face, and the instrument is advanced on 
the stone with the bevel against the surface of the stone and 
the cutting edge of the instrument perpendicular to the path 
of advancement. When a blade with a rounded edge is being 
sharpened, the handle cannot simply be twirled to achieve the 
desired rotation but must actually be swung in an arc to keep 
the cutting edge of the blade perpendicular to the direction of 
the stroke and the bevel parallel with and against the surface 
of the stone.

a

b

c

Fig 7-42 Spatulas: (a) no. 24, a flexible spatula, is used for luting cements such 

as zinc phosphate and glass ionomer; (b) no. 24A is thicker, for more rigidity; (c) 

no. 313 is used for cavity liners, such as calcium hydroxide liners.

Fig 7-43 (a) The glint from the cutting edge of this hoe indicates that the blade 

is quite dull. (b) After sharpening, no glint is noticeable.

a b

Fig 7-44 The sharpness-testing stick is a hard plastic stick used for testing the sharpness of instruments. To test sharpness, the blade should be applied to the stick 

at an angle that is similar to that applied during use and pulled or pushed in a direction that is similar to the direction of its intended use. (a) Testing the sharpness of 

a monangle chisel. (b) Testing the sharpness of the discoid end of a Walls no. 3 carver.

a b
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Fig 7-45 Sharpening the two ends of a double-ended Wedelstaedt chisel: (a) 

sharpening the contrabevel end (inside or mesial bevel); (b) sharpening the 

bevel end (outside or distal bevel). The end bevel (for the primary cutting edge 

or working end) of each blade is placed flat on the stone; the blade will make 

a 45-degree angle with the stone. In the primary sharpening stroke, the cutting 

edge is moved forward. Unless the instrument is very dull, only two or three fairly 

heavy forward strokes will be necessary to sharpen the cutting edge.

Fig 7-46 Sharpening the two ends of a double-ended binangle hoe: (a) sharp-

ening the bevel end (outside or distal bevel); (b) sharpening the contrabevel end 

(inside or mesial bevel). The primary bevel is always flat against the stone; the 

face of the blade is up.

a

b

a

b

Fig 7-47 Bevels of sharpened cutting instruments. Working-end bevels of chis-

els, hatchets, and hoes, as well as the bevels of amalgam carvers, should be at 

approximately 45 degrees to the face of the blade. The cutting edge at the left is 

too blunt, the center blade has a correctly angled cutting edge, and the cutting 

edge at the right is too acute and will dull rapidly.

Blunt Correct 
(45-degree bevel)

Steep

Fig 7-48 Sharpening a cleoid carver. The handle is swung in an arc to rotate 

the blade as the bevel is pulled forward on the stone. This movement is used to 

keep the cutting edge perpendicular to the direction of the stroke.
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The discoid carver and spoon may be sharpened with a con-
tinuous rotation of the blade; the shank moves clockwise from 
the 9 o’clock position to the 3 o’clock position in one motion. 
For the cleoid carver, however, the rotation begins with the 
shank in the 9 o’clock position and continues clockwise only 
until the bevel just next to the point is ground (see Fig 7-48); to 
sharpen the other side of the cleoid, the rotation begins with 
the shank at the 3 o’clock position and continues counterclock-
wise to the point. If sharpening both sides of a cleoid carver 
creates a sharp point at its tip, the junction of the bevels at the 
point should be slightly rounded.

The blade of a discoid spoon may be sharpened by grinding 
the face of the blade with a rotating stone (Fig 7-49). This meth-
od of sharpening also thins the blade, and care must be taken 
to avoid rendering the blade so thin that it could easily break.

Sharpening machines are available. A slowly rotating sharp-
ening wheel is employed by one type of machine; an oscillat-
ing flat stone, or hone, is used by another. These machines are 
useful for sharpening instruments between patients and before 
sterilization.

When instruments are sharpened during an operative pro-
cedure, they should be sharpened with a sterile stone. When 
a stone is sterilized, it should not have oil in or on it, because 
the oil may thicken during the sterilization process and form a 
shellac-like coating that will prevent the abrasion needed for 
sharpening. A good substitute for oil is water. Stones lubricated 
with water should be washed well or cleaned in an ultrasonic 
cleaner after use to remove the metal filings prior to steriliza-
tion. A flat, white Arkansas stone or fine synthetic sharpening 
stone should be made a part of the operative dentistry instru-
ment kit so that it is available during each procedure.

Mirrors, explorers, periodontal probes, and forceps
Mirrors, explorers, periodontal probes, and forceps are basic 
instruments that will be needed during each appointment for 
diagnosis or treatment.

Mirrors. For every procedure performed in the mouth, the den-
tist must have clear and distinct vision of the field. Wherever 
possible, the field should be viewed with direct vision. When 
needed, the mouth mirror allows the operator to visualize areas 
of the mouth that he or she would not otherwise be able to see. 
It also allows the operator to maintain a body position that will 
reduce health problems associated with poor posture.

Almost as important as its allowing indirect visualization of 
obscure areas of the mouth is the mirror’s function as a reflec-
tor of light into the area being examined or treated. A mirror 
that is positioned properly allows the operator to visualize the 
field of operation in the mirror and, at the same time, reflects 
the operating light into that area. To accomplish this, the light 
should be positioned behind and directed just to the side of the 
operator’s head and into the mirror.

The mouth mirror can also serve as a retractor of soft tissue 
(tongue, cheeks, or lips) to aid access and visualization.

For clarity of vision, the reflective surface of the mirror 
should be on the external surface of the glass. This type of 
mirror is called a front-surface mirror (Fig 7-50a). Mouth mirrors 
are usually round and come in a variety of sizes (Fig 7-50b). 
The most widely used sizes for adults are the no. 4 and no. 5. 
For constricted areas in posterior regions of the mouth, when 
a rubber dam is in place, a smaller mirror, such as a no. 2, is 
helpful.

Explorers. Explorers are pointed instruments used to feel tooth 
surfaces for irregularities and to determine the hardness of 
exposed dentin. The explorer that is used most often is the 
shepherd’s hook, or no. 23, explorer (Fig 7-51a). Another useful 
shape is a cowhorn explorer, which provides improved access 
for exploring proximal surfaces (Fig 7-51b). The no. 17 explorer 
is also useful in proximal areas (Fig 7-51c).

Periodontal probes. Periodontal probes are designed to detect 
and measure the depth of periodontal pockets. In operative 

Fig 7-49 Sharpening a discoid spoon with a rotat-

ing sharpening stone. A discoid spoon may also 

be sharpened on a flat stone; the blade is rotated 

as it is pulled with the cutting edge forward. If the 

face is ground with a rotating stone, the blade will 

be thinned and could be more likely to break dur-

ing use.

Fig 7-50 (a) Front-surface mirror. Any object touching the mirror, such as the tips of the cotton forceps, will 

appear to be touching itself. (b) Mouth mirrors: (top) no. 2 (5/8-inch diameter); (middle) no. 4 (7/8-inch diameter); 

(bottom) no. 5 (15/16-inch diameter).

ba
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Fig 7-51 Dental explorers: (a) no. 23 explorer (shepherd’s hook); (b) 3CH 

explorer (cowhorn or pigtail); (c) no. 17 explorer.

a

c

b

Fig 7-52 Periodontal probes: (a) QOW probe (Michigan O probe with Williams 

markings); (b) PCP12 probe (Marquis markings); (c) PSR (periodontal screening 

and recording) probe.

a

c

b
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Fig 7-55 Hemostats: (a) Halstead mosquito straight, 7-inch; (b) Halstead mos-

quito curved, 5-inch.

a

b

Fig 7-53 Cotton forceps: (a) College (no. 17); (b) Meriam (no. 18).

a

b

Fig 7-54 Articulating paper forceps: (a) Forceps handles provide a spring that 

keeps the jaws closed together; they are opened (as shown) by squeezing the 

handle. (b) The entire length of the piece of articulating paper or tape is sup-

ported by the jaws of the forceps.

a

b
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dentistry, they are also used to determine dimensions of instru-
ments and of various features of preparations or restorations. 
There are many periodontal probe designs; the differences are 
in the diameters, the position of the millimeter markings, the 
configuration of the markings (eg, whether they are notched 
or painted), and the design of the tip. Three commonly used 
probes are illustrated in Fig 7-52.

Forceps. Forceps of various kinds are useful in operative den-
tistry. Cotton forceps are used for picking up small items, such 
as cotton pellets (small cotton balls), and carrying them to the 
mouth (Fig 7-53). Other forceps useful in operative dentistry 
include articulating paper forceps (Fig 7-54) and hemostatic 
forceps (hemostats) (Fig 7-55). A hemostat locks tightly, so 
it is often helpful in placing or removing items used to con-
fine amalgam for condensation. Articulating paper forceps are 
designed to carry an inked tape to the mouth to mark the con-
tacts of teeth in opposing arches during closure.

Instrument grasps
The operator should master two basic instrument grasps, the 
pen grasp, which provides more flexibility of movement, and 
the palm or palm-thumb grasp, which provides limited move-
ment but controlled power. Usually only one-handed grasps 
are used, but occasionally two-handed instrumentation is 
needed to make refinement of a preparation more precise (Fig 
7-56).

Pen grasp. This is the most frequently used instrument grasp in 
operative dentistry. The pen grasp is actually different from the 
way one would grasp a pen (Fig 7-57); the handle of the instru-
ment is engaged by the end, not the side, of the middle finger; 
this provides more finger power. The pen grasp is initiated by 
placement of the instrument handle between the thumb and 
index finger; the middle finger engages the handle near the 
shank or on the shank itself (Figs 7-57 and 7-58). The ring finger 
is braced against the teeth to stabilize instrument movement 
(see Fig 7-58).

Fig 7-56 Two-handed instrumentation. The use of both hands can make refine-

ment of a preparation more precise. The right hand is thrusting and rotating the 

instrument while the index finger of the left hand guides and assists the motion 

of the working end to refine a proximal margin of a Class 2 preparation. A similar 

dual-handed action is useful for condensing amalgam; it allows increased con-

densation force to be controlled.

Fig 7-57 Pen grasp. The pen grasp is not actually the way a pen is held for 

writing. The instrument is held between the index finger and thumb, and the 

middle finger is placed atop the handle or shank, nearer the working end of the 

instrument, to provide more force, or thrust, directed toward the working end of 

the instrument.

Fig 7-58 (a) Pen grasp used in a chopping (downward) motion. The ring finger is resting on the incisal edges of the anterior teeth. During the use of any instrument in 

the mouth (with the exception of the mirror), a firm rest must be achieved on teeth or attached gingival tissue. (b) Pen grasp as the instrument is used more posteriorly 

and with a side-to-side or scraping motion. The small finger and ring finger are resting on the facial and occlusal surfaces, respectively.

a b
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Palm or palm-thumb grasp. In this grasp, the thumb serves as 
a brace (Fig 7-59). Side-to-side, rotating, or thrusting move-
ments of the instrument by the wrist and fingers are controlled 
by the thumb, which is firmly in contact with the teeth (Fig 7-60).

Instrument motions
The following are some of the many motions used with hand 
instruments:

•  Chopping (in the direction of the working end of the instru-
ment or parallel to the long axis of the blade)

• Pulling (toward the operator’s hand)
• Pushing (away from the hand)
• Rotating
•  Scraping (with the blade directed at an angle between 45 and 

90 degrees to the surface being scraped and moved side to 
side or back and forth on the surface)

• Thrusting (forcibly pushing against a surface)

Rotating instruments

Handpieces
In dentistry, two basic types of handpieces are used: the 
straight handpiece (Fig 7-61) and the contra-angle handpiece 
(Fig 7-62). In the straight handpiece, the long axis of the bur 
is the same as the long axis of the handpiece. The straight 
handpiece is used more frequently for laboratory work but is 
occasionally useful clinically.

The primary handpiece used in the mouth is the contra-
angle handpiece. As with hand instruments, contra-angle indi-
cates that the head of the handpiece is angled first away from, 
and then back toward, the long axis of the handle. Also as 
with hand instruments, this contra-angle design is intended to 
bring the working point (the head of the bur) to within a few 

millimeters of the long axis of the handle of the handpiece to 
provide balance. 

There are two types of contra-angle handpieces, which are 
classified by their speed potential. Low-speed contra-angle 
handpieces have a typical free-running speed range of 500 to 
15,000 rpm; some are able to slow to 200 rpm, and others are 
able to achieve speeds of 35,000 rpm. High-speed handpieces 
can achieve a free-running speed greater than 160,000 rpm, 
and some handpieces attain free-running speeds up to 500,000 
rpm.7 In the United States, most dentists are accustomed to air-
turbine high-speed handpieces. The speed of these handpieces 
during tooth preparation is 180,000 rpm and lower, depending 
on the application pressure and the power of the handpiece. 
For air-turbine handpieces, speeds during tooth preparation 
are significantly less than their free-running speeds. 

Electric handpieces (powered by an electric motor instead 
of an air-turbine) have been used for some time in Europe, and 
their use is rapidly growing in the United States. Most electric 
handpieces achieve free-running speeds of 200,000 rpm, an 
ideal speed for cutting enamel. Electric handpieces are very 
efficient in preparing teeth.

High-speed techniques are generally preferred for cutting 
enamel and dentin. Penetration through enamel and exten-
sion of the cavity outline are more efficient at high speed. 
Small-diameter burs should be used in the high-speed hand-
piece. High speed generates considerable heat, even with 
small-diameter burs, and should be used with air and water 
coolant sprays8 and high-efficiency evacuation. For refining 
preparations, a high-speed handpiece may be slowed consid-
erably and used with only air coolant and a gentle brushing or 
painting motion in which each application of the bur to the 
tooth is brief. This technique allows visualization and prevents 
overheating.9

Low-speed contra-angle handpieces, with round burs rotat-
ing very slowly, are used for removal of carious dentin. Low-

Fig 7-59 Palm-thumb grasp. The instrument is grasped much nearer to its 

end than in the pen grasp so that the thumb can be braced against the teeth to 

provide control during movement of the instrument. 

Fig 7-60 The palm-thumb grasp is used frequently when a hand cutting instru-

ment, such as a gingival margin trimmer, is used in Class 3 preparations that 

have lingual access. The thumb is resting on the incisal edges of the teeth. The 

palm-thumb grasp is also used frequently with the Wedelstaedt chisel, usually 

for facial access in posterior and anterior operations, and occasionally for lingual 

access.
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speed contra-angle handpieces are also used for various finish-
ing and polishing procedures that use abrasive disks, points, 
or cups.

There are two types of contra-angles based on their bur-
locking, or chucking, mechanisms for the low-speed handpiece: 
a friction-grip chuck and a latch-type chuck. The shanks of the 
burs that fit into each of these types of contra-angle chuck are 
shown in Fig 7-63. The high-speed handpiece will receive only 
the friction-grip bur.

Burs
Hand-rotated dental instruments are known to have been used 
since the early 1700s. The foot engine came into use in dentist-

ry in 1871 and the electric engine in 1872.4 The most significant 
advancement, which has made present-day high-speed cutting 
possible, is the tungsten carbide bur, which became available 
in 1947.10

Burs have three major parts: the head, the neck, and the 
shank (Fig 7-64). For the different types of handpieces or hand-
piece heads, there are burs with different designs and dimen-
sions (see Fig 7-63).

The head of a bur is the portion that cuts. The cutting action 
is produced by blades on the head, and the blades are pro-
duced by cuts made into the head. The angle of the cutting 
edge of a blade (edge angle) is usually not acute; the angle is in 
the range of 90 degrees to provide strength to the blade and 

Fig 7-61 Straight handpiece. This handpiece 

is used occasionally in the mouth, but it is more 

frequently used extraorally, for tasks such as 

making adjustments to removable prostheses or 

adjusting and repolishing a cast gold or ceramic 

restoration prior to insertion. The bur installed in 

this handpiece is a tree-shaped denture bur.

Fig 7-62 Contra-angle handpiece. This is a high-speed contra-angle hand-

piece, which is used with small-diameter burs for rapid cutting of tooth structure 

or restorations. A low-speed contra-angle is also useful for removal of carious 

dentin, with a slowly rotating round bur, and for shaping and polishing with abra-

sive disks and impregnated rubber polishers. Some operators also prefer the 

low-speed contra-angle for refining tooth preparations.

Fig 7-63 Typical dimensions (and ANSI/ADA standard dimension tolerances), in millimeters, of the three common 

bur designs: (a) straight handpiece bur; (b) latch-type bur for latch-type contra-angle handpiece; (c) friction-grip bur 

for friction-grip contra-angle handpiece.10,11

ø 2.35 mm (2.33 – 2.35 mm)

31.7 mm (27.9 – 35.8 mm)

ø 2.35 mm (2.33 – 2.35 mm)

13.2 mm  
(10.6 – 13.9 mm)

ø 1.59 mm (1.59 – 1.60 mm)

12.7 mm  
(10.2 – 13.8 mm)

a

b

c
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longevity of cutting efficiency of the bur. A cross section of a 
typical six-bladed bur is shown in Fig 7-65; the names of the 
faces and angles of the blades are also shown. The bur in Fig 
7-65 has a negative rake angle, as do most burs used in den-
tistry.10 The negative rake angle increases the life expectancy 
of the bur and provides for the most effective performance in 
low- and high-speed ranges.

A positive rake angle would produce a more acute edge 
angle. Positive rake angles may be used to cut softer, weaker 
substances, such as soft carious dentin. If a blade with a posi-
tive rake angle were used to cut a hard material, such as sound 
enamel or dentin, it would dig in, leaving an irregularly cut 
surface, and the cutting edges of the blades would chip and 
dull rapidly.

The basic shapes of tooth-preparation burs used in opera-
tive dentistry are shown in Fig 7-66. Many other shapes are 
available; most are modifications of these five. Numbering 
systems have been introduced to describe the shapes of den-
tal burs. The original system, introduced by SS White Dental 
Manufacturing, had nine shapes based on the burs available at 

that time.10 That system has been modified and expanded as 
new burs have been developed. The American National Stan-
dards Institute/American Dental Association (ANSI/ADA) speci-
fication11 provides standard characteristics for dental burs; this 
specification lists both the US numbers and the International 
Standards Organization (ISO) numbers for dental burs.

Prior to the advent of high-speed handpieces, it was found 
that additional cuts across the blades of a dental bur increased 
cutting efficiency; these cuts were called crosscuts. Today, with 
high-speed handpieces, crosscut burs are not normally of any 
benefit.

Table 7-1 shows diagrams, US bur sizes, and the head 
diameters of many available regular carbide tooth-preparation 
burs. ISO sizes for each type of bur can be calculated from the 
diameter: A bur with a diameter of 0.8 mm will have an ISO size 
of 008; a diameter of 1.0 mm will have an ISO size of 010. The 
ISO sizes are combined with the shape of the bur, so an ISO 
inverted cone 006 is an inverted cone bur with a 0.6-mm major 
diameter; from Table 7-1, it can be determined that an ISO 
inverted cone 006 corresponds with a US no. 33½ bur.

Head Neck Shank

Fig 7-64 Parts of a rotary cutting instrument (bur).

Fig 7-65 Typical bur head, viewed from the end of the bur nearest the handpiece.5,10

Direction of rotation

Cutting edge

Clearance angle Rake face

Rake angle

Clearance face

Edge 
angle

Round
Inverted 

cone

Straight 

fissure

Tapered 

fissure

Pear- 

shaped

Fig 7-66 Basic bur head shapes for tooth preparation. 

Most burs used for tooth preparation are modifications of 

these burs. The primary modifications are lengthening of 

the bur heads and rounding of ends or corners to allow 

preparations to be cut without sharp line angles.
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  Table 7-1       Shapes and diameters of regular carbide burs used for tooth preparation (US designations*)

Round 

Bur size 1⁄16 1⁄8 1⁄4 1⁄2 1 2 3 4 5 

Diameter (mm) 0.3 0.4 0.5 0.6 0.8 1.0 1.2 1.4 1.6

Bur size 6 7 8 9 11 

Diameter (mm) 1.8 2.1 2.3 2.5 3.1

Inverted cone  

Bur size 331⁄2 34 35 36 37 39 40 

Diameter (mm) 0.6 0.8 1.0 1.2 1.4 1.8 2.1

Straight fissure†  

Bur size 551⁄2 56 57 58 59 60 

Diameter (mm) 0.6 0.8 1.0 1.2 1.4 1.6

Straight fissure, rounded end (straight dome)† 
Bur size 1156 1157 1158 

Diameter (mm) 0.8  1.0 1.2

Straight fissure, crosscut†  

Bur size 556 557 558 559 560 

Diameter (mm) 0.8 1.0 1.2 1.4 1.6

Straight fissure, rounded end, crosscut (straight dome crosscut)  

Bur size 1556 1557 1558 

Diameter (mm) 0.8 1.0 1.2

Tapered fissure† 

Bur size 168 169 170 171 

Diameter (mm) 0.8 0.9 1.0 1.2

Tapered fissure, rounded end (tapered dome)†  
Bur size 1169 1170 1171 

Diameter (mm) 0.9 1.0 1.2

Tapered fissure, crosscut†  
Bur size 699 700 701 702 703 

Diameter (mm) 0.9 1.0 1.2 1.6 2.1

Pear† 
Bur size 329 330 331 332 

Diameter (mm) 0.6 0.8 1.0 1.2

Long inverted cone, rounded corners (amalgam preparation) 
Bur size 245 246  

Diameter (mm) 0.8 1.2

End-cutting  

Bur size 956 957 

Diameter (mm) 0.8 1.0

* Adapted from American National Standards Institute/American Dental Association Specification 23 and catalogs of Midwest Dental Products and 

Brasseler. 
†Some sizes available with a long head (L).
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     Shapes and diameters of some of the available 12-bladed carbide finishing burs used for smooth cuts in tooth 

preparation and for finishing restorations (US designations*)

Egg 

Bur size 7404 7406 7408 

Diameter (mm) 1.4 1.8 2.3

Bullet  

Bur size 7801 7802 7803 

Diameter (mm) 0.9 1.0 1.2

Needle  

Bur size 7901 7902 7903 

Diameter (mm) 0.9 1.0 1.2

Round  

Bur size 7002 7003 7004 7006 7008 7009 7010  

Diameter (mm) 1.0 1.2 1.4 1.8 2.3 2.7 3.1

Flame  

Bur size 7102 7104 7106 7108 

Diameter (mm) 1.2 1.4 1.8 2.3

Cone  

Bur size 7202 7204 7205 7206 

Diameter (mm) 1.0 1.4 1.6 1.8

Long pear (inverted taper)  
Bur size 7302 7303 7304 

Diameter (mm) 1.0 1.2 1.4

Straight fissure  
Bur size 7572 7583 

Diameter (mm) 1.0 1.2

Taper 
Bur size 7702 7713 

Diameter (mm) 1.0 1.2

*Adapted from catalogs of Midwest Dental Products and Brasseler.

Table
7-2

It is useful to know the diameters and lengths of the burs 
used in tooth preparation so that they can be used as gauges 
of depth and distance. Bur head lengths may vary from manu-
facturer to manufacturer, so it is best to measure the individual 
burs being used and to use their dimensions as references for 
measuring preparation dimensions.

Another type of bur that is very useful in operative dentistry 
is the trimming and finishing bur. These burs come in a variety 
of shapes and sizes; the heads of some trimming and finishing 
burs are shown in Table 7-2. Trimming and finishing burs are 
excellent for making very smooth cuts in tooth preparations, 

for adjusting occlusion in enamel or of a restoration, and for 
contouring and finishing restorations. Trimming and finishing 
burs have more blades than tooth-preparation burs, and the 
greater the number of blades, the smoother the cut surface 
that can be attained. The number of blades necessary for a 
desired surface smoothness varies with the diameter of the 
bur; typical trimming and finishing burs have 8 to 12, 16 to 20, 
or 30 blades. 

Many designs of trimming and finishing burs are avail-
able for shaping and contouring esthetic restorations. One 
extremely useful type of trimming and finishing bur that is 
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available with 8, 16, or 30 blades is a straight-sided taper with 
a safe (noncutting) end (called esthetic trimming, or ET, burs 
from Brasseler). This bur is designed so that the end will rest 
on the tooth surface without cutting tooth structure and allow 
contouring of the adjacent restoration; it is available in several 
different lengths and diameters, as well as with the different 
numbers of blades.

Diamonds. Used increasingly in operative dentistry, diamond 
burs are especially useful for preparations for bonded restora-
tions. Several manufacturers produce diamonds that mimic the 
shapes of many of the carbide burs. Diamond burs cut tooth 
structure well and are acceptable substitutes for carbide burs, 
but many of the smaller sizes are not available as diamond burs. 
Diamond burs with fine-grit diamond surfaces are also useful 
for contouring and polishing esthetic restorations.

Air-abrasion technology
In the 1940s, an instrument called the Airdent (SS White) was 
introduced as a means of cavity preparation.12 Because all res-
torations placed at that time depended on cavity-preparation 
shape for retention, and because the Airdent did not prepare 
undercuts in preparations, the technology soon lost favor. 
When it was reintroduced in the 1980s, it received a great-
er degree of acceptance because bonded restorations had 
become routine.13 Etched enamel and dentin, rather than the 
shape of the cavity preparation, give retention to many restora-
tions. A large number of air-abrasion units are being marketed 
for opening fissures, for some cavity preparations, and to facili-
tate repair of existing restorations with bonding technology. 
An example of a compact and relatively inexpensive air abra-
sion unit is pictured in Fig 7-67a. More recently, technology 
has been introduced that includes a curtain of water around 
the spray of alumina particles (Fig 7-67b). This water curtain 
reduces the amount of dust generated in the procedure.

Sonic and ultrasonic technology

The use of sonic and ultrasonic technology for tooth prepara-
tion has been referenced in the literature for over two decades, 
especially in conjunction with endodontic biomechanical prep-
aration,14 and these tools remain popular for endodontic indi-
cations.15 In addition, ultrasonic and sonic tooth preparation is 
a viable means for conservative cavity preparation.16 Additional 
information on ultrasonic cavity preparation is provided in 
chapter 11. 

Visualization and magnification
The quality, and therefore the serviceability and longevity, of 
dental restorations is dependent on the ability of the operator 
to see what he or she is doing. One of the primary advantages 
of the rubber dam in operative dentistry is improvement of the 
visualization of the operating field. Most current contra-angle 
handpieces have fiber-optic systems by which lights are placed 
in the contra-angle heads to improve visualization of the oper-
ating field.

Magnification devices are extremely helpful in restorative 
procedures, and some form of magnification is recommended 
for every dentist providing restorative dentistry services.17 
Available magnification devices run the gamut of effectiveness 
and expense. Among the finest magnifiers are the telescopes 
(Fig 7-68), which are the most expensive. Less expensive loupes 
are available from several manufacturers (Fig 7-69).

In choosing a magnification device, the operator is wise to 
select one that gives a focal distance in the range of 10 to 14 
inches. The 2.0- to 4.0-diopter range is recommended. In addi-
tion, magnifiers are available that are mounted into the lenses 
of eyeglasses (see Figs 7-68a to 7-68c) or that flip down either 
from the glasses frame (see Fig 7-68d) or a headband (see Figs 
7-68e and 7-69).

Fig 7-67 (a) PrepStart air-abrasion cavity- 

preparation unit (Danville Materials). (b) PrepStart 

H
2
O air-abrasion cavity-preparation unit (Danville 

Materials). This unit is an example of the use of new 

technology that provides a water curtain around the 

stream of alumina particles. This greatly reduces 

the amount of dust that is produced.

a b
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Fig 7-68 (a and b) Binocular telescopes (in-the-

lens type) manufactured by Designs for Vision. 

(c) Binocular telescopes (in-the-lens type) manu-

factured by Orascoptic. (d) Binocular telescopes 

(frame-mounted flip-down type) manufactured by 

Orascoptic. (e) Binocular telescopes (headband-

mounted flip-down type) manufactured by Orascop-

tic.

Fig 7-69 (a) Binocular loupes manufactured by 

Almore International. (b) Binocular loupes manufac-

tured by Edroy Products.

a b

e

d
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Field Isolation

James B. Summitt

There are many ways to isolate an area of the mouth or 
a tooth so that restorative services can be performed 
without interference from soft tissues, the tongue, 
saliva, or other fluids. Various tongue- and cheek-
retracting devices and suction methods may be used; 
some of these are discussed later in this chapter. By far 
the most complete method of obtaining field isolation 
is the rubber dam, the primary subject of this chapter.

Rubber Dam
Sanford C. Barnum is credited with introducing the 
rubber dam to the dental profession in 1864.1 For 
many years, the rubber dam has been recognized 
as an effective method of obtaining field isolation, 
improving visualization, protecting the patient, and 
improving the quality of operative dentistry services. It 
has been demonstrated that most patients prefer the 
use of the rubber dam for restorative procedures.2–4 
The dam has been acknowledged as an important 
barrier for prevention of microbial transmission from 
patients to members of the dental care team. In addi-
tion, it is medicolegally prudent to use a dam for 
procedures in which small objects, such as dental burs 
or endodontic files, could be aspirated by the patient.

Experts in restorative dentistry5,6 have emphatically 
stated that the use of the rubber dam not only boosts 
the quality of restorations but also increases quantity 
of restorative services because patients are unable to 
talk or expectorate when the dam is in place. They 
have further stated that the operating field can only 
be maintained free of saliva and other contaminants 
with the dam in place, and the field is more accessible, 
airborne debris is reduced, and the patient feels more 
comfortable.

Complete isolation is important for the operative 
field, but not specifically the use of the rubber dam. 
One study7 evaluated longevity and performance of 
facial cervical resin composite restorations: two-thirds 
were performed with rubber dam isolation and one-
third with thorough isolation using a saliva ejector, 
cotton rolls, and gingival retraction cord. In 3 years, 
there was no significant difference in performance 
of the restorations between the two groups, and 
more than 95% of the restorations were completely 
retained; of those placed using non–rubber dam isola-
tion methods, all were retained at 3 years.

There is some evidence that indicates that rubber 
dam use during resin bonding procedures involv-
ing enamel leads to improved bond strengths8 and 
reduced microleakage,9 while other studies have 
shown no difference in outcomes for restorations 
placed with rubber dam or good cotton roll isolation 
(in cavities with enamel margins).10–14 There is also evi-
dence that salivary contamination can adversely affect 
the bond strength provided by some dentin bonding 
systems15–17 and that restorations placed with a rubber 
dam in place prior to cavity preparation provided high-
er bond strength than if the rubber dam was placed 
after preparation.18 It should again be emphasized 
that avoidance of contamination of the operating field 
is what is important in bonding procedures and other 
operative procedures and that adequate isolation can 
often be obtained by measures other than the use of 
the dam.

Most dentists are taught the use of the rubber dam 
in dental school, and many suffer tremendous frustra-
tions during rubber dam applications. For the dam to 
be used and to actually save chair time, the practition-
er must be able to apply it quickly and easily. This 
chapter is designed to describe methods that facilitate 
use of the rubber dam.
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Instruments and materials

Rubber dam material
Rubber dam materials are currently available in an array of 
colors, ranging from green to lavender to gray to ivory. It is 
important in operative dentistry to use a dam color that con-
trasts with the color of teeth; the ivory-colored dam is therefore 
not recommended for operative dentistry procedures. The 
original gray dam is still available, but the bright colors have 
gained popularity. Some operators use the gray dam because 
they believe that it is better for matching shades in tooth-
colored restorations. Because shades of restorative materials 
are selected prior to rubber dam placement and tooth color 
changes with the enamel desiccation that accompanies rubber 
dam use, the restorative shade is probably not affected by the 
use of a brightly colored rubber dam.

Because of the increased incidence of latex allergies, a num-
ber of nonlatex dams are now available. Some dental practices 
have gone to nonlatex dams exclusively as part of their efforts 
to be latex free. More information on latex allergies appears 
later in this chapter.

Rubber dam material is available in rolls, either 5 or 6 inches 
wide, from which squares may be cut. It is also available in 
sheets that are 5 inches square, usually used for children, and 
6 inches square. 

Rubber dam material is available in several thicknesses, or 
gauges (Table 8-1). The heavy and extra-heavy gauges are rec-
ommended for isolation in operative dentistry. If the rubber of 
the heavier gauges is passed through the interproximal tooth 
contacts in a single thickness and not bunched in the contacts, 
the heavy dams are no more difficult to apply than are the 
thinner materials, and heavier dams are less likely to tear. The 
heavier materials provide a better seal to teeth and retract tis-
sues more effectively than the thinner materials.

Latex rubber dam material has a shelf life of more than a 
year, but aging is accelerated by heat. Extra boxes of dam mate-
rial can be stored in a refrigerator to extend the shelf life. Latex 
dam material that has exceeded its shelf life becomes brittle 

and tears easily; unfortunately, this is usually noticed during 
dam application. A simple test for the resistance of rubber dam 
material to tearing is to attempt to tear a sheet grasped with 
thumbs and index fingers; a strong dam will be very difficult to 
tear. Brittle dam material should be discarded. If the material 
was recently purchased, it should be returned to the supplier 
for replacement.

Napkin
The rubber dam napkin is a piece of strong, absorbent cloth or 
paper placed between the rubber dam and the patient’s face. 
The napkin provides greater comfort for the patient, especially 
during unusually long procedures. Napkins are available in two 
shapes (Fig 8-1). The smaller napkin is usually used with rubber 
dam frames; the larger provides padding for the side of the face 
when retracting straps are used.

Punch
At least two types of rubber dam punches are available (Fig 8-2). 
The Ainsworth-type punch, which is made by several manufac-
turers, is excellent if it is well made. The Ivory punch (Heraeus 
Kulzer) is also excellent and has a self-centering coned piston, 
or punch point, which helps to prevent partially punched holes 
(Fig 8-3). Punches should have hardened steel cutting tables 
(or anvils) with a range of hole sizes so that the dam will seal 
against teeth of various cervical dimensions (Fig 8-4).

Occasionally, the rim of a hole may be damaged because 
the rotating cutting table was not snapped completely into 
position before an attempt was made to punch a dam. Holes 
must be cleanly cut; incompletely punched holes (see Fig 8-3) 
will promote tearing of the dam during application or will affect 
the ability of the dam to seal.

A damaged hole rim in the cutting table will cause incom-
plete cutting. A damaged wheel should usually be replaced; 
the manufacturer of the punch can replace a damaged wheel.

Hole-positioning guides
Although many operators punch the holes without a posi-
tioning aid, most find it helpful to have some form of guide 

Fig 8-1 Rubber dam napkins (Hygenic) for longer procedures. Napkins provide 

padding between the rubber dam and the face and lips, making the dam more 

comfortable for the patient. The small napkin is for use with rubber dam frames. 

The larger napkin is for use with strap- or harness-type rubber dam holders.

Table 8-1 Available rubber dam thicknesses (gauges)*

Gauge Thickness (range)*

Thin 0.006 (0.005–0.007) inch

Medium 0.008 (0.007–0.009) inch

Heavy 0.010 (0.009–0.015) inch

Extra heavy 0.012 (0.0115–0.0135) inch

Special heavy 0.014 (0.0135–0.0155) inch

*Thickness ranges listed by Hygenic.
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to determine where the holes should be punched. There are 
several ways to mark a rubber dam so that holes can be located 
optimally.

Teeth as a guide. The teeth themselves, or a stone cast of the 
teeth, can be used in marking the dam. To use this method, 
the dam is held in the desired position in the mouth, or on the 
stone cast, over the teeth to be included in the isolation. The 
cusp tips of posterior teeth and incisal edges of anterior teeth 
can be visualized through the dam, and the centers of the 
teeth are marked on the dam with a pen. An advantage of this 
method is precise positioning of the marks even when teeth 
are malaligned. Its disadvantages include the time-consuming 
nature of the procedure and the inability to punch a dam 
before the patient is seated.

Template. Templates are available to guide the marking of the 
dam (Fig 8-5). These templates are approximately the same size 
and shape as the unstretched rubber dam itself. Holes in each 
template correspond to tooth positions. The template is laid 
over the dam, and a pen is used to mark through selected holes 

onto the dam. With the template, the dam can be marked and 
punched before the patient is seated.

Rubber dam stamp. Rubber stamps provide a very conve-
nient and efficient way of marking the dam for punching (Fig 
8-6). There are commercially available stamps, or stamps can 
be made by any rubber stamp manufacturer from a pattern, 
such as the one shown in Fig 8-7, or any custom design. Dams 
should be prestamped by an assistant so that the marks for the 
maxillary central incisors are positioned approximately an inch 
from the top of the dam. Exceptions to normal tooth position 
are easily accommodated.

Rubber dam holders
Strap holders. Strap holders (Fig 8-8) provide the most cheek 
and lip retraction, access, and stability but may cause the most 
discomfort to the patient. A rubber dam napkin is a necessity 
for patient comfort when a strap holder is used. The Wood-
bury retractor grasps the dam material with spring-loaded 
clips. When posterior teeth are isolated with a Woodbury-type 
holder, a tuck or fold in the dam may be needed (Fig 8-9).

Fig 8-2 (a) Ainsworth-design (Hygenic) rubber dam punch. (b) Ivory-design rubber dam punch. Fig 8-3 Partially punched holes. Stretched rub-

ber dam shows the flaps of dam material left 

when holes are incompletely punched. The flaps 

will prevent proper seal. If the flaps are torn off, 

ragged edges can lead to tearing of the dam during 

application.

Fig 8-4 The cutting table, or anvil, of a rubber dam 

punch should have a range of hole sizes. Pictured is 

the cutting table from an Ivory punch.

 Ivory template for marking the dam. Marks corre-

sponding to the teeth to be isolated are made on a 

6-inch rubber dam through the holes with a felt-tipped 

or ballpoint pen.

Fig 8-6 Rubber dam stamp for the adult dentition.

a b
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Frame holders. Frame holders are exemplified by the Young 
frame (Young Dental) and the Nygaard-Ostby frame (Coltène/
Whaledent) (Fig 8-10). A U-shaped Young-type frame is made 
by several manufacturers in both metal and plastic. The Young-
type frames are available in both adult and child sizes. A plastic 
frame is advantageous when radiographs will be a part of the 
procedure because it is radiolucent. The plastic frames do not, 
however, stand up to heat sterilization as well as do metal 
frames, and they have a shorter life span. Metal frames are less 
bulky and last for years.19 They are available with balls on the 
ends to protect the patient in the event that the frame is inad-
vertently pushed toward the eyes. 

The Young frame is usually positioned on the outside sur-
face of the dam so that it is not in contact with the patient’s 
face. The Nygaard-Ostby frame is normally positioned on the 
tissue surface or inside surface of the dam and touches the 
patient’s face (or the rubber dam napkin). All frames have 
points or pegs over which the dam material is stretched to pro-

vide a clear operating field and to hold the frame in position. 
Some Young-type frames come with a hook on each side for 
attachment of a strap. The strap is run around the back of the 
head and can be tightened to pull the frame posteriorly to bet-
ter retract lips and cheeks. If the operator doesn’t find the strap 
useful, the hooks may be cut off, leaving an additional point on 
each side of the frame for attachment of the dam.

Preattached frames. One commercially available rubber dam 
(HandiDam, Aseptico) comes with a built-in frame and a rod 
for insertion to keep the dam open (Fig 8-11). OptraDam Plus 
(Ivoclar Vivadent) incorporates an integral frame that fits intra-
orally to assist in cheek retraction. This device may often be 
used without clamping. A similar device, OptraGate (Ivoclar 
Vivadent) is useful for retracting lips and cheeks in the ante-
rior region. While not strictly a field isolation device, it helps to 
improve access and visualization of the field.

Fig 8-7 Pattern for a rubber dam stamp. This may be duplicated and taken to 

a rubber stamp manufacturer.

Maxillary

Mandibular

Maxillary incisor spot positioned 1” below top of dam

Fig 8-8 Strap- or harness-type rubber dam holders provide excellent lip and 

cheek retraction. Pictured is a Woodbury retractor (Sulter Dental).

Fig 8-9 A fold or tuck is made in the rubber dam to provide an 

uncluttered operating field.
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Clamp forceps

Ivory-type clamp forceps (Fig 8-12a) are available from several 
manufacturers and with differently angled beaks. Ivory forceps 
(Heraeus Kulzer) have stabilizers that prevent the clamp from 
rotating on the beaks (Fig 8-12b). This is usually advantageous, 
but it limits the use of these forceps to teeth that are within a 
range of normal angulation.

Stokes-type clamp forceps (Fig 8-12c), which have notches 
near the tips of their beaks to locate the holes of a rubber dam 
clamp (Fig 8-12d), allow a range of rotation for the clamp so 
that it may be positioned on teeth that are mesially or distally 
angled.

Either of these types of clamp forceps will serve the practi-
tioner well, and selection should be based on personal prefer-
ence. The Ivory-type forceps are probably the most popular 
because of cost.

Clamps
Rubber dam clamps are the usual means of retaining the rub-
ber dam. The three basic types of clamps and their parts are 
shown in Fig 8-13. When a posterior segment is isolated, the 
clamp is usually placed on the distalmost exposed tooth (Fig 
8-14). The clamp may also be placed on an unexposed tooth 
(one for which a hole has not been punched) (Fig 8-15).

Fig 8-10 (a) Metal Young frame with eye protectors. (b) Young frame inserted into the external surface of the 

dam. (c) Plastic Nygaard-Ostby frame. (d) Nygaard-Ostby frame inserted into the internal surface of the dam.

Fig 8-11 In the HandiDam, the frame is an integral 

part of the dam.

Fig 8-12 (a) Ivory forceps. (b) Stabilizers near the 

tips of the Ivory-type forceps limit rotation of the 

clamp when it is held by the forceps. (c) Stokes-type 

forceps. (d) The tip design of the Stokes forceps 

provides more freedom for rotation of the clamp 

while it is held by the forceps.

a b

c d

a b

c d
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There are clamps with jaw sizes to fit every tooth. Some 
clamps simply have a number designation; others have a W in 
front of the number. The W indicates that the clamp is wingless 
(see Fig 8-13b); those clamps that do not bear a W have wings 
(see Fig 8-13a) so that the dam may be attached to the wings 
before the clamp is placed on the tooth (Fig 8-16).

Manufacturers have reduced the number of clamps they 
produce, but a variety of clamp designs remain available. For 
the practice of operative dentistry, the number of clamps 
should be limited to a few that will satisfy most needs; these 
may be kept in the instrument kit and sterilized along with the 
other operative dentistry instruments. Clamps that will serve in 
most situations and are recommended for inclusion in opera-
tive dentistry instrument kits are listed in Table 8-2 and shown 
in Fig 8-17. 

Supplemental clamps, to be available on the rare occasions 
when the usual clamps will not suffice, should be packaged and 
sterilized separately. Recommended supplemental clamps are 
listed in Table 8-3 and shown in Fig 8-18.

No. W8A clamp. Although Ivory modified the design of the 
no. W8A clamp many years ago so that the jaw points do not 
extend so severely in a gingival direction, some still extend fur-
ther gingivally than is desirable. The jaws of a no. W8A clamp, 
for most applications, should be approximately horizontal (Fig 
8-19a, bottom) prior to expansion of the clamp for placement 
on a tooth. As the jaws are spread, the angle of the jaws will 
change to a gingival orientation; this is usually desirable, but 
before the clamp is expanded, the jaws should have little or no 
gingival angulation.

For no. W8A clamps in which the jaws have a significant 
gingival angulation, a modification procedure is recommended 
(Fig 8-19) unless deep subgingival placement of the points is 
needed. This modification may be made with a stone used in 
a low-speed handpiece or a finishing bur used in a high-speed 
handpiece. After the modification is made, the points, which 
have been sharpened by the modification procedure, must be 
blunted to prevent damage to tooth surfaces.

The no. W8ASA clamp (Hu-Friedy) incorporates most of the 
advantages of the modification of the no. W8A (Fig 8-20).

Fig 8-13 (a) Winged rubber dam clamp; (b) wingless rubber dam clamp; (c) butterfly rubber dam clamp.

Wing

Bow

Points

Jaws Holes for 
forceps

Points

Bow

a b c

Notches for forceps

Bow

Jaws

Fig 8-14 Isolated mandibular right quadrant. The 

clamp is positioned on the distalmost exposed 

tooth. 

Fig 8-15 Isolated mandibular left quadrant with a 

second clamp placed on an unexposed molar on 

the right side of the mouth to give additional access 

to the lingual surfaces of the teeth in the left quad-

rant. The dam has been loosely stretched over the 

unexposed tooth to prevent the clamp from initiating 

a tear. The mirror and other instruments will now be 

unimpeded when the defective lingual margin of the 

crown on the first molar is treated.

Fig 8-16 Winged clamp attached to the rubber 

dam. The edges of the hole are stretched over the 

wings of the clamp.

Jaws
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Table 8-2
Clamps recommended for inclusion in 

operative dentistry instrument kits*

Wingless 

clamps

Winged 

clamps Tooth fit Note

W8A, W8ASA,†

or B1

8A or

27†

Molar Bow extended 

distally in 27

W2A† 2A Premolar

212SA† Premolar, 

canine, and 

incisor

For Class 5  

isolation

* All clamps except B1 (Hygenic) and W8ASA (Hu-Friedy) are from Ivory cata-

log (Heraeus Kulzer).
†Recommended to be available for routine use.

Table 8-3 Recommended supplemental clamps*

Wingless 

clamps

Winged 

clamps Tooth fit Note

W0 00† Small incisor

W1A† 1A Premolar Gingivally 

angled jaws

W14A† 14A† Molar For partially 

erupted molar

*All clamps are from Ivory catalog (Heraeus Kulzer).
† Clamps recommended to be available to supplement clamps listed in Table 

8-2.

Fig 8-17 (left) Clamps recommended for routine 

use: (top row, left to right) no. W8A, B1, 27; (bottom 

row) no. W2A clamp and no. 212SA retractor.

Fig 8-18 (right) Recommended supplemental 

clamps: (left to right) no. 00 (for mandibular inci-

sors and other small teeth), no. W14A (for partially 

erupted molars), and no. W1A (for premolars with 

subgingival margins).

Fig 8-19 Modification recommended for no. W8A clamps, to thin the jaws and reduce the extension of the jaw points toward gingival tissue. (a) (top) Clamp as 

received from the manufacturer; (bottom) clamp that has been modified. (b) The points are trimmed from the tissue side so that gingival extension is reduced and jaws 

are thinned. The bur being used in the high-speed handpiece is a no. 7803 bullet-shaped finishing bur. (c) Points that have been sharpened during modification must 

be dulled. If the points are left sharp, they can damage the surface of the tooth.

Fig 8-20 No. W8ASA clamp featuring most of the benefits of 

the modified no. W8A clamp shown in Fig 8-19.

a b c
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Butterfly clamps. Most of the clamps listed in Tables 8-2 and 
8-3 may act as rubber dam retainers (placed on the distal tooth 
or teeth to hold the dam on the quadrant or arch) or as rubber 

dam and gingival tissue retractors (to retract the dam and tis-
sues away from a preparation margin in the cervical area of a 
tooth). One clamp, however, the butterfly clamp, no. 212SA 
(Fig 8-21a), is designed to serve as a retractor only. Because 
of its double bow and the closeness of the points of each jaw, 
this clamp must often be stabilized on the tooth (Fig 8-21b), or 
it may rock mesiodistally during the procedure and damage 
the root. For retraction for a facial Class 5 restoration, dental 
impression compound (such as red or green compound, Kerr/
Sybron) should be used under the bows of the clamp on the 
occlusal (or incisal) and lingual aspects of the teeth to provide 
stabilization. The hole for the tooth that is to receive the no. 
212SA retracting clamp should be offset facially from the line 
of teeth by approximately 1 mm (Fig 8-21c). This provides for a 
greater width of interdental rubber dam septum so that, when 
the dam is displaced apically for access to the gingival margin 
of a Class 5 restoration, a water-tight seal will be maintained.

The double bow of the no. 212SA clamp precludes place-
ment of two clamps on adjacent teeth. When two Class 5 
restorations are to be placed on adjacent teeth, two no. 212SA 
clamps may be modified (Fig 8-21d); one of the bows of each 
clamp is cut off so that the remaining bow of one clamp extends 
to the right and the bow of the other extends to the left. If these 
clamps are stabilized with modeling compound, adjacent Class 
5 restorations may be accomplished simultaneously (Fig 8-21e). 
A no. 212SA clamp or a modified no. 212SA clamp may be used 
on one root of a molar that has a long clinical crown as well as 
on single-rooted teeth.

Tooth contact. An important consideration when a clamp 
is selected is that only its jaw points contact the tooth; this 
gives four-point contact (Fig 8-22). No clamp jaw can ever be 
contoured to fit a tooth precisely, nor is there any reason for 
a clamp to fit precisely, because the dam, not the clamp, cre-
ates the seal. Molar clamps should have accentuated arches 
between the jaw points to ensure that the points are in contact 
with the tooth, even in teeth with very convex cervical areas. 
The distance between the points of a jaw, along with the stiff-
ness of the bow of the clamp, determines the stability of the 
clamp. If there is contact between the tooth and any other 
part of the clamp’s jaw, the contact points are brought closer 
together, thus reducing the stability of the clamp and allowing 
it to rotate on the tooth and, occasionally, to be dislodged from 
the tooth. Four-point contact is therefore very desirable.

The stiffness of the bow of the clamp should also be main-
tained. Clamps should be expanded with the clamp forceps 
no more than is necessary for the clamp to be passed over the 
facial and lingual heights of contour of the tooth. If a clamp has 
been overexpanded, it will grasp the tooth with less strength 
and is more likely to be dislodged. Occasionally, the jaws 
of clamps that have been overexpanded may be squeezed 
together so that enough of the strength returns, but it is usually 
best to discard a clamp that has been overexpanded.

Floss ligatures. Many clinicians and dental schools recommend 
that dental floss be attached to every clamp used in the mouth 
to allow retrieval if the clamp is dislodged or breaks. Certainly, 
it is wise to attach floss to the clamp that is positioned in the 
mouth prior to application of the dam. After dam placement 
is completed, however, the floss causes leakage if it extends 

Fig 8-21 (a and b) No. 212SA clamp (or retractor) 

for retracting the gingival tissue and rubber dam. (c) 

When a no. 212SA retracting clamp is to be used 

to retract the dam for a facial Class 5 restoration, 

the hole for the tooth to be restored should be 

punched approximately 1 mm facial to the normal 

hole location. (d and e) Two no. 212SA retractors 

may be modified to give two clamps for tissue and 

dam retraction for side-by-side restorations. The no. 

212SA and the modified no. 212SA retractors must 

be stabilized with modeling compound or the jaws 

will damage tooth surfaces.

a b
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under the dam or is in the way if left to dangle in the operating 
field. A solution is to attach the floss to the clamp during appli-
cation of the dam (see Fig 8-35a) and to cut and detach the floss 
from the clamp after the dam is in place. If the clamp dislodges 
or breaks after the dam is in place, it will either be catapulted 
from the mouth by the tension of the dam or be trapped by the 
dam so that it cannot be swallowed or aspirated.

When a winged clamp is attached to the dam during place-
ment of the clamp onto a tooth, the attachment of a floss 
ligature to the clamp is redundant. Floss also need not be 
attached to a second clamp placed for retraction after the dam 
is in place.

Other retainers
Other methods are sometimes used for rubber dam retention:

•  Dental floss or tape is placed doubly through a contact and 
then cut to a short length so that it does not impede access 
(Fig 8-23a).

•  A short strip of rubber dam material is cut from the edge of 
the rubber dam, stretched and carried through the contact, 
and then allowed to relax to retain the dam (Fig 8-23b).

•  Floss is tied to a sterilized rubber plunger from an anesthetic 
cartridge or similar item and then tied around the most distal 
isolated tooth (Fig 8-23c).

•  Elastic cord, eg, Wedjets (Hygenic), is placed interproximally 
to retain the dam (Figs 8-23d; see also Fig 8-34).

Modeling compound
Modeling compound may be used as an adjunct to the applica-
tion of any clamp as a retainer or retractor. It is especially use-
ful and necessary for anchoring and stabilizing the no. 212SA 
retainer (see Figs 8-21b and 8-21e).

For stabilizing a clamp, use of modeling compound, either 
red or green, is recommended. The clamp is positioned appro-
priately on the tooth and held in position with a finger until 
stabilization is completed. There are several effective methods 
for applying compound to stabilize a clamp. One of these 
techniques allows the practitioner to have prewarmed model-
ing compound immediately available and avoids the use of 
a flame. With this technique, modeling compound is placed 
into a plastic syringe, such as a large Monoject or impression 
syringe, which is then placed in a water bath at the appropri-
ate temperature for the type of modeling compound used. 
The diameter of the aperture of the tip should be made larger 
to allow the softened compound to be ejected easily from 
the syringe. When the clamp is positioned, the practitioner 
removes the syringe with the prewarmed modeling compound 
from the water bath and flows it into the desired area to stabi-
lize the clamp. 

Another technique involves the use of the compound in 
stick form. A stick is held over a low alcohol flame and rotated 
and moved back and forth so that the length to be softened 
is heated evenly (Fig 8-24a). After the surface is softened, the 
stick is withdrawn from the flame to allow the heat to diffuse 

Fig 8-22 Rubber dam clamps should contact the 

tooth at the mesial and distal extent of the jaws. 

This four-point contact provides stability, or resis-

tance to rotation or dislodgment, for the clamp.

Fig 8-23 Alternative methods for dam retention. (a) Dental tape placed doubly through the contact distal to 

the distalmost exposed tooth. (b) Short strip of rubber dam used to retain the dam. (c) Anesthetic cartridge 

plunger tied around the distal tooth with floss. (d) Elastic cord used as a rubber dam retainer (see Fig 8-34).

a b
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to the center of the stick. When the length is warmed to the 
center, there will no longer be a core of unsoftened compound 
to support the shape, and the softened length will sag or droop 
(Fig  8-24b). If the stick has been overheated, so that it elongates 
in addition to drooping, it should be cooled slightly in a con-
tainer of water. Before the compound is taken to the mouth, 
the surface should be briefly reheated to enhance adhesion of 
the compound to the retracting clamp and teeth.

The compound should be applied to the retainer and teeth 
in a location as far away from the area to be restored as pos-
sible. The stick is then twisted and pulled away, leaving soft-
ened compound in place. The compound should be shaped 
and molded with damp, gloved fingers into embrasures and 
made to contact a large area of the clamp and the lingual sur-
faces of the teeth. It should then be cooled with the air syringe 
for 20  seconds or more. Stabilization of the retracting clamp is 
then completed (Fig 8-24c); the finger holding the clamp may 
now be released, and the clamp is tested for stability.

Compound should be kept away from the planned area 
of operation so that it will not inhibit access; in that regard, 
for a facial restoration, compound should be confined to the 
occlusal (or incisal) and lingual surfaces. Full advantage should 
be taken of the lingual surfaces for maximum dependability of 
attachment of the compound to the teeth. When the lingual 
surfaces are covered by the compound, the lingual notches for 
the clamp forceps will be covered. To remove the clamp with 
forceps, the operator would have to chip away the compound 
to expose a lingual notch. In a simpler method, an instrument 

is used to pull the facial jaw of the clamp away from the facial 
surface and then occlusally (incisally) (Figs 8-24d to 8-24f).

Inverting instrument
Almost any instrument may be used for inverting the dam. 
Commonly used instruments include explorers such as the no. 
23 (Fig 8-25a), plastic filling instruments such as the no. 1-2 
(Fig  8-25b), or a beavertail burnisher (Fig 8-25c). Dental tape or 
floss used interproximally is also useful for dam inversion. Inver-
sion of the dam is described later in this chapter and illustrated 
in Fig 8-38.

Wedge
The wooden wedge, which is used to stabilize a matrix and hold 
it against the gingival margin of a cavity preparation involving 
a proximal tooth surface, is also useful for protecting the dam 
(Fig 8-26) when rotary cutting instruments are used in proximal 
areas. Placement of water-soluble rubber dam lubricant on the 
wedge enhances the ease of wedge placement.

Scissors
Scissors are often useful in preparing the dam for insertion and 
are a necessity for cutting the dam for removal. Blunt-ended 
scissors are preferred by many operators, but other scissors, 
such as sharp crown and collar scissors and Quimby scissors 
(see Fig 8-41b), will also serve well. Scissors used for cutting 
rubber dams must be sharp, or they will frustrate the operator.

Fig 8-24 Use of modeling compound to stabilize a no. 212SA retractor. (a) The compound stick is warmed in an alcohol flame. (b) After warming, the stick is removed 

from the flame and held until the heat has diffused to the center of the stick so that the warmed end of the stick begins to droop. (c) Use of compound to stabilize a 

no. 212SA retractor is completed. (d) Removal of the clamp with forceps may be hampered by the compound on the lingual aspect. If so, a facial notch of the clamp 

may be engaged with an instrument such as a plastic instrument. (e and f) A no. 0 crochet hook (with handle made of laboratory acrylic) or a no. 34 surgical elevator 

modified to mimic a no. 0 crochet hook may be used to engage a notch of the clamp. Such a modified surgical elevator is manufactured by Hu-Friedy. The facial jaw of 

the clamp is then pulled facially away from the tooth surface and rotated occlusally or incisally to quickly remove the clamp and the stabilizing compound.

a b c
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Dental tape and floss
Waxed tape or floss, not unwaxed floss, is recommended for 
flossing the dam through interproximal contacts. Waxed tape, 
or ribbon floss (see Fig 8-35f), will carry more of a septum 
through a contact in a single pass than will the narrower floss, 
but the tape must be maintained flat and not bunched up, or it 
will be difficult to pass through the contact.

Interproximal contact disk
An interproximal contact disk (Thierman Products or Centrix) is 
used to plane rough enamel, amalgam, or resin composite con-
tacts so that the floss will pass through without shredding and 
so that the dam can be flossed through without tearing (Fig 
8-27). The plain metal disk, without abrasive, is recommended. 
This instrument should not be used in a contact that involves a 
gold casting because it can cut into the gold and produce addi-
tional obstruction to passage of the floss through the contact.

The disk is placed into the occlusal embrasure and rocked 
facially and lingually as it is pushed firmly, but with control, 
gingivally. If it cannot be worked through the contact, the teeth 
should be separated slightly with a plastic instrument placed 
snugly into the gingival embrasure and rotated slightly while 
the disk is being pushed into the contact from the occlusal 
embrasure. Several passes of the disk through the contact will 
usually plane it smooth.

Lubricant
Rubber dam lubricant makes a significant difference in the 
ease with which the dam is applied. A water-soluble lubricant 
is preferred. A product that has proven especially suitable for 
lubricating the rubber dam is Velvachol water-miscible vehicle 
(Healthpoint) (Fig 8-28). Velvachol is a pharmaceutical product 
manufactured as a water-soluble ointment base, but it is an 
excellent dam lubricant. Petroleum-based lubricants, such as 
Vaseline (Chesebrough-Pond’s), should be avoided as rubber 
dam lubricants because they are difficult to remove from the 
dam after application and therefore can impede bonding pro-
cedures and make inversion of the dam more difficult.

Water-soluble lubricant is applied in a thin coat in the area of 
the holes on the tissue surface of the dam before it is taken to 
the mouth (Fig 8-29). The lubricant makes passage of the dam 
through the interproximal contacts much easier, and the dam 
will often pass through the contacts in a single layer without 
the use of floss. If additional lubrication is desired, lubricant 
may be applied to the teeth prior to placement of the dam.

A lubricant for the lips will make the patient more comfort-
able during the procedure. Petroleum-based lubricants, such 
as Vaseline, cocoa butter, silicate lubricant, or lip balm, function 
well as lip lubricants.

Fig 8-25 Inverting instruments. Note the tip of the air syringe in each instance; a high-volume stream of air is used to dry the tooth and dam surfaces to facilitate 

inversion. (a) No. 23 explorer. (b) No. 1-2 plastic instrument. (c) Beavertail burnisher.

a b c
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Fig 8-27 (a) Interproximal contact disks or planes. The disk with the white plastic handle is from Thierman 

Products, and the disk with the metal holding area is from Centrix. (b) An interproximal contact disk is used 

to plane a rough contact.

Fig 8-26 Wooden wedges are used to protect the 

dam from being cut during a procedure that involves 

the use of burs or cutting instruments near the dam.
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Application and removal

Preparation of the mouth
Teeth should be cleaned, if necessary, and contacts should be 
checked with floss. The rapid passage of dental floss through 
each contact that will be involved in the isolation is very impor-
tant and, if accomplished as a part of the routine, will save 
chair time. Any rough contact should be smoothed with the 
interproximal contact disk (see Fig 8-27b), not only to facilitate 
dam placement but also to enable the patient to clean each 
interproximal area during routine flossing.

If a restorative procedure that involves an occlusal surface 
is planned, maximum intercuspation contacts may be marked 
with articulating paper or tape prior to application of the dam. 
Centric occlusion markings may be coated with a clear light-
cured resin or varnish to protect them from being rubbed 
off. An applicator or brush containing the liquid resin should 
be touched to the enamel adjacent to the markings and the 
material allowed to flow across the markings prior to curing 
(Fig 8-30).

If the lips are to be lubricated, this should be accomplished 
prior to application of the dam (Fig 8-31).

Preparation of the dam
Use of a prestamped, dark (gray, green, or blue), heavy (or extra 
heavy) gauge dam material is recommended. Various hole sizes 

should be used to ensure a seal around the variety of tooth 
sizes (Fig 8-32). For example, an Ivory punch has six hole sizes, 
numbered 1 (smallest) through 6 (largest) (see Fig 8-4). For 
standard latex heavy-gauge dams, recommended hole sizes 
are 5 for clamped molars; 4 for other molars; 3 for premolars, 
canines, and maxillary central incisors; and 2 for maxillary lat-
eral incisors and mandibular incisors.

Some variation from the recommended hole sizes may be 
needed, depending on the size of individual teeth, operator 
preference, dam material, and gauge of the dam, but a range 
of hole sizes should be used to prevent leakage between the 
dam and the teeth.

For operative procedures involving posterior teeth, the 
tooth or teeth to be restored should be exposed, as well as 
at least one tooth posterior to the most distal tooth to be 
restored, if possible. In addition, all teeth around to the central 
or lateral incisor on the opposite side of the same arch should 
be exposed. This extension of the area of isolation to the oppo-
site side will hold the dam flat in the arch to give room for fin-
gers and instruments in the area of the teeth to be restored. It 
will also expose teeth in the anterior area for finger rests during 
the operation (Fig 8-33).

For anterior restorations, exposure of the first premolar to 
the first premolar on the opposite side of the arch is recom-
mended (Fig 8-34). This will provide room for the mirror and for 
hand instruments on the lingual aspect of the anterior teeth.

Fig 8-28 A water-soluble rubber dam lubricant, 

such as Velvachol, can be loaded into a syringe, 

such as a 3-mL disposable syringe. The lubricant 

can be dispensed from the syringe onto the tissue 

surface (underside) of the rubber dam or onto a 

glove for coating of the dam adjacent to the holes.

Fig 8-29 (a) Water-soluble lubricant can be carried to the dam with a finger. (b) The dam lubricant is layered 

on the tissue surface of the dam in the area of the holes.

ba

Fig 8-30 The centric occlusion markings were 

protected by a varnish or light-cured resin during 

dam placement; had the markings not been pro-

tected, the placement procedure would likely have 

erased them.

Fig 8-31 Lips are lubricated with petroleum-based 

lubricant prior to placement of the rubber dam.
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When a prestamped dam or a template is used, holes 
should be punched away from the spots to accommodate 
atypical alignment of teeth. In addition, when the dam is being 
prepared to provide isolation for Class 5 restorations, the hole 
for the tooth to receive a facial Class 5 restoration should be 
punched approximately 1  mm facial to the spot (see Fig 8-21c) 
to allow retraction with the no. 212SA clamp. No holes should 
be punched for missing teeth.

After the dam is punched, the tissue side of the dam should 
be lubricated with a water-soluble lubricant. A small dollop of 
lubricant is applied to the tissue surface and smeared over the 
surface of the dam in the area of the holes (see Fig 8-29b). The 
rubber dam frame can then be attached to the top and bottom 
of the dam, leaving a relaxed area or “pouch” of dam material 
between the top and bottom (see Fig 8-35b). Attaching the 
dam to the frame in this way holds the edges of the dam away 
from the holes for better visualization during application.

Placement of the dam
If a local anesthetic agent has been administered to provide 
pulpal anesthesia for the tooth or teeth being restored, at least 
a portion of the gingival tissue will have also been anesthe-
tized. If an inferior alveolar block has been given, the lingual 
nerve will almost always have been anesthetized as well, so 
the gingival tissue lingual to the mandibular posterior teeth 
will also have been anesthetized. If infiltration anesthesia has 
been administered to maxillary teeth, the facial gingival tis-
sue will have been anesthetized. For application of a rubber 
dam clamp, the portions of the gingival tissue that have not 
been anesthetized along with the delivery of pulpal anesthesia 
will not normally need to be anesthetized. When the clamp is 
applied, as long as the points of the clamp’s jaws are firmly on 
the tooth and have not penetrated gingival tissue, the patient 
may feel some discomfort for a few seconds where the jaws are 
pressing against tissue. This pressure discomfort will usually 
disappear within 1 minute due to “pressure anesthesia,” and 
injection anesthesia for the gingival tissue is usually unneces-
sary. If additional gingival anesthesia is necessary, topical anes-
thetic solutions or gels may suffice.

When the clamp is applied to the tooth with the clamp for-
ceps, the clamp should be expanded only enough to allow it to 
pass over the crown of the tooth. Overexpansion of the clamp 
will permanently distort it so that it will be weak, unstable, and 
more likely to dislodge from the tooth.

Dam over clamp. A wingless clamp is placed on the tooth. It 
is recommended that a finger be maintained over the inserted 
clamp to prevent its dislodgment until its stability on the tooth 
has been confirmed. The operator checks stability by engaging 
the bow of the clamp with an instrument and firmly attempting 
to pull it occlusally (Fig 8-35a). If the clamp rotates on the tooth, 
it is not stable and should be repositioned or replaced.

The top and bottom attachment points of the Young frame 
are engaged at the top and bottom of the dam to give a slack-
ness or pouching of the dam (Fig 8-35b). The tissue side of the 
dam is lubricated in the area of the holes. Then, with a finger on 
each side of the distal hole in the dam, the dentist (or assistant) 
stretches the dam so that the hole is enlarged and appears to 
be an open slit; the hole is then carried over the bow and jaws 
of the clamp (Fig 8-35c). The hole at the opposite end of the 
row (usually for the lateral or central incisor on the opposite 
side) is then passed over the appropriate tooth, and the septa 
are worked through the interproximal contacts.

A gloved fingernail used to slightly separate the anterior 
teeth is very helpful, and floss is not usually needed to carry the 
dam through anterior interproximal contacts (Fig 8-35d). To 
use the “fingernail technique,” the edge of the septum is posi-
tioned at the incisal extent of the contact and pulled gingivally 
with fingers on the facial and lingual aspects. This method also 
can frequently facilitate septum passage through interproximal 
contacts of posterior teeth.

Good lubrication of the dam is necessary for easy and quick 
application. The dam should be passed through each contact 
in a single layer. This may be accomplished by stretching a sep-
tum over one of the teeth adjacent to the contact and sliding 
the edge of the rubber to the contact so that a leading edge of 
dam is touching the contact (Fig 8-35e).

Fig 8-32 Varying hole sizes are used to seal 

the dam around various sizes of teeth.

Fig 8-33 The incisal edges of the anterior teeth 

are used as a finger rest.

Fig 8-34 For an anterior restoration, the first pre-

molars are exposed to provide anchorage for the 

dam and to leave adequate working room on the 

lingual aspect of the anterior teeth.
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In posterior areas, the leading edge should be touching 
the occlusal portion of the contact in the occlusal embrasure. 
Waxed tape (ribbon floss) or waxed floss may then be used to 
move the dam progressively through the contact (Figs 8-35e to 
8-35g). Tape will carry more of the rubber through the contact 
in a single pass than will floss. If tape is used, like the rubber, 
it should be taken through the contact in a single layer, not 
twisted or bunched up.

If the dam goes through with one pass of the floss, the floss 
should be removed from the contact without pulling the rub-
ber back out. To accomplish this, the tail of the floss that is on 
the lingual side of the teeth is doubled back across the occlusal 
embrasure of the contact so that both ends are on the facial 
aspect; then the tape is pulled facially through the contact. If 
only a portion of the septum goes through the contact with the 
first pass of the floss or tape, the floss should be doubled back 
and passed through the contact again; it is then pulled facially 
out of the gingival embrasure (Fig 8-35h). The tape should be 
passed through repeatedly until the entire septum has been 
carried through the contact.

Winged clamp in dam. Prior to lubrication of the dam, the 
clamp is placed into the distal hole so that the hole is stretched 
over the wings of the clamp from its tissue side (Fig 8-36a; see 
also Fig 8-16). The dam is then lubricated, and the frame is 
attached. The forceps are inserted into the holes of the clamp, 
and the clamp, dam, and frame are carried as a unit into place 
(Figs 8-36b and 8-36c). After the stability of the clamp is con-
firmed, the dam material on the wings of the clamp is pulled off 
the wings with finger tension or with a bladed instrument such 
as a plastic instrument. The remainder of the dam is placed as 
previously described (Fig 8-36d).

Wingless clamp in dam. The distal hole of the lubricated 
dam is passed over the bow of a wingless clamp, such as the 
modified no. W8A, so that the hole comes to rest at the junc-
tion of the bow and the jaw arms (Fig 8-37a). The frame is not 
attached to the dam at this point. The dam is gathered up and 
elevated to expose the jaw arms of the clamp, and the forceps 
are then inserted into the forceps holes (Fig 8-37). The gathered 
dam is carried to the mouth with one hand and the forceps 
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Fig 8-35 Dam over clamp method of dam application. (a) The clamp (modified no. W8A) is tested for stability. To do so, the operator attempts to pull the bow occlus-

ally. (b) The dam is fitted loosely on the frame. (c) The distal hole of the dam is carried over the bow of the clamp. (d) The septa are worked through anterior contacts 

as a gloved fingernail is used to slightly separate teeth. (e) The leading edge of the dam is touching the occlusal aspect of the interproximal contact; floss is on the 

adjacent tooth. (f) Waxed dental tape, or ribbon floss (top), if it is not folded or bunched, will carry more of the dam septum through the contact in a single pass than will 

waxed floss (bottom), but either type will serve the purpose. (g) The dam septum is lying on the mesial aspect of the mandibular first premolar, with its leading edge at 

the mesial contact; the floss is lying on the distal aspect of the canine, ready to move to the contact, meeting the dam there. The floss will then carry at least a portion of 

the septum through the contact. (h) The floss has been doubled back to the facial aspect and passed through the contact again, carrying another portion of the septum 

through the contact. The floss is then removed from the contact; one or both of the tails of the floss are pulled facially away from the teeth.



197

8Rubber Dam

with the other. After the clamp is applied to the distal tooth 
and the dam has been pulled over the jaws of the clamp, the 
frame is attached and the other teeth are isolated as previously 
described.

Clamp after dam. The dam is applied to the teeth and then 
the clamp is placed. This technique, occasionally necessary, is 
the most difficult.

Completion of application
Application of the napkin. For longer procedures, the use 
of a rubber dam napkin is recommended. The napkin may be 
positioned before or after the dam is in place on the teeth. For 
placement of the napkin after the dam has been applied, the 
frame is removed, the napkin is placed so that its edges remain 
on the skin and not in the mouth, and the frame is replaced.

Adjustment of the dam in the frame. The frame and dam are 
adjusted so that there is a minimum of folds and wrinkles and 
so that the dam does not obstruct the nostrils.

Washing of the dam. The dam and isolated teeth are washed 
with an air-water spray to remove the lubricant. After they are 
washed, the dam and teeth should be dried with air from the 
air syringe.

Inversion of the dam. The dam should be inverted around the 
necks of the teeth, at least in the area of the tooth or teeth to 
be restored. The edge of the dam that is against the tooth acts 
as a valve. If the edge is directed occlusally (Fig 8-38a), when a 
positive pressure is created by the tongue and cheeks under 
the dam, the valve opens, and saliva and other liquids under 
the dam are pushed between the tooth and dam to flood 
the operating field; then, when a negative pressure is created 
under the dam, the valve closes and the saliva is trapped in the 
field. When the dam is inverted, a positive pressure under the 
dam simply serves to push the valve more tightly against the 
tooth (Fig 8-38b) so that no flooding of the field occurs.

Almost any instrument may be used to tuck the edge of the 
dam gingivally (see Fig 8-25). A steady, high-volume stream of 
air should be directed at the tip of the instrument used to invert 
the dam, and the instrument should be moved along the mar-
gin of the dam so that the inversion is progressive.

Floss may be used to invert the dam in interproximal areas 
(Fig 8-39a). When it is used to carry the edge of the dam gingi-
vally, the floss should not then be pulled occlusally for removal 
because it will frequently pull the edge of the dam with it, elimi-
nating the inversion. Instead, the floss can be doubled over on 
itself on the lingual aspect and passed again through the con-
tact. Then one end is pulled in a facial direction so that the floss 
rolls from the sulcus, leaving the dam inverted (Fig 8-39b). In 

Fig 8-36 Winged clamp in dam method of dam 

application. (a) A winged clamp (no. 27) is inserted 

into the distal hole of the dam. (b) The clamp–dam 

frame assembly is carried to the mouth as a unit. 

(c) The clamp is placed on the mandibular second 

molar. (d) The dam has been applied to the quad-

rant, and a no. 1-2 plastic instrument is used to pull 

the edges of rubber off the wings of the clamp.

Fig 8-37 Wingless clamp in dam method of dam 

application. (a) The clamp in the dam. (b) Dam and 

clamp with forceps in place.

a b

dc

a b
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this floss-facilitated inversion, a steady stream of air is as help-
ful as it is when inversion is accomplished with an instrument. 
The dam inverts more easily when the surfaces of the tooth and 
adjacent dam are dry.

Ligation for retraction
Occasionally, because of the gingival location of a lesion or 
preparation, a ligature may be helpful for retracting the dam 
to a position cervical to the margin. Dental floss or tape is 
passed through one interproximal area, around the lingual 

aspect of the tooth, then back through the other interproximal 
area or contact. Then the floss or tape is tied, preferably with a 
surgeon’s knot, on the facial aspect of the tooth. This ligation 
will usually carry the edge of the dam cervically to expose the 
area of the planned margin (Fig 8-40). After the ligature is tied 
securely, the tails of the floss or tape may be pulled to some 
portion of the rubber dam frame and attached to it, or they may 
be shortened to prevent their getting in the way of the opera-
tion. Prior to removal of the dam, the ligature should be cut 
with scissors or a sharp carver or scalpel blade and removed.

Dam

Positive 
pressure

Dam

Positive 
pressure

a b

a b

Fig 8-38 (a) Without inversion of the dam, posi-

tive pressure under the dam, created by tongue 

movement, swallowing, etc, will cause leakage of 

saliva into the operating field. (b) With inversion 

of the dam, positive pressure under the dam only 

causes the dam to seal more tightly against the 

tooth, preventing leakage.

Fig 8-39 (a) Floss is used to invert the dam in an 

interproximal area. (b) Floss is “rolled out” to the 

facial aspect to prevent reversal of the inversion it 

accomplished.

a b

c d

Fig 8-40 Dental floss is used to ligate the rubber 

dam for retraction of the dam cervical to a planned 

preparation. (a) The floss is first passed around 

the tooth. (b) It is then pushed cervically past the 

cingulum on the lingual aspect. (c and d) It is tied to 

secure it in a cervical position. (Courtesy of Joseph 

Connor, San Antonio, Texas.)
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Protection of the dam
Torn dams provide poor isolation, so expenditure of a little 
effort to prevent tearing is worthwhile. An example of protec-
tion would be the use of a wedge interproximally when rotary 
instruments are used in the proximity of the dam (see Fig 8-26). 
Another example is the use of a second clamp to retract the 
dam below a margin that is near, or below, the level of the gin-
gival crest (see Fig 8-47).

Removal of the dam
The interproximal septa are stretched and clipped with scis-
sors (Fig 8-41). The scissors are held so that the tips are not in 
contact with any tissue (see Fig 8-41b). When all septa are cut, 
the clamp is removed with the forceps and the dam is snapped 
from the teeth.

After the dam is free from the mouth, the teeth should be 
examined to ensure that no rubber remains around them or 
in the contacts. The frame should be removed from the dam, 
and the dam should be laid flat on a surface and examined to 
ensure that no pieces are missing (Figs 8-42a and 8-42b). If a 
piece is missing and unaccounted for, the mouth should be 
reexamined in the area of the missing piece of dam; any rem-
nant should be removed (Fig 8-42c). A small piece of dam left 

subgingivally can cause inflammation, gingival abscess, or even 
significant loss of periodontal support.

Special considerations

Bite block
Patients often have difficulty keeping their mouths open or 
are uncomfortable with wide opening. A rubber bite block can 
relieve their discomfort, allow them to relax the musculature, 
and permit them to keep the mouth open without effort. Bite 
blocks are available in a variety of sizes (Figs 8-43a and 8-43b). A 
piece of floss or tape may be attached to the bite block to allow 
retrieval if necessary (Fig 8-43c). Figure 8-44 shows placement 
of the bite block after the dam is in place.

Isolation for a fixed partial denture
Whenever possible, it is best to achieve isolation without incor-
porating a fixed partial denture into the isolated operating field. 
When a fixed partial denture must be included, there are several 
techniques that can be used; they are all somewhat time-
consuming but often valuable. Two methods are described.

a b

Fig 8-41 (a) To remove the dam, the interproximal 

septa are stretched for cutting. (b) One blade of the 

scissors is used to pull the dam well away from any 

tissue before the septum is cut.

a b c

Fig 8-42 (a) While the dam is on the frame, it is difficult to determine if any portion is missing. (b) The dam is removed from the frame and laid on a flat surface. Note 

that a portion of dam is missing. (c) The missing piece is located in the mouth and removed.

Fig 8-43 (a and b) Rubber bite blocks are available in various sizes. (c) Floss is attached to the bite block for emergency retrieval if necessary.

a b c
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Fig 8-44 (a) A bite block is inserted on the 

patient’s left side after a rubber dam is applied to 

isolate the right quadrant. (b) The dam with a bite 

block in place aids access to the field and increases 

patient comfort.

a b

Fig 8-45 Rubber dam isolation around a fixed partial denture (cyanoacrylate method). (a) A four-unit fixed partial denture extends from the mandibular first premolar 

to the second molar. (b) The holes for the abutment teeth are connected with an arced cut. Note the small piece of dam material at bottom that will be used as shown 

in Figs 8-45c and 8-45d. (c and d) A small piece of dam is glued in place. (e) A no. W8A clamp is positioned on the second molar. (f) The dam is carried to place. (g) 

The tongue of dam material is tucked under the pontics with a periodontal probe. (h) The tongue of material is grasped and pulled lingually with a hemostat. (i) Glue 

is applied for attachment of the rubber dam tongue. (j) The tongue of dam material is held in place with a hemostat and a cotton-tipped applicator while the glue sets. 

(k) Isolation is complete.

a b c

d e f

g h i

j k
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Cyanoacrylate method. Figure 8-45 illustrates this method. 
Holes for the teeth are punched in the dam. The holes for 
the abutment teeth are connected with a cut that is in an arc 
to give a “tongue” of dam material between the holes. The 
tongue of material is folded back, and a piece of dam material 
is attached with cyanoacrylate glue over the opening left when 
the tongue was folded back. This piece is glued into place so 
that there is a slit connecting the abutment holes and a tongue 
of material that is free to swing down over the attached piece 
of dam material.

The dam is inserted over all teeth for which holes have 
been punched, and the tongue of material is pulled under the 
pontic(s) and glued into place on the added piece of dam. Ten-
sion on the tongue while the glue is setting (10 to 15 seconds) 
will ensure that the dam is tight around the abutments after 
tension is released.

Ligation of septa around the retainer-pontic connectors. 
This method is illustrated in Fig 8-46. This procedure is for 
three-unit fixed partial dentures or splinted teeth. Holes are 
punched for each abutment, and, for three-unit fixed partial 
dentures, another hole is punched for the pontic. A piece of 
floss or suture material is used to tie through the holes so that 
the septum between adjacent holes is stretched around the 
retainer-pontic connector. If floss is used, a “floss-feeder,” made 
for carrying floss under partial denture pontics for oral hygiene 
measures, may be used to guide the floss under the pontic and 
pull it through. If suture material is used, the suture needle may 
be blunted and used for that purpose.

Use of multiple clamps
In addition to the clamp on the distal tooth, which retains 
the posterior portion of the dam, a second (or third) clamp is 

Fig 8-46 Isolation around a three-unit fixed partial denture or splinted teeth (ligation method). (a) Holes are punched for the abutment teeth and pontic, and the dam 

is positioned. The septa on the mesial aspect of the mesial abutment and the distal aspect of the distal abutment are flossed to place, and then the holes are stretched 

over the abutments and the pontic. (b) A ligature is threaded through an abutment hole on the facial aspect, under the retainer-pontic connector, through the same 

hole again on the lingual aspect, around the septum, through the pontic hole on the lingual aspect, back under the connector to the facial aspect, and back through 

the pontic hole. (c to e) The ends of the ligatures are tied together to pull the rubber septum tightly around the connector. (f) Sutures have been used for field isolation 

involving an anterior three-unit fixed partial denture. (g and h) Floss has been used for isolation involving a cantilevered canine pontic attached to splinted premolars.

a b c

d e f

g h
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often needed. When the no. 212SA or other butterfly clamp 
(retractor) is used to retract tissue and dam for a Class 5 or 
other restoration, it is almost invariably used in addition to the 
posterior clamp. If a cavity that is at least partly subgingival is to 
be prepared, a clamp on that tooth will prevent the dam from 
riding up over the margin (Fig 8-47).

Placement of clamp over dam
When it is desirable to clamp a tooth that was not considered 
when the dam was punched, the clamp may be applied over 
the dam (see Fig 8-15). The clamp jaws should be dull, so as 
not to cut through the dam, and the dam should be stretched 
loosely over the tooth being clamped, as stretching it tightly 
will cause the clamp jaw to perforate the rubber, initiating a 
tear in the dam.

Gingival relaxation incisions
When using a no. 212SA retractor for isolation for a Class 5 res-
toration, the jaw of the retractor should be positioned at least 
0.5 mm (preferably 1.0 mm) gingival to the gingival margin 
of the planned restoration. This can usually be accomplished 
without laceration of tissue, because the free gingiva is elastic 
enough to be retracted. If, however, the free gingival margin 
is fibrous and difficult to displace gingivally, forced retraction 

could lacerate the tissue. In such a case, it is preferable to make 
one or two small incisions20,21 to allow the tissue to be displaced 
without tearing.

For this technique (sometimes referred to as a miniflap 

procedure) to be successful, the periodontium must be healthy. 
The incisions should be confined to the keratinized gingival 
tissue and kept as short as possible (just long enough to allow 
adequate exposure for isolation). Incisions can often be limited 
to the free gingiva, and, although reattachment to previously 
unexposed cementum can be expected, unnecessary severing 
of attachment should be avoided. Full-thickness vertical inci-
sions should be initiated at the mesial and/or distal aspects of 
the facial surface and should be directed perpendicular to the 
root and surface of bone, first perpendicular to the gingival 
margin and slightly toward the interproximal papilla, then api-
cally (Fig 8-48).

The blade of a plastic instrument or a beavertail burnisher 
may be used to push the tissue and rubber dam back while the 
facial jaw of the no. 212SA clamp is being situated on the root 
of the tooth. Again, the jaw should be dull, not sharp, so that 
it will not damage the root surface. A finger should be used to 
hold the clamp in place while it is stabilized with compound 
(see Figs 8-24a to 8-24c). After the restorative procedure is 
completed, the no. 212SA clamp is removed (see Figs 8-24d 

Fig 8-47 A clamp is used to retract the dam 

and give access to the gingival extent of a root 

restoration on this maxillary central incisor. A 

no. W1A clamp was used because of the apical 

inclination of its jaws.  

Fig 8-48 (a) Gingival relaxation incisions are made within the keratinized gingival tissue. Either one or both can be made, depending on the amount of release needed 

for relaxation of the tissue. (b) The no. 15 scalpel blade is used to make the incision. (c) The tissue flap is reflected away from the root prior to application of the dam 

and no. 212SA retractor. The incisions are directed slightly into the papilla and then vertically.

a b c
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to 8-24f), then the dam is removed. Any blood in the area 
is washed away. The reflected gingival tissue is returned to 
its original location and held there with a dampened gauze 
sponge and finger pressure for about 2 minutes to allow ini-
tiation of a fibrin clot. As long as the incisions were confined 
to keratinized tissue, no sutures or periodontal dressing are 
needed, and healing should proceed uneventfully. See chapter 
15 for more information on soft tissue management in conjunc-
tion with Class 5 restorations.

Evacuation of fluid from the dam
If the dentist must work without an assistant, a very effective 
method for evacuation of fluid from the rubber dam involves 
the use of a suction tube anchored within the operating field. 
One evacuation method that uses a readily available item and 
is quick and easy involves the modification of a saliva ejector, 
as described by Lambert.22 The molded plastic tip is cut off 
with a pair of crown scissors; then an additional 0.4 inch of 
the plastic tube is cut off without cutting the wire within the 
plastic. The 0.4-inch length of plastic tubing is then pulled off 
the wire, leaving the wire extending from the end of the tube 
(Fig 8-49a); using forceps such as hemostats, the wire is bent in 
its center at a 90-degree angle in the direction of the tube to 
form an “L” shape. The wire is then carried under the jaw of the 
clamp and placed into the hole in the jaw of the clamp, usually 
on the lingual side of the clamped tooth. The taut rubber under 
the clamp jaw will hold the wire in place in the hole and push 
the tube against the dam (Figs 8-49b and 8-49c). This method 
will supply continuous fluid evacuation during the operative 
procedure.

Sealing a root concavity
The rubber dam seals well on convex tooth surfaces. If the 
dam is retracted so that its edge goes across a root concavity, 
however, saliva will leak into the operating field. A solution is 
to seal the gap between the edge of the dam and the concave 
root surface. This may be accomplished with a provisional 
restorative material, such as Cavit (3M ESPE), which hardens 
with moisture (Fig 8-50).

Repair of a torn rubber dam
A small tear in a dam may often be patched. A piece of dam 
material is cut to cover the tear, extending 1  cm or so beyond 
the tear on all sides. The piece is attached over the tear with 
cyanoacrylate glue.

Placement of a second dam over the first
If a dam is torn beyond repair during a procedure, the dentist 
might choose to remove the dam and replace it. Alternatively, 
another dam may be placed over the top of the first. Brownbill23 
recommended that this technique be used when there is leak-
age around teeth through incorrectly sized holes and when 
strong chemicals are to be used.

Latex allergies
There is an increasing awareness of latex sensitivity.24–27 One 
survey24 reported 3.7% of patients to have a latex allergy; the 
investigators recommended careful questioning of patients 
regarding a history of sensitivity to latex-based products so that 
the use of latex products, such as gloves and rubber dam, may 
be avoided with these patients.

Fig 8-49 (a) For unassisted fluid evacuation from the dam,22 a saliva ejector is modified. First, the tip is cut off; then another 0.4 inch, except for the wire, is cut off, 

and the protruding wire is bent at a right angle (in direction of tube) to form an L-shaped hook. (b and c) For fluid evacuation, the wire hook is carried under the jaw of 

the clamp and allowed to go into the forceps hole of the rubber dam clamp.

a b c

Fig 8-50 Sealing of the root concavity. The dam 

is retracted by the clamp to allow isolation for a 

large Class 5 restoration; the retraction is apical 

to the beginning of the root concavity of the furca-

tion. The gap between the dam and the concave 

root surface is sealed with Cavit, a provisional 

restorative material that hardens when it comes 

into contact with moisture.
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For latex-sensitive patients, use of a latex dam should be 
avoided, as should other latex products. Nonlatex dam material 
is available from several manufacturers and should be on hand 
for latex-allergic patients. Current nonlatex dams have elastic 
properties very similar to latex. Some dentists have elected to 
use nonlatex dams exclusively for all their patients.

Summary of recommendations

Following are some of the protocols that facilitate rubber dam 
use:

• Use a heavy-gauge, prestamped dam.
•  Floss through contacts prior to dam placement, planing any 

contact that shreds or tears the floss.
• Use a good water-soluble lubricant, such as Velvachol.
•  Use a clamp designed for four-point contact on the tooth, 

and avoid overexpansion of the clamp so that the clamp will 
maintain its strength and will be stable as a retainer.

•  Isolate enough teeth to hold the dam on the lingual aspect 
of the teeth away from the operating field and to provide 
exposed teeth for finger rests.

•  With waxed floss, floss the dam through each interproximal 
contact in a single layer and avoid doubling or bunching the 
dam in the contact.

•  Master the use of modeling compound to stabilize rubber 
dam retainers when necessary.

Other Methods of Isolation

Isolite
The Isolite (Isolite Systems) is a newer isolation device that pro-
vides illumination in addition to suction, retraction of tongue 
and cheek, and an integrated bite block (Fig 8-51). It is rela-
tively simple to use and comfortable for the patient. Single-use 
mouthpieces come in six sizes (small, medium, and large regu-
lar; small, medium, and large DV [deep vestibule]). Mouthpieces 
conduct light so that it surrounds the teeth being isolated, and 
illumination is excellent. Many practitioners have incorporated 
the device in their practices. Like other devices that provide 
tongue retraction and suction, isolation is not as complete as 
that provided by the rubber dam. However, isolation with this 
device is excellent for many procedures.

Svedopter

The Svedopter (Miltex) is a metal tongue-retraction device for 
isolation in mandibular posterior areas (Fig 8-52). It is designed 
so that the vacuum evacuator tube passes anterior to the 
chin and mandibular anterior teeth, over the incisal edges of 
the mandibular anterior teeth, and down to the floor of the 
mouth, to either the left or the right of the tongue. A mirrorlike 
vertical blade is attached to the evacuator tube so that it holds 
the tongue away from the field of operation. Several sizes of 
vertical blades are supplied by the manufacturer. An adjustable 

Fig 8-51 The Isolite provides tongue and cheek 

retraction, suction, an integrated bite block, and 

excellent illumination of the operating field. (a) 

Isolite device, with clear, flexible plastic, illuminated 

mouthpiece; (b) Isolite in place to isolate the right 

side of the mouth; (c) the isolated maxillary right 

posterior area; (d) the isolated mandibular right 

posterior area.

a b

c d
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horizontal chin blade is attached to the evacuation tube so that 
it will clamp under the chin to hold the apparatus in place.

Absorbent cotton rolls are placed adjacent to the Svedopter 
in the floor of the mouth and in the maxillary buccal vestibule 
adjacent to the opening of the parotid gland (Stensen) duct. 
The Svedopter is especially useful for preparation and cemen-
tation of fixed prostheses. It is less effective than the rubber 
dam for procedures in which total isolation from the fluids and 
vapors of the oral cavity is desired.

Hygoformic saliva ejector
The Hygoformic (Pulpdent) saliva ejector is used in the same 
way as the Svedopter for isolation in mandibular posterior 
areas, but it does not have a reflective blade (Fig 8-53). How-
ever, it is usually more comfortable and less traumatic to lingual 
tissues than is the Svedopter. For use, the saliva ejector must be 
re-formed (rebent) so that the evacuator tube passes under the 
chin, up over the incisal edges of the mandibular incisors, and 
then down to the floor of the mouth. The tongue-retracting 
coil should be loosened, or partially uncoiled, so that it extends 
posteriorly enough to hold the tongue away from the operat-
ing field. The Hygoformic saliva ejector is also used with absor-
bent cotton for maximum effectiveness.

Vac-Ejector
The Vac-Ejector Moisture Control System (Coltène/Whaledent) 
is made to facilitate isolation when restoring posterior teeth 

(Fig 8-54a). The Vac-Ejector incorporates a bite block, tongue 
retractor for mandibular areas, and high-speed suction attach-
ment. It comes with three flexible deflectors, one universal 
deflector for operating on either side in the maxillary arch 
(Figs  8-54b and 8-54c) and one for each side when operating 
in mandibular areas (Fig 8-54d). The bite block is adjustable, by 
rotation, for large or small arches; in Fig 8-54, it is adjusted for 
large arches. Although this product appears complex to assem-
ble correctly, operators soon become skilled at rapid assembly.

Absorbent paper and cotton products
Absorbent materials are important in dentistry. Vacuum appa-
ratuses remove fluids from the operating field by suctioning 
them; cotton and paper products help control fluids by absorb-
ing them. Several types of absorbent cotton rolls are available 
in various diameters and lengths. These are placed into areas of 
the mouth where salivary gland ducts exit to absorb saliva and 
prevent salivary contamination of the operating field.

Isolation using absorbent materials with suctioning devices 
is less effective than using the rubber dam with suction, but in 
many procedures, the more complete isolation provided by the 
dam is unnecessary. In these situations, absorbent products are 
useful.

Small gauze sponges may be folded or rolled to substitute 
for cotton rolls. In addition, absorbent paper triangles, or parot-
id shields, such as Dri-Aid (Lorvic), are useful on the facial aspect 
of posterior teeth to absorb saliva secreted by the parotid gland 
(Fig 8-55).

a b

Fig 8-52 (a) The Svedopter tongue-retracting 

evacuation device is supplied with three sizes of 

vertical blades. (b) The Svedopter is used to hold 

the tongue away from the operating field.

Fig 8-53 The Hygoformic saliva ejector should be routinely rebent to pass under the chin, over the incisal edges of the mandibular incisors, and then down to the floor 

of the mouth. The apparatus should usually be uncoiled slightly to extend further posteriorly. (a, left) Hygoformic saliva ejector as received; (a, right) Hygoformic saliva 

ejector that has been reshaped. (b and c) Isolation achieved with the Hygoformic saliva ejector.

cba
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Fig 8-55 (a) A parotid shield is triangular and 

made of absorbent paper. (b) A parotid shield may 

supplement a cotton roll in the buccal vestibule or 

may be used alone.
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Adhesion

The process of adhesion may be defined simply as the 
joining together of two independent surfaces or mate-
rials for which contact is maintained without the aid of 
external forces. This definition does not say anything 
about the type, relative strength, or long-term stability 
of the adhesive joint but only declares that it exists. In 
the strictest sense, adhesion is a measure of the force 
of attraction between two different materials and is 
differentiated from cohesion in that the latter relates 
to the forces of attraction within a single material, ie, 
the forces holding it together. Adhesion can result 
from the formation of primary chemical bonds, such as 
covalent, ionic, or metallic, and strong, durable joints 
can be produced from each of these types of bonds. 
Adhesion also can result from strong secondary forces, 
such as hydrogen bonds and Van der Waals forces, 
which typically are of lower overall durability than 
primary chemical bonds because of their lower bond-
ing energies. Whether based on primary or secondary 
bonds, adhesion depends on strong molecular interac-
tions between two surfaces in intimate contact, and 
both types of interactions are evident in dental adhe-
sive materials. It is also common to “lock” one surface 
or material into another through a purely mechanical 
interaction, mediated by frictional forces between sur-
faces in close contact. This mechanical bonding does 
not truly represent an adhesive joint, as it depends on 
undercuts and obstructions to motion for its stability.

The extent to which one surface or material inter-
acts with another depends on many factors, the most 
important relating to energy.1 In nature, there is a 
desire for all objects to seek a reduced energy state, 
simply because this is the most stable condition. Sur-
faces, in general, are of higher energy than the internal 

aspects of an object because molecules present at the 
surface have unsatisfied bonds. In other words, these 
molecules would prefer to be “covered” by other 
molecules to satisfy their bond complexes and reduce 
their overall energy state. This covering can occur by 
oxygen, water, or other molecules. The higher the 
energy of the surface, the more receptive it is to being 
bonded to by another material, such as an adhesive. 
Thus, practical approaches to raising the energy of a 
surface are typically sought to enhance adhesion. In 
dentistry, such approaches include surface cleaning 
by pumice or prophylactic pastes, etching with mild 
or strong acids, or cleaning with solvents to remove 
contaminants. When an adhesive material, typically 
in a liquid or paste form to facilitate application, is 
applied to a surface for bonding, the adhesive will to 
some extent spread out on the surface. This relative 
spreading is referred to as wetting, and it is very impor-
tant to be able to enhance this physical effect in order 
to ensure good bonding. The reason is fairly obvious if 
one considers that bond strength is affected to a great 
extent by how much of the two independent materials 
are brought into intimate contact with one another. 
Thus, a liquid that beads up on a surface, like water 
on a freshly waxed automobile, does not spread and 
provides a minimum of surfaces in contact for bond-
ing (Fig 9-1).

On the other hand, solder flowing out onto a metal 
surface to create a union between two clean metal 
parts provides an example of good wetting. One criti-
cal property of the adhesive that affects the amount of 
spreading is the surface tension of the adhesive itself. 
The molecules of the adhesive have an affinity for one 
another that causes them to stay together rather than 
interact with the surface they contact. If this surface 
energy of the adhesive, or surface tension, is very high, 
the adhesive tends to bead up and not spread. Thus, 
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an ideal condition for bonding is to have a substrate with high 
surface energy (ie, one that is clean) and an adhesive with low 
surface tension (ie, one that does not bead up).

The chemistry of the adhesive determines how well it will 
wet the substrate and ultimately how strongly it will attach. 
Like molecules attract like molecules, and therefore two materi-
als with similar surface chemistry are more likely to interact and 
adhere. These interactions may come in the form of chemical 
interactions, such as primary chemical bonds, or via polar or 
secondary chemical interactions, such as hydrogen bonds. As 
noted previously, the latter are typically of lower bond energy 
and considered less stable. However, there are numerous 
examples of strong and durable bonds formed primarily from 
these secondary forces, such as wood glues and bonding to 
acid-etched enamel. In both cases, strong bonds are formed 
by an adhesive with relatively low surface tension flowing into 
all of the microscopic irregularities of a surface and spreading 
across it, providing intimate contact and the possibility for 
molecular interactions. These same requirements are present 
for establishing primary chemical bonds as well. Therefore, it is 
easy to understand why anything that inhibits the close contact 
between an adhesive and a surface, measured on the order of 
atomic sizes, will inhibit wetting and the molecular interactions 
required for adhesion.

Critical variables influencing adhesion are the surface rough-
ness of the substrate, its cleanliness (ie, its lack of contamina-
tion), the viscosity of the adhesive, the dimensional change 
occurring in the adhesive during setting, and the durability of 
the adhesive and the new interface.2 A rough surface, especially 
one with microscopic roughness, may produce a very high 
surface area and enhanced potential for surface interactions, as 
long as the adhesive can spread onto the surface and flow into 
the irregularities. This is the case with acid etching of enamel 
for bonding dental resin materials. This is also why the viscosity 
of the adhesive is so important; if the adhesive is too viscous, 
it will not flow adequately and cannot displace the air and/
or molecules already present on the surface in order to create 
the required intimate contact. If the adhesive is too fluid, it will 
not stay in place on the substrate. The need for low viscosity to 
enhance flow explains why most adhesives or primers for cre-

ating bonding to dentin have solvents to reduce their viscos-
ity. However, if the surface has already been contaminated by 
molecules that have an equal or greater affinity for the surface, 
they will not be displaced by the adhesive, and the intimate 
contact will be hindered and the bonding reduced. While it 
is possible that the adhesive has a high affinity for interacting 
with the contaminant surface, an unstable situation may be 
created as the adhesive bonds to the contaminant because 
the stability of the overall joint then depends on how strongly 
the contaminant is attached to the substrate. This explains the 
need for cleaning the surface to produce a known, clean sub-
strate for bonding. Frequent contaminants of tooth surfaces, 
such as water, saliva, and blood, must be routinely managed by 
the practitioner, typically with good isolation techniques such 
as rubber dam, cotton rolls, or other devices.

Once the adhesive is applied to the surface, it must trans-
form from a liquid to a solid to effect bonding. Most dental 
adhesives, based on polymeric materials, undergo significant 
shrinkage during this hardening process. This shrinkage may 
have a deleterious effect on the bond by creating forces that 
physically pull the adhesive away from the substrate. This is 
especially a concern when the adhesive material is simultane-
ously being bonded to two opposing and rigid substrates, like 
the opposite walls of a cavity preparation. One can imagine 
this “tug of war” as the adhesion is being created between the 
two sides at nearly the same time that the material is pulling 
away by virtue of setting shrinkage. This issue is addressed to 
a great extent in later chapters (see chapter 11). Finally, the 
interface that forms between the substrate and the adhesive 
is expected to be durable and to resist external physical forces 
as well as chemical or biologic degradation, or else the joint 
fails. This complex interplay as it relates to bonding to dentin is 
addressed later in this chapter.

Substrates
The composition of the enamel and dentin substrates has 
been thoroughly reviewed in chapter 1. In terms of their influ-
ence on achieving adhesion, the important aspects of these 
substrates include their abundance of mineral as a potential 
site for chemical interactions in both and how the adhesion is 
affected by the high concentration of organic material in den-
tin, specifically collagen, as well as the significant water content 
of the latter. In addition, both substrates are highly hydrophilic, 
ie, water loving. It may seem that developing an adhesive for 
bonding to both of these substrates at the same time would 
be impossible, but the development of adhesive primers with 
enhanced hydrophilicity as agents for preparing the surfaces 
for bonding to the more hydrophobic (ie, water hating or resin 
loving) resin adhesive has largely solved this concern, albeit 
after many years of study and development.

In the oral cavity, certain conditions may affect the normality 
of the enamel and dentin substrates and potentially influence 
bonding. Enamel and dentin may become hypomineralized, 
either through caries attack or as a direct result of a develop-

Fig 9-1 The contact angle, the angle between the surface and a tangent line 

drawn to the edge of the adhesive droplet through the droplet itself, depicts how 

well the adhesive wets the surface. The lower the contact angle, the better an 

adhesive will wet the surface and enhance adhesion.
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mental anomaly, such as amelogenesis imperfecta, or through 
erosion, such as may occur with a patient suffering from buli-
mia or gastroesophageal reflux disease (GERD). These surfaces 
may be more difficult to bond to because of the weakened 
nature of the substrate.3–6 In contrast, exposure to mineralizing 
solutions, such as fluoride, via intraoral application or via the 
water supply in certain regions, may produce hypermineralized 
enamel. This latter material may be more resistant to deminer-
alization and potentially requires a longer etching time to pro-
duce an adequate surface for bonding. Teeth that have been 
highly stained from systemic absorption of chemicals in drug 
therapies, such as tetracycline, also may provide a modified 
enamel surface for bonding.

Over time, dentin may become more sclerotic (ie, calcified), 
thus affecting how well it may be demineralized during nor-
mal adhesive placement. Laboratory studies have shown that 
bonding to sclerotic dentin may be reduced as compared with 
normal dentin7 but that extending etching time may enhance 
the bond for certain adhesives using strong acids.8 The bond 
to sclerotic dentin is also lower than that for normal dentin 
when using adhesives containing milder organic acids (such as 
those used in the self-etching adhesives described later in this 
chapter),9,10 but additional tooth preparation with burs or air 
abrasion may be beneficial for enhancing the bond.11 Despite 
this reduced bond to sclerotic dentin, at least one clinical study 
showed equivalent results at 8 years for Class 5 restorations 
bonded to sclerotic and nonsclerotic dentin.12 Others have 
reported clinical outcomes that show enhanced performance 
of the adhesives containing stronger acids when dealing with 
sclerotic dentin.13 

Materials
Dental adhesives consist of three main components: (1) etchant, 
(2) primer, and (3) bonding resin. The latter is often referred to 
as the adhesive resin, but the entire system also is typically 
called an adhesive. The etchant is composed of acidic molecules 
that alter or remove the smear layer (defined in the Adhesive 
System Classification section) and demineralize the enamel 
and dentin and prepare it for bonding. The primer serves as a 
type of molecule that helps make the dentin surface, which is 
very hydrophilic, become more hydrophobic in order to accept 
the very hydrophobic bonding resin. Thus, the primer typically 
contains a molecule or molecules with both hydrophilic and 
hydrophobic characteristics, ie, amphiphilic. It functions by 
penetrating the demineralized dentin and preparing it for the 
bonding resin. The bonding resin then becomes incorporated 
into the primed dentin and, once cured, forms the structural 
support of the bonded interface between the tooth and the 
subsequently placed restorative material. The entire process 
forms a zone of material that consists of components of both 
the dentin and the resin and is called the hybrid layer or interdif-

fusion zone.
All dental adhesive systems are based on polymeric materi-

als. These materials have a variety of chemical characteristics, 

ranging from very hydrophilic (glass ionomer) to very hydro-
phobic (the adhesive resin component of many adhesive 
systems). Considering the hydrophilic nature of the tooth, 
especially dentin, it is logical that an adhesive also should have 
a hydrophilic nature when placed in order to wet the surface 
and penetrate the available microstructure. Attempts to bond 
unfilled monomers, the same as those used in dental compos-
ites and sealants, to an etched dentin surface is unsuccessful in 
large part because of the lack of hydrophilicity of the materi-
als.14 While a detriment during placement, this hydrophobic 
nature is considered to be beneficial once the material has 
established a bond with the tooth substrate. A hydrophobic 
polymeric layer is more insoluble and resistant to erosion and 
degradation by acids and other components of oral fluids 
than a more hydrophilic one.15,16 Thus, the ideal adhesive 
would have a hydrophilic nature during placement and would 
become much more hydrophobic after curing. Such materials 
are not readily available to dentistry—instead a combination 
of hydrophilic and hydrophobic molecules are used in mod-
ern adhesives to effect durable bonding, with varied results 
explained in greater detail later in this chapter. Because enamel 
contains little water, hydrophobic monomers are capable of 
wetting and penetrating its etched structure with ease, as long 
as it has been dried adequately. 

The major difference between hydrophilic and hydrophobic 
adhesives is the chemistry of their monomers and solvents. 
Monomers with alcohol, acid, hydroxyl, and amino groups are 
more capable of enhancing chemical interactions with the 
collagen and hydroxyapatite of tooth structure than are mol-
ecules consisting predominantly of hydrocarbons. As hydroxyl, 
carboxylic, phosphate, and amide functional groups are sub-
stituted for groups containing hydrogen, methyl, ethyl, and 
so forth, on the polymer chain, and as ether and ester linkages 
are incorporated, the polymer becomes slightly more hydro-
philic (Table 9-1). However, hydrophilicity is a relative term. A 
monomer like hydroxylethyl methacrylate (HEMA) is totally 
miscible in water and serves as an excellent polymerizable 
wetting agent for dental adhesives (see Table 9-1). Bisphenol 
glycidyl methacrylate (bis-GMA), the main monomer used in 
most dental composites and many adhesives (the final com-
ponent of the bonding system application process), is much 
more hydrophobic and will only absorb about 3% water by 
weight into its structure when polymerized17 (see Table 9-1). A 
mixture of the two has intermediate characteristics and serves 
as a useful adhesive for the tooth. To enhance the wetting, 
spreading, and penetration of the polymerizable monomers 
into the dentin substrate, solvents are always added to the 
mixture as “thinning” agents. These solvents are typically water, 
ethyl alcohol, butyl alcohol, or acetone. The first three are very 
hydrophilic and thus enhance the interaction of the monomers 
with surface water, while acetone is good at displacing (“dry-
ing”) water from within the dentin. However, any solvent not 
displaced during the placement procedure, such as by drying 
appropriately,18 will be incorporated into the bonding layer 
and may serve as a weakening contaminant. Because it is not 
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Table 9-1
Abbreviations and molecular formulas of monomers, initiators and inhibitors, and additives and coupling 

agents used in adhesives

Abbreviation Molecular formula

Monomers

Bis-GMA

bisphenol A glycerolate dimethacrylate or  

2,2-bis (p-2’-hydroxy-3’-methacryloxypropoxyphenyl)-propane

BPDM

biphenyl dimethacrylate or  

4,4-dimethacryloyloxyethyloxy-carbonylbiphenyl- 

3,3-dicarboxylic acid

GDMA

glycerol dimethacrylate or  

glycerol-1,3-dimethacrylate

GPDM

glycerol phosphate dimethacrylate or  

glycerol-2-dihydrogenphosphate-1,3-dimethacrylate

HDDMA

1,6-hexanediol dimethacrylate

HEMA 

2-hydroxyethyl methacrylate

HEMA-phosphate 

2-hydroxyethyl methacryl dihydrogenphosphate or  

2-dihydrogenphosphate-1-methacrylate-etane

MAC-10

11-methacryloyloxy-1,1’-undecanedicarboxylic acid or  

2-carboxyl-12-methacryl-dodecanoic acid

10-MDP

10-methacryloyloxydecyl dihydrogenphosphate or  

10-methacrylate-1-dihydrogenphosphate-decane

MDPB

methacryloyloxydodecylpyridinium bromide or  

12-methacryl-1-pyridyl-dodecane bromide

4-META

4-methacryloxyethyl trimellitate anhydride or  

4-methacryloxy-ethyl trimellitic anhydride

4-MET

4-methacryloyloxyethyl trimellitic acid
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Table 9-1 (cont)
Abbreviations and molecular formulas of monomers, initiators and inhibitors, and additives and coupling 

agents used in adhesives

Abbreviation Molecular formula

Monomers

MMA

methyl methacrylate

MMEP

mono-2-methacryloyloxyethyl phthalate or  

PAMA: phthalic acid monomethacrylate

NGT-GMA

N-tolylglycine glycidyl methacrylate or  

N-(2-hydroxy-3-[(2-methyl-1-oxo-2-propenyl)oxy]propyl)-N-tolyl 

glycine

PAMM

mono-(2-methacryloxyethyl)-phthalate or methacryloxyethyl 

phthalate or phthalic acid monoethyl methacrylate

PEGDMA

polyethylene glycol dimethacrylate

PENTA

dipentaerythritol pentaacrylate monophosphate

TCB

butan-1,2,3,4-tetracarboxylic acid di-2’-hydroxyethyl-1’- 

methacrylate ester

TEGDMA

triethylenglycol dimethacrylate

UDMA

urethane dimethacrylate or 

1,6-di(methacryloyloxyethylcarbamoyl)-3,3,5-trimethylhexaan

Initiators and inhibitors

BHT

butylhydroxytoluene or butylated hydroxytoluene or  

,2,6-di-(tert-butyl)-4-methylphenol

BPO

benzoylperoxide (redox initiator)



212

Adhesion to Enamel and Dentin9

a polymerizable molecule and cannot bond with the newly 
formed polymer, such an agent is called a plasticizer, so named 
because it softens the polymer structure in the bonding layer 
by expanding the polymer network and reducing the benefi-
cial physical entanglements of individual polymer chains that 
contribute to its strength.

The monomers present in dental adhesives are similar to 
those used in dental composite restoratives, thus ensuring that 
there will be strong interaction between the adhesive and the 
overlying composite (see Table 9-1). But critical to achieving 
bonding to the tooth is the conversion of the monomers that 
penetrated the tooth structure into a rigid, strong polymer. This 
process, called polymerization, involves the chemical splitting 
of carbon-carbon double bonds of the monomers, followed 
by the formation of carbon-carbon single bonds linking one 
monomer to another, thus building a long chain of molecules 
much like adding links to a chain (Fig 9-2).

In fact, the reaction is termed an addition reaction for this 
reason. The covalent bonds linking molecules together are 
strong and produce a relatively stiff bonding layer that is capa-
ble of resisting many types of mechanical and chemical forces. 
The polymerization process typically is begun by exposing the 
adhesive to radiation from a high-intensity light source tuned 
to the same wavelength range (400 to 500 nm, blue light) that 
is absorbed by the purposely added photoinitiator.19 Thus, pho-
tons of blue light are directed into the uncured adhesive, and 
the photoinitiator molecule within (typically camphorquinone) 
absorbs these photons, raising these molecules to an excited 
state from which they are capable of interacting chemically 

with the monomer molecules to split carbon-carbon double 
bonds and initiate the polymerization reaction. It is also pos-
sible to use chemicals in the absence of light energy to produce 
the reaction in what are called self-curing materials, as opposed 
to the light-curing materials just described. The extent to which 
the monomer molecules react to produce polymer determines 
the length of the polymer chains, which is directly related to the 
strength of the final polymer.20 Thus, exposing the adhesive to 
adequate light energy and effecting adequate polymerization 
is critical for forming a strong and durable bonded interface 
with the tooth.

Accompanying the polymerization reaction is a volumetric 
change of the adhesive material. This is not surprising, because 
the molecules that formerly interacted at the level of second-
ary forces within a liquid state have now become permanently 
linked by stronger, primary chemical bonds characterized by 
shorter distances between molecules. The overall volume con-
traction depends on the size of the molecules reacting and 
the extent to which they reacted (polymerized) and can be as 
high as 10% for an unfilled resin. The same effect occurs when 
the dental composite, composed of much the same chemi-
cals, polymerizes to fill the cavity preparation, forming the 
restoration. However, as the composite is typically filled heav-
ily with reinforcing glass particles, its shrinkage is much lower 
because much of its volume is taken up by the nonshrinking 
filler. This difference in shrinkage between dental composites 
(particulate-filled polymers) and unfilled resins, as well as the 
reinforcing effect of the filler particles, explains in part why 
manufacturers often incorporate fillers in their adhesives. The 

Table 9-1 (cont)
Abbreviations and molecular formulas of monomers, initiators and inhibitors, and additives and coupling 

agents used in adhesives

Abbreviation Molecular formula

Initiators and inhibitors

CQ

camphorquinone or  

1.7.7-trimethylbicyclo-[2,2,1]-hepta-2,3-dione (photoinitiator)

EDMAB

2-(ethylhexyl)-4-(dimethylamino)benzoate (co-initiator)

Additives and silane coupling agents

Coupling agent A174

methacryloxypropyltrimethoxysilane

NaF 

sodium fluoride Na F
+ -
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goal is to decrease polymerization shrinkage and increase 
strength, while taking care not to add so much filler as to det-
rimentally increase the viscosity of the mixture, inhibiting its 
ability to flow and penetrate the surface. The shrinkage of the 
material during curing produces a dimensional change that 
causes stresses to build up between the tooth surface and the 
adhesive and ultimately between the tooth and the composite 
restorative through the adhesive.21 These stresses can be very 
detrimental in that they may lead to the composite and adhe-
sive being pulled away from the tooth surface to which it is 
trying to establish a bond (Fig 9-3).

As noted earlier, the ideal adhesive would not change dimen-
sion during curing to avoid this potential problem. This explains 
why there is so much development of low-shrinking monomers 
for use in dental adhesives, composites, and cements.

Once the bond to the tooth is established, it is important 
that it be durable and able to withstand chemical and mechani-
cal forces during function. Water, enzymes, acids, and other 
chemicals present in saliva, pulpal fluid, and the demineralized 
dentin all may contribute to the degradation of this bonding 
layer.16,22 This subject is discussed further later in this chapter. 
But it is essential that the adhesive layer be able to remain 
intact during the cyclic imposition of stresses that occur during 
chewing, clenching, and grinding. Studies of the durability of 
this bonded layer have been reviewed23,24 and are ongoing. 
Most adhesives have been found to be at least somewhat sus-
ceptible to degradation over time, both in vitro25 and in vivo,26 
the magnitude varying based on the formulation of the materi-
als and the environmental conditions.

History of adhesion systems
Buonocore27 first demonstrated the use of phosphoric acid 
to increase the receptivity of enamel surfaces to adhesives, 

producing a 100-fold increase in resin-enamel bond strength. 
Gwinnett and Matsui28 subsequently found that fluid resin 
penetrated etched enamel prisms to form resin microtags that 
interlocked with superficial enamel irregularities (Fig 9-4). How-
ever, concerns at that time about the potential adverse effects 
on the pulp after contact with dentin limited the application of 
phosphoric acid etching to enamel.

The total-etching technique, in which enamel and dentin are 
etched simultaneously, was introduced by Fusayama.29 In this 
technique, the smear layer (Figs 9-5a and 9-5c) created on the 
surface by cutting with the bur is removed, and 3 to 5 µm of 
superficial dentin is demineralized to expose the collagen net-
work (Figs 9-5b and 9-5d) and produce funnel-shaped dentinal 
tubules.32

Nakabayashi et al33 first described the infiltration of resin 
monomers into acid-etched dentin (Figs 9-6a and 9-6b) to form 
a collagen fibril–reinforced resin matrix. This new structure 
was named the hybrid layer and is composed of collagen, resin 
monomers, and residual smear layer components (Figs 9-6c 
and 9-6d). 

The ability of dental adhesive systems to bond to tooth 
structures is currently recognized to depend on two main fac-
tors: (1) substrate demineralization, which partially removes the 
mineral phase and increases tooth receptivity, and (2) subse-
quent passive infiltration of monomers into the demineralized 
layer.34,35 Cured adhesive forms a micromechanical bond with 
surface microporosities created during the demineralization 
process. Good bonding under clinical conditions depends on 
such interlocking and may also be influenced by other chemi-
cal interactions between functional monomers and the tooth 
substrate.36,37

Fig 9-2 The steps in the process of the free radical polymerization reaction of an adhesive, show-

ing the activation step that produces a free radical on the initiator (I); the initiation step where the 

active initiator (I*) collides with a monomer (C=C) and makes it become active (C*); the propagation 

step where the monomer containing the active radical (C-C*) collides sequentially with additional 

monomers, transferring the radical and extending the polymer chain; and the termination step 

where the radicals are extinguished and the polymer chain is terminated.

Fig 9-3 Curing of the dental composite causes it to shrink, 

pulling the material away from the cavity walls of the tooth 

and toward its center.
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Adhesive System Classification

Adhesives have been classified using several methods: gen-
eration, solvent type, mechanism of smear layer removal, and 
number of clinical steps.

Generation 

Adhesives are grouped by product characteristics and order 
of market introduction, with each generation (first through 
eighth) reflecting significant changes in product characteristics.

Fig 9-4 Adhesion to enamel occurs via penetration 

of liquid monomers that penetrate etched enamel 

prisms to form resin microtags that interlock with 

superficial enamel irregularities. (a) Field-emission 

scanning electron microscopy (FE-SEM) image of 

ground enamel showing minor irregularities pro-

duced by the underlying enamel prisms. (b) FE-

SEM image showing the effect of 35% phosphoric 

acid on the enamel surface. Enamel prisms and 

hydroxyapatite crystals are clearly visible after acid 

etching. (c) FE-SEM image showing the interaction 

between an etch-and-rinse adhesive system and 

etched enamel (E). Resin tags (between arrows) 

penetrate the prisms’ boundaries and in between 

the crystals, interlocking with the enamel surface. 

(d) FE-SEM image showing residual cured adhe-

sive applied on phosphoric acid–etched enamel 

after complete removal of the enamel substrate. 

The irregularities in the adhesive surface are due 

to the interlocking between the liquid resin into the 

etched enamel surface before curing.

a b

c d

Fig 9-5 (a) FE-SEM image of the smear layer 

obtained using a diamond bur with water irriga-

tion on the dentin surface. An amorphous layer 

(approximately 1- to 5-µm thick) comprised of 

residual organic and inorganic debris as a result of 

mechanical instrumentation can be seen. This cre-

ated smear layer obstructs the entrances of dentinal 

tubules, decreasing dentin permeability. (b) FE-

SEM image showing the effect of 35% phosphoric 

acid on the dentin surface. The widened orifice 

of the tubule reveals the presence of intratubular 

structures suspended by a complex net of radial 

fibers connected to the surrounding inner lateral 

walls. The intratubular dentin appears as a porous 

structure characterized by a complex network of 

interconnecting collagen fibrills. (Reprinted from 

Breschi et al30 with permission.) (c) Dentin cross 

section showing the smear layer on top of the 

mineralized dentin and smear plugs obliterating the 

tubules. (d) Etched dentin fractured longitudinally. 

Dentin tubule orifices appear funneled due to the 

demineralization of the peritubular dentin min-

eral. The intertubular dentin appears porous and 

demineralized up to 4 to 5 µm below the surface. 

(Reprinted from Breschi et al31 with permission.) 

a b

c d

E
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Solvent 

Adhesives are classified by solvent type and concentration. 
Commercially available adhesives have solvent concentrations 
of 8% to 49% and may be acetone, ethanol, or water based. 
The solvent contained in a given adhesive system has impor-
tant clinical implications, particularly during air drying.38 Many 
etch-and-rinse systems contain volatile solvents (eg, ethanol 
or acetone) that decrease viscosity and increase wetting and 
molecular mobility. Self-etching adhesives often contain water, 
which achieves the same effects and allows the dissociation 
of weak acids for enamel/dentin demineralization.39 Organic 
solvents characterized by high vapor pressure (ie, evaporate 
easily) may contribute to the displacement of water from the 
collagen network and dentinal surface, allowing monomers to 
penetrate the collagen fiber network.40,41

Mechanism of smear layer removal 
Adhesives are categorized by their approach to the removal of 
the smear layer (see Figs 9-5a and 9-5c). This 1- to 5-µm-thick 
amorphous layer is comprised of residual organic and inorganic 
debris and forms as a result of mechanical instrumentation of 

enamel and dentin.42 The smear layer obstructs the entrances 
of dentinal tubules, decreasing dentin permeability by up to 
86%.43 This layer must be removed or made permeable to allow 
interaction between the monomers and the dentinal surface. 

Based on the approach to smear layer removal, dental adhe-
sives can be grouped into two major types22,44: (1) etch-and-
rinse adhesives and (2) self-etching or etch-and-dry adhesives.

Etch-and-rinse adhesives 
These adhesives use a strong acid (usually 35% to 37% phos-
phoric acid at a pH of approximately 0.9) to completely etch 
enamel and dentin, followed by a water rinse to remove the 
acid from the tooth surface.34 They formerly were known as 
total-etch adhesives. The acid removes the smear layer from 
the enamel surface and demineralizes the superficial hydroxy-
apatite to reveal the enamel prisms (see Fig 9-4). On dentin, the 
acid demineralizes the superficial hydroxyapatite and removes 
the smear layer and smear plugs (debris occluding the dentinal 
tubules) to expose the collagen fibrils of the dentinal matrix 
and open the dentinal tubules, funneling their orifices34 (see 
Figs 9-5 and 9-6). The adhesive then fills enamel and dentin 
porosities created by the etching procedure (see Figs 9-4c, 
9-4d, and 9-6c). 

a b

c d

Fig 9-6 The hybrid layer formation occurs with penetration of the bonding systems into the acid-etched dentin (etch-and-rinse systems) or through a simultaneous 

demineralization and infiltration process (typical of self-etching systems). (a) FE-SEM image showing longitudinal view of dentin decalcification after etching with 35% 

phosphoric acid for 15 seconds (original magnification ×7,000). (b) FE-SEM image showing longitudinal view of decalcification of dentin after application of the etchant 

and primer agent of a strong self-etching adhesive (original magnification ×25,000). (Figs 9-6a and 9-6b courtesy of Sillas Duarte, Los Angeles, California.) (c) In-lens 

FE-SEM (FEI-SEM) image showing hybrid layer formation (continuous upper layer seen in the image) after the application of an etch-and-rinse adhesive. The image 

also shows the deep penetration of resin tags into the dentinal tubules exposed by the acid-etching process (image produced by demineralization of the dentin mineral 

to visualize the resin penetration). (d) FEI-SEM image showing hybrid layer formation (continuous upper layer seen in the image) after the application of a strong self-

etching adhesive. The image also shows the minimal penetration of resin tags into the mildly etched dentin surface (image produced by demineralization of the dentin 

mineral to visualize the resin penetration). (Figs 9-6c and 9-6d reprinted from Breschi et al22 with permission.)
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Self-etching or etch-and-dry adhesives
These systems use a nonrinsing solution of acidic monomers to 
dissolve the smear layer on enamel and dentin surfaces35 (Fig 
9-7).Because the self-etching or primer agent is simply air dried, 
they are also called etch-and-dry adhesives.22 These adhesives 
render the smear layer permeable to monomers rather than 
removing it completely35,44 (see Figs 9-7b and 9-7c). Some self-
etching adhesives simultaneously dissolve the smear layer and 
infiltrate enamel and dentin,45 using the mineral content of 
the substrate to buffer the acidic monomers and inhibit their 
dentin-etching ability with increasing depth.46

Monomers with one or more attached carboxylic or 
phosphate-acid groups are considered to be self-etching. 
These adhesives are classified by strength according to chemi-
cal composition and acidity, which determine their morpho-
logic features.35,44 Ultramild self-etching adhesives (pH > 2.5) 
are able to demineralize a few hundred nm; mild adhesives (pH 
≈ 2) have about a 1-μm interaction depth; intermediate-

strength adhesives (pH = 1 to 2) have an interaction depth of 1 

to 2 μm, and strong self-etching adhesives (pH < 1) have an 

interaction depth of several μm.35 The formation of resin tags in 

dentin tubules can be assured only with the use of strong self-

etching adhesives; mild and ultramild adhesives may fail to 

form such tags, only slightly demineralizing smear plugs and 

allowing limited resin infiltration35 (see Figs 9-6d, 9-7b, and 

9-7c).

Number of clinical steps 

In the most commonly used classification method, adhesives 

are grouped according to the number of clinical steps involved 

in the adhesion procedure.44 

Etch-and-rinse adhesives may be three- or two-step sys-

tems: in three-step systems, separate etchant, primer, and bond-

ing resin are applied consecutively; in two-step (self-priming) 

systems, etching is followed by the application of a combined 

primer and bonding resin.

Self-etching adhesives may be two- or one-step systems: in 

two-step self-etching adhesive systems, a combined etching and 

primer agent is applied on enamel and dentin and air dried, 

followed by the application and polymerization of a bonding 

resin, while one-step self-etching adhesives combine etching, 

primer, and bonding resin in a single application. Many one-

step systems are not all-in-one solutions and require mixing 

materials from two or more bottles before application. Never-

theless, they are applied as one-step agents on the enamel or 

dentin substrate.

The two-step etch-and-rinse and one-step self-etching adhe-

sives are considered simplified adhesives compared with their 

multi-step counterparts (three-step etch-and-rinse and two-

step self-etching adhesives, respectively).47

a b

Fig 9-7 (a) (top) SEM image showing mild decalcification on cut enamel due to the application of an ultramild self-etching adhesive (original magnification ×5,000). 

(bottom) FE-SEM image showing decalcification of dentin after application of ultramild self-etching adhesive (original magnification ×5,000). Note that some intertubular 

collagen is exposed, but smear layer remains within the tubules. (b) (top) SEM image showing decalcification patterns on cut enamel due to the application of a mild 

self-etching adhesive (original magnification ×5,000). (bottom) FE-SEM image showing decalcification of dentin after application of mild self-etching adhesive (original 

magnification ×5,000). (c) (top) SEM image showing enamel etching patterns due to the application of a strong self-etching adhesive (original magnification ×5,000). 

(bottom) FE-SEM image showing decalcification of dentin after application of strong self-etching adhesive (original magnification ×5,000). Intertubular collagen is highly 

exposed, with no clear evidence of smear layer within the tubules. (Courtesy of Sillas Duarte, Los Angeles, California.)

c
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Three-Step Etch-and-Rinse Adhesives

Three-step etch-and-rinse adhesives are fourth-generation 
pro ducts that require the sequential application of the three 
agents (Table 9-2 and Box 9-1). These agents are generally 
considered the gold standard against which other systems are 
compared. The procedure is described in detail and serves as a 
foundation for relating the function of each component in the 
adhesive systems. (See Fig 9-8 for step-by-step application of 
etch-and-rinse adhesives.)

Step 1: Etching

Given the differences in the histologic characteristics of enamel 
and dentin, the etching considerations for these substrates 
differ.

Etching of enamel
In enamel, etching substantially enlarges the surface area 
available for bonding and almost doubles the original surface 
energy48,49 (see Fig 9-4). Three morphologic patterns of enamel 
etching have been described.30,48,49 Type I etching removes 

Table 9-2 Components, compositions, and application procedures of the common adhesives

Adhesive Manufacturer Composition Application procedure

Three-step etch-and-rinse adhesives

Adper Scotch-

bond Multi- 

Purpose

3M ESPE

Etching: 35% H
3
PO

4
Etch for 15 s on enamel and dentin. Rinse for 15 s.  

Remove excess water with an air syringe or by blotting. 

Leave moist.

Primer: HEMA, polyalkenoic acid polymer, 

water

Apply to enamel and dentin. Dry gently for 5 s.

Bonding: bis-GMA, HEMA,  

tertiary amines, photoinitiator

Apply to enamel and dentin. Light cure for 10 s.

All-Bond 3 Bisco

Etching: 32% H
3
PO

4
Etch for 15 s on enamel and dentin. Rinse for 15 s.  

Dry gently.

Primer: Part A—ethanol, NGT-GMA; Part 

B—bis-GMA, HEMA, BPDM

Mix parts A and B (1:1) for 5 s. Apply 1 to 2 coats.

Dry gently until there is no visible movement of the material.

Bonding: bis-GMA, UDMA, TEGDMA, 

glass filler

Apply one thin coat. Air dry/air thin. Light cure for 10 s.

Gluma Solid 

Bond

Heraeus  

Kulzer

Etching: 20% to 35% H
3
PO

4
Etch 30 s on enamel. Etch 15 s on dentin. Rinse for 15 s. 

Dry gently.

Primer: TEGDMA, HEMA, modified poly-

acrylic acid, maleic acid, ethanol, water, 

photoinitiators, stabilizers

Apply for 30 s. Dry for 1 to 2 s.

Bonding: bis-GMA, TEGDMA, glass filler, 

SiO
2
, photoinitiators, stabilizers

Apply and dry gently. Light cure for 40 s.

Optibond FL Kerr

Etching: 37.5% H
3
PO

4
Etch 15 s on enamel and dentin. Rinse for 15 s.  

Dry 3 s; do not desiccate.

Primer: HEMA, GPDM, MMEP, PAMM, 

water, ethanol, CQ, BHT

Apply with light brushing motion for 15 s. Dry for 5 s.

Bonding: bis-GMA, HEMA, GDMA, CQ, 

EDMAB, filler (fumed SiO
2
, barium, 

aluminoborosilicate, NaSiF
6
), coupling  

factor A174

Apply with light brushing motion for 15 s. Dry for 3 s.  

Light cure for 20 s.

Syntac
Ivoclar  

Vivadent

Etching: 37% H
3
PO

4
Etch for 10 to 15 s on enamel and dentin. Rinse with water.

Dry. Leave the dentin surface with a slightly glossy, wet 

appearance.

Primer: TEGDMA, PEGDMA, maleic acid, 

dimethylketon, water

Apply; leave for 15 s. Dry thoroughly.

Bonding: PEGDMA, glutaraldehyde, water Apply for 10 s. Dry thoroughly. Light cure for 10 s.
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Table 9-2 
(cont)

Components, compositions, and application procedures of the common adhesives

Adhesive Manufacturer Composition Application procedure

Two-step etch-and-rinse adhesives

Adper Scotch-

bond 1 XT 

Adhesive  

(also Adper 

Single Bond)

3M ESPE

Etching: 35% H
3
PO

4
Etch for 15 s on enamel and dentin. Rinse for 15 s.

Leave tooth moist.

Bonding: dimethacrylates, HEMA, poly-

alkenoid acid copolymer, 5-nm silane-

treated colloidal silica, ethanol, water, 

photoinitiator

Apply two consecutive coats. Dry gently for 5 s. Light cure 

for 10 s.

Excite F
Ivoclar  

Vivadent

Etching: 37% H
3
PO

4
Etch for 20 to 30 s on enamel. Etch for 10 to 15 s on  

dentin. Rinse for at least 5 s. Leave tooth moist.

Bonding: HEMA, phosphonic acid acrylate, 

dimethacrylates, silicone dioxide, initia-

tors, potassium fluoride in alcohol solution, 

stabilizers

Apply for at least 10 s. Disperse the adhesive with a weak 

stream of air. Light cure for 10 s. 

Gluma  

Comfort Bond

Heraeus  

Kulzer

Etching: 20% to 35% H
3
PO

4
Etch for 15 s on enamel and dentin. Rinse for 15 s.

Dry for 1 to 2 s.

Bonding: UDMA, HEMA, 4-META,  

modified polyacrylic acid, ethanol, glutar-

dehyde, water, photoinitiators, stabilizers

Apply three consecutive coats for 15 s. Dry gently.

Light cure for 20 s.

One-Step  

Plus
Bisco

Etching: 32% H
3
PO

4
, 37% H

3
PO

4
  

(Etch-37)

Etch for 15 s on enamel and dentin. Rinse thoroughly for  

1 to 2 s.

Bonding: BPDM, bis-GMA, HEMA, ace-

tone, photoinitiators, 8.5% by weight fluor-

aminosilicate glass fillers (1 µm)

Apply two coats to dentin. Agitate slightly for 10 to 15 s.

Dry gently. Light cure for 10 s.

Optibond Solo 

Plus
Kerr

Etching: 37.5% H
3
PO

4
Etch for 15 s on enamel and dentin. Rinse for 15 s. Dry 

gently; do not desiccate.

Bonding: bis-GMA, HEMA, GDMA, etha-

nol, CQ, EDMAB, BHT, filler (fumed SiO
2
, 

barium aluminoborosilicate, Na
2
SiF

6
)  

coupling factor A174

Apply with light brushing motion for 15 s. Dry for 3 s.  

Light cure for 5 to 10 s.

PQ1 Ultradent

Etching: 35% H
3
PO

4
Etch for 15 s on enamel and dentin. Rinse for 5 s. 

Dry briefly; do not desiccate.

Bonding: ethyl alcohol, methacrylic acid, 

2-hydroxy methacrylate, 40% filler

Apply for 10 s. Dry from 10 mm for 10 s. Light cure for 20 s.

Prime &  

Bond NT

Dentsply/

Caulk

Etching: 36% H
3
PO

4
Etch for 30 s on enamel. Etch for 15 s on dentin. Rinse for 

15 s. Dry gently.

Bonding: PENTA, di- and trimethacrylate 

resins, cetylamine, hydrofluoride, acetone, 

nanofiller (amorphous silicon dioxide, 8 

nm), resin R5-62-1, T-resin, D-resin, CQ

Apply for 20 s (may necessitate additional coats). Dry for  

5 s. Light cure for 10 s.

XP BOND
Dentsply/

Caulk

Etching: 36% H
3
PO

4
Etch for 30 s on enamel. Etch for 15 s on dentin. Rinse for 

15 s. Dry gently.

Bonding: PENTA, TCB, HEMA, TEGDMA, 

UDMA, tert-butanol, functionalized amor-

phous silica, ethyl-4-dimethylaminobenzo-

ate, CQ, stabilizer, t-butanolate

Apply. Leave the surface undisturbed for 20 s.

Air dry for at least 5 s. Light cure for a minimum of 10 s.
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Table 9-2 
(cont)

Components, compositions, and application procedures of the common adhesives

Adhesive Manufacturer Composition Application procedure

Two-step self-etching/etch-and-dry adhesives

AdheSE
Ivoclar  

Vivadent

Self-etching primer: acrylic ether phos-

phonic acid, bisacrylamide, water, CQ, 

stabilizers

Apply for 15 s. Disperse the excess with a strong stream  

of air. 

Bonding: bis-GMA, GDMA, HEMA, fumed 

silica, CQ, tertiary amine, stabilizers

Apply. Dry with a very weak stream of air. Light cure for  

10 s.

Clearfil  

Protect Bond
Kuraray

Self-etching primer: MDPB, 10-MDP, 

HEMA, hydrophilic dimethacrylate,  

photoinitiator, water

Apply. Leave for 10 s. Dry gently.

Bonding: 10-MDP, HEMA, bis-GMA, 

hydrophobic dimethacrylate, photoinitia-

tors, silanated colloidal silica

Apply bond. Dry gently. Light cure for 10 s.

Clearfil SE 

Bond (Clearfil 

Mega Bond in 

Japan)

Kuraray

Self-etching primer: 10-MDP, HEMA,  

photoinitiator, water

Apply for 20 s. Gently air blow.

Bonding: 10-MDP, bis-GMA, HEMA,  

hydrophilic dimethacrylate, microfiller

Apply two consecutive coats. Dry from 2 cm. Light cure for 

10 s.

Optibond XTR Kerr

Self-etching primer: GPDM, hydrophilic  

co-monomers, water, ethanol, acetone

Apply for 20 s. Dry thin for 5 s.

Bonding: Resin monomers, HEMA,  

inorganic fillers, ethanol

Apply with light brushing motion for 15 s. Light cure for  

10 s.

Peak SE Ultradent

Self-etching primer: bis-GMA, HEMA, 

ethanol, methacrylic acid, water

Apply for 20 s. Dry for 3 s.

Bonding: bis-GMA, HEMA, ethanol,  

methacrylic acid, silica filler

Apply for 10 s. Dry for 10 s. Light cure for 20 s.

One-step self-etching/etch-and-dry adhesives

All-Bond SE Bisco

Part I: ethanol, sodium benzene, sulfinate

Part II: HEMA, BPDM, GPDM, bis-GMA

Mix parts A and B (1:1) until uniformly pink. Apply 1 to 2 

coats, 5 to 10 s for each coat. Dry gently from 5 cm for 5 s. 

Light cure for 10 s.

Clearfil S3 

Bond
Kuraray

10-MDP, bis-GMA, HEMA, phosphate 

methacrylates, BHT, ethanol, fluorides, 

CQ, siliciumdioxide nanoparticles

Apply; leave for 20 s. Dry for more than 5 s. Light cure for 

10 s.

Easy Bond 3M ESPE

HEMA, bis-GMA, methacrylated phosphor-

ic esters, HDDMA, methacrylate functional-

ized polyalkenoic acid (Vitrebond copoly- 

mer), finely dispersed bonded silica filler 

with 7-nm primary particle size, ethanol, 

water, initiators based on CQ, stabilizers

Scrub adhesive for 20 s on dentin. Air thin for 5 s.

Light cure for 10 s.

G-Bond GC America

4-MET, phosphoric ester-monomer, 

UDMA, TEGDMA, acetone, water, stabi-

lizer, silica, filler, water, photoinitiator

Apply. Leave undisturbed for 5 to 10 s. Dry under maximum 

air pressure for 5 s. Light cure 10 s. 

I Bond
Heraeus  

Kulzer

UDMA, 4-META, glutaraldehyde, acetone, 

water, photoinitiators, stabilizers

Scrub adhesive for 20 s. Gently air thin. Light cure for 20 s.

One-Up  

Bond F
Tokuyama

Part A: MAC-10, photoinitiator, methacry-

loylalkyl acid phosphate, multifunctional 

methacrylic monomers

Part B: MMA, HEMA, water F-deliverable, 

microfiller (fluoroaluminosilicate glass), 

photointiators

Mix thoroughly until evenly pink. Use bonding within 90 s 

after mixing. Apply for at least 10 s. Light cure for 10 s.

Xeno V
Dentsply/

Caulk

Bifunctional acrylic amides, acrylamide 

alkylsulfonic acid, functionalized phosphor-

ic acid ester, acrylic acid, CQ, butylated 

benzenediol, water, tert-butanol

Apply uniformly. Dry gently for 20 s. Light cure for at least 

20 s. 
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the core prism material while leaving the periphery intact; 
type II etching removes the peripheral material while leaving 
the prism core relatively unaffected; and type III etching takes 
a more random approach characterized by a combination 
of types I and II that results in morphologically unclassified 
patterns. These etch patterns are determined by the mineral 
content and morphologic characteristics of the enamel, and 
the dentist has no control over the pattern resulting from acid 
etching.

Etching creates enamel microporosities within which the 
resin tag extensions of monomers interlock micromechani-
cally. Macrotags form between enamel-prism peripheries, and 
microtags form in prism cores.28,44 These tags are formed within 
a 550-µm-thick microporous layer by phosphoric acid etch-
ing50,51 (see Fig 9-4).

Enamel etching is affected by the content and concentra-
tion of the acid-etching solution and by the application tech-
nique and timing. These factors have been investigated exten-
sively.52–55 Many etching solutions have been tested, including 
those containing phosphoric (10% to 50%), fluoridated phos-
phoric, pyruvic, citric, maleic, oxalic, tannic, ethylenediamine-
tetraacetic, trichloracetic, and polyacrylic acids56–59; however, 
most of the adhesive systems use phosphoric acid. The physical 
state of the solution also affects etching; gels can be applied to 
the enamel surface in a more controlled manner than liquids 

and achieve wider and deeper enamel penetration.60 Etching 
agent application methods have also been investigated to 
improve clinical success; gels may be applied using a con-
tinuous brushing technique to obtain more etched enamel 
substrate and thereby improve the marginal adaptation of 
resin composite restorations.61,62 Extending etching times to 60 
seconds has been shown to produce rougher enamel surfaces 
but no enhancement of bond strength.63

Enamel etching is also affected by the chemical composition 
of the enamel (eg, high fluoride concentration makes enamel 
more resistant to etching). Moreover, aprismatic enamel is also 
more resistant to etching.64

Etching of dentin
Fusayama’s revolutionary total-etching technique29 to treat 
dentin was initially resisted by dentists, who feared that adverse 
pulpal reactions would result from the use of 40% phosphoric 
acid to etch dentin. Subsequent studies found that such reac-
tions occurred because of bacterial leakage rather than acid 
use and that acid etching could thus be safely used on dentin 
more than 0.5 mm thick, provided the dentin was sealed after 
the etching.32

The use of phosphoric acid to etch dentin removes the 
smear layer, demineralizes the first 3 to 5 μm of dentinal tissue, 

and creates funnel-shaped dentinal tubules. The latter effect is 

Box 9-1
Clinical application steps, advantages, disadvantages, and common errors for three-step etch-and-rinse  

adhesives

Etching

1. Apply 35% to 37% phosphoric acid to enamel for 15 to 30 s and to dentin for 15 s.

2. Rinse the etched surface for 15 s with an air-water spray.

3. Gently air dry to remove excess moisture.

4. Apply 0.2% to 2% aqueous chlorhexidine solution.

5. Remove excess chlorhexidine solution with a moist cotton pellet.

Priming

1. Perform active application of primer for at least 30 s (gently agitated or rubbed onto the dentin surface with a small brush).

2. Apply water-free, acetone-based primers generously in multiple layers. 

3. The primed surface should appear glossy after air drying; if it appears chalky, the primer must be reapplied.

4. Primers must be adequately air dried to evaporate all of the solvent; usually 30 to 40 s are needed for proper solvent evaporation.

Bonding

1. Generously apply the adhesive resin with a microbrush. 

2. Use a bristle brush to thin and create a homogenous layer.

3. Cure for manufacturer recommended time, which is typically about 10 to 20 s.

Advantages Disadvantages Common clinical errors

•  Phosphoric acid etch provides the best 

bond to enamel.

•  Several research reports support their use 

on different substrates, including metals 

and porcelain.

•  The highest dentin bond strengths among 

all dentin adhesives.

•  Generally contain a dual-curing option for 

indirect restorations and bonded amal-

gams.

•  Can be used with chlorhexidine rewetting 

for bond preservation.

•  Multiple bottles make their use more cum-

bersome.

•  Possibility of running out of one component 

before another.

•  Because primer and adhesive resin are 

dispensed into separate wells in the same 

plastic container, their sequential applica-

tion may be reversed.

•  Thick adhesives may pool easily around 

preparation line angles and margins.

• Overetching dentin.

• Suboptimal rinsing of the etching gel.

• Overwet/overdry dentin surface.

• Insufficient primer application/penetration.

• Insufficient primer solvent evaporation.

• Overthinning bonding component. 

•  Suboptimal polymerization of the bonding 

component.
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because of the presence of higher mineral content in peritubu-
lar dentin than in intratubular dentin.30 Acid etching thus ren-
ders the dentinal structure porous, allowing the impregnation 
of adhesive components22,44 (see Figs 9-5 and 9-6).

Several studies have investigated the effects of different 
etching times on bond strength.34 Although extended etching 
times have been found to increase substrate porosity, they do 
not necessarily increase bond strength. The determination of 
an appropriate etching time should consider (1) the ability of 
monomers to impregnate the substrate in relation to dentin 
demineralization and (2) the ability of collagen fibrils to main-
tain integrity when exposed to phosphoric acid for a given 
length of time. 

Clinicians should seek to demineralize dentin only to the 
desired extent of infiltration; excessive demineralization may 
produce a weak zone comprised of suboptimally impregnated 
dentin at the base of the hybrid layer consisting of exposed col-
lagen fibrils.65–68 Etching should be limited to superficial dentin 
because the viscosity of primers and bonding agents allows 
only a few micrometers of impregnation (see Figs 9-5 and 9-6). 
Several studies have found that prolonged acid-conditioning 
times resulted in fracture within the demineralized dentin 
zone when specimens were stressed to failure.69,70 These find-
ings indicated that excessive acid conditioning caused deeper 
demineralization of intertubular and peritubular dentin, ren-
dering them more susceptible to incomplete infiltration by 
resin monomers. The reduced infiltration decreased bond 
strength by creating a weak zone where failure was likely 
initiated. The results of these studies thus indicate that sound 
dentin should be etched for no longer than 15 seconds. For this 
reason, etchant is initially applied to the enamel (Figs 9-8a and 
9-8b), followed by application to the dentin (Fig 9-8c), to ensure 
adequate etching of enamel without overetching dentin.

An immunohistochemical study of the collagen component 
of human dentin found that the aggressiveness of the etchant 
(pH and pKa) and the etching time affected the morphology of 
collagen fibrils and associated proteoglycans.71 The exposure 
of dentinal collagen fibrils to an etching agent for more than 
15 seconds may produce structural changes that weaken the 
hybrid layer.72 However, in some cases, such as in the presence 
of aged or sclerotic dentin with a high mineral content, etching 
times of up to 30 seconds may be appropriate.7,73

After etching, the tooth should be rinsed with an intense 
air or water spray to remove the acid completely and stop the 
etching process (Fig 9-8d). The rinsing time should be similar to 
the etching time. When etching gels containing silica particles 
are used, particular care should be taken to rinse as long as 
instructed to ensure that all silica is removed from the dentinal 
tissue.74

After rinsing, the wetness of the dentin is an important clini-
cal consideration. The first commercially available etch-and-
rinse adhesive system was Clearfil Bond System-F (Kuraray), 
introduced in 1978. Clinicians who used this adhesive to etch 
dentin with 40% phosphoric acid followed by a dry-bonding 
technique reported adverse pulpal reactions.34 In dry bond-

ing, the cavity walls were dried after etching until the enamel 
margins were “frosty” to confirm the success of enamel etch-
ing. However, this technique has been found to cause the 
interfibrillar spaces between exposed dentinal collagen fibrils 
to collapse, preventing proper monomer infiltration75 (Fig 9-9). 
Although this technique achieved high resin-enamel bond 
strengths, resin-dentin bond strengths were insufficient to 
resist polymerization shrinkage forces. Thus, one or more walls 
would debond during resin composite polymerization, creat-
ing bacterial leakage through an increasingly permeable dentin 
that risked pulpal irritation.32

The low resin-dentin bond strengths associated with dry 
bonding resulted in dentin sensitivity, microleakage, second-
ary caries, and loss of bonded restorations. To address these 
issues, Kanca76,77 introduced the wet bonding technique, which 
used residual water on the dentin surface as a rewetting agent 
(see Fig 9-9). This technique increased resin-dentin bond 
strength, which provided a good dentin seal and reduced post-
operative pain. By creating resin-dentin bonds that were equal 
or superior in strength to resin-enamel bonds, the wet bond-
ing technique allowed clinicians to achieve safe, reproducible 
resin-dentin bonding. 

Although the wet bonding technique77 was proposed as a 
standard procedure with the use of etch-and-rinse systems, it 
has not been standardized or made reproducible to date. Wet 
bonding can be performed using several different methods, 
and the proper degree of dentin wetness has not been deter-
mined.78,79 The optimal surface wetness for wet bonding varies 
among acetone-, ethanol-, and water-based etch-and-rinse 
adhesive systems.80 Additional factors, such as differences in 
the hydraulic conductance of superficial and deep dentin81 and 
the presence of carious or sclerotic dentin in which whitlockite 
crystals completely or partially obliterate dentinal tubules,82 
prevent the achievement of uniform wetness on the axial, 
pulpal, and gingival walls. The same preparation may thus con-
tain overly wet and overly dry regions, resulting in nonuniform 
resin bonding.

After the removal of pooled moisture by blotting or wiping 
with a slightly damp cotton pellet (see Fig 9-9), properly moist 
dentin should exhibit a shiny, hydrated surface.83 Although 
drying techniques using air, absorbent paper, and cotton pel-
lets have been proposed, absorbent moist cotton sponges78,84 

appear to be most effective. The rewetting of excessively dried 
dentin with water or a rewetting agent can raise collapsed col-
lagen to a level comparable with that achieved with wet bond-
ing.80 Recently, the use of chlorhexidine has been proposed 
as a rewetting agent because of its capability to disinfect and 
stabilize the bond over time.16,22,85–89 Bond stabilization occurs 
because chlorhexidine inhibits dentin endogenous enzymes 
that are claimed to participate in the bond degradation phe-
nomena occurring at the adhesive interface16,22 (see the sec-
tions on resin and collagen fibril degradation). Rewetting and 
bond stabilization can be accomplished simultaneously. After 
etching and rinsing, the cavity preparation is air dried (Fig 9-8e). 
In this way, the enamel can be assessed for adequate etching 
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a

b c

d e

f g

h i

Fig 9-8 Step-by-step application of the three-step etch-and-rinse adhesives. (a) Preparation complete; ready for adhesive application. Appropriate isolation must be 

provided. (b) Phosphoric acid etchant gel is initially applied to the enamel margins only. (c) Phosphoric acid etchant gel is applied to the remaining prepared dentin 

surfaces and allowed to remain for 15 seconds. (d) Etchant gel is thoroughly rinsed with air-water spray for 15 seconds. (e) Preparation is dried. Frosty appearance of 

enamel confirms adequacy of etch. (f) The preparation is rewetted with an aqueous chlorhexidine solution for 30 seconds. (g) A damp cotton pellet is used to absorb 

excess chlorhexidine solution. (h) The glistening appearance of the dentin indicates the appropriate dentin moistness prior to applying the primer. (i) The primer com-

ponent is actively applied for at least 30 seconds. 

15 S

30 S

30 S
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j k

l m

Fig 9-8 (cont) (j) The primer component is air dried for 30 to 40 seconds to ensure thorough evaporation of solvents. (k) The adhesive component is actively applied 

to the entire preparation. (l) A bristle brush is used to absorb excess adhesive, avoid pooling, and distribute the adhesive evenly on all cavity walls. (m) The adhesive 

is light cured for 10 to 20 seconds prior to inserting the resin composite.

Fig 9-9 Wet bonding for the etch-and-rinse adhesive technique. The ultimate goal is to have a moist, glistening surface, as seen in the center photograph. If, after 

etching and rinsing, the surface is too wet, a moistened cotton pellet can be used to remove excess moisture (upper left). The SEM image on the left side shows large 

interfibrillar spaces in the intertubular dentin available for adhesive infiltration if the dentin surface remains moist. (Courtesy of Sillas Duarte, Los Angeles, California.) 

Conversely, if the dentin is overdried, a moist cotton pellet can be applied to the dried dentin for 30 seconds to remoisten the dentin surface (upper right). The SEM 

on the right side shows a compact intertubular surface due to collagen collapse. Under this condition, adhesive penetration is difficult to achieve due to the reduced 

intrinsic porosity of the collapsed collagen layer. (Reprinted from Breschi et al30 with permission.)

20 S
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by checking for the frosty appearance of the enamel. The den-
tin can be rewetted with an aqueous chlorhexidine solution for 
30 seconds (Fig 9-8f), and then a moist cotton pellet is used to 
absorb excess chlorhexidine solution and achieve the appropri-
ate moisture level in the preparation (Figs 9-8g and 9-8h). 

Step 2: Priming

Enamel priming
The application of a hydrophobic enamel bonding agent to air-
dried enamel avoids the need for a separate primer application 
while still achieving effective bonding (see Fig 9-8e). Sealants 
can also be applied to acid-etched enamel without additional 
treatment.90 However, the enamel bonding process is not com-
promised by the application of primers to acid-etched enamel, 
and it may even be enhanced in situations where isolation is 
difficult. In wet bonding, primers should always be applied to 
acid-etched enamel to displace any residual surface moisture 
through solvent evaporation.

Dentin priming
Primers are mixtures of monomers, such as hydroxyethyl meth-
acrylate (HEMA), triethyleneglycol dimethacrylate (TEGDMA), 
bis-GMA, and urethane dimethacrylate (UDMA), which have 
varying degrees of hydrophilic and hydrophobic properties 
(see Tables 9-1 and 9-2). Hydrophilic functionality facilitates 
monomer permeation into the collagen matrix to form a 
hybridized collagen-resin layer, and hydrophobic functionality 
facilitates restoration bonding to the resin matrix. Solvents are 
added to reduce the inherent viscosity of co-monomer blends, 
allowing them to infiltrate wet demineralized dentinal matri-
ces75,91 (see Table 9-2). The type of solvent in primer solutions 
has been found to significantly affect dentin bond strengths by 
influencing the ability to reexpand previously dried demineral-
ized matrix.92

During rinsing of the etching agents, the presence of water 
maintains the full expansion of the demineralized dentinal 
matrix.93,94 Subsequent air drying of dentinal surfaces removes 
most of the water from the matrix,95 causing it to collapse in a 
manner similar to the collapse of collagen fibrils (see Fig 9-9). 
Collagen peptides come into contact with one another, form-
ing new interpeptide hydrogen bonds that stabilize and stiffen 
the shrunken matrix.96 Resin-dentin bonding is compromised 
by the lack of sufficient interfibrillar spaces available for resin 
penetration in such shrunken dentin.75,97 To resolve these 
un desir able situations, the dentin must be rewetted and/or 
primers must be able to reexpand the collapsed matrix.92

Hybridization is believed to result from primer infiltration 
into the open network of the collagen matrix exposed by 
dentin demineralization and from subsequent in situ polym-
erization of the monomers present in the bonding agent. In 
wet bonding, some hydrogen-bound water remains in the 
intrafibrillar spaces of collagen as a water-bridged hydration 
network, even in completely demineralized dentin. Although 

solvents facilitate the replacement of water with adhesive 
monomers, primer monomer systems often fail to displace all 
intrafibrillar water.98 This limitation suggests that monomer 
penetration into intrafibrillar spaces is somewhat restricted and 
that encapsulation and entanglement occur primarily in extrafi-
brillar spaces.98 After permeation, nonbonded, electrostatic, 
and hydrogen-bonding forces may thus develop between the 
monomer phase and collagen molecules.99 Primers should be 
actively applied and agitated for at least 30 seconds on the 
dentin surface to improve penetration and enhance adhe-
sion100 (Fig 9-8i).

Primers should be gently air dried after application to vola-
tilize any remaining solvent before the adhesive resin is applied 
(Fig 9-8j; see also Box 9-1). The extent of solvent evaporation 
depends on the clinician’s technique and the co-monomer mix-
ture.101,102 Failure to adequately evaporate primer solvent will 
significantly adversely affect the bond to dentin and can have 
a more adverse affect on adhesion than just about any other 
application mistake.103,104 Drying times of at least 10 seconds or 
longer are recommended.17

The effect of solvent type on the effectiveness of bonding 
and sealing of dentin has been the subject of numerous inves-
tigations. The results of one study suggested that primers with 
ethanol/water solvents show reduced technique sensitivity 
compared with those with acetone solvents, while verifying the 
importance of near-complete solvent removal for optimum 
results.103

Additional layers of primer should be added if the surface 
does not appear uniformly glossy.

Step 3: Bonding
Three-step adhesive systems use hydrophobic solvent-free 
monomer blends (usually bis-GMA and TEGDMA) as bonding 
agents (see Table 9-2). These agents should be applied to the 
primed surface with a brush and thinned to an optimal thick-
ness of about 60 to 120 µm, depending on the viscosity of the 
adhesive (Figs 9-8k and 9-8l).

Because no solvent is present, using an air syringe to thin 
the adhesive resin layer should be used with care to avoid for-
mation of a less homogenous surface, with some areas so thin 
that they do not cure105,106 (ie, nothing but an oxygen-inhibited 
layer; see Fig 9-8l). Significant reductions in bond strength were 
observed when air thinning was compared with aggressive 
air thinning or brush thinning, suggesting that brush thin-
ning may provide a better way to obtain a homogenous layer 
without over air thinning.106 This is done by active application 
of the adhesive using a microbrush, then using a bristle brush 
to ensure an even coating of the resin (see Fig 9-8k; see also 
Box 9-1). Excess resin will be absorbed into the bristle brush. If 
the bristles become saturated, the brush can be squeezed in a 
gauze pad to remove the excess resin.

The adhesive resin should be properly cured before the 
restorative material is applied to ensure that successful adhe-
sion is produced to the tooth surface (Fig 9-8m). The upper 
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layer of the adhesive resin does not polymerize well because it 
is exposed to oxygen, which inhibits its cure, and for this reason 
is called the oxygen-inhibited layer. Therefore, the surface layer 
contains unreacted methacrylate groups that may be involved 
in copolymerization with the restorative resin.107,108 

Adequate light intensity is an important factor in curing 
the resin layer; prolonged curing times that slightly exceed 
the manufacturer recommendations have been shown to 
improve polymerization and adhesive properties.109,110 Howev-
er, because of the potential adverse effect on the pulp because 
of temperature increase, especially with curing devices with 
high power,111 manufacturer recommendations for curing time 
should be strictly followed.

Two-Step Etch-and-Rinse Adhesives
Two-step (simplified) etch-and-rinse adhesive systems were 
developed in an effort to simplify clinical application.22,44,112 
(See Fig 9-10 for step-by-step application of the two-step etch-
and-rinse adhesives.) Considered as fifth generation, these 
systems employ an etching procedure similar to that for three-

step systems, followed by the application of a combined primer 
and bonding resin (Box 9-2; see also Table 9-2). These simplified 
adhesives have been commercially successful because of their 
ease of use and reduced application steps.

Although two- and three-step etch-and-rinse adhesive 
systems produce resin-dentin bonds with similar strengths 
immediately following application,44 long-term bond strengths 
differ between the two systems.22,24,113 Two-step etch-and-
rinse adhesives combine primer solvents and hydrophilic com-
ponents with the more hydrophobic monomers of bonding 
agents (see Table 9-2), causing them to behave as semiperme-
able membranes.114 The polymerization achieved with these 
adhesives is frequently suboptimal,109,115 resulting in increased 
potential for water absorption from the underlying dentin.116 
These characteristics negatively impact long-term bond stabil-
ity.

The combined primer and bonding resins also contain 
high concentrations (up to 50%) of solvents91 (see Table 9-2) 
that may interfere with adhesive polymerization.101 Although 
solvents decrease adhesive viscosity, facilitate co-monomer 
infiltration into acid-etched dentin, and increase the mobility 
of radicals and growing polymer chains,98,101,117 solvent concen-

Box 9-2
Clinical application steps, advantages, disadvantages, and common errors for two-step etch-and-rinse  

adhesives

Etching 

1. Apply 35% to 37% phosphoric acid to enamel for 15 to 30 s and to dentin for 15 s.

2. Rinse the etched surface for 15 s with an air-water spray.

3. Gently air dry to remove excess moisture.

4. Apply 0.2% to 2% aqueous chlorhexidine solution.

5. Remove excess chlorhexidine solution with a moist cotton pellet.

Priming and bonding 

1. Apply primer/bonding solution generously, producing a shiny appearance, then vigorously rub at least 30 s.

2. Air dry to evaporate solvent for 30 to 40 s.

3. Actively reapply the primer/bonding solution and air dry.

4. Cure for manufacturer recommended time, which is typically about 10 to 20 s.

Advantages Disadvantages Common clinical errors

•   Phosphoric acid etch provides the best 

bond to enamel.

•  Laboratory research supports their use on 

enamel and dentin.

• High immediate bond strength. 

•  The combined primer/bond bottle concept 

makes them extremely user friendly.

•  Can be used with chlorhexidine for bond 

preservation.

•  Most two-step adhesives showed lower 

bond strengths than their three-step coun-

terparts (produced by the same manufac-

turer).

•  Acetone-based adhesives may lose their 

efficacy with constant utilization due to 

rapid evaporation of volatile components.

•  More coats than those recommended by 

the manufacturer often needed to maxi-

mize bond strength.

•  Thick adhesives may pool easily around 

preparation line angles and margins.

•  Some adhesives are not compatible with 

self-curing or dual-curing composites 

(core buildup composites and resin luting 

cements).

•  Inclusion of hydrophilic components in 

bonding resin can cause increased hydro-

lytic degradation.

• Overetching dentin.

• Suboptimal rinsing of the etching gel.

• Overwet/overdry dentin surface.

•  Reduced impregnation of the primer  

adhesive agent.

• Inadequate solvent evaporation.

•  Overthinning adhesive when air drying 

to remove solvent; failure to use multiple 

coats.

•  Suboptimal primer/bonding polymeriza-

tion.
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Fig 9-10 Step-by-step application of the two-step etch-and-rinse adhesives. (a) Preparation complete; ready for adhesive application. Appropriate isolation must be 

provided. (b) Phosphoric etchant gel is initially applied to the enamel margins only. (c) Phosphoric etchant gel is applied to the remaining prepared dentin surfaces 

and allowed to remain for 15 seconds. (d) Etchant gel is thoroughly rinsed with air-water spray for 15 seconds. (e) Preparation is dried. Frosty appearance of enamel 

confirms adequacy of etch. (f) The preparation is rewetted with an aqueous chlorhexidine solution for 30 seconds. (g) A damp cotton pellet is used to absorb excess 

chlorhexidine solution. (h) The glistening appearance of the dentin indicates the appropriate dentin moistness prior to applying the primer. (i) The combined primer-

adhesive component is actively applied for 30 seconds.

i
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trations greater than 20% by weight usually lower the degree 
of conversion by increasing the physical space between reac-
tive species during polymerization.118

The presence of residual water during dentin bonding 
may also adversely affect the curing reaction by preventing 
the formation of properly cured polymers within the hybrid 
layer.119,120 This effect is likely because of the phase separation 
of hydrophobic and hydrophilic domains.121

Step 1: Etching
The considerations discussed above for etching with three-step 
systems also apply to the use of two-step etch-and-rinse adhe-
sives (Figs 9-10a to 9-10d). The dentinal tissue moisture level is 
even more critical than with three-step etch-and-rinse adhe-
sives because two-step etch-and-rinse adhesives do not have 
the rewetting ability of primers used in three-step adhesives. If 
the dentin is overdried, it should be rewetted prior to the next 
step (Figs 9-10e to 9-10h).

Step 2: Priming and bonding
Two-step etch-and-rinse adhesives contain a complex blend 
of monomers and solvents because of the combination of the 
amphiphilic properties of the primer and the more hydropho-
bic monomers of the bonding agent. Commercial adhesive 
co-monomer products commonly contain ethanol or acetone 
(see Table 9-2).

Several studies have found that the use of these adhesives 
results in the limited impregnation of demineralized dentin. 
Resin monomers have a limited capacity to diffuse into wet 

demineralized dentin,122–124 producing a gradient of resin pen-
etration with the highest concentration at the adhesive surface, 
lower concentrations within the hybrid layer, and little resin 
presence in the deepest portion of the demineralized zone.125 
Exposed and suboptimally impregnated collagen fibrils have 
been detected in the deepest areas of the hybrid layer with the 
use of these adhesives.68

Because of this difficulty impregnating the collagen fibril 
layer exposed by etching, the primer-adhesive agent should 
be applied with great care. Numerous clinical parameters have 
been found to affect the proper impregnation of the dentinal 
matrix (see Box 9-2):

Application time 
Prolonged primer/bonding-agent application times increase 
monomer penetration into decalcified dentin and solvent/
water evaporation before light curing.126,127 Recent studies 
have found that extended application times, even as little as 20 
seconds, significantly increase the immediate and long-term 
bonding performance of the adhesives.127–129

Mode of application 
The use of a rubbing action is essential to achieve a high 
immediate bond strength to dentin using acetone-, water-, 
and ethanol-based two-step etch-and-rinse adhesives130 (Fig 
9-10i). This action likely increases molecular kinetics and inward 
monomer diffusion in reaction to outward solvent diffusion, 
while also reducing dentinal wetness. Vigorous rubbing of 
demineralized dentin during the application of adhesive also 
improves the long-term stability of the dentin bond131 by 
increasing the biomechanical characteristics of the hybrid 

k

l m

j

Fig 9-10 (cont) (j) The primer-adhesive component is air dried for 30 to 40 seconds to ensure thorough evaporation of solvents. (k) The combined primer-adhesive 

component is actively reapplied for 30 seconds. (l) The primer-adhesive component is air dried for 30 to 40 seconds to ensure thorough evaporation of solvents. (m) 

The adhesive is light cured for 10 to 20 seconds prior to inserting the resin composite.

30 S
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layer.132 Such vigorous application techniques can also improve 
the retention of restorations placed in noncarious cervical 
lesions, which typically pose a clinical challenge.133

Solvent evaporation 
Before polymerization is performed, solvents should be com-
pletely evaporated to bring the reactant molecules into close 
proximity and to prevent residual solvent from plasticizing the 
polymer (Fig 9-10j). Adhesive solutions with higher solvent 
contents before light curing have lower degrees of conver-
sion101; the higher solvent content also reduces the mechanical 
properties of adhesive polymers.134,135

When mixed with nonvolatile monomers, the evaporation 
capacity of solvents with relatively low vapor pressure (eg, 
water) is reduced as monomer concentration increases. It is 
thus impossible to achieve complete water evaporation from 
water-monomer mixtures.136 The same principle applies to 
ethanol- and acetone-containing co-monomer mixtures; the 
nonvolatile monomer concentration increases as the solvent 
evaporates, thus reducing the vapor pressure of the remaining 
solvent and preventing complete solvent evaporation under 
clinical conditions. Thus, co-monomer composition as well as 
solvent type and content must be considered in determining 
optimal solvent concentration.

The adhesive layer must be carefully thinned, and applica-
tion should be repeated to ensure adequate solvent evapo-
ration with two-step etch-and-rinse adhesives137 (Figs 9-10k 
and 9-10l). The use of a warm, dry airstream to evaporate the 
solvent after the application of the primer/bonding agent may 
improve bond strength and hybrid layer quality by reducing 
the number of pores within the adhesive layer.138

Because adhesive solvents are volatile, the continuous 
transudation of dentinal fluid through open dentinal tubules 
before adhesive polymerization may create microscopic water-
filled blisters along the adhesive interface.116 After restoration 
placement, mastication may produce a pumping effect in these 
blisters that rapidly pushes fluid through the tubules, thereby 
potentially triggering the A-δ nerve fibers in the pulpal-dentin 
complex and causing sensitivity.139

Another issue is loss of solvent because of storage and han-
dling. If the bottle is left uncapped, a significant amount of the 
volatile material can be lost rapidly. This results in alteration 
of the ratios from the manufacturer’s intended formulation, 
which can then affect bonding. To avoid this, the bottle should 
be shaken and the material dispensed immediately prior to 
application.140,141 

Curing time 
Adhesive curing should be performed carefully to avoid 
compromised polymerization because of insufficient solvent 
removal, which results in the presence of high concentrations 
of hydrophilic monomers and water.109,118 Manufacturer rec-
ommendations should be followed because resin permeability 

and monomer elution are related to the suboptimal polymer-
ization of bonding resins109,115,129 (Fig 9-10m).

Two-Step Self-Etching or Etch-and-Dry 
Adhesives
Because self-etching (etch-and-dry) adhesives contain acidic 
monomers that simultaneously condition and prime the dental 
substrate, they do not require a separate etching procedure 
(Boxes 9-3 and 9-4; see also Table 9-2). The salts removed from 
the enamel and dentin contribute to buffering of the acidity of 
the solution. Such systems have thus been described as more 
user friendly (shorter application time, fewer steps) and less 
technique sensitive (no wet bonding, simple drying) than etch-
and-rinse systems.35,44 Self-etching adhesives require only air 
drying, avoiding the need for rinsing after application.22 Con-
sequently, these adhesives do not remove the smear layer35 
(see Figs 9-5 to 9-7). While their use has been associated with 
lower postoperative sensitivity than that of etch-and-rinse 
adhesives, mainly when evaluated in deeper cavities142,143 and 
likely because the dentinal tubules remain partially obliterated 
by smear plugs,144 other research has shown no difference 
between self-etching and etch-and-rinse adhesive systems in 
terms of postoperative sensitivity.142,145–148

Two-step self-etching adhesives employ a self-etching 
primer followed by a hydrophobic and relatively solvent-free 
adhesive resin similar to that used in three-step etch-and-rinse 
adhesives (see Table 9-2 and Fig 9-5). These systems have 
demonstrated excellent performance under in vitro and in vivo 
conditions.35,113,149 (See Fig 9-11 for step-by-step application of 
the two-step etch-and-rinse adhesives.)

Step 1: Self-etching and priming

Self-etching and priming of enamel
Clinically, the application of weak acids to enamel cannot pro-
duce the same extent of demineralization and typical frosty 
appearance obtained with the use of phosphoric acid150,151 
(see Fig 9-4). Self-etching primers produce a shallower and less 
retentive enamel-etching pattern because of insufficient pen-
etration into the enamel surface.35 In contrast to the macro- and 
microtags created by etch-and-rinse adhesives, self-etching 
primers intermingle primarily with the enamel surface to form 
nanotags. These tags are characterized by nanoretentive inter-
locking between enamel crystallites formed through inter- and 
intracrystallite resin penetration.152

Although some strong self-etching adhesives (pH < 1) create 
demineralized enamel that is morphologically similar to that 
created by phosphoric acid,153 mild self-etching adhesives have 
shown unsatisfactory bonding to enamel, especially unground, 
aprismatic enamel.35,154,155 The insufficient creation of enamel 
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irregularities for penetration by self-etching adhesives results 
in low bond strength and poor marginal adaptation; thus, 
phosphoric acid should be preferred for enamel etching.35,44,151 

The clinical use of self-etching adhesives on sound enamel is 
particularly problematic, especially in unbeveled preparations. 

Most studies35,155–160 have confirmed that a preliminary sepa-
rate etching procedure of enamel with phosphoric acid (> 15 
seconds) should be included in the bonding procedure to 
achieve optimal enamel bonding results (Figs 9-11a to 9-11d; 
see Box 9-3).

Box 9-3
Clinical application steps, advantages, disadvantages, and common errors for two-step self-etching or  

etch-and-dry adhesives

Etching and priming 

1. Selectively etch enamel with 35% to 37% phosphoric acid for 15 s.

2. Air-water rinse for 15 s, trying to minimize rinsing over the dentin. Dry gently.

3. Actively apply the self-etching primer agent on etched enamel and unetched smear layer–covered dentin for the time recommended by

the manufacturer (typically 20 s).

4. Air dry to remove any excess solution and solvent and terminate the etching reaction.

Bonding 

1. Generously apply the adhesive resin with a microbrush. 

2. Use a bristle brush to thin and create a homogenous layer.

3. Cure for manufacturer recommended time, which is typically about 10 to 20 s.

Advantages Disadvantages Common clinical errors

•  No rinsing; quick application. No risk 

of overwet or overdry dentin.

•  Results of several studies support their 

use on dentin.

•  Additional chemical bonding is claimed 

to stabilize the hybrid layer for some 

adhesives.

•  Bonds well to enamel etched with 

phosphoric acid.

•  If phosphoric acid etch not done first, 

enamel microleakage may result due to 

deficient enamel etch.

•  Prior etching of dentin surface with phos-

phoric acid may compromise bond to 

dentin.

•  Unknown effect of incorporating smear 

layer into adhesive zone.

•  Thick adhesives may pool easily around 

preparation line angles and margins.

•  Insufficient etching on the enamel if selective 

preliminary enamel etch is not performed.

•  Inadvertent application of separate enamel 

etching agent to dentin.

Box 9-4
Clinical application steps, advantage, disadvantages, and common errors for one-step self-etching or  

etch-and-dry adhesives

Etching, priming, and bonding

1. Selectively etch enamel with 35% to 37% phosphoric acid for 15 s.

2. Air-water rinse for 15 s, trying to minimize rinsing over the dentin. Dry gently.

3. Actively apply the one-step adhesive on etched enamel and unetched smear layer–covered dentin for the time recommended by the

manufacturer. 

4. Air dry to remove any excess solution and solvent and terminate the etching reaction.

5. Reapply the adhesive in multiple layers using an active rubbing motion.

6. Air dry to remove any excess solution and solvent and terminate the etching reaction.

7. Cure for manufacturer recommended time, which is typically about 10 to 20 s.

Advantage Disadvantages Common clinical errors

•  Extremely simplified application  

procedure.

• Requires multiple layers.

• Need for preliminary etching on enamel.

•  Lower bond strength than unsimplified 

counterparts (two-step systems).

•  Most of the adhesives are not compatible 

with self-curing or dual-curing composites 

(core buildup composites and resin luting 

cements).

•  Inclusion of hydrophilic components in 

bonding resin can cause increased  

hydrolytic degradation.

• Suboptimal polymerization.

• Inadequate solvent evaporation.

•  Overthinning adhesive when air drying to remove 

solvent.
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Fig 9-11 Step-by-step application of the two-step self-etching adhesives. (a) Preparation complete; ready for adhesive application. Appropriate isolation must be 

provided. (b) Phosphoric etchant gel is used to selectively etch the enamel margins of the preparation. (c) Etchant gel is thoroughly rinsed with air-water spray for 15 

seconds. (d) Preparation is dried. Frosty appearance of enamel confirms adequacy of etch. (e) The combined etchant-primer component is actively applied for 20 

seconds. (f) The etchant-primer-adhesive component is air dried for 30 to 40 seconds to terminate the etching reaction and ensure thorough evaporation of solvents. (g) 

The adhesive component is actively applied to the entire preparation. (h) A bristle brush is used to absorb excess adhesive, avoid pooling, and distribute the adhesive 

evenly on all cavity walls. (i) The adhesive is light cured for 10 to 20 seconds prior to inserting the resin composite.
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Self-etching and priming of dentin
Although strong self-etching adhesives with improved enamel-
etching performance are currently available, their ability to 
bond to dentin remains severely compromised. Their high 
intrinsic acidity does not allow complete buffering from the 
dissolved hydroxyapatite, leading to continuous etching161 and 
incomplete polymerization.115,161 Mild self-etching adhesives 
are thus preferred for dentin bonding.35 Such adhesives partially 
demineralize dentin, leaving residual hydroxyapatite crystals 
that protect the collagen fibrils.37

Mild two-step self-etching adhesives have been found to 
exhibit excellent adhesion to smear layer–covered dentin, 
resulting in immediate bond effectiveness and longevity com-
parable with those achieved with ethanol-based, three-step 
etch-and-rinse systems that are sometimes considered the gold 
standard.24,35,44,113,160 Two-step self-etching adhesives ensure 
simplified clinical application and reduced operator sensitiv-
ity by eliminating the need to etch dentin with phosphoric 
acid (see Box 9-3). The application of a self-etching adhesive 
to smear layer–covered dentin avoids most problems that are 
encountered when using etch-and-rinse adhesives, including 
excessive etching, suboptimal rinsing of the etching agent, and 
inappropriate adhesive application because of overwetting or 
overdrying of acid-etched dentin.35,135,162 As mentioned previ-
ously for the etch-and-rinse systems, the primer-containing 
component should be actively applied to the preparation to 
enhance infiltration into the dentin surface and improve adhe-
sion127 (Figs 9-11e and 9-11f).

The reactive monomers contained in some mild two-step 
self-etching adhesives establish a chemical bond with the 
mineral component of dentin.36,163,164 Specific functional mono-
mers, such as 10-methacryloyloxydecyl dihydrogenphosphate 
(10-MDP), are responsible for this chemical interaction (see 
Table 9-2). Ionic bonds are formed between the carboxylic acid 
or phosphate groups within the functional monomers and 
the calcium of hydroxyapatite.165 The resulting hybrid layer 
exhibits micromechanical interlocking (a prerequisite for good 
bonding) and allows additional chemical interaction between 
functional monomers and the tooth substrate through the 
adhesion-decalcification mechanism.35

The ionic interaction of functional monomers with the tooth 
may produce stable ionic bonds.35,163,165 For this reason, the 
removal of the smear layer created by the demineralization 
of dentin during phosphoric acid etching depletes most of 
the hydroxyapatite in dentin that could be available for such 
chemical interaction, which in turn reduces the bond strength 
created by mild two-step self-etching adhesives.166 Thus, man-
ufacturers of mild self-etching adhesive systems recommend 
that phosphoric acid etching be used only on enamel (see Fig 
9-11b). 

A major advantage of two-step self-etching systems is that 
they are relatively technique insensitive; thus, time or tech-
nique of application is not as critical for these systems as for 
other adhesives.128,167

A concern with the bonding process for self-etching adhe-
sives is how to best maximize the bond to enamel without 
compromising the bond to dentin. As noted previously, a 
separate application of phosphoric acid to enamel prior to 
self-etching adhesive application will significantly improve the 
bond to enamel. However, there is considerable evidence that 
etching dentin with phosphoric acid prior to application of a 
self-etching adhesive significantly reduces bond strength to 
dentin, likely because of poor infiltration into demineralized 
dentin.168–170 Because it is often difficult to apply phosphoric 
acid etchant to enamel without involving dentin, this pro-
cedure must be approached with caution. Clinical studies in 
which this approach was used did not demonstrate adverse 
clinical performance in Class 5 restorations over 2 years171 and 
5 years,172 demonstrating that careful clinical application using 
a selective phosphoric acid etching technique with self-etching 
systems can be successfully employed with some restorations.

Step 2: Bonding
The bonding agents of two-step adhesives contain hydro-
phobic and relatively unsolvated monomer blends (usually 
bis-GMA and TEGDMA; see Table 9-2). Thus, the clinical recom-
mendations described above for three-step etch-and-rinse 
adhesives are also applicable to two-step self-etching systems 
(Figs 9-11g and 9-11h; see Box 9-3). These include brush thin-
ning to optimize adhesive thickness, the use of a layered 
application to achieve a fully saturated surface, and the use of 
optimal curing times (Fig 9-11i).

One-Step Self-Etching or Etch-and-Dry 
Adhesives
One-step self-etching adhesives are the simplest and most 
recently developed adhesive systems. (See Fig 9-12 for step-by-
step application of the one-step adhesives.) These systems are 
classified as seventh- or eighth-generation adhesives because 
they may be multibottle (mixed just prior to use) or single-
bottle (all-in-one) systems, respectively. One-step self-etching 
adhesives combine the three steps of the adhesion process 
into the application of a single solution containing complex 
mixtures of hydrophilic and hydrophobic resin blends, acid, 
and water to activate etching (see Table 9-2). This chemical 
complexity has caused shelf-life problems.173

This class of adhesives has the highest hydrophilic mono-
mer content of currently available adhesive systems; some 
of the earliest one-step adhesives are more acidic and hydro-
philic than two-step self-etching primers44,112 (see Table 9-2). 
Although these adhesives simplify clinical application, they 
result in lower immediate bond strengths than that produced 
with more complex adhesive systems.35,44

Adhesive interface stability may also be compromised by 
the use of one-step self-etching adhesives because of expe-
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Fig 9-12 Step-by-step application of the one-step self-etching adhesives. (a) Preparation complete; ready for adhesive application. Appropriate isolation must be 

provided. (b) Phosphoric etchant gel is used to selectively etch the enamel margins of the preparation. (c) Etchant gel is thoroughly rinsed with air-water spray for 15 

seconds and then air dried. (d) Preparation is dried. Frosty appearance of enamel confirms adequacy of etch. Applicator brush with combined etchant-primer-adhesive 

component is ready for application. (e) The combined etchant-primer-adhesive component is actively applied for the recommended time. (f) The etchant-primer-

adhesive component is air dried for 30 to 40 seconds to terminate the etching reaction and ensure thorough evaporation of solvents. (g) The combined etchant-primer-

adhesive component is actively reapplied. (h) The etchant-primer-adhesive component is air dried for 30 to 40 seconds to terminate the etching reaction and ensure 

thorough evaporation of solvents. (i) The adhesive is light cured for 10 to 20 seconds prior to inserting the resin composite.

15 S15 S

20 S

20 S
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dited aging phenomena affecting the hybrid layer.22,24 The 
high hydrophilic monomer content of these formulations 
produces an adhesive interface after polymerization that acts 
as a semipermeable membrane on the dentin surface, allowing 
fluids to cross the interface because of osmotic pressure gradi-
ents.154,174,175 Simplified adhesives thus demonstrate increased 
water sorption, which promotes polymer swelling and other 
water-mediated degradation phenomena.15,22,24

Although hydrophobic dimethacrylates have been added 
to one-step adhesives to produce stronger cross-linked poly-
mer networks (see Table 9-2), the hydrophilic monomers tend 
to cluster before polymerization begins to create hydrophilic 
domains121,176 and microscopic water-filled channels (water 
trees).177 These channels permit the movement of water from 
the underlying dentin through the hybrid and adhesive layers 
to reach the adhesive-composite interface.175,178

One-step self-etching adhesives have also shown lower 
degrees of conversion than have multistep systems.109,115 The 
high concentration of hydrophilic domains and the presence 
of water result in suboptimal polymerization and reduced bond 
longevity because of the elution of unreacted monomers. This 
process creates a porous structure with reduced sealing ability 
along the adhesive interface.

Application to enamel
Like two-step self-etching adhesives, one-step systems have 
demonstrated a reduced ability to bond to unabraded enam-
el.35,154,158,159,179 This clinically relevant problem is particularly 
pronounced for unbeveled preparations. For this reason, pre-
liminary phosphoric acid etching of enamel (especially non-
instrumented enamel) is recommended before the application 
of one-step adhesives159,166 (Figs 9-12a to 9-12c; see Box 9-4).

Application to dentin
Efforts to improve the stability of the dentin-adhesive interface 
created by one-step adhesives have focused on several param-
eters: preliminary etching, hydrophobic coating, application 
mode, application times and multilayering, and appropriate 
polymerization.

Preliminary etching 
As mentioned for the two-step self-etching systems, it can be 
clinically difficult to prevent the extension of phosphoric acid 
from enamel to dentin during etching, especially in small Class 
2 preparations. Thus, preliminary phosphoric acid etching of 
dentin before the application of a self-etching adhesive has 
not been recommended (see Fig 9-12b and Box 9-4). Although 
preliminary dentin etching should be avoided with the use of 
adhesive formulations containing reactive monomers,35,166 a 
recent study found that the application of some one-step adhe-
sives to acid-etched dentin improved adhesion capability in 
comparison with application to smear layer–covered dentin.159 

Self-etching adhesive products are intended to eliminate 
the need for phosphoric acid etching of dentin, thus simplify-
ing clinical application and substantially reducing operator 
technique sensitivity. The effectiveness of an adhesive system 
applied to acid-etched dentin can be reduced dramatically by 
the potential operator-related problems mentioned above, 
including excessive etching, suboptimal rinsing of the etching 
agent, and inappropriate adhesive application because of over-
ly wet or dry acid-etched dentin. Postoperative sensitivity may 
also result from increased dentin permeability after etching. To 
reduce operator sensitivity, the pre-etching of dentin before 
the application of one-step adhesives should be avoided.

Hydrophobic coating
One-step self-etching adhesives may be treated as primers that 
are subsequently covered with a hydrophobic coating, such 
as those employed in conventional three-step etch-and-rinse 
systems. This approach may improve adhesive performance; 
the application of an additional hydrophobic resin layer has 
been shown to improve immediate resin-dentin bond strength 
and reduce long-term adhesive interface degradation.170,180–182

Application mode
Active application produces consistent etching and enhances 
the interaction of acid monomers with the tooth structure, 
dispersing etching by-products into the surface (Figs 9-12d and 
9-12e; see Box 9-4). The agitation of one-step adhesives brings 
fresh acidic solution into contact with the substrate, disperses 
air trapped in the solution, and mixes etching by-products 
to increase the efficiency of removal.183 The use of an active 
brushing technique increases the immediate bond strength 
produced by one-step adhesives184,185 and improves long-term 
stability.183,184

Application times and multilayering 
The use of multilayering techniques or prolonged application 
times during dentin bonding167,182,186,187 has been suggested 
to enhance the uniformity of adhesive infiltration and increase 
water and solvent evaporation167 (Figs 9-12e to 9-12h; see Box 
9-4). 

Appropriate polymerization 
The use of extended curing times that exceed the manufacturer 
recommendations has been found to improve polymerization 
and reduce permeability, potentially improving the perfor-
mance of one-step adhesives109,115 (Fig 9-12i; see Box 9-4).

Multimode or Universal Adhesive  
Systems
Dental manufacturers have recently made slight modifications 
of dentin adhesive formulations to produce a new class of 
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universal adhesives. These materials are called multimode or 
universal because they can be used as self-etch, etch-and-rinse, 
or selective-etch systems. These adhesives have the ability to 
bond methacrylate-based restoratives, cement, and sealant 
materials to dentin, enamel, glass ionomer, and several indirect 
restorative substrates, including metals, alumina, zirconia, and 
other ceramics. All are modeled after self-etch systems and 
contain acidic monomers (see Table 9-1). Some earlier self-etch 
systems were noted to be negatively affected by pre-etching 
of dentin with phosphoric acid. Although these universal 
adhesives are new and just now being studied, early research 
appears to show that they are not adversely affected by this 
etch-and-rinse step either in vivo188 or in vitro.189,190 

The reported strong bond strengths of these new materi-
als to metal and zirconia is likely a result of a functional acidic 
monomer MDP contained within the formulation of most 
universal adhesives. This reactive monomer has been reported 
to have a strong affinity to dentin and enamel191 and metal.192 
In addition, these materials form a chemical bond with zirco-
nia (Zr-O-P).193 It has also been shown that MDP-containing 
adhesives render the adhesive interface more resistant to bio-
degradation194 because of the chemical bond with the residual 
hydroxyapatite crystals that remain available on the substrate 
after use of a self-etch approach on dentin. Some of these new 
formulations also contain silane coupling agents to aid adhe-
sion to certain ceramic surfaces.191  

The primary use of these adhesives is with light-activated 
resin composites in direct restorations. Nevertheless, because 
of the limited thickness of the adhesive layer, they can also 
be used to lute indirect restorations with self- or dual-cured 
composites and cements in combination with a self-curing 
activator. If the initial research on these materials is confirmed 
by longer-term studies, these adhesives should provide greater 
flexibility to the practitioner.

Role of the Smear Layer on Dental 
Adhesives
Cavity preparation is accomplished through the use of man-
ual or mechanical instrumentation (ie, different burs or hand 
instruments) producing a smear layer both on enamel and den-
tin. Depending on the type of burs and their coarseness and the 
speed of the handpieces or the type of manual instruments, the 
thickness and composition of the smear layer produced may 
greatly vary.195–198 

Medium-grit (100-µm) diamond bur preparation on enamel 
results in a rough and irregular surface with enamel frag-
ments fractured or loosely attached to the enamel surface.155 
Moreover, numerous subsurface cracks are present. Dentin 
surfaces prepared with medium-grit diamond burs show more 
irregularities associated with a thicker (approximately 5-µm) 
and denser smear layer resulting in a compact smear plug 
that occludes dentinal tubules when compared with dentin 

prepared with tungsten carbide burs (smear layer thickness of 
approximately 2 µm).199

The smear layer is not strongly attached to the tooth sub-
strate, and the adhesive systems should remove or modify it 
to permit an adequate impregnation of the underlying tooth 
surface and thus proper hybrid layer formation.35 While etch-
and-rinse adhesives completely dissolve the smear layer, self-
etching (etch-and-dry) adhesives only modify it, and so their 
bond strength can be affected by the smear layer thickness.35 
Smear layer modification is correlated to the pH of the self-
etching adhesives.44 Strong self-etching adhesives are able to 
dissolve the smear layer, while mild and ultramild self-etching 
adhesives cannot perform as well.200 A thick smear layer can 
potentially impair the infiltration process of ultramild adhe-
sives because the acidic monomers are neutralized by its 
components at an early stage, reducing the etching effect on 
the dentin.196 It has been demonstrated that when ultramild 
self-etching adhesives are used, the thicker the smear layer, 
the lower the bond strength.35,199,201 Thus, if a mild or ultramild 
adhesive will be used, an attempt should be made to reduce 
the smear layer thickness, such as by lightly abrading all cavity 
walls using fine-grit diamond burs.202 Prolonged application 
time and active brushing of the adhesive during its application 
may also help to dissolve the smear layer, thereby promoting 
substrate infiltration and improving the bond strength of self-
etching adhesives to dentin.199

Similarly, the smear layer is thought to interfere with the 
development of an adequate adhesive layer at the enamel 
interface when mild and ultramild self-etching adhesives are 
used. Because the smear layer is more easily dissolved than 
intact enamel, its neutralizing effect on acidic monomers of 
self-etching adhesives is faster. As a result, a thick smear layer 
might act as a barrier to adequate demineralization of the 
enamel substrate.155 For this reason, the selective etching of 
enamel with phosphoric acid when using self-etching adhe-
sives should always be performed.35,155

Glass-Ionomer Cements
Glass-ionomer cements, also called polyalkenoates, are the only 
dental materials in which the primary adhesion to tooth surfac-
es is via a true chemical bond.203 Manufacturers provide these 
cements as two separate components: a powder that contains 
calcium aluminosilicate glass and a liquid that contains poly-
acrylic acid (and, in some cases, maleic acid) in water203 (Fig 
9-13). Setting occurs when the acid groups react with cations 
dissolved from the glass surface to form a salt.204

The carboxyl groups of the acids contained in the glass-
ionomer material interact with the calcium content of tooth 
hydroxyapatite to form ionic bonds204 (see Fig 9-13). When glass-
ionomer cements are used to bond to dentin, smear layer re-
moval and partial hydroxyapatite demineralization are frequent-
ly achieved through the application of a weak polyalkenoic acid 
conditioner. This procedure coats the collagen fibrils with 
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hydroxyapatite and produces a pore-interspersed network.205,206 

The glass-ionomer material then acts as a self-etchant by 
hybridizing the partially demineralized dentin.44 Some glass 
ionomers and polyalkenoic acid conditioners form a gel phase 
composed of calcium polycarboxylate salt at the bonded 
interface.207

The use of glass-ionomer cements produces bond-strength 
values similar to those of two-step self-etching adhesives on 
enamel and equal to those of one-step self-etching adhesives 
on dentin.44 However, it is difficult to determine the true bond 
strength of glass ionomer to tooth structure, because exami-
nation of the failure surfaces typically shows residual glass-
ionomer on the bonding surfaces, suggesting cohesive failure 
within the material.208

Adhesion to Intraradicular Dentin
Posts are routinely used to restore endodontically treated teeth 
because of the favorable properties of fiber posts in combina-
tion with several luting agents and adhesive systems.209,210 
However, the selection of a luting strategy that provides 
reliable and long-lasting bonding to root dentin is difficult 
because of the large variety of products and the intrinsic dif-
ficulties of bonding within the endodontic space. 

Posts can be cemented using conventional dual-curing 
resin-based cements in combination with etch-and-rinse or 
self-etching adhesives or using the recently formulated self-
adhesive cements, which are all-in-one resin-based materials 
that allow simultaneous bonding between the intraradicular 
dentin and the post211,212 (Figs 9-14 and 9-15). The procedure 
of bonding to intraradicular dentin differs from that to coronal 
dentin mainly because of the limited access to the endodontic 
or post space, which may lead to clinical errors that compro-
mise adhesion.213,214 

The pulp tissue, predentin, mineralized dentin, and sur-
rounding cement layer can be identified through analysis of 
the radicular substrate. Predentin is defined as the unmineral-

ized organic matrix lining the innermost pulpal portion that 
is removed by pulpal tissue instrumentation and, in the case 
of post-space preparation, the use of calibrated burs. These 
root canal procedures create a dental substrate consisting 
of mineralized intraradicular dentin.215,216 Although intrara-
dicular and coronal dentin exhibit only minor morphologic and 
biochemical differences in substrate composition, significant 
differences have been found in the bond strengths to these 
different materials. Many studies also have shown that bond 
strength decreases from the coronal to the apical third of the 
root canal because of the significant reduction in the number 
of tubules toward the apical region and changes in the ratio of 
peritubular to intertubular dentin from the apical to the coro-
nal third.215,216 Although the greater proportion of intertubular 
dentin near the apex should result in higher bond strength 
in the apical third (versus coronal third) of the root, mineral 
deposits resistant to acid demineralization are frequently pres-
ent near root apices and significantly affect the formation of the 
hybrid layer.213 

These intrinsic substrate modifications result in reduced 
peritubular dentin infiltration and resin tag formation, com-
promising the achievement of high bond strength in the apical 
third of the root. The lower bond-strength values resulting from 
reduced adhesive impregnation reported by some authors216 
are likely because of a combination of these factors. Because 
hybrid layer thickness and resin tag morphology have recently 
been found to contribute only minimally to bond strength, the 
reduced bond strength to intraradicular dentin is likely because 
of factors other than substrate morphology, such as the clini-
cal challenges posed by the limited endodontic space and the 
high cavity-configuration factor (C-factor).217

Clinicians would thus benefit from the development of a 
standardized, predictable, and reliable adhesive procedure for 
bonding within the endodontic space. To improve immedi-
ate bond strength and the long-term stability of the adhesive 
interface, operators also must be familiar with the primary 
factors that may negatively impact adhesion in this region and 
be able to critically evaluate clinical situations. Clinical factors 

Fig 9-13 Glass-ionomer cement 

setting reaction. The carboxyl 

groups of the acids contained in 

the glass-ionomer material inter-

act with the calcium content of 

tooth hydroxyapatite to form ionic 

bonds.
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(procedures and materials) and the geometric characteristics of 
the endodontic space can affect the use of adhesives and luting 
procedures in root canals.213,218,219

Because endodontic therapy seeks to disinfect the root 
canal space and fill it with an inert material, the creation of a 
tight seal with the tooth structure is mandatory. Adhesion to 
intraradicular dentin requires the creation of a perfectly clean 
post space because of the modification of intraradicular den-
tin caused by the use of sodium hypochlorite (NaOCl) rinses, 
ethylenediaminetetraacetic acid (EDTA), endodontic cements, 
gutta-percha, or other endodontic filling materials.218

Endodontic smear layers
The morphologic features, composition, and thickness of the 
endodontic smear layer are determined by endodontic instru-
ment type, irrigation method, and tooth substrate type.42 
Whereas coronal smear layers contain materials derived from 
the dentinal matrix, endodontic smear layers contain a wider 
variety of inorganic and organic materials, including odonto-
blast fragments, microorganisms, and necrotic material.220 The 

thickness of the smear layer ranges from 0.5 to 2.0 µm, with 
smear plugs obstructing dentinal tubule orifices and extending 
up to 40 µm into the tubules. Debris and pulp tissue remnants 
on dentinal surfaces within the root canal may prevent effec-
tive bonding; this endodontic smear layer forms a barrier that 
significantly affects adhesive bonds between instrumented 
canal walls and restorative materials and impacts the resin 
cementation of fiber posts. Although the retention of the smear 
layer may be desirable in some adhesive dentistry applications, 
it should be removed in endodontic procedures.221 Because the 
endodontic smear layer may harbor microorganisms and pro-
tect bacteria within dentinal tubules, removing it from infected 
root canals allows the penetration of intraradicular medications 
into the tubules.222 Several studies have also reported that the 
removal of the smear layer promotes better adhesion of obtu-
ration materials and increases the penetration depth of sealers 
within the dentinal tubules by 10 to 80 µm.220 

In addition to the smear layer produced by manual or rotary 
instrumentation of root canal walls, the subsequent prepara-
tion of the post space creates a thicker smear layer composed 
of debris and sealer/gutta-percha remnants that significantly 

Fig 9-14 Step-by-step procedure of intraradicular bonding using a three-step etch-and-rinse adhesive. (Courtesy of Adamo Monari, Verona, Italy.) (a) In the etching 

step (1), enamel is etched with phosphoric acid gel, followed by placement of liquid phosophoric acid on the dentin and into the canal. This is to enhance diffusion of 

the acid down the canal and to improve rinsing for acid removal. Note that a paper point is used to ensure adequate removal of water after rinsing. (b) In the priming 

step (2), a thin microbrush is used to apply the primer, a paper point is used to remove excess primer, and it is gently air dried to evaporate the solvent. A periodontal 

probe is used to measure the extent of the prepared canal and is compared to the saturated length of the paper point to ensure that the primer has permeated to the 

complete depth of the canal preparation. (c) In the bonding step (3), a thin microbrush is used to apply the bonding agent, a paper point is used to remove excess 

bonding resin, and it is finally light cured.

Etching (step 1) Priming (step 2) Bonding (step 3)

Rinsing
and
drying

Chlorhexi-
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influences fiber post adhesion.223 In post-space preparation, 
the use of drills to remove the root-filling material produces 
this second smear layer. Drilling friction plasticizes the sealer 
and gutta-percha remnants contained within this layer, reduc-
ing the penetration and chemical action of fiber post bonding 
agents. Furthermore, the endodontic canal space allows only 
minimal irrigation. The achievement of optimal post reten-
tion thus requires the creation of clean dentinal surfaces after 
mechanical post-space preparation, particularly with the use of 
resin cements.224 

Some authors have suggested that pretreatment with 
NaOCl and phosphoric acid225 or a chelating agent can effi-
ciently remove large areas of smear layer that would otherwise 
be unavailable for bonding and resin cementation of fiber 
posts, thereby improving post retention. The use of ultrasonic 
instrumentation and EDTA before bonding has also been sug-
gested to reduce the presence of debris and open tubules.226 

Although these proposed pretreatments enhance the removal 
of the smear layer, the effectiveness of interfacial bonding is 
related primarily to the choice of bonding procedure.227

Clinical factors
Several clinical factors may affect adhesion to intraradicular 
dentin. The use of some disinfectants or medications during 

root canal preparation may adversely affect dentin-post bond 
strength,228,229 as can bleaching and retreatment procedures.218

Irrigation of the endodontic space exposes radicular and 
coronal dentin to various disinfecting solutions that alter 
the dentinal surface and affect interactions with resin-based 
materials used for root canal obturation or coronal restora-
tion.213,230 The effects of solutions such as EDTA and NaOCl on 
dentin have been investigated extensively.229,231,232 Although 
NaOCl is usually recommended for endodontic irrigation, it 
has strong oxidizing properties and should not be used with 
resin-based materials. The use of NaOCl produces an oxygen-
rich layer on the dentinal surface that can significantly reduce 
bond strength and increase microleakage.231 Thus, the operator 
must employ clinical procedures that optimize adhesive-dentin 
and post-resin bond strength when using resin cements to 
lute endodontic posts. The use of a solution containing 10% 
ascorbic acid or 10% sodium ascorbate after NaOCl irrigation 
can improve adhesion to intraradicular dentin by completely 
reversing the compromised bond obtained with 5% NaOCl–
treated dentin.231

Hydrogen peroxide (H2O2) may also be used during canal 
instrumentation to effectively remove pulp tissue remnants 
and dentin debris. However, the use of 3% H2O2 has been 
found to negatively affect the strength of bonds between resin 
cement and root canal dentin.233 When it reacts with NaOCl, 

Fig 9-15 Step-by-step procedure of intraradicular bonding using a two-step self-etching adhesive. (Courtesy of Adamo Monari, Verona, Italy.) (a) In the etching step 

(1a), phosphoric acid gel is selectively applied to the enamel only. After rinsing, a paper point is used to remove water prior to priming. (b) In the priming step (1b), 

a thin microbrush is used to carry the primer to the full extent of the prepared canal, and a paper point is used to ensure adequate removal of excess primer/etchant 

prior to gentle air drying. (c) In the bonding step (2), a thin microbrush is used to apply the bonding agent, a paper point is used to remove excess bonding resin, and 

it is finally light cured.
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H2O2 breaks down and liberates water and oxygen, both of 
which may strongly inhibit the interfacial polymerization of 
resin-based bonding materials. The use of RC-Prep (Premier 
Dental Products) as a lubricant and demineralizing agent has 
also been found to reduce the strength of bonds between 
resins and root canal dentin. The polyethylene glycol vehicle 
(Carbowax, Dow Chemical) included as a lubricant in RC-Prep 
is difficult to eliminate completely during rinsing and inhibits 
resin polymerization. However, treatment with 10% ascorbic 
acid following the application of RC-Prep can restore bond 
strength to control values.231

Intraradicular irrigating solutions (NaOCl, H2O2, EDTA) 
directly affect the structural components of root canal dentin, 
significantly reducing microhardness.232 Although these irrig-
ants soften the dentinal walls, which may be clinically desirable 
because it permits rapid preparation and facilitates access to 
small, tight root canal spaces, adhesion and sealer performance 
are negatively impacted in chemically treated dentinal sur-
faces. The use of 0.2% chlorhexidine gluconate as an irrigating 
solution has been suggested to provide optimal obturation 
because it does not affect the microhardness and roughness of 
root canal dentin.228

Calcium hydroxide paste may be placed in the root canal 
between endodontic treatments for its antimicrobial proper-
ties and other beneficial effects. However, calcium hydroxide 
cannot be removed completely before obturation, and resid-
ual particles may form a physical barrier to bonding in some 
areas.234 The high pH of calcium hydroxide may also neutralize 
the self-etching/primer solutions of self-etching adhesives, 
reducing etching effectiveness and bond strength.

Eugenol, which is included in some sealants and in zinc oxide–
eugenol temporary cements, negatively affects resin polymer-
ization and compromises bonding effectiveness because it can 
permeate dentin.235 Like other phenolic compounds, eugenol 
is a radical scavenger that inhibits resin polymerization.236 To 
avoid suboptimal polymerization and reduced bond strength, 
the application of a eugenol-based sealer or temporary mate-
rial should be followed by the mechanical cleaning of root 
canal walls with detergent or alcohol to remove all residual 
material.237 Such thorough cleaning may facilitate the removal 
of oily debris layers before bonding.218,219

During endodontic retreatment procedures, radicular and 
coronal dentin may be exposed to gutta-percha solvents (eg, 
chloroform, halothane) applied within the root canal.238 These 
strong lipid solvents may alter the chemical composition of the 
dentinal surface and organic matrix, affecting the interaction 
with resin-based restorative materials. The solvents may be 
redeposited as a waxy film on the root canal surface, interfer-
ing with resin-dentin bonds and significantly reducing bond 
strength.238 See chapter 21 for more on the restoration of 
endodontically treated teeth, including post preparation and 
cementation.

Bleaching

Tooth discoloration resulting from endodontic treatment is 
a serious problem that has received increasing attention in 
esthetic dentistry.237 Although a variety of techniques can be 
used to improve esthetic outcomes, tooth whitening (bleach-
ing) is the most conservative and cost-effective method of 
enhancing nonvital tooth appearance. However, bleaching 
has been associated with several side effects,239 including 
reduced bond strength in resin-based restorative materials.237 
This reduction in bond strength is because of the oxygen-rich 
surface produced by H2O2-based products, which significantly 
inhibits adhesive polymerization.240 Bond strength may be 
improved by placing the final restoration 1 week after a bleach-
ing procedure to allow the release of residual oxygen. Extended 
polymerization times may partially mitigate polymerization 
inhibition when immediate bonding is necessary.240 

Incompatibility between simplified adhesives 
and chemically/dual-cured composites and resin 
cements

The two-step etch-and-rinse and one-step self-etching adhe-
sives have been found to be incompatible with chemically or 
dual-cured composite materials.241,242 This results in reduced 
bond strength in inverse proportion to adhesive acidity. In 
addition, adverse chemical interactions occur between sub-
optimally polymerized acidic adhesive resin monomers and 
catalysts in the composites.242 These adhesives exhibit incom-
patibility with such composites because of the increased 
concentrations of lower-pKa acidic resin monomers that are 
included in these products to increase permeability.243 These 
monomers can react with the basic components (aromatic ter-
tiary amines) of the composite, inhibiting polymerization and/
or creating a hypertonic environment in which fluid is drawn 
osmotically from bonded hydrated dentin through the perme-
able adhesive layer.243 

The use of an intermediate resin layer in three-step etch-
and-rinse and most two-step self-etching adhesive systems 
(ones that do not contain an acidic monomer in their adhesive 
resin components) renders them compatible with chemically 
or dual-cured resin composites.241 The resin layer is less acidic 
and less hydrophilic, which prevents the negative acid-base 
reaction. The layer also prevents direct contact with the acidic 
monomer components in the primer layer and reduces the 
permeability of resin-tooth interfaces.

Dual-curing adhesives are commonly used for bonding to 
root canal dentin because they can self-polymerize without 
light in the deep regions of the post cavity. However, the 
incompatibility between one-step self-etching adhesives and 
chemically/dual-cured composites precludes their use for indi-
rect bonding in areas that are inaccessible to light activation. 
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The use of one-step self-etching adhesives should thus be 
avoided in these situations, although the acid-base reaction 
may be overcome with the use of a ternary catalyst.243,244

Geometric factors
The endodontic use of methacrylate-based resin materials is 
affected by polymerization-associated shrinkage stresses that 
are great enough to cause debonding from dentin.245 This 
debonding may result in reduced retention and increased leak-
age with the enhanced potential for bacterial invasion at the 
tooth-resin interface. 

Feilzer et al246 in 1987 found that shrinkage stress was relat-
ed to the C-factor, defined as the ratio of bonded to unbonded 
surface area in the restoration. High C-factor values are indi-
cations of situations where the material is polymerizing under 
greater external constraint, thus establishing high internal 
stresses, which may exceed the bond strength to the tooth. 
The viscoelastic properties of the resin material also affect 
shrinkage stress; rigid resins produce high shrinkage stresses 
that have a greater potential to increase gap formation at the 
tooth-resin interface.247 Bonds may be preserved if the elastic-
ity of the surrounding materials is sufficient to relieve shrink-
age stress caused by the wall-to-wall contraction of the resin 
material.21 However, such relief is unlikely in deep root canals 
because of the geometry of the cavity and the thickness of 
resin films.248 Root canal cavities have small unbonded surface 
areas that provide insufficient stress relief, increasing the prob-
ability of debonding in one or more bonded areas. Braga et 
al249 found that shrinkage stress in composite restorations was 
affected more strongly by cavity depth than by diameter, which 
has negative implications in endodontic cavities. Negative 
geometric factors affect the cementation of endodontic posts 
to prepared post spaces, significantly compromising the ability 
to create leak-free interfaces. The C-factor in post spaces may 
exceed 200, whereas coronal restorations are characterized by 
C-factors of 1 to 5.245,250 

Rheologic properties of the luting materials are also impor-
tant during the luting procedure. In particular, a high percent-
age of filler in the resin cement has been found to significantly 
decrease bond strength because of increased polymerization 
stress at the interface.217

Evaluation of Bond Strength
The in vitro performance of adhesive systems is most fre-
quently evaluated using macro- or microbond strength tests, 
the distinction being dependent on the size of the bonded 
area (Fig 9-16). Because dental research literature is replete with 
bonding studies, a brief review of the types of studies that will 
be encountered, as well as their primary strengths and weak-
nesses, will be provided. 

Macrobond strength tests

Bonded areas exceeding 3 mm2 are assessed by macrobond 
strength tests113 employing a shear, tensile, or push-/pull-out 
technique. Bond-strength values obtained using macrobond 
tests are usually lower than those obtained using microbond 
tests (area ~ 1 mm2) because the increased surface area has a 
higher probability of containing large flaws that lead to bond 
failure113,251,252 (see Fig 9-16).

Macroshear tests
In macroshear tests, a composite cylinder of restorative mate-
rial is fixed to a flat enamel or dentinal surface after the applica-
tion of adhesive (see Fig 9-16). Force is then applied parallel to 
the tooth surface until the bond fails.251 Although loops, chisels, 
or knife edges have been used for load application, the use of a 
guillotine jig is recommended in the International Organization 
for Standardization (ISO) standard no. 11405.253 Differences 
among studies in force-application devices as well as crosshead 
speed often prevent the direct comparison of test results.252

Although macroshear tests are the most commonly used 
method of assessing bond strength because of the simplicity of 
specimen preparation,254 the stress generated at the bonding 
interface in such tests may lack uniformity. Such uneven stress 
may significantly affect the mode of bond failure.255–258

Macrotensile tests
In macrotensile tests, tensile force is applied to a cylinder 
of restorative material (typically composite) that has been 
polymerized onto a flat enamel or dentinal surface after the 
application of adhesive.259 Although such tests are used less 
commonly than macroshear tests, they allow the evaluation of 
bond strength in luting agents used with hard materials such as 
metal alloys and ceramics.260,261

Push-/pull-out tests
In push-out tests, a specimen is embedded into a thin slice of 
material with its long axis oriented in the plane of the slice (see 
Fig 9-16). A compressive axial load is then applied to the upper 
surface of the specimen, extruding it through the base of the 
slice until debonding occurs.262 The retention of posts luted in 
root canals263,264 is typically assessed with push-out tests. This 
method also allows the concurrent microscopic analysis of 
marginal adaptation in the same specimen.251 

The pull-out test is usually applied to fiber-reinforced com-
posites, by which a single fiber, partially embedded within a 
resin matrix, is extracted under a tensile load.265

Microbond strength tests
Bonded surfaces with areas of 1 mm² or less are assessed using 
microbond strength tests, which may be divided into micro-
shear and microtensile tests (see Fig 9-16).
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Microshear tests
Microshear tests evaluate bond strength using restorative 
material buildups with small (≤ 1 mm2) cross sections of 
bonded areas. Specimen preparation for these tests is rela-
tively simple, and multiple specimens can be prepared from a 
single tooth. However, it is impossible to confine the adhesive 
to the test area, as specified by ISO standard no. 11405 (2003). 
Furthermore, the distribution of stress in microshear tests is 
concentrated nonuniformly in the substrate, leading to the 
significant underestimation of stress. These shortcomings limit 
the recommended use of microshear tests to brittle substrates 
that are susceptible to fracture during specimen preparation, 
such as enamel or glass ionomers.

Microtensile tests
Bond strengths to dentin are most frequently evaluated using 
microtensile tests (µTBS). In these tests, large restorative mate-
rial buildups are placed on a flat dentin surface after the appli-
cation of adhesive. Multiple specimens may then be obtained 
from each tooth by removing 1 × 1–mm or smaller sections 
(ie, sticks) from the tooth-composite preparation. The speci-
mens are then loaded to failure, and the tensile load at failure 
is divided by the cross-sectional area of the bonded interface 
to determine microtensile bond strength. Specimens may be 
prepared using trimming or nontrimming procedures266,267; the 
nontrimming technique is simpler and requires less preparation 
time. Trimming procedures create dumbbell- or hourglass-
shaped specimens by trimming them at the interface. Although 
this technique improves the concentration of stress at the inter-
face, specimen preparation is complex and highly operator 
dependent. The use of gripping devices or glue with specimen-
jig attachments, the speed of loading, and the alignment of 
specimens may also affect the results of microtensile tests.

Pretest failure occurs frequently during the preparation of 
specimens for microtensile tests. Several approaches to the 

consideration of such failures have been proposed, although 
each is associated with an analytic shortcoming. The exclusion 
of all pretest failures from statistical analyses may lead to the 
overestimation of bond strength, whereas the designation of 
a 0-MPa bond strength value to each failure may result in the 
underestimation of bond-strength. A predetermined bond-
strength value, such as the lowest measured value within the 
test group, may also be assigned to each pretest failure.

Hybrid Layer Aging and Interface  
Stability
Because the dentin substrate is impregnated by resin mono-
mer blends during bonding, the stability of a bonded interface 
depends on the creation of a compact and homogenous 
hybrid layer.22 Bonding with etch-and-rinse systems includes 
preliminary etching to demineralize the substrate and cre-
ate a porous surface, followed by the application of bonding 
monomers.33,34,37 The complete infiltration of the adhesive 
into the substrate is necessary to achieve a stable bond with 
these systems.16,34,66,68,268,269 In self-etching adhesive systems, 
acidic co-monomers simultaneously demineralize and infil-
trate the dentin; interface stability thus depends on effective 
co-monomer–substrate bonding.35 Mild (pH ~ 2) two-step 
self-etching systems also produce chemical bonds between 
carboxyl or phosphate groups contained within functional 
monomers and residual hydroxyapatite crystals on the den-
tinal collagen scaffold; these bonds synergistically enhance 
long-term stability.24,35 However, there is also some evidence 
of continued etching after curing for some aggressive one-step 
self-etching systems,45,161 which would lead to exposed colla-
gen and accelerated bond degradation.

Fig 9-16 Schematic setups of 

the main bond-strength tests (left 

to right: macroshear, microshear, 

macrotensile, microtensile, push-

out). 

Macroshear Microshear Macrotensile Micro-
tensile

Push-out

Top
view

Side
view
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Physical and chemical factors contribute to the clinical lon-
gevity of the hybrid layer. Physical factors affecting interface 
stability include occlusal chewing forces and repetitive expan-
sion and contraction stresses produced by temperature chang-
es within the oral cavity.179,270 The interface is also affected by 
bacterial and acidic agents in dentinal fluid, saliva, food, and 
beverages, which produce various patterns of collagen fibril 
and resin degradation16,23 and resin-monomer elution (likely 
because of suboptimal polymerization).109,115

The hybrid layer is created by the combination of the den-
tinal organic matrix with residual hydroxyapatite crystallites, 
resin monomers, and solvents; individual components may be 
affected by aging, and degradation may result from the syn-
ergistic combination of several components within the hybrid 
layer.22

Resin degradation
After storage, the hybrid layer may exhibit two patterns of 
degradation that compromise the strength of the resin-dentin 
bond: collagen fibril disorganization and the hydrolysis of resin 
from interfibrillar spaces within the hybrid layer.268 

Hydrolysis is a primary means of resin degradation within 
the hybrid layer.22,112 This chemical process involves the dis-
ruption of covalent bonds between polymers when water is 
added to ester bonds, resulting in the loss of resin mass112,271 
and contributing to the reduction in long-term bond strength 
created by dentinal adhesives.16,22 In efforts to reduce such 
degradation, several studies have investigated the degree of 
water sorption within the hybrid layer produced by recently 
introduced simplified adhesive products.15,16,22,23 Two-step 
etch-and-rinse and one-step self-etching adhesives employing 
hydrophilic acidic resins have shown high water sorption.15 
Water sorption significantly decreased the elastic modulus of 
resins, as plasticization of the polymer contributes to reduced 
bond strength in a manner similar to but independent of resin 
hydrolysis.23,272

Because hydrolytic degradation occurs only in the presence 
of water, it is closely associated with the hydrophilic properties 

of adhesives and the degree of water sorption.112,273 The com-
bination of hydrophilic and ionic resin monomers in two-step 
etch-and-rinse and one-step self-etching adhesive systems 
thus produces a bonded interface that lacks a solvent-free 
hydrophobic resin coating.112 Hybrid layers created using such 
systems behave as semipermeable membranes that permit the 
movement of water throughout the bonded interface, even 
after adhesive polymerization114 (Fig 9-17). 

Etch-and-rinse adhesive systems are prone to nanoleak-
age because of insufficient adhesive impregnation along the 
resin-dentin interface after demineralization.65,67,177 The high-
er hydrophilic monomer content of two-step etch-and-rinse 
adhesives (versus three-step systems)112 results in greater 
permeability after polymerization, which facilitates moisture 
uptake and increases nanoleakage expression.114 Although 
all types of adhesive systems have shown variable degrees of 
incomplete polymerization associated with permeability to 
fluid movement,109,115,274 these issues are more pronounced 
in simplified adhesives (eg, two-step etch-and rinse, one-step 
self-etching systems), likely because of a higher content of 
hydrophilic monomers109,115,274 (Fig 9-18). Partially cured adhe-
sives exhibit greater permeability, which may increase water 
sorption and compromise the long-term integrity of adhesive-
composite bonds.124 In contrast, more complete polymeriza-
tion (and thus reduced permeability) can be achieved with 
the use of dentin bonding systems that include solvent-free 
hydrophobic monomers.115

Collagen fibril degradation
Bond longevity may also be negatively impacted by increased 
water content at the bonded interface resulting from resin and 
collagen degradation. In addition, the degradation of collagen 
is caused primarily by the presence of water. Resin or collagen 
hydrolysis may degrade the hybrid layer, causing the loss of 
resin from interfibrillar spaces and the disorganization of colla-
gen fibrils268 and physically weakening the resin-dentin bond.23 
After long-term storage, bonded materials have exhibited 
resin elution and/or hydrolytic degradation of collagen matri-

Fig 9-17 Illustrative steps of the in vivo analysis of 

the permeability of adhesives. A cavity was pre-

pared and bonded (a), and an impression of the 

cavity floor was obtained (b). After a cast with epoxy 

resin was poured, specimens analyzed under FE-

SEM revealed water droplets emanating from the 

adhesive surface (c). These droplets are the mor-

phologic evidence of water that seeped from the 

adhesive layer during the setting time of the hydro-

phobic impression material, forming major droplets 

as well as minor droplets (pointers) over the adhe-

sive. These droplets may compromise coupling 

be tween the adhesive and the resin-based restor-

ative material. (Reprinted from Breschi et al22 with 

permission.)

b ca
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ces.22,23 In vitro and in vivo studies have detected deterioration 
within the hybrid layer that indicates the presence of numerous 
exposed collagen fibrils.

The dentinal surface is often incompletely hybridized in 
resin-dentin bonding, regardless of the adhesive system used. 
Such incomplete hybridization may leave exposed collagen 
fibrils and residual adhesive solvent and/or surface water that 
increases vulnerability to hydrolytic degradation.101,119,276 

Dentin bonding may also be affected by the breakdown of 
collagen matrices by host-derived proteinases released during 
the development of dentinal caries and periodontal dis-
ease.277,278 The presence of matrix metalloproteinases (MMPs) 
in human dentin can be inferred based on evidence for colla-
genolytic/gelatinolytic activities in partially demineralized col-
lagen matrices.279–282 MMPs are zinc- and calcium-dependent 
endopeptidases that are incorporated within the mineralized 
dentinal matrix during tooth development.283 When released 

and activated during dentin bonding procedures, these 
en dogenous enzymes can degrade extracellular matrix compo-
nents283 (Fig 9-19). 

In vitro studies have found that MMPs thin or remove col-
lagen fibrils from incompletely infiltrated hybrid layers in aged, 
bonded dentin,85,87,89,284 and in vivo studies have observed 
MMP-induced collagen degradation in basal hybrid layers.88,89 
The use of chlorhexidine, an antibacterial agent with MMP-
inhibiting properties, on acid-etched dentin during etch-and-
rinse bonding procedures can maintain hybrid layer collagen 
integrity.85–88 This effect confirms the indirect involvement of 
MMPs in collagen degradation (see Fig 9-19). 

Cysteine cathepsins, which can be activated in mildly acidic 
environments, may also contribute to collagen degradation.285 
The activation of dentin-bound cathepsins may also activate 
matrix-bound MMPs, increasing long-term hybrid layer insta-
bility.16,22

a

Fig 9-18 Correlative transmission electron microscope (TEM) and FE-SEM examination of nanoleakage produced by a one-step self-etching adhesive. The adhesive 

was applied to the dentin passively (without agitation). (a) The TEM micrograph of the resin-dentin interface shows the presence of a 2 µm–thick hybrid layer (white 

arrows). The entire hybrid layer is filled with fine, isolated silver grains that were probably affiliated with the partially demineralized, unstained collagen fibrils (pointer). 

Very fine silver grains could be seen within the adhesive layer. A—adhesive; D—dentin; P—peritubular dentin; T—tubule impregnated by the adhesive. (b) FE-SEM 

images taken from a region within the fractured hybrid layer show that the latter was completely covered with fine silver grains, and (c) at higher magnification these 

fine silver grains were in the range of 5 to 20 nm in diameter. These silver grains were affiliated with the dehydrated and shrunken collagen fibrils. (Reprinted from 

Suppa et al275 with permission.)

b c

Fig 9-19 TEM images obtained combining numerous micrographs of a representative specimen treated without (a) or 

with (b) 0.2% chlorhexidine for 30 seconds, then bonded with a two-step etch-and rinse adhesive (Adper Scotchbond 1 

XT) and stored for 2 years in artificial saliva at 37°C. (a) The control adhesive interface reveals extensive interfacial silver 

nanoleakage (pointers) due to individual silver grains and large clusters of silver deposits within the collagen fibrils of 

the hybrid layer. (b) If chlorhexidine was used, the adhesive interface revealed only very few scattered particles of silver 

nanoleakage within the hybrid layers. Bar = 2 µm. HL—hybrid layer; MD—mineralized dentin; T—dentinal tubules; A—

filled adhesive. (Reprinted from Breschi et al85 with permission.)

a b
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As esthetic awareness grows and becomes more 
important throughout our society, patients demand 
highly esthetic restorations. Esthetic restorative mate-
rials must blend into the natural dentition by simulat-
ing the natural tooth in color, translucence, form, and 
texture yet also have adequate strength and wear 
characteristics, good marginal adaptation and seal-
ing, insolubility, and biocompatibility. These materials 
must also remain color stable and maintain external 
tooth morphology to provide a functional, lasting 
esthetic restoration.1 This chapter addresses the mate-
rials and clinical procedures used to place direct func-
tional esthetic restorations in anterior teeth.

Resin composites, also called resin-based compos-

ites, composite resins, or simply composites, are by far 
the most commonly used restorative materials in the 
anterior region of the mouth.2 Resin composites are 
currently the direct restorative materials that best ful-
fill the requirements of tooth preservation, excellent 
esthetics, and durability. Resin composites may be used 
for the treatment of caries and tooth defects as well as 
for solving esthetic problems like diastemata, peg-
shaped lateral incisors, misaligned teeth, and discol-
orations. Nonetheless, resin composites pre sent some 
disadvantages: (1) they shrink during poly merization, 
(2) they require good isolation for proper bonding, (3) 
they are less resistant to wear than ceramics, (4) they 
are prone to chipping, (5) they do not bond as well to 
dentin and root surfaces as they do to enamel, and (6) 
they do not have antibacterial properties.3

Studies assessing the clinical longevity of resin 
composite as an anterior restorative material have 
found that 60% to 80% of all Class 3 and Class 5 res-
torations remain acceptable after 5 years. The most 
common reasons for repair or replacement of anterior 
composite restorations are marginal staining, surface 

discoloration, secondary caries, edge chipping in high-
stress areas, and/or fracture of the restoration.4–9 Class 
4 composite restorations placed on fractured teeth 
present shorter longevity than Class 3 or Class 5 res-
torations because they are submitted to more stress 
from occlusal function.10,11 The most common vari-
ables influencing the survival of anterior composite 
restorations are reported to be the individual practitio-
ner, the location and size of the restoration, the patient 
age and caries risk, and the bonding substrate.12–14 

Material Considerations

Resin composites
Resin composites contain four structural components: 
polymer matrix, filler particles, a coupling agent, and 
an initiator system. The matrix is the continuous phase 
to which the other ingredients are added. Most resin 
composite matrices are based on the bisphenol glyc-
idyl methacrylate (bis-GMA) resin developed by R. L. 
Bowen of the National Institute of Standards and Tech-
nology and patented in 1962. Some resin composites 
use urethane dimethacrylate (UDMA) instead of bis-
GMA, while many now use a combination of the two 
materials. Because of the high viscosity of bis-GMA, 
manufacturers typically add a low-viscosity monomer, 
such as triethylene glycol dimethacrylate (TEGDMA), as 
a polymerizable diluent. Recent progress in resin com-
posite formulation includes the development of new 
monomers with reduced polymerization shrinkage 
or shrinkage stress and the incorporation of adhesive 
monomers to make self-adhesive composites.3 

Filler particles are usually a type of radiopaque glass, 
zirconium oxide, aluminum oxide, or silicon dioxide 
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added to the matrix to improve the physical properties of 
the final composite. The filler improves translucency; reduces 
the coefficient of thermal expansion; reduces polymerization 
shrinkage of the composite; and makes the material stronger, 
harder, denser, and more resistant to wear. Generally, the 
greater the percentage of filler added (by volume or weight), 
the better the physical properties of the resin composite. How-
ever, filler loading has an upper limit, after which the material 
becomes too viscous for clinical use.

The filler particles are coated with an organosilane, a cou-
pling agent capable of producing chemical bonding to the filler 
particles and the resin matrix. Without a coupling agent, the 
strength of the cohesive mass is reduced, and the filler particles 
tend to be lost, or “plucked,” from the surface as preferential 
wear occurs in the softer surrounding resin matrix.15

Activation of the curing reaction may be accomplished by 
mixing two composite components (ie, autocuring or self- 
curing composites) or by exposing a single component to 
light of the proper wavelength (ie, light-cured composite). For 
self-curing materials, the first type of composites developed, 
one composite paste contains an initiator, typically benzoyl 
peroxide, which when attached by an amine molecule from the 
second paste splits into two active free radical molecules capa-
ble of initiating the polymerization reaction of methacrylate 
monomers. The more popular light-cured composites require 
a photoinitiator to activate the polymerization reaction, with 
camphorquinone being the most commonly used molecule. 
Current resin composite restorative materials require exposure 
to visible light, with most of the energy delivered in the range 
of 460 to 480 nm (blue light), which is the portion of the vis-
ible spectrum in which camphorquinone is most sensitive. The 
photoinitiation is most efficient when an amine molecule is also 
included in the formulation to act as a type of accelerator in the 
presence of the camphorquinone.

Light-cured resin composites are packaged in syringes or 
in unit doses. The main advantage of purchasing material in 
syringes is their lower cost. Unit doses allow insertion of the 
material directly into the preparation, minimizing trapped air 
bubbles.16 The unit doses also make infection control proce-
dures easier because they are discarded after use and require 
no disinfection. The use of syringes requires special attention 
during dispensing and handling. When dispensing, the materi-
al must be extruded in adequate amount and cut with a bladed 
instrument to avoid contamination from abrading or cutting 
the tip of the plastic syringe. Because the syringe is typically 
black to keep the material protected from external light, which 
would cause it to prematurely cure, small particles from the 
plastic syringe would lead to a discoloring of the composite.

Physical characteristics
Resin composites have steadily improved through the years; 
they are now durable, esthetic, and predictable. Used in com-
bination with an adhesive system, resin composites are reliably 
and durably bonded to dentin and enamel. Although adhesion 
to dentin is not yet as reliable as adhesion to enamel, advances 

in the understanding of dentin microstructure, permeability, 
and the bonded interface have steadily improved the quality 
and success of adhesive systems in recent years (see chapter 9). 

Resin composites have several undesirable characteristics 
that must be overcome to achieve long-term clinical suc-
cess. Volumetric shrinkage during polymerization is typically 
between 1.5% and 5.0%, which, when the material is placed 
into a bonded cavity preparation, generates internal stresses 
in the composite that create additional stresses at the bonded 
tooth-composite interface, potentially leading to marginal 
defects.17,18 Shrinkage stresses that occur in the early phase 
of polymerization when the composite is still relatively fluid 
are effectively relieved by deformation and flow of the mate-
rial.19 However, stresses occurring later in the process, after 
the material has acquired significant rigidity (called gelation), 
are not relieved by material flow. These residual stresses may 
leave the composite weakened and may reduce the adhesion 
to the tooth.20,21 These stresses also may cause gap formation 
at the cavosurface margins, especially at those with the weak-
est bonds (usually dentin or cementum).22 Marginal gaps may 
result in microleakage, sensitivity, staining at the margins of the 
restoration, and recurrent caries.23–25 Investigations have deter-
mined that nanoleakage at the resin-dentin interface, as well 
as hydrolytic and enzymatic degradation of collagen bonds, 
contribute to a weakened adhesive interface over time.26–28 

The use of incremental placement techniques, long enamel 
bevels, low-shrinkage materials, flexible resin liners, slow-
setting resin-modified glass-ionomer liners, and modified light-
curing protocols have all been recommended to help offset the 
effects of polymerization shrinkage and its stresses.29–39 The 
configuration factor (C-factor) of a restoration, which is defined 
as the ratio of the bonded surface area to the nonbonded 
surface area of the restoration, influences the intensity of the 
stresses produced during polymerization. High C-factor prepa-
rations are conducive to high shrinkage stress compared with 
low C-factor preparations, because more of the composite is 
constrained and not free to flow or deform to relax stresses.20,40 
Fortunately, for most anterior restorations the C-factor is favor-
able and stress at the adhesive interface is minimal. Addi-
tionally, the viscoelastic properties of the material influence 
shrinkage stress. High-stiffness materials will typically generate 
higher shrinkage stress, increasing the possibility of gap forma-
tion at the margins.

Resin composites have a coefficient of thermal expansion 
two to six times higher than that of tooth structure.41 This 
means that resin composite expands and contracts more and at 
a greater rate than does tooth structure in response to changes 
in temperature. This mismatch may contribute to loss of adhe-
sion and greater microleakage.25 Over the years, significant 
improvements in adhesive systems have helped offset some of 
the inherent problems associated with resin composites. 

Handling characteristics 
An important factor for the clinician in the selection of a resin 
composite is the handling of the material. Ideally, resin com-
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posite materials should be soft and easily manipulated, should 
not stick to placement instruments and brushes, should adapt 
well to the cavity walls, and should not slump during place-
ment. Handling is greatly influenced by the viscosity of the 
resin composite. According to their viscosity, resin composites 
can be classified as conventional, packable, or flowable. Low-
viscosity materials adapt well to cavity walls, but they tend to 
be sticky and are prone to slump. When the viscosity is extreme-
ly low, as is the case with flowable resin composites, the risk of 
porosities inside the restoration increases if the material is not 
handled appropriately.42 On the contrary, high-viscosity materi-
als do not adapt to the tooth as easily and require careful atten-
tion during placement. Their use is advantageous because they 
are not sticky and maintain their shape during placement. 
Variation in the viscosity of resin composites does not always 
correlate directly with the filler content43,44; however, low-
viscosity materials generally have lower filler loading. Differ-
ences in handling characteristics are also observed with varia-
tions in resin matrix chemistry, temperature, and humidity.45–47

Many instruments, offered in various shapes and surface 
coatings, are available for placing and shaping resin composite 
materials. The composition of a typical instrument kit contains 
a thin, flexible, bladed instrument; a small ovoid-shaped bur-
nisher; a thin spatula; a concave-convex spatula; and different 
shapes of brushes (Fig 10-1). A gauze pad lightly moistened 
with alcohol may be used to clean the active part of the 
instrument during resin composite placement to prevent the 
material from sticking to the instrument. However, the alcohol 
should be allowed to evaporate from the instruments before 
contact with the resin material to avoid incorporating alcohol 
into the composite. When using very sticky materials, it is rec-
ommended to use very small amounts of a purposely manu-
factured wetting resin to lubricate instruments (Fig 10-2). The 
use of these low-viscosity resins as lubricants must be tightly 
controlled because these materials could potentially dilute the 

resin composite and bring about a reduction in physical and 
mechanical properties.48

Optical characteristics 
Modern resin composite kits sold by dental manufacturers con-
tain multiple shades and various opacities for the purpose of 
matching shade and translucency of both enamel and dentin. 
This has facilitated the achievement of natural esthetics with 
resin composites. Unfortunately, there is great variability among 
materials and no consensus among manufacturers regarding 
nomenclature, shading, or degree of translucency/opacity. 

The combination of optical properties from enamel and 
dentin provides the final appearance of normal tooth structure. 
These properties are modified by factors such as age, thickness 
of tooth tissue, and degree and quality of calcification. In a 
“normal” unworn dentition, dentin provides chroma, opacity, 
and fluorescence. Enamel modifies the appearance of dentin 
by providing translucency and opalescence49 (Fig 10-3).

Based on their optical properties, resin composite kits 
usually contain three types of materials: (1) a dentinlike mate-
rial, designed to imitate the dentin’s optical properties; (2) an 
enamel-like material, designed to simulate the enamel’s opti-
cal properties; and (3) a translucent-like material, designed to 
mimic translucent areas of teeth. Manufacturers have various 
names for each type of material. Dentinlike materials may be 
called opaque, dentin, body, etc; enamel-like materials may 
be called enamel, body, etc; and translucent materials may be 
called incisal, translucent, etc. These different designations and 
names create confusion among practitioners. For a clear under-
standing of how to use a specific material, it is important for 
dentists to know what each name represents and the intended 
purpose of each system component. 

When a single shade is used for a restoration, an intermedi-
ate opacity should be selected. Usually the manufacturer has 
designated the enamel-like material as intermediate opacity 

Fig 10-1 Commonly employed resin composite placement and contouring 

instruments and brushes.

Fig 10-2 Examples of wetting resins available on the market. They can be 

used in small amounts to lubricate instruments for easier manipulation of resin 

materials.
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for this purpose. When multiple shades of resin composite are 
layered, the principle of replacing dentin with dentinlike mate-
rials and enamel with enamel-like materials should be observed 
(Fig 10-4).

Microfilled resin composites
Microfilled resin composites contain silica fillers of submicron 
size only. Because these small particles, with an average size 
of 0.04 µm, have a very high surface area–to-volume ratio, 
they require a large amount of monomer to wet their large 
surface area and therefore can only be incorporated into resin 
up to a relatively low volume fraction. Because the properties 
of the cured resin composite are dependent on the quantity 
of the stronger filler particle, these microfilled composites are 
relatively weak. To enhance the properties of these materials, 
manufacturers incorporate what are called prepolymerized resin 

fillers (PPRF) in addition to the submicron-sized fillers. The PPRF 
are produced by adding a high concentration of submicron fill-
ers into a very dilute resin, then heat curing this viscous mixture 
to maximize polymerization, and finally grinding the filled poly-
mer into 5- to 50-µm particles. These particles are then incor-
porated with additional microfiller particles to form the final 
restorative material for clinical use (Fig 10-5a). In this way, filler 
content is maximized, polymerization shrinkage is minimized, 
and the resin composite remains highly polishable because 
every individual silica particle is only about 0.04 µm in size.50

Microfilled resin composites can be polished to the highest 
luster and smoothest surface of all the resin composites, and 
their primary indication is for esthetic areas where this luster is 
required, such as for direct resin composite veneers. Microfilled 
resin composites, in general, are not as strong as other types 
of composites and are not recommended for stress-bearing 

restorations.41,51–54 Microfilled materials tend to absorb more 
water because of their increased resin content, with a resultant 
decrease in long-term color stability.55 When a highly polished 
Class 4 restoration is needed, a hybrid material may be used 
as a substructure to maximize strength and wear resistance, 
then veneered with a microfilled resin composite for a smooth 
surface (see Fig 10-6).

Hybrid resin composites
As the name implies, hybrid resin composites contain a blend of 
submicron (0.04-µm) and small-particle (0.4- to 4.0-µm) fillers 
(Fig 10-5b). This combination of filler particles allows the high-
est levels of filler loading among current resin composites and 
a corresponding improvement in physical properties as com-
pared with microfilled composites.56,57 They can be polished to 
a fairly high luster, but not to the extent of a microfilled mate-
rial. Hybrid resin composites are a combination of conventional 
and microfilled technology and can be used for anterior and 
posterior restorations. The high filler content also improves the 
hybrid material’s resistance to internal discoloration.

In the last decade, dental manufacturers have fabricated 
hybrid resin composites with an average particle size of less 
than 1 µm. Because of the submicron size, these materials are 
called microhybrids (eg, Point 4, Kerr). Submicron particles can 
be measured in µm or nm (1 µm = 1,000 nm), which explains 
why some materials in this category have been called nano-

hybrids. While not always the case, many nanohybrids also 
contain PPRF to reduce overall curing shrinkage. These micro-
hybrids and nanohybrids are easier to manipulate and polish 
than the regular hybrid composites and also maintain their 
luster better over time.58

Fig 10-3 Illustration emphasizing the differences in translucency for dentin (left) 

and enamel (overlay) (right) resin composite compositions. Applying layers with 

differing chroma and translucency and providing appropriate surface character can 

greatly enhance the lifelike appearance of anterior restorations.

Fig 10-4 Resin composite increments of the same thickness presenting four 

opacities: Dentin, Body, Enamel, and Translucent (Filtek Supreme Ultra, 3M 

ESPE).
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Nanofilled resin composites

A new category of material, termed nanofilled resin compos-

ites, has appeared on the market in recent years. The research 
and development of these materials were designed with the 
objective of successfully integrating a high concentration of 
nanoparticles into resin composites to enhance mechanical 
properties, handling, and ease of polishing.59,60 Unfortunately, 
the term nano- has been mistaken as only referring to particle 
size. Actually, nano- refers to the technology and manipulation 
of nanosized particles with the purpose of improving the final 
performance of the product. Few materials with a true nano-
fill technology exist in the market at the moment (eg, Filtek 
Supreme Ultra, 3M ESPE) (Fig 10-5c). In general, these nano-
filled composites are nonsticky and nonslumping. 

The first generation of nanofilled materials was easy to pol-
ish but did not hold its luster over time and appeared dull to 
patients and dentists. They also tended to be too translucent 
and had somewhat of a gray appearance. Changes in their 
composition have led to improved materials that are more 
esthetic, very easy to polish, and better maintain their luster 
over time.61

Glass-ionomer restorative materials

Glass-ionomer restorative materials are not commonly used 
when esthetics is a major consideration in anterior restorations. 
They are often recommended for patients with high caries 
risk.62,63 A review of clinical trials that studied the cariostatic 
effect of fluoride-releasing restorative materials concluded that 
there is no definite evidence for or against a treatment effect 
of inhibition of secondary caries by these materials.64 However, 
studies involving patients at high risk for caries due to xerosto-
mia showed a significant reduction in caries incidence adjacent 
to resin-modified glass-ionomer restorations, as compared 
with other restorative materials.65,66 The traditional, chemi-
cally cured glass-ionomer materials are not highly esthetic, 
but esthetics has been greatly improved in the resin-modified 
glass-ionomer materials. From a physical property perspec-
tive, the resistance against erosive wear of both chemically 
cured and resin- modified glass-ionomer cements is lower than 
that for resin composites. Clinical trials of 5 years’ duration 
have reported high retention rates in Class 5 restorations.67–69 
Though not as color stable nor as durable as resin composites, 
these materials are suitable for use in visible anterior areas 

Fig 10-5 Most commonly used categories of resin composite: (a) 

the microfilled resins, such as Durafill VS (Heraeus Kulzer), contain 

only submicron particles (right side) along with PPRF (left side); (b) 

the hybrid materials, such as Premise (Kerr), contain a combination of 

submicron particles and particles up to 4 μm in diameter; and (c) the 

nanofilled materials, such as Filtek Supreme Ultra, contain loose nano-

sized filler particles (20 to 70 nm) and clustered nanosized particles.

a b

c
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when dentin margins are prevalent or when the patient has 
been identified as being at high risk for developing new caries 
lesions.70 Glass-ionomer restorative materials are discussed in 
more depth in chapter 14.

Interproximal Lesions: Class 3
Interproximal caries lesions are smooth-surface lesions found 
slightly gingival to the proximal contact, without involving the 
incisal angle of the tooth. These lesions can usually be detected 
with an explorer, radiographically, or with transillumination. 
Clinical changes in translucency may be evident and may be 
enhanced if light is directed through the proximal area using 
a focused, intense light source (ie, transillumination). Caries 
lesions cause a more opaque appearance of tooth structure. 
Incipient lesions tend to be V-shaped and confined to enamel; 
deeper lesions tend to spread within dentin.

Incipient enamel caries lesions
A proximal noncavitated enamel lesion may not require restor-
ative treatment. Although there is no doubt that the lesion is 
pathologic, research and clinical experience have shown that 
this lesion can be arrested or remineralized by preventive 
therapies and regular topical fluoride application. Developing 
a caries-management plan based on individual risk factors will 
decrease the possibility that future invasive procedures will 
be necessary. Evidence supports the viability of remineraliza-
tion of caries lesions in enamel.71–75 Chapter 5 contains a more 
complete discussion on caries and remineralization processes.

Cavitated enamel caries lesions
When the enamel surface is cavitated, it is past the point of 
remineralization. If the cavitation is very shallow and deeper 
enamel has been remineralized, a restoration may not be nec-
essary unless the lesion is esthetically displeasing. If the lesion 
is confined to enamel, enameloplasty or recontouring may be 
sufficient. If necessary, a conservative cavity preparation may 
be accomplished and then restored. 

Dentinal caries lesions

With peripheral enamel margins
When the caries lesion has reached dentin, it then becomes 
necessary to remove caries with cavity preparation and restora-
tion. When all margins are located in enamel, a combination of 
an adhesive and a resin composite are the restorative materials 
of choice. 

With margins extending onto the root surface
In areas where there is little or no enamel for bonding, the mar-
ginal adaptation and seal of the restoration may be optimized 

in two distinct ways. For high-caries-risk patients, an open 
sandwich technique using a resin-modified glass-ionomer 
restorative material may be employed to seal the cervical por-
tion of the restoration. The remaining cavity is then filled with 
resin composite for improved esthetics.76 There is a debate 
regarding the effectiveness of the open sandwich technique, 
with studies showing both advantages and disadvantages of 
its use. However, studies demonstrate that the open sandwich 
technique reduces postoperative sensitivity and provides pro-
tection of dentin margins from demineralization.77–79 

For low-caries-risk patients, the approach to treating lesions 
with dentinal margins is simply to employ a well-proven dentin 
bonding system and to restore with a resin composite. Because 
current dentin bonding systems have been demonstrated to 
be very effective in providing retention, mechanical undercuts 
at the expense of healthy tooth structure have become unnec-
essary.80

Interproximal Lesions Involving the 
Incisal Angle: Class 4
Interproximal lesions involving the incisal angle are usually 
the result of undermining and compromising the integrity of 
the incisal enamel. This undermining can occur as a result of 
untreated large interproximal caries or when replacing a large 
Class 3 restoration. Additionally, these lesions can occur due 
to an injury that results in a fracture of the incisal angle. The 
need for Class 4 restorations due to traumatic fracture occurs 
most often among children or young adults. The frequency of 
fractures of permanent incisors in children is reported to range 
from 2.4%81 to 20%.82 Traumatic fractures are likely to be more 
horizontal than vertical.

Shade or Color Selection
Selection of the shade or color of resin composite restorative 
material is an important and sometimes demanding step in 
restoring an anterior tooth. Factors that influence shade selec-
tion, such as proper lighting, environmental factors, and color 
acuity and eye fatigue are also discussed in chapter 4. 

Proper lighting
One of the first requirements for a good color match is proper 
lighting. Commonly used fluorescent tubes emit light with a 
green tint that can distort color perception. Color-corrected 
fluorescent tubes that approximate natural daylight are avail-
able and are recommended for dental treatment rooms. The 
objective is to obtain shadow-free, color-balanced illumination 
without distracting glare or false colors83 (Box 10-1). Additional-
ly, the operatory light should be turned off because the orange-
yellow wavelengths of these lights will interfere with adequate 
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shade selection. If proper lighting is not available, color selec-
tion can be made near a window. However, even daylight 
varies considerably from day to day and throughout the day. 
When shade selection is critical, it is wise to use multiple light 
sources to choose the best shade and to avoid problems with 
metamerism, a complication observed when the perceived 
color of objects (in this case, teeth and resin composite restora-
tions) is different under different light sources.

Environmental factors
The environment influences the shade selection. To improve 
the accuracy of shade selection, the color of the room walls 
and of the patient and staff clothing should be neutral to avoid 
imparting a negative color cast. Additionally, the patient should 
be asked to remove lipstick prior to shade selection. 

Color acuity and eye fatigue
When selecting color or shade, the operator should avoid staring 
at the tooth and shade guide for long periods of time. Staring 
at these objects during shade selection will cause the colors to 
blend, resulting in a loss of color acuity. The shade guide should 
be placed adjacent to the tooth to be restored and then viewed 
briefly to determine which shade or shades match the color of 
the tooth; then the eyes should be moved away. Arranging the 
shade guide based on the value or brightness (see Fig 4-10) of 
the shades can also facilitate shade selection. Ideally, the eyes 
should be “rested” by viewing the horizon through a window 
or by looking at an object that is a muted blue, violet, or gray 
color. Full details of shade matching are addressed in chapter 4. 

The dental assistant and patient can also assist in shade 
selection. By viewing the shade guide and the tooth from sev-
eral positions and by accepting input from the assistant and 
patient, the dentist can achieve an acceptable color match.

Achieving optimal color selection
With proper attention to detail, resin composites allow for a 
very predictable shade blending. The color or shade selection 
should be accomplished before the restorative procedure is 
initiated, prior to rubber dam placement or cavity prepara-
tion. If patients have whitened their teeth, it is necessary to 
wait 2 weeks after bleaching for shade selection and optimal 
bonding results.84 The tooth should be made clean and free 
of contaminants by using a prophylaxis cup with a slurry of 
pumice to remove plaque or debris from the tooth surface and 
to eliminate any stains. Teeth should be kept wet and hydrated 
during shade selection because dehydration causes (1) signifi-
cant lightening of the color and (2) an increase in the opacity of 
enamel and dentin.

The patient should be positioned in such a way that the 
teeth receive enough light from the illuminant or light fixtures. 
Most manufacturers provide or recommend a shade guide for 
their products to offer an approximation of the colors available. 

The shade guides are only helpful for a general determination 
of the shade. Most of these shade guides are made of acrylic 
resins that have different optical properties than resin com-
posites. Many composites are fabricated to match VITA shades, 
but some others use their own shade designations. Matching 
between the VITA shade guide and the corresponding shades 
of resin composites and glass ionomers has been shown to be 
relatively poor.85–87 A major drawback of all the shade guides 
is the fact that the shade of the underlying tooth is not taken 
into account. There will always be an effect on the shade of the 
restoration caused by the underlying tooth structure unless 
the restoration is more than 2.5 mm thick.88–90 To overcome 
problems associated with shade guide discrepancies, custom 
shade tabs should be fabricated for each shade of the resin 
composite material used in the practice. The shades should 
then be arranged by value or brightness, from light to dark 
(see Fig  4-10). These tabs are then held incisally adjacent to the 
tooth to be matched, and the selection can be narrowed down 
to three to four shades. For selection of the final shade, the mid-
dle portion of the tooth should be observed and matched to the 
closest of these shade tabs. The selected shade then becomes 
the overall or “basic shade” of the restoration (see Fig 4-19).

When a layering and multishaded technique is used to 
replicate missing tooth structure, it is important to realize that 
the thickness of each layer will affect the final shade. In estheti-
cally challenging situations, the ultimate shade selection is best 
achieved by producing a mock-up using each of the different 
layers to accurately match not just a single shade but also the 
adjacent tooth structure.91 The shade can be confirmed with a 
small amount of resin composite applied as a test shade, placed 
adjacent to the tooth and cured. This procedure should only 
be performed on unetched surfaces to facilitate removal after 
shade verification. For Class 4 restorations in which no tooth 
structure will remain lingual or facial to the planned restoration, 
the test shade should be placed in the approximate thickness 
of the tooth structure to be replaced to ensure adequate opac-
ity or color density.

Box 10-1 Color-corrected lighting83

Overhead lights (fluorescent tubes)

• Color Rendering Index (CRI): 90 or higher
• Spectral energy distribution (SED): Natural daylight
• Color temperature: 5,500  K
•  Illumination intensity: Approximately 150 to 200 foot-

candles at 30 inches above floor

Dental operating light

• Illumination intensity: 1,000 to 2,000 foot-candles
•  Color temperature: Optimum 5,000  K, should be adjust-

able from 4,500  K to 5,500  K to assist in color matching
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Tinting and opaquing

Many manufacturers of resin composites provide accessory 
shades that contain a number of intense colors and opaque 
resins, premixed in syringes or bottles. These materials are 
normally not necessary in conservative Class 3 restorations 
but can play an important role in large Class 4 restorations, 
diastema closures, and direct veneers. Opaque shades, or com-
posites designated as dentin replacements, are used to block 
the show-through of darkness from the mouth that may cause 
a Class 4 restoration to appear too dark or low in value or too 
translucent (Fig 10-6). Opaque resins may also be needed to 
mask discolored tooth structure.89,90

Masking agents should be applied in thin layers to allow 
sufficient space for the overlying composite to restore trans-
lucency. Use of the proper accessory shades can create the 
appearance of dentin overlaid with enamel. Accessory shades 
can also be used to recreate the yellow color seen in cervi-
cal areas or the translucency that appears in incisal areas. An 
ochre-shaded resin composite can be used to enhance chroma 
in the cervical areas, gray or blue may increase the “translucent-
incisal” effect, and white can be employed to reproduce a halo. 
Tints may be used to imitate white or brown spots that appear 
on adjacent teeth, although with the current ability to bleach 
teeth, the spots can usually be removed or their appearance 
neutralized with bleaching (see chapter 16). 

Tooth Preparation

Class 3 interproximal lesions 
Outline form for resin composite restorations is defect specific 
and determined solely by the extent of the caries lesion(s) and 
access for removal of carious tooth structure (Figs 10-7 to 

10-9). There is no need for further extension of the preparation, 
and the removal of sound tooth structure to gain mechanical 
undercut retention is contraindicated.92 Because the location 
of the caries in interproximal lesions is usually gingival to the 
contact point, the cavity preparation extends gingivally below 
the contact point. In contrast, the incisal portion of the contact 
point is not necessarily removed. When a lesion is limited to 
enamel, a round carbide or diamond bur is used in a high-
speed handpiece for cavity preparation. The finished prepara-
tion resembles a saucer and has no retentive undercuts (see 
Fig 10-7). Adhesion to acid-etched enamel and dentin provides 
the necessary retention. Both laboratory and 3-year clinical 
data have demonstrated the durability of these saucer-shaped 
restorations.93,94

The lingual approach is preferred for larger Class 3 restora-
tions, but it is not always possible depending on the location of 
the caries lesion. The number of burs used for cavity prepara-
tion should be kept to a minimum. A no. 2 round bur or a pear-
shaped carbide bur or diamond in a high-speed handpiece can 
be used for initial access to the lesion. Initial penetration should 
be made through the marginal ridge, near the adjacent tooth 
but avoiding damage to it (Fig 10-10). The outline form of the 
preparation is then extended to provide access to the carious 
dentin. A spoon excavator and a large round bur may be used 
in the low-speed handpiece to excavate demineralized dentin.

The appearance of true enamel is more natural and esthetic 
than the most esthetic restorative material. To preserve facial 
esthetics, the Class 3 preparation should not be extended onto 
the facial surface unless necessitated by carious or missing 
enamel on that surface (Fig 10-11). 

Unsupported facial enamel may be left for internal etch-
ing and bonding to resin composite.95 The facial approach 
for access to carious dentin is indicated only when the caries 
lesion already involves the facial surface or when the adjacent 
tooth overlaps the tooth being restored, preventing a lingual 
approach. The outline should be as conservative as possible, 
preserving the facial enamel (Fig 10-12).

Bevels have been advocated by some authors to reduce 
enamel fracture and provide a gradual shade transition for 
esthetics.96,97 However, enamel bonds have been demonstrat-
ed clinically to be adequate without bevels.13,98 An in vitro study 
using a silver-nitrate tracer revealed no significant differences 
in marginal microleakage in Class 3 restorations whether or not 
margins were beveled.99 A flame-shaped finishing carbide or 
fine diamond bur, a gingival margin trimmer, or another hand 
instrument may be used to place bevels. Although a very wide 
bevel usually should be avoided, in situations where maximum 
esthetics is required, the bevel can be extended to 2 mm or 
more on the facial surface. Adequate depth of this bevel allows 
proper overlapping of the different opacities of the restorative 
layers, and the increased length allows a blending transition of 
the resin material onto the tooth surface. If the cervical enamel 
will be eliminated or compromised by a bevel with a resultant 
margin in or near dentin, the beveling procedure should be 
avoided in the cervical area (see Fig 10-9).

Fig 10-6 Opaque dentinlike resin composite should be used to block the show-

through effect.

Hybrid core

1.0-mm 

enamel 

bevel

Microfilled veneer

Proximal view
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Proximal view Mesiodistal section

Proximal view Mesiodistal sectionFacial view

Proximal view Mesiodistal section

Enamel

bevel

Contact

area

Fig 10-7 Saucer-shaped preparation in enamel. The caries lesion is usually 

located slightly gingival to the contact area. Every attempt should be made to 

maintain natural tooth contact between the adjacent teeth during restoration. If 

no cavitation is present, remineralization is preferable to restoration.

Fig 10-8 This preparation is similar to that in Fig 10-7, except the axial wall is 

extended into dentin and the external enamel margins are beveled.

Fig 10-9 Caries lesion extending to the dentin-cementum surface. A bevel is 

placed only on enamel margins.

Incisal view Lingual view

Fig 10-10 Initial penetration should be made through the marginal ridge, near 

the adjacent tooth but avoiding damage to it. Note the angulation of the long axis 

of the bur in relation to the location of the lesion.

Fig 10-11 (a) Moderate-sized Class 3 caries lesions on the mesial and distal surfaces of the maxillary left central inci-

sor and mesial surface of the lateral incisor. A preferable approach would be to leave facial enamel, if possible. (b) After 

cavity preparation, the labial margins are only slightly visible, and the labial enamel is supported by dentin.

a b
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Fig 10-12 (a) A discolored anterior resin composite restoration to be replaced to improve esthetics. (b) Lingual view after the existing resin composite was removed, reveal-

ing unsupported facial enamel. (c) Completed preparation; observe that labial unsupported enamel has been preserved. (d) Clear matrix and interproximal wedge in place. 

(e) Lingual view of the finished and polished resin composite restoration. (f) Facial view of the Class 3 restoration illustrates the improved esthetic outcome.

a b c

d e f

Fig 10-13 (a) Lingual view of extensive root surface exposure and root caries lesions; the teeth are to be restored 

with resin-modified glass-ionomer material. (b) Completed excavation of carious tooth structure; the adhesive nature 

of the restorative material does not demand preparation of mechanical resistance and retention features. (Courtesy of 

Robert H. Poindexter, Kerrville, Texas.)

a b

Resin-modified glass-ionomer restorations
Because of their cariostatic effect, resin-modified glass-ionomer 
restorative materials may be used in Class 3 restorations in 
patients at high risk for caries.62,100 Preparations for these mate-
rials should resemble those for resin composite, but bevels are 
not prepared. The only reason why noncarious tooth structure 
should be removed is to allow access for excavation of the 
carious dentin. Because these materials bond to enamel and 
dentin, the placement of retention grooves or points is not 
necessary101 (Fig 10-13).

Class 4 interproximal lesions involving the incisal 
angle 

Cavity preparation for interproximal lesions involving the inci-
sal angle follows the conventional form of the Class 3 prepara-

tion and includes a portion of the incisal edge. Carious tooth 
structure and weak enamel are removed, and all enamel mar-
gins are beveled (Fig 10-14). A modified Class 4 preparation 
with extensive loss of incisal enamel is shown in Fig 10-15.

When a fracture has caused a need for restoration, if there 
is no carious or pulpal involvement, tooth preparation consists 
of rounding any sharp angles and placing a bevel on all enamel 
margins102 (Fig 10-16). An enamel bevel of at least 1 mm should 
be placed around the periphery of the cavity. Increasing the 
width of the bevel beyond 1 mm has been shown to provide 
no additional strength,103 but a wider bevel may provide a more 
harmonious esthetic blend between the resin composite and 
enamel. When replacing resin composite restorations, a prepa-
ration similar to that of a fractured tooth should be performed. 

On the facial surface, a longer bevel is needed for better 
esthetics. This bevel has a 60-degree angulation and is 2 to 
3  mm in length. The bevel presents a scalloped or irregular out-
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line, has a variable thickness, starts inside the dentinoenamel 
junction (DEJ), and feathers and disappears onto the enamel 
surface (Fig 10-17). The purpose of this long bevel is to make 
the composite restoration blend onto the natural tooth struc-
ture and to make the transition between the two structures 
imperceptible. This functional-esthetic facial bevel is created 
first with a fine flame-shaped diamond bur and then blended 

on the surface with a medium-grit polishing disk. The polishing 
disk is also used to round sharp angles as needed. The facial 
bevel is often described as infinite because its margins are dif-
ficult to detect after they have been blended with the disk and 
they appear to be disappearing onto the surface (Fig 10-18).

On the lingual surface, where functional requirements are 
more important, the bevel should remain shorter than on the 

Tooth Preparation

Fig 10-14 Typical Class 4 preparation. Incisal fracture caused by undermining 

and weakening of incisal enamel associated with a Class 3 lesion may neces-

sitate a Class 4 cavity preparation, which is similar to a Class 3 preparation but 

includes a portion of the incisal edge.

Fig 10-15 Class 4 preparation when loss of incisal enamel is extensive.

Mesiodistal sectionProximal viewFacial view

Enamel 

bevel to 

1.0 mm

Facial view Mesiodistal section

Labial viewLabial view Incisal view

Fig 10-16 Fractures often require no preparation other than an enamel bevel. Fig 10-17 Facial and lingual bevels. The facial bevel is a disappearing bevel 

to allow feathering and blending of resin composite over tooth structure. Initial 

bevel placement is shown in the middle diagram. The facial-incisal line angle is 

rounded, and the facial bevel is blended to provide the disappearing bevel in the 

right diagram.

Fig 10-18 (a) Existing discolored resin composite 

restoration in need of replacement. (b) Scalloped 

infinite bevel preparation for a Class 4 resin com-

posite restoration.

a b



facial surface, limited to about 1 mm in length. The outline of 
the bevel can be straight and well defined. The bevel starts 
at the DEJ and has a 45-degree angulation (see Fig 10-17). In 
areas of strong occlusal stresses, cavity preparation must be 
designed to allow for sufficient thickness of resin composite so 
it is fracture resistant. A deeper bevel or a chamfer is prepared 
in areas exposed to occlusal loads in order to provide adequate 
marginal strength to the restoration. 

If the original tooth fragment is available after traumatic 
fracture, in some instances the fragment may be reattached to 
the tooth by etching and bonding the fractured surfaces.104–107 
Clinical trials have shown these reattachments to be successful 
in terms of retention, in some cases for more than 7 years.108,109 
Fragment reattachment can often provide a more esthetic 
result than can a resin composite restoration, as long as the 
transition between the bonded fragment and the tooth is 
masked by preparing an enamel bevel and placing composite 
and blending it over the enamel surfaces. The bevels should 
not extend into the dentin to allow the fragment to be reposi-
tioned correctly.

Use of pins
Retentive pins are not needed in resin composite restorations 
and should not be used. The adhesive technique provides suf-
ficient retention, and the use of metallic pins in resin composite 
restorations can greatly reduce the esthetic appearance.110 A 
study concluded that there was only a small (10%) increase in 
fracture resistance of large Class 4 resin composite restorations 
if pins supplemented bonding.111 Pins in anterior teeth may 
encroach on the pulp and may discolor the restoration due to 
corrosion with marginal leakage. Some clinicians argue that if 
the adhesive bond is broken, it is better to lose the restoration 
than to have it held in place by the pins (Fig 10-19).

Matrices

Class 3 restorations
The clear plastic strip is the most commonly used matrix with 
Class 3 restorations (Fig 10-20). The clear plastic matrix, when 
properly wedged, will reduce flash (excess material) at the gin-

gival margin. It is placed between the teeth and adjacent to the 
cavity preparation. The resin composite may be shaped with 
an instrument, or the matrix strip may be pulled snugly around 
the tooth and held in place manually to provide shape to the 
restoration and intimately adapt the resin composite. 

Class 4 restorations
Different forms of matrices can be used to form the lingual 
and proximal aspects of a Class 4 restoration. One option is to 
use a portion of a thin, clear plastic crown form positioned to 
provide support until the lingual and proximal resin has been 
polymerized (Fig 10-21). The crown form should be trimmed to 
fit approximately 1 mm past the prepared margins. If the crown 
form is thicker than a clear plastic matrix strip, the contact areas 
should be thinned with an abrasive disk to allow contact of the 
restoration with the adjacent tooth. For Class 4 restorations 
with existing or mock-up resins in place, the clinician may pre-
fer to use polyvinyl siloxane (PVS) impression material or putty 
to fabricate a lingual matrix that assists in shaping lingual and 
proximal contours (see Figs 10-25b to 10-25d). For creation of 
extensive restorations in which lingual contours and/or incisal 
length need to be changed, these may be developed in wax 
on a diagnostic cast of the teeth; then the lingual matrix is 
fabricated on the diagnostic wax-up. The matrix should extend 
to the facioincisal line angle to guide the shaping of the incisal 
edge and facilitate the creation of an incisal halo.

Wedging
Wooden wedges are inserted between the teeth and against 
the matrix to seal the gingival margin, separate the teeth, pro-
tect interproximal gingiva, ensure adequate proximal contact, 
and push the rubber dam and proximal tissue gingivally to 
open the gingival embrasure (see Fig 8-26). With proper rub-
ber dam isolation, it is usually possible to have direct access 
to the gingival margin to be able to place and seal composite 
without the need for a wedge. Floss ligatures can greatly help 
in gaining access to the gingival margins by pushing the rubber 
dam and gingival tissues apically. When rubber dam cannot be 
used, care should be taken when inserting wedges because of 
the susceptibility of the gingiva to bleed upon removal. If the 
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Fig 10-19 (a) Labial view of a Class 4 resin com-

posite restoration retained with two pins. Note the 

wear and color change of the composite material 

and evidence of corrosion discoloration or recur-

rent caries. (b) Lingual view after removal of the 

composite material.
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wedge will cause deformation of the matrix or poor cervical 
contours, it should not be used, or its use may be delayed until 
after a freehand increment of resin composite has been placed 
and sculpted in the cervical portion of the preparation and 
polymerized.

Placement and Curing of Resin  
Composite Restorations

Incremental placement and curing
Incremental placement and curing of the resin composite may 
be necessary for large light-cured restorations. Most resin com-
posite should be placed in thicknesses not greater than 2 mm. 
In restorations exceeding 2 mm in thickness, incremental place-
ment will ensure that each portion of composite is exposed 
sufficiently to the curing light and is adequately polymerized. 
Incremental placement is generally considered the standard 
of care in large preparations and is believed to offset some of 
the effects of polymerization stresses.3 Although there is no 
definitive clinical data to support one composite placement 
method over another,112 bulk curing of composite raises strong 
concerns over increased stress generation and tooth deforma-
tion.29,39

Polymerization of resin composite is initiated by the forma-
tion of free radicals that cause covalent bonding between resin 
monomers to produce a hardened resin composite structure. 
These free radicals are highly reactive to oxygen, and when 
they come into contact with air at the surface of the resin 
composite, an unpolymerized air-inhibited layer is formed.113 
A thin air-inhibited layer contains free radicals and is therefore 
reactive to new resin composite material applied to it. Even in 
the absence of an air-inhibited layer, if the restoration is freshly 
placed, free radicals remain that can induce a high degree of 
chemical attachment for the added increment.114,115 Each incre-
ment should be exposed to the curing light for the appropriate 
material- and curing light–specific time. Inappropriately short 
curing times or the use of a poorly functioning curing light 
will result in resin composite restorations with inferior physical 
properties and an increased chance that unreacted monomer, 

which may be cytotoxic and/or irritating to tissues, will leach 
out of the restoration with time.116

Visible light–curing units
Optimal polymerization depends on several factors: wave-
length of the emitted light, irradiance of the light source 
(calculated as the power of the light divided by the area over 
which it is emitted; measured in mW/cm2), light exposure time, 
radiant exposure (defined as the product of the irradiance and 
time; measured in mJ/cm2), distance from light tip to com-
posite surface, and type and shade of resin composite. Any 
light-curing unit with the prescribed wavelength may be used 
with any resin composite. However, it can be difficult to deter-
mine the optimal exposure time for any given combination 
of curing light and composite because recommendations on 
exposure time from curing light manufacturers and composite 
manufacturers often do not match. As a result, many clinicians 
will overexpose the restorations to ensure a cure as complete 
as possible.117 The risk of increased exposure times, especially 
with high-intensity lights, is the generation of excessive heat 
within the tooth and in the surrounding tissues.118,119

Several types of light sources can be used for visible-light 
curing. Light-emitting diode (LED) devices have become increas-
ingly popular in recent years because they are more energy 
efficient, lightweight, and portable (battery powered). The lat-
est iteration of LEDs now generate multiple wavelengths at 
high irradiance and are therefore able to polymerize any type 
of restorative material.120 Most dental composites contain the 
same photoinitiator, camphorquinone, as described earlier in 
this chapter. However, because camphorquinone is yellow and 
residual molecules that do not react may lend a yellowish color 
to the cured composite, manufacturers have identified less 
yellow–colored photoinitiators that absorb light energy at 
lower wavelengths (ie, closer to the UV spectrum at about 400 
nm). The standard LED has minimal light output in this wave-
length range, and therefore curing of resins containing these 
products necessitates the use of these newer multiple wave-
length lights. Quartz-tungsten-halogen (QTH) lights are still 
widely found in dental offices and can cure effectively, as long 
as the incandescent bulb is well maintained and replaced peri-
odically. Unfortunately, studies have reported very poor curing 
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Fig 10-20 (a and b) Lingual view of matrix and wedge placement for a typical Class 3 resin composite 

restoration.

Fig 10-21 Clear plastic crown form and wedge in 

place for a Class 4 restoration.

ba



light maintenance in private practice.121,122 Clinicians should 
use radiometers to assess the performance of their light units. 
Radiometers can be used to compare relative values of light 
output over time, but they may provide inaccurate values and 
cannot be used to predict clinical performance.123,124 Argon ion 
lasers and plasma arc curing units (PAC) are known for their 
very high intensity and short exposure times. However, these 
lights are much more costly than QTH or LED units. Furthermore, 
serious concerns have been raised about the stress generated 
in the composite when curing occurs at such a fast rate.125

For a more in-depth discussion of curing lights, see chap-
ter 11.

Placement technique

Class 3 restorations
Bonding procedures should be carried out before placing 
the resin composite restoration. The entire preparation and 
a 2- to 3-mm area beyond the margins should be bonded for 
retention and to ensure proper marginal seal (see chapter 9 

for a complete discussion of dentin adhesives) (Fig 10-22). The 
dentin adhesive system may be applied and polymerized either 
before or after the matrix and wedge have been placed (Fig 
10-23). The dentist must take into consideration that inserting 
a well-adapted matrix can make access for etching, placing, and 
properly thinning the adhesive system more challenging. 

The resin composite dispensing tip should be inserted into 
the preparation and slowly injected. The composite can also 
be dispensed on a paper pad, rolled in a ball, and taken to the 
preparation with an instrument. Small Class 3 preparations of 
less than 2 mm can be filled in a single increment. Larger Class 
3 restorations should be incrementally filled. Placement of 
multiple increments is recommended to optimize the degree 
of conversion of the resin composite in deep areas, to minimize 
the effects of polymerization shrinkage stress (Fig 10-24), and 
to create polychromatic restorations.

After injection, the resin composite is adapted to the cav-
ity walls and margins. A thin, bladed instrument is used for 
adaptation and contouring, or the matrix strip may be pulled 
tightly around the tooth to achieve close adaptation. When the 
material has been light cured, the wedge and matrix strip are 
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Fig 10-22 Application of gel etchant using a syringe tip. A 

matrix strip should be placed first to protect the adjacent tooth 

from the acid.

Fig 10-23 The primer and adhesive are placed with dispos-

able brushes or applicators, and the adhesive is light cured in 

accordance with the manufacturer’s protocol.

Fig 10-24 (a) Small preparations may be filled in a single increment. (b) Large preparations require multiple increments to minimize the 

effects of polymerization shrinkage and ensure adequate polymerization.
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removed and the restoration is inspected for voids. If external 
voids are present, they may be filled with additional resin com-
posite material, which is then light cured.

Large “through and through” (ie, no facial or lingual tooth 
structure is left) Class 3 restorations often do not blend with the 
color and translucency of the surrounding tooth structure, and 
sometimes a show-through of the darkness of the mouth can 
be seen. In order to predictably achieve an imperceptible resto-
ration, the layering or stratified technique should be employed. 
The cavity preparation is filled from the internal aspect toward 
the external aspect. The anatomical dentin is replaced with a 
dentinlike material, which is one or two shades darker than the 
basic shade. A 2-mm layer is placed against the axial wall and 
carefully adapted. One to two increments of dentinlike material 
may be necessary to replace the anatomical dentin. The final 
dentin increment should overlap part of the bevel (if present) 
to facilitate blending and masking. An enamel-like material, of 
the same shade as the basic shade, is then placed facially over 
the dentin increment to replace the anatomical enamel. This 
increment extends beyond the bevel and feathers over the 
natural tooth surface. This facial enamel increment should be 
placed in one application and built to establish the final facial 
contour of the restoration. Additionally, this increment should 
be in contact with the adjacent tooth to create the facial aspect 
of the proximal contact. After polymerization of the facial incre-
ment, a clear matrix can be placed interproximally to facilitate 
application and adaptation of the final enamel-like increment. 
The final increment is then placed over the lingual portion to 
complete the layering effect. If the clear matrix is used, it is 
pulled slightly toward the facial wall to carry the material and 
improve adaptation. Each increment of material should be light 
cured for approximately 20 seconds. The basic clinical steps for 
a Class 3 resin composite restoration are outlined in Box 10-2. 

Class 4 restorations
Class 4 restorations are often complicated because of the 
difficulty in duplicating the natural tooth anatomical con-
tours, surface texture, shade gradation, and opacities. To facili-
tate achievement of proper contours, custom matrices are 
employed. When treating a fracture of an incisal edge, a miss-
ing Class 4 restoration, or an existing Class 4 restoration that 
needs replacement, a custom matrix can be fabricated. In one 
technique, impression material or a rapid-set PVS material may 
be formed to provide a lingual matrix.126 It should cover the 
lingual and incisal aspects of the tooth to be restored plus the 
lingual surfaces of one or two adjacent teeth. The matrix should 
extend facially only far enough to reach the facioincisal line 
angle. If tooth structure or a portion of a restoration is missing, 
then a quick mock-up of the restoration can be made. Expired 
resin composite or a seldom-used resin composite shade may 
be employed for this purpose. The tooth is dried, and com-
posite is applied to form the desired tooth contours and light 
cured. Care should be taken in shaping the lingual aspect. After 
polymerization, the occlusion in maximum intercuspation and 
in excursive mandibular movements should be checked. The 

lingual contour can be finalized with a round or football-shaped 
carbide finishing bur. A lingual matrix of impression material 
that reproduces the correct lingual contours, anterior guidance, 
and incisal length in the final restoration is then made. 

In most cases, resin composite is layered in 2-mm incre-
ments to achieve desired coloring and complete polymeriza-
tion. The incremental placement technique allows the clinician 
to shape the restoration to the desired form and contour. The 
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Box 10-2
Clinical steps for a Class 3 or Class 4 

resin composite restoration

1. Select a shade before dehydration of the tooth.
2. Place a rubber dam.
3. Prewedging will aid in achieving an adequate proximal 

con tact. Prewedge to protect the rubber dam and 
proximal gingival tissues during tooth preparation.

4. Initiate the cavity preparation by accessing the caries 
lesion through the marginal ridge with a no. 329 or 330 
bur in a high-speed handpiece. Remove the proximal 
plate of enamel. Be careful to avoid damaging the adja-
cent tooth.

5. Remove the carious dentin with a round bur in a low-
speed handpiece running at very low speed.

6. Remove unsupported enamel, if appropriate, but pre-
serve as much facial enamel as possible and place bev-
els with a finishing bur and/or gingival margin trimmer.

7. Etch the enamel. Be careful not to etch the adjacent 
tooth; protect it with a matrix strip.

8. Place the primer and adhesive, following the manufac-
turer instructions.

9. Light cure as indicated.
10. If the preparation is large, place resin composite into 

the deep areas.
11. Light cure in increments no more than 2 mm thick for the 

appropriate time (material- and curing light–specific).
12. Place a clear plastic strip or other matrix and wedge.
13. Add composite and contour the matrix strip to contain 

the material in the proper shape.
14. Light cure.
15. Remove the wedge and matrix strip and inspect the 

restoration for voids; add resin composite if necessary.
16. Remove gingival flash with a no. 12 or 12B scalpel blade.
17. Remove flash from the other margins and contour the 

restoration with a finishing bur, finishing diamond, or 
abrasive disk.

18. Remove the rubber dam.
19. Check the occlusion and adjust as necessary.
20. Finish and polish with disks, rubber points, etc.
21.  Apply etchant to the surface and margins; rinse, then 

apply and cure rebonding resin.



preparation may be very slightly overfilled to allow subtractive 
contouring and finishing. 

An overlay technique also may be used for Class 4 restora-
tions to obtain a combination of strength and a very smooth 
surface.127,128 The bulk of the restoration is built with a hybrid 
resin composite to provide strength. The final layer is a veneer 
of microfilled resin composite to provide a smooth, glossy 
surface. However, several modern hybrid and nanofilled resin 

composites present adequate strength and final gloss; thus, 
they can be used alone for the entire restoration. 

To achieve imperceptible polychromatic restorations, a 
layering technique employing both enamel- and dentinlike 
materials is recommended49,129 (Fig 10-25). Selection of dentin 
and enamel shades is based on the principle of the basic shade, 
in which the dentinlike material is one to two shades darker 
or more chromatic than the basic shade and the enamel-like 
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Fig 10-25 (a) Discolored, unesthetic Class 4 restoration that the patient desired to have replaced. (b) Lingual matrix fabricated from impression material to serve 

as a guide for contours and incisal length. (c) The defective restoration is removed, and long, scalloped bevels are placed for retention and esthetic blending of the 

tooth-restoration interface. (d) Application of the first layer of resin composite to restore lingual incisal contours. (e) A second layer of dentin-shade material is applied 

to mimic the underlying opacity and to attempt to mimic the shape of the dental mamelons. (f) Translucent material is applied at the incisal third to imitate incisal trans-

lucency. (g) An external layer of enamel-shade resin composite is feathered onto the facial surface and blended into the existing contours for a polychromatic, natural 

appearance. (h) A 12-fluted finishing bur establishes final contours and surface characteristics before employing disks and points to provide a final polish. (i) Flexible 

polishing disks conform to the facial contours of the tooth. (j) Abrasive-impregnated rubber points and/or cups may also be employed for polishing lingual contours and 

interproximal surfaces that are inaccessible to disks. (k) The completed restoration with a pleasing color match, surface characterization, and incisal edge morphology 

yields a highly esthetic outcome.
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material is the same shade as the basic shade. Dentin lobes, 
areas of high translucency, and halos may be incorporated into 
the restoration during layering. 

After proper etching and adhesive procedures are com-
pleted, the first layer is built up. A thin (0.2- to 0.3-mm) layer 
of enamel-shade composite resin is placed over the custom 
matrix and is limited to the size of the missing anatomical 
enamel (see Fig 10-25d). The material should extend to the 
facioincisal line angle over the matrix. The custom matrix with 
the resin composite is carried to place in the mouth and posi-
tioned on the palatal aspect of the teeth. The resin composite 
is further adapted to the lingual bevel, if necessary, with an 
ovoid-shaped burnisher or a brush. The increment is light cured 
for the recommended time and the custom matrix removed. 
The second increment, the proper dentinlike material, should 
be placed to fill the angle produced by the surface of the first 
increment and the wall of tooth structure. The third increment, 
also a dentinlike material, reproduces the dentinal lobes (see 
Fig 10-25e). An interproximal carver or an ovoid-shaped bur-
nisher is useful for forming these lobes, and a brush can be 
used to smooth the surface. When it is necessary to accentuate 
or make the lobes visible from the labial aspect or to create a 
high translucent incisal edge, a small increment of a translucent 
material is placed between the lobes, feathered over the incisal 
edge and over the bevel, smoothed, and light cured (see Fig 
10-25f). A view from the incisal edge with an intraoral mirror 
should be used to evaluate the facial contour of each increment 
and to ensure that there is enough space for the following 
layer. A final enamel-like material increment is then placed to 
complete the facial contour of the restoration (see Fig 10-25g). 
This final layer should be placed in one increment to avoid 
voids and seams and contoured and shaped before polymer-
ization until it closely resembles the desired shape. A matrix 
strip or an interproximal carver instrument is used to remove 
any excess and provide final proximal contours. Brushes are 
used to smooth and contour this final increment. After polym-
erization, the restoration is contoured, finished, and polished 
(see Figs 10-25h to 10-25k). 

Figure 10-25 shows a step-by-step Class 4 resin composite 
restoration from beginning to end. The basic clinical steps 
for a Class 4 resin composite restoration are also outlined in 
Box  10-2. 

Direct Resin Composite Veneers
Indirectly fabricated ceramic veneers are the gold standard 
for esthetics and longevity; however, direct resin composite 
veneers offer several advantages. Direct veneers generally 
provide a more conservative approach and can be placed in 
one visit without laboratory involvement or laboratory fees. 
Although the chair time required for placement of direct 
veneers can be considerable and experience is necessary to 
consistently achieve optimal results, the cost to the patient is 
generally lower than that for ceramic veneers. The lower cost 

may help to provide an alternate solution for many esthetic 
problems. Commonly, little or no enamel removal is required. 
Resin composite will not cause premature wear of the oppos-
ing dentition and can be easily repaired and modified, unlike 
ceramic materials. However, resin composite veneers do not 
maintain their appearance as well as ceramic restorations over 
time. The percentage of practitioners providing direct (“free-
hand”) resin composite veneers has declined in recent years, 
with a corresponding increase in the use of porcelain veneer 
restorations.130 The clinical steps for a direct resin composite 
veneer are outlined in Box 10-3.
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Box 10-3
Clinical steps for a direct resin  

composite veneer

1. Select resin shades prior to dehydration of the tooth.
2. Place a rubber dam and no. 212 (retractor) clamp, if 

desired. If rubber dam is not used, place gingival retrac-
tion cord to control sulcular fluid and retract the gingi-
val tissue.

3. In most cases, the composite material is bonded direct-
ly to the tooth surface. If it is necessary to remove 
tooth structure to establish proper tooth alignment or 
to create space to mask dark tooth structure, a blunt-
ended diamond is recommended. Remove the smallest 
amount of tooth structure necessary to achieve the 
desired objective.

4. Etch the tooth surface with an appropriate etchant, 
such as 37% phosphoric acid. Protect adjacent teeth 
from the etchant with clear plastic strips.

5. Rinse the tooth thoroughly and dry the etched tooth 
surface with a stream of air.

6. Place a clear plastic strip or other matrix and wedge 
interproximally; apply adhesive resin and light cure for 
the appropriate time (material-specific instructions).

7. Apply opaque resin, if indicated, and light cure.
8. Add the selected resin composite, adapt and contour 

the material, and light cure for the appropriate length 
of time.

9. Add additional resin composite as necessary to achieve 
the proper shape, color, and translucency. Light cure 
each increment for the appropriate length of time.

10. Contour the gingival margins and remove flash with  
no. 12 or 12B scalpel blade.

11. Contour and finish the composite material with a car-
bide or diamond finishing bur.

12. Repeat the above process on adjacent teeth, if indi-
cated.

13. Remove the rubber dam, if used.
14. Check the occlusion and adjust as necessary with finish-

ing burs.
15. Finish and polish with disks, polishing points, etc.
16.  Apply low-viscosity rebonding resin (surface sealer) to 

the restoration surface and margins.



Tooth preparation for direct resin veneers varies greatly, 
mainly according to tooth position and coloration. According 
to the position of the tooth, preparation may or may not be 
required. Teeth positioned lingually or those that are short 
cervicoincisally rarely require any preparation and can be 
brought into correct alignment and length by simply adding 
resin composite. Facially positioned teeth with or without rota-
tion require some degree of preparation to allow space for the 
thickness of the material and to bring the tooth in alignment 
with the arch. Discolored teeth require preparation only if there 
is not enough space, about 1 mm, over the facial aspect to 
place a masking agent and resin composite. 

Direct resin composite veneers can be produced by using 
single opacity shades or by layering various shades and opaci-
ties to obtain polychromatic esthetic restorations according 
to adjacent teeth, desired results, and patient expectations 
(Fig  10-26). If a tooth shows a dark discoloration, an opaque 
layer or masking agent is placed over the adhesive and poly-
merized131 (Figs 10-27 and 10-28a to 10-28d). When necessary, 
white, orange, or brown tints may be used to add a natural 
look to the cervical or proximal surfaces of teeth or to internally 
characterize a restoration (Figs 10-28e and 10-28f). These color 
modifications will influence the surface shade unless the thick-
ness of the resin composite exceeds 2.5 mm.88–90 Translucency, 
the appearance of lobes or mamelons, and/or white or bluish 
characterization of the incisal edge may be added in the incisal 

third of the composite veneer. An attempt should be made to 
sculpt the resin composite to desired contours. If the restora-
tion is slightly overcontoured, it may be finished and polished 
to proper contours. If it is slightly undercontoured in any area, 
additional resin composite material may be added.

Creating a diagnostic wax-up is recommended to reduce 
clinic time and increase the predictability of the final veneers. 
The wax-up will provide information on the final contours and 
the amount of material necessary to complete the veneers. The 
diagnostic wax-up can be shown to the patients for their accep-
tance, or an impression can be made by PVS and an intraoral 
mock-up performed132 (Fig 10-29). A custom matrix made  from 
the wax-up, similar to the one described for a Class 4 restora-
tion, can be fabricated from the wax-up to aid with placement 
of the veneers.

Diastema closure
The technique for diastema closure is similar to that for place-
ment of direct veneers and Class 4 restorations. In most cases, 
no tooth structure has to be removed, and the resin composite 
is retained solely by adhesive bonding. For a small diastema 
(1 mm or less), an enamel-like resin composite is added to the 
proximal surfaces of the two adjacent teeth (Fig 10-30). For 
a moderate-sized to large diastema, an opaque or dentinlike 
material should be placed to block the show-through effect 
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Fig 10-26 (a) Maxillary central incisors exhibit 

external stain, hypocalcification, and discolored res-

torations that require replacement. (b) Completed 

direct veneers mask stains and meet esthetic 

demands in this young patient.

Fig 10-27 Facial veneering and masking of heavy 

stain/fluorosis using a combination of opaque, cervi-

cal, body, and translucent shades: stain/fluorosis (A); 

opaque shade (B); cervical shade (C); body shade 

(D); translucent shade (E).
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Fig 10-28 (a) Dark composite restorations on maxillary central incisors need replacement. (b) Isolation is achieved with a rubber dam. For veneer preparation and 

restoration, it is necessary to obtain maximum cervical retraction with floss ligatures. (c) The right central incisor has been prepared for a Class 4 restoration. The left 

central incisor has been prepared for a complete facial veneer. An intrinsic discoloration is present on the left central incisor, which will require masking with a layer of 

opaque composite. (d) Completed facial veneer on the left central incisor and Class 4 restoration on the right central incisor match the color of the adjacent teeth. A 

pleasing esthetic result with effective masking of stains can be achieved when the correct composite opacity is selected. When needed, stains can be used to internally 

characterize restorations. (e) Internal characterization with white and caramel stains are applied to the resin composite. (f) Final result showing lifelike restorations with 

internal characterization.
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Fig 10-29 Wax-up of a Class 4 restoration for diagnostic purposes and patient 

presentation. Additionally, a PVS matrix can be made from the wax-up to aid in 

the restorative phase.  

Fig 10-30 (a) A maxillary lateral incisor and canine with an existing diastema to be closed with resin composite. (b) Phosphoric acid etchant is applied; no preparation of 

natural tooth structure is required for adhesion. (c) Completed diastema closure showing improved esthetics and imperceptible blend of resin composite and natural enamel. 

Note the translucency of the incisal edge.
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caused by the darkness of the mouth (Fig 10-31). A slight blend-
ing of the material onto the facial surface will help achieve a 
natural transition of shades and improve the esthetic outcome. 
The facial and incisal contours can then be established with an 
enamel-like resin composite. When closing a diastema, care 
should be taken to provide the proper tooth contours when 
placing and finishing the material. This is especially crucial in 
the gingival embrasure areas. If the diastema exceeds 2.5 mm, 
it may be necessary to use a combination of direct veneering 
and orthodontic movement to position the teeth into a more 
easily managed and esthetically pleasing location. Corrective 
enameloplasty of the distal-surface contours of the teeth to 
be restored, followed by building up of adjacent teeth, may 
improve the esthetic outcome.

When diastema closure is performed, occlusal relationships 
and esthetic proportions as well as the overall facial esthetics 
must be considered. When anterior teeth are widened, it may 
also be necessary to lengthen them to preserve natural ana-
tomical proportions. If occlusal relationships and facial appear-
ance will allow, the proper tooth length can be established by 
adding to the incisal edge. It is also possible to improve the 
length-to-width ratio by surgical crown lengthening in some 
patients. The desired lengths and widths of teeth should be 
determined using a diagnostic wax-up before treatment is 
begun (Fig 10-32). A trial application or mock-up, assessing 
the esthetic alteration of the shape and color of the proposed 

restoration, may be accomplished with resin composite applied 
to unetched teeth.134

Maintenance of the proper length and width relationships 
in anterior teeth is very important to achieving an esthetic 
result for resin composite veneers, porcelain veneers, and dia-
stema closures (see chapter 3). A study evaluating the length 
and width of anterior teeth revealed that, on average, central 
incisors and canines are approximately equal in length and 
are 20% longer than lateral incisors.133 The proper dimensions, 
length-to-width ratios, and width-to-width ratios are shown in 
Tables 10-1 and 10-2.

A periodontal probe or caliper may be used as a measur-
ing device to evenly divide the space to be closed. Diastema 
closures frequently require augmenting two to six teeth with 
resin composite to achieve optimal esthetic relationships (Figs 
10-33 and 10-34).

Most diastema closures can be accomplished without the 
use of a matrix or a wedge, thus providing better control of 
proximal contours in the gingival embrasure areas. When restor-
ing adjacent teeth, the proximal contours are best built up one 
at a time. Sculptable microfilled or nanofilled resin composites 
are the preferred materials. A small amount of resin composite, 
just enough to provide half of the diastema closure, is placed 
on the mesiofacial line angle of the first tooth. A thin, bladed 
instrument is used to push and adapt the material on the facial 
surface. The remaining composite is carried toward the lingual, 

Fig 10-31 (a) Labial view of finished diastema closure showing the use of body and translucent shades to simulate natural tooth color and translucency. (b) Moderate 

midline diastema. The patient’s desire for esthetic improvement may be satisfied with resin composite. (c) Completed diastema closure. Note the physiologic contouring 

of the cervical aspect of the restorations and the homogenous luster of the composite material and natural tooth surface. (Figs 10-31b and 10-31c courtesy of Robert 

H. Poindexter, Kerrville, Texas.)

Fig 10-32 Diagnostic wax-up of proposed recontouring and closure of dia-

stemata. This treatment planning procedure may assist in identifying tooth-size 

discrepancies, areas requiring esthetic recontouring, and gingival height and 

contour considerations. The cast may also be used for patient education and 

communication of treatment goals, as well as for fabrication of a lingual matrix 

and as a chairside guide for direct restorations.
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and the gingival embrasure is contoured to the shape desired. 
Care should be taken to achieve the desired proximal contour 
and tooth width. It is very helpful to measure the width of the 
restored tooth with calipers and compare it to the adjacent 
tooth and the remaining space to ensure that proper symmetry 
is achieved. Following polymerization, the proximal surface of 
the first restoration should be finished and polished to the 
exact contour desired. The contours of the facial surface and 
incisal edge should be very close to the final desired shape but 
may be polished at the same time as the adjacent restoration. 
Fig 10-35 shows a step-by-step diastema closure without the 
use of a matrix.

A tight, properly contoured contact can be achieved using 
a “pull-through” matrix technique. When placing the adjacent 

restoration, care should be taken to confine both the etchant 
and the bonding resin to prevent inadvertent splinting. After 
the adhesive resin is polymerized, a clear celluloid strip is placed 
in the contact area and the resin composite applied to the facial 
surface of the second tooth. After the material is blended to 
contour and shaped against the strip, the strip is slowly pulled 
to the lingual, drawing the material with it. When the material is 
midway through the contact, the strip should be removed with 
a tug, leaving the material in the contact area. Wiping the strip 
with alcohol-dampened gauze prior to placement may help to 
release the material from the strip. A brush or placement instru-
ment can be used to gently push the facial resin increment into 
contact with the already completed restoration on the adjacent 
tooth, and then the embrasures are shaped and refined and the 

Table 10-1
Dimensional averages (in mm) for maxillary  

incisors and canines*

Males Females

Tooth Length Width Length Width

Central  

incisor

10.7 9.4 9.6 9.1

Lateral  

incisor

  9.1 7.5 8.2 7.1

Canine 10.7 8.5 9.2 8.0

*Data from Gillen et al.133

Table 10-2
Length/width and width/width* ratios for 

maxillary incisors and canines†

Males

Length/ 

width

Width/width 

lateral

Width/width 

canine

Central incisor 1.15:1 1.25:1 1.1:1

Lateral incisor 1.2:1 —

Canine 1.25:1 1.15:1 —

Females

Length/ 

width

Width/width 

lateral

Width/width 

canine

Central incisor 1.05:1 1.3:1 1.15:1

Lateral incisor 1.15:1 —

Canine 1.15:1 1.15:1 —

* Width/width ratios are only listed for larger teeth to smaller teeth (eg, central 

incisor to lateral incisor).
†Data from Gillen et al.133

Fig 10-33 (a and b) Diastema closures frequently 

require bonding of resin composite to two to six teeth 

to achieve proper esthetic relationships. Multiple com-

posite veneers were needed for this patient.

a b

Fig 10-34 (a and b) This diastema closure also 

required multiple composite veneers.

a b
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a b c

d e f

g h i

j k l

m n o

Fig 10-35 Diastema closure using resin composite. (a) The diastema between maxillary central incisors measures slightly more than 1 mm. (b) Resin composite is 

placed into the diastema and polymerized to verify shade selection prior to the dehydration of the teeth that accompanies the procedure. (c) Tooth surfaces are cleaned 

with a slurry of fine pumice. (d) Retraction cord has been placed to move the tissue of the interproximal gingival papilla. (e) Etchant is applied to only one central incisor; 

the etched area is larger than that needed for attachment of resin composite. A strip of clear, plastic matrix protects the other central incisor from being etched. After 

30 seconds of etching, the surface is rinsed and thoroughly dried. (f) Adhesive resin is placed over the etched enamel and light polymerized. (g) Resin composite is 

placed so that it has slightly greater contour than the desired final restoration. (h) The resin composite has been light polymerized. (i) The resin composite is contoured 

with a coarse-grit disk. (j) The interproximal area is finished so that the resin composite will close one-half of the diastema. (k) Final polishing of the restoration is per-

formed. (l) The restoration of the left central incisor is complete. (m) The mesial portion of the right central incisor is etched; a plastic matrix strip protects the adjacent 

tooth from the etchant. (n) After the etchant is rinsed away, the surface dried, and the resin adhesive applied and polymerized, resin composite is placed in contact 

with the adjacent restoration and polymerized. (o) The restorations are lightly separated by pushing a thin instrument against the contact from the gingival embrasure. 
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composite polymerized. Although the polymerized resin will 
stick to the adjacent tooth, it can easily be separated by lightly 
rotating (torquing) an instrument between the teeth. Following 
separation, a clear celluloid strip is reinserted and contoured 
against the lingual contour of the tooth. A small amount of 
resin composite is placed against the strip to fill any deficien-
cies on the lingual surface, and the lingual portion of the strip 
is drawn tightly against the cingulum with a thumb or a finger. 
The strip is then pulled out to the facial, drawing the material 
into the lingual deficiencies. After polymerization, the teeth are 
again separated and finishing procedures are initiated.

Finishing and Polishing
Finishing includes the shaping, contouring, and smoothing 
of the restoration, while polishing imparts the shine or luster 
to the surface (see Fig 10-25k). Finishing a restoration is as 
important as adequate shade matching. Even when a good 

shade match has been obtained, if the finishing process does 
not simulate the adjacent tooth contours, the restoration 
will not appropriately blend with its surroundings. There are 
many products available for finishing and polishing, including 
diamond and carbide burs, scalpel blades and carving instru-
ments, various types of flexible disks, abrasive-impregnated 
rubber points and cups, metal and plastic finishing strips, and 
polishing pastes.134 The smoothest possible surface is obtained 
when the resin composite polymerizes against a clear plastic 
strip without subsequent finishing or polishing. However, 
such a surface typically has a higher resin content, because the 
monomers tend to work their way through the fillers like a sieve 
when the composite is pushed against a surface. This may yield 
a very smooth superficial layer but one that is less resistant to 
wear due to its reduced amount of reinforcing fillers.

The finishing and polishing process can affect many aspects 
of the final restoration, including surface shine, surface staining, 
and plaque accumulation. The composition of the composite 
material and the polishing system and protocol used all influ-

Fig 10-35 (cont) (p) The gingival margins of the restoration are shaped with a no. 12 scalpel blade. (q) The proximal surface, gingival to the interproximal contact, is 

finished and polished using progressively finer-grit finishing strips. (r) Surfaces of the restorations are polished with an aluminum oxide polishing paste. (s) The diastema 

closure procedure is complete. (Courtesy of J. William Robbins, San Antonio, Texas.)

p q r

s
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ence the finish and polish that can be obtained.135–138 Polish 
retention over time is an important concern for clinicians and 
depends greatly on filler particle size. Composites with larger 
particles tend to be more difficult for the clinician to obtain 
smooth surfaces, and they show more surface roughness with 
time, as the surface is exposed to abrasion and erosion from 
food and drinks.139,141 

Instruments

Diamond and carbide burs
Ideally, a minimum of finishing should be imparted to a resin 
composite. This goal is easily achieved when contouring and 
smoothing of the restoration is obtained before polymeriza-
tion. The 12-fluted carbide burs have traditionally been used 
to perform gross finishing of resin composites. Fine finishing 
diamonds are also available for finishing resin composite res-
torations and have been found to impart less surface damage 
to microfilled resin composites than carbide finishing burs141 
(Fig 10-36). These finishing burs and diamonds may be used 
to develop the proper macro- and microanatomy for the res-
toration. The transition from resin to enamel should be slowly 
smoothed until it is undetectable. These burs can be used dry 
to better visualize the margins and anatomy being developed, 
and they should always be used with light pressure to avoid 
overheating and possibly damaging the resin composite sur-
face.

Scalpel blades and resin carving instruments
Blades and carving instruments are effective at refining gingi-
val margins and interproximal areas. Burs and disks can cause 
damage to the soft tissue and cementum in the gingival area. A 
no. 12 or 12B scalpel blade is often used to safely remove excess 
material at the gingival margin. Blades and resin carving instru-
ments are also used to refine embrasures (Fig 10-37).

Disks
One brand of flexible disks (Sof-Lex, 3M ESPE) has practically 
become the standard in finishing and polishing. The disks in 
one Sof-Lex series have a soft, flexible backing and a series of 
grits that can provide a smooth, even finish. Another Sof-Lex 
series, and similar disks made by other manufacturers, have 
thin plastic or polymeric backings that allow access of the abra-
sive side into embrasures and interproximal areas. When all 
four grits are used in sequence, these flexible finishing disks are 
reported to provide either the smoothest or nearly the smooth-
est surfaces of any finishing systems.136,142,143 Sequential use of 
disks with progressively finer grits produces a smooth, durable 
finish (Fig 10-38). Unfortunately, disks have the tendency to 
leave flat surfaces, unlike the normal rounded shapes found in 
natural teeth. 

Dry finishing with disks used in sequence is reported to be 
superior or equal to wet finishing for smoothness, hardness, 
and color stability.144 However, dry finishing tends to clog disks 
with abrasive particles and makes the disks work less efficiently.

Fig 10-36 A finishing bur or fine diamond is used 

for gross finishing.

Fig 10-37 Gingival flash is removed with a no. 12 

or 12B scalpel blade.

Fig 10-38 Polishing of the final restoration may 

be accomplished with flexible abrasive disks or 

abrasive- impregnated rubber points, cups, and/

or disks.

Fig 10-39 Polishing strips are used to contour and 

polish the proximal surface and margin.
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Impregnated rubber points and cups
A wide variety of rubber finishing and polishing points and 
cups impregnated with abrasive materials are available. Like 
disks, rubber cups and points are used sequentially from coarse 
to fine grit. The coarse grits may be effective for gross reduction 
and finishing, while the fine grits create a smooth, shiny surface. 
The primary advantage of rubber points and cups over disks is 
that they provide access to grooves, desirable surface irregu-
larities, and the concave lingual surfaces of anterior teeth. The 
surfaces obtained with these cups tends to better resemble the 
natural anatomy of teeth.

Finishing strips
Finishing strips are used to contour and polish the proximal 
surfaces and margins gingival to the interproximal contact 
(Fig  10-39). They are available with metal or plastic backings. 
Most metal-backed strips are used for gross reduction, but care 
must be taken not to overreduce the restoration; these metal-
backed strips will also remove enamel, cementum, and dentin. 
Plastic strips come in various widths and grits and can be used 
for both finishing and polishing. Like the flexible disks, finishing 
strips come in a series of grits, which should be used in series 
from coarsest to finest.

Procedures

Contouring 
Contouring has the purpose of shaping the restoration to simu-
late the natural contours and anatomy of a tooth. It is extremely 
important for the clinician to be familiar with the anatomy 
found in the natural dentition to readily and predictably obtain 
good restoration contours.

Contouring should be carried out in a sequence. The first 
step in contouring is the evaluation of the length of the restora-
tion in relation with the adjacent teeth and the establishment 
of the facioincisal line angle. A medium-grit disk is used to 
reduce and contour the incisal edge. Young patients will have 
round incisal line angles in a mesiodistal direction because of 
the lack of wear; however, with age the teeth become flatter 
as a result of wear. A palatal inclination of the incisal edge is 
observed with age in the maxillary anterior teeth. In contrast, 
a labial inclination is observed for the mandibular anterior 
teeth. The second step is to check the occlusion in maximum 
intercuspation and in excursive movements and adjust accord-
ingly. The third step is to locate and contour the mesiofacial 
and distofacial transitional line angles. This is accomplished 
by using fine carbide or diamond burs or impregnated rubber 
cups. The transitional line angles are easily identified from an 
incisal view with an intraoral mirror. The fourth step is to con-
tour tooth embrasures. The incisal embrasures can be easily 
contoured with medium-grit disks and the gingival embrasures 
with a no. 12 or 12B scalpel blade. Additionally, a perforated 
diamond strip (eg, Visionflex, Brasseler) is very effective in 
smoothing and contouring the gingival embrasures.

Finishing and characterization
Finishing should be done carefully to avoid damaging the 
surface or margins of the resin composite restoration.  Medium- 
and fine-grit impregnated cups are sequentially used to pro-
gressively smooth the facial and lingual surfaces of the resto-
ration. Similarly, a sequence of finishing strips is used on the 
proximal surfaces and margins. The dental floss should pass 
over the proximal resin surface smoothly and snap through the 
contact without shredding. 

Surface characterization is obtained by observing and copy-
ing details of the adjacent dentition onto the restoration. A fine 
diamond at low speed is useful to reproduce imbrication lines 
found in young teeth. 

Polishing
A final surface polish can be obtained by using a diamond or 
silicon carbide–impregnated disk or cup. Aluminum oxide or 
diamond polishing pastes are also used to obtain a high polish.

Many operators have observed the development of a “white 
line” at the margins of resin composite restorations during 
finishing. The exact cause of this phenomenon is not known, 
but several investigators and clinicians have put forward pos-
sible explanations. One explanation145–147 implicates traumatic 
finishing leading to microfractures in the resin composite or 
tooth structure at the interface. Other proposed causes include 
improperly rotating abrasive disks (the disks should rotate from 
resin composite to tooth),148,149 inadequate polymerization of 
the resin composite material,147 and polymerization shrinkage 
causing microfracture of unsupported or fragile enamel at the 
margins.150 When the white line presents an esthetic problem 
and more conservative procedures such as rebonding do not 
resolve it, the white area must be removed with a bur and addi-
tional composite must be bonded and finished.

A typical kit for finishing resin composites contains a fine 
diamond and a mandrel for disks to contour the restoration (Fig 
10-40). It also contains rubber points to sequentially smooth 
the restoration and to provide final luster. Figure 10-41 illus-
trates a contouring and polishing sequence.

Fig 10-40 Kit for finishing and polishing resin composites.
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Fig 10-41 (a) Preoperative view of chipped resin composite restoration in need of replacement. (b) Cavity preparation for a Class 4 resin composite and facial veneer-

ing. (c) The first step in contouring is to establish the length of the restoration and position of the facioincisal line angle. (d) The position of the mesio- and distofacial 

line angles are marked with a pencil for visualization. (e) A fine flame-shaped diamond is used to contour the restoration and reproduce the fine anatomical details. (f) 

Surface characterization of an extracted human incisor. Some natural dentition is characterized by abundant secondary anatomy. (g) A coarse-grit silicon-impregnated 

rubber cup, the green Jiffy Polisher (Ultradent), is used to smooth the roughness left by the diamond bur. (h) A medium-grit rubber cup, Gloss Plus Polishers (Kerr), 

is used to further smooth the restoration. (i) A fine-grit diamond-impregnated cup, HiLuster Plus (Kerr), is used to obtain high gloss. (j) Final gloss is obtained before 

rubber dam removal. (k) The definitive restoration matches the surface characterization, gloss, and contours of the adjacent teeth.

a b c

d e

f

g h

i j k
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Rebonding

Rebonding (also called surface sealing or glazing) is performed 
after the restoration is finished and polished. The margins are 
re-etched, and a coat of unfilled or lightly filled low-viscosity 
resin is placed over the restoration surface and polymerized. 
Rebonding has been reported to improve marginal integ-
rity, aid color stability, improve early wear resistance, and help 
reduce staining of the restoration.151–156 The long-term effect 
of rebonding is questionable because this surface layer of 
low-viscosity resin is likely to wear quickly. A number of low-
viscosity resins, called surface sealers, are now available for use 
in the rebonding procedure. Rebonding is rarely needed for 
anterior restorations when a proper placement and finishing 
protocol has been followed.

Techniques for Repair or Correction of 
Intraoral Restorations
Resin composites are effective for the repair or correction of 
intraoral restorations for many kinds of materials. By combin-
ing chemical bonding techniques as well as macro- and micro-
mechanical retention, attachment of the resin composite to the 
old restoration can be obtained. In many cases, repair or correc-
tion requires less preparation and will reduce the risk of dam-
age to the tooth when compared with complete replacement 
of defective or unesthetic restorations.157,158 Macromechanical 
retention can be created by the preparation of undercuts in the 
old restoration, which can also improve the resistance form. 

Micromechanical retention can be obtained by preparation 
with a coarse diamond bur or air abrasion. Air abrasion is effec-
tive on all resin composites, porcelain, acrylic resins, and metals. 
It may be performed with aluminum oxide particles or with a 
special aluminum oxide powder coated with a layer of silica 
(CoJet Sand, 3M ESPE).159–161 The latter is designed to deposit a 
layer of silica on the surface of the air-abraded restoration. This 
may enhance chemical retention and allow silanization. On 
porcelain and resin composites containing glass, silanization 
is an effective method to maximize the chemical bond. Some 
silanes are directly applied to the surface, while others are 
activated when mixed with specific adhesive primers or resins. 
On metals, specific metal primers, applied after air abrasion, are 
effective in improving the bond strength.162
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The use of resin composite as a material for restoring 
posterior teeth has continued to increase. Patients are 
attracted to a restoration that matches the color of 
natural teeth.1 Resin composite meets this demand 
and has become the most frequently used esthetic 
re storative material in dentistry.2,3 In addition, resin 
com posites avoid the concerns over the use of mercury-
containing materials, are thermally nonconductive, 
and bond to tooth structure with the use of adhe-
sives.4,5 There are problems associated with using resin 
composite in posterior restorations, however, includ-
ing shrinkage that occurs on setting6; occasional post-
operative sensitivity7,8; less-than-ideal resistance to 
wear, particularly if functional cusps are replaced with 
resin composite; and restoration fracture.9–11 Minimiz-
ing these negative aspects requires meticulous opera-
tive technique. Along with appropriate case selection, 
it is one of the most important variables governing the 
success of posterior resin composite restorations.12–14

Although some questions about longevity remain, 
there is increasing evidence that properly accom-
plished posterior resin composite restorations can 
be quite durable.10,15,16 Earlier studies comparing the 
clinical performance of amalgam restorations to resin 
composite restorations showed amalgam to last lon-
ger. Because studies are often of different duration, it 
is common to compute an annual failure rate (AFR) to 
allow a means of comparison. A review from the late 
1990s found that high-copper amalgam restorations 
had an average 1.1% AFR as compared to 2.4% AFR for 
resin composite.17 An analysis of more than 300,000 
amalgam and resin composite restorations placed in 
posterior teeth and monitored during a 7-year period 
in private practices revealed that patients with resin 
composite restorations had a 16.4% greater chance 
of restoration failure than those with amalgam res-
torations at any time period in the analysis.18 While 
this appears ominous for resin composite as a poste-
rior restorative material, it should be noted that the 

probability of a posterior resin composite restoration 
surviving more than 5 years (93%) differed little from 
that of an amalgam restoration (94%). More recently, 
a review of 2,780 Navy and Marine recruits who had 
satisfactory posterior amalgam or composite restora-
tions upon entry into the military showed that there 
was a 64% greater risk of composite failure compared 
with amalgam failure over a period of 3 years.19 A con-
trolled clinical trial of 1,748 amalgam and composite 
restorations showed that amalgam had a significantly 
lower AFR (0.8%) than composite (2.2%) after 7 years.20 
This study also established that larger restorations had 
a higher failure rate compared with smaller restora-
tions, regardless of restorative material. The risk for 
secondary caries was 3.5 times greater for composite 
restorations versus amalgam. 

However, a shift in the outcomes of clinical studies 
comparing amalgam with composite has taken place. 
Another controlled clinical trial of 1,262 restorations 
followed for 5 years found no significant difference 
in the clinical performance of amalgam (3.2% AFR) 
compared with composite (4.4% AFR). Similar to the 
previously mentioned clinical trial, larger restorations 
had a higher failure rate than smaller restorations.21 
Recently, long-term results in practice-based trials 
have been presented. A 10-year study of Class 1 and 
Class 2 restorations found no difference in the perfor-
mance of amalgam (2.1% AFR) versus composite (1.8% 
AFR) restorations.16 More recently, a 12-year trial of 
1,949 large Class 2 restorations showed that composite 
performed significantly better (1.7% AFR) than a high-
copper amalgam (2.4% AFR). In this study, patients 
who were considered to have a high caries risk had 
a significantly greater risk of restoration failure com-
pared with low-caries-risk individuals. Furthermore, in 
the high-caries-risk patients, three-surface restoration 
longevity was significantly greater for the amalgam 
restorations, although there was no difference for 
four- and five-surface restorations.22
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When it is used properly, resin composite has demonstrated 
the ability to perform as well as amalgam in posterior restora-
tions for up to 10 years.16,23 Long-term success of resin com-
posite posterior restorations depends on cavity size, restoration 
type, functional/occlusal stresses on the restoration, patient 
caries risk status, and tooth type.20,22,23,24 

There are a number of valuable lessons to be learned regard-
ing the durability of posterior restorations. First, there are a 
variety of explanations for the different study results based on 
restorative material and type of study, including patient selec-
tion, technique sensitivity, and differences in approach related 
to practice setting. At the current stage of material develop-
ment, it is not possible to say that resin composite is a true 
amalgam replacement capable of providing clinical service to 
the same level of performance in all of the same clinical situ-
ations as amalgam. However, with appropriate case selection 
and clinical technique, posterior resin composite restorations 
can serve very acceptably. This chapter presents the factors 
that will lead to clinical success by examining the advantages, 
disadvantages, indications, and placement procedures for resin 
composite as a posterior restorative material.

Advantages of Resin Composite as a 
Posterior Restorative Material

Esthetics
Manufacturers have developed sophisticated resin composite 
systems with multiple shades, tints, and opaque resins that 
allow the practitioner to place highly esthetic restorations (Fig 
11-1). Clinical studies often report excellent color matching of 
resin composite with tooth structure. One study found that 
93% of posterior resin composite restorations provided an 
acceptable color match to adjacent tooth structure after 10 
years,10 while another study found that 94% of resin compos-
ite restorations still provided an excellent color match at 17 
years.15 Visible light–cured (VLC) resin composites have less 
amine content than the autocured systems, resulting in less yel-
lowing of the restoration and greater color stability over time.25 
Microfilled resin composites have the smoothest surface finish 
of all the systems, and they better maintain their esthetics than 
other types through enhanced resistance to surface staining.25 

Conservation of tooth structure

In the past, it was recommended that preparation design for 
posterior resin composite restorations be patterned after the 
traditional amalgam preparation14 as described by Dr G. V. 
Black. Researchers today recommend a more conservative 
approach.26,27 The adhesive preparation has evolved to take 
advantage of resin composite’s positive properties and to mini-
mize its negative ones. The current design limits the removal 
of tooth structure to that needed to eliminate carious tooth 
structure and fragile enamel.28

The adhesive preparation for posterior Class 2 resin compos-
ite restorations differs from Black’s traditional amalgam design 
in several ways29:

•  The preparation tends to be shallower. Because retention 
is provided through bonding to tooth structure rather than 
mechanical undercuts, there is no need to penetrate to den-
tin if the caries lesion does not. This conserves tooth structure 
and expands the area of enamel available for bonding (Fig 
11-2a).

•  The preparation tends to have a narrower outline form, which 
allows less occlusal contact on the restoration and reduces 
wear.30,31 A less bulky restoration helps to decrease the 
adverse effects of resin composite polymerization shrinkage, 
resulting in improved marginal integrity28 and less cuspal 
deflection32 (Fig 11-2b).

•  The preparation has rounded internal line angles; this con-
serves tooth structure, decreases stress concentration associ-
ated with sharp line angles,25 and enhances resin adaptation 
during placement33,34 (Fig 11-2c).

•  There is no “extension for prevention” (Fig 11-2d). The occlu-
sal fissures are included in the preparation only if the pres-
ence of carious tooth structure dictates this need. Extending 
the Class 2 preparation through occlusal fissures does not 
make the restoration more resistant to fracture than the 
more conservative proximal slot restoration.26,35 In clinical 
studies, use of a proximal slot preparation for posterior resin 
composite restorations showed no failures after more than 2 
years of service36 and 70% success after up to 10 years.37 In 
this long-term study,37 no restorations were lost due to wear 
or to loss of retention. This may be attributed to the study’s 
requirement that there be an occlusal stop on enamel. Adja-
cent pits and fissures can be treated with sealants to enhance 

Fig 11-1 Modern resin composite materials can 

provide an esthetic restoration, such as the mesio-

occlusal restoration in the mandibular first molar. 

(Courtesy of Bill Dunn, United States Air Force 

Dental Corps.)
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caries prevention25 (Figs 11-2e and 11-2f). Figure 11-3 shows 
some examples of outline form of posterior resin composite 
restorations; each is designed to treat the pathosis presented, 
and none has a “standard” shape.

Adhesion to tooth structure
The clinical success of bonded resin composite restorations is 
well documented.10,15,38,39 The bond between resin composite 
and tooth structure achieved with bonding systems offers the 
potential to seal the margins of the restoration40 and reinforce 
remaining tooth structure against fracture.41,42 It has also been 
suggested that less cuspal flexure occurs with bonded resin 
composite restorations under subcatastrophic occlusal loads, 
providing protection against the propagation of cracks that 
can ultimately lead to fatigue failure.43 However, not all stud-
ies have found that teeth with bonded restorations have an 
increased resistance to fracture.43,44 The longevity of the bond 
is shortened by increased occlusal forces.45 A study of nearly 
11,000 posterior teeth found the prevalence of cusp fracture in 
posterior resin composite restorations to be no lower than that 
in amalgam restorations.46 This supports the fact that bonded 
posterior restorations cannot be relied upon to provide long-
term reinforcement of tooth structure. 

Fig 11-2 (a) The adhesive preparation (upper solid line) is extended only enough to provide access and to remove carious tooth structure. It may not penetrate the 

dentinoenamel junction (dotted line), unlike the traditional preparation (lower solid line). (b) The more conservative outline form of the adhesive resin composite restora-

tion (dotted line) compared with that of the traditional restoration (solid line). (c) In the adhesive preparation, internal angles are rounded. (d) If there is no occlusal caries 

lesion, a Class 2 preparation for a resin composite restoration can be very conservative, similar to a Class 3 preparation. The occlusal fissures can be sealed (dotted 

line) after restoration placement. (e) A conservative Class 2 preparation has been made. The occlusal fissures are stained but not carious. (f) After the restoration is 

completed, a sealant is placed in the fissures.

a

e f

cb

d

Fig 11-3 Outline of various Class 2 resin composite restorations. Access is limited 

to that required for removal of carious tooth structure and/or previous restoration(s), 

so outline form will vary based on the extent of caries lesions. Occlusal pits and 

fissures that are not carious may be treated with sealants. Deeply stained or demin-

eralized fissures may be opened with a small bur (0.3- or 0.4-mm diameter) or air 

abrasion prior to sealing. (Dashed outlines indicate sealant; dotted areas indicate 

composite.)
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Low thermal conductivity

Because resin composites do not readily transmit temperature 
changes, there is an insulating effect that may help to reduce 
postoperative temperature sensitivity.41

Elimination of galvanic currents
Resin composite does not contain metal and so will not initiate 
or conduct electrical currents.25

Radiopacity
Radiopaque restorative materials are necessary to allow the 
practitioner to evaluate the contours and marginal adaptation 
of the restoration as well as to distinguish among the restora-
tion, caries lesions, and sound tooth structure.47 Studies have 
shown that the detection of voids and recurrent caries lesions 
adjacent to restorations is enhanced when the radiopacity of 
the restorative material is equal to or slightly greater than the 
radiopacity of enamel.48–50

Most, although not all, modern resin composites have a 
radiopacity in excess of that of enamel.51,52 For manufacturers 
to claim that a material is radiopaque, the American Dental 
Association requires them to demonstrate that a composite 
has a radiopacity greater than that of an equal thickness of 
aluminum, which has a radiopacity approximately equal to that 
of dentin.53

Alternative to amalgam
Amalgam, despite having a long track record of clinical suc-
cess,54–56 has declined in use as a restorative material primarily 
because of its unesthetic appearance but also because of its 
mercury content. Concerns about mercury in amalgam are 
more psychologic than scientific, as evidenced by a compre-

hensive literature review of 950 scientific and medical studies 
that found no correlation between dental amalgam and health 
problems.57 Likewise, two extensive controlled clinical trials 
found no evidence of adverse health effects in children who 
received amalgam restorations compared with those who 
received composite restorations over 5 years21 and 7 years.20 
Despite this, there is an increasing desire to find mercury-free 
alternatives to dental amalgam.58 Patients are aware of indict-
ments against amalgam, and some express concern about 
potential health hazards.59 Amalgam is also less attractive to 
dental professionals as government agencies consider classify-
ing it as hazardous waste60 and requiring that dental offices 
install expensive separator systems to remove mercury from 
wastewater.58,61 As a result, resin composite use in posterior 
restorations continues to gain popularity in the profession.58

Disadvantages of Resin Composite as a 
Posterior Restorative Material

Polymerization shrinkage
Despite improvements in resin composite formulations over 
the years, modern systems are still based on variations of the 
bisphenol glycidyl methacrylate (bis-GMA) molecule, which 
has been used for more than 40 years.62 One of the major 
drawbacks of this material is the polymerization shrinkage 
that occurs during the setting reaction. Modern resin compos-
ites undergo volumetric polymerization shrinkage of 1.5% to 
5%.63–65

Most of the problems associated with posterior resin com-
posite restorations can be related directly or indirectly to 
polymerization shrinkage and the stress that develops during 
polymerization. During polymerization, resin composite may 
pull away from the least retentive cavity margins (usually those 

Fig 11-4 (a) Polymerization shrinkage can cause crazing in the enamel or fractures within the resin composite. (b) Craze lines are evident in the 

lingual cusp of the maxillary right second premolar bonded to a very large Class 2 resin composite restoration.

Fracture in 
enamel

Etched
enamel

Cracks

a b
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with little or no enamel on them), resulting in gap forma-
tion.66–68 Tensile forces developed in enamel margins can result 
in marginal degradation from mastication.69 Contraction forces 
on cusps can result in cuspal deformation,70 enamel cracks and 
craze lines71 (Fig 11-4), and, ultimately, decreased fracture resis-
tance of the cusps.72

Polymerization shrinkage occurs regardless of the system 
used to initiate the setting reaction. For many years, it was 
believed that autocured resin composite polymerizes toward 
the center of the mass of the resin composite, while VLC resin 
composite polymerizes toward the light source.6,68 Research 
has provided evidence that polymerization shrinkage occurs 
toward the walls of cavity preparations to which it is bonded 
most strongly, regardless of the initiator mode.73,74

A number of techniques have been suggested to decrease 
the adverse effects of polymerization shrinkage. The most com-
monly used technique is incremental placement of VLC resin 
composite, which decreases the effect of setting contraction 
by reducing the bulk of resin composite cured at a time.68 In 
addition, incremental insertion reduces the ratio of bonded 
to unbonded surface area, which helps to relieve the stress 
developed at the bond between tooth and resin composite.75 
The incremental placement technique is discussed later in this 
chapter.

Autocured resin composites are sometimes recommended 
for posterior restorations, because an autocured composite 
tends to induce less polymerization stress than does a com-
parable bulk of VLC composite. This is due in part to greater 
porosity being incorporated into the autocured resin compos-
ite as a result of mixing. The incorporated oxygen inhibits the 
set of resin immediately adjacent to the voids and decreases 
the ratio of bonded to unbonded surface area.76 The voids 
increase the free surface area for stress compensation by flow 
of the resin during the setting reaction.77 In addition, because 
of a slower polymerization rate, autocured resin composites 
develop shrinkage stresses more slowly than do VLC materi-
als. This allows for increased restorative material flow during 
polymerization.78,79 However, a number of problems associated 
with the use of autocured resin composite in posterior restora-
tions argue against its use. These problems are discussed in 
subsequent sections. 

Decreasing the rate of polymerization of VLC resin com-
posite can be accomplished by varying the intensity of the 
curing light. This has resulted in a form of curing for VLC 
resin composites variously referred to as two-step or soft-start 

polymerization. Some studies have shown that by reducing the 
initial irradiance to approximately 150 mW/cm2, followed by 
high-level irradiance (650 mW/cm2 or greater), the curing reac-
tion is slowed, marginal integrity is enhanced, and mechanical 
properties are not adversely affected.80–84 However, results with 
these reduced-irradiance curing regimens have been equivo-
cal,85 and it is difficult to assess whether or not the laboratory 
results will have any relation to clinical outcomes. Research has 
demonstrated that a truly significant decrease in polymeriza-
tion shrinkage stress may require what many consider to be 
clinically impractical curing regimens.85

The best hope for overcoming the problems of polymeriza-
tion shrinkage lies in the future development of tooth-colored 
materials that contract minimally during setting, an area of 
vigorous research.86–88 While it is intuitive to think that produc-
ing a material with zero shrinkage is ideal, this may not be true, 
because dental composites are based on polymers that absorb 
small amounts of water, the result of which is a slight volumet-
ric expansion that may apply pressure to the cavity walls. 

Secondary caries lesions
Several clinical studies and reviews of clinical studies have dem-
onstrated that secondary caries is a significant cause of failure 
of posterior resin composite restorations.20,89,90 It is believed 
that the marginal gap formed at the gingival margin as a result 
of polymerization shrinkage allows the ingress of cariogenic 
bacteria (Fig 11-5). Because marginal degradation has been 
demonstrated to increase with time,91,92 the risk of secondary 
caries also increases with time.

Studies have shown that levels of Streptococcus mutans, 
the organism linked most closely to the production of dental 
caries lesions,93 are significantly higher in the plaque adjacent 
to proximal surfaces of posterior resin composite restorations 
than in plaque adjacent to either amalgam or glass-ionomer 
restorations. In addition, the organic acids of plaque have been 
found to soften bis-GMA polymers, and this in turn could have 

Fig 11-5 (a) In these posterior resin composite restorations, the dark shadowing adjacent to the occlusal margins was caused by recurrent caries lesions. (b) After 

placement of a rubber dam, the resin composite restorations are removed and caries-detecting solution is placed. (c) Stained areas confirm the presence of demineral-

ized tooth structure.

a b c
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an adverse effect on wear and surface staining.94 These facts 
emphasize the need for regular recall and close follow-up of 
patients with posterior resin composite restorations.

Postoperative sensitivity
Postoperative sensitivity has been associated with the place-
ment of posterior resin composite restorations. Earlier clinical 
research noted postoperative sensitivity rates as high as 29% 
following placement of the restorations.7 Some studies have 
continued to report postoperative sensitivity following the 
placement of even small posterior resin composite restora-
tions,36,95 but reports of postoperative sensitivity have dimin-
ished with improvements in dentin adhesives and as dentists 
have become more proficient in the case selection and clinical 
techniques associated with successful posterior composite 
restorations.16,89,95–97 

A number of reasons have been postulated for the occur-
rence of postoperative sensitivity, but the most commonly 
accepted theories relate to polymerization shrinkage. As previ-
ously discussed, polymerization shrinkage results in formation 
of a gap, which allows bacterial penetration and fluid flow 
within it. The bacteria or their noxious by-products may enter 
the dentinal tubules and cause pulpal inflammation and tooth 
sensitivity.98 Gap formation also allows a slow, continuous out-
flow of dentinal fluid from the pulp through the tubules to the 
gap. Cold or other stimuli may cause a contraction of fluid in 
the gap, leading to a sudden, rapid outflow of tubular fluid that 
stimulates the nerve surrounding the odontoblastic processes 
and results in the perception of pain.99

Contraction forces of polymerization shrinkage may also 
result in cuspal deformation, with resultant cracking and craz-
ing of remaining tooth structure (see Fig 11-4b), which can 
cause tooth sensitivity.66 Flexure of resin composite under an 
occlusal load may cause hydraulic pressure in the tubular fluid 
to be transmitted to the odontoblastic processes, another pos-
sible cause of tooth sensitivity.66,99

Postoperative sensitivity can be a disturbing sequela for 
both patient and dentist. Obviously the discomfort associated 
with restoration placement is unpleasant for the patient. Like-
wise, it is often frustrating for the dentist to try to determine the 
cause and eliminate postoperative sensitivity. This frustration 
is increased with the awareness that patients who experience 
postoperative sensitivity within 1 month of posterior resin 
composite restoration placement are about twice as likely to 
have that restoration fail within 5 years as those who do not 
experience postoperative sensitivity. This risk increases as the 
size of the restoration increases.8 Awareness of the potential for 
postoperative sensitivity allows the practitioner to forewarn the 
patient of this possibility. Careful adherence to the guidelines 
for case selection and restoration placement, including the 
rebonding procedure described later in this chapter, will help 
to reduce this problem.

Decreased wear resistance

The wear resistance of posterior resin composite restorations 
has been the subject of considerable attention. This charac-
teristic has long been a concern for restoration longevity,100 
although it has improved as refinements in materials have 
occurred.16,96 In reports of clinical studies, it has been noted 
that no posterior resin composite restorations were replaced 
as a result of excessive wear after 7 years101 and only one was 
replaced as a result of excessive wear in a 10-year study.23 A 
practice-based retrospective study showed no failures in 1,955 
posterior composite restorations due to wear after 10 years.16

Resin composite wear results from the combination of 
chemical damage to the surface of the material and mechani-
cal breakdown.102–105 Resin composites undergo wear by two 
different mechanisms: abrasion and attrition. Abrasion is gener-
alized wear that occurs across the entire occlusal surface of the 
resin composite as a result of the abrasive action of particles 
during mastication (Fig 11-6). This type of wear occurs in all areas 
of the restoration. Attrition is the loss of material that occurs as 
a result of direct contact with opposing tooth surfaces in the 
occlusal contact areas of the restoration106 (Fig 11-7). Generally, 
wear can be related to either material or clinical factors.

Material factors relate primarily to the content, size, and dis-
tribution of the resin composite’s filler particles.107 Clinical stud-
ies, in general, have shown less heavily filled composites (less 
than 60% filled by volume) to exhibit unacceptable wear.100 
Because of their generally lower filler content (30% to 50%), 
microfilled composites are more subject to attrition69 and mar-
ginal breakdown,91,92,108 especially adjacent to occlusal contact 
areas.69 However, they are more resistant to abrasion because 
of their smoother surfaces, decreased interparticle spacing, 
and lowered coefficient of friction.109,110 The more heavily filled 
hybrid resin composites are more resistant to attrition than are 
the microfilled materials.108 However, resin composites that 
have a larger mean particle size (greater than 3 µm) tend to 
have significantly higher abrasion wear.31,88,100 This is due to the 
preferential wear of the resin between the fillers, which causes 
the filler to become loosened and ultimately lost from the resin 
matrix, leading to three-body wear and generalized loss of 
material100 (Fig 11-8). A newer nanofilled composite formula-
tion is providing in vitro and in vivo wear characteristics similar 
to microhybrid composites.110,111

The rate of wear varies with particle size as well. As mean 
filler particle size decreases (below 1 µm), the wear rate tends 
to be linear with time. Conversely, composites with larger filler 
particles tend to have more rapid wear initially but slower wear 
over time.88,91,92,112,113

Clinically relevant wear factors include the size of the 
restoration, its location in the arch, the occlusal load it must 
withstand, and how well the resin composite is cured. As the 
surface area and length of cavosurface margins increase, so 
does the exposure to occlusal forces, with a resultant increase 
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in wear.16,20,21,30,31,97,111 The more posterior a tooth, the greater 
the masticatory forces and the more rapid the wear of the 
restoration.30,96,97,111,114 Fracture resistance decreases as a result 
of fatigue from chewing,115 and increased chewing pressure 
will result in increased wear.116 Finally, if the clinician does not 
properly cure the composite material, the degree of conversion 
of the composite will suffer, and wear will increase.108

Proximal surfaces are subjected to the forces of abrasion 
during function as well, due to individual tooth movement 
during mastication that causes wear in the interproximal con-
tact areas. Early research showed that proximal surface wear of 
posterior resin composite restorations was significantly greater 
than that of enamel proximal surfaces.117,118 One study even 
found proximal wear rates to be higher than occlusal wear rates 
in resin composite restorations,119 possibly due to increased 
contact time between contacting surfaces, differences in cure, 
or different environments. However, later studies do not indi-
cate that proximal surface wear due to interproximal contact is 
a problem with current resin composites.101,120,121

Clinical studies show that resin composite formulations 
have acceptable wear characteristics for up to 17 years.15,23,96,97 
While some research reports that resin composites have sig-
nificantly higher wear rates than amalgam,106,122 other studies 
have indicated that posterior resin composite restorations 
resist wear as well as amalgam restorations,23,104 including 
recent large practice-based trials.16,22 

Other mechanical properties
Generally, the more closely the mechanical properties of a 
restorative material simulate those of enamel and dentin, the 
better the restoration’s longevity.88,123,124 A number of the 
mechanical properties of resin composite are inferior to those 
of tooth structure and of other restorative materials. These 
inferior properties can have an adverse effect on the durability 
of the restoration.

Resin composite materials have low fracture toughness in 
comparison with metallic restorative materials.67 Indeed, bulk 

Abrasion wear Abrasion wear

ba

Fig 11-6 Abrasion wear occurs 

across the entire occlusal surface of 

the resin composite. (a) The softer 

resin is preferentially worn away, 

exposing the harder filler particles. 

(b) Eventually, enough of the filler 

particle is exposed so that it is 

“plucked” from the surface of the 

resin composite.

Attrition wear Attrition wear

a b

Fig 11-7 Attrition wear occurs in 

occlusal contact areas. (a) Cracks 

occur in the resin matrix as a result 

of occlusal stress. (b) Eventually, 

the cracks coalesce and result in 

loss of resin composite material 

from the surface.

Fig 11-8 A Class 2 lesion previ-

ously restored with a larger-particle 

resin composite. Pitting and gener-

alized wear of the occlusal surface 

can be seen as a result of abra-

sion wear. In addition, interproximal 

abrasion wear has resulted in the 

loss of interproximal contact on the 

mesial.
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fracture of posterior resin composite restorations has been 
noted as a significant cause of failure in many clinical stud-
ies.20,21,90,96,97 Increased filler loading of resin composite leads 
to improved fracture toughness.103,115 Resin composite has a 
relatively high degree of elastic deformation (ie, a low modulus 
of elasticity) that is six to eight times that of amalgam.99 Fail-
ures of resin composite restorations associated with the high 
elastic deformation of the material have included bulk frac-
ture,67 microcrack formation,103 and relatively low resistance to 
occlusal loading.7 As with fracture resistance, more highly filled 
composites exhibit less elastic deformation than their less-filled 
counterparts.88

The coefficient of thermal expansion of resin composite is 
another property that differs significantly from that of tooth 
structure.125,126 Because the coefficient of thermal expansion 
of resin composite is higher than that of tooth structure, com-
posite tends to expand and contract more than enamel and 
dentin when subjected to variations in temperature. This can 
increase marginal gap formation and exacerbate the effects 
of polymerization shrinkage on cuspal deformation, and it 
may result in the fracture of composite or enamel at the mar-
gins.67,124 It has been demonstrated that as the mismatch in 
thermal-expansion properties between restorative material 
and the tooth structure increases, so does marginal leakage.127 
As the filler content of resin composite increases, however, the 
mismatch decreases.125

Water sorption
Water sorption is another factor influencing the clinical perfor-
mance of resin composites. Water is absorbed preferentially 
into the resin component of resin composite materials, and 
water content is therefore increased when resin content is 
increased.62,67 Because of the swelling of the resin matrix from 
water sorption, the filler particle bond to resin is weakened. 
If the stress is greater than the bond strength, the resulting 
debond is referred to as hydrolytic breakdown.67,128 Incomplete-
ly cured resin composite will exhibit more water sorption and 
greater hydrolytic degradation.129

It has been suggested that the swelling of resin composite 
caused by water sorption can be beneficial due to closing of the 
marginal gap caused by polymerization shrinkage. However, 
studies have shown that the swelling from moisture absorp-
tion usually is not enough to overcome the polymerization 
shrinkage gap.69 Even if water sorption did result in a closed 
marginal gap, it would only provide a close adaptation, without 
adhesion between the resin composite and tooth structure.130

Variable degree of conversion
Analysis of the amount of polymerization and cross-linking, or 
degree of conversion, of resin composites reveals that certain 
characteristics of this material are at odds with one another. 
As the degree of conversion of a resin composite material 
increases, the mechanical properties improve.62,76,109 Clinical 

research has clearly demonstrated that a reduced degree of 
conversion causes significantly increased wear.108 However, 
polymerization shrinkage also increases with more conver-
sion.131 Resins with decreased filler content exhibit lower 
viscosity and improved diffusion of reactive groups during the 
polymerization reaction and, thereby, improved cure.132 How-
ever, a decreased filler content also results in inferior mechani-
cal properties88,103,115,125 and poorer clinical performance.7,69,91,92 
Achieving the best balance among these factors is a challenge 
for both manufacturers and clinicians.

VLC composites have been shown to achieve a somewhat 
higher degree of conversion than autocured materials.132,133 
Several factors influence the extent of polymerization of VLC 
composites. Lighter shades cure more easily and with less illu-
mination time than darker shades.6,134 Resin composites with 
larger (greater than 1.0 µm) or very small (less than 0.1 µm) 
filler particles tend to transmit light throughout the material 
more effectively than those with filler particles that are close 
in size to the wavelength of the curing light (~0.5 µm).134,135 
The longer the composite is subjected to the curing light, the 
more effective the cure,136 but the thickness of each increment 
should be limited to 2.0 mm.6,134 The degree of conversion is 
inversely related to the distance of the light tip from the resin 
composite,136 and tip distances greater than 6.0 mm from the 
surface of the increment can significantly decrease resin com-
posite cure.137 Of course, the condition of the curing unit can, 
also impact the effectiveness of the cure.

Inconsistent dentin adhesion (marginal leakage)
Polymerization shrinkage causes the resin composite to pull 
away from cavity margins, resulting in gap formation.66–68 
Despite advances in dentin adhesive systems, they still do not 
consistently and reliably achieve bond strengths to dentin 
and cementum that are high enough to prevent this occur-
rence138–141 (Fig 11-9; see also Fig 13-13). This sometimes 
results in open margins, sensitivity, interfacial staining, and 
bacterial invasion.142 In addition, the bond between adhesive 
and tooth structure has been shown to degrade with aging, 
both in vitro and in vivo.141,143–146

Technique sensitivity
Because of the negative aspects of using resin composite as 
a posterior restorative material described previously, one of 
the most important variables in clinical success is the place-
ment technique.13 Application technique has been shown to 
significantly affect adhesive bond strength.147 Technique may 
also account for the great variability reported in clinical success 
rates for posterior resin composite restorations. The meticulous 
operative procedures demanded for placing these restorations 
require increased chair time. Clinical research has shown that 
posterior resin composite restorations require significantly more 
time to place than do comparable amalgam restorations.23
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Indications for Resin Composite as a 
Posterior Restorative Material

Resin composite is now the state-of-the-art restorative material 
for direct-placement posterior restorations. It is popular with 
patients because of its esthetic and metal-free (especially 
mercury-free) characteristics. The esthetic and mechanical 
properties of modern resin composites have considerably 
improved since their introduction. Dentists use more resin 
composite than amalgam for direct-placement restorations,148 
and this discrepancy between the use of amalgam and resin 
composite will likely only increase in the future. Results of clini-
cal studies demonstrate that resin composite can fare compa-
rably with amalgam when used in posterior restorations.16,21,22 
Based on these facts and the previous discussion, resin com-
posite is the first choice for direct-placement posterior resto-
rations. The only absolute contraindication is if the patient is 
allergic or sensitive to resin-based materials. Otherwise, the 
clinician should consider other options only as clinical condi-
tions dictate, including the following relative contraindications 
for resin composite use in posterior teeth:

•  The restoration will replace supporting cusps. Extensive resin 
composite restorations including the supporting cusps of 
posterior teeth do not perform as well as other restorative 
materials11 (Fig 11-10).

•  Large restorations are required in the teeth of a patient with 
significant parafunction, bruxism, or heavy occlusal stress, 

where most or all function will be on the restoration and not 
on tooth structure.9,12,15,24,37 

•  The patient has a high caries risk and is noncompliant with 
oral hygiene instructions. Secondary caries is a significant 
cause of posterior composite failure.20,22,39,149

• The clinician is unable to obtain adequate field isolation.150,151 

Also, in regard to resin composite restorations with mar-
gins in thin enamel near the cementoenamel junction or on 
cementum or dentin, the use of the open sandwich technique 
(also referred to as the bonded-base technique in Class 2 res-
torations) has been shown to provide acceptable clinical per-
formance,152–155 providing significant protection of the tooth 
structure near the gingival margin against demineralization.152 
In the open sandwich technique, a restorative resin-modified 
glass ionomer (RMGI) is used in the portion of the restoration 
near the gingival margin. In a Class 2 restoration, that would 
be the gingival increment of material placed in the proximal 
box. If this technique is to be used, however, it is important 
that the patient be at low risk of developing caries lesions. The 
main benefit of the open sandwich technique is an improved 
marginal seal and protection of the gingival margin against 
demineralization, but this benefit can be overwhelmed by 
increased plaque formation. A clinical trial evaluating the use 
of this technique found that 67% of recurrent caries lesions 
adjacent to the RMGI portion of an open sandwich restoration 
occurred in subjects with poor oral hygiene.154 For a description 
of the bonded-base technique, see the section on Class 2 resin 
composite restorations in this chapter.

Fig 11-9 Marginal staining/discoloration indicating degrada-

tion of adhesion between the resin composite and the cavity 

preparation that occurs with aging. Facial Class 5 resin compos-

ite restorations in the maxillary right first and second premolars 

after 3 years. Discoloration is evident, particularly at the gingival 

(dentin) margins of the restorations.

Fig 11-10 Defective mesio-occlusodistal (MOD) amal-

gam restoration in the mandibular second premolar. 

Excessive width and need for cusp replacement pre-

cludes this amalgam restoration from being replaced with 

resin composite. A discolored fracture line and re current 

caries running from the MOD amalgam to the amalgam 

in the facial cusp tip would necessitate functional cusp 

coverage with the replacement restoration.
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Informed Consent

It is incumbent upon the dentist to provide the patient with 
appropriate information regarding the restorative procedures 
being recommended. This should include a description of the 
proposed procedures in lay language, any risks associated 
with the procedures, and other options the patient may wish 
to consider. In addition, the patient should be provided the 
opportunity to have his or her questions answered. This is 
sometimes referred to as the PARQ process (Procedures, Alter-
natives, Risks, Questions). Dlugokinski and Browning156 sur-
veyed dentists and patients regarding their respective attitudes 
and preferences toward informed consent. The survey focused 
on offering patients the alternatives of resin composite ver-
sus amalgam for direct-placement posterior restorations. The 
survey revealed that as a dentist performed more resin com-
posite restorations compared with the number of amalgam 
restorations performed, the dentist was less likely to discuss the 
adverse aspects of resin composite.156

Conversely, the survey revealed some intriguing insights 
from the patient’s perspective156: 

•  100% of patients wanted the dentist to tell them about all 
aspects of alternative restorative materials.

•  75% of patients preferred a written explanation rather than 
simply an oral explanation.

•  82% of patients would not choose a posterior resin compos-
ite restoration to replace an adequate amalgam restoration.

•  Patients were equivocal over cost as a factor for selecting 
amalgam versus resin composite: 43% would still choose a 
resin composite restoration even if it cost 50% more than an 
amalgam restoration and would not last as long (versus 36% 
preferring amalgam).

The results clearly show that patients do not want the den-
tist alone to decide which restoration will be placed. While most 
patients desire the dentist’s recommendation, the ultimate 
decision is theirs, and they want to be fully informed to make 
the best choice for their particular situation. Most patients want 
information in writing. Several commercial companies and 
the American Dental Association (ADA) offer pamphlets that 
explain the indications, advantages, and disadvantages of vari-
ous restorative materials. The ADA also provides a document 
with information on various restorative materials that can be 
downloaded at no charge.157 

Autocured versus Light-Cured Resin  
Composites
Autocured resin composite restorative materials largely disap-
peared from clinical practice in the 1980s because of the popu-
larity of the light-cured materials. Some clinicians have recom-

mended the use of autocured resin composites, either alone or 
in combination with VLC resin composites, for posterior appli-
cations.158–160 The primary advantage of an autocured material 
is that it can be placed in bulk, saving time compared with the 
incremental insertion technique used with VLC materials.

Although more time-consuming, use of VLC resin compos-
ites has a number of advantages over the use of autocured resin 
composites. VLC composites achieve more complete polymer-
ization,133 resulting in superior mechanical properties,62,71,137 
and they exhibit better color stability.161 Autocured composites 
tend to incorporate voids as a result of mixing two-paste sys-
tems,77 and the increased porosity decreases tensile strength 
and surface smoothness,162 accelerating wear.163 Extended 
mixing and manipulation may interrupt the polymerization 
process and may compromise the integrity of the polymer 
network, resulting in reduced strength and wear resistance.164

VLC composites should be used with an incremental place-
ment technique to reduce polymerization shrinkage stress and 
achieve optimal polymerization in the definitive restoration.165 
This technique allows the practitioner to build up and sculpt 
the restoration. Research has shown VLC composite increments 
to have adequate interfacial strength.166 Perhaps most impor-
tant, VLC resin composites performed better in clinical trials 
than autocured materials over 1 year167 and 3 years.117

Direct Posterior Resin Composite  
Restorations

Preoperative evaluation
The factors noted as contraindications in the previous list 
should be considered in the preoperative evaluation. The 
occlusion should be marked with articulating paper as a guide 
to preparation design. The best type of resin composite for 
the restoration should be chosen. At present, the heavily filled 
small particle–hybrid composites (sometimes known as micro-

hybrids) are considered best suited for posterior use.12,16,22,88,90

For many posterior resin composite restorations, shade 
selection is not critical. In fact, some clinicians prefer a deliber-
ate shade mismatch to aid in subsequent finishing and future 
evaluation procedures. But when shade is important, shade 
selection should be performed before isolation of the tooth, 
because isolated teeth become dehydrated, and dehydration 
changes the shade of the enamel. A shade is chosen from the 
shade guide that accompanies the composite, and then a small 
portion of the composite is placed on the unprepared and 
unetched tooth and polymerized (Fig 11-11). The resin “test 
shade” can easily be removed because the tooth surface has 
not been etched or primed prior to its placement. See chapter 
4 for more information on shade selection.

If the dentist is going to use a warm composite placement 
technique, an appropriate amount of resin composite may 
be transferred to a syringe tip (Centrix) that is amber-colored 
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or opaque to prevent premature polymerization. The Centrix 
syringe tip is then placed in a composite warming tray (Calset, 
AdDent) at 60°C to 68°C (140°F to 155°F) (Fig 11-12). This will 
reduce the resin composite’s viscosity and aid in subsequent 
placement. The rationale for this technique is discussed in the 
section on Class 2 resin composite restorations later in this 
chapter.

Isolation
Securing and maintaining control of the operative field is 
essential to the success of the restoration. One clinical study 
has demonstrated no difference in the performance of poste-
rior resin composite restorations whether or not a rubber dam 
was used during restoration placement.168 A large retrospective 
practice-based study showed a high success of posterior com-
posites even though a rubber dam was rarely used.16 However, 
in another clinical study, the margins of all Class 2 resin com-
posite restorations placed without a rubber dam demonstrated 
marginal leakage 4 to 6 weeks after placement.169 With the 
advent of adhesive systems that use more hydrophilic compo-
nents, research has shown that contamination with moisture 
or saliva affects some adhesives but not others.170–172 Blood 
contamination will adversely affect adhesion in all bonding sys-
tems.171–173 In the authors’ opinion, the most reliable method 
to accomplish field isolation is the placement of a rubber dam. 
The rubber dam prevents moisture contamination and protects 
gingival tissues from laceration169 (Fig 11-13).

Sealants and Preventive Resin  
Restorations

Resin sealants
While not normally considered to be posterior resin composite 
restorations, resin fissure sealants have been in use as a preven-
tive restorative procedure for several decades. Sealants provide 
an effective means of reducing the incidence of caries lesions 
in fissures.174 Compared to teeth with unsealed fissures, teeth 

with resin-sealed fissures have demonstrated a 35% reduction 
in fissure caries lesions during a 5-year period,175 a 43% reduc-
tion over 4 years,176 and a 55% reduction over 7 years177. How-
ever, there are a number of factors that must be considered 
regarding fissure sealant effectiveness. Numerous clinical stud-
ies have demonstrated that sealants tend to fail at a rate of 5% 
to 10% per year.178–181 This is significant because the caries rate 
for teeth in which sealants are partially or totally lost increases 
significantly, in many cases equaling the caries rate of unsealed 
teeth.175–177,179,180 The key to resin sealant success in prevent-
ing caries lesions is total retention of the sealant.174,175,177,180 
Enhancing complete resin sealant retention will therefore 
enhance the caries-reduction benefit. Some factors that affect 
sealant retention and effectiveness include the following:

•  Mandibular teeth show higher retention rates than max-
illary teeth; premolars show higher retention rates than 
molars.179,182

•  Annual recall of patients and repair of partially or totally lost 
sealants improves effectiveness.179,181

•  Use of bonding agents following phosphoric acid etch-
ing and prior to sealant placement helps to wet fissures,183 
im prove sealant penetration into fissures,184 increase bond 
strength,185,186 improve sealant adhesion to saliva- 
contaminated enamel,185–187 and improve clinical retention 
of sealants.174,188–190

•  Individual studies have demonstrated that light mechanical 
preparation of fissures with a very small bur (0.3- to 0.4-mm 
diameter, rounded tip) or air abrasion can provide clinical 
advantages, including exposing sound, unstained enamel 
prior to etchant placement; enhanced sealant penetration 
and attachment; decreased bubble formation; improved 
marginal adaptation191,192; decreased marginal leakage193; 
improved microbial elimination194; and increased clinical 
retention compared with unprepared fissures.192 However, 
two systematic reviews concluded that the evidence for 
the benefit of mechanical preparation was conflicting and 
limited.174,195

•  Clinical studies of RMGI sealants show good caries preven-
tion but very poor mechanical retention compared with resin 
sealants. However, the caries-prevention benefits of RMGI 

Fig 11-11 A small amount of resin composite is 

placed on the unprepared tooth to verify the shade 

prior to isolation with a rubber dam.

Fig 11-12 An appropriate resin is selected and 

placed into a light-protected syringe tip, and the 

protected syringe tip is put into a warmer (60°C to 

68°C; 140°F to 155°F) to reduce viscosity. 

Fig 11-13 The occlusion is marked and rubber 

dam isolation achieved. The rubber dam has been 

inverted around the teeth to ensure moisture con-

trol.



sealants are comparable with those of resin sealants and 
should be considered when moisture control may compro-
mise resin sealant retention.174 

•  Flowable resin composite materials have been shown to per-
form as well as fissure sealants. One short-term clinical study 
demonstrated comparable performance for a flowable resin 
composite and a sealant,196 while another showed improved 
performance of a flowable resin composite material when 
compared with a traditional resin sealant.197

•  The level of caries activity is critical to the cost-effectiveness 
of sealants; if a patient exhibits a low caries index, then the 
value of this procedure is low.198 Clinical parameters includ-
ing occlusal fissure morphology; number of decayed, miss-
ing, or filled surfaces (DMFS); and the clinician’s subjective 
judgment are all significant predictors of future occlusal car-
ies activity.199,200 Therefore, sealant use should be based on 
a determination of the patient’s disease level and his or her 
potential for future fissure caries lesions; sealants should not 
be placed universally.174

Preventive resin restorations
A restoration that maximizes the benefits of conservative adhe-
sive dentistry is the preventive resin restoration (PRR). Suggested 
by Ulvestad201 in 1975 and popularized by Simonsen202,203 and 
Simonsen and Stallard,204 the PRR was developed to overcome 
problems associated with traditional “extension for prevention” 
in restorations necessitated by minimal occlusal caries lesions.

The PRR limits preparation to pits and fissures that are cari-
ous. Once the lesion is eliminated, no further preparation is per-
formed. If the resultant preparation is restricted to a narrow and 
shallow opening of the fissure, a resin sealant (or flowable resin 
composite material) is placed. If additional tooth structure is 
removed, a posterior resin composite is placed in that area, and 
the remaining fissures and the surface of the resin composite 
restoration(s) are sealed with resin sealant material or flowable 
composite. A number of advantages have been ascribed to this 
technique, including the following: 

•  Conservation of tooth structure: One 5-year clinical study 
determined that the average occlusal amalgam occupied 
25% of the occlusal surface compared to just 5% for an aver-
age PRR.205

•  Enhanced esthetics: This is provided by the tooth-colored 
restorative material.206

•  Improved seal of restorative material to tooth structure: This 
is achieved through the bond of resin composite to etched 
enamel with an adhesive resin.207

•  Minimal wear: This is due to restricted cavity-preparation size, 
so that occlusal contacts on the restoration are limited.208

•  No progression of sealed caries lesions: If a caries lesion is 
inadvertently allowed to remain in or at the base of a sealed 
fissure, it will not progress, because the sealant prevents 
nutrients from supplying cariogenic bacteria.209

•  Good longevity: Clinical studies have demonstrated that 
PRRs are successful for periods of up to 10 years206–210 and 
can equal205 or exceed the performance of amalgam restora-
tions.209

The same provisos concerning sealants must be applied to 
PRRs; that is, the sealants placed in association with PRRs will 
tend to be lost at a rate of 5% to 10% per year.206,208,210 There-
fore, these restorations must be monitored over time, and the 
sealants and/or restorations must be repaired or replaced as 
needed.206,211

Indications and contraindications
A PRR is indicated when some areas of the fissure system of a 
tooth are associated with carious dentin and others are not. 
The extent of the anticipated restoration should be such that 
occlusal forces will be limited primarily to tooth structure.

Technique
The preoperative evaluation, marking of occlusion, shade 
selection, and rubber dam isolation should be accomplished 
first (Fig 11-14a). After the resin composite is selected, it may 
be used directly from a unit-dose ampule; if it is in a syringe, 
it should be placed into a light-protected syringe tip (see Fig 
11-12). If desired, the viscosity of the resin composite may be 
further reduced by heating it in a composite warming tray to 
enhance adaptation to the cavity preparation as described in 
the section on Class 2 restorations.

The conservative adhesive preparation eliminates deminer-
alized dentin, overlying unsupported enamel, and associated 
demineralized enamel. The preparation should be initiated 
with the smallest instrument that will accomplish this limited 
preparation, such as a no. 1⁄16, 1⁄8, or 1⁄4 round bur (Figs 11-14b 

and 11-14c), fissurotomy bur (Fig 11-14d), or air abrasion. Larg-

er instrumentation is used only as the size of the caries lesion 

dictates. Any fragile or unsupported enamel remaining on the 

occlusal surface after removal of the demineralized dentin 

should be removed. No bevels should be placed on the occlusal 

margins of the preparation. 

Typically, these restorations are limited in size and depth, 

so no pulpal protection is needed (Fig 11-14e), but a PRR is 

indicated even with a deep caries lesion when areas of the 

fissure system are not carious. Etching and application of an 

adhesive agent are the same as with other adhesive restorative 

procedures. Those areas of the preparation that have extended 

into dentin are filled with a highly filled restorative resin com-

posite, which should be cured in increments no greater than 2 

mm in thickness (Fig 11-14f). If the preparation is narrow and 

shallow, sealant material, flowable resin composite, or warmed 

resin composite may be used. Prior to curing of the final incre-

ment, occlusal anatomy is sculpted with a hand instrument (Fig 

11-14g). Occlusal sealant is then placed over the resin compos-

ite, through remaining prepared or unprepared etched fissures, 

and cured (Fig 11-14h). If, after the final increment is cured, 
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excess restorative material is present, the surface should be 
adjusted to provide desired contours and anatomy. The entire 
fissure system, including the resin composite and sealant, 
should be re-etched and a surface-sealing resin applied.31,212

After completion of the restoration (Fig 11-14i), the rubber 
dam is removed and correct occlusion verified or obtained.

Other Class 1 Resin Composite  
Restorations
When a Class 1 restoration is being placed because of initial 
caries lesion(s), the PRR is usually the technique of choice. If 
there was a previous restoration, the outline form and depth 
of the preparation will be determined by the previous restora-
tion and any new pathosis. Margins of occlusal preparations for 
resin composite should not be beveled.213 Lining and bonding 
techniques should be used as described for Class 2 restorations.

Class 2 Resin Composite Restorations

As with PRRs, Class 2 restorations should be limited to obtain-
ing access to the carious dentin and removing it and any overly-
ing fragile or demineralized enamel.

Prewedging
Obtaining adequate interproximal contact in the definitive 
restoration starts at this stage of the restorative procedure, 
not at matrix placement or material insertion, as is the norm 
for amalgam restorations. Uncured resin composites, even the 
so-called packable composites, do not have the ability to hold 
the matrix band in close adaptation to an adjacent tooth.214,215 
This makes obtaining an adequate interproximal contact one of 
the more difficult aspects of placing a Class 2 resin composite 
restoration. Placement of an interproximal wedge at the start 
of the procedure is recommended to open the contact with 
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Fig 11-14 Technique for placing preventive resin restorations. (a) The occlusal surfaces of the maxillary first and second premolars exhibit demineralization of deep 

occlusal fissures. A rubber dam has been placed and inverted. The occlusion was marked prior to rubber dam placement. (b) Preparation is initiated with a small (no. 1/8) 

round bur in a high-speed handpiece. (c) 1/16, 1/8, and ¼ round burs (0.3, 0.4, and 0.5 mm in diameter, respectively) work well to open occlusal fissures. (d) Alternatively, 

fissurotomy burs (SS White) can be used to open occlusal fissures. (e) Completed preparations, which were limited to access for removal of carious tooth structure. The 

preparation of the first premolar was limited and mostly confined to fissure enameloplasty. Penetration to dentin was minimal in the second premolar, occurring in only 

limited locations. (f) After adhesive system placement, restorative resin composite is syringed into the deeper (greater than 0.5 mm) areas of the preparation. (g) A hand 

instrument, such as the PKT3 shown, is used to develop occlusal anatomy in the final resin composite increment prior to curing. (h) The occlusal surface is re-etched, 

and occlusal sealant is placed over the resin composite and any remaining pits and fissures. (i) Completed occlusal preventive resin restorations.

a b c
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the adjacent tooth and to compensate for the thickness of the 
matrix band. It has been demonstrated that multiple wedging 
(ie, inserting a wedge initially and then reapplying seating pres-
sure several times during the course of the procedure) is more 
effective in opening the contact than is a single placement of a 
wedge.118 In addition, the wedge can protect the rubber dam 
from damage and the gingival tissues from laceration, thereby 
reducing leakage into the operative site.27 Alternatively, a sec-
tional matrix band ring can be used to effectively provide tooth 
separation.216 Tooth separation obtained from prewedging 
promotes more conservative preparation and helps protect 
adjacent teeth from damage during preparation (Fig 11-15). 
Failure to take measures to protect adjacent teeth during 
proximal surface preparation with rotary instruments will usu-
ally result in damage to the adjacent teeth217 (Fig 11-16). Fur-
thermore, this damage makes it significantly more likely that 
the damaged surface will require subsequent restoration.218 
Strategies for protecting adjacent proximal surfaces of adjacent 
teeth during preparation of a proximal area are presented in 
Fig 11-17. 

An alternative strategy for preparing the proximal surfaces 
of Class 2 preparations that provides protection of the adjacent 
proximal surface is the use of a special diamond preparation 
tip, half of which is “safe-sided” (ie, the diamond abrasive is only 
present on one side of the tip) (Figs 11-18a and 11-18b). These 
tips, which come in a variety of shapes and sizes (Fig 11-18c), 
can be used in sonic handpieces that fit a normal dental unit 
coupler or in a piezoelectric ultrasonic unit as might be used 
for scaling and root planing. It will usually be necessary to 
initiate the preparation with a rotary high-speed handpiece, 
because preparation with ultrasonic and especially sonic hand-
pieces can be slower than with normal rotary handpieces.219 
Research has shown that pulpal temperature increase with 
ultrasonic preparation is not greater than that with water-
cooled rotary preparation.219 In addition, sonic preparation 
does not adversely affect adhesion as compared to rotary 
handpiece preparation with a carbide bur.220 An example of the 
use of sonic preparation is shown in Fig 11-19. 

Fig 11-15 A wedge is placed before preparing the 

mesial surface of the maxillary second premolar; it 

provides tooth separation to help ensure adequate 

interproximal contact in the definitive restoration, 

and it helps prevent damage to the adjacent tooth, 

rubber dam, and gingival tissues.

Fig 11-16 (a) Stone cast made following Class 2 preparation involving the distal surface of a mandibular first 

molar. (b) View of the mesial surface of the mandibular second molar shows the damage that resulted from 

inadequate protection during preparation of the distal surface of the first molar.

Fig 11-17 (a) A small piece of matrix band is 

placed prior to a Class 2 preparation to protect the 

proximal surface of the adjacent tooth. A wooden 

wedge has been placed to help maintain the matrix 

in position and to gain separation to aid in obtaining 

an appropriate contact in the definitive restoration. 

(b) Alternate strategies for protecting the proximal 

surfaces of adjacent teeth during tooth preparation 

of the second premolar: Interguard (Ultradent) is 

placed between the first and second premolars, and 

a circumferential metal matrix band is placed on the 

first molar. (c) The FenderWedge (Garrison Dental 

Solutions) is designed to provide simultaneous 

prewedging and protection of the adjacent tooth’s 

proximal surface during cavity preparation. (d) 

FenderWedge in place prior to initiating preparation.

a b

a b

c d
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Preparation 

As a general principle, preparation should be limited to elimi-
nating carious tooth structure and providing access for restora-
tion placement and finishing (Figs 11-20a to 11-20c). If there are 
one or more areas of fissure caries lesions in the tooth, in addi-
tion to the proximal surface lesion(s), they should be treated 
separately, if possible, as described in the section on preventive 
resin restorations.

Bevel placement is a point of controversy with this prepara-
tion. When used in conjunction with adhesive agents and resin 
composites, bevels in enamel provide more area for acid etch-
ing and bonding. In addition, the bevel is designed to expose 
enamel rods transversely (cross-cut or “end-on”) to achieve a 
more effective etching pattern. Research has indicated that 
etching of transversely exposed enamel rods (ends of rods) 
results in a bond that is significantly stronger than that attained 
with etching of longitudinally cut enamel rods (sides of rods).221 
Clinical research has demonstrated favorable results with the 
use of acid-etched, beveled preparations in Class 3 resin com-
posite restorations.222 The clinician must be judicious in bevel 
location for posterior resin composite restorations. 

Following are recommendations regarding bevel place-
ment in Class 2 preparations for resin composite restorations.

Facial and lingual proximal margins
Because enamel rods exit the tooth at approximately right 
angles to the external tooth surface, it is necessary for the cavity 
preparation to form an obtuse angle (greater than 90 degrees) 
with the external tooth surface to expose the ends of the enam-
el rods. If the external cavosurface margin forms a right angle 
with the tooth surface, conservative bevels (0.5 mm) should 
be placed at an approximately 45-degree angle to the surface, 
on the facial and lingual cavosurface margins of the proximal 
box preparation (Figs 11-20d and 11-20e). This will achieve the 
benefits of beveling as well as aid in placing the margins in a 
more accessible location for finishing and polishing. Research 
has demonstrated that bevels on these margins significantly 
reduce marginal leakage.223,224 If the preparation exits the tooth 
at an obtuse angle, no further beveling of the proximal walls is 
necessary (Fig 11-20f).

a b c

Fig 11-18 (a) Example of a sonic preparation tip (KaVo), demonstrating the use of the diamond abrasive side to shape a proximal cavity preparation. (b) Example of 

the same sonic preparation tip, demonstrating the use of the safe, nonabrasive side to prevent damage to the adjacent tooth. (c) Examples of some of the many dif-

ferent sizes and shapes available for use in sonic or ultrasonic handpieces. Note that there are matching shapes/sizes for use on both the mesial and distal surfaces.

a b c

d e

Fig 11-19 (a) Preoperative photograph of the mandibular left second 

molar. Bitewing radiographs revealed a caries lesion on the mesial proxi-

mal surface. Note that the occlusal surface had been treated with a pit and 

fissure sealant and was protected from caries, allowing tooth preparation to 

be limited to the proximal surface affected by caries. (b) Proximal prepara-

tion was initiated with a ¼ round bur and a rotary high-speed handpiece. 

Note that the proximal wall has been left intact. (c) A safe-sided diamond 

tip is used to remove the proximal wall. (d) Final preparation, after caries 

removal and refinement of the preparation with the safe-sided diamond 

preparation tip in a sonic handpiece. (e) Finished restoration.
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Gingival margins
The decision to place a gingival margin bevel requires clini-
cal judgment. The gingival margin should be beveled only if 
the margin is in enamel well away from the cementoenamel 
junction and an adequate band of enamel remains (Fig 11-21; 
see also Fig 11-2c). When sufficient dentin-supported enamel 
remains for adequate bevel placement, resin composite adap-
tation is enhanced.225 As the preparation nears the cemen-
toenamel junction, the enamel layer is thinner than in other 
regions of the crown, and beveling the preparation increases 
the potential for removing the little enamel that remains. 

Because of the presence of prismless enamel in this region, 
acid etching is often less effective.226 When a cavity preparation 
approaches within approximately 1 mm of the cementoenamel 
junction, adhesion is essentially no better than bonding to den-
tin227,228 (Fig 11-22).

Use of an inverse or internal bevel, leaving enamel that is not 
supported by dentin at the gingival cavosurface margin (Fig 
11-23), has been shown to significantly reduce microleakage 
as compared to a butt margin229 (see Fig 11-23b) and would 
be preferable to placing the gingival margin on or near the 
cementoenamel junction. This type of marginal configuration 
should not be created intentionally with a bur, but if a lip of 
unsupported enamel remains after removal of demineralized 
dentin, it should be configured to an inverse bevel rather than 
planing the unsupported enamel off to form a butt margin in 
cementum or dentin. 

Occlusal margins 
The use of occlusal cavosurface margin bevels is not indicated. 
Some clinicians have advocated the use of bevels on occlusal 
cavosurface margins to maximize the exposure of end-cut 
enamel rods.226 However, it has been noted that a normal 
preparation in the occlusal surface will result in end-cut enamel 
rods because of the orientation of the enamel rods in cuspal 
inclines163 (Fig 11-24). Avoidance of bevels on the occlusal sur-
face prevents the loss of sound tooth structure, decreases the 
surface area of the definitive restoration, lessens the chance of 
occlusal contact on the restoration, eliminates a thin area of 
resin composite that would be more susceptible to fracture and 
wear, and presents a well-demarcated marginal periphery to 
which resin composite can be finished more precisely.14,230,231

a b c

d e f

Fig 11-20 (a) Preparation is initiated just inside the marginal ridge with a small round bur (no. ¼). (b) The preparation is extended with a no. 329 bur. Note that the 

proximal surface is left intact. (c) After the proximal surface is thinned, a spoon excavator is used to fracture and remove the thinned enamel. (d) Bevels at the cavo-

surface margins of the proximal walls are placed with hand instruments. (e) Alternatively, fine-grit diamonds or carbide finishing burs can be used to place bevels. (f) 

When a preparation exits the external tooth surface at an obtuse angle (greater than 90 degrees), no beveling of proximal walls is necessary.

Fig 11-21 When enamel is adequate at the gingival margin, 

a bevel is placed to enhance resin composite adaptation and 

seal.
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Placement of occlusal bevels has demonstrated no benefit 
to the longevity of Class 2 resin composite restorations.30 A 
clinical study demonstrated that posterior resin composite 
restorations placed in cavities with beveled occlusal margins 
had significantly greater wear than those placed with occlusal 
butt margins.213 A significant factor predicting the survivability 

of posterior resin composite restorations is the proportion of 
the occlusal surface restored16,20,21,30; this factor is increased by 
occlusal beveling. Therefore, occlusal cavosurface margin bev-
els should be avoided (Fig 11-25).

It should be noted that occlusal enamel should not be left 
unsupported by dentin, particularly in an area of occlusal stress. 

Fig 11-22 When adequate enamel remains at the gingival margin, a cavosurface margin bevel is placed to expose the ends of the enamel rods for etching. (a) 

Appropriate proximal cavosurface margin bevels when the enamel is well above the cementoenamel junction. Gingival as well as facial and lingual vertical cavosurface 

margins are beveled. (b and c) As the gingival margin approaches 1.0 to 1.5 mm from the cementoenamel junction (b), or when it is apical to the cementoenamel junc-

tion (c), no gingival bevel is placed. Note that the facial and lingual vertical cavosurface margins are still beveled.

a b c

Fig 11-23 (a) Excavation of a proximal caries lesion 

will sometimes result in a more gingival extent of the 

preparation in dentin than in enamel. (b) If the prep-

aration is extended straight out to the cavosurface 

margin, remaining enamel for bonding is compro-

mised. (c) Refining the preparation with a low-speed 

round bur or a sharp hand instrument to eliminate 

very thin enamel and prepare an inverse bevel will 

expose enamel rods for etching on their internal 

ends and secure better adhesion to the gingival 

margin. Assuming that removal of carious dentin 

created the situation shown in a, the marginal con-

figuration shown in c is preferable to that in b.

a b c

Fig 11-24 The enamel rods on the occlusal surface are ori-

ented in such a way that the ends are exposed without beveling.

Fig 11-25 Finished preparation. The tooth has been prepared 

only in those areas where carious dentin was present. The 

preparation has not penetrated to dentin in other areas of the 

occlusal surface. Proximal facial, lingual, and gingival cavosur-

face margins have been beveled; occlusal cavosurface margins 

have not been beveled.



Research has shown that unsupported occlusal enamel, even 
if the lost dentin has been replaced with glass ionomer, RMGI, 
or bonded composite, is significantly weaker than enamel sup-
ported by dentin.232

Use of cavity liners
If used, calcium hydroxide liners should be limited to those 
areas of the preparation that are believed to be very close 
to the pulp, where there is the possibility of a minute pulpal 
exposure.96 Placement of a calcium hydroxide liner over an 
extensive area of dentin provides no benefit to the pulp and 
decreases the surface area of dentin available for adhesion. 
Dissolution of the liner during acid etching can interfere with a 
sound bond to enamel and dentin.233 If the preparation is con-
servative in size, no liner is required in addition to the adhesive 
agent. In deeper preparations and those in which the gingival 
margin approaches or extends beyond the cementoenamel 
junction, a glass-ionomer liner may be beneficial. Pulpal con-
siderations are discussed in depth in chapter 6. 

Glass-ionomer liners are reported to offer a number of 
potential advantages when used under posterior resin com-
posite restorations. Glass-ionomer materials bond to both 

tooth structure and overlying resin composite,234 and they 
introduce less polymerization stress into tooth structure than 
does resin composite.79 Glass ionomer releases fluoride into 
adjacent tooth structure,235 which may be advantageous 
because of the tendency for secondary caries lesions to occur 
adjacent to posterior resin composite restorations.14 Use of a 
glass-ionomer liner has been demonstrated to improve mar-
ginal integrity236 and decrease marginal leakage.169,237,238 Less 
bulk of resin composite material is required to fill the prepa-
ration, reducing the amount of polymerization shrinkage239 
and improving marginal adaptation.68 Glass-ionomer liners 
can reinforce the preparation walls by adhering to dentin and 
minimizing cuspal deformation under load.239 Glass-ionomer 
liners also reduce the rise in pulpal temperature associated with 
application of the curing light during incremental insertion 
procedures.240 With improvements in dentin adhesives, the use 
of glass ionomer under posterior resin composite restorations 
has been greatly reduced in recent years. However, use of a 
glass-ionomer liner on dentin cavity surfaces has been shown 
to significantly reduce postoperative sensitivity compared to 
use of a dentin adhesive alone.241 Therefore, clinicians should 
consider use of a glass-ionomer liner even if an adequate band 
of enamel surrounds the entire preparation.
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Fig 11-26 (a) Following caries excavation, the gingival margin of the proximal box extends below the cementoenamel junction onto dentin. Note that the gingival mar-

gin extends to the fluted area of the root. (b) To perform the bonded-base technique, an RMGI restorative (versus a lining glass ionomer) is used. In this case, Vitremer 

(3M ESPE) was used. (c) Following treatment of the gingival portion of the proximal box with the RMGI conditioner, the RMGI restorative is mixed, placed into a Centrix 

syringe tip, injected into the gingival portion of the proximal box, smoothed, and cured. The RMGI should remain apical to the proximal contact. Note that two wedges 

have been used to contour the gingival margin of the matrix into the fluted area of the root. (d) Following etching and application of the adhesive system to the RMGI 

and remaining aspects of the cavity preparation, the preparation is filled using an incremental placement technique. (e) The completed restoration.

a b c
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Bonded-base technique

If the gingival margin of a Class 2 preparation is in enamel but 
within 1 mm of the cementoenamel junction, or if it is in dentin, 
and an alternative restorative material is not appropriate (eg, 
amalgam), an RMGI restorative material should be placed as the 
initial increment in the proximal box. This technique, known as 
the bonded-base or open sandwich technique, has demonstrated 
a number of advantages when compared with use of an adhe-
sive agent alone. There is considerable in vitro evidence that 
the bonded-base technique results in improved marginal adap-
tation and a reduction in marginal leakage.242–249 Additionally, 
glass ionomers have demonstrated good antibacterial activity 
against microorganisms associated with dental caries,250 as well 
as reduced demineralization adjacent to dentin margins.251 
Most important, the bonded-base technique has demonstrated 
good clinical performance. The first evaluation of the bonded-
base technique used a conventional restorative glass ionomer 
as the initial increment in the proximal box. Unfortunately, this 
technique showed poor clinical longevity.252 However, use of 
an RMGI restorative material for the initial increment in the 
proximal box has proven to be a viable technique. One clinical 
study showed that RMGI provided significantly better cervical 
margin adaptation in Class 2 cavity preparations than did resin 
composite.253 Several studies have shown that the bonded-
base Class 2 restoration performs comparably with resin com-
posite restorations using adhesive systems alone in most clini-
cal parameters.152–155 In addition, the bonded-base technique 
has demonstrated some important clinical advantages versus 
bonded Class 2 composite, including reduced postoperative 
sensitivity155 and reduced in vivo demineralization adjacent 
to the gingival margin.152 For these reasons, the bonded-base 
restoration should be considered whenever a posterior resin 
composite restoration will include a gingival margin in close 
proximity or apical to the cementoenamel junction.

The technique for accomplishing a bonded-base restora-
tion is demonstrated in Fig 11-26. After completion of the 
preparation, the matrix is applied, and a wedge is placed. The 
gingival portion of the proximal box is treated with the RMGI 
conditioner. The RMGI is mixed, transferred to a light-protected 
Centrix syringe tip, and injected into the gingival aspect of the 
proximal box. Because glass ionomer does not have the same 
level of wear resistance as composite,254,255 this increment of 
RMGI should remain apical to the proximal contact (Fig 11-26c). 

The surface of the RMGI increment is smoothed and light cured. 
The entire cavity preparation, including the RMGI in the gingi-
val portion of the proximal box, is etched, and the adhesive 
system is applied according to the manufacturer’s instructions. 
The preparation is filled and finished as described in the subse-
quent sections of this chapter.

Adhesive system application
The adhesive system of the dentist’s choice should be applied. 
Chapter 9 provides detailed information on adhesive system 
selection and application.

If the preparation is etched and the bonding resin is placed 
before application of the matrix, visualization and access to all 
areas of the preparation are better, and it is easier to brush-thin 
the adhesive and avoid pooling. A small piece of matrix band 
material, used to protect the adjacent proximal surface, may 
be kept in place. However, the wedge either should not be 
replaced at this time or should be placed between the matrix 
material and the preparation. This gives the resin adhesive 
access to all areas of the preparation and provides an escape 
for the resin adhesive at the margin to prevent it from pooling. 
Placement of a matrix after adhesive application sometimes 
results in contamination of the preparation with blood or saliva, 
so the operator may prefer to place the matrix and wedge prior 
to etching and application of the adhesive. If so, special care 
must be taken to ensure the absence of pooling of the resin 
adjacent to the matrix. Enamel and dentin adhesives are dis-
cussed at length in chapter 9.

Matrix application
Several useful matrices are available, including the clear plas-
tic matrix, the ultrathin (0.001-inch) Tofflemire metal matrix 
(Fig 11-27a), the thin (0.0015-inch) sectional matrix, and the 
Tofflemire metal matrix with photoetch-thinned (0.0005-inch) 
contact areas. 

The clear matrix can be used in conjunction with a light-
reflecting wedge (Fig 11-27b) and offers the advantage of 
allowing penetration of the curing light from multiple direc-
tions. This allows the clinician to cure the increments of resin 
composite from the proximal and gingival directions, rather 
than from the occlusal aspect only, to ensure adequate polym-
erization of each increment. In addition, it has been reported 
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Fig 11-27 Two common matrices for Class 2 resin composite 

restorations. (a) Clear and metal matrix bands are shown with 

Tofflemire retainers. (b) The clear matrix is usually used with a 

light-reflecting wedge.

a b



that this technique allows more favorable direction of the 
polymerization shrinkage. One study showed enhanced gingi-
val margin adaptation using this technique when the proximal 
box was prepared in enamel,256 although another study failed 
to show a similar benefit when the gingival margin was in 
dentin.228 However, the clear matrix is thicker than the thin-
nest metal matrices, and its lack of rigidity makes placement 
through tight interproximal contacts difficult.231 In addition, the 
rigidity and smoothness of the plastic, light-reflecting wedge 
makes it less effective than a wooden wedge in gaining the 
slight tooth separation needed to ensure adequate interproxi-
mal contact. Methods to compensate for this lack of separation 
are described later in this chapter. However, because of these 
drawbacks, most clinicians prefer metal matrices and wooden 
wedges.

Tight interproximal contacts are more easily developed 
with the ultrathin metal matrices than with the clear matrices 
because they are easier to place, maintain their shape better, 
and can be burnished against the adjacent tooth. One disad-
vantage of a metal matrix that wraps around the facial and 
lingual surfaces of the tooth is that increments must be initially 
cured only from the occlusal aspect. After removal of the matrix, 
the proximal resin composite may be further polymerized from 
the facial and lingual aspects. To avoid flat proximal-surface 
contours, precontoured matrices should be used or the metal 
matrices should be shaped or contoured by burnishing before 
or after they are placed. The marginal ridge strength obtained 
with a contoured sectional matrix is significantly greater than 
that obtained with a straight, circumferential band.257,258

Other devices that are helpful in developing adequate 
interproximal contacts are the sectional matrix systems, used 
with metal rings with springlike properties (Fig 11-28; see also 
Figs 11-30g and 11-30i). After the sectional matrix and wooden 
wedge are placed, the ring is placed using a rubber dam clamp 
or similar forceps so that the vertical points of the ring are 
positioned in the facial and lingual embrasures adjacent to 
the box preparation. The ring holds the ends of the sectional 
matrix tightly against the tooth and exerts a continuous sepa-
rating force between the teeth. The matrix should be burnished 
gently against the adjacent proximal contact (Fig 11-29). The 
sectional matrices in these systems are typically made of “dead 

soft” metal. Heavy burnishing will cause grooves to be formed 
in the matrix that will be replicated in the restoration. This 
makes for a rough, irregular contact that can tear and shred 
floss when the patient performs oral hygiene measures, so only 
light burnishing should be used. 

These “ring” sectional matrix systems have a number of 
advantages: They provide tooth separation to ensure good 
interproximal contact; they provide better proximal contours 
for posterior resin composite restorations than traditional 
matrices; and they simplify matrix placement for single 
proximal-surface restorations as compared to a circumferential 
band.259,260 In addition, these systems provide a tighter, longer-
lasting contact in resin composite than does a standard matrix 
in a Tofflemire retainer.257,261,262 It should be recognized that 
the ring provides progressive tooth separation, so if it is left in 
place for a long period of time, excess separation can occur, 
resulting in a very tight contact. 

The placement of the ring relative to the prepared tooth and 
the wedge should vary based on the location of the proximal 
margins and the type of ring. Proper placement of the ring 
depends on facial and lingual extensions of the proximal box 
and the size and shape of the tines of the particular ring being 
used. Rings with wider tines (eg, the Palodent system, Dents-
ply/Caulk) tend to limit the ability to place the ring in different 
locations relative to the wedge, whereas rings with narrower 
tines (eg, the Composi-Tight system, Garrison Dental Solutions) 
provide more flexibility in this regard. If the facial and lingual 
proximal extensions of the proximal box do not extend signifi-
cantly onto the facial or lingual surfaces of the tooth, it is pos-
sible to place the ring with the tines occlusal to the wedge (Figs 
11-30a and 11-30b) or between the wedge and enamel adja-
cent to the proximal surface being restored. However, if one or 
both of the proximal walls reach the facial or lingual surfaces 
of the tooth, placement of the tines of the ring in these loca-
tions may cause the matrix to be deformed (Fig 11-30c). In this 
case, the tines may be placed between the wooden wedge and 
the proximal surface of the adjacent tooth. The ring will have 
enough tension to separate the teeth adequately and to cause 
the wedge to wrap slightly around the tooth, providing a tight 
gingival seal and wrapping of the sectional matrix around the 
tooth to form the proper proximal contour (Fig 11-30d). Plastic 
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Fig 11-28 (a) Palodent sectional matrix system (Dentsply/Caulk). (b) Composi-Tight sectional matrix system 

(Garrison Dental Solutions).

Fig 11-29 Sectional matrix and Composi-Tight 

ring in place. The matrix is burnished in the contact 

area to enhance proximal contour and contact.

a b



wedges have been developed that allow additional wrapping 
of the wedge and matrix when the ring is placed between the 
wedge and the adjacent tooth surface (Figs 11-30e and 11-30f). 
Newer rings have been designed to help overcome some of 
the concerns regarding the placement of the ring relative to 
the position of the wedge or the preparation walls. Some rings 
incorporate an inverted “V” shape, which allows the ring to 

straddle the wedge, provide tooth separation, and contour the 
matrix around the facial and lingual contours of the tooth (Figs 
11-30g to 11-30k).

Yet another type of sectional matrix involves a short piece 
of thin, stainless steel matrix material that is contoured only 
occlusogingivally and does not surround the tooth at all (Fig 
11-31). This allows some light curing from facial and lingual 
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Fig 11-30 (a) Conservative proximal preparation allows the ring for a sectional matrix system to be placed above (coronal to) the wedge. This placement provides a 

separating action and contours the matrix to provide correct proximal contours. (b) Facial view showing placement of the ring. (c) In this preparation, the lingual proximal 

wall extends onto the lingual surface. The ring has been placed above (coronal to) the wedge. However, the lingual tine has caused the matrix to partially collapse 

into the preparation, resulting in the matrix band covering a portion of the gingival floor of the preparation. (d) The ring has been respositioned between the wooden 

wedge and the adjacent tooth. This prevents the tines from collapsing the matrix into the preparation. It also causes the wedge to bend, enhancing the gingival seal 

of the matrix and wrapping the matrix around the tooth to develop the appropriate proximal contour. (e) Plastic wedges are more flexible than wooden wedges and 

may be more useful when the ring must be placed between the wedge and the adjacent tooth (Wedge Wands, Garrison Dental Solutions). (f) The ring placed between 

the plastic wedge and the adjacent tooth. Note the pronounced wrapping of the wedge at the gingival aspect of the preparation. (g) Underside of an original sectional 

matrix ring (left) next to a sectional matrix ring (Garrison Dental Solutions) that incorporates a “V” shape to allow the tines to straddle the wedge (right). (h) The matrix 

ring in position. Note the “bumpers” on the tines that aid in adapting the matrix to the facial and lingual contours of the tooth. (i) Original “V-wedge” designed with tines 

to sit on top of an inserted interproximal wedge (Triodent). (j) V-wedge in place. Note that the placement of the tines is not affected by the wedge and that the matrix 

is contoured around the facial and lingual contours. (k) Current iteration of the V-wedge (Triodent).
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aspects. The contoured matrix is secured with a wooden wedge 
and lies passively against the adjacent tooth surface or is held 
there with an instrument during curing of the first increment. 
That increment then holds the matrix against the adjacent 
tooth during placement of succeeding increments. When this 
technique is used, resin composite in facial and lingual embra-
sures must be contoured or sculpted with a thin-bladed instru-
ment, such as an interproximal carver (IPC), prior to curing.

Resin composite placement: Incremental  
technique

VLC resin composite should be placed in successive, laminated 
increments to ensure proper curing and prevent excessive 
polymerization shrinkage stress.13 Incremental curing decreas-
es the effects of polymerization shrinkage, enhances marginal 
adaptation, decreases gap formation, reduces marginal leak-
age, decreases cuspal deformation, makes the cusps more resis-
tant to subsequent fracture, improves bond strength to cavity 
walls, and decreases postoperative sensitivity.66,68,256,263–266

One of the greatest benefits to the incremental fill tech-
nique may be its effect on cavity configuration, or C-factor. 
The C-factor is the ratio of bonded to unbonded restoration 
surface areas and has been shown to have a profound impact 
on polymerization shrinkage stress (see chapter 9). As the 
C-factor increases, that is, as the surface area of resin com-
posite bonded to cavity walls increases relative to the surface 
area of unbonded resin composite, shrinkage stresses increase 
dramatically.75,267,268 With incremental placement and curing 
of resin composite, the C-factor of each increment is reduced 
compared with bulk placement and curing.269 As the C-factor 
decreases, bond strength increases.270 The end result is that the 
incrementally placed and cured restoration is bonded better to 
the cavity walls than if the preparation had been filled and the 
resin composite material cured in bulk.

First increment
Some general guidelines should be followed for the placement 
of the resin composite. Proper handling of the bonding system 
and resin composite at the gingival margin is critical because of 
the tendency for microleakage to occur in that area.238 A clinical 
study that assessed gingival margin quality in Class 2 resin com-
posite restorations showed that only 27% were satisfactory.271 

Therefore, techniques must be used to enhance the bond and 
reduce the adverse effects of polymerization shrinkage. First, 
an increment no thicker than 1 mm is placed against the gingi-
val wall.272 A thin first layer will ensure proper light irradiation 
throughout the increment.

If a clear matrix and light-reflecting wedge are being used, 
the initial curing should be directed through the flat end of the 
wedge. The scientific literature reveals that the amount of light 
that a reflecting wedge will transmit varies. One study indicated 
that 90% to 95% of the incident light is transmitted,256 while 
another showed that it could be as low as 66%.273 Because of 
the possible attenuation of light through the wedge, expo-
sure time should be increased by 50% to ensure adequate 
polymerization. It has been suggested that the light-reflecting 
wedge will direct the curing light to the gingival margin of the 
restoration and draw the polymerization shrinkage toward that 
margin. When the gingival margin is on enamel, this method 
has been shown to result in better marginal adaptation than 
curing from an occlusal direction.68,256,274,275 However, when 
the gingival margin is on dentin, this technique has failed to 
reduce gingival margin microleakage compared with other 
techniques.228

Because most plastic wedges are rigid and smooth, they 
may slip out of proper position easily and may not maintain the 
pressure necessary to ensure proper adaptation of the gingival 
aspect of the matrix band and separation from the adjacent 
tooth. Two suggestions may help to overcome this problem. 
After the plastic wedge is positioned, a wooden wedge may 
be inserted beside it on the side away from the tooth being 
restored. Alternatively, the plastic wedge can be maintained 
in its proper position by applying pressure to its flat end with 
the light-curing tip during curing of the initial increment (Fig 
11-32). After this is completed, the plastic wedge has accom-
plished its purpose and may be replaced with a wooden wedge 
for succeeding increments.

If a metal matrix that surrounds the tooth has been chosen, 
all increments must be cured from the occlusal aspect. The 
tip of the light should be positioned as close as possible to 
the resin being cured.6 The output of curing lights diminishes 
considerably with distance, with 50% of light lost just 3 to 6 
mm from the light tip.276 After the metal matrix is removed, all 
proximal areas of the restoration should receive additional cur-
ing with the light to maximize restoration cure.277
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Fig 11-31 A passive sectional matrix is placed 

and wedged. Resin composite will be sculpted in 

the facial and lingual embrasures with a thin instru-

ment such as an IPC.



Resin composites that are marketed for posterior use vary 
widely in their viscosity.278 This can have an impact on adapta-
tion of resin composite to the walls of a cavity preparation.279 
Adaptation of resin composite to cavity walls can have a dra-
matic effect on the bond strength; as adaptation worsens and 
voids increase, the bond decreases significantly.280 Thicker-
consistency resin composites have significantly increased 
cavity-wall voids compared with medium- or thinner-viscosity 
materials.278 Resin composites that are supplied in preloaded 
resin composite tips or ampules tend to have a higher viscosity 
than do composites that are supplied in syringes.278 Placement 
technique can also determine how well the resin composite 
adapts to the cavity-preparation walls. Use of Centrix placement 
tips (Fig 11-33) for resin composite decreases the viscosity of 
the material278 and significantly decreases voids adjacent to the 
preparation walls compared with either smearing the material 
into place with a plastic instrument or “condensing” it.279

Injecting a heavily filled composite through a narrow place-
ment tip can be difficult, if not impossible. A technique that will 
further enhance the flow of the resin composite into a cavity 
preparation is to use resin composite that has been warmed 
prior to injection.281 The required amount of resin composite 
from either a syringe or a premanufactured compule tip is 
transferred into a Centrix syringe tip. The tip and composite can 
be warmed in a water bath; however, the tip should be sealed 
in a small plastic bag prior to immersion to protect the resin 
composite material from moisture. A more convenient means 
for warming composite is to use a commercial composite 
warmer (Calset, AdDent) to reduce the viscosity and improve 
flow.282 The temperature to which the composite is warmed 
is based somewhat on individual preference but typically will 
be in a range of 140°F to 155°F (60°C to 68°C). This material 
can then be syringed into place more easily, and the lowered 
viscosity enhances resin composite adaptation to the cavity 
walls (see Fig 11-33a). 

In addition to the above advantages for injecting warmed 
resin composite (ie, reduced viscosity and improved resin com-

posite flow) other advantages have been demonstrated. Use 
of warmed resin composite leads to reduced marginal leakage 
in Class 2 resin composite restorations compared with using 
either room-temperature resin composite or flowable compos-
ite.283,284 Warmed resin composite exhibits improved cure, as 
compared to room-temperature resin composite.285,286 How-
ever, the rapid rate at which the warmed composite loses heat 
once it is placed into contact with the tooth likely minimizes 
the enhanced cure, and it does not therefore cause a significant 
increase in shrinkage.287 Because most temperature increase 
is due to reaction kinetics and heat from the curing unit, the 
warmed resin composite adds very little temperature increase 
to that which already occurs.285 Resin composite does not 
polymerize in the warming unit, even if kept at 130°F (55°C) for 
4 hours or 158°F (70°C) for 15 minutes.285 Finally, prewarming 
of the resin composite does not adversely affect the material’s 
strength.288

Flowable resin composites
Another method that has been suggested is the use of low-
viscosity, or flowable, resin composites for the first increment 
of a proximal box or pulpal floor.289 The rationale is that these 
materials flow more readily than standard hybrid formulations 
and will therefore easily and thoroughly adapt to all areas of the 
cavity preparation. Also, because of their lower filler content 
and reduced elastic modulus, it is theorized that these materials 
could act as “stress relievers” to absorb forces of polymeriza-
tion shrinkage or cyclic loading.290 However, the efficacy of this 
method has not been demonstrated.290 

There are a number of problems associated with these 
materials. Because of their higher resin content,291 flowable 
resin composites demonstrate up to three times greater polym-
erization shrinkage than do standard hybrid resin composite 
formulations.291,292 This generates significantly greater polym-
erization shrinkage forces that surpass any benefit that might 
be derived from the lower elastic modulus.293 This adversely 
impacts the adhesion of the resin composite to the cavity 
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a b

Fig 11-32 When a clear matrix and reflecting 

wedge are used, the initial cure for the gingival resin 

composite increment is through the wedge. The end 

of the light guide can be used to maintain pressure 

on the smooth plastic wedge during initial polym-

erization to help ensure complete insertion of the 

wedge. Because of loss of irradiance when curing 

through a wedge, cure times should be increased 

by one-half.

Fig 11-33 (a) Previously warmed resin composite is syringed into the preparation via a Centrix placement 

tip to maximize adaptation to the cavity walls. (b) Another Centrix syringe tip that can be used in conjunction 

with some warm resin composites has a metal tip that can be easily formed to various angles.



preparation, as higher polymerization shrinkage294 and polym-
erization shrinkage stress270 have been shown to significantly 
decrease bond strength. To address this issue, newer flow-
able dental composites with relatively high filler content have 
been developed that have lower shrinkage stress–generating 
characteristics due to specific modifications of their chemical 
formulations.

The use of a cured increment of a flowable resin composite 
in conjunction with Class 2 resin composite restorations has 
shown mixed results in studies of marginal leakage. Some stud-
ies have shown improved marginal seal,295,296 and others have 
indicated worsened gingival seal.297,298 However, the majority 
of studies show no benefit from using a cured portion of flow-
able composite as the initial increment in placement of a Class 
2 resin composite restoration.248,299–303 In addition, because of 
their lower filler load, many flowable resin composites have 
inferior mechanical properties compared with traditional resin 
composites.290 This leads to concern that occlusal forces may 
introduce increased deflection of the overlying hybrid resin 
composite, which has a higher modulus of elasticity, due to the 
inability of the flowable resin composite to provide adequate 
support.290 In fact, the use of a flowable resin liner in conjunc-
tion with a high-viscosity (packable) resin composite has been 
shown to reduce the strength of the polymerized packable 
material.304

The reduced viscosity of flowable resin composites improves 
adaptation to the preparation but may also result in undesir-
able effects. One study found that use of a flowable composite 
always led to increased incidence of gingival margin overhangs 
in beveled Class 2 cavity preparations.305

An additional concern with flowable resin composites per-
tains to their radiopacity. Detection of voids and recurrent 
caries lesions is maximized when a restorative material has 
the same radiopacity as, or slightly greater radiopacity than, 
enamel.48–50 Many flowable resin composites have not met the 
standard of being at least as radiopaque as enamel.51,52,306–308

Clinical trials using flowable resin composite for the initial 
increments in posterior resin composite restorations have not 
demonstrated any difference in either postoperative sensitiv-
ity309,310 or overall clinical performance310,311 compared with the 
use of heavily filled resin composite alone.

One suggestion that may hold promise for the use of flow-
able composites in conjunction with posterior resin composite 
restorations has been called the snowplow technique.312 In this 
technique, an initial thin increment of flowable composite 
is placed over the gingival and/or pulpal floors of the cavity 
preparation. This layer is not cured at this stage, but rather an 
initial increment of heavily filled restorative resin composite 
is syringed or pushed into the unset flowable resin compos-
ite. Most of the flowable resin composite is displaced by the 
restorative composite and is subsequently removed from the 
cavity preparation with a hand instrument, microbrush, or 
bristle brush. As a result, most of the flowable composite, and 
therefore its potentially disadvantageous characteristics, is not 
present in the cavity preparation. Instead, there is only a small 

amount of flowable resin composite remaining in those areas 
of the cavity in which the higher-viscosity resin composite did 
not completely adapt to the preparation and that otherwise 
may have been void of restorative material. The combined 
increment of flowable resin composite and restorative resin 
composite is then cured. This technique has demonstrated 
significantly reduced void formation compared with placement 
of restorative composite alone.312 It has also shown significantly 
decreased gingival margin leakage in Class 2 resin composite 
restorations when compared with use of a restorative resin 
composite alone or with placement of a cured increment of 
flowable resin composite prior to restorative resin composite 
placement.248 It should be noted, however, that no clinical stud-
ies with this technique have been reported.

The physical and mechanical properties of flowable com-
posite resins have improved considerably since their introduc-
tion. Some flowable composite resins demonstrate properties 
comparable with those of hybrid restorative formulations.313 
Recently, a new composite resin and delivery system (Sonic-
Fill, Kerr) has been introduced that uses a special handpiece 
to deliver sonic energy to a relatively stiff composite resin to 
dispense it into a cavity preparation quickly and easily. This 
method, like the warmed composite method, allows one to 
make a highly filled composite resin flow much more readily to 
fill and adapt to a cavity preparation, without compromising its 
mechanical properties. New “self-adhesive” flowable compos-
ites have also been developed; these are intended to be used 
alone, minus the additional step of bonding with a separate 
adhesive (Vertise Flow, Kerr; Fusio Liquid, Pentron). It is too 
soon to know if these materials will demonstrate adequate 
clinical performance. However, it is obvious that as flowable 
composite resins continue to improve, their use in posterior 
restorations will undoubtedly increase. 

Additional increments
Subsequent increments should be placed in thicknesses no 
greater than 2 mm. An oblique layering technique should be 
used whenever access allows (Fig 11-34). An oblique layer ing 
technique is preferred because it leads to higher bond strength 
compared with either the use of horizontal increments or 
bulk placement.265,314 In addition, incremental techniques in 
which the facial and lingual walls are linked by the composite 
increment during curing tend to show greater cuspal deforma-
tion, particularly when the final, occlusal composite increment 
engages both the facial and lingual cavity walls.315,316 The resto-
ration should be cured from the facial and lingual aspects after 
removal of the matrix (Fig 11-35). If a clear matrix is employed, 
the oblique technique (see Fig 11-34a) should be used, and 
additional curing from the facial and lingual aspects can be 
accomplished through the matrix to ensure a thorough cure. 

When the proximal boxes have been filled and the resin 
composite polymerized, the occlusal channel, if present, is filled 
and cured incrementally. Alternatively, after the proximal box 
has been filled to the level of the pulpal floor, the proximal box 
and occlusal preparations can be incrementally filled and cured 
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simultaneously. With the exception of the initial increment 
in the gingival aspect of the proximal box, subsequent resin 
composite increments should not contact both the facial and 
lingual preparation walls simultaneously; this is to minimize 
polymerization shrinkage stress317 and cuspal deformation.315 
Figure 11-36 presents the placement of posterior resin compos-
ite restorations using a clear matrix and light-reflecting wedges.

An alternative to the layering techniques is the use of a coni-
cal light-curing tip (Fig 11-37). The proximal box is filled with 
composite to just gingival to the contact area, and the conical 
tip is wedged into the resin composite. The cone is used to 
apply pressure to the matrix band and push it against the adja-
cent tooth during curing. Subsequent increments restore the 
cone-shaped gap formed by the tip. This technique is designed 
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Fig 11-34 (a) If a metal matrix is used with a light-curing resin composite, a minimal (1 mm) gingival increment is 

placed and cured. The material is then layered in alternating oblique increments. No increment exceeds 2 mm in thick-

ness. To minimize cuspal deformation and polymerization stress, an oblique increment should not contact both facial 

and lingual cavity walls. This placement technique can also be used with a clear matrix and reflecting wedge. (b) After 

the initial increment is cured, the next increment is syringed into place and “ramped” obliquely with a plastic instrument 

or IPC. Here, the Composi-Tight matrix and ring are used, and an oblique increment is shaped with an IPC.

≤ 2 mm
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Fig 11-35 If a surrounding metal matrix 

was used, the restoration should be cured 

from the facial and lingual aspects after 

matrix removal.

a b

Fig 11-36 (a) Preoperatively, the occlusal contacts 

are marked and a rubber dam is placed. (b) Conser-

vative mesio-occlusal and disto-occlusal preparations 

have been made in the mandibular left second pre-

molar. Wooden wedges are in place for prewedging. 

(c) A clear matrix and reflecting wedges in place. 

(d) When the resin composite restorations are com-

pleted, a surface sealer is placed.

a b

c d

Fig 11-37 A conical light tip (a) can be placed into 

uncured resin composite increment (b) to provide 

curing while also pushing the matrix against the 

adjacent tooth to enhance proximal contact.

a b



to ensure adequate interproximal contact and to minimize the 
thickness of resin composite that the light must penetrate. 
While the technique has not become particularly popular and 
is relatively untested, study results have shown some benefits, 
including formation of fewer marginal gaps than in the more 
traditional incremental techniques,318 reduced cusp deflec-
tion,319 improved hardness, and decreased porosity.320

A similar technique to help establish interproximal contact 
is to place the first increment into the proximal box, but instead 
of pushing the matrix with the conical tip, it is held against the 
adjacent tooth during the polymerization with a plastic instru-
ment, condenser, or similar instrument. That increment, after 
it is hardened, will then hold the matrix against the tooth as 
successive increments are placed.

Some manufacturers have devised instruments that are 
precontoured to provide a wedging effect of a matrix band 
against the adjacent tooth. These instruments are designed to 
ensure good contact while maintaining proper occlusogingival 
contours (Fig 11-38).

The use of balls of prepolymerized resin composite has also 
been suggested to aid in establishing interproximal contact. 
The normal incremental technique is used until the proximal 
box is filled to just gingival to the proximal contact. A small, 
slightly flattened ball of resin composite is precured on the tip 
of an instrument (eg, a Hollenback no. ½ carver). An additional 
increment of uncured resin composite is placed into the proxi-
mal box. The precured ball is pushed into this increment to 
wedge the matrix tightly against the adjacent tooth; then the 
resin composite is cured321 (Fig 11-39).

It has been suggested that it is not appropriate to restore 
both the mesial and distal surfaces at the same time, due to 
the difficulty in obtaining adequate proximal contacts. There 
is concern that it is not possible to achieve adequate inter-
proximal separation for both proximal surfaces simultaneously. 
However, research has shown that better contacts are obtained 
when sectional matrix systems with rings are used simultane-
ously on the mesial and distal aspects (Fig 11-40) rather than 
sequentially.261 

304

Direct Posterior Esthetic Restorations11

Fig 11-38 Examples of composite contact-forming instruments. (a) ContactPro (CEJ Dental). (b) TriMax (AdDent). (c) Perform Proximal Contact Instrument (Garrison 

Dental Solutions). (d) Preoperative photograph of a disto-occlusal amalgam restoration in a mandibular right second premolar to be removed due to a recurrent car-

ies lesion. (e) Completed preparation with a matrix and a wedge in place. (f) An initial increment of composite has been placed into the proximal portion of the cavity 

preparation. The ContactPro has been inserted into the unpolymerized composite and rotated and wedged against the mandibular right first molar. The composite 

will be cured while the ContactPro is held in this position. (g) After removal of the ContactPro. Note that the cured composite between the tines of the contact-forming 

instrument is maintaining a definite interproximal contact. (h) Definitve restoration with appropriate proximal contact.
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Final increment
Careful control of the final increment will minimize the amount 
of finishing. A number of techniques are helpful in accomplish-
ing this goal. A rounded, cone-shaped instrument (eg, PKT3), 
slightly moistened with resin adhesive or a low-viscosity resin 
specifically designed to prevent sticking of resin composite to 
the instrument, may be used to shape and form the occlusal 
surface before curing (Fig 11-41a; see also Fig 11-14g). It is 
important that only a thin layer of low-viscosity resin be applied 
to the instrument to act as a lubricant. The best way to ensure 
this is to place a drop of resin in a gauze sponge and then wipe 
the end of the instrument with the gauze. A fine-bristled brush 
(eg, sable) can be very helpful in smoothing the composite sur-
face and achieving intimate adaptation of the resin composite 
to the cavosurface margins (Fig 11-41b). Figure 11-42 shows a 
case of a relatively conservative tooth preparation being filled 
with warm composite.

A method for replacing occlusal anatomy and reducing 
finishing is called the successive cusp build-up technique.322 

With this procedure, incremental resin composite placement is 
accomplished as described in the preceding sections. However, 

the clinician stops the oblique layer placement and curing at a 
point judged to be the base of the pit and fissure anatomy for 
the definitive restoration. The final increments of resin compos-
ite are positioned and adapted to replace the missing portions 
of the inner inclines of the cusps, one cusp at a time. Because 
of their stiffer viscosity, packable resin composites work well in 
this situation. The packable resin composite can be adapted 
and shaped without slumping prior to curing. As each cusp is 
replaced with resin composite, it is briefly cured (5 seconds) to 
set the material in place. It is not necessary to fully cure each 
increment at this point, because the entire occlusal surface, and 
therefore all preceding increments, will be irradiated after the 
final cuspal incline is replaced with resin composite and is irra-
diated for the full curing time. This technique has been shown 
to provide enhanced occlusal anatomy, thereby reducing sub-
sequent finishing. Figure 11-43 demonstrates this technique.

As a final step in resin composite placement and curing for 
Class 2 restorations, the wedge is removed and the matrix is 
wrapped against the adjacent tooth (Fig 11-44a). This allows 
access for the resin composite to be cured from the facial 
and lingual aspects to help ensure adequate polymerization 
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Fig 11-39 Use of a precured resin composite ball to establish 

proximal contact. A small amount of composite is placed on the 

tip of an instrument (such as the Hollenback no. ½ carver) and 

cured. It is then pushed into uncured resin composite material 

in the proximal box. While the precured ball is wedged tightly 

against the contact, the composite in the proximal box is cured.

Fig 11-40 Simultaneous mesial and distal placement of sec-

tional matrices and rings for an MOD restoration.

Fig 11-41 (a) A small condenser or burnisher, lightly moistened with adhesive, is used to establish preliminary occlusal contours in 

the final resin composite increment before light curing. (b) A sable brush is used to smooth the composite surface and ensure intimate 

adaptation of the restorative composite to the cavosurface margins.

a b
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Fig 11-42 (a) Extensively demineralized and carious occlusal fissures and cavitated lesion in the mesial of the maxillary second premolar. (b) Proximal preparation is 

initiated with a no. ¼ round bur. (c) Initial proximal preparation, leaving a thin wall of enamel. (d) The thin wall of proximal enamel is removed with a spoon excavator. 

(e) Occlusal surface preparation initiated. (f) A no. 2 low-speed round bur is used for caries excavation. (g) Caries excavation completed. (h) A no. 7404 finishing bur is 

used to remove unsupported enamel and to smooth and blend external cavosurface margins. No bevels are placed on occlusal margins. (i) A gingival margin trimmer 

is used to place a gingival margin bevel. Note that the wedge has been removed to allow access for instrumentation. (j) Completed preparation. (k) An RMGI liner is 

placed on the dentin with a Dycal placement instrument. (l) Phosphoric acid etchant is placed as part of the three-step etch-and-rinse adhesive system placement. Note 

that a Mylar strip has been placed to protect the adjacent tooth from the etchant. (m) Following placement of the adhesive system, a sectional matrix band, wedge, 

and ring have been placed (Triodent). (n) The initial increment of warm composite is injected into the gingival floor of the preparation. This increment is limited to 1 mm 

or less in thickness. (o) The surface of the increment is gently smoothed with a round-end condenser lightly lubricated with uncured resin from the adhesive system. 
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Fig 11-42 (cont) (p) The composite increment is cured with a light-emitting diode (LED) curing unit for 20 seconds. (q) The remaining increments will be placed using 

an oblique geometry, such that both the buccal and lingual cavity walls are not connected by the composite. Here composite is being injected into the lingual-proximal 

corner of the proximal box. (r) The proximal box has been filled to approximately the level of the axial-pulpal line angle with oblique increments of composite. At this 

point, remaining oblique increments can extend across the entire mesiodistal dimension of the preparation. (s) An oblique increment that extends across the entire 

mesiodistal dimension of the preparation is injected into the lingual-pulpal angle. (t) When the final occlusal oblique increments are placed, they should be smoothed with 

a fine-bristle brush, drawing the composite across the occlusal cavosurface margin to ensure intimate adaptation. (u) Prior to curing of the final occlusal increments, a 

thin, bladed instrument (eg, an IPC) is used to develop the occlusal embrasure anatomy. (v) Following placement of all composite increments, the wedge and ring are 

removed. The sectional matrix is wrapped around the proximal surface of the adjacent tooth but left in place. The restoration is then cured from the facial and lingual 

aspects to ensure the complete composite cure. (w) Finishing is initiated with a no.12B surgical blade to remove flash and initiate contour modification. (x) Further 

finishing, contouring, and polishing is accomplished with rotary instruments. (y) Following etching of the occlusal surface and all accessible margins, a low-viscosity 

rebonding agent is applied and cured. (z) The completed restoration.
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Fig 11-43 The successive cusp build-up technique. (a) Preoperative view of maxillary left molars with occlusal caries. Note that the occlusal contacts have been 

marked prior to rubber dam placement. (b) The appropriate resin composite shade is selected and transferred to a light-protected Centrix syringe tip. (c) The rubber 

plug is placed into the Centrix syringe tip. (d) The Centrix syringe tip is placed into the placement syringe and transferred to the composite warmer. (e) The completed 

preparations are etched. (f) The adhesive system is applied according to the manufacturer’s instructions. (g) The warmed resin composite is injected into the prepara-

tions and cured in increments no thicker than 2 mm. (h) The initial warmed composite placement and curing is stopped at the anticipated level of the pits and fissures 

in the definitive restoration. Those aspects of the restoration that require little contouring for the final anatomy have been entirely filled with the warm composite (mesial/

central portions of the maxillary left first molar). (i) An increment of restorative composite (in this case, packable resin composite) is adapted to the lingual incline of 

the distofacial cusp of the maxillary left first molar. (j) A small instrument (PKT1) is used to form the missing cuspal anatomy in resin composite. The remaining tooth 

structure is used as a guide to replace the cusp inclines to the level of the fissure. The facial cuspal incline of the distolingual cusp has already been completed. (k) 

The lingual incline of the mesiofacial cusp of the maxillary left second molar is formed in resin composite to the level of the fissure. This increment is briefly cured (5 

seconds). (l) The lingual incline of the mesiofacial cusp has been replaced in resin composite. (m) Each remaining cusp will be restored successively. Here the lingual 

incline of the distofacial cusp is being shaped with the PKT1. This increment will be cured for 5 seconds.

j
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throughout the entire restoration (see Fig 11-35). The matrix 
is allowed to remain in place to provide protection of the adja-
cent tooth during proximal-surface finishing (Fig 11-44b) and 
re-etching prior to sealing (Fig 11-44c).

Resin composite placement: Other techniques
Materials other than VLC resin composites have been suggest-
ed for placement in the proximal box preparation. Autocured 
(or self-curing) resin composites are available for this purpose 
in both low- and high-viscosity formulations. It has been sug-
gested that the portion of the autocured resin composite adja-
cent to the cavity-preparation walls cures first, especially if used 

in conjunction with an autocured (or dual-cured) adhesive. The 
shrinkage of the autocured composite is said to be directed 
toward the cavity walls because of initiation of the curing reac-
tion by the ongoing polymerization of the adhesive resin, and 
the reaction is said to be accelerated in that area by the higher 
temperature of the preparation walls due to body heat. This 
supposedly results in less polymerization shrinkage stress at 
the cavity margins,158,159 thus improving marginal adaptation. 
However, research has failed to demonstrate either enhanced 
marginal adaptation323 or reduced marginal leakage when this 
technique has been compared with VLC incremental place-
ment techniques.228

n o p

q r

Fig 11-43 (cont) (n) The completed lingual inclines of the facial cusps of the second molar. (o) The facial incline of the lingual cusp is replaced in resin composite. 

Because this is the final resin composite increment, the entire occlusal surface will be light cured for the full irradition period. (p) The completed occlusal anatomy using 

the successive cusp build-up technique. While this technique takes slightly longer during placement, it reduces finishing time. (q) The restorations and adjacent enamel 

are re-etched. (r) The restorations are sealed with a surface sealing resin (Fortify, Bisco). (s) The completed restorations using the successive cusp build-up technique.

Fig 11-44 (a) After the final resin composite increment has been placed and cured from the occlusal aspect, the wedge is removed and the matrix is wrapped against 

the adjacent tooth. This provides access for the proximal portion of the Class 2 restoration to be cured from the facial and lingual aspects to ensure the maximal cure. 

(b) The matrix is allowed to remain in place during finishing to protect the adjacent tooth from inadvertent damage when finishing the proximal portion of the restora-

tion. (c) The matrix should also remain in place during re-etching and sealing to protect the adjacent tooth from being etched and bonded to the completed restoration.

a b c
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Resin composite placement: Alternative  
polymerization techniques

A number of alternative techniques and devices have been 
introduced for curing VLC resin composites in recent years, 
including halogen units with variable curing intensities, lasers, 
plasma arc high-intensity units, and light-emitting diode (LED) 
curing units (Fig 11-45).

Argon laser units have demonstrated the ability to pro-
duce an increased degree of conversion of resin composite 
compared with standard halogen or tungsten-quartz-halogen 
(QTH) light-curing units.324 In addition, the depth of cure with 
the laser is improved,324 and bond strength is less affected as 
the light guide is moved further from the surface of the resin 
composite.325 However, when the light guide is kept approxi-
mated to the composite increment, and increment depth is 
limited to 1.5 to 2.0 mm, no difference in bond strength is 
seen between that achieved with laser and standard halogen 
lights.325,326 Laser light is monochromatic,325 with the band-
width of the laser being much narrower than that of the 
halogen light and centered at approximately 470 nm, which 
is the maximal absorption wavelength for camphorquinone, 
the photoinitiator most commonly used in resin adhesives and 
resin composites.324,325 However, some manufacturers are start-
ing to use proprietary photoinitiators with absorption spectra 
differing from that of camphorquinone, making it possible that 
the argon laser–curing unit would be less likely to initiate the 
polymerization reaction than would a halogen unit. The high 
price of these units, compared with other resin composite 
polymerization options, has limited their use in the profession.

Plasma arc curing (PAC) units generate notably higher 
irradiance levels than do standard halogen units. PAC units 
also cure resin composite at a faster rate than do the halogen 
curing lights.327 Considerable evidence has been accumulated 

to show that this increased rate of cure does not enhance adhe-
sion of resin composite to cavity walls. Class 5 restorations 
cured with argon lasers or PAC units showed significantly 
increased microleakage328 and poorer marginal adaptation329 
when compared with similar restorations cured with a standard 
halogen curing light. This is likely due to the fact that the rate at 
which the modulus of elasticity, or stiffness, of the setting com-
posite develops has a significant impact on marginal integrity. 
Decreasing the polymerization reaction rate allows additional 
time for molecular conformational changes and material flow 
that can relieve polymerization shrinkage stress.78,79 This has 
led to research in which the polymerization reaction rate is 
slowed even further by reducing the irradiance of halogen 
curing units. Lowering irradiance to 250 mW/cm2 has been 
shown to significantly improve marginal adaptation in cavity 
preparations versus irradiating the resin composite in those 
same preparations at either 450 mW/cm2 or 650 mW/cm2.80,330 
There has been some concern, however, that simply reduc-
ing the irradiance to these levels, while enhancing marginal 
adaptation, might adversely affect mechanical properties.330 
This has led to the “two-step,” “soft-start,” or “ramped” curing 
technique. Regardless of the name, the underlying principle is 
the same: initial curing at a diminished irradiance to initiate the 
polymerization reaction at a slower rate to minimize polym-
erization stress, followed by a period of higher irradiance to 
maximize the degree of conversion and mechanical properties. 
In laboratory studies, this technique has proven to significantly 
enhance marginal adaptation without impairing mechanical 
properties.82,83,329 However, research has demonstrated that 
resin composite factors such as shade, translucency, photoini-
tiator concentration, and elastic modulus are more important 
in determining cure than a particular curing mode85,331 and that 
curing regimens that reduce polymerization shrinkage stress to 
a point that it is clinically significant are not feasible.85

Fig 11-45 (a) Argon laser light-curing unit (Laser-

Med). (b) Variable-intensity halogen light-curing 

unit (Bisco). (c) Plasma arc curing high-intensity 

light-curing unit (DMD). (d) LED light-curing unit 

(Ultradent).
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Most recently developed are the LED curing units. These 
units have a number of advantages compared with other cur-
ing units, including a wavelength spectrum emission that is 
closely matched to camphorquinone. In addition, these units 
are more energy efficient, allowing them to be battery oper-
ated. The diodes have a life span that is approximately 1,000 
times longer than the typical halogen bulb. While the earlier 
versions of LED curing units provided inadequate irradiance, 
the newer generation has overcome this deficiency. A disad-
vantage to standard units is their narrow wavelength spectrum, 
limiting their usefulness in curing any materials that do not use 
camphorquinone as the photoinitiator.332,333 However, a num-
ber of newer LED products contain chips that emit light that 
initiates curing of multiple photoinitiators.334

A 1999 evaluation of dental practices reported that 46% of 
the halogen visible light–curing units used in private practices 
provided inadequate output to cure resin composite.335 A later 
study showed an improvement in that percentage, but a large 
percentage of halogen units still had inadequate output.336 
More recently, an evaluation of light-curing units revealed that 
67.5% of halogen and 15.6% of LED light units were considered 
unsatisfactory.337 It is important for the practitioner to ensure 
that the light-curing unit is in proper working condition and 
provides adequate and accurate irradiance. Testing of units can 
be conveniently accomplished with a radiometer (Fig 11-46).

Packable resin composites
Condensable or packable resin composites were specifically 
designed for posterior use. In these materials, the filler type, 
size, and/or particle distribution differ from those of conven-
tional restorative hybrid and microfilled resin composite mate-
rials338,339 in order to increase viscosity and impart a consistency 
that more closely mimics that of dental amalgam. Claims of 
enhanced clinical performance, reduced polymerization shrink-
age, and enhanced wear characteristics have been made. 
The term condensable is not appropriate for these materials, 
because condensation, by definition, denotes an increase in 
density, as occurs when dental amalgam is condensed into a 
cavity preparation. Such a volume reduction does not occur with 
resin composites when they are packed into a preparation.338

Considerable in vitro research has been accomplished to test 
these materials. In general, properties such as wear,338,340–343 
flexural modulus,344,345 flexural strength,344–346 fracture tough-
ness,344,347 and polymerization shrinkage338 of the packable 
resin composites are comparable, but not superior, to those 
of other hybrid or reinforced microfilled resin composites 
currently available. One clinical study of a packable compos-
ite showed extreme and unacceptable wear.348 Of particular 
concern with the packable resin composites was the claim by 
some manufacturers that these materials could be bulk-cured 
in thicknesses of 5 mm or greater. Independent research has 
clearly demonstrated that this is not the case, and adequate 
polymerization for most resin composites can be accomplished 
only in thicknesses of 2 mm or less.214,347

In general, practitioners can anticipate that the handling 
characteristics of the packable resin composite formulations 
may vary somewhat from other hybrid or microfilled materials. 
In particular, they may have a heavier consistency with a “drier” 
feel. Clinical trials of packable composites, mostly short-term, 
have demonstrated that, with proper technique, the clinical 
performance of these materials can be comparable with that of 
other resin composites.349–352

The decision to use these materials should be based on indi-
vidual operator preference concerning handling characteristics 
and not on expectations of improved clinical performance.

Finishing
Placement procedures that minimize the need for finishing and 
polishing should be used. The smoothest surface that can be 
obtained is that of unfinished resin composite that has been 
cured against a smooth matrix.353–356 Finishing and polishing 
procedures are inherently destructive to the restoration surface 
and may result in the formation of microcracks at and below 
the surface.357,358 Because cracks may also be produced or 
exacerbated during mastication, the fracture toughness of the 
resin composite may be significantly reduced by destructive 
finishing techniques.115

A variation of the previously described soft-start technique 
for posterior resin composite restorations is the pulse delay 

technique. With this technique, the final composite increment 
is cured for a brief period (3 to 5 seconds) at very low irradiance 
(150 mW/cm2) to initiate the curing reaction at a reduced rate. 
After 3 to 5 minutes, the composite is again cured with a high 
level of irradiance. During the interim between the two curing 
periods, the occlusal surface is shaped and finished.359 It should 
be noted, however, that the effects of manipulating this incom-
pletely cured resin composite on physical and mechanical 
properties and clinical performance have not been determined 
by independent research.

Fig 11-46 Commercial radiometers available to monitor ade-

quacy of irradiance of visible light–curing units. (Courtesy of 

USAF Dental Evaluation and Consultation Service.)



312

Direct Posterior Esthetic Restorations11

The finishing and polishing process for posterior resin 
composite restorations is similar to that used with other com-
posite restorations. A no. 12 or 12B scalpel blade, sharp no. 14L 
carver, Wedelstaedt chisel, or other thin, sharp-edged hand 
instrument is useful for removing flash from the proximal and 
gingival margins and for shaping proximal surfaces of resin 
composite (Fig 11-47). The composite material can then be 
finished and blended to the tooth with successively finer grits 
of polishing points, cups, or disks. While the use of these rotary 
instruments will impact the surface contours and smoothness, 
the long-term surface finish is more dependent on the resin 
composite particle size than the particular polishing system 
used.360 Ideally, the finishing process used should result in a 
surface that has an average roughness value of less than 0.2 
µm, referred to as the critical surface finish. The critical surface 
finish is the smoothness of a resin composite at which bacte-
rial adhesion is significantly reduced compared with a rougher 
surface.361 A number of polishing systems currently on the 
market are able to achieve this level of polish, including Sof-Lex 
disc series (3M ESPE) and Astropol (Ivoclar Vivadent) and Pogo 
(Dentsply/Caulk) disks, cups, and points.361,362

Aluminum oxide disks, used in series from coarse to very 
fine, tend to render some of the smoothest finishes to resin 
composite.354,355,363 These work well for restoration contours 
that are relatively flat or convex, such as those in the facial and 
lingual proximal embrasure areas (Fig 11-48).

Abrasive disks are not practical for finishing occlusal sur-
faces. Shaping of these surfaces may be accomplished with 
multifluted carbide finishing burs or fine diamonds (Figs 11-49 
and 11-50a). There is some controversy as to which of these 
instruments provides the smoothest surface and/or minimizes 
trauma-induced microleakage. Studies indicate that carbide 
finishing burs perform better,363 finishing diamonds perform 
better,364,365 or both perform equally well.355,366 It is clear that 
the use of burs with 18 or fewer flutes leaves a significantly 
roughened surface, so these burs should not be the final rotary 
instruments used in the finishing process.355 Rubber or silicone 
disks, points, cups, and brushes impregnated with aluminum 
oxide, silicon dioxide, or diamond particles have been found to 
provide very acceptable results353–355,360,362 and can be used to 
smooth the resin composite surface after initial finishing (Fig 
11-50b). Finishing strips coated with aluminum oxide particles 

Fig 11-47 (a) Instruments useful in initial contouring and removal of flash: (top) no. 12B scalpel blade; (middle) IPC; (bottom) no. 

14L carver. (b) No. 12B scalpel blade used to remove flash from a resin composite restoration in the distal aspect of a maxillary first 

premolar.

ba

Fig 11-48 Aluminum oxide disk used to contour and polish the 

proximal surface of a resin composite restoration.

Fig 11-49 Fine diamonds and multifluted carbide burs for 

finishing resin composite restorations come in a variety of sizes, 

shapes, and grits.
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can be used to finish proximal surfaces (Fig 11-50c). As with 
the disks, these strips should be used in series, from coarse to 
very fine grit. A final high polish may be accomplished using 
a rubber prophylaxis cup with aluminum oxide or diamond 
polishing pastes.

Rebonding and final cure
As previously mentioned, finishing procedures are destructive 
to the resin composite restoration and have been shown to 
adversely affect wear.207 Finishing procedures can also exac-
erbate the marginal gaps formed during polymerization.66–68

For these reasons, the practitioner should consider rebond-
ing the occlusal surface and all accessible restoration margins 
with an unfilled or lightly filled VLC resin. The lower the vis-
cosity of the rebonding resin, the more effective it will be in 
penetrating interfacial gaps and micro cracks.367,368 Several low-
viscosity resins, called surface sealers, are available for use in 
rebonding. While not a widely used procedure, rebonding, the 
application of a low-viscosity resin to the finished surface and 
margins of a restoration, has been shown to improve the mar-
ginal integrity of resin composite restorations in vitro369 and in 
vivo,210 significantly reduce microleakage in vitro,368,370–372 and 
reduce marginal staining in vivo.31 Rebonding has been dem-
onstrated in clinical studies to significantly reduce wear and 
prolong marginal integrity.31,210,369

Although the need for etching before rebonding is some-
what controversial, phosphoric acid is usually applied to the 
marginal areas for 10 seconds (Fig 11-51a) and then rinsed off 
and the area thoroughly dried. The rebonding resin is placed, 
thinned with a blotted brush (Fig 11-51b) or applicator, and 
light cured for 20 to 40 seconds. This not only will polymer-
ize the rebonding resin, but it may also provide additional 
polymerization of the resin composite.109,135,137 To prevent the 
rebonding resin from joining the restored tooth to the adjacent 
tooth, a piece of matrix or other thin material may be placed 
interproximally prior to performing the rebonding procedure. 
Alternatively, floss is passed through the interproximal con-
tact after the rebonding resin has been applied and before 
it is cured. After curing, any ledges of excess rebonding resin 
should be removed with a sharp-bladed instrument.

The proximal contact and contours are verified with dental 
floss (Fig 11-52). The rubber dam is removed, and the occlusion 
is checked. If further occlusal adjustment is required, rebonding 
resin should be reapplied in the areas that were adjusted. 

The Tunnel Restoration
An alternative to the traditional approach for gaining access to 
proximal carious dentin has been termed the tunnel prepara-

tion (Fig 11-53). It was first suggested by Jinks373 in 1963 as a 

Fig 11-50 (a) Finishing diamond used to refine occlusal anatomy in a resin composite restoration. (b) A flexible point impregnated with aluminum oxide is used for 

smoothing the occlusal surface of the restoration. (c) Aluminum oxide finishing strip for contouring/finishing/polishing the proximal surface gingival to the interproximal 

contact.

Fig 11-51 (a) Etching the restoration margins prior to rebonding. Note the thin plastic shim placed interproxi-

mally to protect the adjacent tooth. (b) Rebonding resin is brushed onto the restoration surface and margins.

Fig 11-52 Proximal contact and contours are veri-

fied with dental floss. Floss is wrapped around 

the proximal contact to confirm the appropriate 

contact area.

a b c
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method for placing a silver alloy mixed with sodium silicofluo-
ride in the distal aspect of primary second molars to “inoculate” 
permanent first molars with fluoride as they erupted. Hunt374 
and Knight375 later modified this procedure for use as a conser-
vative technique for restoring teeth with small proximal caries 
lesions.

Advantages
Several advantages are claimed for this technique. The outer 
surface of the proximal enamel is removed only if cavitated by 
caries, so there is less potential for a restorative overhang. Over-
hangs have been shown to occur 25% to 76% of the time with 
traditional Class 2 restorations; this can lead to inflammation 
within periodontal tissues and bone loss.376 With an occlusal 
approach, the marginal ridge is preserved, and destruction 
of tooth structure is minimized. A two-surface, Class 2 cavity 
preparation has been shown to reduce tooth stiffness by 46%; 
only a 20% reduction occurs with an occlusal preparation.377 
The perimeter of the restoration is reduced, decreasing the 
potential for microleakage.378 Because minimal preparation 
is required interproximally, the potential for disturbance of 
the adjacent tooth is reduced. If the carious tooth structure 
is more extensive than originally thought and greater access 

is required, the preparation can easily be extended and con-
verted into a more traditional Class 2 design.379

Disadvantages
Despite seemingly attractive benefits of the tunnel procedure, 
it remains largely unused in practice. It is a difficult procedure, 
demanding careful control of the preparation by the operator. 
The angulation of the bur for the preparation causes it to pass 
near the pulp. Studies have shown that the tunnel preparation 
often invades to within 1 mm of the pulp. A more traditional 
Class 2 preparation, in which penetration toward the pulp is 
determined by the depth of the caries lesion, tends to leave 
greater remaining dentinal thickness between the prepara-
tion and the pulp.380,381 Because of the small entrance to the 
tunnel preparation, visibility is decreased, and removal of 
carious dentin is more uncertain.374,379,382 In vitro studies on the 
effectiveness of caries lesion removal in the tunnel preparation 
have shown that there is a high rate of residual carious tooth 
structure after completion of the preparation.381,383,384 For this 
reason, a caries-detecting solution should be used to disclose 
remaining carious tooth structure.

There is also concern that the marginal ridge is undermined 
and its strength reduced. As the diameter of the prepara-

Fig 11-53 (a) In the tunnel preparation, access is made in the occlusal fossa adjacent to the marginal ridge. (b) A “tunnel” is made 

under the marginal ridge to the carious dentin, usually just below the interproximal contact. (c) Tunnel preparation access opening in 

the maxillary first molar. (d) Tunnel restoration. Occlusal fissures have been sealed.
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tion increases, the marginal ridge strength decreases.53,385,386 
Although use of an adhesive restorative material has been 
shown to restore much of the strength of the marginal 
ridge,53,385,386 this is not always the case,380 and the degree to 
which marginal ridge strength is restored can depend on the 
size of the preparation.385

A number of clinical studies of tunnel restorations have 
been published (Table 11-1). Tunnel restorations tend to fail 
at a considerably higher rate than do other types of posterior 
restorations. Other problems noted in these studies include 
the fact that 34% to 41% of the restorations show either 
residual carious dentin or progression of enamel caries.387,388 
The most common causes of restoration failure are marginal 
ridge fracture and secondary caries. In an evaluation of tunnel 
restorations compared with slot amalgam restorations, 21% 
of tunnel restorations failed during a 7-year period compared 
with zero failures for the slot restorations.389 Another clinical 
study compared tunnel restorations in which the dentin was 
replaced with resin-modified glass ionomer and the remainder 
with resin composite to saucer-shaped Class 2 resin composite 
restorations over periods up to 79 months. The survival propor-
tion for the tunnel restorations was 46% compared with 76% 
for the Class 2 resin composite restorations. The main cause of 
failure of the tunnel restorations was marginal ridge fracture, 
and secondary caries was significantly higher in the tunnel res-
torations (41% after 24 months) versus the Class 2 composite 
restorations (19% after 24 months).391

Indications and contraindications
It is obvious from the previous discussion that tunnel restora-
tions are not indicated and should be avoided. Other tech-
niques discussed in this chapter (eg, the use of slot prepara-
tions) are more conservative and more predictable. 
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The word amalgam means an alloy of mercury with 
another metal or metals.1 This type of alloying is called 
amalgamation.2 In dentistry, before these metals are 
combined with mercury to make dental amalgam, 
they are known as dental amalgam alloys. Prior to the 
development of high-copper amalgam alloys, dental 
amalgam alloys contained at least 65% by weight 
silver, 29% by weight tin, and less than 6% by weight 
copper. The high-copper amalgam alloys3,4 contain 
between 12% and 30% by weight copper and at least 
40% by weight silver.5 This higher level of copper has 
resulted in the elimination of the highly corrodible and 
weak gamma 2 (tin-mercury) phase that existed in the 
low-copper dental amalgams.6–8

Zinc is added to amalgam to enhance its mechanical 
properties,9 reduce marginal fracture,10,11 and prolong 
the service of the restoration.11,12 When moisture is 
incorporated during condensation of a zinc-containing 
low-copper amalgam, delayed expansion will occur.13 
Zinc-containing high-copper amalgams do not exhibit 
the phenomenon of delayed expansion,14–16 but isola-
tion to prevent any moisture contamination is impor-
tant for both zinc-containing and zinc-free amalgam 
restorations.14 Contamination of dental amalgam with 
moisture will create porosity in the restoration, which 
will decrease strength and increase both corrosion and 
creep.14,16

This process by which amalgam alloy powder is 
mixed with liquid mercury is called trituration.17 The 
powder may be of the lathe-cut variety (Fig 12-1a), 
which is made by milling an ingot of the alloy, or of 
the spherical type (Fig 12-1b), which is made by atom-
izing liquid alloy.18 The spherical particles usually are 
not true spheres but take on various rounded shapes. 
Some dental amalgam alloys contain only lathe-cut 
particles, called filings; others contain only spheres, 
and some contain both spheres and filings. Those con-
taining only filings are called lathe-cut amalgam alloys, 
those containing only spheres are called spherical 

alloys, and those containing both filings and spheres 
are called admixtures5 (Fig 12-1c).

Dental amalgam restorations contain approximate-
ly 50% mercury, and some people have concerns that 
mercury, which is known to be toxic when present 
in certain forms and in high doses, is present in the 
mouth. Mercury in amalgam is bound in the matrix 
phase. The metallic bonds in amalgam are very difficult 
to break, and only very heavy pressure or high heat 
can potentially cause the bonds in the restoration to 
degrade. During mastication, pressures of 200 MPa or 
higher are common, and this force, with friction, can 
generate heat in small areas. It has been theorized19 
that this heat could cause amalgam to release small 
amounts of mercury during function.20 It has been 
estimated that for a patient having 12 amalgam res-
torations in his or her mouth, the amount of metallic 
mercury released per day would only be in the range 
of 1.7 µg.21 

There is considerable evidence of the safety of 
dental amalgam.19,22–27 To date, there is no confirmed 
evidence to indicate that the mercury in dental amal-
gam is related to any disease.28–34 Research reveals that 
no toxic effect has been linked to the level of mercury 
released from amalgam, even when amalgam restora-
tions are removed.35,36 Several agencies, including the 
World Health Organization,37 the US Public Health 
Service,38 the National Institutes of Health,39 and the 
Swedish Medical Research Council,40 have reaffirmed 
their positions that there are no data to compel a 
change in the current use of dental amalgam.41,42 
While no evidence refutes these claims, a general con-
sensus exists to reduce mercury use in all industries 
because of concerns over environmental effects.43

Any component of amalgam or any other restor-
ative material can elicit an allergic reaction, but hyper-
sensitivity to mercury is extremely rare. Of those who 
have an established allergy to mercury, fewer than 
1% demonstrate clinically observable reactions to 
mercury in dental amalgam restorations.44 Raap et 
al45 examined 206 patients thought to have a contact 
allergy to dental metals. Only 28 of the 206 patients 
examined had positive patch test reactions to metals 
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used in dentistry, and some of these had reactions to more than 
one of the tested metals. Ten were positive to gold sodium 
thiosulfate, ten to palladium chloride, ten to nickel sulfate, and 
four to amalgam. In case reports on amalgam hypersensitivity, 
the presentation has been oral lichenoid lesions, erythematous 
lesions, burning, and/or itching.46 

Dental amalgam has served as a dental restorative for more 
than 175 years; it was used as early as 1820 in Europe, and by 
the mid-1830s, it was in use in the United States.42,44 In a survey 
conducted in 2005,47 more than two-thirds of North American 
dentists who responded stated that they used dental amalgam. 
While the percentage is undoubtedly lower today, dental amal-
gam continues to be used extensively. 

Advantages and Disadvantages
Dental amalgam has many advantages as a restorative mate-
rial. It is strong, durable, and relatively easy to use. It wears at 
a rate similar to that of tooth structure. Over time, amalgam 
has the ability to bring about, through formation of corrosion 
products, reduced microleakage at its interface with tooth 
structure.6,48 Resin composite placed at and below the gingival 
crest has been found to alter the subgingival microflora in favor 
of a more pathogenic mix.49 Subgingival amalgam margins 
did not significantly alter the bacterial biofilm under the same 
conditions.49 A review of insurance claim data indicated that 
molars restored with amalgam restorations required endo-
dontic therapy much less frequently than those restored with 
resin composite50; however, this review was done prior to the 
development and implementation of current bonding systems, 
so future reviews may present different findings. When replac-
ing restorations, it is much easier to avoid enlarging the cavity 
preparation during removal of amalgam than it is when remov-
ing resin composite because of the contrast between the color 
of tooth structure and amalgam and because amalgam is not 
typically bonded to the walls of the preparation.51–53 In contrast, 
removal of resin composite materials consistently results in a 
larger preparation than the original.54 Of the long-term restor-
ative materials, dental amalgam is the least time-consuming to 
place and has the lowest cost.

Clinical research does not support the often-made claim 
that dental amalgam causes cuspal fracture. Wahl et al55 have 

presented data showing that teeth restored with amalgam do 
not fracture any more frequently than teeth restored with resin 
composite. Weakening of tooth structure by large restorative 
tooth preparations is a likelier cause of fracture in tooth struc-
ture adjacent to restorations.

Dental amalgam also has disadvantages. Its primary dis-
advantage is that it is not tooth-colored. In addition, it does 
not, on its own, bond to tooth structure, although amalgam 
bonding systems have been proven to provide a fairly reliable 
mechanical attachment of amalgam to enamel and dentin.56 
Amalgam must be handled properly to avoid excessive expo-
sure of the dental staff to mercury vapor.57,58 Despite its disad-
vantages, however, dental amalgam is an economic and reli-
able direct restorative material that is still used in a majority of 
dental practices. When placed properly in well-designed tooth 
preparations, it will serve well for long periods of time.12,59,60 
Many studies have demonstrated the excellent longevity of 
dental amalgam.11,59,61–63 

This chapter addresses Class 1 and Class 2 preparations and 
placement techniques for dental amalgam. Complex restora-
tions involving the replacement of cusps with dental amalgam 
are also described. Class 5 amalgam preparations and restora-
tions are covered in chapter 15.

Resistance Form
There are two considerations for resistance form when a tooth 
is being prepared to receive an amalgam restoration. First, 
resistance form should be developed for the restoration; the 
restoration must be of adequate thickness and have a mar-
ginal design that will allow it to bear the forces of mastication 
without fracture or deformation. In that regard, the restoration 
must have adequate occlusogingival depth to resist fracture in 
function or parafunction (bruxing or clenching). Second, the 
remaining tooth structure must be left in such a state that it, 
too, will resist the forces of mastication. As much sound tooth 
structure as possible must be maintained. If adequate resis-
tance form cannot be maintained in the tooth to resist masti-
catory forces, the weak portion of the occlusal surface should 
be cut away and replaced with amalgam or another strong 
restorative material.64
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Fig 12-1 (a) Lathe-cut amalgam alloy particles. (b) Spherical amalgam alloy particles. (c) Admixed amalgam alloy particles.
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To maximize resistance form for tooth structure, minimum 
sound tooth structure should be removed when teeth are 
prepared for Class 1 or Class 2 amalgam restorations. Several 
studies65–69 have demonstrated that, as an amalgam restora-
tion becomes wider faciolingually, the tooth is more subject to 
fracture and the integrity of the restoration is less likely to be 
maintained. In Class 2 restorations, an increase in the depth of 
the occlusal portion of an amalgam restoration has also been 
linked to a decrease in resistance to fracture of the tooth.66 
Class 2 restorations that are confined to the marginal ridge 
areas (proximal slot restorations) may minimize the severity of 
tooth fracture compared with Class 2 restorations that extend 
through occlusal grooves.70,71 Based on this knowledge, the fol-
lowing goals should guide the preparation and restoration of 
teeth: (1) removal of carious tooth structure, (2) preservation of 
the integrity of the tooth and periodontium, and (3) maximiza-
tion of the life of the restored tooth.60,72

Class 1 Preparation

Indications

Occlusal caries
The indication for an initial Class 1 amalgam restoration is 
carious tooth structure in the occlusal fissures (or in facial or 
lingual pits in posterior teeth) detected clinically and confirmed 
with bitewing radiographs. The objectives of treatment are to 
eliminate caries lesions, to remove any enamel that has been 

undermined by the caries process, to preserve as much sound 
tooth structure as possible, and to create a strong restoration 
that mimics the original sound tooth structure and allows little 
or no marginal leakage.

For the purpose of this chapter, it is necessary to review the 
definitions of the terms groove, fissure, and pit.73 A groove, or 
a developmental groove, is a linear channel on the surface of a 
tooth, usually at the junction of dental lobes (cusps or ridges). 
A fissure is a developmental linear cleft, the result of incomplete 
fusion of the enamel of adjoining dental lobes. A pit is a pin-
point fissure or the junction of several fissures.

The presence of deep or stained fissures alone does not 
justify placement of a restoration. When there is concern that 
dentin at the base of a deep fissure may become carious, the 
fissure should be sealed with a resin fissure sealant or flowable 
resin composite material. In a tooth that has been determined 
to have a localized fissure caries lesion or lesions, the carious 
tooth structure should be removed and one or more occlusal 
restorations placed, with the number of restorations deter-
mined by the number of areas in which carious tooth structure 
was removed. Remaining fissures that are considered to be 
susceptible to caries should then be sealed with a resin sealant 
(Fig 12-2).

If deep fissures that are to be sealed exhibit enamel demin-
eralization or heavy stains, they may benefit from being pre-
pared with a small bur (no. 1⁄16 or 1⁄8) to a width and depth of 

approximately 0.4 mm before being acid etched and sealed 

with a resin fissure sealant74–76 (Fig 12-3). Alternatively, these 

fissures may be opened or cleaned with an air-abrasive instru-

ment or an air-polishing prophylaxis unit77–81 (Fig 12-4).

Fig 12-2 Amalgam should be used as a restorative material only in areas where actual carious tooth structure has been removed; remaining noncarious fissures and 

amalgam restoration margins are etched and sealed with resin fissure sealant. (a) This drawing shows the extent of carious dentin as if it could be seen through the 

occlusal enamel. (b) An amalgam restoration has been placed in the area where carious dentin and unsupported enamel were removed; the remaining fissures were 

sealed. (c and d) Occlusofacial preparation in mandibular molar; restoration with remaining occlusal fissures sealed. (e and f) Mandibular first molar preparation, sealed 

restoration, and sealed fissures.

a b
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Traditionally, in a Class 1 amalgam preparation, occlusal 
fissures, or at least those in the developmental grooves, have 
been included in the preparation even when areas of the fis-
sure system have not been carious. The justification for this has 
been that carious dentin, although not evident visually or radio-
graphically, may be lurking at the base of one of those fissures. 
There is strong evidence that carious dentin inadvertently left 
at the base of a sealed fissure does not progress82–86 and that 
the sealing of fissures associated with occlusal amalgam resto-
rations is an extremely effective treatment.87–90 Therefore, the 
routine extension of cavity preparations through fissures not 
known to be carious cannot be justified. Additionally, extension 
of cavity preparations through grooves in which there are no 
fissures is contraindicated.

Defective restorations and recurrent caries
Another indication for a Class 1 restoration is the replacement 
of a restoration that is defective beyond repair or associated 
with a recurrent caries lesion. A recurrent caries lesion is one that 

occurs adjacent to an existing restoration. Most restorations 
exhibit some leakage at their margins, although it is minimal 
in most cases. When the leakage becomes greater, usually 
because of a defective restoration or flexure of tooth structure 
or the restoration, plaque can form in the space between the 
tooth and the restoration, which can produce demineralization 
to form a caries lesion. There is some evidence that cleaning, 
etching, and sealing leaking amalgam margins with a resin 
sealant can prolong the life of a restoration.91,92

Outline form
When an occlusal restoration must be placed because of initial 
caries lesions, two guidelines should be applied in establishing 
the outline form: (1) carious tooth structure should be elimi-
nated, and (2) margins should be placed on sound tooth struc-
ture. The enamel at the margin of the preparation should be 
supported by sound dentin. Any enamel that has been under-
mined by the removal of carious dentin should be removed. 

Fig 12-3 Fissures can be opened for sealing with a small round bur. (a) The fissure system of a maxillary 

first molar is shown before treatment with a no. 1/16 bur. (b) Any of three small round burs—nos. 1/16 bur (0.3-

mm diameter), 1/8 bur (0.4-mm diameter), and 1/4 bur (0.5-mm diameter)—may be used to open the fissures. 

(c) The fissures are prepared to the depth of the bur head. (d) The posttreatment occlusal surface shows the 

sealed fissures. (e) Scanning electron photomicrograph of fissures prepared with a small round bur.

a b c d
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Fig 12-4 Fissures can be opened with an air-abrasion unit (KCP FlexiJet, American Medical Technologies). (a) The fissure system of a mandibular molar is shown 

prior to air abrasion. (b) 50-μm alumina powder is projected into the fissure. (c) The fissures are shown after air abrasion. (d) Scanning electron photomicrograph of 

fissures opened with air abrasion.

a b c d
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If a noncarious fissure is evident in the wall of a preparation, 
the preparation should not be extended solely to include the 
fissure; the fissure should instead be sealed after the amalgam 
has been placed.

If there is no cavitation in the area of the lesion, a bur such 
as a no. 329 or 330 is used to cut through the enamel to gain 
access to the carious dentin. The preparation is widened to give 
access to all carious dentin and to remove any unsupported 
enamel. The preparation should be widened only enough to 
obtain enamel walls supported by sound dentin.

Although the outline form should not contain sharp angles, 
sound tooth structure should not be removed simply to obtain 
wide, smooth curves in the outline form. The outline form 
should be smooth to facilitate the uncovering of the margins 
during carving of amalgam. If, after the amalgam is carved, the 
margins of the preparation are jagged or rough, it is difficult 
for the dentist to know if this is because the enamel margin is 
rough or because amalgam is extending past the margins onto 
the surface of the tooth (overextended amalgam or amalgam 
flash).

When a defective restoration or a restoration associated with 
a recurrent caries lesion is to be replaced, the outline form will 
be determined by several factors. First, the outline form of the 
old restoration will have a major influence. Also, the outline 
form may have to be extended because of additional pathosis. 
Finally, the resistance form for the tooth structure or restoration 
may have to be improved, and that will affect the outline form.

Resistance and retention form
To provide retention form for the amalgam, opposing walls of 
Class 1 occlusal restorations should be parallel to each other 
or should converge slightly occlusally. Enamel rods in most 
areas of the occlusal surface are directed roughly parallel to the 
long axis of the tooth and are approximately perpendicular to 
the tooth surface,93 a factor that should be considered when 

the angulation of the margin of the amalgam preparation is 
designed. To enhance their ability to resist fracture, enamel 
margins should be prepared at a right angle or slightly obtuse 
angle (90 degrees or greater), as enamel margins of less than 
90 degrees are more subject to fracture, especially in function 
(Fig 12-5). Clinical research has shown that clinical survival 
of amalgam restorations is inversely related to the degree of 
unsupported enamel.94 

For resistance form in the amalgam restoration, amalgam 
margins should be approximately 90 degrees. Although many 
amalgam restorations will have amalgam margins that are 
significantly less than 90 degrees on the occlusal surface, very 
acute amalgam margins are much more subject to fracture (Fig 
12-6). Marginal fracture will usually cause marginal gaps, or 
ditches, between the amalgam and the enamel.

If the faciolingual width of the preparation exceeds one-
third of the distance between the tips of the facial and lingual 
cusps (intercuspal distance), the remaining cusps themselves 
should be carefully evaluated. Even in narrower preparations, 
cusps should be evaluated for cracks that could lead to frac-
ture, and the functional loading to which they will be exposed 
should be assessed. If a cusp is too weak to withstand function 
(Fig 12-7), it should be reduced for coverage with amalgam 
or attached in some way to the amalgam to provide cuspal 
reinforcement (described in the section on complex amalgam 
restorations).

It is generally accepted that occlusal amalgam restorations 
should have an occlusogingival thickness of at least 1.5 mm, 
and preferably 2.0 mm, to resist fracture during function (resis-
tance form for the restoration). When carious dentin and the 
overlying enamel are removed, the preparation will be at least 
that depth and usually deeper.

Figure 12-8a shows a diagram of a cross section of the crown 
of a posterior tooth with carious dentin at the base of the fis-
sure. Figure 12-8b shows a cross section of the amalgam resto-
ration that is indicated because of that caries lesion.

Fig 12-5 An acute cavosurface margin of enamel has the 

potential for fracture; a 90-degree enamel margin on the occlu-

sal surface will withstand occlusion.

Fig 12-6 The left margin exhibits an acute “fin” of amalgam, 

which has a greater propensity for fracture, depending on the 

load applied to it during mastication. The right marginal configu-

ration allows nearly a 90-degree angle for amalgam, imparting 

greater strength.
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Figure 12-9 shows the outline form of several occlusal 
amalgam restorations; the outline form was determined by the 
extent of the demineralized dentin at the base of the fissures. 
Again, fissures not known to be carious, in a surface receiving 
an amalgam restoration due to fissure caries, should be sealed 
with a resin fissure sealant.

If an occlusal caries lesion encroaches on the enamel of the 
proximal surface so that, when the carious dentin is removed, 
the proximal enamel has no dentinal support, consideration 
should be given to converting the Class 1 preparation to a Class 
2 preparation. An important part of this consideration should 
be the determination of the forces to which the marginal ridge 
will be exposed. If there is direct occlusal contact between the 
opposing tooth and the weakened marginal ridge, the mar-
ginal ridge should be removed and replaced with amalgam.

Fig 12-7 (a) The mesio-occlusodistal preparation in the premolar, after removal of a defective restoration, is greater than one-third the intercuspal 

distance; therefore, the cusps ideally should be protected by reduction and coverage with a restoration, or they should be cross-splinted (see Fig 12-39). 

(b) The mesio-occlusofacial preparation in the molar leaves facial cusps too thin to resist occlusal loading; they should be reduced and protected with 

a cuspal-coverage restoration. (c) The lingual cusp of the maxillary premolar, which was not protected or reinforced during restoration, has fractured.

a b c

Fig 12-8 (a) A fissure caries lesion in this tooth involves demineralization of the enamel at the depth of the fissure and advance of 

the lesion into dentin. (b) Tooth preparation involves removal of the carious dentin and of the enamel not supported by sound dentin. 

Only the diseased dentin is removed; additional dentin is not removed simply to create a flat pulpal floor for the preparation.

a b

Fig 12-9 Outline form of various Class 1 preparations. The extent of carious 

demineralization is the determinant of outline form, so outline form will vary in 

every situation involving caries. Fissures not known to be carious should be 

sealed with a resin fissure sealant; fissures may be opened with a small bur to 

a depth of approximately 0.4 mm prior to sealing to ensure sound enamel for 

bonding.
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Class 2 Preparation

Indications
An initial Class 2 restoration is usually placed because a caries 
lesion is present in a proximal surface of a molar or premolar. 
Proximal caries lesions can sometimes be detected visually 
during a clinical examination, but they are usually detected 
with bitewing radiographs. The depth of the penetration of 
demineralization in enamel and dentin is actually greater 
than it appears to be in a bitewing radiograph. A caries lesion 
that appears radiographically to have penetrated about two-
thirds of the way through the proximal enamel has actually 
penetrated the dentinoenamel junction (DEJ). However, even 
if the lesion has slightly penetrated the DEJ, the tooth still has 
the potential for remineralization if the etiologic conditions are 
changed95–97 (see chapter 5). Each patient must be individually 
evaluated for improved oral hygiene, alteration of diet, and 
reduction in cariogenic bacteria before the decision is made to 
surgically remove a minimally deep caries lesion. In most cases, 

a restorative procedure should not be undertaken to treat a 
proximal caries lesion unless there is radiographic evidence of 
at least slight penetration of the lesion into dentin toward the 
pulp.96

Outline form
As with Class 1 restorations, Class 2 restorations that leave as 
much sound tooth structure as possible will contribute to resis-
tance to fracture of the tooth. Tooth preparation necessitated 
by a caries lesion on a proximal surface should, when possible, 
avoid extension of the occlusal outline more than is necessary 
to allow access to the proximal lesion, to remove demineralized 
enamel and dentin, and to remove enamel not supported by 
sound dentin. If an occlusal caries lesion is present, it should be 
treated with a separate occlusal restoration. If the preparation 
necessitated by the occlusal caries lesion is in close proximity to 
the occlusal outline of the proximal preparation so that there is 
minimal or no sound tooth structure separating the two prepa-
rations, they should be joined. As when Class 1 occlusal restora-
tions are placed, fissures not known to be carious but believed 
to be susceptible to caries should be sealed with a resin fissure 
sealant.90 Fissures that contact the outline of a Class 1 or Class 2 
preparation should be sealed. Retention form for the proximal 
restoration should be attained within the proximal preparation; 
the preparation should not be extended further into a sound 
occlusal surface to provide retention of the proximal restora-
tion, because this will weaken the tooth’s resistance to fracture.

Access to the proximal caries lesion is usually made by prep-
aration through the marginal ridge (Fig 12-10). The proximal 
preparation begins with the creation of a slot, cut with a small 
bur in the center (mesiodistally) of the crest of the marginal 
ridge (Fig 12-10a) and occlusal to the proximal surface caries 
lesion (usually located faciolingually in the center of the inter-
proximal contact area). The slot is deepened gingivally until the 
bur “falls” into the soft carious dentin, which has little resistance 
to the advance of the bur. The preparation is widened facially 
and lingually to eliminate all demineralized tooth structure at 
the DEJ and to remove enamel that is not supported by sound 
dentin. Demineralized enamel should usually be removed as 
well. However, if demineralization is superficial (less than half-

Fig 12-10 (a) For a Class 2 preparation to treat an initial proximal surface caries lesion, an initial cut is made through the marginal ridge with a narrow bur to penetrate 

to carious dentin; then the slot is widened faciolingually. (b) The mesial and distal aspects of the proximal enamel plate are thinned to facilitate its fracture and removal. 

(c) The final preparation will be determined after removal of all carious tooth structure and removal of fragile enamel (retention would be by amalgam bonding or the 

addition of retention grooves).

a b c

Fig 12-11 Preparations for proximal slot restorations. Note sig-

nificant retention grooves. Such mechanical retention should be used 

when the restoration will not be bonded.
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way through the enamel) and there is evidence that the patient 
will reduce his or her caries risk status, consideration should 
be given to stopping the extension of the preparation short 
of removing some superficial demineralized enamel. After 
the amalgam restoration has been placed, the demineralized 
enamel can be treated with fluoride to enhance remineraliza-
tion, or it can be acid etched and coated with light-cured resin 
for at least short-term protection from further demineraliza-
tion.98 Alternatively, a low-viscosity resin infiltrant (eg, Icon, 
DMG) can be applied to the demineralized enamel following 
acid etching to inhibit further demineralization.99 

The Class 2 restoration necessitated only because of a proxi-
mal caries lesion and having an occlusal outline limited to the 
marginal ridge area will be referred to in this chapter and others 
as a slot restoration. If it involves the distal surface with access 
from the occlusal surface, it will be called a disto-occlusal slot 

restoration (Fig 12-11). 
When preparing the tooth for the proximal slot restoration, 

a shell of enamel should be left between the preparation and 
the adjacent tooth (Figs 12-10b and 12-12). This will prevent 
accidental nicking, scarring, or other damage to the adjacent 
tooth. One study100 found that proximal surfaces of adjacent 
teeth were damaged during Class 2 preparation 69% of the 
time and that these damaged surfaces were almost three times 
as likely to become carious as were undamaged surfaces. Spe-
cial care to avoid damage to the adjacent tooth is warranted. 
Any nicking or scarring of an adjacent tooth should be polished 
away before the restoration is placed.

After the removal of carious tooth structure and fragile 
enamel, the proximal surface margins of a Class 2 amalgam 
preparation will not usually be in contact with the adjacent 
tooth (Fig 12-10c). However, if all demineralized and under-
mined enamel has been removed and a margin remains in 
contact with the adjacent tooth, consideration should be given 
to allowing contact to remain (Fig 12-13). 

During the removal of carious dentin, the demineralized 
dentin in the periphery of the preparation (at or near the DEJ) 
should be removed and the outline form extended to ensure 
that the enamel at the margins of the preparation is supported 
by sound dentin. Carious dentin should be removed with the 
largest round bur that will fit into the area. After the periphery 
of the preparation is clear of demineralized tooth structure, 
the carious dentin near the pulp should be removed. The bur 
should be rotated very slowly in a low-speed handpiece; the 
rotation should be so slow that the individual blades of the 
bur can be seen as it rotates. The blades of the slowly rotating 
bur are like multiple spoon excavator blades, but the depth 
that a blade can penetrate into the carious dentin is limited by 
the edge angle of the bur and by the depth of each bur blade 
toward the center of the bur, so the bur will remove only a 
limited depth of carious dentin during each rotation. During 
removal of deep carious dentin, this procedure is less likely to 
result in a pulpal exposure than the use of a spoon excavator.

Fig 12-12 (a) The plate of proximal enamel should be fractured with a hand instrument to prevent damage to the adjacent tooth by a bur. The instrument is placed in 
the slot. (b) The instrument is rotated to fracture the plate. (c) The fractured margins have been planed with a gingival margin trimmer or hatchet.

a b c

Fig 12-13 Class 2 proximal slot restoration showing the lingual cavosurface 

margin remaining in contact with the adjacent tooth after removal of all carious 
tooth structure and unsupported enamel.
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Resistance and retention form

After the shape of the preparation is roughed out with a bur, 
hand instruments (eg, a gingival margin trimmer) may be used 
to fracture away the shell of enamel; to shape the facial, lingual, 
and gingival walls and margins; and to scrape away any fragile 
enamel from the margins (Fig 12-14). The facial and lingual 
walls of a Class 2 slot preparation should converge slightly 
toward the occlusal surface to provide retention form for the 
restoration (Fig 12-15).

To provide resistance form for the Class 2 amalgam res-
toration, the proximal preparation should have a mesiodistal 
dimension of about 1.5 mm or more. If there is sound dentin 
supporting occlusal enamel in the fossa adjacent to the mar-
ginal ridge, that dentin and enamel should be left intact. If the 
caries lesion extends from the proximal DEJ deeper into dentin, 
the demineralized dentin should be removed completely, 
especially in the areas near the DEJ, and sound dentin should 
be left in place.

The gingival floor of the proximal preparation may be flat 
and approximately perpendicular to the long axis of the tooth, 
or it may be curved and/or slanted faciolingually, as deter-
mined by the extent and configuration of the caries lesion that 
necessitated the restoration. The location of the gingival floor, 
therefore, should be determined by the gingival extent of the 
carious lesion. The gingival wall, like the facial and lingual walls 
of the proximal preparation, should form an angle of approxi-
mately 90 degrees with the surface of the tooth. This provides 

strength to both the amalgam and the enamel and prevents 
enamel not supported by sound dentin from being left at the 
margins of the restoration. 

Convergence toward the occlusal surface of the facial and 
lingual walls of the proximal slot preparation gives retention 
form to the restoration to keep it from dislodging occlusally. 
Although with initial proximal surface caries lesions it is not 
often necessary to extend the Class 2 preparation into occlusal 
grooves, the operator will frequently need to replace an exist-
ing restoration that was prepared with an occlusal extension. 
If the restoration is extended into occlusal grooves, this exten-
sion will provide resistance to displacement of the restoration 
proximally (ie, toward the adjacent tooth). To provide enough 
resistance, however, the extension into the occlusal surface 
must have a faciolingual dimension of at least one-fourth the 
distance between the facial and lingual cusp tips101 (intercuspal 

distance), and the facial and lingual margins of the occlusal 
extension must be approximately parallel to each other in a 
mesiodistal direction (Fig 12-16a). 

Undercuts
If the extension into the occlusal surface is narrower, if there is 
no extension into the occlusal surface, as with the proximal slot 
restoration, or if no amalgam bonding system is to be used, 
retentive undercuts (retention grooves or points) must be cut 
into the dentin of the facial and lingual walls of the proximal 
box (Fig 12-16b). Use of a no. 1⁄4 (ISO 005) round bur, with a 

head diameter of 0.5 mm,101–103 or a no. 1⁄8 (ISO 004) round bur, 

Fig 12-14 (a) A disto-occlusal slot amalgam preparation will be made because an initial caries lesion is present. (b) A small bur is used to cut a slot, beginning at 

the crest of the marginal ridge and extending gingivally to “fall” into carious tooth structure. A thin plate of enamel separates the bur from the adjacent tooth to prevent 
damage to the adjacent tooth. (c) A gingival margin trimmer is placed into the slot created by the bur and rotated to apply pressure to the thin plate of proximal enamel. 

(d) The thin plate is fractured. (e) The walls and margins are planed with the margin trimmer to smooth them and to eliminate any remaining fragile enamel. (f) When 

there is some separation of the proximal margin from the adjacent tooth, a thin carver, such as this interproximal carver, may be used to carve and burnish the amalgam. 
If a portion of a proximal margin is in contact with the adjacent tooth, the carver may be used to carve and burnish the amalgam occlusal and gingival to the area of 
contact. (g) Retention grooves are placed with a no. 1/8 or 1/4 bur. (h) The preparation is completed.

a b c d
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with a head diameter of 0.4 mm, is recommended for prepa-
ration of retention grooves and points for Class 2 amalgam 
restorations (see Fig 12-14g). For a proximal slot restoration, 
retentive undercuts should be very distinct (at least 0.5 mm 
deep) and should oppose each other to form a dovetail effect 
in the dentin. Long grooves, extending from the gingival floor 
to the occlusal surface, are recommended for a proximal slot 
restoration103,104 (Fig 12-17a). When no amalgam bonding sys-
tem is used, if the occlusal extension is narrow, short retention 
grooves or retentive points should be prepared in the dentin 
of the facial and lingual walls to supplement the resistance 
form provided by the occlusal extension102 (Fig 12-17b). If there 
is a bulky extension of amalgam into the occlusal surface of 
the tooth, retentive undercuts should not be necessary101 (Fig 
12-17c). For the preparation of any retentive undercuts with a 
bur, it is advisable to use a handpiece at low speed, without 
water spray, and to use magnification to enable visualization, 

because the location and direction of the undercuts are critical 
to the success of the restoration.

Retentive undercuts in the dentin of the facial and lingual 
walls should be completely in dentin and not at the proximal 
DEJ; this obviates the removal of the dentinal support for the 
proximal enamel adjacent to the restoration. The undercuts 
should not, however, be placed so far away from the DEJ that 
the pulp chamber could be penetrated. A good rule is to place 
a retentive undercut so that there is approximately 0.25 to 0.5 
mm of dentin between the groove and the DEJ and so that the 
groove is approximately 0.5 mm deep and 0.5 mm wide. Again, 
the 0.5-mm diameter of the no. ¼ round bur, or the 0.4-mm 
diameter of the no. 1⁄8 bur, is ideal as a gauge of dimension. So 

that retentive undercuts do not penetrate through the dentin 

to the DEJ when they are placed in the facial and lingual walls, 

they should be cut parallel faciolingually to the DEJ and to the 

external surface of the tooth (Fig 12-18).

Fig 12-15 The proximal slot preparation, or the 

proximal box of a Class 2 preparation, should have 

walls that meet the proximal surface of the tooth 

at 90 degrees and converge occlusally to provide 

resistance and retention form.

Fig 12-16 (a) Although extension of a Class 2 preparation into occlusal grooves is not usually necessitated 

by carious tooth structure, if such an extension is already present from a previous restoration of the tooth, it 

will provide some resistance form for the proximal portion. Note the slight bevel of the axiopulpal line angle as 

part of the resistance form. (b) An extension without parallel cavosurface margins, however, will not provide 

the resistance form needed to prevent displacement of the proximal amalgam during mastication, so retention 

grooves (dotted lines) should be added.

Fig 12-17 (a) In a proximal slot or proximal box–only preparation, retention grooves should be long and very distinct. (b) In preparations with narrow occlusal exten-

sions, short (0.5- to 1.0-mm) retention grooves or points are placed in facial and lingual walls just gingival to the occlusal DEJ. (c) When the occlusal extension is wide 

(1.5 mm or more faciolingually) and has parallel walls, retention points or grooves are not necessary.

a b

a b c
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When retentive undercuts are necessary, they must be actu-
al undercuts in the facial and lingual dentin that oppose each 
other (see Fig 12-18). This is especially important in proximal 
slot restorations if amalgam bonding is not used, because the 
undercuts are the only feature that will prevent dislodgment 
of the restoration proximally. In the preparation with a deep 
proximal box, the retention grooves should be in the proximal 
walls just inside the DEJ and not in the corners of the box (Fig 
12-19); this is to reduce the risk of pulp exposure. Without cor-
rectly located, distinct retention grooves, a proximal slot resto-
ration is more likely to become dislodged. 

When well designed, the proximal slot restoration can last 
indefinitely. Figure 12-20 shows a Class 2 slot amalgam restora-
tion that had been in function for more than 58 years.

Mechanical retention
If a proximal box or slot is so wide that retentive undercuts 
will not oppose each other (Fig 12-21a), another type of reten-
tion and resistance method, such as amalgam bonding or a 
self-threading pin, placed horizontally or vertically, should be 
used (Fig 12-21b). Amalgam bonding and the use of pins are 
discussed later in this chapter.

Because the outline form of Class 2 amalgam restorations is 
always determined by the pathologic problem being treated, 
there are an infinite number of variations in occlusal outline 
form. Figure 12-22 illustrates the outline form of some typical 
Class 2 restorations that would be placed to treat initial caries 
lesions.

Facial and lingual access

Most Class 2 amalgam restorations have occlusal access, as 
already discussed. If a proximal caries lesion is at or apical to 
the cementoenamel junction (CEJ), however, it is often more 
conservative to use facial, and occasionally lingual, access.105 
The preparation for a Class 2 amalgam restoration with facial or 
lingual access, sometimes referred to as a keyhole preparation 
or a facial or lingual slot preparation, is similar to a slot prepara-
tion with occlusal access. The entire preparation is apical to the 
proximal contact. The location and configuration of the cari-
ous tooth structure and the access preparation determine the 
outline form of the keyhole preparation (see Fig 12-22, bottom 
right). Its margins, which are at least partly on cementum or 
dentin, should provide for cavosurface angles of approximately 
90 degrees. Either amalgam bonding or groove retention, 
similar to that recommended for a proximal slot preparation 
with occlusal access, is indicated. Groove retention can usually 
be placed with a no. ¼ or 1⁄8 bur in the dentin of the occlusal 

and gingival walls; occasionally, grooves must be placed with a 

hand instrument, such as a gingival margin trimmer.

Replacement of restorations with  
occlusal extensions

Patients commonly will have existing Class 2 amalgam restora-

tions that have extensions of the preparation through occlusal 

a b

Fig 12-18 Location and direction of retentive 

undercuts (retention grooves) for the proximal por-

tion of a Class 2 restoration. The illustrated grooves 

are approximately 0.5 mm wide and 0.5 mm deep 

(no. ¼ bur head is shown) and are directed approxi-

mately parallel to the DEJ (and the external surface 
of the tooth). (left) For a fairly flat surface, such as 

the proximal surface of a maxillary premolar, the 

grooves are directed almost in the facial and lingual 

directions. (right) For a convex proximal surface, 

such as in a mandibular premolar, their direction is 

considerably vectored.

Fig 12-19 When, because of the axial depth of the carious dentin at the occlusal DEJ, the axial wall in a Class 
2 preparation must be deeper pulpally than approximately 1 mm inside the DEJ, retention grooves (or points) 
should be placed so that they are just inside the proximal DEJ, not at the line angles of the deep preparation. 
(a) Proximal view of an axially deep Class 2 preparation showing retention grooves in dentin near the proximal 

DEJ and extending occlusally through the occlusal enamel; (b) occlusal view.
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fissures and even through nonfissured grooves. Although this 
preparation outline form should not be advocated, existing 
restorations of this type will need to be replaced from time 
to time. Therefore, some design concepts to promote their 
longevity must be discussed. First, the narrower (faciolingually) 
the extension through the occlusal surface, the less marginal 
breakdown will occur65,68 (Fig 12-23). Second, the junction of 

the proximal portion and the occlusal extension of the Class 
2 amalgam preparation must have adequate depth (1.5 to 2.0 
mm). The occlusal outline form at the junction of the proximal 
and occlusal components should not be sharp or jagged, but 
no more than a very small amount of sound cuspal enamel 
should be sacrificed to make the junction slightly rounded 
instead of sharp. It is generally accepted that, if there is an 

Fig 12-20 The mesio-occlusal slot restoration in the maxil-

lary first molar, placed by the late Dr Miles Markley of Denver, 
Colorado, had been in service for more than 58 years when this 

photograph was taken.

a b

Fig 12-21 (a) Undercuts (retention grooves) should not be placed for a proximal box 

so wide that those undercuts, if placed parallel to the adjacent DEJ, would not oppose 
each other to provide needed undercut retention. (b) Instead, other types of resistance 

and retention features, such as these horizontal self-threading pins, should be employed.

Fig 12-22 Typical outline forms of Class 2 restorations placed to treat initial car-

ies lesions. Because outline form is determined by the pathosis present and the 

morphology and position of the tooth, there are an infinite number of variations. 

The bottom right-hand restoration represents a facial slot or keyhole restoration 

to treat root caries or caries at the CEJ.

Fig 12-23 When extension through occlusal fissures or grooves cannot be 

avoided, such as when an old, defective amalgam restoration is being replaced, 

the faciolingual width of the occlusal portion of the preparation should be kept 

as narrow as possible to maintain tooth strength. (left) Proximal view; (right) 

occlusal view of mesio-occlusodistal preparation.



axiopulpal line angle at minimal occlusal depth, it should not 
be sharp; if there is such a sharp line angle, it should be round-
ed in order to reduce the concentration of stresses in that por-
tion of the restoration.

Complex Preparations
Historically, the term complex amalgam restoration referred to 
one that involved three or more surfaces of a tooth. The term 
has been redefined in recent years61 to refer to an amalgam 
restoration that replaces one or more cusps.

When a cuspal-coverage restoration is indicated, a gold 
alloy casting is considered by many to be the restoration of 
choice. Gold has wear characteristics similar to those of enamel 
and has the ability to maintain a stable occlusion. Newer 
ceramic materials with high strength and wear resistance also 
represent viable options for these restorations.  However, for 
various reasons, an indirect material cannot always be chosen 
as the definitive restoration. In these situations, amalgam is an 
excellent alternative restorative material.

The efficacy of the amalgam cuspal-coverage restoration has 
been shown in both laboratory and clinical studies.61,62,106,107 
The key to the successful placement of cuspal-coverage res-
torations is a thorough understanding of the underlying engi-
neering principles. Preparations for amalgam restorations have 
traditionally been designed to provide adequate retention 
form. Retention has been defined as prevention of dislodg-
ment of the restoration along the path of insertion (with tensile 
forces). Resistance is defined as prevention of dislodgment or 
fracture by oblique or compressive forces. Although retention 
form is important in the complex amalgam restoration, more 
emphasis should be placed on the resistance of both the resto-
ration and the remaining tooth structure. Retention and resis-

tance form can be obtained through the use of metal threaded 
pins, nonpin mechanical features, and amalgam bonding, all of 
which will be described.

Cuspal-coverage preparations
Often, individuals seek treatment because of a fractured cusp 
or cusps in posterior teeth. If the treatment option agreed 
upon for the tooth is a complex amalgam restoration, the 
tooth preparation will usually include removal of any existing 
restoration, removal of any carious tooth structure and fragile 
enamel and/or dentin, and preparation of margins to provide 
a cavosurface angle of approximately 90 degrees in all areas. 
In addition, weak cusps that have not fractured should be 
reduced for coverage and protection with amalgam.

The thickness of amalgam needed for cuspal protection 
will vary depending on the functional load to which the cusp 
will be exposed. A good guideline for amalgam thickness in 
centric holding cusps (stamp or functional cusps) of molars and 
premolars is 2.5 mm. In a facial cusp of a maxillary premolar, on 
those occasions when there is little or no function on the facial 
cusp, a reduced thickness of amalgam is acceptable to allow a 
maximum amount of facial enamel to remain for esthetics (Fig 
12-24).

When cusps are reduced for coverage, the occlusal tooth 
structure should be reduced anatomically to provide for an 
adequate and consistent occlusal amalgam thickness. To facili-
tate consistent reduction, depth cuts are recommended. Figure 
12-25 illustrates the use of depth cuts to ensure consistent 
reduction of occlusal tooth structure for coverage. Figure 12-26 
shows a clinical case in which depth cuts provided consistent 
reduction. 

The length of the head of the bur that is used for depth cuts 
must be known. Because head lengths vary from manufacturer 
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Fig 12-24 (a) Because of a diag-

nosis of incomplete tooth fracture, 

the maxillary premolar has been 

prepared for a complex amalgam 

restoration. (b) The tooth has been 

restored with a complex amalgam 

restoration that protects the entire 

occlusal surface. (c) The occlusal 

height of the mesial aspect of the 

nonfunctioning facial cusp was only 

reduced 1.5 mm to preserve facial 

enamel for esthetics.

a b c

Fig 12-25 Depth cuts are used to provide for even 
reduction of occlusal tooth structure of a mandibular 

molar and consistent thickness of amalgam. (a) Depth 
cuts 2.5 mm deep; (b) cuspal reduction viewed from 

the facial aspect; (c) cuspal reduction viewed from the 

mesial aspect.

a b c



to manufacturer, and even among burs of a single manufactur-
er, it is good practice to measure the length of a bur head prior 
to preparation of depth cuts (Fig 12-27). A periodontal probe 
should be available for measuring the length of bur heads.

Consistent reduction of cusps provides anatomical reduc-
tion rather than flat reduction. Anatomical reduction imparts 
adequate strength to the amalgam while preserving and 
protecting as much natural tooth structure as possible. Some 

operators reduce cusps to a flat surface perpendicular to the 
long axis of the tooth; no scientific justification for this practice 
can be found in the literature. 

A timesaver in practice is to take note of cuspal height and 
cusp tip location or even to make a drawing or photograph 
prior to cuspal reduction so that cusps may be built and carved 
back to their original height prior to removal of the rubber dam 
(Fig 12-28; see also Figs 12-26a and 12-26g).
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Fig 12-26 Reduction of weak cusps of a mandibular molar for coverage. (a) An instrument is placed so that it touches cusp tips of the adjacent teeth. A note can 
be made of the position of the cusps to be reduced so that they can be rebuilt in amalgam and carved to approximately the correct height before the rubber dam is 

removed. (b) Half the 5.5-mm length of a no. 169L bur head is used to make depth cuts approximately 2.5 mm deep in the cusps. (c) The depth cuts are completed. 

(d) The head of the handpiece is rotated so that the no. 169L bur can be used to reduce the cuspal structure between the depth cuts. (e) Facial cusps are reduced. (f) 

All cusps are reduced, and resistance features are placed. (g) Amalgam is placed, carved, and smoothed. The instrument is placed as it was prior to cusp reduction to 

ensure that cuspal height is similar to preoperative cuspal height. (h) Completed restoration. (i) Polished restoration.

a b c

d e f

g h i

a b

Fig 12-27 (a) A Boley gauge is used to measure 

a no. 56 bur head (4 mm in this case). (b) A Boley 

gauge is used to measure a no. 330 bur head (2 

mm in this case). The periodontal probe is another 

handy instrument for measuring bur head length.



Resistance and retention methods

For amalgam restorations that do not replace cusps, or at least 
large portions of cusps, the walls of the preparation provide 
retention and resistance form. Retention form is provided by 
convergent walls and undercuts placed in dentin. When a large 
amount of cuspal tooth structure is lost or removed, the walls, 
or portions of them, which provide resistance and retention 
for the amalgam, are lost. For this reason, it is necessary to 
add features or adhesives to the preparation that will provide 
adequate resistance and retention for the restoration. Several 
methods of obtaining resistance and retention for complex 
amalgam restorations are discussed.

Pins
Although pins were first described in the 19th century,108,109 
Markley110–112 popularized the concept of cemented stainless 
steel pins. Later, stainless steel pins, which were malleted into 
slightly undersized channels in dentin (friction-locked pins),113 
and threaded stainless steel pins, which were screwed into 
channels in dentin,114 were developed. Laboratory studies have 

since investigated the properties of these three types of pins 
(cemented, friction-locked, and self-threading), and because 
of these studies, the self-threading pins are the primary pins in 
current use (Fig 12-29). In a study by Dilts et al,115 self-threading 
pins were found to be more retentive in dentin than cemented 
or friction-locked pins. The authors also recommended a depth 
in dentin of 2 to 3 mm as optimum for self-threading pins. 
Moffa et al116 found that a pin length of approximately 2 mm 
into amalgam provides optimum retention. The relationship 
between retention and the diameter of the pin has also been 
investigated. As would be expected, larger-diameter pins are 
more retentive.115–117

Self-threading pins have been manufactured in a variety of 
configurations. Some are self-shearing and some have heads. 
Figure 12-29a shows several pins from various manufactur-
ers. In one study of self-threading pins,118 pins manufactured 
by Coltène/Whaledent demonstrated superior resistance and 
retention. Although several manufacturers have discontinued 
the production of retentive pins, those pins produced by 
Coltène/Whaledent are still available.
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Fig 12-28 Preoperative registration of the height of cusps to be reduced and restored with amalgam. (a) The midfacial and distofacial cusps are to be reduced for 

coverage. A periodontal probe is placed along the facial cusp tips of the tooth to be restored and the adjacent teeth, and the relationships of the cusp tips to the probe 
are remembered or drawn. (b) The amalgam cusp tips of the carved restoration are seen to have a similar relationship to the probe. (c) If there are no adjacent teeth 
or cusp tips to guide the height of amalgam cusp tips, the distance from a landmark (such as the cervical line) may be measured with a periodontal probe.

Fig 12-29 Scanning electron micrographs of self-threading pins. (Courtesy of John O. Burgess, University of Alabama 

at Birmingham School of Dentistry.) (a) (top to bottom) PPS (Brasseler; titanium alloy), Denlok (Denovo; stainless steel), 
Filpin (Ivoclar Vivadent; titanium), TMS (Thread Mate System) Link Plus (Coltène/Whaledent; titanium alloy), TMS Link 

Plus (Coltène/Whaledent; stainless steel), TMS Minim (Coltène/Whaledent; stainless steel), Stabilok (Fairfax Dental; 
stainless steel). (b) (top) TMS Minim pin; (bottom) Max pin (with threads more widely separated to allow for greater 

thickness of dentinal threads).

ba

a b c



Currently marketed pins have the metal threads sepa-
rated to provide thicker, bulkier dentinal threads. When a pin is 
pulled from a pin channel, it is the dentinal threads that shear 
and not the metal threads. The pin design with wider dentinal 
threads is retained well in dentin (Fig 12-29b). Another feature 
of many of the currently available pins is a shoulder stop. The 
purpose of this feature is to prevent the end of the pin from 
putting stress on the dentin at the end of the pin channel; the 
Max pin (Coltène/Whaledent) has an effective shoulder stop 
incorporated into its design. A shoulder is a part of the design 
of the Link Plus pin (Coltène/Whaledent), but its diameter is 
similar to that of the threads, so it does not provide an effective 
stop.119 Although a definite shoulder stop is theoretically ben-
eficial, there is no evidence of problems associated with pins 
that lack effective shoulder stops.

Coltène/Whaledent pins and pin channel (or twist) drills 
in Regular, Minim, and Minikin sizes are shown in Fig 12-30; 
a smaller size (Minuta, 0.0135-mm diameter pin channel drill; 
0.015-mm diameter pin) is available, but there seems to be little 
practical use for it. The gold-plated stainless steel TMS Regular 
and Minim pins (see Figs 12-35b and 12-35c) are also available 
as self-shearing pins and in double-shear (two pins in one) form 
as well as single-shear form. All TMS Link and Link Plus (with 
shoulder) pins are self-shearing; Link Plus Regular and Minim 
pins are also available in the two-in-one (double-shear) form. 
The Link and Link Plus pins are available in either gold-plated 
stainless steel or titanium alloy; these may be inserted manu-
ally or with any low-speed, latch-type handpiece. The bulk TMS 
pins are available only in gold-plated stainless steel and are 
usually inserted manually. Selection among these pins should 
be based on operator preference; they all have performed well 
in laboratory studies.118,120

Number of pins to use.  It is difficult to develop a guideline 
that would determine the appropriate number of pins for all sit-
uations. It has been demonstrated that as the size and number 
of pins increase, the amount of resistance form imparted by the 

pins increases121; however, the number of pins used will vary 
with the size of pin, the amount of remaining tooth structure, 
other mechanical resistance features used, the use of amalgam 
bonding systems, and the expected functional requirements of 
the definitive restoration.

Channel preparation. A rubber dam should be in place when 
pin channels are prepared and when pins are placed to protect 
the patient from aspiration and to prevent contamination by 
saliva in case there is pulpal perforation during pin channel 
preparation.

Because the rotating tips of pin channel drills tend to move 
around on the cut dentin surface, it is usually helpful to place an 
indentation or starting point in the dentin at the desired loca-
tion for the initiation of the pin channel. The starting point may 
be placed with a small bur, such as a no. ¼ or 1⁄8 bur.

Various lengths and diameters of pin channel drills are avail-

able for preparation of pin channels (see Fig 12-30). The most 

popular pin channel drills have depth-limiting shoulders, which 

ensure that the optimum pin channel depth is not exceeded. 

To avoid perforation of either the pulp or the external surface 

of the tooth, location of the pin channel is critical. The chan-

nel should usually be prepared parallel to the nearest external 

tooth surface. Before channel preparation is initiated, approxi-

mately 2 mm of the end of the pin channel drill should be 

placed against the external surface of the tooth. If that much of 

the side of the tooth is exposed above the rubber dam, align-

ment is facilitated. Frequently, however, adjacent soft tissue 

under the rubber dam obscures visualization of the tooth sur-

face in the area adjacent to the desired pin location. For align-

ment, the drill is placed against the external tooth surface, and 

the angulation of the drill is changed until the drill separates 

from the margin of the preparation; it is then rotated back until 

it just contacts the margin (Fig 12-31).

Pin channels should be initiated at least 0.5 mm from the 

DEJ if the nearby preparation margin is coronal to the CEJ; a 1.0-

mm distance from the DEJ is preferable.115 If the nearby margin 
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Fig 12-30 Color-coded pin channel (twist) drills and pins of various diameters and lengths (Coltène/Whaledent TMS). (a) Pin channel (Kodex) drills: (top to bottom) 

Regular (gold, 0.027-inch [0.675-mm] diameter, 2.0- and 5.0-mm lengths); Minim (silver, 0.021-inch [0.525-mm] diameter, 2.0- and 5.0-mm lengths); Minikin (red, 0.017-

inch [0.425-mm] diameter, 1.5-mm length). (b) Pins with corresponding pin channel drills: (top to bottom) Regular (0.031-inch diameter) gold-plated stainless steel Link 

Plus pin with Regular (0.027-inch diameter) pin channel drill (2.0-mm depth-limiting); Minim (0.024-inch diameter) titanium alloy Link Plus pin with Minim (0.021-inch 

diameter) pin channel drill (2.0-mm depth-limiting); Minikin (0.019-inch diameter) titanium alloy Link Series pin with Minikin (0.017-inch diameter) pin channel drill (1.5-

mm depth-limiting).

a b



is apical to the CEJ, there should be at least 1.0 mm of dentin 
between the channel and the external surface of the tooth.

The most common location for pins is at the line angles of 
the tooth because of the greater thickness of dentin between 
the external surface and the pulp and the decreased risk of 
perforation. The risk of perforation is especially increased in fur-
cation areas. Figure 12-32 illustrates the preferred locations for 
pins.122 Areas to be avoided in posterior teeth include proximal 
areas and tooth structure that lies over furcations or concavities 
in the root. Wherever the pin is to be located, the external sur-
face of the tooth should be assessed and the pin channel drill 
aligned parallel to it (Fig 12-33).

Pins should be located so that the channels enter the dentin 
at an approximately 90-degree angle to the prepared dentin 

surface. If a depth-limiting pin channel drill is used, the drill 
will not be able to achieve optimum pin channel depth if the 
surface of dentin adjacent to the entrance of the channel is at 
an angle to the drill. In addition, a pin should not be located 
immediately adjacent to a wall of the preparation; there should 
be access to condense amalgam around the full circumference 
of the pin. If a pin is located an optimal distance from the DEJ 
and a dentinal wall is adjacent to the pin, a small “cove” may 
be cut in the dentin to provide adequate space for amalgam 
(Fig 12-34).

To provide maximum cutting efficiency, the pin channel 
drill must be sharp so that it will be efficient at low speeds. A 
drill loses cutting efficiency with extended use and steam auto-
claving.123,124 Pin channel drills should be sterilized with dry 
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Fig 12-31 (a) To align the pin channel drill with the side of the tooth when the external tooth surface is obscured, the drill is placed in the sulcus so that the drill is 

touching the preparation margin; the drill is then rotated (arrow). (b) With that movement, the tip contacts the external surface and the portion of the drill that was in 

contact with the margin is rotated slightly away from it; then the length of the drill is rotated (arrow). (c) With that rotation, the drill returns just to touch the margin. It is 
now aligned parallel to the external surface.

a b c

Fig 12-32 Preferred locations for pin placement. (dotted areas) The most pre-

ferred locations—at the line angles; (white areas) areas to avoid because of con-

cavities, furcations, or thin dentin; (lined areas on the molars) areas where pins 

may be placed with added caution because the angulation of the root in relation 

to the crown is frequently severe.122 B—buccal; M—mesial; L—ligual; D—distal.
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heat, chemical vapor, or immersion in glutaraldehyde rather 
than in the steam autoclave. Drills should be discarded when a 
diminished cutting efficiency is sensed by the operator.125,126 If 
preparation of a pin channel is difficult, it is likely that the flutes 
of the drill are obstructed by debris, the drill is dull, the hand-
piece is running in reverse, or the tip of the drill is in contact 
with enamel rather than dentin.

The correctly prepared pin channel will be slightly smaller in 
diameter than the pin; this size difference is called the pin-to–

pin channel mismatch. The mismatch must be small to ensure 
that excessive stresses are not exerted on the dentin during 
insertion of the pin and that the pin will be retained by the 
dentin.

During preparation of a pin channel to a depth of 2 mm or 
more, it is advisable to withdraw the drill from the channel at 
least once to allow dentinal cuttings to be cleared from the 
flutes of the drill; this allows more efficient pin channel prepa-
ration and less heat generation. Care must be taken, however, 
to avoid overenlargement of the channel with multiple entries 
and withdrawals.

If an amalgam bonding material is used in addition to pins, 
it is applied after the pins have been inserted so that amalgam 
can be condensed immediately after placement of the bonding 
material.

Insertion. The insertion of self-threading pins may be accom-
plished in more than one way. They may be inserted by hand, 
using a small pin wrench (Figs 12-35a and 12-35b), or with a 
low-speed or finger-driven handpiece127 (Figs 12-35c, 12-36a, 
and 12-36b). Placement by hand is preferred by some dentists 

because (1) it allows the operator to feel the insertion and to 
reverse the pin one-quarter turn once the tip has contacted the 
end of the channel, thus avoiding excessive stresses in the den-
tin, and (2) stripping of the dentinal threads created by the self-
threading pin is less likely. Insertion of pins with a low-speed 
handpiece is preferred by many because it is much more time 
efficient and the handpiece often allows easier access than 
inserting pins by hand. The thread design of some pins (such 
as the Link Plus series) provides for wider dentinal threads; 
dentinal stripping is less frequent when such designs are used.

Because the portion of a pin that will extend into the amal-
gam usually is only 2 mm long or less, the pin is aligned parallel 
to the external surface of the tooth, and the channel entrance 
is about 1 mm inside the DEJ, a pin rarely needs to be bent. 
The only reason for bending a pin is to keep it well within the 
bulk of the planned amalgam restoration. If bending should be 
needed, it may be accomplished with a small, fork-shaped pin 
bender (Fig 12-36c) or a small hemostat (Fig 12-36d) before the 
pin is shortened.

Shortening. The portion of a pin extending from the pin chan-
nel is often longer than desired, so it will need to be shortened 
after insertion. The pin may be efficiently and safely cut by 
gently brushing the pin with either a thin fissure bur or a 
diamond bur in a high-speed handpiece. The small segment 
of pin that is sectioned is a potential projectile that should be 
controlled with an instrument when possible. Both the bur 
and the diamond should be used with air or water coolant to 
prevent the pin, and therefore the surrounding tooth structure, 
from being overheated during the operation. If a bur is used, 
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Fig 12-33 (a) A non–depth-limiting pin channel drill is aligned parallel to the external surface. (b) A pin channel 

drill is aligned with the mesial surface of the maxillary molar before it is carried into the preparation. (c) The drill 

is used to cut the pin channel with the same alignment.

c

b

a

Fig 12-34 There should be adequate space 

around the full circumference of a pin for amal-

gam. If a pin is located adjacent to a dentinal 
wall, a small cove may be cut in the wall to 

provide adequate space for condensation of 

amalgam.
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Fig 12-35 Pins and pin drivers (or wrenches) (TMS system). (a) (left to right) Link Plus Regular pin, Link Plus Minim pin, and Link Series Minikin pin. A 

plastic Universal Hand Driver (for Link Plus and Link Series pins) is shown on the Link Plus Minim pin. (b) Metal hand wrenches or drivers with individual 

TMS gold-plated stainless steel pins: (left to right) Regular, Minim, and Minikin. The hand driver with the band around the handle is for Minim pins; the 

nonbanded hand driver is for Regular and Minikin pins. (c) A motorized or hand-operated handpiece may be used to place Link Plus and Link Series pins. 

(left to right) Link Plus Regular gold-plated stainless steel pin in handpiece, Link Plus Minim titanium alloy pin, and Link Series Minikin titanium alloy pin.

a b c

Fig 12-36 (a) Insertion of a horizontal Link Series 

Minikin pin in a facial cusp of a mandibular molar. 

(b) A low-speed handpiece is used to insert a verti-

cal Link Plus Minim pin. (c) To bend the pins, a 

Coltène/Whaledent pin bender can be used. (d) 

If a hemostat is used to bend the pin, the jaw of 
the hemostat should contact the pin at its tip, and 

very controlled pressure should be used in bend-

ing the pin.

Fig 12-37 Shortening a pin. A light, brushing stroke and air or water coolant should be used while a pin is cut. (a) When a no. 169L tapered fissure bur is used to 

approach the pin at approximately 90 degrees, no stabilization is necessary. (b) When a no. 35 inverted cone bur is approaching the pin obliquely, the pin is stabilized 

to prevent it from being unscrewed from the pin channel. (c) This needle-shaped diamond is approaching the pin at approximately 90 degrees.

a b

c d

a b c



it must be sharp. If the bur approaches from an oblique angle, 
the clockwise rotation of the bur can cause counterclockwise 
rotation of the pin so that it is unscrewed. Therefore, if the pin 
cannot be approached perpendicularly by the bur (Fig 12-37a), 
it should be grasped with the pin wrench, cotton forceps, or a 
hemostat to stabilize it during the cutting process (Fig 12-37b), 
or, minimally, an instrument should be pressed against the pin 
during the process to dampen vibration from the bur, which 
tends to initiate the unscrewing. A long, narrow diamond is 
preferred by many operators for cutting pins, because it causes 
less vibration and is less likely to “catch” in the metal of the pin 
to initiate reverse rotation (Fig 12-37c).

Horizontal pins
Studies128,129 have demonstrated the efficacy of using pins ori-
ented horizontally, that is, inserted into the dentin of a vertical 
wall of a preparation (Fig 12-38). Burgess128 found two horizon-
tal self-threading pins (TMS Minim and Minikin) placed into a 
free-standing facial cusp of a maxillary premolar to be effective 
in reinforcing the cusp (see Fig 12-38a). Other investigators129 
have found that horizontal pins, used to cross-splint cusps of 
maxillary premolars, reinforce and strengthen the cusps (Fig 
12-39).

Adequate dentin must be present for horizontal pins to be 
employed. When the channels for horizontal pins are prepared, 
they should be initiated in dentin 0.5 to 1.0 mm from the DEJ. 
They should be directed approximately parallel to the adjacent 
DEJ (and external surface of the tooth). Because of their hori-
zontal orientation, such pin channels, prepared only 1.5 to 2.0 
mm deep, will often contact enamel. When the pin channel 
drill, in its progress through dentin, seems to stop its penetra-
tion short of reaching its depth-limiting shoulder, it is probably 
because it has reached enamel. Further deepening of the chan-
nel should not be attempted; even 1.0 mm of depth will impart 
some retention for a pin, and attempts to deepen the channel 
into enamel will result in an enlarged dentinal channel and 
increased potential for enamel fracture.

Horizontal pins should be positioned fairly near to the 
occlusal surface in the dentin of a vertical wall, 0.5 to 1.0 mm 
gingival to the occlusal DEJ, so that their mechanical advantage 
is enhanced for reinforcement of the cusp. A horizontal pin 
should be oriented so that it will not be near the anticipated 
surface of the amalgam and so that amalgam may be con-
densed around the entire circumference of the pin.

Perforation during pin channel preparation
Perforations during pin channel preparation should be avoided 
through careful design and placement of the channel. Howev-
er, if a perforation does occur, it is important to determine what 
has been perforated, the external surface of the tooth or the 
pulp chamber. When the pulp chamber with a vital pulp has 
been perforated, the channel should be covered immediately 
with calcium hydroxide or mineral trioxide aggregate (MTA), 
and another pin channel should be placed in a new location. 
Alternatively, a different type of resistance feature should be 
used. A perforation of the external surface of the tooth may be 
more problematic. If the perforation is located above the epi-
thelial attachment, the channel should be filled with amalgam. 
If the pin is inserted and the tip protruding on the external sur-
face is cut even with the surface and polished, the pin will not 
totally obturate the perforation, and leakage will occur.130 If the 
perforation occurs below the epithelial attachment, the chan-
nel may be obturated with MTA or with amalgam. 

Nonpin mechanical resistance and retention features
Birtcil and Venton131 suggested that more attention be directed 
toward using the available tooth structure to provide reten-
tion and resistance form in complex amalgam restorations. 
They recommended parallelism in all walls of the preparation, 
proximal box form, retention grooves in the proximal line 
angles, box form in buccal and lingual groove areas of molars, 
dovetails, rectangular boxes in areas other than proximal sur-
faces, and reduction of undermined cusps for coverage with 
amalgam. In recent years, several additional nonpin resistance 
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Fig 12-38 (a) Horizontal pins (H) are used to attach the wall of a cusp to the amalgam restoration. 

Vertical pins (V) attach the restoration to the radicular portion of the tooth. (b) Horizontal pins can 

be used in conjunction with vertical pins. In this clinical situation, a proximal box had to be extended 
significantly facially and lingually to eliminate caries and unsupported enamel.

a b

Fig 12-39 Horizontal pins are used to cross-splint 

the cusps of a maxillary premolar.



and retention methods have been described and investigated. 
These include the circumferential slot and the amalgapin, as 
well as adhesive bonding (described in the Amalgam Bonding 
section and in chapter 6).

Circumferential slots. Outhwaite et al,132 who introduced the 
circumferential slot prepared with a no. 33½ inverted cone bur 
(Fig 12-40), compared it with four pins (TMS Minim) in an in 
vitro study and found no significant differences between the 
resistance provided by the two techniques. They also reported 
that the pin restorations had a greater tendency to slip on 
their bases before failure, whereas slippage did not occur with 
circumferential slots. However, slot-retained restorations are 
more sensitive to displacement during matrix removal than 
are pin-retained restorations. In the design of preparation resis-
tance form, segmental slots (short segments of circumferential 
slots) are used effectively. Some operators have called these 
segmental slots “cleats.” 

Amalgapins. Seng et al133 tested circular chambers that they 
cut vertically into dentin to provide resistance and retention 
form for the restoration; they called these features amalgam 

inserts. Preparations for the inserts were made with a no. 35 
inverted cone bur and were approximately 1.4 mm in diameter 
and depth. In their study, amalgam inserts provided resistance 
to displacement similar to that provided by self-threading 
pins. Shavell134 described a variation of the amalgam insert, 
which he termed the amalgapin (Fig 12-41). The amalgapin 
channel described by Shavell was prepared with a no. 1157 or 
1156 bur and had a depth of 3.0 mm. Laboratory studies of the 
amalgapin135,136 have demonstrated that the resistance to dis-
placement provided by amalgapins is similar to that provided 
by pins. It has been demonstrated136 that a depth of 1.5 to 2.0 
mm is adequate for amalgapins and that an amalgapin with 
a diameter of 0.8 mm provides resistance similar to that of an 
amalgapin with a diameter of 1.0 mm. In addition to the burs 

advocated by Shavell (nos. 1156 and 1157), others with similar 
diameters (such as the nos. 330 and 56) also function well in 
creating amalgapin channels.136

Efficacy of resistance and retention methods
For the most part, the resistance form provided by various 
resistance and retention methods has been tested in flattened 
molars, as described by Buikema et al,121 with 4.0-mm-high 
restorations retained by given macromechanical resistance 
features or amalgam bonding. These teeth were mounted at 
a 45-degree angle and were loaded in compression; the mean 
loads at the time of failure were calculated. Although this meth-
od of testing is not as enlightening as long-term clinical tests, 
it probably provides a good indicator of how well a resistance 
feature will perform in a clinical situation. It has been shown, 
however, that if these standard resistance-test restorations are 
loaded at a 90-degree angle instead of a 45-degree angle, the 
stainless steel pins provide significantly more resistance than 
amalgam inserts.137,138 Few forces in the mouth are directed at 
a 90-degree angle to the long axis of the tooth, however, and 
few restorations are placed on preparations that are totally flat, 
without any walls or irregularities in the dentin.

One of the most telling studies pertaining to resistance form 
for complex amalgam restorations was reported by Plasmans 
et al.139 This group created preparations for complex amalgam 
restorations that combined the use of boxes, shelves, and 
amalgapins as resistance and retention features. They then 
loaded specimens at 45 degrees, as in most previous studies of 
resistance form, but they loaded half of the restorations from 
one side and half from the other. Their finding was, generally, 
that more load was required to cause failure of a restoration 
when the resistance and retention features (walls, boxes, and 
amalgapin channels) that opposed the direction of the load 
were increased.

It is important to distribute mechanical resistance features 
into all areas of the preparation and not to cluster them in any 
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Fig 12-40 A circumferential slot is prepared with a small, inverted cone bur, 

such as a no. 33½.

Fig 12-41 Amalgapin channels are prepared with a diameter of 0.8 to 1.0 mm, 

such as that of a no. 330 bur, to a depth of approximately 1.5 mm. 



one area.138–140 Figures 12-42a to 12-42d show a restoration 
that originally replaced two missing cusps of a mandibular 
molar. The probable cause of failure was that the resistance 
features (pins) were clustered in the lingual aspect of the cavity 
preparation. In function, there was nothing to attach the facial 
aspect of the restoration to the tooth. If two of the four vertical 
pins had been placed in the facial portion of the preparation 
(Fig 12-42e), or if two horizontal pins had been placed in the 
facial cusps (Figs 12-42f and 12-42g), the restoration would, in 
all likelihood, have had adequate resistance to withstand its 
load in function.

When the technical requirements for placement of vertical 
pins can be met, vertical pins provide excellent retention and 
resistance form. However, risks are involved with pin place-
ment: crazing of tooth structure, perforation into the pulp or 
periodontium, and weakening of the amalgam restoration over 
pins.141 Additionally, the use of both vertical and horizontal pins 
may be limited by inadequate access; in these cases, alterna-
tive resistance and retention methods should be employed. 
When a cusp has been reduced and increased resistance form 
is needed, adhesive bonding, an amalgapin, or a segment of a 
circumferential slot may be indicated.

Amalgam Bonding

The use of adhesive resins to increase the retention, resis-
tance, and marginal seal of amalgam restorations has gained 
a strong foothold in restorative dentistry. There is now more 
than adequate evidence that properly bonded amalgam res-
torations will be as successful as pin-retained amalgam res-
torations. Several clinical studies have demonstrated success 
after several years of service.107,142–145 In one clinical study of 
complex amalgam restorations,142 all bonded and pin-retained 
restorations were classified as successful at 2 years. Six-year 
results were reported for another clinical study107 in which 32 
bonded (Amalgambond Plus with HPA powder, Parkell) and 28 
pin-retained (TMS pins) amalgam restorations were compared; 
each restoration replaced at least one cusp, and, in some of 
the restorations, the only sources of retention were the pins or 
the adhesive bonding (see example in Fig 12-74). After 5 years, 
seven of the pin-retained and two of the bonded restorations 
had failed (N = 46). Failures of bonded restorations involved 
loss of another cusp. None of the bonded amalgam restora-
tions had debonded. At 6 years, the results continued to dem-
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Fig 12-42 (a and b) Failed complex amalgam 

restoration that replaced the lingual cusps of a 

man dibular molar. Note the fin of cervical tooth 

structure that fractured. (c) The dentin lingual to the 

pin was the only tooth structure that was opposing 

a lingually directed load on the restoration. (d) A 

load pushing the restoration lingually caused failure. 

Failure can be attributed to a lack of distribution of 

resistance and retention features. (e) Alternatively, 

had two of the four pins been placed vertically in 

the facial aspect of the preparation, this could have 

reduced the likelihood of failure. (f and g) Had two of 

the four pins been located horizontally, failure would 

likely have been averted.

a b

c d

e f g



onstrate that bonded amalgam restorations performed as well 
as pin-retained amalgam restorations, with failure of one from 
each category in the 6th year (N = 27). The number and length 
of clinical studies146 is now sufficient to indicate that bonded 
amalgam restorations can perform as well as restorations using 
mechanical resistance and retention features when the bond-
ing technique is accomplished properly.

Pins and bonding can have an additive effect in which the 
resistance to displacement is superior to either technique 
alone.147–150 In one in vitro study,147 the mean resistance to 
dislodgment provided by a filled amalgam bonding material 
combined with self-threading pins was approximately equal to 
the sum of the mean resistance produced by pins alone and the 
mean resistance produced by bonding alone. 

For use of bonding resins in amalgam restorations, research 
suggests the improved efficacy of filled resins compared with 
unfilled or minimally filled resins.150–153 The method of incor-
poration of the filler varies from manufacturer to manufac-
turer. One system (Amalgambond Plus) uses very fine methyl 
methacrylate powder, added to the liquid resin, as the filler.154 
Another system (All-Bond 2 and Liner F, Bisco) uses a filled 
flowable resin composite liner to provide the filled resin. With 
both systems, the amalgam is condensed into the filled resin 
while the resin is in a viscous liquid form. Microscopic “fingers” 
of resin are incorporated into the amalgam at the interface. 
When hardened, these provide the attachment of amalgam to 
resin. Because light cannot penetrate to the resin underlying 
amalgam restorations, it is important to use a self-curing or 
chemically activated bonding resin. The bonding resin of an 
amalgam bonding system is supplied in two parts that are to be 
mixed. The attachment of resin to tooth structure when amal-
gam bonding systems are used is accomplished as with other 
dental bonding systems, as described in chapter 9.

There is ample short-term evidence of decreased leakage 
of fluids when an amalgam bonding system is used compared 
with noncoated or varnish-coated amalgam cavity walls.155–160 
Many dentists have reported that amalgam bonding systems 
have reduced the incidence of postoperative tooth sensitivity, 
but most research has not supported these observations. Clini-
cal studies161,162 comparing postoperative sensitivity in bonded 
and nonbonded restorations have reported no significant 
difference. One study163 involving 40 teeth with symptoms of 
cracked tooth syndrome prior to restoration found no differ-
ence in thermal sensitivity between pin-retained and bonded 
restorations at 2 weeks but found less thermal sensitivity in 
teeth with bonded restorations at 3 and 12 months. 

For reinforcing cusps in posterior teeth weakened by sig-
nificant pathosis or large restorations, there is in vitro evidence 
that amalgam bonding can result in some strengthening of 
teeth.164–167 However, much of this effect may be lost with 
time.168–170 At present, it is still advisable to reduce severely 
weakened cusps for replacement and protection with a strong 
restorative material.141 The use of amalgam for this purpose 
is described in this chapter. Other types of occlusal-coverage 
restorations are described in chapters 19 and 20.

Evidence from clinical and laboratory studies supports the 
contributions to resistance to displacement that come from 
the various resistance features and methods (cavity form, 
threaded pins, slots, grooves, amalgapins, and filled adhesives). 
The resistance mechanisms used in any restoration should be 
selected based on the functional load to which the restoration 
is expected to be exposed. Amalgam bonding probably may 
be used as the sole means of retaining an amalgam restoration, 
but it will be more effective for supplementing mechanical 
resistance features in large, complex amalgam restorations, 
especially those replacing cusps. Most preparations have some 
box form and surface irregularities that, when combined with 
resin bonding, can provide long-term retention of the res-
toration. A filled amalgam bonding system should be used. 
Amalgam bonding should be used when an improved initial 
seal is needed, such as after a direct or indirect pulp capping 
procedure in the tooth being restored. Adequate moisture 
control and meticulous attention to product instructions are 
necessary to duplicate the success that has been demonstrated 
in clinical trials.

Matrices
To confine the amalgam and allow adequate pressure for opti-
mum condensation, the preparation must be boxlike, that is, 
with confining walls and floors. A Class 1 occlusal preparation 
provides these by virtue of its location and definition. When-
ever an amalgam preparation extends from one surface of the 
tooth to another, some form of matrix is needed to confine the 
amalgam for condensation. If a matrix is not used, condensa-
tion forces will tend to push the amalgam out of the prepara-
tion rather than condensing the amalgam.

The simplest and fastest method of adequately providing a 
matrix should be used. Occasionally, as with the occlusolingual 
restoration of the maxillary molar, the blade of a hand instru-
ment, placed on the lingual surface of the molar and held in 
place during condensation, may be adequate. In most cases, a 
matrix system, such as a Tofflemire matrix, is indicated. Rarely, 
a customized matrix will be necessary for a particular situation. 
A matrix system is needed in almost every case for multisurface 
Class 2 amalgam restorations.

There are myriad types of matrix systems; most involve thin 
pieces of stainless steel that are contoured and placed adjacent 
to the proximal portions of Class 2 preparations. The purpose 
of the matrix is to:

•  Confine the amalgam so that adequate condensation forces 
can be applied.

• Allow re-establishment of contact with the adjacent tooth.
•  Restrict extrusion of the amalgam and the formation of an 

overhang at a hidden margin, such as the proximal gingival 
margin.

•  Provide for adequate physiologic contour for the proximal 
surface of the restoration.
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•  Impart an acceptable surface texture to the proximal surface, 
especially in the area of the contact that cannot be carved 
and burnished.

Tofflemire matrix
Probably the most commonly used type of matrix system in the 
United States is the Tofflemire system. The system consists of 
a matrix band and retainer (Fig 12-43). The Tofflemire retainer 
consists of four parts (see Fig 12-43b).

Parts
Head. This is the part that has the open side. In the U-shaped 
head, there are two slots in the open side. These slots are used 
to position the matrix band. The open side of the head should 
be held facing upward while the band is installed. The open 
side of the head faces gingivally when the band is placed 
around the tooth. There are two types of Tofflemire retainers 
based on the angulation of the head (see Fig 12-43g).
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Fig 12-43 Tofflemire matrix system. (a) Matrix retainer. (b) Parts of the assem-

bly: set screw (1), rotating spindle (2), slide (3), head (4), band (5). (c) Three 

common shapes of Tofflemire matrix flat bands (no. 1 is also called a Universal 

band; no. 2 and no. 3 are also called MOD bands). (d) Precontoured Dixieland 
Bands. (e) The matrix band is folded for insertion into the retainer. (f) One of the 

projections of a no. 2 or 3 band may be cut off if there is only one deep proximal 
area of the preparation. (g) Two types of Tofflemire retainer: (top) straight; (bot-

tom) contra-angled. 
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Slide. This element has a diagonal slot. The round ends of the 
band, when installed, extend at least 1 to 2 mm beyond the 
slot in the side of the slide. The amount of the band extending 
beyond the slot in the side of the slide will depend on the size 
of the tooth being treated. More of the band should extend 
from the slide for premolars than for molars. The slide is posi-
tioned near the head for installation of the band in the retainer 
and for placement of the band around the tooth.

Rotating spindle. This is used to adjust the distance between 
the slide and the head. The retainer is held with the thumb and 
forefinger of one hand (contacting both the head and slide) 
while the rotating spindle is turned with the other hand, clock-
wise and counterclockwise, to advance and retract the slide. 
This movement adjusts the size of the loop of the matrix band.

Set screw. The threaded shaft of the set screw locks and 
unlocks the matrix band in the slide.

Types
The types of Tofflemire bands include flat bands of multiple 
shapes, precontoured bands, and bands with and without 
memory (dead-soft metal).

Flat bands. Bands for the Tofflemire system come in several 
shapes (see Fig 12-43c) and in three thicknesses: 0.0010, 0.0015, 
and 0.0020 inches. The thicker band is stiffer to resist deforma-
tion during condensation; the thinner bands are often used to 
help ensure a tight contact in Class 2 restorations. Any of the 
three thicknesses can be used to achieve excellent results, and 
selection is primarily a matter of operator preference.

By far the most frequently used shape is the no. 1, or Univer-
sal, band. The no. 2 (so-called MOD) band has two extensions 
projecting at its gingival edge to allow matrix application in 
teeth with very deep gingival margins in the proximal aspects 
of the tooth. In most cases, there will be only one deep area, 
so one of the extensions is usually cut off with scissors (see Fig 

1

2

3

Correct

Incorrect

Fig 12-43 (cont) (h) The loop of the band may extend from the head of the retainer in one of three directions: straight (1), left (2), right (3). (i) The matrix must be 

assembled with the slots in the head directed gingivally. (j) The slots in the head of the matrix should not be directed occlusally.

h

i

j
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12-43f). The no. 3 band also has projections for deeper gingival 
margins, but the band is narrower than the no. 2 band. The no. 
3 band is ordinarily considered suitable for premolars and the 
no. 2 band for molars, but the size that best suits the situation 
should be used.

Because these bands are flat, they should be contoured so 
that they will impart physiologic contours to the restorations. A 
flat band may be contoured before it is placed in the retainer. 
The band is laid on a paper pad or other compressible surface, 
and the area to be contoured is heavily rubbed with an ovoid 
burnisher, a beavertail burnisher, the convex back of the blade 
of a spoon excavator, or a convex side of the cotton forceps. A 
band may also be contoured after it has been applied to the 
tooth. The area to be contoured is rubbed with the back of the 
blade of the spoon excavator or with some other thin, con-
vex instrument (Fig 12-44a). Contact with the adjacent tooth 
should be more than a pinpoint touch (Fig 12-44b).

Precontoured bands. Precontoured Tofflemire matrix bands 
are also available. One such band is the Getz Contour Matrix 
Band or Dixieland Band (Waterpik Technologies) developed 
by Dr Wilmer Eames  (see Fig 12-43d). When these bands are 
removed from interproximal contacts, the contour must be 
considered, and the band must be rotated in such a way that 
the trailing edge does not break or alter the shape of the mar-
ginal ridge as the band is being removed.

Placement
Assembly. When the matrix retainer and band are assembled, 
the two ends of the matrix band must be even as they protrude 
from the diagonal slot of the slide. The loop can extend from 
the retainer in three different ways: straight, to the left, or to the 
right (see Fig 12-43h). The straight assembly is for restorations 
near the front of the mouth where the rubber dam–covered 
cheek will not get in the way if the retainer protrudes perpen-
dicularly from the line of teeth. The right and left assemblies 
allow the retainer to be aligned parallel or tangent to the line 
of teeth in more posterior areas. The band should be placed 

in the retainer so that the loop extends from the appropriate 
side of the retainer and the set screw knob is directed toward 
the front of the mouth. Because of the shape of the Tofflemire 
matrix band, when it is placed in the retainer, one opening of 
the loop has a greater diameter than the other (see Fig 12-43e). 
In other words, the loop will be shaped somewhat like a funnel. 
The wider opening is oriented toward the occlusal aspect. The 
short knob of the set screw is tightened so that the matrix band 
is held securely.

Application. The matrix is applied to the tooth to be restored. 
The matrix band will slide easily through the interproximal 
contact area when the preparation has opened, at least par-
tially, the contact. It will often slide through an intact contact 
as well (eg, the mesial contact when there is a disto-occlusal 
preparation). If it will not slide through the intact contact, a 
bladed plastic filling instrument (such as the no. 1-2, shown in 
Fig 12-45) may be used to open the contact slightly to allow 
the band through. For this slight tooth separation, the blade of 
the instrument is placed in the gingival embrasure (gingival to 
the contact), moved occlusally until it is stopped by the contact, 
and rotated (torqued) very slightly. At the same time, the matrix 
band is slipped through the contact. When the matrix is around 
the tooth, it should be tightened snugly, but not too tightly, 
because a very tight matrix will deform the tooth.171–173

Wedging. Wooden wedges may be placed from either the 
facial or the lingual aspect. A wedge should usually be insert-
ed from the side with the widest embrasure. For example, 
between the first and second premolars, the largest embrasure 
is usually the lingual embrasure. The wedge should be inserted 
tightly to enable development of an adequate contact despite 
the thickness of the matrix material.

Wedges are available in a variety of shapes and sizes. Figure 
12-46a shows Wizard wedges (Waterpik Technologies), which 
are triangular and available in four sizes. Figures 12-46b and 
12-46c show Sycamore wedges (Premier), which are shaped 
to aid the establishment of physiologic proximal contours. 

Fig 12-44 (a) The convex side of a spoon excavator is used to impart a convex contour to the matrix band. (b) This 

will help to achieve a contact area, as opposed to a pinpoint contact, with the adjacent tooth.

a b

Fig 12-45 The blade of a plastic filling instru-

ment has been placed into the gingival embra-

sure and is being slightly rotated (torqued) to 

provide enough separation to allow the matrix 

band to slip through the contact.
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The Premier wedges, with seven color-coded sizes, are recom-
mended for amalgam restorations.

The matrix band must extend gingival to the gingival 
margin of the proximal box of a Class 2 restoration, and the 
wedge must be positioned so that its base is also gingival to 
the gingival margin. If the wedge cannot be placed so that its 
base is gingival to the preparation margin, a concavity will be 
created in the matrix just occlusal to the gingival margin, and 
this concavity will be transferred to the amalgam. Occasionally, 
the gingival papilla will need to be surgically reflected from the 
interproximal area to allow the wedge to be positioned apical 
to the gingival margin. Another option is to use a rigid bladed 
instrument to hold the matrix against the gingival margin dur-
ing condensation. Custom wedges may be made for special 
situations.

Contouring. The band should be burnished and contoured to 
impart the desired proximal contours to the restoration. This 
can be accomplished with the back (convex side) of a spoon 
excavator (see Fig 12-44a). The wedged matrix should be in 
solid contact with the adjacent tooth in the desired contact 
area. It should be possible to feel the convexity of the proximal 
surface of the adjacent tooth with an instrument through the 
matrix as the matrix is burnished.

Removal
In a multiple surface restoration, amalgam is condensed in the 
preparation after matrix placement. Amalgam condensation is 
discussed in the next section.

When amalgam placement using a Tofflemire matrix has 
been completed and preliminary carving of the occlusal aspect 
accomplished, first the slide and then the set screw of the 
matrix retainer is loosened. A finger or thumb is placed on the 
loop of the matrix band to keep it in place on the tooth, and 
the retainer is pulled occlusally to remove it. The distal end of 
the matrix band is grasped and pulled occlusally and lingually 
(if the free ends are on the facial aspect) and out of the distal 
contact of the tooth. The mesial end is then grasped and pulled 
facially and occlusally until the band is out of the contact. The 
matrix band can be grasped with fingers, cotton forceps, or a 

hemostat. There are a few techniques that may help the dentist 
remove the Tofflemire matrix without breaking the marginal 
ridge:

•  As the matrix edge is coming out of the contact, the matrix 
can be tipped so that the edge will not “flip” the newly carved 
marginal ridge and break it.

•  A condenser can be held against the marginal ridge to sup-
port it and prevent it from breaking as the matrix is removed.

•  The movement of the band should be primarily to the facial 
or lingual aspect as the band slips occlusally out of the con-
tact.

The matrix band should be used only once and then dis-
carded. 

Other matrix systems
Many matrix systems other than Tofflemire matrices are avail-
able (Figs 12-47 to 12-51). Each has its own advantages and dis-
advantages. In addition, stainless steel matrix material may be 
spot-welded to provide a custom matrix for any situation. One 
commercial system (Denovo) has prewelded bands in various 
sizes (see Fig 12-47). To remove a spot-welded matrix from a 
tooth after the restoration is placed, a small bur in a high-speed 
handpiece is used to cut through the welds and allow the two 
ends of the matrix to separate. The absence of a matrix retainer 
in the Denovo system is a distinct advantage.

T-bands have long been used in dentistry and provide a 
very simple and inexpensive matrix system (see Fig 12-48). 
The AutoMatrix system has a built-in matrix retainer that is 
much smaller than the Tofflemire matrix retainer, which is an 
advantage (see Fig 12-49). The Palodent matrix and some other 
matrix systems provide small, precontoured matrices that are 
placed, wedged, and held in place by a flexible ring. A major 
advantage of this system is that, for a restoration involving 
only one proximal surface, there is no need for the matrix to 
be placed in the other contact (see Fig 12-50). If two proximal 
surfaces are to be restored, two small matrices, two wedges, 
and two rings may be used (Fig 12-51).

Fig 12-46 Wooden interproximal wedges. (a) Wizard wedges have a triangular shape. (b) Premier Sycamore wedges are shaped to impart a more physiologic contour 

to the matrix. There is a larger selection of sizes, and they are color coded for easy selection. (c) Note the anatomical shape of the Premier Sycamore wedges. The 

snow-sled point helps to prevent catching of the rubber dam during insertion.

a b c
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Reinforcing matrices with modeling compound

Among the desirable qualities of a matrix are adequate rigid-
ity and the ability to maintain the shape established by the 
operator to impart the desired contour to the restoration. 
When a Class 2 preparation has only proximal boxes that are 
adjacent to other teeth, and when the preparation does not to 

any significant degree extend to facial and lingual surfaces, the 
stainless steel matrix is usually well supported by the adjacent 
tooth or teeth. In these cases, no reinforcement is necessary. 
In larger restorations that involve surfaces not supported by 
adjacent teeth, it is often desirable to reinforce or support the 
matrix in some way in these areas to maintain the rigidity and 
shape of the matrix.

Fig 12-47 (a and b) Denovo matrix system.

ba

Fig 12-48 T-band matrix. Fig 12-49 (a and b) AutoMatrix system (Dentsply). Note the cable-drive wrench for adjusting the size of 
the loop.

ba

Fig 12-50 (a and b) Palodent matrix system 

(Dentsply/Caulk). Note the metal ring for holding 
the ends of the matrix snugly against the facial 

and lingual enamel. It will also provide some tooth 

separation.
ba

Fig 12-51 (a and b) Ring systems made for use 

in placing resin composite restorations (such as 

these Composi-Tight Soft-Face 3D rings, Garrison) 
provide excellent matrices for amalgam as well. ba
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Occasionally, a single unsupported area of a matrix may be 
reinforced during condensation by the operator, who places a 
finger or holds an instrument against the matrix in a facial or 
lingual area. For large unsupported areas, however, modeling 
compound may be used (Fig 12-52).

There are various ways of applying compound to support 
a metal matrix. Probably the simplest is to employ a stick of 
compound (see Fig 12-52a). Approximately 1 inch of one end 
of the compound stick is heated over an alcohol burner. The 
stick is moved back and forth, while being rotated, over the tip 
of the flame. After 5 to 10 seconds, the stick is removed from 
the flame (see Fig 12-52b) and held for a few seconds until the 
heat has diffused through the radius of the stick to its center, 
as indicated by its starting to droop or sag (see Fig 12-52c). At 
that point, the 1-inch end is soft enough to carry to the matrix 
and press into place with a dampened, gloved finger (see 
Figs 12-52d and 12-52e). If adhesion of the compound to the 
matrix and adjacent teeth is desired, the softened end of the 
stick should be passed through the flame again just before it is 

carried to the mouth; this will provide a tacky surface that will 
impart some adhesion. An alternative way to warm and deliver 
compound is to break up a stick of compound into smaller piec-
es and insert them into a plastic syringe. This syringe can then 
be placed into warm water so that the compound softens (see 
Fig 12-52f). Once softened, it is then possible to extrude the 
warmed composite from the syringe (see Fig 12-52g); it may 
be necessary to cut off a portion of the syringe tip to ensure 
an adequate lumen size to allow the composite to flow eas-
ily. This makes it straightforward to inject compound into the 
areas needed to stabilize the matrix or rubber dam clamp. The 
compound can be adapted with a dampened, gloved finger as 
described earlier.

After the compound is pressed into place (see Fig 12-52e), 
it is cooled and hardened with air from a three-way syringe. 
The matrix may be recontoured after compound application. 
A warmed instrument may be used inside the matrix to soften 
the compound and exert pressure on the matrix to give it the 
shape that will allow the restoration contours and shape to be 

Fig 12-52 Modeling compound can be used to support a matrix. (a and b) The compound stick is heated over an alcohol flame, then removed from the flame to 

allow warmth to diffuse to the core of the stick. (c) When the warmed tip of the compound stick begins to droop, softness is uniform throughout, and the compound is 

ready for use. (d) A finger is dampened in water to prevent the glove from sticking to the softened compound. (e) The compound has been pressed into place. It will 

be cooled with air to reharden it. (f) Compound has been broken into smaller pieces and inserted into a plastic syringe, which in turn is placed into a warm water bath. 

(g) Once the compound has softened, it can be easily ejected. Note that the tip has been shortened to provide a wider lumen so that the compound extrudes easily. 
(h) The matrix may be recontoured after application of the compound. A warmed instrument is used to soften the compound and reshape the matrix. (i) Any compound 

extending past the edge of the matrix should be trimmed to prevent chipping during amalgam condensation.

a b c
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similar to the original shape of the tooth (see Fig 12-52h). Again, 
the compound should be cooled with air after reshaping with 
a warmed instrument. If modeling compound extends occlusal 
to the occlusal edge of the matrix band, it should be trimmed 
back with a sharp instrument (see Fig 12-52i); otherwise pieces 
of compound could chip off during amalgam condensation 
and contaminate the amalgam.

If condensation forces dislodge the compound, matrix 
reinforcement will be lost; steps should be taken, therefore, to 
ensure that the compound does not dislodge. While it is soft, a 
portion of it may be pushed onto the cusps of an adjacent tooth 
to provide retention. The compound can usually be pried away 
from the adjacent teeth and matrix with an instrument such as 
a Hollenback carver or enamel hatchet. After the compound is 
removed, the matrix may be removed as previously described.

Matrices for bonded amalgam restorations
If a resin bonding system is used to coat the walls of the 
preparation, care should be taken to prevent or minimize resin 
application to the matrix. If resin is applied to the matrix, it 
may cause the matrix to stick to the amalgam. This sticking can 
lead to fracture of the amalgam during removal of the matrix. 
Attachment of the matrix to the amalgam is most significant 
when amalgam bonding materials are used. Because amalgam 
must be inserted immediately after placement of the adhesive, 
the bonding material cannot be placed before matrix applica-
tion. A very small applicator should be used to apply the resin 
to the preparation walls so that it may be kept away from 
the matrix. It is advisable to try to stop the resin application 
approximately 1 mm short of the cavosurface margins that 
are adjacent to the matrix. Unless the set of the material is too 
advanced by the time the amalgam is placed, it will be pushed 
to the margin in a thin coat as the amalgam is condensed.

Matrices that resist adhesion to the bonding materials are 
available, but if a band that is specifically designed to prevent 
adhesion to the matrix is not used, the application of a very thin 
coat of wax with a wax pencil or crayon or with a piece of inlay 
wax or boxing wax may be helpful. The wax is rubbed onto the 
inner surface of the matrix band, and excess is rubbed off with 
a gloved finger. 

Placement of Amalgam

The technique for amalgam placement is basically the same 
regardless of the type or classification of the preparation. Amal-
gam is mixed (triturated), carried to the cavity preparation, and 
condensed into the preparation so that voids are eliminated 
and all areas of the preparation are filled. The amalgam is then 
carved to reproduce the portion of the tooth that is missing.

Spherical alloys produce an amalgam that requires a lower 
mercury-alloy ratio and less condensation force. However, the 
direction of the condensing force is extremely important for 
spherical amalgams. They do not adapt to the cavity walls as 
well as lathe-cut or admixture amalgams.174 Spherical amal-
gams are said to be less condensable, and lateral condensation 
is even more important when spherical amalgams are used 
than when admixture amalgams are used. It is also somewhat 
more difficult to obtain good interproximal contacts in Class 
2 amalgam restorations with spherical amalgams than with 
lathe-cut amalgams or admixtures. It has been demonstrated, 
however, that spherical amalgams are less sensitive to varia-
tions in condensation pressure than the amalgams containing 
nonspherical particles.175 In addition, the spherical materials 
generally have a shorter working time and demonstrate a faster 
set than the admixtures.

Trituration
The trituration process includes the combining or mixing of liq-
uid mercury with dry amalgam alloy powder. Electric amalgam 
mixers (also called amalgamators and amalgam triturators) are 
used for the trituration process (Fig 12-53). The objective is to 
remove the oxide coating and wet each particle of alloy with 
mercury.8 This begins the reaction that will produce a solid 
mass. Although amalgam alloy pellets and bottled mercury are 
still available separately, the use of precapsulated amalgam 
alloy (that is, a weighed, standardized amount of amalgam 
powder and mercury sealed into a capsule) is strongly recom-
mended. The precapsulated products are not only ready for 
trituration, but they also provide more consistent mixes of 
amalgam and virtually eliminate the possibility of mercury spills 
in the dental office.

Fig 12-53 (a) Pro-Mix amalgamator (Dentsply/
Caulk). (b) Optimix amalgamator (Kerr/Sybron).

a b
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The duration and speed of trituration should be just enough 
to coat all alloy particles with mercury, produce the amal-
gam matrix, and provide a plastic mix. Excessive trituration 
should be avoided, because it generates heat that will cause 
the amalgam to set prematurely after trituration, and this will 
prevent adequate condensation and adaptation to the walls 
of the preparation, resulting in a weakened product. A mix of 
amalgam that is too plastic due to excess mercury or, as is more 
frequently the case, is not plastic enough must be discarded. A 
good mix of amalgam is plastic enough to condense well. If the 
mix is too hard, brittle, or hot, reduction of the mixing time and/
or speed is indicated. 

Condensation
Condensation is the process of compressing and directing the 
dental amalgam into the tooth preparation with amalgam-
condensing instruments (called condensers or pluggers) until 
the preparation is completely filled, and then overfilled, with 
a dense mass of amalgam. Proper condensation promotes 
adaptation of the amalgam to the walls of the preparation, and 
it compacts the material, eliminating voids and reducing the 
amount of residual mercury in the restoration. Both voids and 
increased residual mercury have been associated with a weak-
ened amalgam product, so effective condensation continues 
trituration176 and increases the strength175,176 and serviceabil-
ity12 of the restoration.

Adequate condensation technique requires that a signifi-
cant amount of force be applied to the condenser.177 The force 
should be 2 to 5 kg (5 to 10 lbs) for a condensable amalgam 
(admixture or conventional); the condensation force required 
for spherical amalgams will be considerably less,175,176 because 
heavy forces with the condenser tend to push the spherical par-
ticles to the side and cause the condenser to “punch through” 
the amalgam mass. The size of the condenser nib (end) deter-
mines the amount of pressure actually transferred from the 
operator’s hand to the amalgam mass; the larger the nib, the 
less force per unit area (pressure) is applied to the mass for a 
given force from the operator’s hand. In other words, when a 
larger-faced condenser is used, the operator must exert more 
force on the condenser to deliver adequate condensation pres-
sure. Larger condensers should be used for spherical amalgam, 
rather than for admixtures, to allow adequate force to be applied 
without displacement of the spherical amalgam to the side.

When amalgam bonding systems are used, amalgam must 
be condensed into the bonding resin on all walls of the prepa-
ration before filling of the preparation is begun. Adequate con-
densation force will cause a slight movement of the patient’s 
mandible or head, and often this movement will need to be 
stabilized by the dentist or assistant. A secure finger rest will 
enable the operator to perform more controlled, forceful 
strokes, using arm as well as finger pressure. The condensers 
are held with the pen grasp or a modification. Many opera-
tors use a finger or thumb of the hand that is not holding the 
condenser to apply additional condensation force. It has been 

demonstrated that dentists tend to use less condensation 
pressure during the later stages of amalgam placement; inves-
tigators177 have emphasized the need for maintaining conden-
sation pressures for both admixed and spherical amalgams 
throughout the condensation process.

After the preparation has been made ready to receive the 
amalgam, the amalgam alloy and mercury should be mixed 
(triturated) to give a plastic and moldable mass of amalgam. 
For most restorations, an amalgam carrier (see Fig 7-36) is valu-
able for delivering the amalgam to the preparation. For small 
restorations and for placing amalgam in proximal box prepara-
tions, care must be exercised to ensure that the increments of 
amalgam are small enough. If the increments are too large, the 
condensing force cannot be adequate to adapt the amalgam 
material at the deepest area of the increment. For very large 
complex amalgam preparations, the entire mix may be carried 
to the preparation, or the mix may be divided in half and car-
ried to the preparation one half at a time with cotton forceps. 
No matter how the amalgam is carried, it should be spread 
in the preparation so that the increment is thin for optimum 
condensation. Each portion of amalgam carried to the prepara-
tion should result in an increment thickness of 1 mm or less to 
ensure maximum condensation effectiveness.

Condensers that fit into all areas of the preparation should 
be used. Flat-faced, round condensers are generally considered 
to allow maximum condensation pressure. Convex-ended con-
densers are also available, as are flat-ended condensers with 
diamond, rectangular, and triangular shapes. When spherical 
amalgams are used, the largest condenser that will fit into 
the area of the preparation where the amalgam is being con-
densed should be used. For all amalgams, a large condenser 
should be used for the overfilling of the preparation.

Amalgam must be condensed into the preparation as soon 
as trituration is completed. One increment of amalgam should 
not be allowed to set significantly before the next increment is 
added. Amalgam should be condensed both vertically and hor-
izontally or laterally (toward the walls of the preparation). This 
will promote a close adaptation of the amalgam to the walls 
as well as to the floor of the preparation. Lateral condensation, 
whether or not an amalgam bonding system is being used, can 
be achieved in more than one way. One is to alter the direction 
of the face (end) of the condenser so that it is pushed toward 
the walls. Another method is to place the condenser into the 
preparation vertically, then to move it laterally toward the walls 
so that the side of the condenser condenses the amalgam 
against the walls (Fig 12-54a). Lateral condensation is especially 
important for spherical amalgams because, paradoxically, it is 
more difficult to adapt these materials to cavity walls.

When amalgam is condensed, mercury tends to be brought 
to the surface, creating a mercury-rich amalgam on the sur-
face. To reduce the amount of mercury left in the restoration 
(residual mercury), the preparation is overfilled (Fig 12-54b), 
and the mercury-rich excess is carved off. The lower the residual 
mercury in the carved restoration, the greater its strength2 and 
the better the expected longevity of the restoration.
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Condensation when amalgam bonding resins are used
As with the use of the matrix, there are some additional consid-
erations and slightly altered techniques when amalgam bond-
ing systems are used. Because the polymerization of amalgam 
bonding resins is chemically initiated, the amalgam must be 
ready to place when the two parts of the bonding resin are 
mixed to initiate polymerization. Although all walls of the cavity 
preparation should be coated, caution should be exercised to 
minimize the amount of bonding resin placed on the walls. One 
study demonstrated that a thin coat of amalgam bonding resin 
provided attachment of the restoration to tooth structure that 
was as strong as that provided by a thick coat, but without the 
problems caused by a thick coat.178 One problem resulting from 
excess bonding resin is the reduction of the amalgam strength 
by incorporation of large amounts of resin into the bulk of the 
amalgam.179 Another is the increased probability of transferring 
the bonding resin to the metal matrix during condensation, as 
described earlier. Another potential problem is the creation of 
voids in the proximal amalgam due to excess resin being pulled 
from the restoration during matrix removal. 

After the bonding resin has been applied to the walls of 
the preparation, the amalgam is placed in the preparation and 
condensed against all walls within 1 minute. After amalgam 
has been condensed into the resin on all walls, it should be 
added in increments as described for nonbonded amalgam 
restorations.

Precarve burnishing
After it is condensed with amalgam condensers, the amalgam 
may be further condensed and shaping of occlusal anatomy 
begun with a large burnisher, such as an ovoid (football) bur-
nisher (see Fig 12-62h). This is called precarve burnishing, and it 
should take place immediately after the completion of conden-
sation. The burnisher should be used with heavy strokes, made 
in the mesiodistal and faciolingual directions, that pinch much 
of the amalgam off as the burnisher contacts the cusp inclines 
and, in some places, the margins of the preparation. It has been 

shown that precarve burnishing produces denser amalgam at 
the margins of restorations.180 In addition to aiding condensa-
tion, precarve burnishing is the first step in shaping the occlusal 
surface of the restoration. 

Carving
Amalgam can be carved with any bladed dental instrument 
that has a sharp edge. Numerous carvers are available, and 
each has its own merit. Recommended amalgam carvers that 
satisfy most amalgam carving needs include a small cleoid-
discoid carver, a Walls no. 3 (or Tanner no. 5) carver, a Hol-
lenback no. ½ carver, an interproximal carver, and a no. 14L 
sickle-shaped carver (see Fig 7-39). In addition, some cutting 
instruments, such as a small spoon excavator and hoe, make 
excellent amalgam carvers, especially for carving occlusal 
anatomy in large restorations. The carving instruments selected 
should allow the operator to create contours and occlusion that 
reproduce, or occasionally make improvements to, the missing 
tooth structure.

Carving can begin immediately after condensation and 
precarve burnishing. Before the setting of the amalgam is very 
advanced, amalgam carves very easily, but it is also easy to mis-
carve or overcarve, so care must be taken. As the setting of the 
amalgam advances, it does not carve as easily, but it remains 
carvable with sharp carvers for a long time. In fact, amalgam 
that has been in the mouth for many years can still be carved 
with sharp carvers. The need for sharp carvers cannot be over-
emphasized, and it is advisable to have a sterilized sharpening 
stone available during placement of a large amalgam restora-
tion. Amalgam seems to cause rapid dulling of carvers, possibly 
because of the effect of the mercury in penetrating and impart-
ing brittleness to the steel.181

Most occlusal carving is performed with pulling strokes, but 
the pushing stroke can also be advantageous in developing 
occlusal anatomy. Smaller occlusal and Class 2 restorations 
should be carved with the enamel tooth surface as a guide (Fig 
12-55). The carver should rest on the enamel adjacent to the 

ba

Fig 12-54 (a) Lateral condensation toward all walls and toward the adjacent tooth in a Class 2 restoration will improve adaptation to 
the walls and ensure a contact area with the adjacent tooth. (b) Overfill should be condensed with a large condenser.
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preparation and be pulled in a direction parallel to the margin 
of the preparation. When a stroke that is perpendicular to the 
margin of the preparation is needed, the carver should be 
pulled from enamel to amalgam. If it is pulled from amalgam 
to enamel, it will be more likely to carve the surface of the 
amalgam to a level that is below the surface of the enamel. It is 
desirable that the two surfaces be even (at the same level) so 
that there is no “step down” from the enamel to the amalgam.

It is good to register a mental picture of the outline of the 
preparation before the amalgam is placed so that the outline 
can be visualized after carving. Amalgam preparations should 
have enamel margins that are not jagged or rough; if the mar-
gins of a carved restoration appear ragged, it will be because 

of thin amalgam flash that extends outside of the preparation 
onto the adjacent enamel surface. This flash is more difficult to 
remove when amalgam bonding resins are used. A sharp carver 
is even more necessary for effective removal of this flash.

Amalgam should not be overcarved such that groove anato-
my is deep, leaving thin fins of amalgam adjacent to the prepa-
ration margins. The operator should try to develop margins 
that will leave a 75- to 90-degree angle at the margin of occlusal 
amalgam. Acute angles (fins) of amalgam at the margins on an 
occlusal surface are subject to fracture during function.

For Class 2 restorations, while the matrix is in place, the 
marginal ridge should be carved very nearly to the height of 
the adjacent marginal ridge (see Fig 12-62i). Development of 

ba

Fig 12-55 The enamel margin is used as a guide for carving smaller restorations. (a) Cleoid carver viewed from 

the occlusal aspect. (b) Cleoid carver viewed in cross section.

Fig 12-56 The tip of the no. 23 explorer is 

used at a 45-degree angle to the matrix to 

begin shaping the occlusal embrasure.

Fig 12-57 (a to c) An interproximal carver is used to remove flash and to contour and burnish the amalgam in 

interproximal areas.

a b
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the occlusal embrasure of the marginal ridge is begun with the 
tip of an explorer angled at approximately a 45-degree angle 
to the long axis of the tooth and touching the matrix band (Fig 
12-56; see also Fig 12-62j). The explorer tip should be moved 
from the facial enamel, past the margin of the box, to the center 
of the marginal ridge and then from the lingual enamel, past 
the margin of the box, to the center. The explorer should not 
be moved from the amalgam toward the margin, because this 
movement could easily result in overcarving, leaving the mar-
ginal ridge with a deficient contour.

Most carving will be accomplished while the rubber dam is 
in place. For Class 2 restorations, after the matrix is removed, 
amalgam flash on proximal surfaces should be removed and 
the proximal contours should be refined. A thin carver, such 
as the interproximal carver, is useful for both removing flash 
and refining proximal contours (Fig 12-57; see also Figs 12-62w 
to 12-62y). Because the proximal contour is so crucial for peri-
odontal health,182 removal of the matrix is strongly advocated 
early in the carving process. While the amalgam is still soft, 
proper contours, as well as removal of excess amalgam from 
proximal margins, can readily be achieved. As previously stated, 
if a bonding system has been used, it is important to minimize 
the amount of bonding resin at proximal margins to prevent 
marginal voids that can be produced if the resin at margins 
is pulled out during carving. A very sharp carver will slice this 
incompletely set resin instead of catching and dislodging it.

Adjusting the occlusion
When the carving appears to be correct, the dam is removed, 
and the occlusion is checked. This is accomplished with articu-
lating ribbon (Fig 12-58), which marks the points of contact 
when the mandibular and maxillary teeth are brought togeth-
er. It is wise not to ask the patient to close, because, if the 

amalgam has not been carved adequately, it will be “high” in 
the occlusion so that it contacts first, prior to any other tooth 
contact. The masseter muscles are very strong, and when the 
proprioceptive innervation relates to the patient’s brain that 
there is something between the maxillary and mandibular 
teeth, it is reflex action for the patient to attempt to masticate 
it. In the case of a high amalgam restoration, disaster can result; 
the amalgam will usually be fractured, and the operator will 
have to remove amalgam and begin again.

It is therefore best for the operator to perform the tapping 
of the teeth by grasping the patient’s chin, having the patient 
close to very near contact, and then, by hand, manipulating the 
mandible so that mandibular and maxillary teeth are tapped 
together in maximum intercuspation position (MIP). The den-
tist’s arm, no matter how strong, will be unable to impart nearly 
as much force in mandibular closure as the masseter muscles 
are capable of achieving. An alternative to this tapping by the 
dentist is to instruct the patient to “very, very gently, tap the 
back teeth together.”

The amalgam must be carved until contacts on the restora-
tion occur simultaneously with other occlusal MIP contacts 
on that tooth and adjacent teeth. These can be seen as marks 
made by articulating ribbon, but they should also be felt by 
the dentist with 0.0005-inch (12-µm) thick shimstock (Artus) 
(Fig 12-59). To do this, the patient should be instructed to close 
in MIP (“bite the back teeth together”) while shimstock is in 
place on the tooth being restored. With the teeth in maximum 
intercuspation (MI), the shimstock should be held securely in 
place. The same test should be performed with the shimstock 
on adjacent teeth, and it should again be held securely (assum-
ing that those teeth held shimstock prior to the restorative 
procedure). If the adjacent teeth do not hold the shimstock, 
the newly placed restoration is probably in hyperocclusion and 
needs additional carving.

Fig 12-58 (a) For initial gross adjustment, a piece 
of articulating paper with a thickness of 20 µm 

(0.0008 inch) or more is useful. When articulating 

paper forceps are used, the total length of the piece 

of articulating tape or paper should be supported by 

the forceps. (b) For refining occlusion, especially in 

complex amalgam restorations, an articulating tape 

with a thickness of 15 µm (0.0006 inch) or less is 

advantageous.

a b

Fig 12-59 (a) Silver-colored shimstock (0.0005- 

inch-thick Mylar) is supplied in books with paper 

separators between the pieces. It may be held in 

the fingers or with a hemostat (as shown at right). 

(b) Shimstock is used to “feel” contacts between 

maxillary and mandibular teeth.

a b
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When the restoration occlusion is correct in MI, it must be 
checked to ensure that no interferences are caused by the 
restoration in excursive movements (laterotrusive, mediotru-
sive [right or left], or protrusive movements) of the mandible. 
This may also be evaluated with the use of the shimstock. Two 
colors of articulating ribbon (preferably ribbons that do not 
easily cause smudge marks) are used, one color for latero-/
mediotrusive and protrusive excursions and the other to mark 
MI occlusal contacts. To eliminate excursive contacts in the 
amalgam, the amalgam marked with the color used to register 
the excursions should be carved, and the amalgam marked 
with the MI marks should be preserved. For complex amalgam 
restorations, it should be ensured that the restoration does 
not cause interference in the slide between centric occlusion 
and MI.

Postcarve burnishing
Postcarve burnishing is the light rubbing of the surface of a 
carved amalgam restoration with a burnisher, such as the PKT3 
(P. K. Thomas). Heavy forces should not be used, and postcarve 
burnishing should be avoided near the margins of restorations 
of fast-setting amalgam.183 The purpose of postcarve burnish-
ing is to smooth the surface of the restoration.

After completion of carving and postcarve burnishing, if the 
carving time was short and the amalgam is still fairly soft, the 
surface may be wiped over with a dry or water-damp cotton 
ball or cotton roll to provide additional smoothing. If the set of 
the amalgam is advanced so that the cotton will not smooth 
the surface, a rubber prophylaxis cup with damp flour of pum-
ice or prophylaxis paste will smooth the amalgam (see the sec-
tion on finishing and polishing). If the cup is used, it should be 
rotating at a very low speed and should be kept moving at all 
times; if the cup is allowed to rotate in one place, it will groove 
the recently carved amalgam.

Placement of amalgam in complex preparations

Several special considerations for placing complex amalgam 
restorations, such as the possible need for reinforcement of 
matrices with compound, have already been discussed. Follow-
ing are some other considerations that may help the operator 
to successfully place complex amalgam restorations:

•  Visualize the finished product, and shape the matrix to allow 
for that product.

•  In addition to visualizing the height of the cusp tips before 
making the tooth preparation and building cusps back to 
that height, make a mental picture of facial and lingual con-
tours before cutting away natural tooth structure so that you 
can reproduce the natural contours in amalgam as closely 
as possible. Note the contours by viewing down the line of 
teeth (in profile) from the facial and/or lingual aspect. Make 
sure that the final contours harmonize with the contours of 
other teeth in the quadrant (Fig 12-60; see also Fig 12-62ee).

•  Place larger increments of amalgam (eg, the entire two-spill 
[600-mg] mix), when replacing the entire occlusal surface of a 
molar or a half mix for less extensive restorations.

•  Consider the use of carvers that contribute to proper con-
tours, such as the no. 14L carver, which simplifies the carving 
of convex axial contours (Fig 12-61; see also Fig 12-62q).

•  Because carving of large amalgam restorations involves the 
carving of more surface area, consider sharpening the carv-
ers during the procedure to allow for more efficient carving.

•  Smooth the carved amalgam with a water slurry of flour of 
pumice or with a prophylaxis paste.

A series showing the insertion of a complex amalgam res-
toration, beginning with matrix application and ending just 
before rubber dam removal, is shown in Fig 12-62. Several 
amalgam preparations and restorations are shown in Figs 
12-63 to 12-74.

Fig 12-60 Facial and lingual contours are noted 

by looking down the line of teeth in a quadrant. 

The contour of the restoration must harmonize with 

natural tooth contours in the quadrant.

Fig 12-61 (a) A no. 14L sickle-shaped carver will carve a very convex surface if it approaches the surface to 

be carved at just less than a 90-degree angle. (b) The same instrument will carve a surface with less convexity 

if it is rotated so that it approaches the surface at an angle of much less than 90 degrees.

a b
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Fig 12-62 Condensation and carving of a complex amalgam restoration. (a) A Tofflemire matrix is placed and shaped to provide the desired contours. (b) The matrix 

is stabilized with modeling compound. (c) A two-spill mix of amalgam is halved. (d) Half of the mix of amalgam is carried to the preparation. (e) Amalgam is spread 

over the entire preparation floor and condensed. (f) A small condenser is used to condense amalgam into the amalgapin channel. It should also be used to condense 

amalgam into internal line angles and at corners created by the matrix band at cavosurface margins. (g) Amalgam increments are added in 1-mm thicknesses until the 

preparation is overfilled. (h) Amalgam shaping is begun with a large ovoid burnisher used to pinch excess amalgam off against the enamel (precarve burnishing). (i) 

Marginal ridge shaping is begun by reducing amalgam in the area to the approximate desired height of the marginal ridge. (j) The occlusal embrasure is formed with 

an explorer tip. (k and l) A chisel-shaped carver (Walls no. 3) is used to begin shaping cusps and grooves while the matrix is still in place. (m) An explorer tip is used 

to begin shaping the lingual contour inside the matrix. (n) The compound and matrix are removed. 
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Fig 12-62 (cont) (o to q) A sickle-shaped carver (no. 14L) is used to remove gingival flash, shape proximal surfaces, and shape lingual contour. (r and s) The marginal 

ridge is adjusted to height by resting the carver (Walls no. 3) on the adjacent marginal ridges during carving. (t to v) The occlusal anatomy is refined with a hoe. (w and 

x) The proximal contours and contact position are refined with a very thin interproximal carver. (y) The occlusal embrasure is refined with an interproximal carver, which 

is rested on the adjacent enamel to guide the marginal ridge contour. (z) The surface is smoothed with a medium-grit prophylaxis paste in a rubber cup. 
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aa bb
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Fig 12-62 (cont) (aa) The bases of the grooves are smoothed with a burnisher (PKT3). (bb) The proximal contours are “felt” with floss to ensure smoothness and to 

clear any amalgam carvings from the contact. (cc to ee) Carving is completed. Note that the lingual contour harmonizes with the contours of the adjacent teeth. The 
rubber dam is then removed, the occlusion is refined, and the surface is resmoothed with pumice or a prophylaxis paste.

dd ee

a b c

Fig 12-63 (a) A small area of carious dentin and overlying unsupported enamel has been removed to complete the occlusal amalgam preparation. (b) The preparation 

is filled with amalgam. (c) The remaining occlusal fissures were opened with a no. ¼ bur to a depth of 0.5 mm, etched, and sealed with resin fissure sealant.

Fig 12-64 (a) Disto-occlusal slot preparation with 
re ten tion by bonding. (b) Slot restoration. There was 

no treatment of occlusal fissures.

a b

Fig 12-65 (a) Disto-occlusal slot preparation with 
retention grooves. (b) Slot restoration. The occlusal 

fissure was sealed.

a b
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Fig 12-66 (a) Disto-occlusal slot preparations. (b) 

Slot restorations.

a b

a b c

Fig 12-67 (a) Small occlusal and disto-occlusal slot amalgam preparations. (b) Restorations with sealed occlusal fissures. (c) Restorations at 2 years.

a b

Fig 12-68 (a) Occlusal preparations. (b) Restora-

tions with remaining occlusal and lingual fissures 

sealed.

Fig 12-69 (a) Complex amalgam preparation 

with vertical and horizontal pins in the molar and a 

disto-occlusal slot preparation in the premolar. (b) 

Restorations with sealed occlusal fissures.

a b

Fig 12-70 (a) Old resin composite restoration with recurrent caries. (b) Complex amalgam preparation with six vertical pins. (c) Complex amalgam restoration.

a b c
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a b

Fig 12-71 (a) Complex amalgam preparation with 

pins, boxes, and amalgapins. (b) Complex amal-

gam restoration.

b ca

Fig 12-72 (a) Complex amalgam preparation with boxes, amalgapins, and a shelf. (b) Complex amalgam restoration. (c) Restoration at 3 years.

Fig 12-73 (a) Complex amalgam preparation with 

horizontal and vertical pins. (b) Complex amalgam 

restoration.

a b

b ca

Fig 12-74 Complex amalgam restoration covering all cusps, with no mechanical retention form prepared; this restoration was bonded with a resin bonding system 

(Amalgambond Plus with HPA powder): (a) preparation; (b) completed restoration immediately after placement; (c) restoration at 6-year recall.
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Finishing and Polishing Amalgam  
Restorations

Finishing of an amalgam restoration includes evaluating the 
restoration for problems and correcting them, ensuring that the 
margins of the amalgam restoration and the cavity-preparation 
walls are even and that the contours and occlusion are correct, 
and smoothing the restoration. Polishing is defined as smooth-
ing the surface to a point of high gloss or luster. It has been 
demonstrated that polishing a high-copper amalgam restora-
tion does not enhance its clinical performance,184 but finishing 
is an important part of restoration placement. Finishing is usu-
ally accomplished at the placement appointment, but it may be 
refined at succeeding appointments.

Despite the lack of evidence that longevity is increased or 
performance improved when an amalgam restoration is pol-
ished, a high luster is often more comfortable to the patient’s 
tongue than an unpolished surface, so polishing is sometimes 
desirable. There are no contraindications to polishing a restora-
tion, but care must be taken not to create excessive heat during 
the polishing procedure. Excessive heat generation may be 
injurious to the pulp of a vital tooth.

After placement of a restoration, its surface should be 
rubbed with a burnisher or with cotton until it is smooth. For 
amalgam with a more advanced set, a rubber cup with wet 
pumice or a prophylaxis paste may be used to smooth the 
restoration. Polishing of an amalgam restoration should be 
accomplished at a succeeding appointment, or at least some 
time after placement of the restoration. If an amalgam is 
adequately smoothed immediately after placement, imparting 
a high luster is usually a very simple and quick procedure.185 If 
the restoration is not made smooth at placement, more time is 
required for polishing.

If, at the time of polishing, the restoration surface is not 
smooth, it should be smoothed. Gross smoothing of set amal-
gam can be accomplished with sharp amalgam carvers and 
finishing burs (Fig 12-75). For polishing convex surfaces (facial, 
lingual, and proximal), a series of progressively finer disks may 
be used (Fig 12-76). Alternatives for smoothing and polishing 
convex surfaces are the abrasive-impregnated rubber cups, 
using first the coarser cups and then the finer cups (Fig 12-77). 
Abrasive-impregnated rubber points are useful for smoothing 
and polishing concave surfaces, such as the occlusal surface. It 
is especially important that rubber polishers and abrasive disks 
are used with an abundance of air coolant and intermittent 

Fig 12-76 Abrasive disks, manufactured for polishing resin composite restora-

tions, are also useful for polishing amalgam. The brown-yellow series of Sof-Lex 

disks and the pop-on mandrel (3M ESPE) are shown. Also available is the thicker 
but more flexible black-blue series of Sof-Lex disks.

Fig 12-75 Finishing burs for a friction-grip handpiece: (top to bottom) no. 7404 

(bud or egg shaped), no. 7803 (bullet shaped), no. 7901 (needle shaped).

Fig 12-77 Brasseler abrasive-impregnated cups and points for polishing amal-

gam restorations: (left to right) coarsest (black), prepolish (brown), high shine 

(green), and super high shine (green with yellow band).
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contact with the amalgam to prevent excessive generation 
of heat, which will bring liquid mercury to the surface of the 
amalgam, resulting in excessive volatilization of mercury and a 
weakened amalgam surface.

Although the disks and rubber polishers are more conve-
nient, a less expensive, time-tested alternative method is the 
use of a prophylaxis cup, first with pumice in a water carrier 
as the “prepolishing” step, and then with tin oxide in a water 
or alcohol carrier for a high shine. One study185 showed the 
pumice and tin oxide polishing procedure to be faster, but the 
investigator concluded that the impregnated points and cups 
are more desirable because they do not produce splatter. 

A highly polished amalgam restoration is often more pleas-
ing to the dentist than to the patient. A high polish can make 
a posterior amalgam restoration more noticeable, and this can 
be esthetically unpleasant to the patient. If this should occur, 
air abrasion with 50-µm aluminum oxide (Microetcher, Danville 
Engineering) or abrasion with pumice and a prophylaxis cup 
may be used to eliminate the high shine without making the 
restoration noticeably rough to the patient’s tongue.

Repair of Amalgam Restorations
When an amalgam restoration has a defective area but the 
remainder of the restoration is adequate, a repair procedure 
may be the most appropriate treatment. For instance, if a 
cusp that was left in place adjacent to an amalgam restora-
tion has fractured but the remaining amalgam restoration is 
serviceable, it might be appropriate to simply build a new cusp 
with amalgam. Or, if an amalgam fracture has occurred in the 
mesial box portion of a mesio-occlusodistal restoration but 
the remaining disto-occlusal portion involves a very gingivally 
deep distal margin, the most conservative and simplest treat-
ment might be to replace only the mesio-occlusal portion of 
the restoration.

Attachment of new amalgam to old can be achieved, but 
the attachment strength is only 30% to 60% of unrepaired 
amalgam.82,186,187 Additional mechanical retention should be 
considered. 
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Evidence indicates that root caries was the major 
dental problem in ancient civilizations.1,2 Today, 
demographic predictors suggest that root caries could 
become one of the more significant patient manage-
ment issues of the future.3–9 Greater life expectancies 
coupled with improved dental care have resulted in 
an increasing number of patients who retain most 
of their dentition into old age. About 75% of the US 
population aged 60 years or older are dentate (mean, 
18.9 teeth).10 With age, the occurrence of root surfaces 
exposed to the oral environment increases, predis-
posing the affected teeth to loss of cervical structure, 
cervical hypersensitivity, and root caries.11 In a study 
assessing the periodontal status in the United States,12 
gingival recession of 1 mm or more was reported in 
11.5% of 18- to 24-year-olds, 46.3% of 35- to 44-year-
olds, 78.3% of 55- to 64-year-olds, and 86.5% of people 
aged 65 years or older. Consequently, the risk for root 
caries increases in the elderly, dentate patient.8,13–18

Definition, Clinical Appearance, 
and Location of Root Caries 
Lesions
The prevalent definition in the dental literature for a 
root caries lesion is “a soft, irregularly shaped lesion 
either (1) totally confined to the root surface or (2) 
involving the undermining of enamel at the cemen-
toenamel junction, but clinically indicating that the 
lesion initiated on the root surface.”19 A root caries 
lesion can be initiated only if the root surface is first 
exposed to the oral environment.7,12,20,21

A root caries lesion appears as a softening and/or 
cavitation in the root surface with no initial involve-
ment of the adjacent enamel (Fig 13-1). These lesions 

generally begin at or slightly occlusal to the free gin-
gival margin where dental plaque more frequently 
accumulates undisturbed but can extend into the 
gingival sulcus and/or undermine the coronal enamel 
as the lesion progresses (Fig 13-2). Lesions also begin 
at the margins of restorations that have their cervical 
interfaces on root structure. Two reports by Mjör22,23 
indicate that secondary caries lesions occur more 
frequently at cervical margins because many restora-
tions terminate on root surfaces in areas where access 
and isolation are most difficult. Because dental plaque 
frequently accumulates at the gingival margin around 
the tooth, an active root caries lesion, if left untreated, 
can spread laterally, encircling the tooth24 (Fig 13-3).

Early-stage lesions can be difficult to diagnose by 
appearance, because color changes are frequently not 
obvious until some progression of the caries lesion 
has occurred. New lesions may appear as small, well-
defined areas of a yellowish to light brown color. On 
probing, the dentin in an active lesion is softer than 
adjacent, unaffected cementum or dentin and can be 
removed with a sharp excavator. Advanced lesions 
appear darker brown to black and, if arrested, may be 
as hard or harder than the normal root surface. There 
has been an attempt by researchers to categorize 
lesions based on color (lighter lesions more active, 
darker lesions inactive) and/or texture (the harder the 
lesion, the less active).25–28 While there has been some 
relationship shown between color, texture, and domi-
nant microorganism, the data have been conflicting 
and the link remains tenuous.29 Currently, color is not 
considered a reliable indicator of caries activity.17,30–32

Caries lesions may occur on any exposed root 
surface, but initial lesions on the facial and proximal 
surfaces are most common.33 Some studies have sug-
gested that 50% to 75% of root caries lesions begin 
proximally34,35 (Fig 13-4). This increased incidence of 
root caries is likely due to limited access to the cleans-
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ing forces of the oral cavity (eg, tongue) and the loss of the 
protective interproximal tissue, allowing increased food and 
bacterial retention. Lingual/palatal locations are seen much 
less frequently as isolated lesions (Fig 13-5). In the mandible, 
molars appear to be the most susceptible to root caries, fol-
lowed by premolars, canines, and incisors; in the maxilla, the 
order is reversed.33,36,37 It is common for many of these lesions 
to be obscured by plaque and food debris, so accurate detec-
tion is best accomplished after thorough debridement and 
prophylaxis.

Histochemistry, Histopathology, and 
Microbiology
The caries process on root surfaces is very similar to that in 
coronal caries. Plaque bacteria capable of metabolizing dietary 
carbohydrates into acids produce a drop in pH that lowers the 
plaque fluid saturation, initiating demineralization of the tooth 
structure. Saturation in plaque fluid, particularly near the tooth 
crystals, is what determines if tooth crystals demineralize, re-
mineralize, or remain stable. It is the physicochemical basis for 
the caries process. For example, low pH (eg, 4.8) at higher levels 
of saturation will not demineralize enamel. Root surfaces are 
more vulnerable to chemical dissolution than enamel surfaces.38 
The drop in pH to undersaturate the biofilm in respect to cemen-
tum and dentin is much less than that required for enamel.39–41 
This means that, given the proper environment, both the initia-

tion and progression of root surface caries lesions will occur 
more rapidly in dentin than in enamel.42 Denaturation of colla-
gen by collagenase-producing microorganisms, as well as deg-
radation by nonspecific proteases, may accelerate the prob-
lem.43 In addition, acid challenges can occur more readily and 
may continue for an extended period of time.44 Frequent altera-
tions in the delicate balance between the rates of demineraliza-
tion and remineralization can result in the initiation of the caries 
process.45–47

While we tend to think of root surfaces as being covered with 
cementum, it has been shown that the cementum and enamel 
are not confluent in as many as 30% of teeth.48 For patients 
receiving periodontal therapy, the cementum on accessible 
root surfaces is often partially removed during scaling and root 
planing procedures. Therefore, root caries lesions commonly 
begin on a dentin interface. Regardless of the surface, the cre-
ation of an acidic environment by cariogenic bacteria initiates 
the caries process. Cemental clefts can form due to physical and 
chemical changes, allowing infiltration of bacteria into the den-
tinal tubules. Surface dissolution continues, followed by further 
demineralization and destruction of the collagen matrix.49,50 
Early microcavitation enlarges and produces the characteristic 
circumferential spreading seen with these lesions50,51 (Fig 13-6).

As demineralization progresses, there is a reactive sclerosing 
of the tubules and crystal formation, resulting in hyperminer-
alization of the dentinal tubules.52 This sclerosis is believed to 
be a result of the pulp’s reaction to the stimulus of the caries 
process. The sclerotic appearance of many advanced lesions 
is probably related to the differences in mineral content found 

Fig 13-1 Root caries lesion on a tooth with gingi-

val recession.

Fig 13-2 Root caries lesion undermining coronal 

enamel.

Fig 13-3 Active root caries lesion extending 

laterally.

Fig 13-4 Proximal root caries lesion on a second 

molar.

Fig 13-5 Caries lesion on the lingual aspect of a 

second premolar.
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between the peritubular and intertubular dentin.52,53 However, 
lesions can become arrested when conditions at the surface 
of the lesion change, leading to remineralization. Preventive 
regimens can lead to the arrest of root surface lesions. Arrested 
lesions frequently appear very dark and are hard on tactile 
examination.54

Many studies attempting to identify the etiology of root 
caries have used selective culture techniques that focus on 
the identification of a limited number of bacterial species.55,56 
Unfortunately, this type of culturing often excludes many spe-
cies that may be directly or indirectly related. Studies of the 
predominant cultivable microflora as identified by microarrays, 
while more time and labor intensive, appear to be more useful 
in delineating the group of oral bacteria associated with the 
root caries process.46,57–59

Currently, no specific single microorganism has been con-
clusively proven to cause root surface caries. Early studies28,60,61 
pointed to Actinomyces viscosus as a prime suspect. More 
recent studies, however, have questioned the dominant role 
of Actinomyces while emphasizing the importance of mutans 
streptococci and lactobacilli.25,29,59,62–68 Lynch29 and Zambon 
and Kasprzak46 point out that, based on extensive research, 
Streptococcus mutans and Lactobacillus both fulfill the criteria 
for implicating bacteria in the etiology of a mixed infection. 
They also suggest that virulence factors of specific species 
probably play an important role in both the formation and 
progression of root surface lesions. It is likely that root caries 
is a continuous, destructive process involving a succession of 
bacterial populations that vary depending on the condition of 
the substrate and the depth of the lesion.57,67 Modern molecu-
lar biology techniques, involving ribosomal RNA sequencing 
and DNA and RNA probes, may offer solutions to defining both 
species and virulence factors associated with root caries.59,69

Prevalence and Incidence
Because root caries lesions can be initiated only when root 
surfaces are exposed to the oral environment, the population 
presumed to be most at risk are older adults. However, younger 
patients with periodontal problems are susceptible as well. 

The prevalence of 1 mm or more recession in people aged 30 
years and older in the United States has been estimated at 58%, 
increasing with age. About 24 million persons in the United 
States are expected to have one or more tooth surfaces with 
recession of 3 mm or greater.70 It also should be noted that root 
surface exposure does not mean that caries activity is inevitable.

The actual prevalence of root caries is difficult to assess.17,31,71 
Interpretation of data from prevalence and incidence studies is 
complicated by differences in diagnostic criteria, treatment 
decisions, and lack of homogeneity of the observed popula-
tions.72 Numerous studies have reported the prevalence of root 
caries and its relationship to increasing age,10,14,33,73–75 while 
international surveys have estimated that the disease affects a 
significant percentage of adults.11,27,76–78 In addition, it has been 
suggested that approximately one in nine root surfaces is at 
risk of becoming carious.33 The extent of root caries appears to 
have a negative correlation with the number of teeth present. 
Thus, the ongoing loss of teeth with age is likely to produce 
an underestimation of the prevalence of root caries.14 Because 
more mandibular teeth are retained in older individuals, these 
teeth have a higher incidence of root caries lesions than 
do maxillary teeth.33,79–81 Other studies33,76,82–85 suggest that 
approximately 15% to 20% of all teeth with gingival recession 
are affected by root caries, and the mean number of teeth 
affected per person is about 2.8.38,77,86–88 It has also been stated 
that if root caries prevalence is based on the presence of active, 
restored, and arrested lesions, virtually every dentate person 
older than 65 years of age is at risk.88

Incidence data have been derived primarily from studies 
conducted on selected populations, such as the chronically ill 
or nursing home residents. These studies37,74,89–92 vary in dura-
tion from 1 to 8 years and report root caries/root restoration 
experience ranging from 19% to 69% depending on the popu-
lation observed. Two studies on noninstitutionalized adults 
older than 65 years of age have reported similar incidences of 
root caries, 44%93 and 37%.36 The attack rates (mean carious 
surfaces per mouth) calculated for exposed root surfaces in the 
latter two studies ranged from 3.9 to 5.5 over a 3-year period.

Despite the variability of available data, there was a general 
agreement that the prevalence of root caries will increase in the 
dentate older population as a result of the population retaining 

Fig 13-6 (a) Small lesion in a 45-year-old patient. At this stage, if the lesion is active (soft), with cavitation, a 

restoration should be placed to prevent circumferential spread, and a preventive regimen should be initiated. 

(b) Larger lesion in the same patient.

a b
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their teeth longer. However, the latest large-scale surveys in 
the United States suggest that root caries prevalence is declin-
ing despite an increase in tooth retention and no change in 
coronal caries. The overall prevalence of root caries for all adults 
decreased from 19% to 14%, with the greatest decline in adults 
aged 50 to 64 years (9%) and older adults living at the lowest 
level of income (16%).10

Risk Factors and Assessment
The risk factors associated with root caries are provided in Box 
13-1. It is of critical importance that clinicians identify at-risk 
patients early in the root caries process, ideally before the dis-
ease is clinically apparent. Early detection permits preventive 
and chemotherapeutic intervention to potentially enhance 
treatment outcome.

Because exposure of the root surface to the oral environ-
ment is a prerequisite for root surface caries, any patient with 
attachment loss, gingival recession, and/or periodontal pockets 
is at risk for initiation of the disease process.94 Patients in this 
category who are frequently overlooked are patients with 
cervical and proximal restorations that terminate on cemental 
surfaces. Even though the root surface may not be readily vis-
ible, the need for and placement of these restorations has met 
the primary risk criteria.

All normal risk factors for caries lesion development are 
applicable to root caries, including inadequate oral hygiene, 
cariogenic diet, and poor utilization of routine dental ser-
vices.95,96 Past caries/restorative experience also has been 
shown to have a strong correlation and generally indicates 
the presence of conditions/behaviors that support caries activ-
ity36,87,97–104 (Fig 13-7). Unfortunately, the effect of these condi-
tions may be magnified in the root caries process as well as 
impacted by the myriad changes associated with aging and 
related health problems and treatments.31,105

In relation to root caries activity, salivary flow rate is consid-
ered the most important of the nonmicrobial salivary param-
eters,106–108 because the cariostatic activity or efficacy of other 
salivary parameters is dependent on the flow rate.109 Unstimu-
lated flow rate has been shown to have a greater effect on 
salivary clearance time than stimulated flow110,111 and is more 
affected by conditions producing hypofunction of the salivary 
glands.112 Loss or significant reduction of unstimulated salivary 
flow can result in xerostomia, or “dry mouth,” and is positively 
correlated with a number of adverse oral conditions, including 
rapidly progressive caries lesions and periodontal disease113–115 
(Fig 13-8). While there is debate as to the amount of saliva nec-
essary to maintain oral health, an unstimulated flow rate of less 
than 0.1 mL/min is considered to be below normal.112–117

Hyposalivation can be caused by a variety of factors,13,39,113 
including radiation therapy of the head and neck, immuno-
suppressive therapy, radioactive iodine therapy, autoimmune 
diseases, HIV infection, and a myriad of commonly prescribed 
medications (Box 13-2). Basic management of patients with 
hyposalivation involves finding ways to reduce their oral dry-
ness. If functioning salivary gland tissue is present, stimulation 
of natural flow is preferable to saliva substitutes. Pilocarpine 
(Salagen, MGI Pharma) and cevimeline (Evoxac, Daiichi Pharma-
ceutical) can be extremely effective salivary gland stimulants.118 
However, they have numerous side effects, contraindications, 
and drug interactions that make consultation with the patient’s 
primary care physician preferable before prescribing them. Oral 
moisturizers are sometimes the only option for relieving the 
symptoms of xerostomia. These saliva substitutes can be used 
on a regular basis, but some commercial products have been 
found to have the potential to demineralize dentin and should 
be avoided.119

The use of removable partial dentures has also been noted 
as a risk factor in this disease.120,121 The position of retentive 
clasps and lingual/palatal connectors can contribute to reten-
tion of food debris and gingival recession. While the initial 
design may have been appropriate, prolonged wear and altera-
tions of the clasps can produce physical stripping of the gingiva 
and abrasion of the tooth surface. 

Other factors that contribute to the potential for root car-
ies include previous caries and restorative experience. Studies 
have indicated that individuals who have active coronal caries 
lesions are 2 to 3.5 times more likely to develop root caries 
lesions.122,123 Root caries is generally more prevalent and severe 
among men than woman.10 Smoking has also been implicated 

Box 13-1 Risk factors for root caries

Exposure of root surfaces
Attachment loss
Gingival recession
Periodontal pocketing
Inadequate oral hygiene
Low priority to patient
Physical impairment
Cognitive impairment
Cariogenic diet
Diminished salivary flow and/or buffering capacity
Chronic medical conditions
Medications
Surgical/radiation therapy
Physiologic aging
Previous caries lesions/restorations
Lack of access to and/or interest in dental services
Low socioeconomic status
Low educational level
Removable prosthesis 
Advanced age
Eight or more missing teeth
Male sex
Smoking, alcoholism, drug use
Possibly certain ethnicities
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as a risk factor in both periodontal disease124 and root caries.10 
In the United States, 20- to 64-year-old non-Hispanic black 
adults present higher prevalence of root caries experience and 
untreated lesions than Mexican-American and non-Hispanic 
white adults. Income level and education are also associated 
with root caries prevalence, with people with higher income 
and education having lower prevalence of root caries experi-
ence and untreated root caries lesions. Interestingly, some of 
these trends are different for adults older than 64 years of age, 
where the differences in prevalence among the different eth-
nic/racial and income-level groups are much smaller, although 
white non-Hispanics and groups with higher income have 
fewer untreated root caries lesions. Education-level impact 
in this age group shows similar patterns as in the younger 
group.10

Diagnosis
Although clinicians detect root caries lesions by judging chang-
es in color (yellow, brown, black), texture (soft, hard), and sur-
face contour (regular, irregular), examination strategies should 
focus on patients at risk for root caries. Therefore, the first step 
in the diagnosis of root caries is early identification of contribu-
tory factors and oral hygiene practices. Because plaque and 
debris often severely limit the visibility of root surfaces, a thor-
ough dental prophylaxis should precede any clinical examina-
tion of patients at risk for root caries. Gentle tissue displace-
ment with an air syringe and retraction with hand instruments 
can offer a better view of subgingival and interproximal areas, 
while the use of transillumination and/or lighted mirrors as well 
as intraoral cameras can also enhance visibility and improve 
diagnostic capability. 

Lynch29 found texture to be the best predictor of microbio-
logic activity in root caries lesions. Tactile exploration should 
be done carefully with only moderate pressure, because the 
root surface is inherently softer than enamel. The gradient 
in tactile sensation between sound and carious cementum/
dentin is much less than that between sound and carious 
enamel.19 Active lesions may or may not display obvious cavi-

tation and are generally described as “tacky” or “leathery” to 
tactile exploration while offering some resistance to removal 
of the explorer tip. One study demonstrated that an alteration 
in the explorer tip (producing a 30-degree angle at the tip of 
the explorer) increased the ability of the operator to detect 
root caries lesions.125 However, for those lesions that might be 
treated preventively, rather than restoratively, it is important 
to conduct the tactile exploration gently to avoid or to at least 
limit damaging the lesion surface, which increases the chances 
for remineralization. Radiographs can be useful in identify-
ing early proximal root lesions but occasionally can be prone 
to misinterpretation because of cervical “burnout” artifacts. 
Vertical bitewing radiographs permit better evaluation of the 
proximal root surfaces in persons with significant loss of attach-
ment126 (Fig 13-9).

Fig 13-7 Root caries lesion adjacent to an amal-

gam margin.

Fig 13-8 Caries lesion adjacent to a resin restora-

tion in a xerostomic patient. Glass-ionomer restora-

tions in the same patient did not exhibit recurrent 

caries lesions for the duration of the 5-year study.77

Box 13-2
Medications that induce xerostomic 

changes

Antiasthmatics Cold medications

Anticholinergics Decongestants

Anticonvulsants Dibenzoxazepine derivatives

Antidepressants Diuretics

Antiemetics Expectorants

Antihistamines Monoamine oxidase inhibitors

Antihypertensives Muscle relaxants

Anti-inflammatories Neuroleptics

Antinauseants Phenothiazine derivatives

Antiparkinsonians Psychotropic drugs

Antipruritics Sedatives

Antispasmodics Sympathomimetics

Appetite suppressants Tranquilizers

Central nervous system
  depressants
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Recently, an integrated system for measuring dental car-
ies was created by an international collaboration of experts in 
caries diagnosis. The system is called the International Caries 
Detection and Assessment System (ICDAS) and includes codes 
for root caries.127 Additionally, newer diagnostic tools such as 
those measuring the change in lesion fluorescence have shown 
promise.54,128,129 The ultimate goal for this type of diagnostic aid 
is to eventually help clinicians differentiate between active and 
inactive lesions by finding a correlation between lesion severity 
and degree of mineral loss. 

Preventive and Chemotherapeutic 
Strategies
Clinical observations and studies strongly suggest that root 
caries lesions can be arrested, obviating restorative therapy. 
Numerous studies have demonstrated success in prevent-
ing and/or arresting root caries through plaque removal, diet 
modification, topical fluoride application, and use of antimicro-
bials.130,131

Mechanical plaque removal using a fluoride dentifrice alone 
has been shown to play an important role in arresting active 
root caries.132,133 Therefore, topical fluoride is accepted as an 
appropriate chemotherapeutic agent in the management of 
root caries. Prevention/arrest of root surface lesions has been 
demonstrated in both in situ and clinical studies using fluori-
dated water,134–136 fluoride solutions,137 fluoride gels,26 fluoride 
mouthrinses,138,139 fluoride dentifrices,89,132,133 fluoride varnish-
es,140 fluoride chewing gums,141 and intraoral fluoride-releasing 
devices.141,142 A synergistic, beneficial effect of argon laser 
irradiation and acidulated phosphate fluoride (APF) gels on 
root lesions in vitro has also been demonstrated.143 However, 
although the optimum delivery system of fluoride for protec-
tion against root caries has yet to be determined, additional 
treatments with varnishes41,144 and rinses139 and an increase in 

concentration of fluoride in a dentifrice (ie, prescription level or 
5,000 ppm) have been shown to be very effective.145,146 

Chlorhexidine rinses (eg, Peridex, Zila; Periogard, Colgate) 
have been suggested for the management of root caries 
because of their ability to reduce levels of oral bacteria. How-
ever, a large clinical trial in low-income elderly patients found 
that regular rinsing with 0.12% chlorhexidine did not have a 
substantial effect on reducing root caries in this population.147 
On the other hand, several studies have found that using 
chlorhexidine varnish (eg, Cervitec, Ivoclar Vivadent) regularly 
is effective in reducing root caries incidence.131,140,148

A large number of studies have shown the benefits of sub-
stituting dietary polyols for sucrose in chewable dietary items. 
Xylitol, a 5-carbon sugar alcohol, has been under investigation 
since the early 1970s and has been found to be a safe and effec-
tive dietary supplement in humans (it received FDA clearance 
in 1963 for special dietary purposes). Xylitol is not metabolized 
by S mutans and has been shown to have an anticariogenic 
effect,149,150 decrease plaque formation,151 increase plaque 
pH,152 and possibly enhance remineralization.153 Extensive 
research over the past 25 years has demonstrated that consum-
ing 5 to 10 g of xylitol daily in the form of chewing gum can 
result in a 30% to 85% reduction in dental caries.154,155 Its spe-
cific effect on root caries is not well known, but it is expected to 
be effective on those surfaces; this effectiveness is supported 
by some early clinical data.156

In recent years, a variety of products containing calcium and 
phosphate have been developed.157 Most of the testing has 
been done in enamel caries, but early studies suggest some of 
these products might be good adjunctives in the management 
of root caries.158 The goal of the dental practitioner should be 
to initiate preventive and remineralization therapies that will 
inhibit or eliminate the disease process before tissue destruc-
tion occurs. The excavation of actively carious tooth structure 
and placement of restorative materials is, at best, a repair of the 
damages inflicted by the disease process and does not address 
the control of the disease itself. 

Fig 13-9 (a) A 55-year-old man presented without gingival recession or caries lesions on the mandibular left first molar and second premolar. Follow-up at 2 years (b), 

5 years (c), and 7 years (d); no caries lesions were present. At the 8-year interval, bone loss was observed radiographically and clinically concomitant with significant 

accumulation of dental plaque and food residues, which increase the risk for root caries. (e) At the end of 8 years, root caries developed on the interproximal surfaces 

along with active periodontal disease and gingival recession. (f) Two years later, the patient returned with improved oral hygiene but continued caries lesion expansion 

and active periodontal disease. The saturation drop generated by the local biofilm in this case is enough to demineralize cementum/dentin but not enamel.

a b c d e f
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Restorative Treatment

Clearly, many teeth with root caries lesions do not need 
re storative treatment. Accessible, shallow lesions can be made 
caries-free and easy to clean through debridement with hand 
instruments, finishing burs, and/or polishing disks.26,159 Arrest-
ed lesions with a hard to leathery surface are often amenable 
to treatment with topical fluorides in combination with a 
chlorhexidine rinse.25

When a root caries lesion has progressed such that restora-
tion of lost structure is necessary, the dentist faces difficulties 
that differ considerably from those posed by many coro-
nal lesions. The challenges to the restorative dentist include 
impaired visibility, difficult access, moisture control, pulpal 
proximity, and the nature of the dentinal substrate itself. These 
factors tend to compromise the ideal restoration, which should 
conserve remaining tooth structure and provide long-term 
integrity of marginal seal. There is general agreement today 
that, when possible, adhesive fluoride-releasing restorative 
materials are preferred.160

Isolation is the key to long-term success in root surface 
restorations. The inability to obtain a dry operating field, unob-
structed access, and good visibility frequently result in a com-
promised restoration. The use of a rubber dam and retractors, 
retraction cord, and/or surgical exposure will usually satisfy the 
necessary criteria. At times, to obtain a satisfactory result, the 
isolation procedure may take more time than the actual prepa-
ration and restoration (Fig 13-10). See chapter 8 for specific 
recommendations.

Preparation design for cervical restorations and the proper-
ties of dental materials are described in chapters 12, 14, and 
15. A brief review of the available options follows. Preparation 

should involve removal of demineralized tooth structure with 
only minimal removal of sound tooth tissue for access and 
retention.

Silver amalgam
Amalgam has the longest clinical history of the direct restor-
ative materials with the exception of the direct-filling golds. 
It has excellent wear characteristics (Fig  13-11), increasing 
marginal seal over time, and some bacteriostatic properties. 
Amalgam is relatively easy to place and is less sensitive to varia-
tions in handling than many other materials. Like direct gold, 
amalgam must be mechanically retained and does not offer 
significant chemotherapeutic benefit. With the introduction of 
adhesive fluoride-releasing materials and the current demand 
for tooth-colored restorations, the use of amalgam in cervi-
cal lesions has declined. While not recommended for use in 
xerostomic patients, it may still be the material of choice when 
isolation is a problem.

Resin composite
With the advent of relatively reliable dentin bonding systems, 
resin composite materials, including compomers (polyacid-
modified resin composites) and flowable composites, have 
become extremely popular with dental practitioners (Fig  13-12). 
Unfortunately, all of these materials exhibit a degree of polym-
erization shrinkage that can severely stress the adhesive inter-
face provided by dentin bonding systems. When this is com-
bined with the difference in coefficient of thermal expansion 
between these materials and tooth structure, the result can be 
a loss of marginal seal and microleakage161 (Fig  13-13). Fluoride 
release is less than that of glass ionomer, and these materials 

Fig 13-10 Because of the importance of a dry 

operating field, unobstructed access, and good vis-

ibility for treatment of root caries lesions, isolation is 

key to long-term success.

Fig 13-11 Eighteen-year-old amalgam restorations 

in mandibular incisors.

Fig 13-12 Resin composites placed with three-

step etch-and-rinse adhesive.
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do not currently offer any fluoride recharge capability. They are 
primarily indicated in root caries situations in which esthetics 
is of major importance. Microfilled or hybrid resin composites 
appear to offer advantages over compomers and flowable 
composites. See chapters 10, 11, 14, and 15 for more detailed 
information about the use of resin composite and compomer.

Glass-ionomer cement/resin-modified glass- 
ionomer cement

Glass-ionomer cement is the material of choice for most 
root caries lesions (see chapter 14). The material offers adhe-
sive bonding, long-term fluoride release, and the ability to 
“recharge” or take up fluoride when exposed to an external 
source (eg, topical application, mouthrinse). Clinical studies 
have demonstrated successful 10-year longevity162 (Fig 13-14) 
as well as reasonable success in xerostomic patients.163–165

Conclusion
The maintenance of periodontal health from early childhood 
will greatly reduce the incidence of root caries. When the lesion 
is detected early, preventive principles should be used to 
reverse the carious process, instead of repairing the lesion. Den-
tal caries itself is a bacterial infectious disease associated with 
diet1,166 and should be treated as such. Extensive research has 
moved our concept of caries from the early “worm theory” to 
a better understanding of the multifactorial, chronic nature of 
the disease. For this reason, modern dentistry has experienced 
a paradigm shift, with a move from complete reliance on the 
traditional surgical (restorative) approach to an acceptance of 
the fact that treatment of dental caries is not complete until the 
infection and contributing factors are controlled. This concept 
should guide the management of both coronal and root sur-
face caries. See chapter 5 for more detailed information about 
the caries process and caries prevention.
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Patient assessment for oral problems should always 
begin with a caries risk assessment, which differenti-
ates patients into categories of high, moderate, and 
low risk (see chapter 5) (Fig 14-1). Treatment is based 
on this assessment and is specialized by category. 
High-risk patients need specialized treatment prior, 
during, and after definitive restorative care. Fluoride 
is an important adjunct in caries prevention. In addi-
tion to professionally applied fluorides and fluoride-
containing dentifrices, fluorides may be introduced 
into the oral environment with fluoride-releasing 
restorative materials. Fluoride plays several significant 
roles in any caries-prevention program. These include 
the formation of fluorapatite, which is more acid 
resistant than hydroxyapatite, the enhancement of 
remineralization, interference with ionic bonding dur-
ing pellicle and plaque formation, and the inhibition 
of microbial growth and metabolism.1 High concen-
trations of fluoride (such as those used in tray applica-
tions of fluoride at 12,300 ppm)2 are bactericidal, while 
lower concentrations enhance remineralization; all lev-
els produce fluorapatite crystals. Even when fluoride is 
present at concentrations as low as 1 μmol/L (approxi-

mately 0.02 ppm F), the oral fluids (saliva, plaque fluid) 

are supersaturated with fluorapatite, inducing the 

precipitation of the mineral phase fluorapatite in the 

tooth structure.3 Therefore, fluoride-releasing materi-

als are essential in treating the high-caries-risk patient. 

Caries is a multifactorial disease with a bacterial 

etiology.4 Because the bacteria producing this disease 

are introduced into the oral cavity by transfer from an 

infected host, a possible method for preventing the 

disease may be by blocking that transfer.5 However, 

once established in the oral biofilm, caries-causing 

bacteria are not easily removed. Dental caries results 

from bacteria that metabolize sucrose or other cario-

genic sugars (fructose and glucose) and secrete organ-

ic acids (lactic, propionic, and formic) that cause the 

loss of mineral ions (calcium and phosphates) from the 

tooth (demineralization).6 Minerals lost by this method 

can be replaced during periods of neutral pH (reminer-

alization) from calcium and phosphates in the saliva. 

Remineralization is a repair process that relies on 

calcium and phosphate ions to rebuild a new surface 

on the remnants of crystals present after demineral-

ization. Remineralization is facilitated by fluoride and 

can arrest carious demineralization in enamel by the 

formation of a hard and less permeable outer surface. 

Fluorides are most effective in inducing remineral-

ization on smooth surfaces of teeth.7 Calcium levels 

may be the dominant factor in the remineralization 

process, as the ratio of components required for re-

mineralization is 10 calcium ions to 6 phosphate ions 

to 2 fluoride or hydroxyl ions. Periods of demineraliza-

tion and remineralization make up a continuous cycle 

by which minerals in tooth structure are removed and 

replaced. If the balance is tipped toward demineraliza-

tion, caries lesions develop.

The caries process in dentin is similar to that in 

enamel, except that dentin demineralization begins 

at a higher pH (6.4, compared with 5.5 for enamel) 

and proceeds about twice as rapidly because dentin 

has only half the mineral content of enamel. Low fluo-

ride levels are insufficient to initiate dentin remineral-

ization but are adequate to facilitate enamel reminer-

alization.8 Fluoride ion concentration in saliva is low, 

averaging about 0.03 ppm (1.6 µmol/L) in the normal 

subject.9 The balance of mineral uptake and loss in 

enamel is shifted from net demineralization to net 

remineralization if adequate calcium is present.10 

Restorative materials that release fluoride are often 

recommended for caries on root surfaces, because 

root structure is primarily composed of dentin and 

these lesions require significantly greater amounts of 

fluoride than enamel caries lesions to promote re miner-

alization.

Individuals with high-caries-risk profiles are those 

with frequent carbohydrate intake, reduced salivary 

flow, increased plaque retention, low fluoride expo-

sure during tooth formation, and high bacteria counts. 
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Fluoride from fluoridated drinking water is filtered through the 
body and appears in the saliva. A normal unstimulated salivary 
flow rate is approximately 0.3 mL/min, while stimulated salivary 
flow ranges from 1.5 to 2.5 mL/min.9 Low salivary flow is often 
associated with (1) medications such as antihypertensives, 
anti depressants, and anticholinergics, (2) a history of head and 
neck irradiation, or (3) Sjögren syndrome.11,12 Low salivary flow 
reduces the bicarbonate, calcium, and phosphate ions that are 
typically provided by the saliva, thus reducing its buffering abil-
ity and its ability to induce remineralization of demineralized 
tooth structure. 

Exposure to high levels of fluoride during tooth formation 
produces fluorapatite crystals in tooth structure. Fluorapatite 
crystals have a critical pH of 4.5, allowing fluorapatite to resist 
acid demineralization significantly better than hydroxyapatite, 
which has a critical pH of 5.5.13

It is clear that fluoride plays a significant role in caries pre-
vention. Unfortunately, patient compliance in caries-control 
programs requiring home fluoride applications is often poor. As 
an alternative, fluoride-releasing materials can supply levels of 
fluoride that may provide a measure of caries prevention, with-
out relying on patient compliance. Therefore, fluoride-releasing 
materials can be an essential element in treating the high-
caries-risk patient. This chapter discusses fluoride-releasing 
materials, their effectiveness in inhibiting recurrent caries, and 
their clinical longevity.

The Fluoride-Releasing Materials  
Continuum
The first popular fluoride-releasing tooth-colored restorative 
material was silicate cement. This material had poor adhesion 
to the tooth, high intraoral solubility, poor mechanical proper-

ties, and did not survive well in the oral environment. However, 
recurrent caries lesions associated with these restorations were 
rare. This anticaries effect was associated with the fluoride 
released from the silicate cement.14

Fluoride-releasing materials may be classified into five cate-
gories15 based on similarities in physical, mechanical, and 
setting properties. These include (1) resin composite, (2) com-
pomer, (3) giomer, (4) resin-modified glass ionomer (RMGI), and 
(5) conventional glass ionomer (Fig 14-2). Fluoride-releasing 
resin composites are on one end of the continuum and release 
the least fluoride, while conventional glass ionomers are on 
the other end and demonstrate the highest levels of fluoride 
release. Compomers are more similar to resin composites, and 
RMGIs are more similar to conventional glass ionomers. Giomers 
are a new class of material and are positioned between resin-
modified glass ionomers and compomers.

Table 14-1 compares the mechanical and physical proper-
ties of the different categories of fluoride-releasing materials. 
Table 14-2 describes the water content, supplied form, and set-
ting mechanism (acid-base reaction or free radical polymeriza-
tion) for these materials. Materials that are powder-liquid must 
have the powder mixed with the liquid to initiate set; paste-
paste materials must have the two pastes mixed to initiate set; 
visible light–cured (VLC) materials must be illuminated by an 
appropriate curing light. Box 14-1 lists representative products 
in each category of the continuum. 

The longevity and success of dental restorations depend on 
their ability to bond as well as seal the marginal interface (adhe-

sion). This seal is affected by several of the properties of the 
restorative material, namely dimensional change during curing 
and the mismatch in thermal expansion between the material 
and the tooth. Both work to compromise the bond and seal. 
Glass ionomers chemically bond to dentin by an ionic bond 
with hydroxyapatite. The bond of conventional composites, 
compomers, and giomers to dentin is through micromechani-

Fig 14-1 A patient with high caries risk. Fig 14-2 The fluoride-releasing material continuum. Fluoride release and 

recharge increase from left to right among the materials. Locations on the con-

tinuum are characterized by compositional variants, curing mechanisms, and 

mechanical and physical properties.

Resin composite                                            Glass ionomer

Material categories

Resin composites 

Compomers 

Giomers 

Resin-modified glass ionomers

Conventional glass ionomers
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cal interlocking with collagen fibrils (hybrid layer formation) 
mediated by a dentin adhesive (see chapter 9). RMGIs contain 
components of glass ionomers (fluoro-aluminosilicate glasses 
and polyacrylic acid) as well as resin composites (photo- or 
chemical initiators and methacrylate monomers).25 Because 
of their hybrid nature, RMGIs bond to dentin through both an 
ionic bond between polyacrylic acid and hydroxyapatite and 
mechanical interlocking with collagen and the resin mono-
mer.26 At the same time that this bond is being formed to the 
tooth, the material is being pulled away from the tooth surface 
as a result of contraction that occurs during the setting stage 
(polymerization/setting shrinkage). This contraction produces 
stress on the newly forming interfacial bond, leading to a loss of 
adhesion to the cavity walls when the tensile shrinkage stresses 
exceed the bond strength. This loss of adhesion compromises 
marginal seal, thereby increasing staining and postoperative 
cold sensitivity and potentially resulting in marginal caries.27 

Gerdolle et al28 measured polymerization shrinkage of four 
materials (RMGI, compomer, resin composite, and Ormocer) 
in vitro. Shrinkage values of materials ranked as follows: RMGI 
> compomer > Ormocer > resin composite. Another study by 
Attin et al29 evaluated initial curing shrinkage of six RMGIs, a 
hybrid resin composite, and an autocured glass ionomer. Their 
study also showed that most of the RMGIs tested exhibited 
greater shrinkage than the hybrid composite or the autocured 
glass ionomer. However, glass ionomers generate less polymer-
ization shrinkage stress than do resin composites.30 This factor, 
combined with water sorption by glass ionomers, can help to 
lessen the effects of polymerization shrinkage and reduce the 
probability of marginal gap formation.31 Even when the bond 
resists the contraction forces, stresses may still be imposed on 
the interfacial bond during temperature changes in the mouth.

The coefficient of thermal expansion (CTE) measures the 
dimensional change of a material per degree change in tem-

Table 14-1 Mechanical properties of materials on the fluoride-releasing materials continuum16–24

Material class

Glass ionomer RMGI Giomer Compomer Resin composite

Flexural strength (MPa) 30–67 60–93 115 94–115 76–135

Compressive strength (MPa) 99–198 143–184 325 217–295 217–315

Diametral tensile strength (MPa) 12 17–21 52 33–52 23–58

Shear bond strength (MPa) 4–8 7–13 12 11–13 17–30

Fluoride release High High Moderate Moderate Low

Fluoride recharge High High High Moderate Low

Table 14-2 Composition, form supplied, and setting reaction of the materials in the fluoride-releasing materials continuum

Material class

Glass ionomer RMGI Giomer Compomer Resin composite

Composition Contains water Contains water No water No water No water

Form Powder-liquid
Powder-liquid or  

paste-paste
VLC paste VLC paste VLC paste or paste-paste

Setting reaction Acid-base only Acid-base and free radical Free radical only Free radical only Free radical only

*3M ESPE
†Dentsply/Caulk
‡Ivoclar Vivadent
§GC America
IIShofu

Box 14-1 Representative products in each category of the fluoride-releasing material continuum

Glass ionomer RMGI Giomer Compomer Resin composite

Ketac Fil*

Fuji II§

Ketac Molar*

Fuji IX§

Photac Fil*

Fuji II LC§

Vitremer*

Ketac Nano*

Beautifil IIII Dyract AP†

Compoglass‡

F2000*

Heliomolar‡ (contains fluoride)

Tetric‡ (contains fluoride)

SureFil† (contains fluoride)

Z100* (No fluoride)
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perature. The difference in CTE between the tooth structure 
(8.3 × 10–6/°C to 11.4 × 10–6/°C, dentin and enamel respective-
ly)32 and the restorative materials causes additional stress at the 
restoration margin, which may further contribute to marginal 
failure. The CTE of glass ionomers is similar to that of human 
enamel and dentin, whereas composites have CTEs approxi-
mately twice that of human enamel and dentin.33 

Another important property of glass ionomers is fluoride 
release, which can potentially help to mitigate the effects 
of less-than-perfect marginal adaptation. However, fluoride 
release diminishes with time. Fortunately, glass ionomers have 
the ability to replenish leached fluoride when exposed to topi-
cally applied high fluoride–containing solutions. This property, 
known as recharge, has the potential to provide a continuous 
low concentration of fluoride in the saliva34 because the replen-
ished fluoride can be released back to the oral environment. An 
essential factor in quantifying the recharge ability of the glass 
ionomer is the amount of fluoride at the surface of the material, 
where it reaches its maximum concentration.35

Resin composites
Fluoride can be incorporated into resin composites through 
three mechanisms: (1) adding fluoride compounds such as 
sodium fluoride (NaF) or stannous fluoride (SnF2) (2) incorpo-
rating fluoride-releasing fillers; or (3) integrating fluoride into 
the resin matrix.36 Fluoride-releasing resin composites have 
superior mechanical properties, no inherent adhesive proper-
ties (they need a bonding agent to adhere to tooth structure), 
greater CTEs, and better wear resistance compared with other 
materials in the continuum. However, they also have the lowest 
fluoride release and are least capable of being recharged.

Glass ionomers
Glass ionomers are comprised of a polyalkenoic acid polymer 
matrix and ion-leachable fluoroaluminosilicate glass filler par-
ticles. Carboxylic acid chains on the polyalkenoic acid form 
ionic bonds with calcium and aluminum ions leached from the 
glass filler (Fig 14-3) to cross-link the polymer and form a rigid 
structure. The carboxylic ions also chelate with calcium (Ca2+) 

ions in hydroxyapatite, allowing the material to chemically 
bond to tooth structure.37 Thus, these materials are adhesive, 
release comparatively high levels of fluoride, and have CTEs 
similar to that of tooth structure (Fig 14-4). Early brand-name 
glass ionomers are still widely used today despite their rela-
tively poor mechanical properties and wear resistance. A newer 
generation of high-viscosity glass ionomers (Ketac Molar [3M 
ESPE] and Fuji IX [GC America]) has improved mechanical prop-
erties and provides higher levels of fluoride release compared 
with traditional glass ionomers.15,39 Although wear resistance is 
improved, these materials are still inferior to resin composites 
and should not be used to restore load-bearing areas in the 
permanent dentition (Fig 14-5). Walls and Mather39 reported 
a 1-year wear rate of 73 µm, which is significantly greater than 
the < 10 µm of wear per year reported for various resin com-
posites.41,42 Frankenberger et al43 reported 8% and 40% failure 
rates for Class 1 and Class 2 glass-ionomer restorations, respec-
tively, after 24 months. 

Fig 14-3 Schematic of the setting reaction of chemically cured glass ionomers. 
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Resin-modified glass ionomers

RMGIs contain elements of conventional glass ionomers and 
light-cured resins but have properties most similar to conven-
tional glass ionomers. The matrix consists of polyalkenoic acids 
modified with unsaturated carbon bonds and/or mixed with 
(di)methacrylate monomer(s), allowing these materials to cure 
through acid-base–initiated ionic bonding and polymerization 
through free radical–initiated covalent bonding.37 The amount 
of resin material in the different brands varies widely, because 
in recent years an effort has been made to increase the resin 
content to improve handling and strength of the RMGIs. RMGIs 
develop bond strength primarily through a chemical interac-
tion with the hydroxyapatite in the tooth, but evidence for 
hybrid layer formation exists as well, especially for formulations 
with greater resin content.44 RMGIs have been modified in sev-
eral ways since the fluoride-releasing materials continuum was 
proposed. Improved manufacturing has led to smaller filler par-
ticles, resulting in a smoother restoration surface and increased 
fluoride release.45 Recently, paste-paste RMGIs (those supplied 
as two pastes that are mixed together) have been marketed 
as luting cements and more recently as restorative materials. 
Paste-paste materials are easier to mix and place than those 
supplied in powder-liquid form. However, in one study, the 
paste-paste systems showed lower crown retention strength 
than powder-liquid systems.46 RMGIs, like conventional glass 
ionomers, should not be used for restorations in occlusal load–
bearing areas in the permanent dentition where heavy occlusal 
forces are present. However, the results of a 1-year clinical study 
suggest that RMGIs may be an acceptable short-term alterna-
tive to amalgam in pediatric restorations with respect to failure 
rate.47 

Compomers
Compomers (polyacid-modified resin composites) are also 
blends of resin composites and conventional glass ionomers, 
created in an attempt to combine particular characteristics 
of both materials. However, they are primarily composite 
in composition, and their physical and mechanical proper-
ties are more similar to those of the fluoride-releasing resin 
composites. In this material, carboxylic groups are added to 
dimethacylate monomers in the matrix, and the fluoroalumi-
nosilicate glass filler particles are partially silanized for bonding 
with the resin matrix.37 Compomers require a dentin bond-
ing system and acid etching of tooth structure to achieve a 
clinically acceptable bond.48,49 These materials release more 
fluoride than resin composites but less than conventional glass 
ionomers or RMGIs. Their abrasion resistance is intermediate 
between RMGIs and resin composites. Compomer restorative 
materials and cements have undergone considerable improve-
ments since their introduction. These improvements have pro-
duced materials with increased fluoride release and improved 
mechanical properties. Expansion due to water sorption was an 
early problem with compomers, but this problem is less severe 

in currently available products.50 The monomer components of 
at least one of the available brands contains a small proportion 
of carboxylic acid functional groups, insufficient to confer water 
solubility on either the monomer or its polymer but potentially 
capable of promoting an acid-base neutralization reaction fol-
lowing sorption of water after polymerization, with the subse-
quent release of fluoride ions.51 

Giomers
A new class of material has been introduced to the market that 
is termed giomer (glass-ionomer and polymer). Giomers use 
prereacted glass-ionomer (PRG) technology to form a stable 
phase of glass-ionomer fillers in a resin matrix. The PRG filler is 
made by reacting fluoride-containing glass with polyalkenoic 
acid in water. The PRG filler is then freeze-dried, milled to a 
desired size, silanized, and added to the resin matrix.52 The 
advantage of giomers is the enhanced availability and acces-
sibility of the fluoride within the PRG fillers compared with that 
in resin-based materials (such as compomers and certain resin 
composites). In a polymerized dimethacrylate resin matrix, 
which is mostly hydrophobic, fluoride transfer is dependent on 
water sorption and segmental mobility of highly cross-linked 
polymer chains. In giomer materials, the PRG fillers are more 
accessible to release fluoride and recharge with fluoride. Two 
types of PRG filler technology are available: (1) surface-reacted 
PRG filler (S-PRG filler) and (2) fully reacted PRG filler (F-PRG 
filler). The difference between filler types is that only the ions 
on the surface of S-PRG filler particles leach from the glass and 
react with polyalkenoic acid. As a result, S-PRG fillers have only 
a thin outer layer of glass-ionomer phase surrounding an unre-
acted glass core, while the F-PRG fillers have been reacted more 
completely throughout.52 

Giomer materials have fluoride recharge, biocompatibility, 
a smooth surface finish, excellent esthetics, and clinical dura-
bility, which have made them popular for restoration of root 
caries, noncarious cervical lesions, Class 5 cavities, and lesions 
in primary teeth.51 A clinical trial of Class 1 and Class 2 giomer 
restorations in permanent teeth reported no failures of 41 res-
torations at the 8-year recall.53 A recent in vitro study compared 
the fluoride release and recharge of two fluoride-containing 
resin composites, Gradia Direct X (GC America) and Tetric 
EvoCeram (Ivoclar Vivadent); a new giomer material, Beautifil II 
(Shofu); and a glass-ionomer cement, Fuji IX Extra (GC America), 
when aged in deionized water (pH 6.5) and lactic acid (pH 4.0) 
for 43 days. Fluoride release was measured during aging for 6 
weeks. Each specimen was recharged in 5,000-ppm NaF solu-
tion for 5 minutes at 7 weeks of aging. Recharge was repeated 
weekly for 3 weeks and fluoride release measured 1, 3, and 7 
days after each recharge. The cumulative fluoride released from 
the giomer into both media was substantially greater than the 
fluoride released from the other two composites, as was its 
recharge ability in both media. However, the glass-ionomer 
cement had the greatest fluoride release and recharge of all 
the materials.54 
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Several researchers have reported that fluoride released  
from restorative materials affects tooth structure. Decreased 
recurrent caries rates historically found around silicate resto-
rations have been associated with their high level of fluoride 
release. Early in vivo work by Hals and Norderval55 examined 
recurrent caries around Class 5 restorations and reported a 
lower occurrence of caries lesions around the silicate restora-
tions. In 1957, Phillips and Swartz56 measured the enamel solu-
bility around fluoride-releasing restorative materials. Because 
the influence of water fluoridation in reducing enamel solubil-
ity was already well established, it was postulated that fluoride 
released from dental restorative materials could be incorpo-
rated into the tooth structure around the restorations, contrib-
uting to reduced enamel solubility. This study demonstrated 
that fluoride present in silicate cements reduced the solubil-
ity of the adjacent enamel and suggested that fluoride in low 
concentrations could be added to dental materials to reduce 
enamel solubility.

In 1960, Norman et al57 reported the fluoride content of 
powdered enamel exposed to fluoride released from porcelain, 
resin with added NaF, zinc phosphate cement, zinc phosphate 
cement with 10% calcium fluoride, 2% NaF, and silicate 
cements. Silicates released large amounts of fluoride for the 
first 24 hours, but the levels decreased with time. The enamel 
specimens exposed to the silicates had the greatest fluoride 
uptake (increase of 495%). The results of this study suggested 
that enamel exposed to materials releasing high levels of fluor-
ide showed significant fluoride uptake. Furthermore, whenever 
large amounts of fluoride ions were present in solution, only 
a small percentage of the available fluoride ions (eg, 18% in 
the case of enamel exposed to silicate cement) was actually 
absorbed by the enamel. With smaller amounts of fluoride ions 
in the solution, a larger percentage was absorbed by the enam-
el. Even low levels of fluoride release for extended periods may 
be important for caries prevention, as it has been shown to be 
dependent on sustained low-level fluoride exposure rather 
than high-level, short-term bursts.58

Subsequently Norman et al14 examined fluoride uptake 
by enamel slabs exposed to the same dental materials. The 
data from powdered enamel and intact enamel were gener-
ally in agreement. Most of the materials tested produced some 
measurable increase in enamel fluoride content, and fluoride 
increases correlated with reduced acid solubility of the intact 
enamel. Although the research confirmed that silicate cement 
released relatively high levels of fluoride, these materials ulti-
mately tended to fail because of their high degree of solubility 
and poor mechanical properties.

The common denominator in this early research on the 
effects of various restorative materials on plaque and caries 
activity appeared to be the presence of fluoride.59 Because 
fluoride was present in, and leached from, silicate cements, 
subsequent research was devoted to finding other materials 

with improved physical and mechanical properties that might 
release fluoride in a more predictable and clinically more suc-
cessful manner. This preliminary work ultimately led to the 
development of glass-ionomer cement.

There are significant numbers of in vitro and in vivo stud-
ies that demonstrate the fluoride-releasing capability of glass 
ionomers.50,60 Researchers have measured the fluoride release 
from four glass-ionomer cements in vitro and reported that 
the greatest release occurred on the first day; subsequently, it 
decreased sharply the second day and gradually diminished 
over 3 weeks to a low-level, long-term release. After 1 year, 
all specimens were still releasing fluoride at daily levels of at 
least 0.5 ppm. Other studies have reported a “burst” of fluoride 
release, with high early release for 1 to 2 days followed by a 
rapid decline.61–72 The early fluoride burst is most likely due 
to the availability at the material surface of fluoride ions from 
the matrix that were released during the reaction between the 
glass particles and polyalkenoate acid, as well as from soluble 
fluoride added to the glass-ionomer powder.73 Prolonged fluor-
ide release occurs as fluoride dissolves from the glass particles 
surrounded by an acidified hydrogel matrix74 and then diffuses 
through the polymer matrix to be released from the surface in 
a time-dependent diffusion process.

In vivo research by Hatibovic-Kofman and Koch75 and by 
Hattab et al76 found significant increases of fluoride in saliva 
following the placement of glass-ionomer restorations. In 
the former study, salivary fluoride concentrations remained 
elevated 1 year after placement of glass-ionomer restorations 
(0.04 ppm before placement of restorations, 0.8 ppm 3 weeks 
after placement, and up to 0.3 ppm 1 year later).75 In an in 
situ study, subjects wore maxillary appliances with four glass-
ionomer (Ketac Fil, 3M ESPE) restorations every night.76 The 
unstimulated salivary fluoride content was measured before 
insertion of the device and after overnight wear. In all subjects, 
salivary fluoride increased after wearing the appliance. Xu and 
Burgess45 measured the compressive strength, fluoride-release, 
and fluoride-recharge profiles of 15 fluoride-releasing materi-
als. The fluoride-release profiles of the glass-ionomer materials 
in this study are shown in Fig 14-6. The study demonstrated 
a negative (inverse) correlation between fluoride release and 
compressive strength (ie, materials that have a high level of 
fluoride release generally have lower strengths than materials 
with a low level of fluoride release).

Hsu et al71 measured the fluoride released from an RMGI 
(Vitremer, 3M ESPE) and a high-viscosity conventional glass 
ionomer (Fuji IX) using a continuous flow rate apparatus 
adjusted to 20 mL/h. They reported that Vitremer released 
more fluoride than Fuji IX over an 8-hour period. In addition, 
the fluoride-release rate decreased rapidly after recharging, 
and most of the fluoride was released within 6 hours. This 
is a clinically significant finding because it indicates that the 
fluoride-releasing materials should be recharged with external 
neutral NaF daily to increase their fluoride release and reminer-
alizing potential (Fig 14-7).

14Fluoride Release
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Mousavinasab and Meyers17 measured the amounts of fluor-
ide released from four classes of fluoride-containing materials 
including three glass-ionomer cements (Fuji IX, Fuji VII, and 
Fuji IX Extra), one RMGI (Fuji II LC [GC America]), a compomer 
(Dyract Extra, Dentsply/Caulk) and a giomer (Beautifil). Cumula-
tive fluoride release for up to 21 days was greatest from Fuji 
VII, followed by Fuji IX Extra, Fuji II LC, Fuji IX, Dyract Extra, and 
Beautifil, with the dimethacrylate resin–matrix materials—the 
compomer (Dyract) and giomer (Beautifil)—being significantly 
lower than the glass-ionomer materials. This work emphasizes 
the importance of the glass-ionomer matrix in determining the 
fluoride-releasing ability of glass-ionomer materials.

In a comprehensive study of fluoride-releasing materials, 
Cranfield et al63 reported that pH influenced fluoride release 
in storage media, with a lower pH producing higher fluoride 
release, probably due to erosion of the glass-ionomer surface. 
Moreau and Xu77 also examined fluoride released from glass 
ionomers, a composite, and a compomer in vitro in varying pH 
solutions. They determined that these materials had increased 
fluoride release at a cariogenic pH—a useful property for anti-
caries effects. 

Fluoride release from a restoration that can be incorporated 
into tooth structure and into the walls of the cavity preparation 
is perhaps the most important benefit of glass ionomer.56,78,79 
However, the fluoride release and incorporation into the tooth 
can be decreased and inhibited by a layer of adhesive if used 
beneath the RMGI to enhance bonding.80,81 If applied to the 
surface of the restoration (ie, to reduce the potential for mois-
ture loss during setting) the adhesive initially may reduce 
fluoride release from the surface and to whatever depth the 
adhesive penetrates into the surface porosity. However, the 
resin coating on restoration surfaces will in time be removed 

due to toothbrushing and mastication and therefore not have 
a significant impact on long-term fluoride release from the 
external surface of the restoration.82,83 

Fluoride Recharging
Perhaps the most important variable in fluoride release is not 
the amount of fluoride released from the material initially 
after placement, because this declines rapidly with time (see 
Fig 14-6), but the ability of the material to be recharged with 
fluoride from external sources (see Fig 14-7). Forsten evaluated 
fluoride release67 and uptake84 by traditional glass ionomers 
to determine whether glass-ionomer materials could not only 
release fluoride but also take up fluoride from a fluoride-rich 
solution. He reported that after an initial high rate of fluoride 
release, a constant level occurred at about 3 weeks and that 
topical fluoride applications could recharge glass-ionomer 
restorations. Forsten68,84 also reported a constant release rate 
of approximately 0.5 to 1.0 µg/mL during the second year for 
all glass ionomers except cermets (glass ionomers containing 
silver particles). Other investigators79,85–87 have confirmed the 
recharge phenomenon when high fluoride–content solutions 
are applied to glass ionomers. 

Compomers and RMGIs can be recharged as well.88 RMGIs, 
such as Photac Fil (3M ESPE), Vitremer, and Fuji II LC, and 
conventional glass ionomers, such as Fuji IX and Ketac Molar 
demonstrate the greatest fluoride-recharge capacity. Fluoride-
releasing resin composites, such as Heliomolar (Ivoclar Viva-
dent) and Tetric Ceram (Ivoclar Vivadent), release little addi-
tional fluoride after being exposed to a fluoride-rich solution. 
Compomers, such as Dyract AP (Dentsyply/Caulk) and Com-

Fig 14-6 Fluoride-release profiles of some glass-ionomer restorative materials 

over 21 days45: conventional glass ionomers, Fuji IX and Ketac Molar; metal-

reinforced glass ionomer, Miracle Mix (GC America); silver-containing glass 

ionomer, Ketac Silver (3M ESPE); RMGIs, Fuji II LC, Vitremer (3M ESPE), and 

Photac Fil (3M ESPE). 

Fig 14-7 Fluoride-recharge profiles of fluoride-releasing restorative materials.71 

(A) Baseline amount of fluoride release prior to application of topical fluoride; 

(B) amount of fluoride release 1 day after recharge. Green—glass ionomer;  

yellow—RMGI; blue—compomer; red—composite.
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poglass (Ivoclar Vivadent), have a recharge capacity between 
those of RMGIs and resin composites but are most similar to 
RMGIs. For materials with recharge capability, the fluoride 
release remains at increased levels for less than a day after 
being recharged. Xu and Burgess45 showed that the RMGIs as 
a group, had the greatest recharge, followed by compomers. 
Traditional glass ionomers were intermediate, and fluoride-
releasing resin composites had the least recharge (see Fig 14-7). 
This recharge capability may be due to the microporosities 
present in glass ionomers (Fig 14-8) and RMGIs. A recent in 
vitro study18 compared fluoride release from a giomer and a 
compomer after fluoride-recharge regimes and concluded that 
giomers have significantly greater fluoride release and uptake 
following recharging than compomers. 

The ability of a material to act as a fluoride reservoir is depen-
dent on the type and concentration of fluoridating agent, the 
frequency of recharge, and the solubility and type of restorative 
material.18 Once the fluoride is depleted, it may be replenished 
from other fluoride sources, such as toothpastes, mouthrinses, 
or topical fluoride solutions. High-concentration fluoride solu-
tions such as gels, when applied to fluoride-releasing materi-
als, produce greater fluoride recharge than low fluoride– 
containing toothpastes. The increased fluoride release after 
recharge is short-lived, and recharge must be accomplished 
daily to maintain an elevated level. After recharging, fluoride 
ions are released from these materials by washout of fluoride 
from their surface or their pores.89

The pH of the topical fluoride used to recharge glass- 
ionomer restorations is important. Acidic topical fluoride solu-
tions, such as acidulated phosphate fluoride solutions and 
other acidified fluoride preparations, degrade glass-ionomer 
materials and should be avoided.90–92 RMGIs are more resis-
tant to surface degradation than conventional glass ionomers 
but still degrade when exposed to acids.92 Resin composites 
are also degraded by frequent applications of acidic fluoride 
solutions, producing filler dislodgment and destruction of the 
filler–resin matrix interface.93

Antibacterial Effects of Fluoride
The high fluoride levels released from glass-ionomer restorative 
materials in the first few days after placement may be beneficial 
because of antibacterial effects. Initial microleakage often occurs 
after restoration placement.94 Fluoride has three effects on 
bacteria: (1) inhibition of metabolism, (2) inhibition of growth, 
(3) and bacterial death. Fluoride is bactericidal in concentrations 
significantly greater than the amount released by fluoride-
releasing materials. Thus, a direct bactericidal effect probably 
does not occur from fluoride released by restorative materials. 
However, fluoride levels produced by fluoride-releasing materi-
als probably affect bacterial metabolism. By reducing bacterial 
acid production and altering the environment, fluoride release 
effectively changes the succession of bacteria necessary for 
acid production. This subtle mechanism is difficult to measure 

but may profoundly reduce acid production and tooth demin-
eralization by cariogenic bacteria.

Fluoride released from dental materials is incorporated into 
bacteria9 and inhibits bacterial acid production.10 However, the 
fluoride in plaque on teeth adjacent to or several teeth distant 
from a glass-ionomer restoration has not been shown to be 
increased, emphasizing that the effect is very local. Protection 
provided by fluoride-releasing materials is probably confined 
to tooth structure immediately adjacent to the restoration, 
and one study demonstrated the effective zone to be about 
1 mm from the restoration’s margins.85 Several studies have 
postulated that caries formed around a restoration may in fact 
be new lesions formed adjacent to previous restorations and 
not secondary caries formed from carious material left under 
the previous restoration.95–98 Fluoride-releasing materials may 
play an important role in controlling the development of new 
lesions.99

Norman et al59 examined the effects of fluoride-containing 
and other restorative materials on bacterial plaque. They com-
pared plaque composition associated with amalgam, gold foil, 
cast gold (inlay), methyl methacrylate resin, and silicate cement 
restorations. They reported that comparable plaque developed 
on all tested materials with the exception of the silicate cement. 
Based on this research, it appeared that the fluoride compo-
nent of the silicate cement somehow altered the composition 
of the plaque, both at the margin of the restoration and on 
the tooth surface. Loyola-Rodriguez et al100 observed similar 
inhibition of Streptococcus mutans by resin-modified and con-
ventional glass-ionomer restorative materials. Forss et al101,102 
demonstrated a higher level of fluoride in plaque growing 
on glass ionomer than in plaque growing on resin composite 
restorations, with a significant reduction of S mutans near the 
glass-ionomer restorations.
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Fig 14-8 Photomicrograph of porosity in Fuji IX that allows fluoride-rich materi-

als to be absorbed and released.
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In an in vitro study, Palenik et al103 measured the inhibition 
by six glass-ionomer materials of microbial adherence and 
growth of five different bacteria typical in human plaque (Acti-

nomyces viscosus, Streptococcus mitis, Streptococcus mutans, 

Lactobacillus casei, and Streptococcus sanguis). All glass iono-
mers inhibited growth and/or plaque adherence to some 
degree. The extent of inhibition varied according to the mate-
rial used and the specific bacterial species. Growth inhibition 
was directly related to the amount of fluoride ion released; 
materials with a higher rate of release had a greater effect. 
McComb and Erickson104 demonstrated that a pH of 2.6 was 
produced with freshly mixed glass ionomer, rising ultimately to 
7.4 during the setting reaction. These investigators proposed 
that both the low pH and the fluoride release were responsible 
for the antibacterial effects. DeSchepper et al105 used an agar 
diffusion assay method to determine the inhibitory effects on 
S mutans of 11 glass-ionomer cements and their powder and 
liquid components. They measured the zone of inhibition of 
bacterial growth and the fluoride levels in the surrounding 
agar. Because glass-ionomer liquids (polyacids) are acidic, 
they inhibited bacterial growth. The mixed materials released 
significant amounts of fluoride, and the inhibition zones cor-
related well with fluoride levels; high fluoride-releasing materi-
als had greater zones of inhibition than low fluoride-releasing 
materials. However, in a subsequent study106 measuring the 
antibacterial effects of light-cured glass ionomers, a neutral 
NaF control was included. Although Vitrebond (3M ESPE) and 
XR Ionomer (Kerr) produced significant inhibition zones, the 
neutral NaF produced no inhibition zone. When the pH of the 
highly acidic tested materials was adjusted upward to 5 by 
adding sodium hydroxide, none had antibacterial effects. The 
authors concluded that the mechanism of action for bacterial 
inhibition was probably a combination of fluoride release and 
low pH. A recent study measured bacterial growth in vitro on 
a glass ionomer, an RMGI, a compomer, a giomer, and a resin 
composite and showed that the glass ionomer, despite releas-
ing the most fluoride, had the lowest antibacterial properties. 
The study suggests that either fluoride release is not the domi-
nant mechanism for reducing bacterial growth and biofilm 
formation on a restorative material or that the fluoride concen-
tration produced from fluoride-releasing materials is too low to 
be effective.107

Bacteria in plaque located on glass-ionomer restorations are 
affected less as the age of the restoration increases. Bacterial 
composition of plaque on glass-ionomer restorations, up to 
a month after placement,101 generally show a strong positive 
correlation between fluoride release and reduced S mutans 
counts. However, the data on older restorations, which release 
less fluoride and have a higher pH, are equivocal regarding bac-
terial counts. Svanberg et al108 showed lower bacterial counts 
and reduced fluoride levels in the bacteria, while Van Dijken et 
al109 reported decreased antibacterial effect of the restorative 
materials. The difference between findings in these studies may 
be due to differences in the materials and/or the plaque sam-
pling. Svanberg used a silver-containing glass ionomer, and the 

silver release may have provided additional antibacterial action 
compared with that of the RMGI in the Van Dijken study. In the 
latter study, plaque samples were obtained from the surface of 
the restorations,109 whereas plaque was obtained from the res-
toration margins in the Svanberg study.108 The concentration of 
fluoride may be higher in the more protected environment of 
restoration margins. Also, Van Dijken discontinued oral hygiene 
procedures for 1 week to allow plaque to accumulate prior to 
sampling.109 Eliminating the potential for fluoride recharge of 
the surface from fluoride-containing toothpaste during the 
week preceding sampling may also have contributed to the 
reduced antibacterial effects in the Van Dijken study.

Do Fluoride-Releasing Materials  
Inhibit Caries?
As previously stated, several mechanisms have been suggested 
for the anticaries effect of fluorides. These include the forma-
tion of fluorapatite, which is more acid resistant than hydroxy-
apatite; the enhancement of remineralization; the interference 
of ionic bonding during pellicle and plaque formation; and 
the inhibition of microbial growth and metabolism.1 Fluoride 
released from restorative materials can inhibit development 
of caries lesions through all of these mechanisms, although 
it seems likely that enhancement of remineralization is the 
most important mechanism of action for fluoride released 
from restorative materials. Evidence for the caries-inhibiting 
effect of fluoride-releasing materials comes from studies of the 
incidence of caries lesions adjacent to orthodontic bands and 
brackets, direct filling materials in patients at high risk for car-
ies, and areas around atraumatic restorative technique (ART) 
restorations.110

Although not directly applicable, the effects of orthodon-
tic luting materials on adjacent tooth structure may supply 
valuable information regarding fluoride-releasing restorative 
materials, because enamel demineralization frequently occurs 
adjacent to fixed orthodontic appliances. White spot lesions 
appear within a few weeks after appliance placement, particu-
larly with ill-fitting bands.111–113 An increased cariogenic chal-
lenge is introduced around orthodontic bands and brackets 
due to markedly higher plaque retention levels caused by food 
retention and hindered patient oral hygiene efforts. A rise in 
cariogenic bacteria (S mutans and Lactobacillus) has been docu-
mented following placement of orthodontic appliances.114 The 
overall occurrence of white spot formation during orthodontic 
therapy is 11% to 12%, with little difference between bonded 
brackets and zinc phosphate–cemented bands.115 A daily rinse 
of 0.2% NaF retards but does not completely inhibit lesion for-
mation.115 Unfortunately, patients most in need of significant 
preventive intervention are often the least compliant. Fluoride-
releasing resin composites and RMGI cements inhibit demin-
eralization adjacent to orthodontic bands and brackets. Bands 
cemented with glass-ionomer cements have increased reten-
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tion with less demineralization compared to those cemented 
with zinc phosphate.116–118 Decreased enamel demineralization 
under orthodontic bands retained with conventional glass-
ionomer cements in vivo has been reported.119–123

Three prospective in vivo studies describe fluoride-releasing 
restorative materials used in high-caries-risk patients. Wood 
et al123 placed 54 pairs of Class 5 conventional glass-ionomer 
(Ketac Fil) and amalgam (Sybralloy, Kerr) restorations in xero-
stomic patients who had been treated with radiation for head 
and neck cancer. When topical fluoride was not used, glass-
ionomer restorations had longer survival times than amalgam 
restorations. When a topical NaF solution (pH 5.8) was used, 
amalgam restorations had a longer survival time than the 
glass-ionomer restorations, but recurrent caries was reduced in 
both groups. This study demonstrated that a fluoride-releasing 
material, when used without a topical fluoride gel, was effec-
tive in inhibiting recurrent caries and that acidic fluoride 
solutions degrade glass-ionomer restorations. It also clearly 
demonstrates the effectiveness of fluoride-releasing materials 
in noncompliant patients.

Haveman et al124 used a similar population to measure the 
effectiveness of fluoride-releasing materials in high-caries-risk 
patients. In this study, Class 5 restorations were placed using 
a conventional glass ionomer (Ketac Fil), an RMGI (Vitremer), 
and an amalgam (Tytin, Kerr). At the 2-year recall, recurrent 
caries lesions had occurred at the margins of 15% of the glass-
ionomer restorations, 12% of the RMGI restorations, and 44% of 
the amalgam restorations. Restorations with fluoride-releasing 
materials had significantly fewer recurrent caries lesions near 
the restoration than did amalgam restorations.

McComb et al125 reported that fluoride-releasing materi-
als reduced the incidence of recurrent caries lesions in 45 
patients who had received head and neck radiation therapy. 
After removal of carious tooth structure, the investigators 
placed Class 5 glass-ionomer (Ketac Fil), RMGI (Vitremer), and 
resin composite restorations. At the end of the 2-year clinical 
trial, subjects were classified as daily fluoride users if they used 
topical fluoride in trays more than 50% of the time. Topical 
fluoride users had no recurrent caries lesions associated with 
these restorations. Nonusers had an 80% reduction in recurrent 
caries lesions adjacent to fluoride-releasing restorations com-
pared with the non–fluoride-releasing materials. This evidence 
demonstrates that if a patient uses tray-delivered supplemental 
fluoride, a significant reduction in caries lesions can be expect-
ed because the concentration of fluoride in the tray materials is 
greater than that released from the restorative material. How-
ever, if the patient does not use supplemental fluoride, then the 
fluoride release from the restorations still provides some level 
of protection for the high-caries-risk patient.

These three studies suggest that fluoride-releasing materials 
are somewhat effective in preventing recurrent caries lesions. 
However, caries lesions developed around fluoride-releasing 
materials in each study, demonstrating that the remineralizing 
effects of fluoride released from restorations can be over-
whelmed if the acid challenge is great enough and that fluoride 

is but one factor in preventing the development of new caries 
lesions in high-caries-risk patients.

The American Dental Association Center for Evidence-Based 
Dentistry recently featured a systematic review of caries inci-
dence at margins of glass-ionomer and amalgam restorations. 
The review included 10 clinical studies that compared recurrent 
caries at the margins of amalgam and glass-ionomer restora-
tions of the same cavity class in the same dentition. Restora-
tions from permanent and primary dentitions were included in 
the analysis. Data were pooled and compared by meta-analysis. 
The study revealed that there was a 65% lower chance of devel-
oping recurrent caries around single-surface glass-ionomer 
restorations than corresponding amalgam restorations in per-
manent teeth. The study found no difference in recurrent caries 
rates around primary teeth.126 

However, not all studies on recurrent caries inhibition dem-
onstrate a clear benefit from fluoride release. Tyas127 reported 
no significant difference in recurrent caries in teeth restored 
with resin composite (Silux, 3M ESPE) or glass ionomer (Fuji 
II) in a population at low risk for caries. In two other clinical 
reports128,129 involving almost 7,000 restorations, recurrent 
caries lesions developed within 10 years for amalgam restora-
tions, 8 years for resin composite restorations, and 5 years for 
glass-ionomer restorations. Recurrent caries lesions led to the 
replacement of almost half of the glass-ionomer restorations. In 
these populations, fluoride released from glass-ionomer resto-
rations did not provide protection against primary or recurrent 
caries. Mjör et al130 reported that in 9,805 replacement restora-
tions placed by 243 Norwegian dentists in general practice, 
glass ionomers provided little protection against recurrent 
caries. Unfortunately, these retrospective studies may show 
that clinicians used glass ionomers in patients at high risk for 
caries and other materials in patients at lower risk for caries. 
The results in both clinical studies may be due in part to the 
lack of randomization of patients into the study groups and a 
lack of standardization in defining recurrent caries. Fluoride-
releasing materials do not eliminate recurrent caries but should 
be viewed as one part of a complete program to reduce caries 
incidence. 

How Much Fluoride Is Enough?
A common question is how much fluoride release from restor-
ative materials is enough to inhibit recurrent or secondary car-
ies. A minimum inhibitory concentration of 100 to 200 µg/mL 
of NaF is required to inhibit the growth of oral streptococci,88 
while 30 times that concentration is required to be bactericidal. 
Naturally occurring fluoride at concentrations as high as 21 µg/
mL does not produce any obvious effect on the composition 
of supragingival plaque. Although the fluoride levels in bac-
teria associated with glass-ionomer restorations are elevated, 
the effect of fluoride on reducing bacterial acid production, 
metabolism, and division has yet to be clarified.
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However, another important aspect to be considered is 
that high levels of fluoride release produce remineralization of 
enamel and dentin. One study131 demonstrated that enamel 
demineralization decreased as fluoride release from a resin 
composite restorative material increased. By extrapolating 
data, the authors concluded that a resin composite releas-
ing 200 to 300 µg/cm2 of fluoride over a 1-month period 
would completely inhibit secondary caries. Unfortunately, this 
is approximately 40 to 50 times more fluoride than is released 
by current fluoride-releasing resin composites. Eichmiller and 
Marjenhoff 64 authored an excellent review of fluoride-releasing 
materials and noted that caries inhibition and tooth reminer-
alization potential have been shown in vitro by all fluoride-
releasing materials when release rates were approximately 1 
µg/mL. It has also been reported that fluoride concentrations 
of 0.03 to 0.08 ppm can shift the equilibrium from net deminer-
alization to net remineralization.73 

The remineralization of dentin is more complex than that of 
enamel. Active dentinal caries destroys collagen matrix as well 
as demineralizing apatite crystals. Remineralization of dentin 
may be affected by the remaining mineral, the remaining colla-
gen, or the ultrastructure of the dentin. Collagen matrix devoid 
of mineral does not support remineralization.132 The difficulty 
in protecting root surfaces with fluoride-releasing materials 
may be due to the higher concentrations of fluoride needed 
to remineralize root surfaces compared with enamel surfaces. 
Wefel132 reported that demineralized dentin, with its exposed 
organic matrix, did not act as a suitable matrix for remineral-
ization and that remineralization did occur on any remaining 
apatite crystals. It seems clear that increased fluoride combined 
with calcium and phosphate is required to remineralize den-
tin and that the degree of remineralization that can occur in 
dentin may be controlled by the amount of remaining mineral 
content.

Based on the previous studies, it is recommended that 
materials with a long-term fluoride release rate of at least 2 to 3 
µg/mL/day be used. With present materials, this rate of release 
can only be maintained when supplemental fluorides are used 
to recharge fluoride-releasing restorations. As has been previ-
ously stated, fluoride is only one factor needed to lower caries 
development, and saliva quantity and quality may be the single 
greatest factor in caries risk. Important proteins in saliva that 
stabilize calcium and phosphate are statherin, acid proline-rich 
proteins, and histatins. Saliva has protective properties, and 
when proper levels of phosphoproteins are present, calcium 
saturation is increased.133

Clinical Considerations 
Although the inhibition of recurrent caries is evident for fluoride-
releasing materials, their clinical effectiveness has been ques-
tioned based on the durability of the materials. Even in primary 
teeth, these materials should be used selectively, and the time 
that the material will be expected to survive based on how long 

the tooth will remain in the oral cavity should be evaluated 
against its strength and wear resistance. One report134 describes 
the wear resistance of a compomer (Dyract) and shows that this 
material has poorer wear resistance than resin composite. At 1 
year in a clinical evaluation of 91 Dyract restorations in conser-
vative Class 1 and Class 2 restorations in primary teeth, the 
mean wear of Dyract was 190 µm, compared with approxi-
mately 10 µm for a wear-resistant resin composite. Another 
study135 measuring marginal adaptation of Class 2 restorations 
in the permanent dentition reported that compomers showed 
poor adaptation after 6 months of clinical wear, prompting the 
authors to recommend that compomers not be used as defini-
tive restorations in load-bearing areas. Although the absolute 
numbers may vary, the typical compomer undergoes greater 
wear than the typical resin composite. A 4-year clinical evalua-
tion of posterior compomer restorations revealed a 16% failure 
rate.136 Therefore, compomers should not be used in Class 1 or 
Class 2 load-bearing areas in the permanent dentition. Howev-
er, as the wear resistance and fluoride recharge of compomer 
restorative materials continue to improve, it is now apparent 
that they can be used with success in both Class 5 and Class 2 
open sandwich restorations. Three in vivo studies137–139 have 
reported the clinical success of Dyract as a Class 5 restorative 
material in noncarious cervical lesions. In these studies, the 
compomer was clinically acceptable at the end of 3 years137 
and was superior to RMGIs.138,139 Though compomers have 
improved, much clinical testing is necessary to document their 
clinical performance before they can be endorsed for more 
expanded applications.

Treating the high-caries-risk patient requires special selec-
tion of restorative materials. RMGIs and compomers are rec-
ommended as the esthetic restorative materials of choice in 
Class 5 restorations in xerostomic patients and other patients 
at high risk for caries. This is because of the fluoride-release 
and fluoride-recharge capabilities of these materials. Because 
RMGIs and compomers have poorer wear resistance than resin 
composites, a resin composite should be used for restorations 
in load-bearing areas.

Another strategy for Class 2 and Class 5 restorations that 
extend gingivally below the cementoenamel junction is the 
open sandwich technique (Fig 14-9). In this technique, the 
fluoride-releasing material is placed along the gingival margin 
of a preparation (the proximal box of a Class 2 preparation) 
when the gingival margin extends to cementum or dentin. 
The RMGI is cured, and resin composite is placed in increments 
to restore the occlusal surface for adequate wear resistance 
(Fig 14-10). The open sandwich technique was clinically suc-
cessful at the 5-year recall140 of Class 2 composite restorations 
placed in patients with moderate to high caries risk. An RMGI 
(Vitremer) was placed in the gingival portion of the proximal 
box and covered with a resin composite (Z100, 3M ESPE). 
Another 6-year study found acceptable durability of RMGIs in 
open sandwich restorations.141 The open sandwich technique 
in Class 2 restorations combines the wear resistance of a resin 
composite with the fluoride release and recharge potential of 
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RMGIs. Conventional glass ionomers are less successful in the 
open sandwich technique.142 Because of increased fluoride 
release compared with that of resin composite, better hand-
ling, and a likely enhanced solubility resistance in an acidic 

environment, compomers have been suggested for this appli-
cation. However, a 9-year clinical trial found no difference in the 
incidence of secondary caries using a compomer in an open 
sandwich technique versus a resin composite alone.143 

Fig 14-9 Illustration of the open sandwich technique.

Composite

RMGI

Dentin

Pulp

Fig 14-10 Open sandwich technique. The fluoride-releasing RMGI material is placed in the proximal box. A wear-resistant composite is placed on the occlusal surface. 

(a) Defective amalgam. (b) Cavity preparation. (c and d) Primer application and light curing of the primer. (e) RMGI placement. (f) Etching in preparation for adhesive 

and composite placement. Note that the RMGI is placed as a thin layer, apical to proximal contacts only. (g) Resin composite placement. (h) Finishing. (i) Definitive 

restoration.
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As dental restorative materials continue to proliferate, it 
becomes increasingly difficult to choose an appropriate mate-
rial for a particular clinical situation. Fluoride-releasing materi-
als are no exception, and clinicians need guidelines to select 
and use these materials effectively (Table 14-3). Today, there is 
modest but growing evidence from clinical trials that fluoride-
releasing materials, especially RMGIs and conventional glass 
ionomers, reduce recurrent caries. There is also evidence of 
a dose-response relationship between fluoride release and 
decreased caries. While materials with higher fluoride-releasing 
capability have a greater caries-inhibiting effect, these materi-
als are not panaceas. The physical and mechanical limitations 
of glass ionomers and compomers, especially poor wear resis-
tance144–146; staining and discoloration with products such as 
coffee, tea, wine, or exposure to daylight147; and maintenance 
of surface gloss,147 contribute markedly to restoration failure 
(Figs 14-11 to 14-13). 

Fluoride-releasing materials should be used in high-caries- 
risk patients as one component of their overall treatment. 

High-caries-risk patients also require oral hygiene counsel-
ing, diet modification, saliva-replacement materials, and daily 
application of neutral NaF-containing toothpastes with added 
calcium and phosphate and xylitol to inhibit caries activity. 
An absolute requirement for these patients is frequent recall 
and site-specific quarterly applications of fluoride varnishes. 
Generally a 5% NaF-containing varnish should be used in hard-
to-clean areas that are prone to white spot lesion development. 
For patients with low salivary output and white spot lesion 
development, a regimen of calcium phosphate–containing 
material, such as MI Paste Plus (GC America) (a casein phospho-
peptide with amorphous calcium phosphate–containing paste 
with 900 ppm fluoride), is also recommended to increase levels 
of calcium and phosphate in the saliva and promote remineral-
ization. These recommendations, combined with frequent oral 
hygiene checks and reinforcement, should provide maximum 
benefit for the individual who is at high risk for caries.148–149 See 
chapter 5 for more on managing high-caries-risk patients.

Fig 14-11 Marked color differences are seen with RMGI products (Fuji II LC A2) (a) compared with resin composites (Clearfil Majesty A2, Kuraray Dental) following 

immersion in a solution of cranberry juice, coffee, and tea (b).

Stain StainControl ControlUV UV

10.00 mm 10.00 mm

Table 14-3 Guidelines for recommended use of fluoride-releasing materials

Glass ionomer Provisional restorations or caries control for patients with high caries risk; Class 3 and Class 5 restorations; cores or 

buildups when half or more of the tooth remains; ART; sealants for erupting teeth

RMGI Provisional restorations or caries control for patients with high caries risk; patients with moderate salivary flow; Class 

3 and Class 5 restorations; buildups when half or more of the tooth remains; ART; open sandwich technique; sealants 

for erupting teeth

Giomer/compomer High-caries-risk patients with diminished salivary flow; primary teeth; permanent Class 3 and Class 5 restorations.

Fluoride-releasing 

composite

Long-term provisional restorations; conservative Class 1, 2, 3, 4, 5 restorations; core buildups

a b

ART—atraumatic restorative technique.



393

References 

1. Niessen LC, Gibson G. Oral health for a lifetime: Preventive strategies 
for the older adult. Quintessence Int 1997;28:626–630.

2. Newbrun E. Topical fluorides in caries prevention and management: A 
North American perspective. J Dent Educ 2001;65:1078–1083.

3. Tenuta LM, Cury JA. Fluoride: Its role in dentistry. Braz Oral Res 
2010;24(suppl 1):9–17.

4. Loesche WJ, Hockett, RN, Syed SA. The predominant cultivable flora of 
tooth surface plaque removed from institutionalized subjects. Arch 
Oral Biol 1972;17:1311–1325.

5. Douglass JM, Li Y, Tinanoff N. Association of mutans streptococci be-

tween caregivers and their children. Pediatr Dent 2008;30:375–387.

6. Featherstone JD. The caries balance: Contributing factors and early de-

tection. J Calif Dent Assoc 2003;31:129–133. 

7. Van Dorp CS, Ten Cate JM. Preventive measures and caries progression: 

An in vitro study on fissures and smooth surfaces of human molars. 

ASDC J Dent Child 1992;59:257–262.

8. ten Cate JM, Buijs MJ, Damen JJ. pH-cycling of enamel and dentin le-

sions in the presence of low concentrations of fluoride. Eur J Oral Sci 

1995;103:362–367.

9. McIntyre J. The nature and progression of dental caries. In: Mount EJ, 

Hume WR (eds). Preservation and Restoration of Tooth Structure. Lon-

don: Mosby, 1998:20–23.

10. Seppä L, Korhonen A, Nuutinen A. Inhibitory effect on S. mutans by 

fluoride-treated conventional and resin-reinforced glass ionomer 

cements. Eur J Oral Sci 1995;103:182–185.

11. Bardow A, Nyvad B, Nauntofte B. Relationships between medication 

intake, complaints of dry mouth, salivary flow rate and composition, 

and the rate of tooth demineralization in situ. Arch Oral Biol 2001;46: 

413–423.

12. Billings RJ, Proskin HM, Moss ME. Xerostomia and associated factors in a 

community-dwelling adult population. Community Dent Oral Epide-

miol 1996;24:312–316.

13. Meurman JH, ten Cate JM. Pathogenesis and modifying factors of den-

tal erosion. Eur J Oral Sci 1996;104:199–206.

References 14

Fig 14-12 Clinical representation of a stained 

glass-ionomer restoration. (a) Caries. (b) Class 3 

cavity preparation. (c) Restoration at baseline. (d) 

Restoration at 1-year recall. Note the shade differ-

ence compared with (c).

Fig 14-13 Class 5 glass-ionomer restorations. 

The left central and right lateral incisors contain 

2-year-old restorations, whereas the right central 

incisor contains a newly placed restoration of the 

same shade. Note the evident staining of the older 

restorations.

a b

dc



14. Norman RD, Platt JR, Phillips RW, Swartz ML. Additional studies on fluo-
ride uptake by enamel from certain dental materials. J Dent Res 
1961;40:529–537. 

15. Yip HK, Smales RJ, Ngo HC, Tay FR, Chu FC. Selection of restorative 
materials for the atraumatic restorative treatment (ART) approach: A 
review. Spec Care Dentist 2001;21:216–221.

16. Lawson NC, Cakir D, Ramp LC, Beck P, Burgess J. Effect of light activation 
on resin-modified glass ionomer shear bond strength. Oper Dent 2012; 
37:380–385.

17. Mousavinasab SM, Meyers J. Fluoride release by glass ionomer cements, 
compomer and giomer. Dent Res J (Isfahan) 2009;6:75–81.

18. Dhull KS, Nandlal B. Comparative evaluation of fluoride release from 
PRG-composites and compomer on application of topical fluoride: An 
in-vitro study. J Indian Soc Pedod Prev Dent 2009;27:27–32.

19. Manuja N, Pandit IK, Srivastava N, Gugnani N, Nagpal R. Comparative 
evaluation of shear bond strength of various esthetic restorative materi-
als to dentin: An in vitro study. J Indian Soc Pedod Prev Dent 2011;29: 
7–13. 

20. McKenzie MA, Linden RW, Nicholson JW. The physical properties of 
conventional and resin-modified glass-ionomer dental cements stored 
in saliva, proprietary acidic beverages, saline and water. Biomater 2003; 
24:4063–4069. 

21. Ilie N, Hickel R. Mechanical behavior of glass ionomer cements as a func-
tion of loading condition and mixing procedure. Dent Mater 2007;26: 
526–533. 

22. Lien W, Vandewalle KS. Physical properties of a new silorane-based 
restorative system. Dent Mater 2010;26:337–344. 

23. Almuammar MF, Schulman A, Salama FS. Shear bond strength of six 
restorative materials. J Clin Pediatr Dent 2001;25:221–225.

24. Lawson NC, Burgess JO. Evaluation of the bond strength with the imme-
diate dentinal sealing technique [abstract 3126]. J Dent Res 2008;87 
(special issue B).

25. Berzins DW, Abey S, Costache MC, Wilkie CA, Roberts HW. Resin-
modified glass-ionomer setting reaction competition. J Dent Res 
2010;89:82–86.

26. Coutinho E, Cardoso MV, De Munck J, et al. Bonding effectiveness and 
interfacial characterization of a nano-filled resin-modified glass-
ionomer. Dent Mater 2009;25:1347–1357.

27. Burgess J, Cakir D. Comparative properties of low-shrinkage composite 
resins. Compend Contin Educ Dent 2010;31(special issue):10–15.

28. Gerdolle DA, Mortier E, Droz D. Microleakage and polymerization 
shrinkage of various polymer restorative materials. J Dent Child 2008; 
75:125–133.

29. Attin T, Buchalla W, Kielbassa AM, Helwig E. Curing shrinkage and volu-
metric changes of resin-modified glass ionomer restorative materials. 
Dent Mater 1995;11:359–362.

30. Dauvillier BS, Feilzer AJ, De Gee AJ, Davidson CL. Visco-elastic parame-
ters of dental restorative materials during setting. J Dent Res 2000;79: 
818–823.

31. Feilzer AJ, Kakaboura AI, De Gee AJ, Davidson CL. The influence of water 
sorption on the development of setting shrinkage stress in traditional 
and resin-modified glass ionomer cements. Dent Mater 1995;11: 
186–190.

32. Park JB, Lakes RS. Biomaterials, ed 2. New York: Plenum, 1992.
33. Cardenas HL, Burgess JO. Thermal expansion of glass ionomers [abstract 

946]. J Dent Res 1994;73(special issue):220.
34. Koch G, Hatibovic-Kofman S. Glass ionomer cements as a fluoride 

release system in vivo. Swed Dent J 1990;14:267–273.
35. Hadley PC, Milella E, Gerardi C, Hill RG, Billington RW. Distribution of 

fluoride in glass ionomer cement determined using SIMS. Biomater 
2001;22:1563–1569.

36. Arends J, Dijkman GE, Dijkman AG. Review of fluoride release and sec-
ondary caries reduction by fluoridating composites. Adv Dent Res 
1995;9:367–76.

37. Ruse ND. What is a “compomer”? J Can Dent Assoc 1999;65:500–504.

38. Norling B, Summitt J. Resin ionomer restorative materials: The new 
generation. J Esthet Dent 1994;6:207–215.

39. Walls AW, Mather E. Fuji IX restorations in occlusal cavities of molar 
teeth, 12-month data [abstract 1443]. J Dent Res 1999;78:286.

40. Robles R, Kalavacharla VK, Beek P, et al. Wear of glass ionomer restor-
ative materials [abstract 865]. Presented at the 42nd Annual Meeting of 
the American Association of Dental Research, Tampa, 23 March 2012.

41. Mazer RB, Leinfelder KF. Evaluating a microfill posterior composite resin. 
A five-year study. J Am Dent Assoc 1992;123:33–38.

42. Barkmeier WW, Latta MA, Erickson RL, Wilwerding TM. Wear simulation 
of resin composites and the relationship to clinical wear. Oper Dent 
2008;33:177–182.

43. Frankenberger R, Garcia-Godoy F, Krämer N. Clinical performance of 
viscous glass ionomer cement in posterior cavities over two years. Int J 
Dent 2009:781462. 

44. Coutinho E, Yoshida Y, Inoue S, et al. Gel phase formation at resin-
modified glass-ionomer/tooth interfaces. J Dent Res 2007;86:656–661.

45. Xu X, Burgess JO. Compressive strength, fluoride release and recharge 
of fluoride-releasing materials. Biomater 2003;24:2451–2461.

46. Johnson GH, Lepe X, Zhang H, Wataha JC. Retention of metal-ceramic 
crowns with contemporary dental cements. J Am Dent Assoc 2009; 
140:1125–1136.

47. Daou MH, Tavernier B, Meyer JM. Clinical evaluation of four different 
dental restorative materials: One-year results. Schweiz Monatsschr 
Zahnmed 2008;118:290–295.

48. Elderton RJ, Aboush Y, Vowles RW, Bell CJ, Marshall KJ. Retention of 
cervical Dyract compomer restorations after two years [abstract 49]. J 
Dent Res 1996;75:24.

49. Gallo JR, Burgess JO, Ripps AH, et al. Three-year clinical evaluation of a 
compomer and a resin composite as class V filling materials. Oper Dent 
2005;30:275–281.

50. Hermesch CB, Wall BS, McEntire JF. Dimensional stability of dental 
restorative materials and cements over four years. Gen Dent 2003;51: 
518–523.

51. Milward PJ, Adusei GO, Lynch CD. Improving some selected properties 
of dental polyacid-modified composite resins. Dent Mater 2011;27: 
997–1002. 

52. Ikemura K, Tay FR, Endo T, Pashley DH. A review of chemical-approach 
and ultramorphological studies on the development of fluoride-
releasing dental adhesives comprising new pre-reacted glass ionomer 
(PRG) fillers. Dent Mater 2008;27:315–339. 

53. Gordan VV, Mondragon E, Watson RE, Garvan C, Mjör IA. A clinical evalu-
ation of a self-etching primer and a giomer restorative material: Results 
at eight years. J Am Dent Assoc 2007;138:621–627.

54. Naoum S, Ellakwa A, Martin F, Swain M. Fluoride release, recharge and 
mechanical property stability of various fluoride-containing resin com-
posites. Oper Dent 2011;36:422–432. 

55. Hals E, Norderval IT. Histopathology of experimental in vivo caries 
around silicate fillings. Acta Odontol Scand 1973;31:357–367.

56. Phillips RW, Swartz ML. Effect of certain restorative materials on solubil-
ity of enamel. J Am Dent Assoc 1957;54:623–636.

57. Norman RD, Phillips RW, Swartz ML. Fluoride uptake by enamel from 
certain dental materials. J Dent Res 1960;39:11–16.

58. Robertson MA, Kau CH, English JD, Lee RP, Powers J, Nguyen JT. MI 
Paste Plus to prevent demineralization in orthodontic patients: A pro-
spective randomized controlled trial. Am J Orthod Dentofacial Orthop 
2011;140:660–668.

59. Norman RD, Mehra RV, Swartz ML, Phillips RW. Effects of restorative 
materials on plaque composition. J Dent Res 1972;51:1596–1601.

60. Perrin C, Persin M, Sarrazin J. A comparison of fluoride release from four 
glass-ionomer cements. Quintessence Int 1994;25:603–608.

61. Alvarez AN, Burgess JO, Chan DCN. Short-term fluoride release of six 
ionomers—Recharged, coated and abraded [abstract 260]. J Dent Res 
1994;73:134.

394

Fluoride-Releasing Materials14



62. Burkett L, Burgess JO, Chan DCN, Norling BK. Fluoride release of glass 
ionomers coated and not coated with adhesive [abstract 1242]. J Dent 
Res 1993;72:258.

63. Cranfield M, Kuhn AT, Winter GB. Factors relating to the rate of fluoride-
ion release from glass-ionomer cement. J Dent 1982;10:333–341.

64. Eichmiller FC, Marjenhoff WA. Fluoride-releasing dental restorative 
materials. Oper Dent 1998;23:218–228.

65. Forsten L, Paunio IK. Fluoride release by silicate cements and composite 
resins. Scand J Dent Res 1972;80:515–519. 

66. Forsten L. Fluoride release of glass ionomers. J Esthet Dent 1994;6: 
216–222.

67. Forsten L. Short- and long-term fluoride release from glass ionomers 
and other fluoride-containing filling materials in vitro. Scand J Dent Res 
1990;98:179–185.

68. Forsten L. Fluoride release from a glass ionomer cement. Scand J Dent 
Res 1977;85:503–504.

69. McKnight-Hanes C, Whitford GM. Fluoride release from three glass ion-
omer materials and the effects of varnishing with or without finishing. 
Caries Res 1992;26:345–350.

70. Mitra SB. In vitro fluoride release from a light-cured glass-ionomer liner/
base. J Dent Res 1991;70:75–78.

71. Hsu HM, Huang GF, Chang HH, Wang YL, Guo MK. A continuous flow 
system for assessing fluoride release/uptake of fluoride-containing 
restorative materials. Dent Mater 2004;20:740–749.

72. Woolford MJ, Grieve AR. Release of fluoride from glass polyalkenoate 
(ionomer) cement subjected to radiant heat. J Dent 1995;23:233–237.

73. Wiegand A, Buchalla W, Attin T. Review on fluoride-releasing restorative 
materials—Fluoride release and uptake characteristics, antibacterial 
activity and influence on caries formation. Dent Mater 2007;23:343–362. 

74. De Moor RJ, Verbeeck RM, De Maeyer EA. Fluoride release profiles of 
restorative glass ionomer formulations. Dent Mater 1996;12:88–95.

75. Hatibovic-Kofman S, Koch G. Fluoride release from glass ionomer 
cement in vivo and in vitro. Swed Dent J 1991;15:253–258.

76. Hattab FN, el-Mowafy OM, Salem NS, el-Badrawy WA. An in vivo study 
on the release of fluoride from glass-ionomer cement. Quintessence Int 
1991;22:221–224.

77. Moreau JL, Xu HH. Fluoride releasing restorative materials: Effects of 
pH on mechanical properties and ion release. Dent Mater 2010;26: 
e227–e235. 

78. Hallgren A, Oliveby A, Twetman S. Fluoride concentration in plaque 
adjacent to orthodontic appliances retained with glass ionomer 
cement. Caries Res 1993;27:51–54.

79. Forsten L, Rytömaa I, Anttilla A, Keinonen J. Fluoride uptake from restor-
ative dental materials by human enamel. Scand J Dent Res 1976;84: 
391–395.

80. Vercruysse CW, De Maeyer EA, Verbeeck RM. Fluoride release of polyacid-
modified composite resins with and without bonding agents. Dent 
Mater 2001;17:354–358.

81. Tam LE, Chan GP, Yim D. In vitro caries inhibition effects by conven-
tional and resin-modified glass-ionomer restorations. Oper Dent 1997; 
22:4–14.

82. Hotta M, Hirukawa H. Abrasion resistance of restorative glass-ionomer 
cements with a light-cured surface coating. Oper Dent 1994;19:42–46.

83. Kupietzky A, Houpt M, Mellberg J, Shey Z. Fluoride exchange from glass 
ionomer preventive resin restorations. Pediatr Dent 1994;16:340–345.

84. Forsten L. Fluoride release and uptake by glass ionomers. Scand J Dent 
Res 1991;99:241–245.

85. Tantbirojn D, Douglas WH, Versluis A. Inhibitive effect of a resin-
modified glass ionomer cement on remote enamel artificial caries. 
Caries Res 1997;31:275–280.

86. Damen JJ, Buijs MJ, ten Cate JM. Uptake and release of fluoride by saliva-
coated glass ionomer cement. Caries Res 1996;30:454–457.

87. Diaz-Arnold AM, Holmes DC, Wistrom DW, Swift EJ. Short-term fluoride 
release/uptake of glass ionomer restoratives. Dent Mater 1995;11:96–
101.

88. Ekstrand J, Fejerskov O, Silverstone LM (eds). Fluoride in Dentistry. 
Copenhagen: Munksgaard, 1988:76.

89. Preston AJ, Higham SM, Agalamanyi EA, Mair LH. Fluoride recharge of 
aesthetic dental materials. J Oral Rehabil 1999;26:936–940.

90. Burgess JO, Cardenas HL. Surface roughness of topical fluoride treated 
glass ionomers [abstract 775]. J Dent Res 1995;74:108.

91. Diaz-Arnold AM, Wistrom DW, Swift EJ. Topical fluoride and glass iono-
mer microhardness. Am J Dent 1995;8:134–136.

92. El-Badrawy WA, McComb D. Effect of home-use fluoride gels on resin-
modified glass-ionomer cements. Oper Dent 1998;23:2–9.

93. Papagiannoulis L, Tzoutzas J, Eliades G. Effect of topical fluoride agents 
on the morphologic characteristics and composition of resin compos-
ite restorative materials. J Prosthet Dent 1997;77:405–413.

94. Prati C, Tao L, Simpson M, Pashley DH. Permeability and microleakage 
of class II resin composite restorations. J Dent 1994;22:49–56.

95. Mjör IA, Toffenetti F. Secondary caries: A literature review with case 
reports. Quintessence Int 2000;31:165–179.

96. Özer L. The Relationship Between Gap Size, Microbial Accumulation 
and the Structural Features of Natural Caries in Extracted Teeth With 
Class II Amalgam Restorations [thesis]. Copenhagen: University of 
Copenhagen, 1997.

97. Kidd EA, Beighton D. Prediction of secondary caries around tooth-
colored restorations: A clinical and microbiological study. J Dent Res 
1996;75:1942–1946.

98. Kidd EA, Fejerskov O. What constitutes dental caries? Histopathology 
of carious enamel and dentin related to the action of cariogenic bio-
film. J Dent Res 2004;83(suppl 1):C35–C38.

99. Benelli EM, Serra MC, Rodrigues AL Jr, Cury JA. In situ anticariogenic 
potential of glass ionomer cement. Caries Res 1993;27:280–284.

100. Loyola-Rodriguez JP, Garcia-Godoy F, Lindquist R. Growth inhibition of 
glass ionomer cements on mutans streptococci. Pediatr Dent 1994; 
16:346–349.

101. Forss H, Jokinen J, Spets-Happonen S, Seppä L, Luoma H. Fluoride and 
mutans streptococci in plaque grown on glass ionomer and compos-
ite. Caries Res 1991;25:454–458.

102. Forss H, Nase L, Seppä L. Fluoride and caries associated microflora in 
plaque on old GIC fillings [abstract 2468]. J Dent Res 1994;73:410.

103. Palenik CJ, Behnen MJ, Setcos JC, Miller CH. Inhibition of microbial 
adherence and growth by various glass ionomers in vitro. Dent Mater 
1992;8:16–20.

104. McComb D, Erickson D. Antimicrobial action of new, proprietary lining 
cements. J Dent Res 1987;66:1025–1028.

105. DeSchepper EJ, White RR, von der Lehr W. Antibacterial effects of glass 
ionomers. Am J Dent 1989;2:51–56.

106. DeSchepper EJ, Thrasher MR, Thurmond BA. Antibacterial effects of 
light-cured liners. Am J Dent 1989;2:74–76.

107. Al-Naimi OT, Itota T, Hobson RS, McCabe JF. Fluoride release for restor-
ative materials and its effect on biofilm formation in natural saliva. J 
Mater Sci Mater Med 2008;19:1243–1248.

108. Svanberg M, Mjör IA, Orstavik D. Mutans streptococci in plaque from 
margins of amalgam, composite, and glass-ionomer restorations. J 
Dent Res 1990;69:861–864.

109. Van Dijken JW, Kalfas S, Litra V, Oliveby A. Fluoride and mutans strep-
tococci levels in plaque on aged restorations of resin-modified glass 
ionomer cement, compomer and resin composite. Caries Res 1997; 
31:379–383.

110. Frencken JE, Makoni F, Sithole WD. ART restorations and glass ionomer 
sealants in Zimbabwe: Survival after 3 years. Community Dent Oral 
Epidemiol 1998;26:372–381.

111. O’Reilly MM, Featherstone JD. Demineralization and remineralization 
around orthodontic appliances: An in vivo study. Am J Orthod Dento-
facial Orthop 1987;92:33–40.

112. Øgaard B, Rølla G, Arends J, ten Cate JM. Orthodontic appliances and 
enamel demineralization. Part 2. Prevention and treatment of lesions. 
Am J Orthod Dentofacial Orthop 1988;94:123–128.

395

References 14



396

Fluoride-Releasing Materials14

113. Rezk-Lega F, Øgaard B, Rølla G. Availability of fluoride from glass-
ionomer luting cements in human saliva. Scand J Dent Res 1991;99: 
60–63.

114. Lundström F, Krasse B. Streptococcus mutans and lactobacilli fre-
quency in orthodontic patients: The effect of chlorhexidine treat-
ments. Eur J Orthod 1987;9:109–116.

115. Gorelick L, Geiger A, Gwinnett A. Incidence of white spot formation 
after bonding and banding. Am J Orthod 1982;81:93–98.

116. Fricker JP, McLachlan MD. Clinical studies of glass ionomer cements. 
Part 2—A two-year clinical study comparing glass ionomer cement 
with zinc phosphate cement. Aust Orthod J 1987;10:12–14.

117. Norris DS, Mclnnes-Ledoux P, Schwaninger B, Weinberg R. Retention 
of orthodontic bands with new fluoride-releasing cements. Am J 
Orthod 1986;89:206–211.

118. Stirrups DR. A comparative clinical trial of a glass ionomer and a zinc 
phosphate cement for securing orthodontic bands. Br J Orthod 1991; 
18:15–20.

119. Kvam E, Broch J, Nissen-Meyer JH. Comparison between a zinc phos-
phate cement and a glass ionomer cement for cementation of ortho-
dontic bands. Eur J Orthod 1983;5:307–313.

120. Marcusson A, Norevall LI, Persson M. White spot reduction when using 
glass ionomer cement for bonding in orthodontics: A longitudinal and 
comparative study. Eur J Orthod 1997;19:233–242.

121. Ortendahl T, Thilander B, Svanberg M. Mutans streptococci and incipi-
ent caries adjacent to glass ionomer cement or resin-based composite 
in orthodontics. Am J Orthod Dentofacial Orthop 1997;112:271–274.

122. Seeholzer HW, Dasch W. Banding with a glass ionomer cement. J Clin 
Orthod 1988;22:165–169.

123. Wood RE, Maxymiw WG, McComb D. A clinical comparison of glass 
ionomer (polyalkenoate) and silver amalgam restorations in the treat-
ment of class 5 caries in xerostomic head and neck cancer patients. 
Oper Dent 1993;18:94–102.

124. Haveman C, Burgess J, Summitt JB. A clinical comparison of restorative 
materials for caries in xerostomic patients [abstract 1441]. J Dent Res 
1999;78:286.

125. McComb D, Erickson RL, Maxymiw WG, Wood RE. A clinical compari-
son of glass-ionomer, resin-modified glass ionomer and resin-compos-
ite restorations in the treatment of cervical caries in xerostomic head 
and neck radiation patients. Oper Dent 2002;27:430–437.

126. Mickenautsch S, Yengopal V. Absence of carious lesions at margins of 
glass-ionomer cement and amalgam restorations: An update of sys-
tematic review evidence. BMC Res Notes 2011;4:58.

127. Tyas MJ. Cariostatic effect of glass ionomer cement: A five-year clinical 
study. Aust Dent J 1991;36:236–239.

128. Mjör IA, Jokstad A. Five-year study of class II restorations in permanent 
teeth using amalgam, glass polyalkenoate (ionomer) cermet and resin-
based composite materials. J Dent 1993;21:338–343.

129. Mjör IA. Glass-ionomer cement restorations and secondary caries: A 
preliminary report. Quintessence Int 1996;27:171–174.

130. Mjör IA, Moorhead JE, Dahl JE. Reasons for replacement of restorations 
in permanent teeth in general dental practice. Int Dent J 2000;50: 
361–366.

131. Dijkman GE, de Vries J, Lodding A, Arends J. Long-term fluoride release 
of visible light-activated composites in vitro: A correlation with in situ 
demineralisation data. Caries Res 1993;27:117–123.

132. Wefel JS. Root caries histopathology and chemistry. Am J Dent 1994; 
7:261–265.

133. Walsh LJ. Evidence that demands a verdict: Latest developments in 
remineralization therapies. Australasian Dent Pract 2009;20:48–59.

134. Peters TC, Roeters JJ, Frankenmolen FW. Clinical evaluation of Dyract 
in primary molars: 1-year results. Am J Dent 1996;9:83–88.

135. Kersten S, Besek MJ, Lutz F. Marginal adaptation of class-II-compomer 
restorations in vivo [abstract 2286]. J Dent Res 1999;78:391.

136. Krämer N, Garcia-Godoy F, Reinelt C, Frankenberger R. Clinical perfor-
mance of posterior compomer restorations over 4 years. Am J Dent 
2006;19:61–66.

137. Martin N, Jedynakiewicz NM, Fletcher JM. A clinical evaluation of a new 
compomer restorative at 3 years in the restoration of non-retentive 
cervical cavities [abstract]. J Dent Res 2002;82:A52.

138. Abdalla Al, Alhadainy HA, Garcia-Godoy F. Clinical evaluation of glass 
ionomers and compomers in class V carious lesions. Am J Dent 1997; 
10:18–20.

139. Loher C, Kunzelmann RH, Hickel R. Clinical evaluation of glass iono-
mer cements (LC), compomer and composite restorations in class V 
cavities—Two year results [abstract 1190]. J Dent Res 1997;76:162. 

140. Burgess JO, Summitt JB, Robbins JW, et al. Clinical evaluation of base, 
sandwich and bonded Class 2 resin composite restorations [abstract 
304]. J Dent Res 1999;78:531. 

141. Andersson-Wenckert IE, van Dijken JW, Kieri C. Durability of extensive 
Class II open-sandwich restorations with a resin-modified glass iono-
mer cement after 6 years. Am J Dent 2004;17:43–50.

142. Welbury RR, Murray JJ. A clinical trial of the glass-ionomer cement-
composite resin “sandwich” technique in Class II cavities in permanent 
premolar and molar teeth. Quintessence Int 1990;21:507–512.

143. Lindberg A, van Dijken JW, Lindberg M. Nine-year evaluation of a 
polyacid-modified resin composite/resin composite open sandwich 
technique in Class II cavities. J Dent 2007;35:124–129.

144. Da Cunha MR, Puppin-Rontani RM, Ferracane JL, Correr-Sobrinho L. In 
vitro wear evaluation of dental materials in primary teeth. Am J Dent 
2006;19:364–369.

145. Correr GM, Bruschi Alonso RC, Correr Sobrinho L, Puppin-Rontani RM, 
Ferracane JL. In vitro wear of resin-based materials—Simultaneous 
corrosive and abrasive wear. J Biomed Mater Res B Appl Biomater 
2006;78:105–114.

146. Shabanian M, Richards LC. In vitro wear rates of materials under differ-
ent loads and varying pH. J Prosthet Dent 2002;87:650–656.

147. Vance M, Cakir D, Beck P, Litaker MS, Burgess J. Color and gloss of 
direct esthetic restorative materials [abstract 1505]. J Dent Res 2009; 
88(special issue A). 

148. Reynolds EC. Anticariogenic complexes of amorphous calcium phos-
phate stabilized by casein phosphopeptides: A review. Spec Care 
Dentist 1998;18:8–16.

149. Shen P, Cai F, Walker G, Reynolds C, Reynolds EC. Enamel remineraliza-
tion by a mouthrinse containing casein phosphopeptide-amorphous 
calcium phosphate and fluoride in an in situ model. Aust Dent J 
2004;49(ADRF special research suppl):4. 



Class 5 Restorations

J. D. Overton 

Thomas J. Hilton 

Mark L. LittleStar 

Clifford B. Starr

15c
h
a
p
t
e
r

Class 5 lesions are carious and noncarious defects 
found in the gingival third of facial and lingual tooth 
surfaces. As described in chapter 5, Class 5 caries 
lesions are produced by bacterial plaque attaching to 
the surface of teeth and producing acids that cause 
demineralization. A Class 5 lesion resulting from fac-
tors other than dental caries is known as a noncarious 

cervical lesion (NCCL). Chapter 13 contains an excellent 
discussion of the etiology of caries-damaged root 
surfaces that is applicable to the management and 
treatment of caries lesions in cervical areas. This chap-
ter focuses mainly on the unique etiology, diagnosis, 
and restorative treatment of NCCLs (Fig 15-1). For 
restorative treatment in cervical areas, procedures are 
similar for caries lesions and noncarious lesions, except 
that carious dentin is removed in restorative treatment 
of caries lesions.

Caries Lesions
Tooth color is not a good predictor of root caries dam-
age. A root surface may be discolored and still have a 
hard, sclerotic surface that would not warrant prepara-
tion and placement of a restoration unless the discol-
oration presented an esthetic problem for the patient. 
In contrast, some root caries lesions will have the color 
of healthy tooth structure but will be soft when tested 
with a dental instrument. Caries-disclosing dyes may 
be inconsistent in identifying demineralized cemen-
tum/dentin on root surfaces. The best correlation to 
date for clinical detection of caries lesions on root sur-
faces is the softness of the surface as evaluated with a 
dental instrument. 

Noncarious Cervical Lesions

Incidence
It appears that NCCLs are unique to modern man. In 
an anthropologic study of the skulls of humans liv-
ing in the Copper Age and Middle Ages (2050–2080 
BC and 1100–1400 AD), no NCCLs were found in 3,927 
teeth from 259 individuals.1 Today, NCCLs can be 
found in the teeth of children as well as in adult teeth. 
Prevalence in various patient and population groups 
ranges from rare to 89%.2 Most studies show incidence 
increasing with age.2,3 One study3 involved examina-
tion of 1,753 children at 12 years of age and then again 
at 14 years of age. Cervical or occlusal erosion was 
present in 56.3% of the children at 12 years of age and 
64.1% of the same children at 14 years of age.3 Another 
study4 looked at 1,002 adult inhabitants of Rijeka, 
Croatia, chosen at random from four dental practices. 
After the exclusion of restored facial surfaces, 18% of 
the teeth had evidence of facial tooth wear. In this 
study, only 5% of subjects younger than 26 years of 
age were identified with cervical wear. With every 
10-year increase in patient age, the lesions became 
more common. Cervical wear was identified in 48% of 
subjects older than 65 years of age.4

Etiology
The entire etiology of NCCLs has not been determined. 
While the various possible causes and their degree 
of involvement may be controversial, there is over-
whelming evidence that the cause is multifactorial.5–10 

A review of the literature shows disparate opinions as 
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to the primary cause, with nearly equal evidence to support 
toothpaste/toothbrush abrasion,11–16 occlusal forces,9,13,16–18 
and low pH.19–22 Thus, it is likely that varying combinations of 
stress factors contribute to the initial lesion and further loss 
of tooth structure. Erosion, the loss of tooth structure from 
chemical dissolution; abrasion, the loss of tooth structure by 
mechanical or frictional forces; and abfraction or stress corro-

sion, the loss of cervical tooth structure due to occlusal forces 
(Fig 15-2), have all been implicated in the formation of some 
NCCLs. Patients should be informed of the possible etiologies, 
implications of the presence of lesions, prevention methods, 
treatment alternatives, and expected outcomes. Failure to 
appropriately prevent and treat NCCLs can result in (1) progres-
sive loss of tooth structure, (2) tooth sensitivity, (3) the need for 
endodontic therapy, (4) tooth loss, and (5) the occurrence of 
additional lesions.23

The ability of ions in saliva to induce remineralization of 
demineralized tooth structure should be considered an impor-
tant factor in the inhibition of NCCLs as well as in the inhibition 
of caries. Caries lesions and noncarious lesions are more com-
mon on facial surfaces of teeth than on lingual surfaces. While 
toothbrush/toothpaste force is a significant etiologic factor, an 
additional consideration could be differences in the chemistry 
and character of saliva in lingual and facial areas, which bring 
about differences in remineralization of tooth structure and the 
dilution and buffering of acids.24,25 The effects of xerostomia on 
oral health are well documented26–28 and are discussed in chap-
ter 13. However, even in the healthy patient, dehydration from 
perspiration with physical activity can create impaired salivary 
flow and inhibit buffering of acids in the oral cavity.29,30

In addition to in vivo studies, laboratory studies have con-
tributed to the knowledge base about NCCLs. Finite element 
analysis has predicted that occlusal loads could cause stress 
fractures or stress corrosion in the cervical areas of teeth.31,32 
Litonjua et al33 found that without any acids present, occlusal 
loading had no effect in creating NCCLs in recently extracted 
teeth subjected to a toothpaste slurry and tooth brushing 
at the cervical margins. Brushing with the toothpaste slurry 
caused similar cervical wear patterns regardless of whether 
the tooth was loaded. In contrast, Palamara et al34 found that 
enamel dissolution increased significantly when teeth were 
subjected to cyclic tensile loads while immersed in 1% lactic 
acid (pH 4.5). The acidic environment and loading made the 
teeth more susceptible to cervical tissue loss. Volumetric loss 
was greater in the cervical third than in the middle third and 
much greater in the mesiobuccal segment (under tension) than 
in the distobuccal segment (under compression). These find-
ings could offer some explanation for the differences in size, 
shape, and location of NCCLs. 

The morphologic presentation of NCCLs, such as a “wedge” 
or a “saucer” shape, can perhaps aid the practitioner in discov-
ering their etiology, but the ability to differentiate etiologies 
based on lesion shape has yet to be adequately supported 
with evidence.35 Whitehead et al,19 studying stress corrosion 
of enamel at low pH, found that axial loading of extracted 
premolar teeth in an acid solution resulted in macroscopic 
and microscopic features similar to those observed in NCCLs 
in vivo.Changes occurring only in the presence of acids would 
be consistent with the anthropology samples that did not have 
NCCLs despite showing evidence of heavy occlusal wear.1 It 

Fig 15-1 (a) The canine has occlusal wear facets but no NCCL. NCCLs in the first premolar are occlusal and gingival to an existing resin composite restoration, 

suggesting an acid component to the tooth loss. The second premolar has an NCCL. (b) V-shaped lesions with a good volume of keratinized attached gingiva apical 

to the lesions. (c) A deep, V-shaped cervical notch in a maxillary canine. (d) NCCLs with gingival margins in enamel. (e) An isolated NCCL that exposed the pulp in 

a 70-year-old man. (f) Smooth NCCLs involving both enamel and root surfaces. The mandibular molar and second premolar have no keratinized attached gingiva 

remaining. A gingival cleft has developed on the maxillary second premolar.
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appears that liquid acid, frequently found in modern diets, may 
be necessary to make occlusal loading a factor in the formation 
of cervical lesions. 

Diet 
Dietary (extrinsic) acids from foods such as soft drinks, wines, 
and fruits and fruit juices and gastric (intrinsic) acids that 
result from gastric reflux, bulimia, and other disorders are both 
capable of causing tooth dissolution. It is well established in the 
literature that acids cause dissolution of tooth structure.23 Soft 
drinks, which contain citric and/or phosphoric acids, are prob-
ably the most frequent source for liquid dietary acids in the US 
population. Orange juice has also been shown in several stud-
ies to cause erosive loss of dentin and enamel.36,37 When the 
pH of citric acid and phosphoric acid solutions was adjusted to 
be similar, citric acid caused more erosion of both enamel and 
dentin samples than did phosphoric acid.38

Toothbrush abrasion 
When a tooth is softened by acid dissolution, the effects of 
any mechanical wear are greatly accelerated. The effect of the 
acid on enamel and dentin makes the tooth more susceptible 
to abrasion and attrition (occlusal wear).20 A study by Attin et 
al21 confirmed previous studies20,22 that showed that eroded 
enamel is extraordinarily sensitive to mechanical impacts, such 
as tooth brushing, immediately after demineralization. The 
fact that a demineralized tooth surface can be remineralized if 
not exposed to brushing or other mechanical insult after it has 
been softened by demineralization is critical to understanding 
the etiology, prevention, and treatment of NCCLs. Tooth struc-
ture can be remineralized after a period of exposure to saliva.39 
These findings are contrary to past, and some current, recom-
mendations by dentists that brushing immediately after a meal 
or other acid challenge should be routine. On the contrary, 
tooth structure loss as a result of abrasion can be minimized 
by delaying brushing by at least 1 hour.21 In addition, patients 
with NCCLs should be encouraged to use a minimal amount 
of dentifrice and light forces when brushing. Anecdotal claims 
that the majority of toothbrush abrasion lesions appear on the 
opposite arch from the dominant hand have not been verified 
with clinical studies.40 

Occlusion 
Of all possible etiologies for NCCLs, occlusal stress forces have 
received the most attention in recent years.41 Dentin and 
enamel have different tensile strengths. With occlusal loading, 
stress concentration occurs in the cervical area.18,42 The abfrac-

tion theory, also known as the occlusal stress or stress corrosion 

theory, maintains that tooth flexure in the cervical area results 
in microfractures of the crystalline structure of the enamel and 
dentin in that area (see Fig 15-2). The lesion, in theory, would 
continue to enlarge as the bending and flexing is repeated. 
Associating wear facets (attrition) with NCCLs is an important 
component in this theory, and occlusal wear facets may indeed 
appear in combination with many NCCLs. Studies have found 

both occlusal wear and NCCLs to occur in the same teeth, but 
the degree to which this association has been found has varied 
from 15%41 to 38%40 to 95%.17,43 The lack of consistent findings 
among studies could be due to variations in the definition of 
wear facets, differences in the populations studied, or differ-
ences in the exclusion criteria applied. While the studies differ 
on the significance that occlusal forces play in the etiology of 
NCCLs, no authors claim occlusion to be the solitary etiology 
for NCCLs.

Treatment approaches 
Before any treatment is performed for a patient with one or 
more NCCLs, a careful examination and determination of pos-
sible causes for the lesions should be made. Considering that 
there is a general consensus in the literature that the etiology 
is multifactorial, the practitioner’s initial approach should not 
be based on a single assumed cause. The mere presence of 
occlusal wear facets accompanying NCCLs does not indicate 
that the cause is unifactoral (ie, that the lesion is the result of 
occlusal forces only). Likewise, for a patient with a known histo-
ry of gastric esophageal reflux disease (GERD), it should not be 
assumed that the patient’s NCCLs are solely the result of a con-
stant intrinsic acid challenge that is causing cervical erosion. 
While there may be a primary etiology, other contributing fac-
tors must also be considered. In all cases of NCCLs, the dentist 
should obtain a careful health history and provide a thorough 
dental examination that includes, but is certainly not limited to, 
an occlusal analysis. The patient’s oral hygiene habits should 
be discussed and evaluated, and a dietary analysis should be 

Fig 15-2 The abfraction theory holds that tooth flexure causes loosening of 

enamel rods, which initiates the cervical lesions.
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considered. Only after determining the probable causes should 
any treatment commence.44

The first goal of any treatment is to remove the causes 
of the NCCL(s). Once the etiologic factors for a patient are 
determined, the dentist can help the patient to understand 
them and to change those that are under his or her control. If 
a patient is experiencing acute sensitivity associated with one 
or more lesions, treatment to alleviate the sensitivity should be 
accomplished. This treatment could involve desensitizing the 
tooth, restoring the tooth, or possibly performing a periodontal 
procedure, such as a connective tissue graft, to cover and pro-
tect the affected area.45–52

Because of the location of Class 5 lesions, access for restor-
ative treatment is often troublesome, moisture control can be 
exceedingly difficult to obtain and maintain, and soft tissue 
surgical approaches may be required. Because of the sclerotic 
nature of the tooth structure in a cervical lesion and the physi-
cal properties of restorative materials, long-term retention of 
the restoration presents a unique challenge. If a decision is 
made to place a restoration, some lesions can be treated with-
out cavity preparation, and others require preparation to 
obtain adequate retention of the restoration.

Shallow lesions that lead to thermal sensitivity or sensitiv-
ity to touch should first be treated with bonding resins or 
desensitizing agents. These treatments are low-risk and have 
reasonable potential for success. Long-term cervical sensitivity 
studies are very difficult to standardize. Over the course of time, 
some teeth will become symptom-free without treatment.53 
Some of the self-etching dentin bonding systems show good 
promise for controlling cervical sensitivity without requiring 
any habit changes, such as tooth brushing changes and diet 
modification.54 Desensitizing toothpaste and fluoride gel for-
mulations are effective for treating cervical sensitivity; these 
require continuation of use for weeks or months, or longer, 
to maintain the therapeutic effect.55 Dental pastes containing 
8% arginine and calcium carbonate claim high immediate suc-
cess for sensitive teeth but appear to require continuous use 
to maintain the positive effect.56 The use of fluoride varnish 

or fluoride desensitization solutions have proven effective in 
many situations.57,58 A recent survey of over 200 private dental 
practitioners revealed widespread use of all of the treatments 
mentioned above.59 But their belief was that fluorides were 
most successful for treating dentin hypersensitivity and that 
advice about dieting and tooth brushing were unsuccessful, 
though they often used this latter approach.

The decision to place a restoration because of a Class 5 lesion 
is not always easily made. Certainly, if active caries is present, 
treatment should be initiated to control the active disease and 
to prevent disease progression. Treatment decisions relating to 
NCCLs or arrested caries lesions, however, are more difficult. It 
is generally believed that NCCLs should be treated to protect 
remaining tooth structure if the amount of tooth structure lost 
is extensive or progressing, if esthetics is compromised, or to 
control sensitivity not relieved by less invasive procedures.60–65 
In contrast, a few clinicians believe that all noncarious Class 5 
lesions require restorative treatment and describe many rea-
sons for doing so.62 The Academy of Operative Dentistry has 
published recommendations for the treatment of NCCLs in an 
attempt to aid clinicians in the sometimes-difficult treatment 
decisions and to provide objective guidelines.23 Their recom-
mendations state that the decision to restore a tooth affected 
with a NCCL should depend upon the following factors:

•  Inability to eliminate or greatly reduce the rate of lesion pro-
gression through elimination of etiologic factors

•  Esthetic unacceptability of the lesion to the patient
•  Significant sensitivity of exposed dentin to cold liquids, food, 

and air 
•  Threat to the strength of the tooth and integrity of the coronal-

radicular unit because of the lesion’s depth

Of course the preferred treatment for a minimal lesion is to 
eliminate the causes and stop lesion progression. This prevents 
initiation of the “rerestoration cycle,” that is, the repetitious 
replacement of lost or defective restorations with increasingly 
larger ones.66,67

Fig 15-3 When a tooth has gingival recession, the maximum coronal root coverage (MRC) that can be achieved with soft 

tissue grafting can be determined. (a) The ideal papilla height is determined as the distance from the interproximal contact 

point vertically in an apical direction to a point projected horizontally from the point where the gingival tissues cross the CEJ 

at the line angle x. (b) This distance x is then measured apically from the actual papilla tip and transferred to the facial root 

surface by the use of an imaginary horizontal line. This process is accomplished independently for both the mesial and distal 

aspects of the tooth so that two points, one per side, are determined. A smooth, curved line then connects the two points 

determined from the above procedure and provides the clinician with the MRC.68

a b
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Periodontal treatment 

Periodontal surgery can be used to cover NCCL lesions asso-
ciated with gingival recession by means of augmenting the 
gingival tissues in the affected area. While more expensive 
and more invasive than direct restorations, it is a valid treat-
ment modality because NCCLs involve exclusively or predomi-
nantly the anatomical root of the tooth. Zucchelli et al68–70 have 
offered a triage method to determine if a case is favorable for 
surgical resolution. The authors have shown that the most 
coronal level of soft tissue advancement achievable with surgi-
cal procedures (eg, connective tissue graft, coronally advanced 
flap) can be determined through a simple procedure. The ideal 
papilla height is determined as the distance from the apical 
aspect of the interproximal contact point vertically in an api-
cal direction to a point projected horizontally from the point 
where the gingival tissues cross the cementoenamel junction 
(CEJ) at the line angle (Fig 15-3a). This distance is then mea-
sured apically from the actual papilla tip and transferred to the 
facial root surface by the use of an imaginary horizontal line. 
This process is accomplished independently for both the mesial 
and distal aspects of the tooth so that two points, one per side, 
are determined. A smooth, curved line then connects the two 
points determined from the above procedure and provides the 
clinician with the maximum coronal root coverage (MRC) (Fig 
15-3b). If the MRC is coincident or nearly so with the CEJ, then 
only root coverage surgery is performed and restorative treat-
ment of the NCCL may not be indicated. If the MRC is apical 
to the CEJ, then a Class 5 restoration should be accomplished 
first, with the apical margin of the restoration at or just apical to 
the MRC. Placing the restoration prior to surgery allows better 
access for rubber dam and restoration placement, as well as 
providing a smooth, hard, and convex surface for coronal flap 
placement. The reader is referred to these papers68–70 for more 
detailed information if surgery is under consideration. 

Access and Isolation of NCCLs

When cervical lesions occur supragingivally, access to the area 
for preparation and restoration is often easily obtained. But if 
the lesion has progressed to or below the free gingival margin, 
isolation for complete caries removal, tooth preparation, resto-
ration placement, and finishing can be difficult. If a restoration 
is placed without obtaining complete access to sound tooth 
structure on all margins, carious tooth structure may remain 
and the restoration may fail. 

One could justify a different restorative goal when the lesion 
is a noncarious lesion with a margin apical to the gingival crest. 
Here the restorative goal is to protect the remaining root sur-
face from further damage from toothpaste/toothbrush abra-
sion without damage to the gingival attachment. A restoration 
that is smooth but finishes short of the subgingival portion 
of the lesion might be a good conservative answer. Finishing 
short is almost certainly superior to placing an overhanging 
restoration into what the day before was a healthy gingival 
sulcus. It is well established that a restoration overhang can 
adversely affect periodontal health.71 Figure 15-4 shows such 
an overhang and the associated gingival inflammation.

Nonsurgical retraction
While a rubber dam is the ideal method of field isolation and 
moisture control for all direct-placement restorations, many 
Class 5 lesions can be adequately treated using retraction cord 
(see Fig 15-4b), cotton rolls, and other materials to isolate the 
lesion and absorb or evacuate moisture. If the lesion extends to 
or below the gingival margin, a rubber dam is useful to retract 
the tissue. Often an additional rubber dam–retracting clamp 
placed directly on the tooth to be restored will provide addi-
tional gingival retraction (Fig 15-5). A no. 212SA clamp is effec-

15

Fig 15-5 An additional rubber dam clamp is 

sometimes helpful for retracting both rubber dam 

and soft tissue.

Fig 15-4 (a) Gingival inflammation associated with a facial resin composite restoration 

on the second premolar. (b) A retraction cord moves gingiva to reveal the composite 

resin overhang on a Class 5 restoration.

a b
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tive for this purpose (Fig 15-6a), but modifications to the clamp 
may be necessary to provide adequate retraction (Figs 15-6b to 
15-6d; see also chapter 8). 

The clamp must be stabilized to keep it from moving and 
possibly damaging the restoration or the tooth surface during 
the operative procedure. Modeling compound is the traditional 
stabilizing material used (see Figs 15-6a and 8-21b). If lesions 
in two adjacent teeth are to be treated, modified no. 212SA 
clamps can be used to provide field isolation (see Figs 15-9d to 
15-9h, 8-21d, and 8-21e). 

Surgical retraction

Miniflap 
As described in chapter 8, the use of miniflaps can often pro-
vide sufficient access to subgingival lesions.72,73 One or two 
small incisions are made in gingival tissue, beginning at the 
gingival margin at the mesial and/or distal aspect of the lesion 
(Fig 15-7; see also Fig 8-48). Each incision is first directed at a 
right angle to the gingival margin and extended approximately 
a 1 mm (see Fig 15-7b); the scalpel is then turned so that the 
remainder of the incision is vertical, approximately parallel 
with the long axis of the tooth (see Fig 15-7e). It is essential 
that the entire lesion is exposed, including all demineralized 
tooth structure. The incision(s) should not be extended past the 

mucogingival junction. This will allow the small flap of keratin-
ized tissue to be reflected for access, then replaced to the same 
position after completion of the restoration. Sutures are usually 
not necessary. If the flap extends past the mucogingival junc-
tion, sutures may be required after the restorative procedure 
has been completed.

Gingivoplasty
Gingivoplasty has limited applications because most teeth do 
not have a sufficiently wide band of keratinized attached gin-
giva. The width of attached gingiva is determined by subtract-
ing the probing depth from the width of keratinized tissue. If an 
adequate amount of attached, keratinized gingiva will remain 
after surgery, a gingivoplasty may be useful in providing access 
as long as the lesion to be treated will be fully exposed and 
the biologic width will not be violated72,73 (Fig 15-8). If gingi-
voplasty would result in less than 3 mm of attached gingiva 
adjacent to the restoration, an apically positioned flap or graft 
procedure may be necessary to preserve or increase the zone 
of attached gingiva.74 An inadequate zone of attached gingiva 
is an absolute contraindication for gingivoplasty.

Conventional flap surgery 
On occasion, a miniflap would provide insufficient access, so 
a larger mucoperiosteal flap is required for a cervical restora-
tion.75–78 If restorations on two adjacent teeth are to be placed 

Fig 15-6 (a) A no. 212SA clamp stabilized with modeling compound. (b) Modifications 

to the no. 212SA clamp are sometimes necessary for proper adaptation to the tooth. (c) 

With two sets of pliers, the lingual jaw of the no. 212SA clamp is bent incisally/occlusally 

so that it rests on lingual tooth structure, avoiding damage to gingival tissues. (d) A modi-

fied (solid line) and unmodified (dotted line) no. 212SA clamp lingual beak.

A

Lingual

Labial
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simultaneously and both require a surgical procedure for ade-
quate access, a miniflap cannot be used; instead, a mucoperi-
osteal flap is necessary (Fig 15-9). Surgical crown lengthening 
with ostectomy may be necessary to provide sufficient access 
to the lesion and to reestablish dimension for a healthy connec-
tive tissue and junctional epithelial attachment79 (Fig 15-10). A 
mucoperiosteal flap should be reflected and ostectomy per-
formed as needed. In some cases, repositioning the envelope 
flap to its original location will provide the optimal result for 
esthetics and function. In other cases, the flap will need to be 
apically positioned. While it is important to remember that the 

flap will not predictably reattach to the newly placed restora-
tion, there is some evidence to indicate that both soft and hard 
tissue attachment to glass ionomer or resin-modified glass 
ionomer (RMGI) does occur. While amalgam has traditionally 
been used in these applications in posterior teeth, when a res-
toration is being placed in conjunction with a flap, placement 
of an all-RMGI restoration or an open sandwich restoration 
with the apical aspect of the restoration restored with RMGI 
provides an environment most likely to be conducive to tissue 
reattachment.80–85

Fig 15-7 (a) A plastic instrument is used to dis-

place tissue to evaluate the lesion extent and the 

need for a miniflap. (b) Mesial and distal miniflap 

incisions are made at right angles to the gingival 

margin. These two incisions are connected with a 

sulcular incision. (c) The lesion is isolated with a 

rubber dam and a no. 212SA retracting clamp. (d) 

Postoperative appearance of the restoration and 

the gingival tissues after 1 week. No sutures were 

used at the completion of the operative procedure. 

(e) Short vertical incisions are made within the kera-

tinized tissue at right angles to the gingival margin 

and at the line angles of the tooth. If needed, verti-

cal incisions are made parallel to the long access 

of the tooth. This allows additional tissue retraction 

with minimal trauma to the tissue or attachment 

apparatus. (f and g) The no. 212SA retracting clamp 

and rubber dam are shown in place. This clamp will 

often need to be stabilized with modeling compound 

or a similar material.

Retracted tissue

Incision

a b

d

f

e

g

c

15

Fig 15-8 (a) Carious Class 5 lesions on the maxillary central incisors, requiring surgical access. (b) A gingivectomy exposes the full extent of the clinical crowns and 

provides access to the lesions. (c) Maxillary central incisors after placement of restorations. (d) Restorations and soft tissue after 2 weeks of healing.

Access and Isolation of NCCLs

a b c d

Clamp
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For posterior teeth, soft tissue rebound is significant fol-
lowing crown lengthening surgery, which frequently results in 
deep pocket depths. If crown lengthening surgery in a posterior 
quadrant has been planned, the restorations should be placed 
4 to 8 weeks after surgery. Too long of a delay could result in 
inadequate access to the lesions.86 However, for anterior teeth, 

an increased delay between crown lengthening surgery and 
restoration placement may be indicated, particularly if esthetic 
reasons dictate that the gingival margins of restorations are 
located subgingivally. Deas et al87 showed that the gingival 
crest height was not fully stable at 6 months. 

Fig 15-9 (a) Defective Class 5 restorations in the mandibular left canine and first premolar with subgingival 

margins. (b) An envelope flap is reflected, revealing larger defects than were originally evident. (c) A rubber 

dam provides good control of bleeding and moisture but insufficient isolation of the mandibular left canine. 

(d) A modified no. 212SA clamp or a Schultz clamp, stabilized with modeling compound, provides additional 

retraction and isolation. (e) The final preparations. (f) Pins were placed in the mandibular left canine for 

additional retention. (g) A custom matrix, stabilized with wedges and compound, provides lateral walls and 

support for amalgam placement. (h) The completed restorations. (i) The envelope flap is returned to place and 

sutured. (j) The definitive, polished restorations after 2 weeks of soft tissue healing.

Fig 15-10 (a) Occasionally, a caries lesion ex tends 

to the base of the sulcus, making restoration diffi-

cult. Sounding with the periodontal probe shows 

that the restoration is likely to encroach on the bio-

logic width. Therefore, crown lengthening is indicat-

ed. (b) A full-thickness mucogingival flap is reflected 

and bone is removed so that 3 mm of root surface 

separate the bone and the caries lesion. The resto-

ration can be placed prior to suturing, or restorative 

procedures can be delayed while the tissue heals.

Periodontal probe

Periodontal probe

Free gingival margin

Bone Bone

Flap
a b

a b c
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Timing of surgery 
A combined surgical-restorative procedure provides better 
access to the restorative site than a two-step procedure, in 
which crown lengthening surgery is accomplished several 
weeks prior to the restorative procedure. This is because, with 
the combined procedure, the soft tissue flap is reflected away 
from the area while the restoration is being placed (Fig 15-11). 
Moisture and hemorrhage control can best be provided with 
a well-placed rubber dam. Two interdependent goals are 
accomplished with a combined surgical procedure: The source 
of the gingival inflammation is eliminated, and the lost tooth 
structure is restored. In a broad sense, the tooth and the envi-
ronment are restored simultaneously. 

If surgical crown lengthening is to be done prior to restora-
tion of carious root lesions, at least 4 to 8 weeks must elapse 
after surgery to obtain maturation of the altered periodonti-
um.74 In esthetic areas, a longer healing period is often required 
to allow the gingival margin to stabilize before restoration 
placement.

Cervical Restorations: Materials, 
Design, and Retention
Once the decision to place a restoration has been made, the 
dentist must select a restorative material (Box 15-1) and design 
the cavity preparation. For any Class 5 restoration, the expected 
extent of the restoration should be determined by the extent 
of the lesion. 

Amalgam
Amalgam preparations will be the same whether the lesion 
requiring restoration is carious or noncarious. For NCCLs, 

preparation requires the removal of sound tooth structure to 
create a box form for amalgam bulk and retention, so the use 
of adhesive materials is usually preferred. 

For the treatment of caries lesions, the preparation should 
be extended only to remove carious tooth structure and fragile 
enamel (Fig 15-12). There is no need to create sharp internal 
line angles or to remove sound dentin for axial depth greater 
than 1 mm. The cavosurface margins should be as close to 90 
degrees as possible. Cavosurface bevels are contraindicated 
in preparations for amalgam or glass ionomer because of the 
low edge strength of these materials. With this design, the 
walls of the Class 5 preparation often diverge because of the 
curvature of the tooth surface. For nonbonded amalgam res-
torations, grooves should be placed in the dentin of both the 
occlusal and gingival walls to help retain the amalgam. In large 
preparations, pins or other retentive devices may also be ben-
eficial. Amalgam bonding studies of Class 5 restorations have 

Fig 15-11 (a) A 24-year-old man with numerous 

Class 5 caries lesions extending subgingivally. 

(b) An envelope flap provides access to the car-

ies lesions. (c) After the flap is reflected, a rubber 

dam is placed. Bleeding is well controlled. (d) All 

carious tooth structure is removed, and provisional 

restorations are placed for caries control. The flap is 

apically repositioned. (e) One week postoperatively, 

the tissues are healing and the provisional restora-

tions are coronal to the tissue.

Cervical Restorations: Materials, Design, and Retention 15
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Box 15-1 Class 5 restorative materials

Nonesthetic materials

Amalgam
Gold foil (direct, not widely used)
Gold inlay (indirect, not widely used)

Esthetic materials 
Resin composite (with dentin bonding system)
Resin composite (with glass-ionomer liner— 

sandwich technique)
Flowable resin composite
Glass ionomer
RMGI
Compomer 
Porcelain inlay (not widely used)
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not been accomplished, but clinical studies have reported on 
restorations subjected to considerably more direct load than 
Class 5 restorations.88–93 These studies indicate that bonding 
is an excellent method to retain amalgam. If the mesial and 
distal walls are flared so that the amalgam has no lateral walls 
to confine it for condensation, a custom matrix may be used 
to facilitate restoration placement and condensation. The sim-
plest method for a facial Class 5 amalgam restoration is to use 
a hand instrument (Fig 15-13). If the preparation wraps well 
into the proximal areas, this method may not suffice. Another 
simple method uses a metal matrix band cut to a length that 
wraps around the lingual aspect of the tooth and extends 
slightly facial to the interproximal contacts (see Fig 15-9g). 
Interproximal wedges are placed to support and stabilize the 
matrix, and modeling compound may be softened and pressed 
interproximally if further support is needed. 

After the amalgam has been carved to proper contours, 
a smoother surface may be attained with burnishing and 
then smoothing with a rubber cup and a fine abrasive paste. 

Although polishing has been shown to have no effect on 
marginal ditching,94 a smooth surface tends to be less plaque 
retentive. 

Bonded tooth-colored restorations
Many techniques and materials have been developed to 
encourage long-term retention of esthetic materials placed in 
cervical locations. Stresses due to polymerization shrinkage can 
cause resin composite to pull away from the tooth-restoration 
interface, leaving an open margin and pathway for leakage to 
occur, as has been shown in numerous in vitro studies.95–98 For 
moderate-sized to large restorations, incremental resin com-
posite placement is recommended to decrease the effects of 
polymerization shrinkage78,99–102 (Fig 15-14).

If the margins of the restoration will be completely on enam-
el, the retention of bonded restorations should be predictably 
successful. Beveling of enamel margins is recommended when 
it would expose the ends of the enamel rods to provide better 
etch and bond and/or to improve esthetic blending of the resin 
composite with the tooth structure.99,103 Beveling the gingival 
margin that ends on cementum is not recommended.104 

An often-overlooked treatment that may improve restora-
tion longevity is occlusal adjustment to reduce eccentric load-
ing of the tooth with the Class 5 restoration.100 In theory, occlu-
sal adjustment could decrease the dislodging forces placed on 
the cervical restoration during tooth flexure. To date, there are 
no controlled clinical trials to verify improved longevity of Class 
5 restorations after altering occlusal contacts on the teeth.

Resin composite
The extent and depth of the lesion should determine the 
outline and depth of the preparation for resin composite, 
whether the lesion is carious or noncarious. For NCCLs, little 
or no preparation is required. Retention of a resin composite 
restoration is primarily due to the bond, so the bonding system 
must be used meticulously. Although roughening the surface 

Fig 15-12 (a) The traditional preparation for a Class 5 direct gold restoration had a trapezoidal outline form that required removal of sound, as well as carious, tooth 

structure. (b and c) The outline form currently recommended for all restorative materials includes removal of carious tooth structure and unsupported enamel. The dotted 

lines indicate retentive undercuts for amalgam restorations. Undercuts are not required when adhesive restorations are placed.

Fig 15-13 A hand instrument may be used as a matrix for Class 5 amalgam 

restorations.

a b c
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of a noncarious lesion has been thought to enhance the bond 
by removing some sclerotic dentin, one clinical trial found no 
increase in retention when sclerotic lesions were roughened 
with a bur.105 Laboratory data have suggested that perhaps an 
increase in etch time for some etch-and-rinse adhesive systems 
improves the bond to sclerotic dentin, but depending on the 
degree of sclerosis, this risks overetching dentin.106–108 The 
current self-etching adhesive systems appear to have inferior 
bonds to sclerotic dentin when matched against dentin bond-
ing systems that require washing away of the etching gel,109,110 
and one clinical study demonstrated the significance of this 
difference.111

Failure to meticulously apply the components of the bond-
ing system could lead to early failure of the restoration. This 
includes the use of multiple coats of primer if necessary, the 
application of primer or adhesive with an active scrubbing 
motion when indicated, the use or non-use of the air syringe 
for drying, and all other product-specific instructions. For small 
restorations, the resin composite may be inserted and cured 
in one increment unless esthetic considerations call for layer-
ing to achieve appropriate shading. For restorations that are 
moderate to large in size, the first increment of resin composite 
should be placed from about the midpoint of the gingival floor 

to the incisal or occlusal cavosurface margin and light polymer-
ized. The second increment can then fill the remainder of the 
preparation.112 Larger preparations may require more than 
two increments. Resin composite should be placed in incre-
ments no thicker than 2 mm to ensure adequate penetration 
of light for polymerization.113 To preserve the cementum or 
dentin at the gingival margin, careful finishing with a no. 12 
or 12B scalpel blade is recommended (Fig 15-15a). Diamond 
burs, carbide finishing burs, or aluminum oxide disks may be 
used for contouring (Fig 15-15b). Polishing may be performed 
with progressively finer-grit disks or abrasive-impregnated 
rubber points or cups. The highest luster may be achieved with 
microfilled and nanofilled composites, but most of the current 
generations of microhybrid and nanohybrid composites also 
polish well. One study’s recommendation114 to use microfilled 
composites instead of hybrids in Class 5 restorations because of 
their lower modulus of elasticity appears to have been refuted. 
In more recent studies by Browning et al75 and Van Meerbeek et 
al,115 it was concluded that there are no differences in retention 
rates between microfilled and hybrid resin composites. As with 
the placement of any resin composite restoration, careful tech-
nique is critical to long-term success. Rebonding, as discussed 
in chapter 11, is recommended for Class 5 restorations. 
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Fig 15-14 If the restoration is large, the resin composite should be placed in 

at least two increments (1, 2, 3) to compensate for polymerization shrinkage.

Fig 15-15 (a) A no. 12 or 12B  scalpel blade works well for 

removing flash. (b) Finishing disks may be used to contour and 

polish Class 5 restorations.
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Flowable resin composite 
Flowable resin composites have reduced filler particle loading, 
a lower elastic modulus, significantly higher polymerization 
shrinkage, a higher coefficient of thermal expansion, and lower 
fracture toughness relative to traditional resin composites.116 
Flowable resin composites have been recommended for Class 
5 restorations with the suggestion that, as the tooth flexes, 
the less rigid restoration might be able to accommodate the 
change in cavity shape and therefore be more difficult to 
dislodge. Clinical trials have proven the theoretical to be incor-
rect.75 Stiff restorations have performed as well or better than 
the flexible resin composites in long-term clinical trials. The use 
of a flowable resin composite as a liner has not been shown to 
improve clinical performance.75,117,118

Glass ionomer and RMGI
Glass ionomer has been used successfully in Class 5 restora-
tions for many years. One clinical study reported an 80% reten-
tion rate of restorations placed without mechanical retention 
at 10 years.119 Traditional glass-ionomer materials suffer surface 
degradation rather rapidly, especially in the presence of acidic 
foods. Both traditional glass ionomers and RMGIs appear to 
offer high levels of fluoride release and excellent recharge 
capacity. Patients at high risk for caries would probably be well 
served with either glass-ionomer or RMGI restorations on root 
surfaces (see chapters 5, 13, and 14).

The preparation for glass-ionomer restorations is similar to 
that for dental amalgam but without the mechanical retention. 
Cavosurface bevels are not recommended for the preparation 
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Fig 15-16 (a) Multiple adjacent Class 5 lesions in the maxil-

lary left canine through the second molar. (b) The teeth were 

restored with conventional glass ionomer, which is opaque and 

relatively unesthetic.

Composite RMGI

a b

Class 5 Restorations

Fig 15-17 (a) The sandwich technique combines a glass-ionomer base with a veneer of 

resin composite. (b) Class 5 NCCLs on the mandibular right first and second premolars. 

(c) Restorative RMGI (Fuji II LC, GC America) has been placed over all dentin surfaces. 

The RMGI extends to the gingival dentin margins but is left short of the occlusal enamel 

margin. The occlusal enamel margin is etched, and a three-step etch-and-rinse adhesive 

(Optibond FL, Kerr) is placed and cured over the entire lesion, including the RMGI and 

the etched enamel margin. (d) Completed restorations. The RMGI along the axial wall and 

enamel margin has been veneered with resin composite (Filtek Supreme, 3M ESPE). The 

apical dentin margin is restored with the RMGI restorative material.

a

b c d



because glass ionomer is a brittle material that requires bulk 
for strength. A 90-degree butt joint approximately 1 mm deep 
is a reasonable minimum thickness. After cavity conditioning 
and placement of RMGI material into the preparation, it is light 
activated in a manner similar to light curing of resin composite. 
The use of a clear cervical matrix is optional. Most instructions 
for use recommend a delay of 2 to 5 minutes before polish-
ing. Franco et al120 reported that 96.4% of RMGI restorations 
were retained at 5 years, while only 51.5% of bonded resin 
composite restorations were retained in the same study. In a 
more recent study, 94% of Class 5 RMGIs were retained, which 
exceeded the success of composites (81% to 85%) and far 
exceeded that of conventional glass ionomers at 67%.121 A 
review of Class 5 restorations concluded that glass-ionomer 
materials (both conventional and resin-modified) showed the 
highest retention rates.122

Glass-ionomer sandwich technique
Because autocured glass-ionomer materials often provide less-
than-optimal esthetics41 (Fig 15-16), some clinicians use the 
sandwich technique. Glass ionomer is used to replace the 
missing dentin, reduce leakage,123–125 improve the potential for 
tissue attachment for subgingival restorations, and potentially 
increase retention. A veneer of resin composite is placed to 
enhance esthetics, increase color stability, improve marginal 
performance, provide a smoother surface, and increase abra-
sion resistance76,126 (Fig 15-17). In one clinical study using the 
sandwich technique, a 100% retention rate was reported after 
3 years.79 Another clinical trial resulted in a 96% survival rate of 
sandwich restorations at 5 years, demonstrating the success 
rates attainable with this type of restoration.127 

Compomer
Compomer materials are polyacid-modified resin composites 
(see chapter 14). They are recommended to restore teeth 
that have carious cervical lesions and NCCLs.62,63 On the con-
tinuum of fluoride-releasing materials, compomer materials fall 
between resin composites and RMGI materials but are much 
more like resin composites. They require the use of a dentin 
bonding system. Most physical properties of compomers are 
inferior to those of conventional resin composites; however, 
compomers have very favorable handling characteristics. Spe-
cifically, their lack of “stickiness” has brought them ready accep-
tance in the marketplace. However, the marginal integrity of 
compomers has been worse than that of resin composites in 
long-term clinical trials.128–141

Dentinal Sensitivity
Dentinal sensitivity, a problem reported to affect anywhere 
from 8% to 74% of the population,142–144 is often associated 
with gingival recession and NCCLs.79 A survey of new patients 
found that, of 780 patients, 32% reported sensitivity, but only 

5% had sought professional help.145 Tooth sensitivity was the 
chief complaint in 60% of the referrals to a periodontal special-
ty clinic.146 Sensitivity is caused by exposure of dentinal tubules 
that communicate between the pulp and the oral cavity; the 
degree of sensitivity is influenced by the number and size of 
the open tubules.3,147 The hydrodynamic theory148 is the most 
widely accepted explanation of dentinal sensitivity. Changes in 
the direction of fluid movement within open dentinal tubules 
are perceived as pain by mechanoreceptors near the pulp. Tac-
tile, thermal, or osmotic stimuli can induce changes in fluid flow 
and elicit a pain response.

In a clinical study, caries-free teeth that were planned for 
extraction were stimulated to determine if exposed dentin was 
hypersensitive. Microscopic analysis of the teeth found that the 
teeth that were hypersensitive had eight times more open or 
patent tubules per unit area, and the tubule diameters in the 
sensitive teeth were twice as wide.149

Treatment or prevention of hypersensitivity is usually 
accomplished by the use of some method to occlude the open 
dentinal tubules.59,150–152 Dentin adhesives provide at least 
short-term relief.153–155 Stannous fluorides have also been used 
with positive results.57,156 A study found that 10% strontium 
chloride solution, 2% sodium fluoride solution, and 40% for-
malin solution significantly reduced dentin hypersensitivity, 
whereas a 5% solution of potassium nitrate did not.157 A potas-
sium chloride–containing chewing gum was found to be effec-
tive in the treatment of hypersensitive teeth.158 

A recent systematic review concluded that there was insuf-
ficient clinical evidence to recommend oxalates for treating 
dentin hypersensitivity.159 No treatment to date has been 
effective for every patient every time. The variety of treatments 
available would suggest that, by using proper diagnostic and 
clinical skills, the dentist should be able to help most patients 
who have sensitive teeth. 

Summary
The preponderance of evidence supports the conclusion that 
the loss of cervical enamel, cementum, and dentin is due to 
a combination of many factors. Contributing factors include 
the mechanical action of the toothpaste and toothbrush, 
intake of acidic foods, reflux of gastric acids into the oral cavity, 
bacteria-produced acids, inadequate buffering ability of saliva, 
inadequate salivary flow rate, and mechanical abrasion. While 
not completely understood, occlusal forces inducing stresses 
in the cervical areas of teeth may play a role in the develop-
ment of cervical lesions. When the etiologic factors have been 
reduced or eliminated and all other conservative management 
of cervical lesions has been attempted, there may still be a 
need to restore areas where there has been significant cervical 
tooth loss. The decision to restore should be tempered by the 
certainty that restorations are not permanent.
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History of Bleaching

For well over a century, bleaching in some form has 

been used to achieve a lighter and more desirable 

tooth color. Dental journals in the latter half of the 19th 

century frequently contained articles on the efficacy 

of bleaching teeth with different techniques.1–3 The 

safety of the procedure was well investigated, and 

most of the bleaching agents were considered to be 

safe by the standards of the time. Although the pro-

cess was thought to be time-consuming and relapse 

was considered a consistent problem, bleaching was 

well accepted by many dentists.4–6 The following is a 

brief history of dental bleaching approaches. 

By the mid-1800s, the in-office bleaching agent 

of choice for nonvital teeth was chloride of lime.7–9 

Around that time, Truman introduced chlorine from a 

calcium hydroxide and acetic acid solution for bleach-

ing nonvital teeth; this was supplied commercially as 

a liquid chloride of soda.5 Other agents used in the 

1800s for nonvital tooth bleaching included aluminum 

chloride,10 oxalic acid,3,11 Pyrozone (ether peroxide),2 

hydrogen dioxide (hydrogen peroxide or perhydrol),12 

sodium peroxide,12 sodium hypophosphate,8 and cya-

nide of potassium. The active ingredient common to 

all of these was an oxidizing agent that acted either 

directly or indirectly on the organic portion of the 

tooth. Sulfurous acid, in contrast, achieved results as 

a reducing agent.13,14 Generally, the most effective 

yet safe bleaching agents were direct oxidizers or 

an indirect oxidizer such as a chlorine derivative.6,15 

However, the choice of bleaching agent depended 

primarily on the stain being removed. Iron stains were 

removed with oxalic acid, silver and copper stains with 

chlorine, and iodine stains with ammonia.14–17 Metallic 

stains (such as those from amalgam) were considered 

the most resistant to bleaching. Concern about the 

effect of some of these bleaching agents on the teeth, 

tissues, and health of the patient was raised because 

certain agents, such as cyanide of potassium, were 

very poisonous12 while others were highly caustic.

In the 1890s, the early emphasis was on bleaching 

nonvital teeth. However, by this time, a 3% solution 

of Pyrozone was being used safely as a mouthwash 

by both children and adults to reduce caries and to 

whiten the teeth.18 A 5% solution proved to be safe 

and effective, but a 25% solution was caustic, caus-

ing tissue burns.18 By 1910, an “in-office bleaching 

technique” similar to that used today, where high 

concentrations of hydrogen peroxide are used on well-

isolated teeth, occasionally assisted by heat or light, 

was well established.19 

Over the next few decades, the bleaching agents 

varied. By the 1940s, hydrogen peroxide and ether 

were used for vital teeth,20 while, by the late 1950s, 

Pyrozone and sodium perborate were used internally 

for nonvital teeth.21,22 In the late 1960s, the current 

“home bleaching technique,” employing a custom-fit 

tray containing 10% carbamide peroxide solution, was 

first used by Klusmier.23 However, the profession did 

not embrace the concept until it was described in an 

article published in 1989.24 

In 1989, Haywood and Heymann wrote the first 

article on an at-home bleaching technique employing 

a custom-fit tray containing 10% carbamide peroxide 

solution,24 and its publication coincided with the mar-

ket introduction of carbamide peroxide as a bleaching 

agent.25,26 This ushered in the current technique for 

at-home bleaching. Various chemical combinations 

have been tried. The effective ones all release oxidizing 

agents, whether supplied as hydrogen peroxide, carb-

amide peroxide, sodium percarbonate, or some other 

compound.27 Following the popularity of the at-home 

bleaching by trays, there was a resurgence of in-office 

bleaching, with various light and chemical enhance-

ments, as well as a proliferation of over-the-counter 

products. The terms bleaching and whitening are often 

used interchangeably, and lightening is also used 

occasionally. There is not a clear distinction among 
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the terms, although cosmetic products typically use the word 

whitening for the removal of surface stains, and true bleaching 

products, which change the inherent color of the tooth, are 

referred to as bleaching products.

Types and Nature of Stains/ 
Discolorations
Many types of color problems affect the appearance of the 

teeth. The cause of these problems varies, so the speed or 

efficacy with which they may be removed also varies. Discolor-

ations may be extrinsic or intrinsic. Extrinsic stains are located 

on the surface of the tooth and are most easily removed by 

external cleaning. Intrinsic stains are located within the tooth 

and are accessible only by bleaching. Some extrinsic stains that 

remain on the tooth for a long time become intrinsic. Extrinsic 

color changes may be the result of poor oral hygiene. Intrinsic 

color changes may be caused by aging, microcracks in the 

enamel, tetracycline medication, excessive fluoride ingestion, 

severe jaundice in infancy, porphyria, dental caries, restora-

tions, and thinning of the enamel layer, as well as ingestion 

of chromogenic foods and drinks and tobacco use. Other, less 

common medical situations and conditions may also cause the 

loss of desirable tooth color. 

The causes of staining need to be assessed carefully to bet-

ter predict the rate and degree to which bleaching will improve 

tooth color, because some stains are more responsive to the 

process than others.24,28 For instance, the yellow discoloration 

of aging responds quickly to bleaching in most cases,29 whereas 

a blue-gray tetracycline stain is tenacious and is seldom totally 

removed, only lightened.26 In general, tetracycline-stained 

teeth are the slowest to respond to bleaching30 (Fig  16-1). 

Brown (Fig 16-2a) or brown-fluoresced (Fig 16-2b) teeth are 

moderately responsive, and teeth discolored by age, genetics, 

smoking, or coffee are the fastest to respond.31,32 White spots 

are not removed by bleaching but may be less noticeable when 

the remainder of the tooth is lighter.33 By recognizing the likely 

cause of the stain, the dentist can better tell the patient the rate 

at which the teeth may lighten in color and the limits on the 

amount of improvement that can be expected.

Discoloration from drug ingestion may occur either before 

or after the tooth is fully formed. Tetracycline is incorporated 

into the dentin sometime during tooth calcification (see Fig 

16-1), probably through chelation with calcium, forming tetra-

cycline orthophosphate.34–36 There are several variations of tet-

racycline, and each derivative produces a different color in the 

tooth. Some teeth may be “banded” from the ingestion of dif-

ferent derivatives of tetracycline. When the teeth are exposed 

to sunlight, they become darker, with a distinct gray/blue-gray 

tinge. The teeth not exposed to the sunlight (ie, molars) do not 

darken to the same degree but remain more yellow in color. 

Tetracycline also has been reported to discolor fully formed, 

erupted permanent teeth. This discoloration is most often asso-

ciated with minocycline, a drug commonly used in the treat-

ment of acne.37–39 The primary route of deposition is thought 

to be in the secondary dentin, although some reports suggest 

a staining similar to that of iron deposition.40 Other antibiotics 

may also interact with calcium, iron, or other elements to form 

insoluble complexes that stain teeth.41

Excessive fluoride in drinking water, greater than 1 to 2 ppm, 

can cause metabolic alteration in the ameloblasts, resulting 

in a defective matrix and improper calcification of teeth.42 An 

affected tooth shows a hypomineralized, porous subsurface 

enamel and a well-mineralized surface layer. These teeth have 

a glazed surface and may be very white except for areas of yel-

low, brown (see Fig 16-2b), or even black shading. 

Some systemic conditions can cause tooth discoloration. 

Severe jaundice leads to staining by bilirubin. Erythroblastosis 

fetalis may also stain the teeth because of the destruction of red 

blood cells. Porphyria, a rare condition, manifests with purplish-

brown teeth. 

Aging is a common cause of discoloration. Over time, the 

underlying dentin tends to darken from the formation of 

secondary dentin, which is darker and more opaque than 

the original dentin. This occurs while the overlying enamel 

becomes thinner, a combination that often produces distinctly 

darker teeth. Additionally, chromogenic foods gradually build 

up stains in the enamel.

Fig 16-1 Teeth demonstrating moderate, gray-

ish tetracycline stain are excellent candidates for 

external bleaching but may take longer to respond.

Fig 16-2 (a) Stain of unknown origin creates disfigurement in a 10-year-old boy with brownish areas sur-

rounded by whiter areas. Brown stains are very amenable to bleaching treatments. (b) High fluoride content 

in drinking water can cause brown and white stains. The brown stain can be removed, but the white remains 

unchanged.

a b
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Dental caries produces varying stains depending on its 

stage of progression. Examples of caries-induced discolorations 

include an opaque white “halo,” a grayish tinge, or a brown to 

black stain. These stains arise from the bacterial degradation of 

food debris. Metallic restorations, most notably dental amal-

gam, may cause a distinct staining of the tooth in addition to 

the shadow they may cast through adjacent enamel walls.

Another cause of discoloration to the tooth is trauma. The 

tooth may remain vital but can discolor, either from iron- 

containing hemoglobin in blood seeping into the dentinal 

tubules or from calcific metamorphosis (Fig 16-3). Calcific meta-

morphosis is the process by which the tooth deposits darker 

yellow secondary dentin in the pulp chamber, which may par-

tially or completely obliterate the pulp chamber. Other more 

serious issues that may cause discoloration are a necrotic pulp 

that has resulted in a periapical radiolucency or a tooth that 

is undergoing internal or external resorption. Often in these 

cases, there is no pain, no swelling, no mobility, or any other 

symptom other than the onset of tooth darkening. Occasion-

ally, caries and the resultant deep restoration may eventually 

result in pulpal death. A radiograph should always be taken 

of a single dark tooth, and pulp testing may also be indicated.

Indications for Bleaching
The primary indication for bleaching is patient dissatisfac-

tion with tooth color, either of all the teeth or teeth adjacent 

to restorations. While the source of the discoloration affects 

the degree of success and the rapidity with which it can be 

eliminated or minimized, it has been shown that even the 

most persistent discolorations can be lightened if the treat-

ment is sufficiently extended.43 Bleaching may be done in lieu 

of bonded resin composite restorations, porcelain veneers, or 

crowns to improve the tooth color. Patients may be satisfied 

with the results of bleaching such that more invasive treatment 

is not needed.44 Even if porcelain or composite veneers are to 

be placed, the lighter color of the bleached teeth allows lighter 

and more translucent veneers, enhancing the natural appear-

ance. Other indications include extending the esthetic life of 

existing crowns that are lighter than the adjacent natural teeth 

by returning the color of the natural teeth to the shade of the 

crown, or whitening a single dark tooth to the desired shade to 

match the adjacent teeth.

There is also a psychologic benefit of bleaching, especially in 

the 10- to 14-year age group, when discolored teeth are more 

likely to have an adverse impact on an individual’s self-image. 

Bleaching removes a source of embarrassment, which may 

affect personality development during a child’s middle school 

years.45 Hence, the age of a bleaching patient can range from 

10 years to 80 years or older. Patients tend to look most natural 

when the color of the teeth matches the white of the sclera in 

their eyes.46 Therefore, a desired endpoint for bleaching is not 

the number of shade guide changes but a natural, beautiful 

appearance where the white of the teeth matches the white 

of the eyes.

Contraindications for Bleaching
Although bleaching is a safe and effective aid in improving 

the appearance of the teeth after a proper examination, not 

every discolored tooth requires bleaching. Superficial or extrin-

sic stains may be completely removed by a rubber cup with 

prophylaxis paste or by light abrasion with a rotary polishing 

device. The removal of discolored carious tooth structure and/

or a dark restoration and placement of a tooth-colored material 

may well make a marked improvement in the appearance of a 

tooth.

There are few contraindications for bleaching (Box 16-1), 

whether in-office or at-home dentist-prescribed techniques 

are being considered. In-office bleaching is not recommended 

for children with large pulps or teeth with cracks because of 

the higher concentrations of bleaching solutions used and 

subsequent sensitivity issues. Likewise, exposed root surfaces 

and severe loss of enamel may be contraindications. At-home 

bleaching is generally not indicated for pregnant women or 

patients allergic to the ingredients in the carbamide peroxide 

preparations. Although there is no evidence that bleaching is 

harmful to the fetus or to infants, it has been recommended 

ba

Fig 16-3 (a and b) Calcific metamorphosis, seen in the 

maxillary right central incisor, is the condition in which the 

pulp chamber has been obliterated by secondary dentin. 

The tooth may remain vital but is not a good candidate 

for endodontic therapy and internal bleaching. External 

bleaching of the single dark tooth is best performed with 

tray application of the bleaching agent.
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that pregnant and lactating women avoid bleaching because 

of the increased potential for gingival irritation.47,48 Also, the 

mother’s peace of mind should be taken into account so that 

she does not improperly relate bleaching problems to any 

issues that might occur with the birth or the baby. Because 

there is some evidence that peroxides may enhance the effect 

of known carcinogens, it may be prudent to have the patient 

forego tobacco use during the period of the bleaching pro-

cess.31,49,50 In one study of at-home bleaching, Nathanson and 

Parra51 determined that there was no noticeable difference in 

the sensitivity reported by young patients compared with sen-

sitivity reported by older patients, so larger pulp size may not 

be a factor for at-home bleaching. In a study of at-home bleach-

ing with carbamide peroxide, Leonard et al33 determined that 

there were no predictors of which individuals would experi-

ence sensitivity other than a history of sensitive teeth and more 

than one bleach application per day.52 All other characteristics, 

such as pulp size, exposed dentin, cracks, gingival recession, 

caries, sex or age of the patient, or other physical characteris-

tics, were not predictive of tooth sensitivity.

There are some potential bleaching situations with guarded 

prognoses (Box 16-2). Patients with hypersensitive teeth are 

generally not good candidates for bleaching, although man-

agement of the sensitivity may allow successful bleaching of 

their teeth. Because bleaching tends to produce some sensi-

tivity under ordinary circumstances, patients with preexisting 

tooth sensitivity must be cautioned that increased sensitivity, 

albeit transitory, will occur.53 However, there are reasonable 

techniques, discussed later, to manage sensitivity.

Most teeth become more opaque upon bleaching, but 

some that are already translucent at the incisal edge may 

become more translucent and may not appear to whiten in 

that area (Fig 16-4). Patients should be informed of this poten-

tial challenge. One treatment for this situation, if the occlusal 

examination indicates it is possible, is the placement of bonded 

composite restorations on the lingual tooth surface to reduce 

the translucency. Teeth heavily stained in the gingival third 

have the poorest prognosis for complete lightening, as the 

root dentin and the deep dentin of the tooth are very different 

from dentin near the dentinoenamel junction in the shape, 

size, and number of dentin tubules per unit area.53 Roots of 

teeth do not bleach as well as anatomical crowns, so patients 

with gingival recession that exposes roots will display yellow 

tooth structure in those areas.54 White spots do not bleach but 

may be less noticeable if the background color of the tooth is 

lightened to avoid the contrast. Patients with a history of tem-

poromandibular disorders (TMDs) may not be good candidates 

for at-home bleaching or may need to wear the tray during 

Box 16-1 Contraindications for bleaching

� Unrealistic expectations

� Unwillingness to comply with treatment

�  Extensive existing tooth-colored restorations that do not 

need replacement or patient is unwilling to replace

�  Inability to tolerate taste (at-home bleaching) or  

technique (in-office)

� Pregnancy or lactation

Box 16-2 Guarded prognoses for bleaching

� History of sensitive teeth

� Translucent teeth

�  Extremely dark gingival third of tooth that is visible when 

smiling

� Exposed root surfaces

� Extensive white spots that are very visible

� Temporomandibular disorder (TMD) or bruxism

Fig 16-4 (a) A translucent incisal edge can often 

appear discolored and should be tested for discol-

oration. Prior to bleaching, the incisal edge appears 

bluish because of the darkness of the mouth seen 

through the translucent enamel. (b) To test for dis-

coloration, block the light transmission by placing 

a white-gloved finger on the lingual of the tooth. 

If the discoloration disappears, the incisal edge is 

translucent; if it remains, the incisal edge is dis-

colored. Discoloration responds well to bleaching, 

but translucency may create an esthetic problem. 

(c) A translucent incisal edge often becomes more 

translucent after bleaching. Patients should be 

informed of this possibility prior to bleaching. (d) 

After bleaching, if the translucency is unacceptable 

to the patient, some mechanism is needed to block 

the light transmission. The potential for improve-

ment is evident by using the finger test again. Often 

a lingually placed bonded composite restoration can 

minimize translucence, as long as the restoration 

does not interfere with the patient’s occlusion.

a b

c d
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waking hours only. A special tray design that covers only the 

facial surfaces of the teeth may be helpful.55 Bruxers also may 

have to alter wear times for at-home treatment or have several 

trays fabricated during treatment because they will often grind 

holes in the tray.

There is some evidence to suggest that the use of carbamide 

peroxide may retard the progression of caries.56–61 Therefore, 

in carefully selected cases it is not essential to restore all active 

caries lesions prior to bleaching. Because it cannot be predicted 

to what shade a tooth will bleach, there is no way to know the 

proper shade to select for the restoration. It is best to perform 

bleaching and then select the shade after the proper stabiliza-

tion time has passed. Only those caries lesions that are sensitive 

or near the pulp would need to be restored prior to bleaching 

and then possibly later resurfaced or replaced after bleaching 

to match the final shade.62,63 Bleaching does interfere with 

the bonding process because it results in a very high oxygen 

concentration in the enamel and dentin, which hinders polym-

erization of the resin composite.64–66 A 25% to 50% reduction 

in bond strength of composite to etched enamel, due to 

oxygen inhibition of polymerization of the adhesive resin tags 

within the etched enamel, has been reported. Some research 

has found that a delay of 7 to 10 days after bleaching allows 

dissipation of the excess oxygen from the tooth structure so 

that there is no interference with the polymerization reac-

tion.67 Another study showed that there is a need to wait at 

least 2 weeks for maximum bond strength of silorane-based 

or methacrylate-based restorations; otherwise, the enamel 

bond-strength reduction is 25% to 50%.68 Waiting 1 to 2 weeks 

is also important in resin bonding to allow the shade of the 

bleached teeth to stabilize.69 Patients with existing esthetic 

restorations must be warned that when bleaching lightens the 

natural tooth color, restorations may appear relatively dark and 

unattractive. The need for new restorations that are lighter in 

shade should be discussed with the patient prior to bleaching. 

Occasionally, the cost and number of restorations that would 

require replacement after bleaching or the danger of replac-

ing a restoration such as a crown on a cracked tooth may be a 

contraindication to bleaching. 

Mode of Action
The bleaching process is designed to enable the oxidizing 

agent to reach sites within the enamel and dentin to allow a 

chemical reaction to occur. No matter the bleaching technique 

or specific bleaching action, the intention is to deliver the active 

ingredient to the discolored segments of the tooth to dislodge 

or decolor the chromatic particles.

Hydrogen peroxide diffuses through the organic matrix of 

the enamel and dentin because of its low molecular weight.70–74 

It is not currently understood what gives the tooth its genetic 

color, and therefore it is not possible to state scientifically what 

exactly the bleaching process is changing within the tooth. 

Bleaching both removes extrinsic and intrinsic stains in or on 

the tooth that originated from external sources (nicotine, tetra-

cycline, coffee, etc) as well as changes the genetic color of the 

tooth. People are born with different colors of teeth in the same 

manner as they have different colored eyes and hair. The teeth 

will change color at different rates for different patients, so the 

dentist cannot predict how long bleaching will take or what 

the final shade will be. Moreover, there is a limit to how white a 

tooth will become, and this limit differs from patient to patient. 

Further research is needed to determine what gives the tooth 

its baseline color and, in turn, the extent of the effect of the oxi-

dation reaction that changes the tooth color during bleaching.

The chemistry of carbamide peroxide used in at-home 

bleaching is thought to be a bit different from that of hydro-

gen peroxide, although the final stages do involve the reaction 

of hydrogen peroxide with the compounds within the tooth. 

When introduced into the mouth, a solution of 10% carbamide 

peroxide agent breaks down into 6.5% urea and 3.5% hydro-

gen peroxide, both of which access the internal portions of the 

tooth in minutes (Fig 16-5). This 3:1 reduction of carbamide 

Fig 16-5 Carbamide peroxide penetrates through the enamel and the dentin to the pulp in 5 to 15 minutes. Carbamide peroxide dissociates in the tooth into urea and 

hydrogen peroxide. These two components further break down into ingredients that are common in the body and are easily metabolized by the body. Urea serves to 

elevate the pH of the local environment.

Ammonia

6.5% urea 3.5% hydrogen peroxide

10% carbamide peroxide

Carbon dioxide Oxygen Water

10%  

carbamide 

peroxide
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peroxide to the active hydrogen peroxide ion explains why 

bleaching formulations with carbamide peroxide typically are 

dosed at three times the concentration of those containing 

hydrogen peroxide. Bleaching not only removes discoloration 

from within the tooth, but it also alters/brightens the inherent 

color of the dentin itself.75

Treatment Planning and Patient  
Education
A basic understanding of the cause(s) of discoloration is neces-

sary to better predict the course and duration of the treatment 

as well as the final outcome. The decision to use at-home or in-

office bleaching is based on the patient’s preference, financial 

situation, and ability and willingness to comply with the treat-

ment protocol. Patients who are unwilling or unable to comply 

with the protocol for the at-home technique, or who are eager 

to finish bleaching in a very short period of time regardless of 

cost, are good candidates for in-office bleaching. Subsequent 

treatment procedures should be planned so that limits of the 

bleaching treatment are discussed in the context of solving 

the patient’s other dental problems. The patient should be 

informed that the shade of any restoration placed previously 

will not be altered by bleaching, so bleaching should be per-

formed before any esthetic restorative procedures. Informa-

tion concerning the decision to bleach or not, as well as the 

rationale for and costs of choosing a particular method, must 

be recorded to verify that the dentist and patient agree on the 

procedures and their predicted outcomes.

A proper examination is essential to diagnosing the cause of 

discoloration as well as to determine if there are other contrib-

uting factors or concerns to address76 (Box 16-3). Discoloration 

or staining may be an indication of dental conditions such as a 

necrotic pulp (Fig 16-6), decay, resorption (Fig 16-7), or faulty 

restorations. Without a proper examination and diagnosis 

of the cause of discoloration or staining, the disease process 

occurring in the tooth may be masked by removal of the only 

clinical symptom of the problem. For example, dark teeth could 

be a result of trauma to the tooth at an early age, and the tooth 

pulp may eventually become necrotic or abscess. It may take 1 

to 20 years before this condition occurs.77 Occasionally, external 

resorption may be found clinically when carefully exploring at 

Box 16-3 Bleaching examination considerations

� Intraoral soft and hard tissue examination (to rule out cancer, periodontal problems, recession, etc)

� Radiographs (to assess periapical pathology, resorption, and single dark teeth)

� Diagnosis of cause and location of tooth discoloration

� Identification of esthetic restorations

�  Assessment of exposed roots, visible white spots, cracks, tooth or gingival architecture defects;  

overall esthetic/facial analysis; other appliances; and lifestyle issues

� Complete sensitivity history and examination

� Occlusal and TMD screening examinations

a b

Fig 16-6 A screening radiograph should always be taken of any anterior teeth being considered for bleaching, 

including a single dark tooth. (a) A left mandibular lateral incisor that is darker than adjacent teeth. This tooth was 

asymptomatic. (b) Periapical radiograph reveals apical radiolucency associated with the darkened tooth.

Fig 16-7 Root resorption without bleaching. 

The only indi cation of a problem with this 

tooth was a slight discoloration. The lesion 

was discovered on clinical and radiographic 

examination. (Courtesy of Tom McDonald, 

Athens, Georgia.)
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or beneath the gingival tissue, as this process generally occurs 

on the root of the tooth. However, both internal resorption and 

external resorption often are only found through radiographic 

examination. Bleaching discolored teeth for which the color 

change is the only indication of hidden pathology will change 

the color of the tooth while not resolving the pathology that is 

causing the discoloration. With the possible exception of car-

ies, bleaching does not stop the pathology from continuing, 

and allowing the pathology to continue can result in the loss 

of teeth. Additionally, caries alone or around restorations may 

cause teeth to appear dark. A dental examination, complete 

with a screening radiograph of the anterior teeth and any 

single dark teeth, is recommended prior to initiating any type 

of bleaching. The examination should include an explanation 

of all treatment options available to the patient, taking into 

consideration the fact that existing restorations will not bleach, 

as well as other esthetic needs. After a proper examination, 

the cause of discoloration is diagnosed and the treatment 

plan developed (Box 16-4). Correctly diagnosed indications for 

bleaching may require varying treatment times or techniques, 

Box 16-4 Diagnosis of tooth discoloration

Generalized tooth discoloration

� Genetic color of the teeth

� Tetracycline staining

� Coffee, tea, nicotine use

� Multiple caries

� Multiple discolored restorations 

� Multiple leaking restorations

Single-tooth discoloration

� Endodontic therapy 

� Necrotic pulp with periapical radiolucency

� Internal or external resorption

� Calcific metamorphosis

�  Silver point endodontic obturation or restorative material discoloration

� Caries

� Discolored restorations

� Leaking restorations

Box 16-5 Overall considerations for bleaching

� Sensitivity: History of sensitivity and plans for sensitivity treatment before or during bleaching

�  Tray design: Tray design for full-arch or single-tooth tray; decision to extend the tray onto tissue or to have no tissue con-

tact; decision to incorporate spacers on teeth or to include other design features, such as no occlusal coverage for TMD 

patients

� Treatment time: Daytime or nighttime usage plans for tray bleaching

�  Appliances: Other appliances being worn with tray bleaching, such as orthodontic appliances or removable partial dentures

�  Combination treatment: In-office bleaching requiring multiple visits versus a combination of in-office treatment followed by 

tray treatment versus tray only treatment

� Joint health: TMD that may be aggravated by tray wear or by extended opening during in-office bleaching

�  Pregnancy: Decision to not perform bleaching procedures on pregnant or nursing mothers for the psychologic concerns 

related to birth issues, as well as pregnancy gingivitis and morning sickness

Box 16-6 Esthetic considerations for bleaching

�  Compare the color of the teeth with the color of the sclera of the eyes to ascertain the whitening outcome potential.  

�  Determine if the patient has a “gummy smile” and short teeth, because whiter teeth accentuate excessive gingival display. 

Periodontal therapy may be indicated.

� Identify other restorations that are displayed in a full smile, because they will not change color.

� Note alterations in individual tooth gingival architecture that may be more noticeable after bleaching.

� Point out exposed root surfaces that will not bleach, and demonstrate white spots that will not change color.

�  Evaluate transparent areas of the incisal edge that may become more noticeable and discolored gingival areas that are 

most difficult to bleach, especially tetracycline-stained areas.

�  Identify dark restorations on the lingual or internal aspect of endodontically treated teeth that may alter the effectiveness 

of the color change.
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based on the type and depth of the stain/discoloration and 

the number of teeth involved. Single dark teeth may require a 

special single-tooth tray or multiple tray designs.78

In addition to diagnosis of the cause of the discoloration, 

the dentist also should consider the overall (Box 16-5) and 

esthetic conditions (Box 16-6) of the patient. Certain changes 

in the treatment protocol may be required based on these 

considerations.

Shade selection and record collection
A shade guide identifies the existing tooth color to establish the 

baseline (Fig 16-8). If the shade guide does not have a match for 

the tooth color, it should be estimated. It is important that the 

patient agrees that the shade tab is the closest match to the 

current shade of the teeth. This shade should be recorded in 

the chart with the patient observing the entry. It is also recom-

mended to make preoperative photographs with the shade tab 

in the photograph. The advent of cost-effective digital dental 

cameras has made this mode an excellent method of recording 

the initial, interim, and final treatment conditions of the patient. 

If using at-home bleaching techniques, the best way to ensure 

patient awareness of the effect of bleaching is to bleach one 

arch at a time. In addition to minimizing the potential for tem-

poromandibular joint (TMJ) problems, it preserves one arch for 

an ongoing comparison of progress. Another reason for treat-

ing one arch at a time is to enable determination of the effec-

tiveness of the bleaching procedure before the patient com-

mits to bleaching of the second arch. If the first arch is deemed 

a success by the patient, the opposing arch can be bleached for 

an additional fee (Fig 16-9). Finally, bleaching one arch at a time 

reduces the number of teeth for which sensitivity may be a 

problem. The American Dental Association (ADA) reimburse-

ment code for tray bleaching is also per arch, not per patient.

Impressions for diagnostic casts are necessary if bleaching 

trays are to be used for the at-home technique. The impres-

sions can be made with alginate impression material if imme-

diate pouring is planned. For delayed pouring, a polyvinyl 

siloxane impression from a putty-wash technique is more 

appropriate. Patients who gag easily may prefer an impression 

with a double-sided full-arch tray using a closed-mouth tech-

nique or use of a mandibular tray on the maxillary arch, or they 

may be candidates for a thermoplastic tray fabricated directly 

in the mouth without impressions.79

For added documentation, close-up photographs of the 

patient’s teeth and a full-face photograph of the patient with 

a full smile should be kept as part of the patient’s record. The 

photographs may be helpful in treatment planning, in remind-

ing the patient of the original appearance of the teeth, and as a 

record for a ceramist fabricating any restorations. Photographs 

should be taken at a consistent magnification and pose. Placing 

the incisal edges of the teeth in the bleached arch in close prox-

imity to the teeth in the unbleached arch is important so that 

both arches are the same distance from the camera; this helps 

to ensure the best comparison of the before and after shades, 

emphasizing the effect of bleaching.

Patient education
The patient should be well informed about the bleaching pro-

cedure. Information explaining the process, precautions, pos-

sible side effects, number of applications or appointments, 

anticipated total time for bleaching, and likely results should 

be provided. As with any patient instructions, providing writ-

ten information concerning the procedure as well as treatment 

instructions is recommended. The dentist should also explain 

why the particular technique has been chosen. The steps of the 

procedure and consequences for not following them should be 

outlined. For the at-home technique, loading and insertion of 

the bleaching tray should be demonstrated and the length for 

each wear session outlined. Any questions the patient might 

have should be answered at this appointment. The patient 

should sign a consent form indicating that he or she has been 

informed about the procedure, its expected outcome, and 

Fig 16-8 The shade guide tab establishes a record of the existing color. Digital 

photographs should be taken with the tab visible and the teeth edges in close 

approximation.

Fig 16-9 Note the strong contrast between the bleached maxillary teeth and the 

unbleached mandibular teeth (which match the shade tab). Bleaching one arch 

at a time is preferred to allow the patient to see that the process is working and 

to minimize sensitivity and occlusion issues. Some patients may choose not to 

bleach the opposing arch.



422

Natural Tooth Bleaching16

any potential side effects. The consent form should also list 

other treatment options for this condition and state that those 

remain if the bleaching is not successful.

Current Bleaching Modalities
The three types of bleaching therapy are in-office bleaching, 

at-home bleaching, and over-the-counter products. In-office 

bleaching is the oldest method and may involve heat and light 

enhancement. At-home bleaching involves the application of a 

lower concentration of peroxide applied at home in a tray fab-

ricated at the dental office. The third type of bleaching involves 

over-the-counter (OTC) products, which are totally consumer-

managed without any examination, guidance, or instructions 

from the dentist. Generally, bleaching can first be catego-

rized into treatment for either endodontically treated teeth or 

vital teeth. Furthermore, endodontically treated teeth can be 

bleached in the office, outside the office, or a combination of 

both inside and outside the office. Outside-the-office (at-home) 

treatment consists of applying internally as well as externally to 

the tooth a material that actively lightens it while the patient is 

away from the office. The in-office technique accomplishes the 

application of the bleaching material in the office. Vital tooth 

bleaching also offers a choice between an in-office technique 

and an at-home technique. In-office techniques include the 

application of a bleaching material to teeth isolated by rubber 

dam and may include enhancement of the process by heat or 

light. At-home bleaching can be dentist-supervised or patient-

managed. Dentist-supervised at-home bleaching uses a lower 

concentration of peroxide than in-office bleaching and may 

use carbamide or hydrogen peroxide, which is applied in a 

custom-fitted tray that the patient wears at home, usually while 

sleeping. The consumer-managed at-home bleaching systems 

are available in the form of tray systems, trayless systems, and 

paint-on products.

Nonvital tooth bleaching 
Endodontically treated teeth are especially susceptible to dis-

coloration from blood products caused by trauma or endodon-

tic therapy or by necrotic tissue inadvertently left in the pulp 

Bleaching a single dark tooth that has received endodontic treatment

Do you bleach internally, externally, or some combination of the two?

Single-tooth tray Full-arch tray

Close internal  
chamber with  

cotton and tempo-
rary seal; continue 
bleaching by only 
applying external 

bleaching with tray 
(see Fig 16-14)

Close internal  
chamber with  

cotton and tempo-
rary seal; continue 
internal bleaching 

treatment by  
changing 10% CP 

weekly 2 to 6 times

Leave chamber 
open so patient 
applies 10% CP 
internally and 

covers tooth with 
external tray also 

containing  
10% CP

Indications for external bleaching
� Pulp chamber adequately debrided
�  Endodontic access adequately sealed with 

appropriate composite shade
�  Risk of damage to canal/tooth if internal 

access is attempted

Bleach externally 
Use tray bleaching

(see Fig 16-14)

Indications for internal bleaching
�  Root canal complete but access not definitively restored
� Unknown if pulp chamber is adequately debrided
�  No risk of damage to canal/tooth if internal access is attempted

Combination 
closed internal and 
external treatments

Internal treatment 
only

Motivated patient: 
Combination open 
internal and exter-

nal treatments

Bleach internally 
Prepare endodontic access opening to clean all of pulp chamber, 

place RMGI barrier, insert bleaching material (10% CP)

Fig 16-10 Algorithm for bleaching options on a single dark tooth that has received or needs endodontic therapy. These teeth can be bleached internally, externally, 

or with some combination of the two techniques. RMGI—resin-modified glass ionomer; CP—carbamide peroxide.



423

16Current Bleaching Modalities

chamber. Endodontically treated teeth may be treated inter-

nally, externally, or both (Fig 16-10). 

Internal bleaching
For a nonvital tooth that has received endodontic therapy, 

internal bleaching is a good option if the root canal treatment 

is complete but the endodontic access is not restored. The 

restorative dentist should open the access opening sufficiently 

to reach the incisal and lateral extents of the pulp chamber 

and clean it out (Fig 16-11). After the pulp chamber is cleaned, 

the gutta-percha is removed 2 mm below the cementoenamel 

junction, resin-modified glass ionomer is placed over the gutta-

percha, and the bleaching agent is applied. 

A historical bleaching method dating to the 1800s used 

30% hydrogen peroxide applied to the pulp chamber in one of 

two techniques (Fig 16-12). One was a total in-office technique 

known as the thermocatalytic technique, and it involved the 

use of heat applied several times during a 30-minute period to 

enhance the action of the solution in the pulp chamber, after 

which the solution was rinsed out. The alternative to a total 

in-office procedure, called a walking bleach, used a paste of 

watery 30% hydrogen peroxide and sodium perborate powder 

that was sealed into the chamber to permit activation of the 

solution over several days. The patient returned weekly, and 

the solution was changed one to four times until the maximum 

lightening of the tooth was achieved. The two techniques 

were equally effective.80 Internal bleaching by either method 

has been shown to return teeth to their desired color in 83% 

to 91% of cases.81,82 However, because of the caustic nature 

of the high concentration of hydrogen peroxide and the pos-

sible detrimental effect of resorption, techniques using high 

concentrations of hydrogen peroxide are no longer recom-

mended. Other safer options for walking bleach include the use 

of sodium perborate mixed with distilled water or anesthetic, 

or 10% carbamide peroxide sealed in the pulp chamber. The 

results of an in vitro study83 demonstrated that after three 

applications there was no difference in the efficacy of sodium 

perborate mixed with water and sodium perborate mixed with 

either 5% or 30% hydrogen peroxide. Another study84 showed 

no root resorption after 3 years using sodium perborate, with 

a 90% esthetic success rate initially and a 49% esthetic success 

rate after 3 years. A newer technique involves the placement of 

10% carbamide peroxide sealed into the chamber. This lower 

concentration of peroxide also provides a large safety margin. 

Additionally, one of the benefits of carbamide peroxide is the 

elevation of the pH, which may combat resorption. For the best 

combination of safety and effectiveness, the recommended 

treatment for internal bleaching is sodium perborate mixed 

with water, or 10% carbamide peroxide alone, used after the 

placement of a protective barrier material in the cervical area.

A more serious problem than the danger of tissue burns 

from 30% hydrogen peroxide is the occurrence of external root 

resorption (Fig 16-13). This problem affects about 7% of the 

teeth that have undergone internal in-office bleaching85–87 and 

Fig 16-11 An endodontic access open-

ing may not provide access to pulp tissue 

in the pulp horns (arrow), which can cause 

darkening of the tooth. This is espe-

cially common in young teeth with large 

pulps. Access should be made to remove 

the remaining tissue. (Courtesy of Gary 

Chike, Augusta, Georgia.)

Fig 16-12 The restorative material blocking the canal at the 

cementoenamel junction seals the endodontic root filling mate-

rial from the chamber and decreases dispersion of the bleach-

ing agent through the root dentin.

Barrier  
(glass ionomer or 
polycarboxylate 
cement)

Bleaching agent  
(hydrogen peroxide, 
sodium perborate, and/
or carbamide peroxide)

Provisional
restorative
material

Fig 16-13 Severe external root resorption in the 

lateral incisor. This situation may result with or without 

bleaching and is found by clinical and radiographic 

examination. (Courtesy of Sandra Madison, Asheville, 

North Carolina.)
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often causes tooth loss.85,88–90 While the causes of root resorp-

tion are not fully known, a review of the literature indicates a 

number of possibilities. The patients in which root resorption 

occurred tended to be younger than 25 years old, and most 

had a history of traumatic injury. Some underwent bleaching 

with the application of heat and some did not, but heat does 

appear to be a causative factor. Animal studies have shown 

a cause-and-effect relationship between internal bleaching 

with 30% hydrogen peroxide and resorption, with a resorption 

incidence of 18% to 25% when heat was applied91,92 and 0% 

to 6% without heat application.91,93 Any one of several factors 

may also need to be present for resorption to occur, including: 

(1) deficiency in the cementum, exposing the cervical dentin 

to the oral cavity (normally affecting approximately 10% of the 

population); (2) injury to the periodontal ligament, triggering 

an inflammatory response (trauma); (3) infection, sustaining the 

inflammation; (4) lack of a seal over the gutta-percha; (5) high 

heat; and (6) high concentration of hydrogen peroxide.

Cementum deficiencies expose permeable dentin that can 

allow toxic substances and bacteria from within the chamber 

and root canals to emerge at the root surface. This may cause 

an inflammatory process in the periodontal ligament.94 A 30% 

solution of hydrogen peroxide is caustic enough to alter the 

chemical structure of cementum and dentin,95 decrease their 

microhardness,96 increase resorption,97 and enhance trans-

tubular movement of bacteria.98 The solution diffuses through 

the radicular dentinal tubules at an increased rate if cementum 

deficiencies are present90 and when heat is applied.99 These 

data indicate that internal bleaching with 30% hydrogen per-

oxide is not as safe as originally believed. However, in addition 

to cementum defects, a history of trauma and marked over-

heating are major factors in resorption.

Research has been conducted to determine if a protective 

restorative material can be placed in the cervical portion of 

the tooth to prevent this resorption problem. Unfortunately, 

this barrier layer reduces the diffusion of hydrogen but does 

not prevent it92,100 and does not necessarily protect the tooth 

against root resorption.101 However, most of the teeth reported 

with cervical resorption did not have a barrier placed over the 

gutta-percha. It is not prudent to use heat or high concentra-

tions of peroxide, and a barrier layer should be placed over the 

gutta-percha (Box 16-7).

The effect brought about by internal bleaching is gener-

ally not long-term. Within 1 to 5 years, only 35% to 50% of the 

teeth maintain their esthetically pleasing appearance.81,82,85 

Therefore, the process must be repeated periodically. Unfor-

tunately, rebleaching presents a problem for a tooth in which 

the access preparation was restored with resin composite. 

Attempting to rebleach internally would require removal of the 

previously bonded resin composite restoration. This removal 

generally results in additional loss of tooth structure, which 

weakens the tooth. A better treatment option once the tooth 

has been bleached internally and the lingual access restored 

with resin composite is to bleach the tooth externally using the 

same techniques used for vital teeth. This can involve the use 

of either a single-tooth bleaching tray or a conventional tray 

covering all the teeth.

External bleaching
Tray bleaching works well on vital (Fig 16-14) and nonvital 

single dark teeth. The choice for bleaching can involve a tray 

covering all the teeth, as described later, or a single-tooth 

bleaching tray. A single-tooth tray is fabricated by first making 

the traditional tray, then removing the part of the tray cover-

ing the teeth on either side of the dark tooth (Fig 16-15). The 

patient applies the carbamide peroxide externally in the single 

dark-tooth mold and wipes the excess from the adjacent teeth. 

Use of the single-tooth tray allows the dentist to determine the 

maximum whitening of the darkest tooth prior to changing the 

color of the adjacent teeth. If the darker tooth does not lighten 

as much as the other teeth, then no treatment is applied to the 

adjacent teeth. If the single tooth gets lighter than the adjacent 

teeth, then a full tray can be used sparingly to match the adja-

cent teeth to the lighter single tooth. To avoid overlightening 

the adjacent teeth beyond the maximum lightening achieved 

by the original single dark tooth, hourly daytime wear rather 

than overnight treatment is advocated.

Box 16-7 Recommendations for internal bleaching of a single dark nonvital tooth to avoid resorption

�  Use a low concentration of peroxide (10% carbamide peroxide or sodium perborate); 10% carbamide peroxide has the 

potential to increase the pH to basic, which may also prevent resorption. 

�  Place a base over the root-filled portion of the tooth (glass ionomer or resin-modified glass ionomer).

�  Do not use high concentrations of peroxide, high heat, or light activation.

�  Consider a single-tooth bleaching tray for external bleaching once the internal portion is cleaned and prepared or later for 

touch-up if there is a color relapse after restoration.
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Fig 16-14 Algorithm for bleaching a single dark tooth that has not received or does not require endodontic therapy.

Initiate endodontic therapy or 

other treatments

Consider endodontic therapy or 

other diagnosis and treatment

The single dark tooth may never equal 

other bleached teeth in lightness; if the 

esthetic outcome is critical, the single-

tooth tray is the preferred option

If single tooth does not bleach  

as light as other teeth, do not 

bleach the other teeth

If single tooth bleaches lighter  

than other teeth, use a full tray to 

carefully titrate bleaching of other 

teeth to match

Full-arch tray

Bleach all the teeth, and place an “X” on 

the tray mold for the single dark tooth to 

extend treatment time on that tooth once 

other teeth achieve maximum lightness

Single-tooth tray

Bleach the single dark tooth until its  

maximum lightness is determined

Do not initiate endodontic therapy  

(Use caution in interpreting electronic pulp 

testing results; they can be inconclusive)

Proceed with bleaching

If signs

Periapical radiolucency, fistula, 

periodontal pocket to apex

If symptoms

Pain, swelling, tender to bite, 

mobility, hot or cold sensitivity

Bleach externally with tray bleaching

If absence of definitive symptoms or signs

Bleaching a single dark tooth without endodontic treatment

See Fig 16-10

Fig 16-15 (a) The best treatment for a single dark tooth is to fabricate a single-tooth bleaching tray. This tray allows the dentist to determine the maximum lightening 

of the single dark tooth prior to initiating any bleaching on the other teeth. (b and c) The single-tooth bleaching tray has to extend further onto the palate for retention, 

because the tray covering the teeth on either side of the single dark tooth will be removed to avoid bleaching them. (d) The tray is trimmed to fit around only the discol-

ored tooth. (e) The patient places bleaching material only in the single dark tooth mold and inserts the tray. Excess gel extruding onto the adjacent teeth is wiped away 

by the patient. (f) The discolored tooth is whitened while other teeth are not affected.

b c

e

a

fd
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Internal-external bleaching, open and closed
Another technique, which has limited application, is the internal-

external open bleaching technique. It is accomplished by prepar-

ing the tooth in the same way as you would for the walking 

bleach technique combined with the at-home tray technique. 

That is, the pulp chamber is left open to allow the patient to 

place 10% carbamide peroxide inside the chamber and, at the 

same time, apply it externally with the tray. This technique, 

called internal-external bleaching, is very effective and may 

reduce the treatment time by as much as 50%.102,103 However, 

it is best suited for patients who are very responsible and 

capable of applying the solution intraorally. With this tech-

nique, a barrier layer should be placed over the gutta-percha to 

prevent contamination of the root canal, but concern exists 

that the patient may not return to have the endodontic access 

opening restored, resulting in caries and loss of the tooth from 

neglect.

A more practical application of this combined technique is 

the internal-external closed bleaching technique, where the den-

tist prepares the tooth for the traditional walking bleach tech-

nique and seals the chamber containing the 10% carbamide 

peroxide. However, rather than return for multiple changes of 

the peroxide paste, the fabrication of a single-tooth bleaching 

tray77 allows the patient to continue the process of bleaching 

at home until the tooth reaches its maximum lightness. This 

approach allows for better patient and office management, as 

some single dark teeth may require 6 to 8 weeks of bleaching to 

resolve the discoloration. This same tray can be used for touch-

up of the single tooth should it darken after several years. If the 

single tooth gets lighter than the adjacent teeth, then the origi-

nal cast can be used to make a full tray. The full tray can then 

be used very sparingly during the day to lighten the adjacent 

teeth to match the new final shade of the single dark tooth. 

Conversely, if the dark tooth does not become as light as the 

adjacent teeth, then the adjacent teeth will remain untouched 

for the best esthetic outcome.

Once the tooth has reached its maximum lightness, the 

closure of the access opening is delayed for 2 weeks to allow 

the shade to stabilize and the bond strengths to return to nor-

mal values. At that time, the final shade is compared with the 

adjacent teeth to determine if any restorative adjustments are 

needed to match the single dark tooth to the adjacent teeth. 

Decisions must be made as to whether to place a stark white 

resin composite in the chamber to give a lighter appearance or 

to match the resin composite shade to the tooth shade exactly 

and whether to use a translucent or opaque composite restora-

tion for closure (Fig 16-16).

Fig 16-16 Algorithm for restoration of a bleached endodontically treated tooth. RMGI—resin-modified glass ionomer; CP—carbamide perioxide.

Tooth darker than  

adjacent teeth
Tooth matches adjacent teeth

Restoration of bleached endodontically treated tooth

Wait 2 weeks after internal, external, or combination bleaching has reached the maximum lightening  

to evaluate bleaching outcome

Close the opening with 
matching-shade resin  
composite restoration, 
using either opaque or 
translucent materials 

depending on tooth color

Close the opening with 
matching-shade resin  

composite, using either 
opaque or translucent  

materials depending on  
tooth color, or RMGI and 

resin composite restoration

Etch, prime, and bond, 
then restore with trans-
lucent or opaque resin 
composite restoration, 

depending on the tooth’s 
translucency

Close the opening with 
matching-shade resin 

composite, using either 
opaque or translucent 

materials depending on 
tooth color

Etch, prime, and bond, 
then apply stark white or 

lightest shade of resin com-
posite material in the root 
and chamber to attempt 

to lighten shade internally, 
stopping 1 mm coronal to 

orifice opening

Tooth bleached lighter than  

adjacent unbleached teeth

Use tray bleaching to  
carefully titrate bleaching  
of other teeth to match,  

and use low-concentration 
CP and short wear times to 

avoid overlightening  
adjacent teeth

Condition and restore 
with RMGI in root and 

chamber portion, leaving 
1 mm for resin composite
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Vital tooth bleaching

Vital bleaching may be accomplished by either the in-office 

technique or take-home trays, and each has some variations. 

The in-office technique currently is not as popular as the at-

home tray technique, but it has historically met with success, 

and there are some specific indications for its use.

In-office technique
In-office bleaching of vital teeth generally uses a 35% hydrogen 

peroxide solution placed directly on the teeth and may involve 

application of light and/or heat to enhance the peroxide 

release.15,104 Because the hydrogen peroxide concentration is 

so high and the material is so caustic, soft tissues must be very 

well protected to prevent injury74 (Fig 16-17).This technique is 

intended to produce the bleaching effect with limited need 

for patient compliance. It is indicated for achieving more rapid 

results (Fig 16-18) or for patients who may have difficulty fol-

lowing the regimen for the at-home technique (Box 16-8). 

Several questions must be asked (Table 16-1), and the potential 

disadvantages need to be taken into consideration: The fee is 

usually higher because more chair time is required; there is a 

Fig 16-17 Rubber dam protects the soft tissues 

during an in-office bleaching procedure.

Fig 16-18 In-office bleaching can produce good results quickly but takes an average of three appointments. 

(a) Prior to bleaching. (b) After one bleaching session. (Courtesy of Sandra Madison, Asheville, North Carolina.)

a b

Box 16-8 Indications for in-office bleaching

�  Patient is fully informed of all bleaching options before making the treatment choice.

�  Patient has financial resources to continue treatment beyond one appointment and for additional tray treatment should 

that be indicated to complete the initial bleaching.

�  Patient is unwilling or unable to use at-home tray application.

�  Patient desires the process to be completed as quickly as possible due to an upcoming event.

�  Patient does not have sensitive teeth or will premedicate with analgesics for sensitivity as needed.

�  Patient does not want posterior teeth as light as anterior teeth, or posterior teeth do not show in smile analysis.

�  Patient is willing to pay again for touch-up, office, or tray treatment in later years.

�  Patient needs encouragement for compliance with tray bleaching. 

�  Patient understands that the outcome is the same with all bleaching techniques if treatment continues long enough;  

cost-benefit and risk-benefit ratios are considered.

Table 16-1 Questions regarding in-office bleaching

Question Answers

Does one in-office bleaching treatment yield the 

same outcome as tray bleaching?

Typically, no: The average is three in-office sessions to reach maximum tooth white-

ness, while the range is one to six treatments.

Do the lights make a difference in the outcome  

of in-office bleaching?

No: Dehydration may give initial lighter appearance; tooth color changes at a certain 

rate regardless of “enhancement” of peroxide by the light.

When is the best time to evaluate the color change 

from in-office bleaching?

Two weeks or longer after treatment due to dehydration from isolation and heat  

(if used).

Is a combination of in-office and tray bleaching  

the best option?

Only if the patient wants to pay extra for the initial boost: The final outcome is the 

same whether one or the other or a combination is used.

What are the sensitivity issues for in-office  

bleaching?

Sensitivity with in-office treatment is greater than with tray bleaching, so sensitivity 

must be minimized by using shorter appointments on multiple visits rather than a 

single long appointment; patients may need to premedicate with nonsteroidal anti-

inflammatory drugs.
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possibility of tissue injury from the more potent agent used 

(Fig 16-19); and the results of one in-office treatment may be 

inferior to the slower at-home method. In-office bleaching may 

require more than one visit to achieve the desired results.105 In 

fact, manufacturers of in-office bleaching systems usually rec-

ommend at-home bleaching after in-office treatment is com-

pleted.106 One study found that in-office bleaching combined 

with at-home bleaching does not improve tooth whitening 

compared with at-home bleaching alone.107

With in-office bleaching, a portion of the whitening effect is 

temporary, resulting from dehydration of teeth from the isola-

tion technique. Dehydration alone has been shown to cause a 

transient 3- to 12-shade change (on a VITA Classic shade guide), 

or a ∆E (using a colorimeter) of 6.7 (which is approximately 
the difference between B1 and D3 or between A2 and B4 on 
the VITA Classic shade guide)108 after 1 hour.109 The effects of 
bleaching using rubber dam isolation must be evaluated after 
1 to 2 weeks to allow rehydration of the teeth to a stable shade. 
Authors suggest from one to six in-office treatments, with the 
average being about three visits.105 The lighter the teeth at the 
start of bleaching, the fewer visits required.

Because in-office bleaching utilizes a much more potent 
agent, the oral/perioral structures must be protected during 
the procedure. Generally, this is best accomplished with a well-
placed rubber dam tightly adapted around the cervical areas of 
the teeth.110,111 For the single isolated tooth or a minimal num-
ber of teeth, it may be possible to protect the gingiva with cot-
ton rolls and a so-called liquid rubber dam (light-polymerized 
resin) (Fig 16-20). The light-polymerized resin is injected onto 
the gingival tissues surrounding the target teeth and then light 
cured to form a flexible protective shield that can be removed 
easily. Any material covering the teeth should be trimmed to 
the proper extension to allow the bleach to reach that area. 
Cotton rolls and cheek retractors may be needed to protect the 
lips and tongue. 

The teeth should not be anesthetized for in-office bleach-
ing. This allows the patient to note any developing discomfort 
so the dentist can avoid overtreating the teeth during the 
several applications of the bleaching solution occurring in the 
appointment. The patient becomes the “control” for the num-
ber of applications that should be placed; he or she should be 

questioned after each application about any tooth discomfort 
or tingling in the gingiva, which likely indicates a gap forming 
between the teeth and the rubber dam. If any tooth discomfort 
is experienced, the treatment should be interrupted and con-
tinued at a future appointment to allow the teeth to recover. 
If the patient reports a tingling of the gingival tissues, the 
procedure should be immediately aborted, the dam removed, 
and the tissues rinsed with water (with or without baking soda) 
to neutralize the peroxide and avoid severe tissue burns (Fig 
16-21). Although there are no clinical studies on treating tis-
sue burns from bleaching solutions, empirical reports have 
suggested that in addition to water with baking soda, calcium 
hydroxide powder mixed with distilled water (Alejandro Iglesias, 
personal communication, 2010), as well as a zinc oxide–eugenol 
provisional cement (TempBond, Kerr) (T. Bob Davis, personal 
communication, 2011) are effective (Fig 16-22).

Manufacturers provide their bleaching agents in various 
forms. Some are very watery, while others are in a gel form. 
Some are packaged as a powder-liquid combination that is 
mixed to activate and then placed on the teeth, while others 
are provided as a ready-to-place solution in a syringe. The 
solution is directly applied to the facial and proximal areas of 
the teeth for the prescribed time interval. If access is limited 
because of the presence of restorations, the solution can be 
placed on the lingual surface. In such cases, the improvement 
of color, as observed from the facial surface, will take longer 
to occur. Etching of the enamel is not indicated. Heat releases 
the oxygen more rapidly and is optional.112 If heat is to be used 
to speed the chemical reaction, the source should be a dental 
curing light or equipment specially fabricated for bleaching 
procedures. 

The patient must be asked if any tooth sensitivity is occur-
ring. Development of discomfort is the single most important 
limitation to the number of applications per appointment. 
Appointments for subsequent treatment are scheduled 1 week 
apart to allow sensitivity to abate.113 Because the number of 
appointments necessary to achieve the desired whiteness is 
variable,114 the patient should be so informed and the fee per 
appointment set in advance. Generally, it is recommended 
that in-office bleaching be followed by at-home bleaching to 
enhance the effect and to minimize rebound.106,115,116

Fig 16-19 A high concentration of hydrogen per-

oxide can produce a chemical burn, as shown on 

this patient’s lip.

Fig 16-20 A resin “paint-on” dam is applied and 

light cured around the target teeth. A 35% hydrogen 

peroxide bleaching material has been applied.

Fig 16-21 The gingival tissue around the canine 

has been chemically burned by contact with 35% 

hydrogen peroxide.
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Laser- or light-assisted in-office bleaching. Dental lasers and 

other intense light sources have been advocated by manu-

facturers for use in bleaching. It is claimed that they provide a 

powerful energy source to enhance the action of the hydrogen 

peroxide by promoting a more rapid release of the bleaching 

agent. Some concern has been raised over the safety of the use 

of lasers. Effects on hard tissues depend on the type of laser 

used as well as the exposure time. The temperatures created 

by high-energy light sources can be great and are influenced 

by the absorptive properties of enamel and dentin. The tem-

perature level attained is also a product of the type of laser 

used.117 The argon laser, used appropriately, generates very 

little temperature rise in the pulp,118,119 whereas the diode laser 

can generate high temperatures that are detrimental to the 

pulpal tissue.120

One manufacturer recommends use of an argon laser with 

a wavelength of 488 nm for 30 seconds to accelerate the 

activity of the bleaching gel, although it does not seem to be 

effective.121 The gel is left on the tooth for 3 minutes and then 

removed. This is repeated four to six times. Another technique 

uses a carbon dioxide (CO
2
) laser after the procedure with the 

argon laser to encourage deeper penetration of peroxide into 

the tooth structure. Anecdotal reports have indicated that 

moderate to severe post-procedure pain and sensitivity may 

occur. Pulpal irritation or even necrosis has been demonstrated 

following CO
2
 laser use.122 The ADA does not recommend CO

2
 

laser use for bleaching.123 Studies of laser bleaching to date 

have not indicated any better results than with other in-office 

techniques, and the results are possibly not as good as those 

obtained with at-home bleaching.121 

It is important to remember that the hydrogen peroxide 

performs the bleaching, not the laser. The laser merely serves 

as a heat source to enhance the bleaching agent in the same 

way that a conventional curing light does. Its only potential 

advantage is its faster rate of supplying heat. Its disadvantages 

are the cost of the laser itself, which translates to higher patient 

fees, and the potential for damage to pulpal tissues and the 

surrounding periodontal tissues. A study evaluating the use of 

a light-emitting diode laser in combination with 35% hydrogen 

peroxide showed that the laser did not add any benefit in the 

final outcome; moreover, it increased tooth sensitivity.113,124

Other manufacturers have made claims about the use of 

high-intensity lights and their role in tooth whitening. The 

preponderance of evidence at this time does not support 

their efficacy in producing a superior result.125–132 One article 

indicated that the amount of ultraviolet radiation in a popu-

lar bleaching light exceeded the international standards for 

radiation safety.132 Another study indicated that the use of a 

high-intensity light might lead to increased proinflammatory 

cytokine (IL-1β) levels.133

Dentist-supervised at-home technique
At-home bleaching requires a proper dental and medical histo-

ry, clinical examination, radiographs of the teeth to be treated, 

and impressions for tray construction. After tray fabrication, an 

insertion appointment is required unless the tray can be fabri-

cated during the first visit. Some dentists like to see the patient 

at weekly recall visits to assess progress and compliance, while 

others see the patient at the completion of treatment. As previ-

ously stated, initial treatment of only one arch has advantages 

of increasing compliance, decreasing sensitivity, and allowing a 

lower entry fee for the patient. Plans for treatment of sensitivity 

and determination of total treatment time should be commu-

nicated to the patient during the first visit.

At-home bleaching is the more commonly used bleaching 

process compared with in-office bleaching because it is easy 

to perform, it is usually less expensive for the patient, and 

there is strong evidence for its effectiveness.134–141 It uses a 

custom-fit tray (Fig 16-23) with a 10% solution of carbamide 

peroxide (approximately equal to a 3.5% solution of hydrogen 

peroxide). Although the process requires longer contact time 

compared with the in-office bleaching technique,142 it is safe, 

and the results are generally excellent. Products carrying the 

“ADA accepted” label have passed a rigorous set of safety and 

efficacy standards.48,110–112,115,143–146 Manufacturers have offered 

carbamide peroxide in a variety of concentrations, ranging 

from 10% to 20% or higher, but the best combination of safety, 

limited side effects, and speed of action is obtained with a 10% 

solution. An initial survey indicated that 90% of the dentists 

surveyed used a 10% carbamide peroxide formulation for at-

home bleaching of vital teeth.147 However, the 15% formulation 

is also very popular.

Fig 16-22 (a) A soft tissue burn from a mild peroxide solution, resulting in a painful experience for the patient and white discoloration of the tissue. (b) Application of 

a zinc oxide–eugenol provisional material (TempBond) for 2 to 3 minutes until pain subsides. (Technique courtesy of T. Bob Davis, Dallas, Texas.) (c) Once the zinc 

oxide–eugenol provisional material is removed, both the whitish area and the pain are gone.

a b c
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More recently, hydrogen peroxide products have been 

introduced for day wear in trays. These products can be applied 

in a tray and range in concentration from 7.5% to 9.5% hydro-

gen peroxide. They are only active for 30 to 60 minutes (Table 

16-2), so the wear time is shortened per day, but the number 

of days to achieve results compared with nighttime bleaching 

with carbamide peroxide is extended. Hence, instructions for 

hydrogen peroxide products typically recommend use for 1 

hour or less per application.148 Carbamide peroxide is active for 

up to 10 hours, with about 50% of the active agent being used 

up in the first 2 hours.2,149 Carbamide peroxide is designed for 

nighttime application to achieve the maximum benefit,20,150,151 

but it can be used for 2 to 4 hours during the day. There have 

also been high concentrations of carbamide peroxide (35% to 

38%) introduced for which the manufacturers’ recommended 

tray application is only 3 to 15 minutes per day. A 35% carb-

amide peroxide product is approximately equivalent to a 9.5% 

hydrogen peroxide product. There is no research at this time 

demonstrating clear comparisons of this group of high-con-

centration carbamide peroxide products with traditional 10% 

carbamide peroxide tray bleaching.

Tray fabrication. Accurate impressions are critical to produce 

casts on which accurate vacuum-formed trays can be made. 

Because casts should be altered for tray fabrication, this often 

renders them unsuitable for other purposes. However, the 

initial alginate impression, properly handled (impression kept 

wrapped in a wet paper towel, and the second pour accom-

plished within 45 minutes of the first pour), may be double-

poured to provide an additional cast for other treatment 

needs.152 Alternatively, polyvinyl siloxane impression materials 

provide multiple-pour accuracy over more extended time peri-

ods compared with alginate.153 The cast for the bleaching tray 

should be trimmed to the thinnest and narrowest dimensions 

possible without damaging surfaces representing the teeth or 

periodontal structures (Fig 16-24). A model trimmer is used to 

trim the cast from the base rather than from the sides, until the 

vestibule is eliminated (see Fig 16-24a). The base of the cast 

should be as thin as 0.5 inch, or trimmed to a horseshoe shape, 

leaving only the maxillary or mandibular teeth and periodontal 

tissues remaining, with no palatal or tongue section included. 

The base should be flat, with the central incisors perpendicular 

to it (see Figs 16-24b and 16-24c). This makes it easier to adapt 

the vacuum-formed tray material around the teeth and avoids 

the development of folds and wrinkles during fabrication. If 

the palate or tongue section remains, it is helpful to drill a hole 

through that section so that the vacuum better adapts tray 

material in all areas of the cast.

A number of materials have been used in tray fabrication, 

including materials used in fabricating orthodontic position-

ers, athletic mouthguards, provisional splints, and antisnoring 

devices. The original nightguard vital bleaching article25,26 

proposed use of a thick, semirigid material. The newer mate-

rials are thinner, softer, easier to shape and trim, and have 

reduced gingival and occlusal side effects. Additionally, one 

thermoplastic (boil and form) system uses a tray supplied by 

the manufacturer that is custom-fitted to the patient using 

heat. An alginate impression is not needed. This thermoplastic 

technique results in a tray formed in the patient’s mouth at the 

first appointment.79

Decisions to be made about tray design include whether 

to scallop the tray borders and whether to add reservoirs. 

Some advocates of at-home bleaching were concerned that 

the agent would harm gingival tissues over time. They rec-

ommended a scalloped tray border, positioned 1 mm incisal/

occlusal to the soft tissue, to avoid contact of the tray or bleach-

ing agent with the tissue154,155 (Fig 16-25). This practice is not 

necessary for successful bleaching but may help when gingival 

tissues are very delicate.156–158 Scalloping may be indicated 

for sticky, non–water-soluble materials, because they tend to 

adhere to the gingiva and may produce localized irritation. 

However, scalloping may be counterproductive if a water-

soluble material is being applied, because the material is more 

rapidly washed out of this type of tray by saliva. Scalloping is 

not necessary when low concentrations of carbamide peroxide 

(10%) are used, but the higher the concentration of bleaching 

Table 16-2
Differences between carbamide peroxide (CP) and  

hydrogen peroxide (HP)

Carbamide peroxide Hydrogen peroxide

Active time 2 to 10 hours due to  

carbopol amount

30 to 60 minutes

pH level Neutral; elevates pH due  

to urea production

Low; pH stays constant  

during treatment

Lowest  

concentration

10% CP = 3.5% HP 6% HP = 17% CP

Effect of 

pH level

Caries process may not 

advance during bleaching 

due to elevation of pH to a 

basic level

pH does not change during 

treatment

Fig 16-23 The original tray design involved a nonscalloped, 

nonreservoir tray made from a cast of a good alginate impres-

sion.
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material, the more likely it is that there will be tissue irritation 

and the greater the need to scallop the tray so that it does not 

extend onto tissue. Hence, the tray design takes into consider-

ation the concentration and type of material and the patient 

and his or her oral conditions and concerns. Additionally, scal-

loping can be annoying to the tongue or lips, depending on the 

patient and the teeth-to-tissue relationships. If tissue contact is 

preferred, the tray should not extend into undercuts or be tight 

enough to blanch tissue. The tray borders should be smooth. 

When tissue irritation during an at-home bleaching regimen 

has been reported, it often resulted from poor adaptation of 

a rigid tray and because the tongue, lips, and/or cheek have 

rubbed against an edge of the tray.159

The patient should be able to close into the same occlusion 

with the thin tray in the mouth (Fig 16-26a) as without a tray 

(Fig 16-26b). If the anterior teeth are in contact in maximum 

intercuspation without the tray, then the anterior teeth should 

be in contact with the tray in place. The trays are too thin to 

adjust on the occlusal surfaces as in traditional appliances, 

so to achieve the proper anterior contact, the most posterior 

tooth molds of the tray should be removed (Fig 16-26c) and the 

occlusion reevaluated. The clinician should continue to remove 

the posterior tooth molds until anterior contact is achieved. 

Failure to maintain anterior contact will cause an increase in 

muscle activity160 and may create headaches or muscle pain. 

Foam liners for the tray have been advocated to hold the 

bleaching agent evenly against the teeth by preventing flow 

of the bleaching agent to the incisal portion of the maxillary 

tray or the gingival portion of the mandibular tray. Despite 

manufacturers’ claims that the inclusion of foam liners gives 

a more rapid bleaching effect, research has failed to demon-

strate an advantage.161 Some techniques incorporate a reser-

voir on the facial intaglio surface of the tray to hold a greater 

volume of the agent in the target areas of the teeth to enhance 

the process112,162 or to allow bleaching gel to flow from areas 

of high concentration to areas of reduced concentration.163 

The theory is reasonable, but there is little evidence that the 

creation of reservoirs actually improves bleaching efficacy.137 

It is assumed that the solution degrades at the same rate 

whether it is present in greater volume in a reservoir or not. 

Some clinicians do not advocate placement of reservoirs in the 

tray, because this seems to waste bleaching material, increase 

the difficulty of tray fabrication, and reduce the comfort of the 

tray.27,52,164–166 

Fig 16-24 Trimming the stone cast for the bleach-

ing tray is best accomplished using a nontraditional 

method. (a) The cast is trimmed from the base, 

keeping the central incisors parallel to the horizon. 

Gentle pressure is applied until the vestibule is 

removed. (b) In an ideally trimmed cast, there should 

be no vestibule, and the central incisors should 

be perpendicular to the tabletop to avoid wrinkles 

or folds in the tray material. (c) Casts work best 

in the vacuum former if there is no palate and no 

vestibule. In addition, a dry cast will allow the best 

adaptation of the tray material. a b

c

Fig 16-25 Depending on the patient, the bleach-

ing agent, and the teeth, the tray can be designed 

as (a) nonscalloped, extending onto the tissue for 

low concentrations of peroxide, or (b) scalloped to 

avoid bleaching agent contact with the tissue. (White 

material was added to the tray for visibility in a.)

a b
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Reservoir spaces are formed by using a manufacturer-

supplied, light-polymerized resin, placed 0.5 to 1.0 mm thick 

on the facial surfaces of the teeth of the cast. The resin spacer 

should terminate 1.0 mm short of the gingival area and should 

not extend into the embrasures. Nail polish, die spacers, or 

tinfoil may also be used to form reservoir spaces. The reservoir 

design should allow tray borders to contact the tooth. Spac-

ers should not be placed in areas of occlusion (such as incisal 

aspects of mandibular anterior teeth or lingual aspects of 

maxillary anterior teeth), because the contact of the opposing 

teeth will displace the material from the tray.

There may be some benefit to having the extra space pro-

vided by the reservoirs, such as to help in seating the tray and 

to avoid pressure on the teeth, which may result in less sensi-

tivity, especially if a very viscous solution is used.167 One study, 

however, has indicated no difference in patient comfort with 

or without tray reservoirs,166 and several studies have shown 

no clinical difference in efficacy between reservoir and nonres-

ervoir trays.137,165,168 

When one tooth is darker and the other teeth are reasonably 

acceptable (see Figs 16-15a to 16-15c), a single-tooth bleaching 

tray can be fabricated in the same manner as described for the 

nonvital tooth (see previous section). This tray design works 

well with vital teeth also. 

Patient instructions for at-home bleaching. Patient instruc-

tions should address expectations and the course of treatment, 

the technique for applying the bleaching agent, the frequency 

and length of time for wearing the tray, tooth sensitivity/tissue 

irritation problems, interim appointments, and variations in the 

total fee related to the course of treatment. It is critical that the 

patient understands the process and can make appropriate 

adjustments in the protocol (eg, discontinuing tray wear for 1 

or 2 days if sensitivity begins to develop). The patient must rec-

ognize and inform the dentist of any developing problems early 

in the process. While this is a supervised procedure, most of the 

process occurs away from the dentist, so the patient becomes 

the progress monitor. The patient should be instructed to place 

enough bleaching agent into the tray to cover the facial sur-

faces of the target teeth. This includes the most posterior tooth 

visible when the patient smiles, laughs, or talks. Seating and 

removing the tray should be demonstrated to ensure that the 

patient is able to do so without undue difficulty or harm to the 

tray or the oral structures. To avoid tissue injury, the tray should 

be “peeled” from the second molar area rather than being “dug 

out with fingernails” in the canine region (Fig 16-27).

Instructions for tray wear. The correct time for wearing of the 

tray depends both on the product being used and the patient’s 

Fig 16-26 (a) With the bleaching tray in place, 

the posterior teeth contact prematurely because 

of the  arc of closure of the mandible, which keeps 

the anterior teeth from coming into contact. (b) 

Slight contact on the maxillary right central incisor 

in maximum intercuspation. (c) The mold of the 

terminal tooth is removed to allow further closure 

of the mandible. (d) Enough teeth are removed to 

allow the tray to contact the anterior teeth in the 

same manner as the natural teeth. a b

c d

Fig 16-27 The tray is removed by grasping the 

most terminal tooth rather than digging fingernails 

around the edges of the tray and into soft tissue. 



433

16Current Bleaching Modalities

lifestyle. Ideally, carbamide peroxide is best worn overnight 

for maximum benefit of the product and compliance by the 

patient. Hydrogen peroxide is indicated for daytime wear 

because of the short active period of 30 to 60 minutes. While 

carbamide peroxide is ideally used overnight, the patient also 

can use it during the day, but the patient should understand 

that he or she is to wear the tray daily for 2 to 4 or more hours. 

Because the material maintains its potency for several hours, 

it is wasteful to wear it for fewer than 2 to 4 hours. One study 

demonstrated that 50% of the active agent remained after 

2 hours.2,149,168 The best option is probably for the patient to 

wear the tray during sleeping hours. Although the agent has 

lost most of its potency after 5 hours, compliance is much bet-

ter when the bleaching treatment becomes part of a regular 

nightly routine. After the loaded tray is seated, the patient may 

use a damp cloth or finger to wipe the areas adjacent to the tray 

borders to remove any excess bleaching material. However, 

swallowing low concentrations of carbamide peroxide is not 

harmful as its original use was as an oral antiseptic to aid in 

wound healing. The patient should be reminded to rinse and 

gently brush the tray after each session before storing it in a 

cool or room-temperature environment until the next bleach-

ing session.

The amount of time required for the bleaching process var-

ies (Table 16-3). While some readily discernible improvement 

may occur within 2 to 14 days, it may take as long as 6 to 12 

months.159 The time required depends on the type of discol-

oration, patient compliance, and whether or not any tooth 

sensitivity occurs. It may be helpful for improving compliance 

to recall the patient after 5 to 7 days to check progress. The 

patient can be shown the shade tab representing the original 

color to contrast it with the new whiteness of the teeth, or 

the patient can compare the treated maxillary arch with the 

untreated mandibular arch. At an interim appointment, tray 

adjustments may be necessary, and digital photographs can 

be taken to compare with the prebleaching photographs. The 

protocol can be reviewed to ensure that the patient is following 

it correctly. Alterations in protocol can be made to eliminate or 

minimize any problems or to speed the process. Some teeth 

may respond to bleaching more rapidly than others. More 

severely discolored and less responsive teeth may need more 

sessions of bleaching than others.48,169 Some teeth with white 

spots exhibit a splotchy look as different portions of the tooth 

respond at different rates. The patient should be encouraged to 

continue treatment until the remainder of the tooth achieves 

the same color. The splotchy areas tend to abate on completion 

of treatment. Considerable whitening of the teeth is routinely 

predictable (Figs 16-28 to 16-33).

Table 16-3 Treatment times for tray bleaching

Normal teeth 3 days to 6 weeks (average of 2 weeks)

Nicotine-stained teeth 1 to 3 months

Tetracycline-stained teeth 1 to 12 months (average of 3 to 4 months)

Fig 16-28 Yellow-brown stains usually respond 

quickly to at-home bleaching. (a) Prior to bleaching. 

(b) After 1 month of bleaching the maxillary teeth 

using 10% carbamide peroxide in a tray.

a b

Fig 16-29 Many gray stains respond well to at-

home bleaching. (a) Prior to bleaching. (b) Results 

after more than 4 weeks of bleaching the maxillary 

teeth with 10% carbamide peroxide.

a b
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Consumer-managed at-home technique
Over-the-counter (OTC) products are available in the form of 

tray systems, trayless systems, and paint-on products. The fun-

damental problem with OTC products is that there is no exami-

nation and diagnosis of the cause of discoloration. Hence, any 

effective bleaching treatment may mask symptoms of another 

problem. Discoloration could indicate that the teeth are non-

vital or could be caused by dental caries, internal resorption, 

or dark, stained, or discolored restorations. It is advisable for 

patients considering bleaching to have a proper clinical and 

radiographic examination performed by a dentist, even if they 

are considering using OTC products (Box 16-9).

In the past, OTC bleaching agents did not prove very effec-

tive. Although the initial cost of the agent or system was dis-

tinctly lower than dentist-prescribed methods, its ineffective-

ness led to repeated purchases of the product, so the final cost 

was significant and the results often unsatisfactory. Addition-

ally, early reports cited detrimental effects of tooth structure 

erosion from overuse of poorly manufactured or formulated 

solutions.170

Recently introduced products have proven to be much 

more effective in whitening teeth. While the specific mode 

of application varies among the products, the manufacturers 

have made the products relatively easy for the patient to apply. 

One whitening system utilizes adhesive strips containing a 

relatively high concentration (approximately 6% to 14%) of 

hydrogen peroxide. The adhesive strips are designed to hold 

the peroxide against the teeth to allow it to effectively bleach. 

Patients are instructed to wear the strips for 30 minutes twice 

a day for maximum benefit. Studies have shown the whitening 

a b

a b

a b

a b

Fig 16-30 White spots become less noticeable 

when the teeth are whitened. (a) Prior to bleaching. 

(b) After bleaching the maxillary teeth for about 6 

weeks with 10% carbamide peroxide. Note that the 

white spot is unchanged but less noticeable.

Fig 16-31 Yellow-brown stains can be removed 

easily with at-home bleaching with 10% carbamide 

peroxide. (a) Prior to bleaching. (b) After bleaching 

for 6 weeks.

Fig 16-32 Yellow stains can be removed more 

readily from the coronal portion than from the root 

of the tooth. (a) Prior to bleaching. (b) After tray 

bleaching the maxillary teeth with 10% carbamide 

peroxide for 6 weeks. The roots retain their yel-

lowish coloration, likely because of differences in 

composition and dentin tubule size and density 

between root dentin and coronal dentin.54

Fig 16-33 (a) Unknown brown discoloration, pos-

sibly from trauma to a primary tooth, prior to bleach-

ing. (b) After tray bleaching for about 6 weeks with 

10% carbamide peroxide.
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strips to be effective171,172 without significant tooth sensitiv-

ity or tissue irritation. They are relatively convenient and less 

expensive than dentist-supervised at-home techniques. The 

strips may be difficult for some patients to adapt to the target 

teeth, especially if the teeth are malaligned. In addition, the 

strips do not extend past the canines in many people’s mouths, 

so posterior teeth are not whitened and the final result may not 

be pleasing in patients with a broad smile. Few studies have 

compared strips with daytime tray bleaching and nighttime 

tray bleaching using the same color measurement criteria as 

in previous tray-bleaching research. However, one study did 

show that daytime wear of hydrogen peroxide in the tray was 

equivalent to that of strips, but nighttime wear of carbamide 

peroxide was more efficacious.138 There are many other OTC 

products on the market that change frequently, from paint-on 

products to different versions of strips. The original concentra-

tions of many researched OTC products have been altered, so it 

is very difficult to find clinically useful research.

There are a few studies that have compared OTC strips using 

hydrogen peroxide with tray bleaching using carbamide perox-

ide and in-office bleaching using hydrogen peroxide. To obtain 

a six-shade color change on a VITA shade guide required 7 

nights of tray bleaching with 10% carbamide peroxide, 16 days 

of a 6% hydrogen peroxide strip (OTC) worn twice a day, or 3 

in-office treatments of 38% hydrogen peroxide.138 If the three 

bleaching techniques are used for 2 weeks, then tray bleaching 

is most efficacious, similar to in-office but significantly better 

than OTC strips.173

Myriad other OTC products, from toothpastes to chewing 

gums, claim tooth whitening with little or no research to sup-

port their claims.174 A great many of these products produce 

whitening by removing extrinsic or surface stains (with abra-

sives or peroxides), preventing staining (with chemicals), or 

merely physically removing food debris from already-white 

teeth (chewing gums).

Manufacturers continue to develop new OTC products. 

Although new chemistry may be introduced, their focus has 

been primarily on delivery systems that are easier and faster for 

the patient to apply. However, the most critical challenge with 

the use of OTC products is the lack of a proper prebleaching 

examination to determine if bleaching is appropriate for the 

patient. The lack of a proper examination may cause pathology 

to be masked by bleaching and appropriate treatment delayed.

A general summary of the three types of bleaching is that 

overnight tray bleaching produces the best results,69 followed 

by daytime-wear tray bleaching. OTC bleaching strips are equal 

to in-office and similar to daytime-wear tray bleaching. In-office 

bleaching should be used with tray bleaching to complete the 

process.

Techniques for tetracycline-stained teeth
Patients whose teeth have been stained by tetracycline inges-

tion present a very difficult esthetic challenge. Tetracycline can 

be deposited in fetal tooth buds if ingested by an expectant 

mother in the third trimester of pregnancy or by a child during 

the tooth-formation years, between the ages of 3 to 4 months 

and 7 to 8 years.175 Tetracycline may also be deposited in the 

teeth in early adults if it is taken on a long-term basis for skin 

conditions, such as acne, especially during the formation of 

secondary dentin, during growth periods, and after trauma.37,38

Tetracycline has several different analogs (eg, tetracycline, 

doxycycline, oxytetracycline, minocycline, chlortetracycline, 

demeclocycline) that may produce various intensities of gray, 

blue, brown, and yellow in the teeth. If seemingly normal yel-

low teeth are not responsive to the conventional 2 weeks of 

bleaching treatment, they may actually be tetracycline stained. 

Recent research has shown that tetracycline-stained teeth 

may respond to bleaching treatments but at a rate different 

from that of teeth stained by other agents176,177 (Figs 16-34 

and 16-35). Whereas the normal bleaching time is 2 to 6 weeks, 

some tetracycline-stained teeth may require 2 to 12 months 

of daily treatment to achieve a significant improvement.30,178 

Tetracycline-stained teeth do not generally lose all discolor-

ation. Although the tooth color is often much improved, teeth 

may retain some grayish-blue tint.

Research on the longevity of color change achieved after 

bleaching tetracycline-stained teeth indicates that most 

patients will have some degree of lightening and that 8 in 10 

patients can expect to retain that lightening for at least 1 year. 

Even those patients who experience some regression indicate 

that they were glad they bleached their teeth and would do it 

again. A follow-up study showed a very high patient satisfac-

tion rate at 7.5 years after completion of bleaching.30

There are several factors to consider when bleaching 

 tetracycline-stained teeth for extended periods.110 First, the 

location of the stained area has a great influence on the prog-

nosis for success. A tooth generally lightens from the incisal to 

the gingival area because the tooth gets progressively thicker 

Box 16-9 Safety concerns for OTC bleaching

�  Lack of diagnosis for proper treatment (pathology 

masked; bleaching not indicated)

�  Potential for less esthetic outcome (restorations not 

identified; endodontic status not known)

�  Unknown safety of higher concentrations (no research 

above 15% CP or 6% HP; issues with unsupervised use)

�  Unknown quality of some products (pH, allergenic  

ingredients, etchants, other ingredients)

�  Patients may not receive any or maximum benefit avail-

able for whitening (due to shortened treatment time for 

difficult stains and discolorations, ineffective products)

CP–carbamide peroxide; HP–hydrogen peroxide.
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from incisal to gingival. Teeth heavily stained in the gingival 

third have the poorest prognosis for complete lightening. The 

further toward the incisal edge the stain resides, the better the 

prognosis. In any situation, absolute predictions of success are 

unrealistic. Patients must understand that each discoloration 

responds differently and that they may not see significant 

results in the first few months.

A practical consideration is the amount of bleaching mate-

rial necessary for extended treatment and the appropriate fee 

for service. Practitioners may choose either to increase the 

total fee or use the initial fee for normal bleaching treatment 

with a monthly fee for each additional month of treatment. 

The monthly fee is dependent on the amount of material the 

patient uses monthly (as determined by recording dosage in 

a log form) and the frequency of office visits (usually 1 to 2 

months apart). Patients can then pay as they go for extended 

treatment if there is continued, albeit slow, improvement. 

Another more affordable option that has been shown to be 

effective is to bleach tetracycline-stained teeth using 6.5% 

hydrogen peroxide strips.179

Generally, teeth severely stained in gingival areas are candi-

dates for porcelain veneers or crowns if maximum ideal esthet-

ics is desired, but it is generally best to attempt bleaching first. 

Bleaching may achieve adequate results and avoid the need for 

veneers, even if the result is not quite as esthetic. The bleach-

ing may have only a limited lightening effect, but it can reduce 

the amount of opacity necessary in the veneer for masking 

the stained tooth structure. This is especially important if the 

teeth are misaligned, because the veneer preparation may be 

extended closer to or into the darker dentin, making it difficult 

to obtain an even translucency in the veneers when areas of 

color contrast exist in the tooth. Even if the bleaching treat-

ment is ineffective, the patient is aware that the most conser-

vative avenues have been attempted first and is assured that 

porcelain veneers or porcelain-fused-to-metal or all-ceramic 

crowns are the best remaining options. If the teeth under the 

veneers discolor, or if the veneers have been placed on non-

bleached teeth, the natural teeth can be bleached under the 

veneers from the lingual.180 This technique can easily lighten 

previously bleached teeth back to their original shade and 

hence return the veneers to their original appearance. Depend-

ing on the translucency of the veneers placed on nonbleached 

teeth, there can be some moderate lightening appearance in 

the veneers if they are relatively translucent.

Dentists and physicians are well aware of the effect of tetra-

cycline ingestion on dental esthetics,25,34,35 although the results 

of tetracycline absorption in teenagers treated for acne has 

only recently been reported.181–189 Tetracycline is still the drug 

of choice for outpatient treatment of Rocky Mountain spotted 

fever and is the most widely prescribed drug for acne. Dentists 

should consider bleaching a reasonable treatment option for 

the discoloration resulting from this treatment if the patient 

is willing to comply with extended treatment and does not 

expect total elimination of the stain.

Factors affecting both the in-office and at-home 
bleaching processes

Several factors must be considered carefully before bleaching 

is initiated and then controlled during the process to ensure 

maximum benefit.

Fig 16-34 Tetracycline stains are tenacious; results come more slowly than with other types of stains. (a) Prior to bleaching. (b) Treatment midpoint. (c) After approxi-

mately 7 months of at-home bleaching.

Fig 16-35 A generalized tetracycline stain. (a) Prior to bleaching. (b) After several weeks. (c) After more than 8 months of at-home bleaching with 10% carbamide 

peroxide.

a b c

a b c
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Surface cleanliness
All surface debris must be removed to distinguish intrinsic from 

extrinsic staining and to ensure that the agent has maximum 

contact with the tooth surface. However, bleaching should be 

delayed for several days after dental prophylaxis to allow any 

gingival or tooth sensitivity related to the prophylaxis to abate. 

Some stains begin externally but absorb internally. Nicotine 

is an example and is a very tenacious stain to remove both 

externally and internally (Fig 16-36). However, bleaching for 

a period of 1 to 3 months with 10% carbamide peroxide can 

remove the internal portion while the prophylaxis can remove 

the external stain.

Concentration of peroxide
The higher the concentration of peroxide, the more rapid the 

lightening effect up to a certain point, although the effect is not 

linear (ie, 20% is not twice as fast as 10%).43,190 The limiting fac-

tor is how fast the tooth can change color. Once the maximum 

change rate of the tooth has been achieved, the additional 

concentration contributes only to sensitivity.191 Hence, con-

versely, the higher the concentration, the greater the chance 

for sensitivity. In-office bleaching materials are usually supplied 

in concentrations of 35% hydrogen peroxide, although concen-

trations range from 15% to 50%. 

Temperature (in-office bleaching)
The higher the temperature of the bleaching solution, the fast-

er the rate of oxygen release and, therefore, the faster the rate 

of the chemical reaction. An increase of 10°C doubles the rate of 

chemical reaction.192,193 However, this does not necessarily alter 

the rate of the tooth color change.194 The rate of tooth color 

change is more dependent on the tooth than the material used 

for bleaching. Teeth change color at different rates and pro-

gress to a different whiteness. Additionally, temperatures ele-

vated to an uncomfortable level may result in tooth sensitivity 

or even irreversible pulpal inflammation.195 Bleaching materials 

are always applied without anesthesia to avoid overheating the 

tooth. Nonvital teeth should not be heated to a temperature 

higher than that acceptable for a vital tooth.

pH
The pH of the bleaching material can influence both the effects 

on the teeth from bleaching as well as the concern for existing 

decay. Enamel caries starts when the pH is below 5.5; dentin 

caries is initiated when the pH is below 6.8. Material Safety 

Data Sheets (MSDS) list hydrogen peroxide products with a 

pH around 5. Most carbamide peroxide materials approved 

by the ADA have a pH of approximately 7.196 Materials with a 

significantly lower pH can cause tooth surface alterations by 

their acidic nature. However, carbamide peroxide breaks down 

quickly into hydrogen peroxide and urea when applied. Urea 

is primarily responsible for raising the pH in the oral cavity 

above 8 for a number of hours. Therefore, there is a potential 

for retarding caries activity during bleaching with carbamide 

peroxide.

Time
In addition to the concentration, the degree of bleaching is 

directly related to the amount of time the bleaching agent is in 

contact with the tooth. The longer the contact, the more light-

ening will occur (until the plateau of the tooth color change is 

reached); however, the longer the bleaching agent is in initial 

contact with the teeth, the greater the likelihood of tooth sen-

sitivity.197 Interestingly, the greatest sensitivity seems to occur 

in the first 2 weeks of treatment. After this initial time period, 

sensitivity does not continue to increase on all patients but 

tends to be more episodic.

Additives
Many of the peroxides have additives to alter their handling 

characteristics or patient acceptability of the product. Materials 

may be added to liquid hydrogen peroxide to form a gel for 

easier handling and safety, but this may also alter the efficacy 

of the material. Carbamide peroxide may also have various 

ingredients added to promote thickness, stickiness, or viscos-

ity. Carbamide peroxide can have many different base vehicles, 

including variations of glycerin, glycol, and toothpaste base 

materials. Additionally, it is manufactured in many flavors, 

and some of the flavoring additives can cause mild adverse 

responses in certain patients.198 Some products may contain 

gluten, making them inappropriate for celiac disease patients. 

Some flavors like banana may have cross-linkage to latex aller-

gies.199 Some mint flavors may promote aphthous ulcers or 

cause gingival burning.200,201 The most significant additive to 

carbamide peroxide is carbopol. This ingredient thickens the 

material and prolongs the release of peroxide over time.

Fig 16-36 Nicotine stains. (a) Prior to bleaching. 

(b) After bleaching.

a b
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Safety factors 
Safety concerns include the potential for tooth/pulpal prob-

lems, irritation of periodontal or other oral tissues, and systemic 

effects. The primary safety issue is the concern for masking 

existing pathology because of the potential of bleaching the 

only symptom, which is a discolored tooth or teeth. It is impor-

tant for the patient to have a proper examination including 

radiographs prior to the initiation of any type of bleaching.

Tooth Sensitivity and Pulpal Concerns
Short-term pulpal response varies from patient to patient and 

even from tooth to tooth. Peroxide penetrates through the 

tooth to the pulp in a matter of 5 to 15 minutes.72,202 The perox-

ide molecule is of such small size that it easily passes through 

the interstitial spaces of the tooth, rather than traveling down 

the dentinal tubules. Therefore, bleaching can produce sensi-

tivity.31 However, the pulp remains healthy and the sensitivity 

is completely reversible.192,202,203 Patients undergoing at-home 

bleaching must also be informed that minor sensitivity may 

occur in as many as two-thirds of patients. Double-blind studies 

have reported sensitivity in 25% to 70% of patients. However, 

these studies also show that 20% to 30% of patients report sen-

sitivity when a placebo is used, and 18% report sensitivity just 

from wearing the bleaching tray without any gel.33 Manufactur-

ers have included potassium nitrate and fluoride or amorphous 

calcium phosphate (ACP) in the bleaching gel. These new 

bleaching formulas have been shown to have varying degrees 

of effectiveness in decreasing tooth sensitivity.139,204,205 

If sensitivity occurs, there are a number of approaches avail-

able involving either passive treatment or active treatment to 

resolve the sensitivity (Box 16-10). Passive treatment involves 

shortening the duration or frequency of treatment or inter-

rupting the process for a day or more to allow the teeth to 

recover. The procedure can then be resumed.206 Active treat-

ment involves the application of medicaments using the same 

bleaching tray. Historically, fluoride has been applied for sensi-

tivity. Fluoride acts as a tubule blocker to limit the fluid flow to 

the pulp.207 It has been suggested that fluoride treatment prior 

to initiating bleaching may reduce sensitivity; however, there is 

little research showing this to be the case. Bleaching sensitivity 

is not directly related to tubule blockage, which is the mecha-

nism of action of fluoride. 

A more direct treatment is the application of 3% to 5% 

potassium nitrate gel in the tray. Potassium nitrate prepara-

tions are available from several bleaching agent manufactur-

ers.208 Potassium nitrate penetrates the tooth to the pulp much 

like the peroxide molecule and has an anesthetizing or sedative 

effect on nerve transmission.209,210 Potassium nitrate is found 

in many desensitizing toothpastes but generally takes 2 weeks 

to be effective via tooth brushing. However, application of a 

potassium nitrate toothpaste in the tray for 10 to 30 minutes 

before or after bleaching can reduce or eliminate sensitivity in 

many patients.211 The best toothpaste to use is one that con-

tains 5% potassium nitrate but does not contain sodium lauryl 

sulfate (SLS), which is a detergent foaming ingredient. SLS has 

been associated with removal of the smear layer and increased 

occurrence of aphthous ulcers.201 

Often, treatment for sensitivity is a combination approach 

involving alteration of duration or frequency of treatment and 

use of medications, including anti-inflammatory medications, 

desensitizing toothpastes, and desensitizing medicaments 

applied in the tray. A combination of potassium nitrate and 

fluoride may be used in the tray to optimize the desensitizing 

results.208,212,213 Questions have been raised about the effect of 

bleaching on the structure of the tooth itself.214 Recent stud-

ies have shown that low-pH solutions can produce a detect-

able loss of calcium from the surface enamel, along with a 

slight loss in surface hardness to a depth of approximately 

25 µm.27,215–217 However, this loss has not been shown to be 

significant because the surface quickly remineralizes after the 

procedure is completed.218–223 Moreover, a study concluded 

that “no obvious morphological or chemical composition 

alterations of enamel surface were detected in the neutral or 

alkaline bleaching solutions.”224 In fact, there is less change in 

the calcium content of the tooth and surface hardness from 6 

hours of bleaching with 10% carbamide peroxide than when a 

carbonated drink is consumed in a 2- to 3-minute period. No 

noticeable change in the surface luster and topography is seen 

clinically.225

Box 16-10
Treatment of patients with  

maximum sensitivity

�  Do not initiate bleaching immediately after the prophy-

laxis.

�  Brush with a potassium nitrate–containing toothpaste 

for 2 weeks prior to initiating bleaching. 

�  Wear the empty tray 1 or 2 nights to become familiar 

with the feel and pressure of the tray.

�  Wear tray with potassium nitrate toothpaste (without 

sodium lauryl sulfate) 1 or 2 nights.

�  Begin bleaching initially with shorter daytime periods 

using 10% carbamide peroxide with potassium nitrate 

and fluoride in the product.

�  Continue brushing with desensitizing toothpaste during 

bleaching.

�  Use tray delivery of potassium nitrate desensitizing 

materials 10 to 30 minutes in the tray as needed during 

treatment. Use a professional product or OTC desensitiz-

ing toothpaste with 5% potassium nitrate.

� Alternate or skip bleaching days, if sensitive.

�  Avoid acidic drinks, cola, and fruit juices, which remove 

the smear layer.



439

16Other Considerations

Soft Tissue Response

The more powerful in-office bleaching agents (30% to 35% 

hydrogen peroxide) can easily produce tissue burns, turning 

the tissue white.226–228 If the exposure is limited in duration and 

quantity, it is quickly reversible with no long-term consequenc-

es. Rehydration and application of an antiseptic ointment (eg, 

Orabase B, Colgate Oral Pharmaceutical), baking soda, calcium 

hydroxide powder mixed with distilled water, or zinc oxide–

eugenol provisional cement (eg, TempBond) quickly returns 

the color to the tissue and removes the burning sensation 

(see Fig 16-22), reassuring the patient that the problem is not 

permanent.66 Nevertheless, it can cause significant temporary 

discomfort and some alarm when first seen. It is important to 

protect soft tissues with rubber dam or other means to avoid 

tissue burns. 

Although soft tissue irritation during at-home bleaching has 

been reported,163 the irritation is most likely the result of an 

ill-fitting tray rather than the agent itself.229 Reports of harmful 

effects to soft tissues from hydrogen peroxide indicate that the 

effects resulted from dosages and exposure times that greatly 

exceeded those prescribed in any at-home bleaching tech-

nique. At-home agents containing 10% carbamide peroxide 

are not potent enough to produce significant or long-lasting 

effects on the soft tissues.230 However, the higher the concen-

tration of carbamide or hydrogen peroxide used in the tray, 

the greater the need to avoid soft tissue contact by scalloping 

the tray.

Studies have indicated that approximately one-third of 

patients experience no detectable side effects after bleach-

ing, and the other two-thirds experience only minor transi-

tory tooth sensitivity and/or tissue irritation of short duration.32 

When examined at the cellular level, these effects on the soft 

tissue are less than or equal to those produced by commonly 

accepted dental medicaments, such as eugenol and end-

odontic sealers.230 The toxicity and mutagenicity of hydrogen 

peroxide are dose related. Concentrations used in the at-home 

bleaching technique are not sufficient to be of concern. A low 

dose of hydrogen or carbamide peroxide over a long period 

actually allows the cells of the oral tissues to adjust to the dos-

age even if it is increased beyond the original tolerable dosage. 

In the long history of these materials involving tissue contact 

in patients ranging in age from infancy231,232 to old age, there 

has been no demonstrated health problems of any type.233,234

Systemic Effects and Responses
There is more concern about possible adverse effects of at-

home bleaching agents compared with the in-office agents, 

although the at-home concentrations are far lower than those 

of the in-office bleaching agents. In-office bleaching agents 

are carefully controlled and placed on the teeth only, avoid-

ing contact with soft tissues. The patient swallows no solution. 

Very little, if any, of the agent is absorbed systemically. At-home 

bleaching agents, applied in the tray, unavoidably contact soft 

tissues in many areas over several hours each day. Additionally, 

it is likely that the patient will swallow small amounts of very 

dilute hydrogen peroxide during the bleaching procedure.146 

This has not proven to be a health concern or systemic factor, 

however. Some patients may have a throat irritation or may 

have tissue sensitivity to different flavors. Although very high 

concentrations of some forms of peroxide are mutagenic,235,236 

physiologic mechanisms quickly repair any limited damage 

that might occur.237 Low levels of hydrogen peroxide do not 

cause significant problems.238 Carbamide peroxide is used 

for the treatment of candidiasis in newborn infants.231 In fact, 

hydrogen peroxide has been approved as safe for use as a 

human food additive. The Food and Drug Administration rec-

ognizes 3% hydrogen peroxide and 10% to 15% carbamide 

peroxide as GRAS (generally recognized as safe) for oral use, 

but there is very little research on systemic effects related to the 

use of carbamide peroxide concentrations higher than 10%. 

Another paper notes that the human body creates peroxide in 

amounts far greater than that typically used in tray bleaching, 

and because we naturally create peroxide, our bodies have 

salivary peroxidases that remove the peroxide.239 

The conclusion, after decades of use and extensive research, 

is that the use of low concentrations of hydrogen peroxide for 

bleaching teeth is safe.222,240–243 A recent examination of all the 

research on bleaching by the European Scientific Commission 

on consumer products suggested the following:

•  Bleaching with low concentrations of peroxide is safe.

•  OTC products are not recommended, but if the patient opts 

to use these products, he or she should have a proper oral 

examination by a dentist, then obtain a prescription to pur-

chase OTC-type products.  

•  The maximum recommended concentration for products is 

6% hydrogen peroxide (which is approximately equivalent to 

17% carbamide peroxide).244,245 

Other Considerations

Effect on restorations
Bleaching has little or no effect on most of the common restor-

ative materials.142,215,216 There are no reports in the literature 

indicating that bleaching exerts any negative impact on exist-

ing restorations that would require their replacement.246 Per-

haps its most significant effect is that it lightens teeth enough 

that previously placed restorations may appear comparatively 

dark, leading to the consideration of replacing restorations 

for esthetic rather than functional reasons. Bleaching has no 

effect on porcelain. It does encourage the release of mercury 

from some types of amalgam restorations.247,248 The clinical 

significance of this is not known.249 The surface of some types 

of resin composite is roughened slightly, and the hardness 
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may be slightly decreased, but neither effect is clinically signifi-

cant.250–254 Moreover, the higher the concentration, the more 

evident the effects.255 Bleaching does affect methyl methacry-

late provisional restorative materials, causing them to yellow 

slightly.256 Although bleaching releases much oxygen into 

the tooth, the bond of existing restorations is not weakened. 

There are no contraindications for bleaching in the presence 

of existing bonded restorations. However, as previously stated, 

the oxygen-rich tooth structure does not provide a good sur-

face for bonding, because the released oxygen hinders the 

polymerization of the resin.257 There may also be changes in 

the surface morphology that affect the bonding.218,258–260 A 

delay of 1 to 2 weeks or more following the bleaching process 

allows this effect to dissipate so that bonding can effectively 

be performed.63 This also allows the tooth shade to stabilize 

before selection of the restorative material shade.69 A drying 

agent, such as acetone, can be used to diminish the oxygen in 

the outer layers of the tooth if there is concern that oxygen has 

been retained in the surface.66

Alternatives to bleaching
The alternatives to bleaching are more aggressive in relation 

to the tooth structure and/or to the gingival tissues. These 

procedures include microabrasion, macroabrasion, bonded 

resin composite veneering, porcelain veneers, and porcelain 

or metal-ceramic crowns. Although all of these are legitimate 

treatment techniques with proven efficacy, they rely on the 

removal of tooth structure and/or the addition of materials that 

have finite replacement life cycles.

Microabrasion and macroabrasion
One decision in the esthetic treatment planning for a patient is 

whether to remove discoloration by bleaching or by removal 

of tooth structure. For example, fluorosis is often amenable to 

treatment with microabrasion. Microabrasion is a process in 

which the tooth surface is subjected to a combination of an 

acid and an abrasive261–263 (Fig 16-37). The acid removes miner-

al content, leaving the outer 22 to 27 µm weakened enough so 

that the abrasive, with which the acid is mixed, quickly removes 

the stained outer surface of the tooth. Although the amount of 

enamel removed is very limited, this abrasive technique alters 

the outer surface of the enamel as the undesirable coloration is 

removed or at least modified. The abrasive, usually suspended 

in a water-soluble gel containing a low concentration of hydro-

chloric acid, is applied to the enamel with a rubber cup or stiff 

bristle brush for 20 to 30 seconds.262 Superficial discolorations 

usually can be removed from the enamel surface, but it is 

not possible to know in advance whether the discoloration is 

superficial. Should the discoloration extend to the dentin or 

become more visible, a resin composite restoration will need 

to be placed to seal the defect and restore contour. The choice 

of resin composite poses a shade-selection dilemma as to 

whether the material should match the original tooth color 

or the color the tooth will be. It is best to bleach first unless 

the tooth enamel is of a chalky texture. Then when abrasive 

techniques are initiated, the tooth shade is already established 

should a resin composite restoration be required. Bleaching 

has been estimated to remove 80% of brown discolorations.25 

White discolorations are not removed but may be much less 

noticeable when the surrounding area of the tooth is lightened. 

If bleaching is unsuccessful, then the more aggressive tech-

niques can be initiated. The patient should be informed of the 

treatment options (bleaching, abrasion, bonding composite or 

porcelain) before treatment and should understand the differ-

ent fees for these procedures. A combination of microabrasion 

or macroabrasion and bleaching may be sufficient to bring 

about the desired result. 

Fig 16-37 Differences between microabrasion 

and macroabrasion. (a) The patient presents with 

superficial white and brown stains. The discolor-

ation will be bleached. (b) Microabrasion involves 

the application of hydrocholoric acid in a prophy-

laxis paste to first soften the enamel and then use of 

a geared-down slow-speed handpiece with heavy 

pressure and a special applicator to abrade the soft-

ened enamel. (c) Macroabrasion involves the use 

of fine diamond and carbide burs in a high-speed 

handpiece with water spray and light pressure. 

This removal system is similar to polishing a com-

posite restoration. (d) The outcome is very similar. 

Microabrasion was completed on the maxillary right 

cental incisor and macroabrasion was completed 

on the maxillary left central incisor. There are some 

subtle surface differences. Caution should be used 

to avoid moving the line angles of the tooth proxi-

mally, which would give the tooth a wider appear-

ance. (Courtesy of Rod Mackert, Augusta, Georgia)

a b

c d
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Another form of abrasion is macroabrasion. In this tech-

nique, the abrasion can be achieved by applying a fine dia-

mond or carbide finishing bur to the enamel at relatively low 

speeds and very light pressure (see Fig 16-37c). Some of the 

same instruments that are used to contour and polish com-

posite restorations may also be used on enamel.264 The effect 

is much the same as with the acid/abrasive technique. When 

using a high-speed handpiece, water should be applied to 

maintain the coloration of the teeth. As some teeth dehydrate, 

more subsurface defects may become visible; for these, treat-

ment is not indicated. Air-abrasive techniques can also be used 

quite effectively for microabrasion or macroabrasion. Only 

fine abrasive particles should be used to avoid overreduction 

of the tooth. Overreduction can be corrected by adding resin 

composite to the undercontoured areas. With any technique 

used, it is important to maintain the correct position of the 

line angles of the teeth. If the mesial and distal line angles are 

moved further apart, then the tooth will appear wider. Facial 

embrasure spaces should be maintained to keep the individu-

ality of the teeth.

All three techniques (diamond-bur surface alteration, chem-

ical/physical microabrasion, and kinetic-energy preparation [air 

abrasion]) rely on the selective reduction of the outer surface of 

the tooth. While they may be very effective in removing a rela-

tively shallow discolored area, they are not intended to elimi-

nate overall discoloration, especially if it involves the underly-

ing dentin. However, they are valuable techniques for treating 

limited areas and for supplementing tooth bleaching.264 For 

patients with a limited demand for esthetic improvement in 

the color of the teeth, abrasion alone may satisfy the patient’s 

needs. If abrasion techniques do not produce completely sat-

isfactory results, more extensive and invasive procedures may 

be performed.

Bleaching before and after placement of veneers

Discolored teeth may be treated with bonded restorations to 

cover or disguise the underlying stain, and it may be possible to 

place the material with little or no tooth reduction. The esthetic 

restorative material, such as resin composite or porcelain (see 

chapter 17), is bonded to the tooth to provide good color and 

form. However, the natural appearance of the veneered surface 

depends strongly on some light reflecting from the underlying 

tooth structure. If the tooth structure is too darkly stained, the 

discoloration will show through the translucent resin compos-

ite or ceramic veneer. The only solution is to make the veneer-

ing material thicker and less translucent. To avoid overcontour-

ing the tooth/restoration, it is necessary to remove more of the 

facial and proximal tooth structure to achieve the esthetic and 

functional objectives. Successful bleaching therapy can mini-

mize the need for a thicker veneer and more tooth reduction.

Bleaching is possible even for teeth that have already 

received veneers.180,226 Application of a bleaching agent to the 

lingual surface can alter the apparent color of the translucent 

restoration on the facial surface (Fig 16-38), thereby improving 

esthetics.

Restoration of bleached teeth
If micro- or macroabrasion is not successful in removing discol-

orations after bleaching, or if there are defects or caries present, 

then a resin composite restoration may be indicated. Place-

ment of the restoration should be delayed at least 1 to 2 weeks 

for the enamel-composite bond strength to return to normal 

and for the shade of the tooth to stabilize. These variances are 

related to the oxygen that enters the tooth from bleaching, and 

time must be allowed for the oxygen to leave the tooth. After 

that 1- to 2-week time frame, selecting which teeth need to be 

Fig 16-38 Bleaching six tetracycline-stained max-

illary anterior teeth that have porcelain veneers. (a) 

Prior to bleaching. The patient was unhappy with 

the gray tones transmitting through the veneers 

from the underlying tetracycline-stained teeth. (b) 

Palatal view prior to bleaching. The gray tetracy-

cline stain is obvious. (c) After 4 months of bleach-

ing with 10% carbamide peroxide in a nonscalloped 

non-reservoir tray delivered from the lingual, the 

veneers appear lighter because the underlying 

teeth are no longer transmitting the gray stain of the 

tetracycline staining. (d) Palatal view after bleach-

ing. The bleaching process has lightened the teeth 

noticeably.

a b

c d
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restored and the most appropriate treatment is the next step in 

completing the esthetic outcome.

Because the tooth color may bleach lighter than the tra-

ditional lightest shade (B1 on the VITA Classic shade guide) 

and because all teeth do not bleach to the same endpoint, it 

is helpful to have multiple shades of composite in small color 

shifts that are lighter than B1. If there are areas that need to be 

concealed, such as a white spot that could not be removed, 

then an opaque material is best, such as an A2 shade (VITA 

Classic shade guide), with a translucent enamel shade overly-

ing the block-out material of the A2 opaque shade. Stark white 

tints may be used inside endodontically treated teeth to further 

lighten them, while pink composite may be helpful to neutral-

ize remaining gray on the tooth from amalgam stains or severe 

tetracycline staining or banding.

Because the shade of the resin composite material selected 

to restore highly bleached teeth will be a lighter shade, addi-

tional caution compared with using darker shades must be 

taken to avoid the operatory light or the room light from pre-

maturely polymerizing the composite prior to the final form 

being achieved. Premature polymerization can be avoided by 

using the orange shield typically used to protect eyes from 

the curing light as a shield from the operatory light. While this 

bathes the area in orange, it supplies almost unlimited work-

ing time with adequate light to see the lingual and occlusal 

surfaces of the teeth.265

The combination of appropriate shade and other esthetic 

considerations, along with form and function, afford an excel-

lent restoration of a bleached tooth or teeth. See chapter 10 for 

more information on anterior composite restorations.

Summary
•  Whitening is best performed in a professionally supervised 

manner, with a proper examination and diagnosis, using 

appropriate materials for the patient and situation, with a fair 

fee for service.

•  Low concentrations of peroxide, especially 10% carbamide 

peroxide in a custom-fitted tray, are generally the safest, 

most cost-effective, best-researched whitening treatments 

available.

•  Other bleaching treatments, such as in-office bleaching 

procedures, may be indicated based on patient preference, 

lifestyle, finances, or other limitations, but these require 

informed consent after presenting cost-benefit and risk-

benefit ratios. 

•  OTC nondentist bleaching does not have a good risk-benefit 

ratio because of the lack of a comprehensive examination to 

determine teeth staining/darkness etiology. Some products 

have minimal to no efficacy, while others that do in fact work 

are not as effective as claimed.
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Porcelain Veneers

Jeffrey S. Rouse 

J. William Robbins

The porcelain veneer has gained wide acceptance 

in recent years as a primary restoration in esthetic 

dentistry. Since its introduction in the early 1980s, it 

has undergone an evolution in both techniques and 

materials. A significant number of long-term clinical 

studies confirm the excellent durability of the porce-

lain veneer restoration.1–7

Indications and Limitations
Because of their conservative preparation and beauti-

ful esthetics, porcelain veneers have become the treat-

ment of choice for restoration of the anterior denti-

tion.8 Porcelain veneers may be used to modify a 

tooth’s color, shape, length, and/or alignment; to close 

space; and to restore fractured and endodontically 

treated teeth. The patient should be informed, how-

ever, of the possible morbidity associated with a spe-

cific indication as well as the generally accepted limita-

tions. Informed consent should include, but not be 

limited to, the following possible complications: (1) 

postoperative sensitivity, (2) marginal discoloration, (3) 

fracture, (4) debonding, and (5) wear of opposing teeth.

Treatment Planning
The patient’s self-image must be considered during 

the initial patient interview.9 A key element in the diag-

nostic phase is a clarification of the patient’s expecta-

tions. If it can be determined initially that the patient’s 

expectations are unrealistic, future disappointment 

may be avoided. Esthetic failures are as large a per-

centage of failure of veneers as technical failures.5 A 

systematic approach to assessing the face and smile 

is every bit as important as preparation design and 

adhesive choice. 

Assessment of the face

When a treatment plan is being developed that includes 

restoration of teeth in the esthetic zone, attention 

must be directed not only to the shape and color of the 

teeth but also to the shape of the face, the lips, the 

maxillary and mandibular lip lines, and the skin color. 

The teeth can be used to accentuate a positive feature 

or de-emphasize a negative feature. For example, a 

patient with a narrow face may desire longer and nar-

rower teeth to emphasize the facial shape or shorter, 

rounded teeth to soften the narrowness of the face.

It is also important to evaluate skin color, especially 

if there is a possibility that it will change over time. 

For example, if porcelain veneers are being planned 

for a Caucasian patient with a dark tan, a determina-

tion must be made regarding the longevity of the tan 

prior to shade selection. If the dark tan is transient and 

skin color will revert to a lighter tone, this will signifi-

cantly affect the decision on the color of the porcelain 

veneers. Veneers that appear to be bright and high in 

value against the tanned skin will look more yellow 

and lower in value as the skin tone becomes lighter. All 

of these parameters must be consciously considered 

during the diagnostic phase if consistently excellent 

results are to be obtained.

Assessment of the smile
After the facial features have been considered, atten-

tion must be directed to the smile and its compo-

nents. During the initial interview, the dentist should 

pay close attention to the overall appearance of the 

patient’s mouth as he or she speaks and is in repose. 

The dentist should note the maxillary incisal edge 

position in relation to the lower lip, the relationship of 

the maxillary incisal plane to the horizon, the amount 

of gingival display during smiling and speaking, the 
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relationship of the anterior and posterior segments, and the 

overall quality of the smile. If the interpupillary line is parallel 

to the horizon, it may be used in evaluation of the incisal plane. 

The dentist pulls the upper lip parallel to the interpupillary line 

and then uses the lip to evaluate the incisal plane for a cant (Fig 

17-1). The acceptability of the incisal plane must be determined 

during the diagnostic phase, or discrepancies may be incorpo-

rated into the definitive restorations. (See chapter 3 for a more 

complete discussion of esthetic diagnosis.)

Diagnostic aids

Mock-ups
With an understanding of esthetic diagnostic parameters, 

the dentist can use several diagnostic methods to develop a 

treatment plan that will predictably result in success. Prepara-

tion and waxing on a diagnostic cast are sometimes helpful 

to the dentist, especially when the veneers are intended to 

lengthen teeth, close spaces, or correct malaligned teeth. 

However, a diagnostic wax-up is not especially helpful in giving 

the patient a preview of the expected esthetic outcome. This 

can be accomplished more effectively by one of the intraoral 

techniques.

A mock-up of the desired result can be accomplished with 

direct placement of composite in the patient’s mouth to simu-

late the desired outcome (Fig 17-2). Because the teeth are not 

acid etched before the intraoral mock-up, the composite can 

easily be removed from the tooth. This technique is especially 

helpful for simple procedures, such as diastema closure. 

However, when major changes are being considered, such 

as lengthening several teeth, direct mock-up is too time-

consuming (Fig 17-3a). In this situation, a diagnostic wax-up is 

done on a preoperative cast, and a matrix is made. Bis-acrylic 

provisional material is placed in the matrix, which is placed over 

the teeth intraorally and allowed to cure (Fig 17-3b). Once the 

excess flash is cleaned from the teeth, the patient may preview 

the projected outcome (Fig 17-3c). At this point, changes can 

be made (eg, shortening or lengthening of the teeth) until 

the patient is comfortable and satisfied. An impression can 

then be made of the corrected mock-up in the mouth, and the 

subsequent cast will serve as a reference cast for the labora-

tory technician. This same technique will be recommended as 

a preparation guide to insure the proper depth of reduction 

during treatment (Fig 17-3d). Another method is to construct 

a resin composite shell or overlay on a diagnostic cast. The 

shell is placed intraorally to allow the patient to visualize the 

projected result. This is an especially helpful diagnostic tool for 

the patient with excessive gingival display. The composite shell 

can extend over the gingiva to demonstrate the esthetic effect 

of surgically lengthening the clinical crowns (Fig 17-4). 

449

Fig 17-1 Pulling the upper lip parallel with the 

interpupillary line to examine the incisal plane. Note 

the sigmoid curve of the incisal plane.

Fig 17-2 (a) Diastema. (b) Diagnostic intraoral mock-up of diastema closure.

a b

a b

c d

Fig 17-3 (a) A patient presents with pathologic 

wear and excessive anterior spacing requiring 

modification beyond a direct mock-up. (b) Bis-acryl 

provisional material is placed in a matrix made 

from a diagnostic wax-up and allowed to cure on 

unprepared teeth. (c) The patient can evaluate the 

esthetic alterations. (d) The matrix can also serve 

as a reduction guide for veneers.
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Commonly, a preview of the projected outcome is achieved 

with the provisional restorations (Fig 17-5). A diagnostic wax-

up is accomplished, and a stent is fabricated. After the prepa-

rations are completed and the final impression is made, the 

provisional restorations are constructed using the stent. Once 

the patient is satisfied with the provisional restorations, a cast 

of the arch, with the provisional restorations in place, is made 

and sent to the laboratory to serve as a blueprint for the defini-

tive restorations.

Computer imaging
Another diagnostic method involves computer imaging of the 

patient’s smile, making the desired esthetic changes on the 

screen. This provides both the patient and the dentist with a 

preview of the expected result (Fig 17-6). However, imaging 

is limited because it does not allow for a dynamic evaluation 

in the same way that an intraoral mock-up allows the patient 

to experience the projected changes. Because many dentists 

do not have the in-office capability for computer imaging, the 

patient or a photograph of the patient may be sent to a loca-

tion that offers the service.

Photographs
Preoperative photographs offer another important diagnostic 

aid; they document the preoperative condition and aid the 

technician in the fabrication of the veneers. The series should 

Fig 17-4 (a) Short clinical crowns resulting from 

excess gingival coverage. (b) Preoperative study 

cast with lines drawn to aid in the fabrication of 

a diagnostic resin composite overlay. (c and d) 

Diagnostic resin composite overlay. (e) Diagnostic 

resin composite overlay demonstrating the benefit 

of crown lengthening of the anterior teeth.

a b

d e

c

a b c

Fig 17-5 (a) Patient’s preoperative presentation demonstrating multiple diastemas and reverse smile line. (b) Diagnostic wax-up. (c) Silicone matrix of wax-up. (d) 

Enamel-depth bonded veneer preparations with composite restorations removed. (e) Bis-acryl provisional restorations. (f) IPS e.max (Ivoclar Vivadent) definitive veneer 

restorations (Porcelain veneers by Lebeau Dental Laboratory, Renton, Washington.)

d e f
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include a full-face smile; a retracted frontal image of maxillary 

and mandibular teeth in occlusion; a retracted frontal view 

with a shade tab held directly beneath the incisal edges of the 

maxillary incisors; a retracted close-up view of the teeth to be 

veneered, with and without a shade tab; and a postpreparation 

view of the teeth to be veneered, with a shade tab. Specialized 

dentin shade tabs are available to mimic dentin coloration (Fig 

17-7). In addition, other photographs, such as a profile or a view 

of the intraoral diagnostic mock-up, should be included if they 

can benefit the laboratory technician.

Single Veneer
Perfectly matching a full-coverage restoration to an adjacent 

natural central incisor is an extremely difficult restorative 

procedure. Commonly, the porcelain veneer is the restoration 

of choice in this situation. If the tooth to be restored is not 

significantly discolored, the porcelain veneer is an excellent 

restorative option. The major advantage of the single porcelain 

veneer restoration is the dentist’s ability to increase or decrease 

the value of the restoration with the bonding resin cement (Fig 

17-8).

Multiple Veneers
When the clinician has the option of veneering multiple ante-

rior teeth, the problem of shade matching is minimized. It is 

easier to deal in even numbers when veneers are placed on 

anterior teeth. It is much simpler to veneer two central incisors 

than to attempt to match a veneer to a natural tooth. There-

fore, the chances of obtaining an optimally esthetic result are 

enhanced when two, four, six, or eight veneers are placed.

An option that is commonly chosen is the placement of six 

veneers from canine to canine. In Fig 17-9, the anterior teeth 

are brighter and bolder, while the buccal corridor appears to 

become darker. This accentuates the anterior teeth and com-

monly creates the unpleasant illusion that the anterior teeth 

are larger and longer as well as brighter. This does not usu-

Fig 17-6 (a) Preoperative presentation of a patient considering veneers to improve color and contour of her 

smile. (b) Computer simulations of smile changes (Envision A Smile) can help the patient visualize the final 

results.

Fig 17-7 Shade tab held under the incisal edges 

of the prepared teeth. This shade guide is specially 

designed to demonstrate the dentin color of the 

preparation.

a b

Fig 17-8 (a) Right central incisor fractured and 

repaired with composite that has become stained. 

(b) Multiple shade photographs are made before 

tooth preparation to capture the texture, chroma, 

and maverick colors of the teeth. (c) Preparation 

color captured with dentin shade guide. (d) Defini-

tive porcelain veneer restoration of the right central 

incisor.

a b

c d
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ally occur when only the four incisors are veneered (Fig 17-10). 

Therefore, when veneers are planned for the incisors but there 

is no esthetic or functional requirement for canine veneers, 

the esthetic result is enhanced when the canines are left unre-

stored. However, when all six anterior teeth require veneers, 

consideration should be given to veneering one or more pos-

terior teeth on each side, depending on the posterior extent of 

the smile and the maxillary arch form.

Failure 
The most common cause of failure of porcelain veneers is 

fracture.5,10–12 Clinical studies report a modest 0% to 5% fail-

ure rate due to fracture. Higher fracture rates (7% to 14%)12 

were noted in cases with unfavorable occlusion, significant 

parafunction, large dentin bonding surfaces, and bonding to 

existing restorations. In a 15-year review, Friedman11 classi-

fied the fractures into three categories: (1) static, (2) cohesive, 

and (3) adhesive. When a segment of a veneer fractures but 

remains intact, it is defined as a static fracture (Fig 17-11). These 

failures are caused by excessive loading or polymerization 

shrinkage. The key factors are the internal fit of the ceramic 

restoration and the amount of unsupported porcelain. The 

crack propensity is inversely proportional to the internal fit of 

the veneer. An internal fit discrepancy of 100 µm or less will 

minimize internal stress and prevent static fracture.13,14 Cohe-

sive fractures occur within the body of porcelain due to tensile 

loads from excessive functional or parafunctional loading (Fig 

17-12). A cohesive failure results in the loss of a fragment of 

ceramic, requiring repair or replacement of the veneer. Enamel 

imparts stiffness to the tooth much like a metal coping does 

for a metal-ceramic crown. Removal of the enamel negatively 

affects the stress-strain distribution of the subsequent veneer. 

This leads to an increase in flexure under load and, ultimately, 

cohesive fracture.14 The most important areas in which to main-

tain enamel are the incisal and cervical areas. Lack of adhesion 

in those areas produces higher stress on loading and increased 

risk of cohesive fracture.15 Finally, an adhesive fracture is due to 

a failure of the bonding interface between the porcelain/luting 

composite and the tooth structure (Fig 17-13). It is a result of 

a weak bond or severe occlusal loading. Friedman11 reports 

that 86% of the adhesive fractures occurred at a resin-dentin 

interface. 

On rare occasions, a porcelain veneer will debond. When 

this happens, it is important to determine at which bonded 

interface the failure occurred. If the luting composite remains 

on the tooth, the failure is likely due to either inadequate 

etching of the veneer or the use of silane past its expiration 

date (Figs 17-14a and 17-14b). The stated shelf life of silane is 

approximately 1 year when it is refrigerated, but it is known 

that silane efficacy decreases with time. If the luting composite 

remains on the inside of the veneer, then there was a problem 

with either the bonding materials, the placement technique, 

or the bonding substrate (Figs 17-14c and 17-14d). Veneers 

that are bonded to a predominantly dentinal substrate have a 

Fig 17-9 Porcelain veneers bonded on all maxil-

lary anterior teeth. Note the apparent separation 

of anterior and posterior segments of the mouth 

because of the boldness of the porcelain veneers.

Fig 17-10 (a) Preoperative view of maxillary central and lateral incisors. (b) Porcelain veneers bonded on 

the maxillary central and lateral incisors to blend esthetically with the maxillary canines. (Porcelain veneers 

created by Steve McGowan, CDT, Kenmore, Washington.)

a b

a b

Fig 17-11 (a) Static fracture of a porcelain veneer. (b) Horizontal static fractures of mandibular incisors. 

These fractures are obvious to the patient because of the stain and refraction of light. A vertical static fracture 

of the canine is not as evident.

Fig 17-12 Cohesive fracture of maxillary left cen-

tral incisor veneer due to excessive force.
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significantly greater likelihood of debonding than veneers that 

are predominantly bonded to enamel.10 

Finally, marginal staining and leakage are common causes 

of failure of porcelain veneers.1–5 The staining is caused by an 

influx of oral fluids containing chromogenic bacteria or organic 

stains. The composite-tooth interface is the primary site for the 

leakage. It has been noted that these areas of microleakage are 

always devoid of enamel.11

Tooth Preparation
The preparation of teeth for porcelain veneers is usually 

uncomplicated when the basic principles are understood and 

followed. Historically, veneers were placed on unprepared 

teeth, making the technique conservative and reversible. This 

led to overcontoured restorations, gingival irritation, and high 

failure rates16,17 (Fig 17-15). The stress concentration is less 

severe on veneers fitted to prepared teeth.18 In addition, the 

preparation removes the aprismatic and hypermineralized 

enamel layers, which can be more resistant to acid etching.19 

Today, practitioners should focus on maintaining the prepara-

tion completely in enamel to maximize the resin bond strength 

and decrease the tensile stresses in the porcelain.15,20 Even with 

the newest-generation bonding agents, the bond strength of 

porcelain with resin cement to enamel is far superior to the 

bond strength of porcelain with resin cement to dentin. Frac-

tures, microleakage, and debonding are all failures that can be 

linked to preparations situated in dentin.11 

a b

Fig 17-13 (a) Exposed dentin surfaces provide a poor bonding substrate for veneers, increasing the risk of fracture. (b) 

Adhesive failure of dentin-bonded veneer.

Fig 17-14 (a and b) Debonding of the veneer leaving resin composite bonded to the tooth is a result of inadequate porcelain etching 

or contaminated silane. (c and d) Resin composite attached to the debonded veneer indicates a predominantly dentinal substrate.

a b dc

a b

Fig 17-15 (a) Lack of preparation may create overcontoured restorations. (b) Ultraconservative full-veneer preparations resolve 

contour issues yet still maintain an enamel bond.
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Anterior teeth

Gingival finish lines
When preparing teeth for porcelain veneers, it is essential to 

remember that the strongest and most predictable bond is to 

enamel. The more dentin that is exposed during the prepara-

tion, the poorer the bond of the veneer and the poorer the 

ultimate stress distribution during function.19 For maxillary 

porcelain veneers, the gingival margin of the veneer should 

routinely be placed at the gingival crest or slightly subgingi-

vally. A primary goal of the preparation is to have all margins 

on sound enamel, because the stress distribution in the veneer 

is much improved when all margins are bonded to enamel. The 

amount of exposed dentin in the central portion of the veneer 

preparation becomes much less important when all of the 

margins are bonded to enamel.19 Because the enamel is only 

approximately 0.3 mm thick at 0.5 mm coronal or incisal to the 

cementoenamel junction,21,22 it is difficult to obtain adequate 

preparation depth while preserving the enamel. There is also 

a significant decrease in the average enamel thickness as the 

patient ages. This decrease in enamel for patients aged 50 

years and older increases the risk of dentin exposure and a less 

reliable bond.23 

In a routine preparation, the facial enamel reduction must 

be exquisitely controlled. This cannot be accomplished free-

hand. It may only be accomplished with the use of a depth 

guide.24–27 The authors use single-head depth-cutting burs, 

although a dimpling technique with a 1-mm round bur has 

proven effective at preserving enamel25,26 (Fig 17-16). After a 

0.3-mm gingival depth cut and a 0.5-mm midfacial depth cut, 

the enamel is uniformly removed with a round-ended, cylinder 

diamond. Unless the teeth to be veneered are dark (low value), 

the gingival preparation should not routinely extend more 

than minimally into the gingival sulcus. In the midfacial area, 

the enamel thickness ranges from 0.8 to 0.9 mm on average. 

The preparation should deepen from the midfacial and taper 

into the incisal, increasing to 0.7 mm (Fig 17-17). This allows the 

technician to effectively disguise the transition from supported 

to unsupported porcelain.

When mandibular anterior teeth are prepared for porcelain 

veneers, the considerations are different from those for maxil-

lary teeth. In most patients, the gingival half of the mandibular 

incisors remains covered by the lower lip at all times, resulting 

in no esthetic display. In addition, the marginal gingiva of the 

mandibular anterior teeth is commonly thin, and the gingival 

sulcus is narrow and shallow, making the placement of gingival 

retraction cord very difficult. For these reasons, the gingival 

margins of the preparations for mandibular anterior teeth are 

ideally placed at least 1.0 mm incisal to the marginal gingiva.

The long-term predictability of a porcelain veneer is directly 

proportional to the amount of enamel substrate in the prepara-

tion.28 Preparation guides have been proposed as a technique 

to ensure that the tooth is properly prepared. Malpositioned 

and/or worn teeth, frequently the teeth requiring veneers, 

make use of a guide for preparation depth difficult (Fig 17-18a). 

The depth of reduction is formulated from the final contour and 

length of the tooth as it will be restored and not the preopera-

tive position (Figs 17-18b and 17-18c). Traditional prep aration 

guides only ensure that enough tooth structure has been 

removed for the laboratory. They do not limit the reduction, 

which is the key in veneer preparation. Aesthetic preevaluative 

temporaries (APTs)29 assure enough reduction for the labora-

tory but also allow the dentist to limit the damage caused by 

overreduction. A silicone matrix is fabricated from a diagnostic 

wax-up or an approved intraoral mock-up (Fig 17-19a). After 

the patient is anesthetized and the teeth dried, bis-acrylic resin 

is injected into the matrix. It is seated and allowed to fully cure 

(Fig 17-19b). An important step in creating ideal positioning 

and thickness of the mock-up is allowing the acrylic to escape 

Fig 17-16 Depth-cutting burs of different designs and depths. Fig 17-17 Average facial reduction for enamel-bonded 

veneer.

0.3 mm

0.5 mm

0.7 mm
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from the matrix when it is seated. Because the teeth are not 

prepared, the simulation will in most cases be very thin. If the 

acrylic is not allowed to flow easily from the matrix, it will be 

trapped, creating additional facial or incisal bulk. Reduction 

cuts into this oversized matrix will not provide accurate reduc-

tion. Slits in the matrix or vent holes from the facial will assist 

in encouraging the acrylic to flow from the form. The mock-up 

is not removed from the teeth but instead allowed to lock into 

the embrasures. This allows the dentist to perform ideal reduc-

tion of the mock-up before removing it from the teeth (Figs 

17-19c and 17-19d). Once removed, the proper depth cuts will 

be found on the teeth, thus assuring ideal reduction without 

the inherent risk of overreduction created with traditional 

reduction guides (Figs 17-19e to 17-19h).  

Fig 17-18 (a) Malaligned teeth make preparation guides essential. (b) Reduction guide fabricated from the completed wax-up. (c) Reduction guide from the final 

waxed contours provides little assistance in determining proper reduction. The guide becomes valuable after tooth reduction, which may be too late to preserve enamel.

a b c

a b c

d e f

g h

Fig 17-19 (a) Clear polyvinyl siloxane matrix produced from a modified wax-up. (The camera flash imparts a blue tinge to the matrix.) A clear matrix serves as a 

reduction guide as well as the matrix for composite provisional veneer fabrication. (b) Bis-acryl resin is allowed to cure, demonstrating ideal final contours and locations 

of tooth structure in buccoversion. (c) Preparation depth cuts into the matrix provide an ideal guide for ultraconservative veneer preparation and lessen the likelihood 

of overpreparation. (d) The guide is removed and depth cuts visualized. (e) Completed preparations. (f) Traditional reduction guide demonstrates uniform preparation 

depths. (g) Definitive porcelain veneer restorations. (h) Smile at 4-year follow-up.
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Interproximal contact area
For the purposes of veneer fabrication and placement, it is 

important that the preparation not be finished in the inter-

proximal contact area. When the margin is stopped in the 

interproximal contact area, it is difficult to accurately capture 

the margin in the final impression. Additionally, veneer fabrica-

tion is more difficult for the laboratory technician, and bonding 

and finishing procedures are more difficult for the dentist. For 

these reasons, the preparation must either stop facial to the 

interproximal contact area (Fig 17-20a) or extend completely 

through the contact area to the lingual surface22,30 (Fig 17-20b).

A major long-term problem with porcelain veneers is mar-

ginal staining.5,11 This staining is most apparent at the proximal 

margins. Therefore, the current trend is to extend the prepara-

tion through the interproximal contacts (Fig 17-20c) from the 

mesial aspect of the canine to the mesial aspect of the contra-

Fig 17-20 (a) Preparation extending slightly facial to the interproximal contact 

area. (b) Preparation extending completely through the interproximal contact 

area to the palatal surface. (c) Completed veneer preparation through the inter-

proximal contacts. This preparation is commonly referred to as a full veneer.

a b

c

Fig 17-21 (a) Traditional interproximal extension 

during veneer preparation will exhibit the tooth dis-

coloration. (b) Placing the finish line to the lingual 

eliminates the chance of interproximal discolor-

ation. (c) Preparation-shade photographs allow the 

technician to modify the ceramic to mask the severe 

tetracycline stains. (d) Completed veneers hide the 

significant discoloration while remaining lifelike.
a b

c d
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lateral canine. There is no esthetic need to extend the prepa-

ration through the contact areas on the distal surfaces of the 

canines. By extending the preparation through interproximal 

contacts in areas other than the distal contacts of canines, any 

proximal marginal staining is concealed. With dark teeth (eg, 

tetracycline-stained teeth), it is imperative that the preparation 

extends completely through the interproximal contact area to 

the lingual surface (Fig 17-21). This decreases the risk of dark 

shadows appearing around the periphery of the veneer.30

Incisal edge
There is ongoing debate regarding the need to cover the incisal 

edge of a maxillary tooth with the porcelain veneer. If there is 

no esthetic requirement to change the incisal shape or length, 

and there is adequate remaining incisal tooth structure after 

facial reduction, the incisal margin may be terminated at the 

facio incisal line angle (Fig 17-22a). This preparation is most 

commonly indicated for linguoverted teeth. An alternative is the 

“window preparation” (Fig 17-22b). This preparation pro vides 

the most protection for the veneer during function; however, it 

results in a visible composite-veneer interface at the facioincisal 

margin. This preparation is most commonly indicated for the 

maxillary canine that has the correct length and incisal edge 

configuration and has a large lingual wear facet extending to 

the incisal edge. Because it is preferable not to place a veneer 

margin in a wear facet, the window preparation is appropriate. 

Neither of these preparations can be used, however, when the 

tooth is being lengthened incisally with the porcelain veneer. 

When the maxillary incisal edge is not reduced during the 

preparation, the veneer is inevitably thicker, and the incisal 

edge is too round buccolingually, lacking a more natural, sharp 

facioincisal line angle. Additionally, veneers that do not cover 

the incisal edge are significantly more difficult to orient cor-

rectly during bonding.

The most universally applicable preparation, which allows 

the technician to incorporate the natural incisal translucency 

into the veneer, requires incisal edge reduction. If the incisal 

edge of the maxillary tooth is to be covered with the veneer, 

there must be room for at least 1 mm of porcelain over the 

incisal edge. However, a 1.5- to 2.0-mm incisal edge reduction 

from the final incisal edge position (Fig 17-23) allows the labo-

ratory technician to provide maximum esthetics in the incisal 

third of the veneer. Therefore, a preoperative determination of 

the ideal incisal edge position must be made before the tooth 

is prepared. A diagnostic wax-up and preparation guide29 can 

be helpful in this evaluation. In the case of a worn or fractured 

tooth, more incisal porcelain length is acceptable if the veneer 

remains bonded to enamel and the fit will provide a cement 

thickness of 100 µm or less.13,31 

Traditionally, the lingual finish line configuration was a 

chamfer. This placed the thin veneer in the high–tensile stress 

lingual cingulum area of the tooth, significantly weakening 

the restoration and creating a higher risk of crack formation 

on the lingual.32 Today, the incisal edge should be flattened, 

leaving a butt finish line configuration on the lingual surface.33 

It is important to round the sharp facioincisal line angle of the 

preparation to prevent stress concentration in the bonded 

veneer and to allow for an undetectable transition from unsup-

ported to supported porcelain (Fig 17-24). One notable excep-

Fig 17-22 (a) Veneer preparation that does not cover the incisal edge of the maxillary anterior tooth. 

(b) Window preparation on a maxillary anterior tooth.

Fig 17-23 Standard veneer preparation for maxil-

lary anterior teeth. Incisal reduction is 1.5 to 2.0 mm.

0.3 mm

0.5 mm

0.3 mm

0.5 mm

0.3 mm

0.5 mm

0.7 mm

1.5 –2.0 mm

a b

Fig 17-24 Inadequate depth of preparation in the incisal third leads to an 

unsightly show-through of the preparation, which is seen to a greater degree on 

the left central incisor.
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tion to this rule is made for severely worn teeth. If the amount 

of enamel incorporated into the final preparation is predictive 

of the long-term success of the veneer, severely worn teeth 

would have a poorer survival rate. Creating a long chamfer on 

the lingual of worn teeth may access additional enamel. An in 

vitro report concluded that, on severely worn teeth, a palatal 

chamfer margin significantly increased the final veneer load-

to-failure values compared with a shoulder finish line34,35 (Fig 

17-25).

If the practitioner chooses to maintain the interproximal 

contact, the proximal portion of the preparation should follow 

the papilla and extend slightly under the interproximal contact 

to ensure coverage of the tooth in this area (Fig 17-26). This 

extension is called an elbow preparation. If the tooth is not 

prepared in this manner or extended through the contact, the 

darker, unprepared triangle of natural tooth structure results in 

less-than-optimal esthetics. 

The incisal edges of mandibular anterior teeth should be 

routinely covered with porcelain at least 1.5 to 2.0 mm thick 

(Fig 17-27). Incisal edge flattening with a resultant lingual butt 

margin is also recommended for mandibular anterior teeth. 

Again, the facioincisal line angle of the preparation must be 

rounded.

When multiple teeth are being prepared, incisal reduction 

should be symmetric (eg, both prepared lateral incisors should 

be the same length) for more uniform esthetics in the definitive 

1.5 –2.0 mm

Fig 17-26 Extension of the  

veneer preparation into the  

subcontact area for improved esthetics.

Fig 17-27 Veneer preparation on a mandibular 

incisor. There should be at least 1.5 to 2.0 mm of 

incisal porcelain in the definitive restoration, and 

the gingival margin is at least 1.0 mm incisal to the 

gingival crest.

a b c

d e f

Fig 17-25 (a) Significant wear on maxillary anterior teeth. Orthodontic intrusion aligns gingival architecture and creates restorative space. (Orthodontics by Jay Gibson, 

San Antonio, Texas.) (b) Parafunctional wear is evident on the lingual surfaces. (c) Full-veneer preparations. (d) Lingual finish lines carried below wear facets to access 

more bondable enamel. (e) Completed veneers. (f) Additional bonding to enamel is gained with a lingual chamfer extension, improving the strength of the restoration.
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restorations. After completion of all veneer preparations, the 

dentist should stand in front of the patient, retract the patient’s 

lips, and confirm that the preparations are symmetric and the 

incisal edges parallel to the horizon.

Overlapping teeth
When overlapping teeth are being prepared, the paths of 

insertion of the veneers must be considered. Where there is 

significant misalignment of the teeth, it is usually impossible to 

develop paths of insertion for the veneers without extending 

the preparations completely through the interproximal contact 

areas. In addition, significant alteration of the interproximal 

contact position and straightening of the facial surfaces is 

usually facilitated when the teeth are prepared through the 

contact (Fig 17-28). 

Space closure 
Preparation of teeth for space closure presents a unique situ-

ation. To obtain smooth lingual contours, the proximal finish 

lines adjacent to the space must be made more lingual. The 

wider the space to be closed, the more lingually the tooth must 

be prepared (Fig 17-29). Also, the proximal margins adjacent to 

the space must be positioned subgingivally so that the gingival 

contours of the veneers minimize the black triangle between 

the bottom of the interproximal contact area and the tip of the 

papilla. However, the gingival margin of the veneer should be 

no closer than 2.5 mm to the crest of the alveolar bone.36 As 

teeth separate, the scallop of the interproximal bone lessens, 

resulting in a wide, flat papilla. Extending the preparation 

subgingivally and lingually enables the technician to alter the 

interproximal contour of the veneers and reshape the papilla 

(Fig 17-30).

Fig 17-28 (a) Correction of mild to moderate over-

lapping requires preparation through the contacts to 

allow contour alteration. (b) Porcelain veneer res-

tora tions demonstrating ideal alignment. Gingival 

contours are irregular because orthodontic align-

ment was not completed.

a b

ba

Fig 17-29 (a) Porcelain veneer preparations for closing a small to moderate diastema. (b) Porcelain veneer preparations for closing 

a large diastema. The preparations involve more of the lingual surfaces of the central incisors to develop adequate lingual contours.

Fig 17-30 Overcontouring the veneers allows 

alteration of the interproximal papilla contour.
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Premolars 

The considerations for preparing maxillary premolars are simi-

lar to those for anterior teeth. The veneer preparation of the 

maxillary premolar may end on the facial surface of the tooth if 

the functional and esthetic requirements are met (Fig 17-31a). 

Ideally, the occlusal margin should be placed so that it is not 

in an occlusal contact area and so that the opposing cusp 

does not function across it. If the anterior guidance immedi-

ately disoccludes the posterior teeth in mandibular excursive 

movements, the occlusal margin can be placed anywhere on 

the lingual incline of the buccal cusp, as long as there is no 

occlusal stop directly on the margin (Fig 17-31b). However, 

when group-function occlusion is present, it may be necessary 

to extend the occlusal margin to the central groove. In this cir-

cumstance, occlusal reduction must be adequate to allow for 

an onlay of at least 2-mm-thick porcelain over the buccal cusp, 

blending to the 0.3- to 0.5-mm reduction of the facial surface 

(Fig 17-31c). In mandibular premolars, because the esthetic 

cusp is also the functional cusp, the tooth must generally be 

prepared for a porcelain onlay rather than simply for a buccal 

porcelain veneer. The interproximal contact is rarely broken in 

second premolars. Esthetics may dictate extending through the 

mesial contact of first premolars (Fig 17-32).

Existing restorations

Existing resin composite restorations can complicate the 

veneer preparation. Ideally, no margins should be finished 

on an existing resin composite restoration. One clinical study 

reported a significantly higher failure rate for porcelain veneers 

placed over existing resin composite restorations.17 Bonding 

effectively to an existing restoration is questionable, par-

ticularly if it has been in place for any period of time. Water 

sorption, unsilanated surfaces of filler particles, and limited 

unpolymerized resin in the set composite lead to a significant 

decrease in bond strength.10,24 The resin composite restoration 

should be removed during tooth preparation for the veneer, 

and the missing tooth structure should be replaced as part of 

the porcelain veneer37 (Fig 17-33). While proper surface condi-

tioning may eventually provide higher fracture strengths that  

eliminate the necessity of removing the aged composite res-

torations, the difficulty of maintaining the existing composite 

restorations associated with the veneers makes it undesirable.38 

Furthermore, attempting to remove a failing Class 3 composite 

restoration at the margin of a veneer is a risky procedure that 

restorative dentists should avoid. However, small areas of resin 

composite can remain centrally in the preparation to serve as 

an undercut block-out material. 

17

Fig 17-31 (a) Porcelain veneer preparation that does not cover the buccal cusp of the maxillary premolar. (b) Veneer preparation overlapping the buccal cusp. There 

should be no occlusal stop directly on the veneer margin. (c) Porcelain veneer preparation that covers the buccal cusp of the maxillary premolar. Note the 2.0 mm of 

occlusal reduction on the buccal cusp.

2.0 mm

a b c

a b

Fig 17-32 (a) Typically, the interproximal contact 

remains facial to the contact for maxillary premo-

lars. (b) When esthetics or function dictates, the 

mesial preparation of a maxillary first premolar will 

be extended to the lingual.
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Fractured incisal edge

A unique indication for the porcelain veneer is the restoration 

of the fractured incisal edge of an incisor (Fig 17-34). Although 

there is little clinical data to support the use of veneers for this 

purpose, laboratory data are favorable.31,37 The limits for the 

amount of missing tooth structure that can be replaced with a 

porcelain veneer are not known. However, anecdotal evidence 

seems to indicate that approximately 50% of the clinical crown 

can be replaced with a porcelain veneer when the preparation 

on the remaining tooth structure is in enamel. Because the 

veneered tooth does not require endodontic treatment for 

restorative reasons or the placement of a post and core, it is a 

highly desirable alternative to previous methods of restoring 

the fractured tooth. The preparation for this type of veneer 

extends to near the gingival crest on both the facial and lingual 

surfaces. 

Noncarious cervical lesions

Noncarious cervical lesions (NCCLs), caused by erosion, abra-

sion, and/or abfraction, provide a different, more sclerotic den-

tin substrate for bonding than surfaces not affected by these 

processes. Advancements in adhesive systems have improved 

adhesion to sclerotic dentin, with some studies showing no dif-

ference in adhesion to sclerotic dentin compared with unaffect-

ed dentin, while other studies demonstrate reduced bonding 

efficacy to sclerotic dentin compared with unaffected dentin. A 

number of factors can influence the quality of bonding to the 

sclerotic dentin, including the specific adhesive system, treat-

ment of the dentin surface, and the placement technique.39–46 

Adhesion to NCCLs provides an additional challenge to provid-

ing bonded restorations. Therefore, the best treatment solution 

is to surgically cover these areas with connective tissue graft-

ing.47 (See chapter 15 for more on tissue grafting of NCCLs.) 

a b c

d e

Fig 17-33 (a) Teeth with Class 3 composite restorations are initially prepared as if the restoration is nonexistent. (b) Class 3 restoration demonstrated after initial 

tooth reduction. (c) The restoration is removed. (d) Preparation is modified to allow the veneer to incorporate the missing tooth structure. (e) Veneer preparations on 

the central and lateral incisors replacing composite restorations.

Fig 17-34 (a) Fractured mandibular right central incisor. (b) Preparation of the fractured mandibular right central incisor for a porcelain veneer. (c) Porcelain veneer 

bonded on the mandibular right central incisor. (Porcelain veneer created by Gilbert Young, CDT, Plano, Texas.)

a b c
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This results in more natural gingival architecture and allows the 

gingival margin of the veneer preparation to end on enamel. 

However, if the surgical option is not chosen and the esthetic 

demands require that the root be covered with a veneer, the 

preparation must extend onto the root surface. The patient 

should be advised that the risks of staining, microleakage, 

and/or veneer fracture in the gingival third are much greater 

because of the less-than-ideal bonding.15 Full-coverage restora-

tions must also be considered. 

Impressions
When an impression is made of the maxillary teeth, retrac-

tion cord is placed to expose all gingival margins. This step is 

generally not necessary with mandibular teeth because the 

preparations are at least 1.0 mm incisal to the marginal gingiva. 

An accurate impression material, such as polyvinyl siloxane, 

polyether, or reversible hydrocolloid, is then used to make the 

final impression. See chapter 18 for more information on taking 

impressions for esthetic indirect anterior restorations.

Provisional Restorations
The placement of provisional restorations over veneer prepa-

rations is an integral step in the predictable placement of 

porcelain veneers. Provisional restorations not only improve 

interim esthetics and decrease sensitivity, but they also pro-

vide essential diagnostic information, including veneer color, 

shape, length, and incisal edge configuration, that cannot be 

obtained in any other way.48 When provisional restorations are 

being placed on one or two teeth, the procedure is best accom-

plished with freehand placement of composite. A small area in 

the incisal third of each tooth is etched with phosphoric acid for 

15 seconds, washed, and dried. Adhesive resin (not self-etching 

adhesive) is placed over the entire preparation and light cured. 

A large increment of resin composite is then patted into place 

with correct contours, the gingival margins are smoothed 

with an explorer tip or other fine-tipped instrument, and the 

provisional restoration is light cured. There should be no over-

hanging resin composite at the margins, and the provisional 

restoration should require virtually no adjustment.

When provisional restorations are being placed on multiple 

teeth, it is preferable to use a clear matrix made on a preopera-

tive diagnostic cast. A diagnostic wax-up is commonly required 

to change tooth length, alignment, and/or incisal edge config-

uration (Figs 17-35a and 17-35b). If the clear matrix is made of 

a plastic stent material, the diagnostic wax-up cast must be first 

duplicated (Fig 17-35c). If the matrix is made of a clear polyvinyl 

siloxane bite registration material, it can be made directly on 

the diagnostic wax-up cast. The teeth are spot etched with 30% 

to 40% phosphoric acid in the incisal third (Fig 17-35d), washed, 

and air dried. The entire preparation is covered with adhesive 

resin, which is then light cured (Fig 17-35e). A self-etching 

primer system should not be used because the provisionals 

will be bonded to the entire preparation and are difficult to 

remove without altering the preparations. The facial and incisal 

areas in the clear matrix are filled with resin composite (Fig 

17-35f), and the matrix is placed over the prepared teeth (Fig 

17-35g). The gingival two-thirds of the matrix is shielded from 

the polymerization light, and the incisal one-third is polymer-

ized with the light for 10 seconds per tooth (Fig 17-35h). The 

gingival two-thirds is then lightly cured for 0.5 to 1 second per 

tooth (Fig 17-35i). The matrix is gently teased away from the 

tooth at the gingival margin to ensure that the resin composite 

does not stick to the matrix (Fig 17-35j). If the resin composite 

sticks to the matrix, the matrix is returned to place and the gin-

gival two-thirds is polymerized again for 0.5 second per tooth. 

The matrix is removed, and the excess partially cured resin 

composite is first removed proximally and lingually with a no. 

12 or 12B scalpel blade (Fig 17-35k). Floss and a floss threader 

are then used in each gingival embrasure to ensure patency 

and that there are no overhangs (Fig 17-35l). The gingival 

margins are then carved with the no. 12 or 12B scalpel blade. 

If small areas of resin composite are chipped during the finish-

ing process, adding additional resin composite easily repairs 

these areas. The incisal and facial embrasures are opened with 

a thin separating disk (Fig 17-35m), the occlusion is adjusted, 

and the provisional restorations are smoothed and polished 

(Figs 17-35n to 17-35p). Finally, the provisional restorations are 

coated with an adhesive to add a shine. This can improve the 

patient’s initial esthetic impression of provisionals (Fig 17-35q). 

The entire restoration is light cured for 30 seconds per tooth 

(Figs 17-35r and 17-35s). 

Alternatively, the provisional restoration may be made in 

the laboratory. After the veneer preparations are completed, 

an impression is made and poured in fast-setting die stone 

(Snap-Stone, Whip Mix). The cast is separated from the impres-

sion in 5 minutes and covered with a separating medium; the 

provisional restoration is constructed with the same matrix 

technique as previously described. The provisional restoration, 

which is constructed from either bis-acryl or resin composite, 

can then be cemented with polycarboxylate cement or tempo-

rarily bonded with a resin composite as previously described 

(see Fig 17-5). 

At the appointment for placement of the definitive veneers, 

the provisional restorations are removed. The resin composite 

over the small area of etched enamel in the incisal third of the 

facial surface is lightly removed with a diamond bur, cutting 

dry. If water is used, it is very difficult to determine the interface 

between the provisional composite and the tooth structure. 

The remaining resin composite is flicked off with a spoon exca-

vator. If a veneer does not seat during the try-in, there is proba-

bly resin composite from the provisional restoration remaining 

in the etched area. The preparation should be closely inspected 

to ensure that all of the resin composite has been removed.



463

17Provisional Restorations

Fig 17-35 Fabrication of provisional restorations. (a) Preoperative casts. (b) Diagnostic wax-up. (c) Clear stent made from a duplicate cast of the diagnostic wax-up. 

(d) Prepared teeth are spot etched with 30% phosphoric acid on the incisal third. (e) The entire surface of each prepared tooth is coated with resin adhesive and light 

cured. (f) The facial and incisal areas of the clear matrix are filled with resin composite. (g) The filled matrix is placed over the prepared teeth. (h) The gingival two-

thirds of the matrix is covered with a finger, while the incisal third is light cured for 10 seconds per tooth. (i) The gingival two-thirds is lightly cured for 0.5 to 1 second 

per tooth. (j) The matrix is gently teased away from the preparations to ensure that the resin composite does not stick to the matrix. (k) A no. 12 or 12B scalpel blade 

is used to remove the partially cured resin composite from proximal and lingual surfaces. (l) Floss and a floss threader are used in each gingival embrasure to ensure 

patency and overhang-free margins. (m) Facial and incisal embrasures are refined with a thin diamond disk. (n and o) A series of composite finishing disks are used 

to finish the facial surfaces. 

a b c
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Placement 

The anatomy of a porcelain veneer is illustrated in Fig 17-36. 

The laminate veneer can be made from feldspathic porcelain, 

pressed/milled monolithic ceramic with stain, or pressed/milled 

core porcelain with a veneering ceramic addition. Advantages 

and disadvantages of each ceramic are discussed in chapter 18. 

The inner surface of the veneer must be etched with hydro-

fluoric acid or another ceramic etchant. This step is usually 

accomplished in the laboratory. The etching time provided by 

the manufacturer must be followed closely. In addition to 

the microporosities that assist in micromechanical retention, 

microcracks are increased as etching time increases. These 

microcracks decrease the flexural strength of the porcelain and 

weaken the veneer.10 (For a detailed description of the steps 

in veneer placement, see Box 17-1.) The veneers are first tried 

in individually for marginal fit. They are then tried in together 

to ensure that interproximal contacts are correct. Finally, one 

veneer (or more) is filled with water or try-in paste and taken 

to the mouth for the color try-in. If the color is acceptable to 

the patient with water or water-soluble try-in paste, the dentist 

proceeds with the bonding procedure as outlined in Box 17-1.

Fig 17-35 (cont) (p) A composite polishing point is 

used to smooth and polish the lingual surfaces. (q 

and r) The facial surfaces of the provisional restora-

tions are coated with an adhesive resin and light 

cured. (s) Completed provisional restorations.

p q

r s

Fig 17-36 Anatomy of a porcelain veneer.

1.  Pumiced enamel 
Etched enamel

2. Bonding resin

3. Luting composite

4. Bonding resin

5. Silane

6. Etched veneer
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Veneer try-in

1. Check the veneers for fit on dies, and transilluminate to 

check for fracture lines.

2. Try in the veneers individually for fit and then all togeth-

er. Interproximal contact areas may need to be adjusted 

with a microfine diamond or disk. Do not make any 

other adjustments until the veneers are bonded.

3. Choose a shade of resin composite or water-soluble try-

in paste, place on the inside of the veneer, and try in.

4. If water-soluble try-in paste has been used, wash the 

veneer with water and air dry before loading with the 

unfilled resin and luting composite. If the shade is cor-

rect, skip steps 5 through 12, and proceed with step 13.

5. If the shade is incorrect, remove the try-in composite 

and select another shade, or customize the shade by 

adding tint to the luting composite.

6. If characterization (eg, blue in incisal areas, yellow at 

gingival areas) is required, tints and opaques should be 

placed only on the tooth and not on the inside of the 

veneer. The tints and opaques are brushed on the tooth 

in a thin layer and light cured for 30 seconds. All try-in 

composite must be removed from the tooth (facial, 

proximal, and lingual aspects) before the tints and 

opaques are cured. Because the tooth was not etched, 

the cured tints and opaques can be scraped off easily 

with an explorer at the end of the try-in.

7. Once a combination of composite, tint, and/or opaque 

has been determined, make note of it so that it can be 

reproduced exactly for final luting.

8. Clean the try-in resin composite from the inside of the 

veneer with acetone using two different beakers. Clean 

the bulk of the resin composite with a brush dipped in 

the first beaker, then transfer the veneer to the second, 

clean beaker of acetone to remove the remaining resin 

composite.

Veneer preparation

9. Place the veneers, etched side down, on a 2 × 2–inch 

gauze pad in a glass beaker of clean acetone, and place 

the beaker in an ultrasonic cleaner for 5 minutes.

10. Remove the veneers from the acetone and dry.

11. If the veneers have already been etched, place silane on 

the inner surface of the veneers and allow it to air dry. 

If not already etched at a dental laboratory, etch with 

hydrofluoric acid and then add silane as per instructions.

Tooth preparation

12. Place retraction cord in the sulcus of each prepared 

tooth (but not the mandibular incisors if the margins 

are more than 1.0 mm from the gingival crest).

13. Clean both central incisors with oil-free pumice paste. 

(This should be done for each tooth just before etching.)

14. Place clear plastic matrix or dead-soft metal matrix 

material on the distal aspects of both central incisors.

15. Etch both central incisors with 30% to 40% phosphoric 

acid for 20 seconds, wash for 3 seconds, and air dry to 

ensure adequate etch of the enamel.

16. Remoisten tooth surface with water or chlorhexidine.

17. If using a three-step etch-and-rinse bonding agent, 

actively apply several coats of primer and gently air dry 

until the tooth surface is completely dry. Check for a 

uniform shiny surface. If using a two-step etch-and-rinse 

or self-etching adhesive system, follow manufacturer 

instructions for drying and curing.

18. If using a three-step etch-and-rinse bonding agent, place 

the dentin adhesive on the tooth surface and the inner 

surface of the veneer. If using a two-step etch-and-rinse 

or self-etching adhesive system, place the component 

that contains the bonding resin on the inner surface of 

the veneer.

19. If tints or opaques are necessary, place them on the pre-

determined areas of the preparation and light cure for 

90 seconds.

Placement

20. Place bonding resin and light-cured resin composite into 

the veneer being bonded. The operatory light should 

be turned off at this time. 

21. With shimstock (0.0005-inch thickness) between the 

central incisors and clear plastic matrix strips or dead-

soft metal matrix material on the distal aspects of each 

central incisor, gently place veneers onto both central 

incisors and tease into place. Ensure that excess resin 

composite appears at all margins.

22. Remove excess resin composite from veneers with a 

small brush or explorer, depending on viscosity.

23. While standing in front of the patient, visually inspect 

to ensure that veneers are placed correctly. Ensure that 

mesial surfaces are in contact.

24. Lightly press the facial surfaces of the veneers and light 

cure from the lingual aspect for 30 seconds, then light 

cure from the facial aspect for 30 seconds.

25. Remove the excess resin composite only on the distal 

surfaces of the central incisors with a no. 12 or 12B 

scalpel blade to ensure that the veneers on the lateral 

incisors will fit.

26. Visually inspect for voids and repair if possible.

27. Try in the left lateral incisor veneer to ensure correct fit.

28. Repeat steps 14 to 28 for each veneer being placed.

Finishing

29.  Remove minimal gingival flash of resin composite with 

a no. 12 or 12B scalpel blade. Move blade from the 

veneer gingivally to avoid chipping the veneer’s margin. 

Box 17-1  Procedures for insertion of porcelain veneers



466

Porcelain Veneers17

 Ensure that all excess resin composite is removed on 

the facial and proximal surfaces. Finishing of the mar-

gins with a rotary instrument should be avoided, 

because it will damage the root and remove the glaze 

from the veneer. This will cause an increase in plaque 

retention and elicit a gingival reaction.

30. Remove excess resin composite from the lingual sur-

faces with an egg-shaped, 12-fluted carbide bur.

31. Smooth lingual surfaces with composite polishing 

points or disks.

32. Check and adjust the occlusion in maximum intercus-

pation position and in excursion (with special attention 

to the distal incisal edges of the maxillary lateral inci-

sors).

33. Reshape incisal edges and contours while standing in 

front of the patient.

34. Reshape and contour incisal embrasures with a finish-

ing diamond or thin separating disk.

35. Gingival margins should be smooth and require no 

finishing. If gingival margins are rough, smooth them 

with a finishing diamond or bur. Be careful not to scar 

the cementum.

36. Polish all roughened porcelain using an abrasive-

impregnated rubber porcelain polishing system (Bras-

seler or Shofu).

37. Finish the proximal areas with finishing and polishing 

strips.

38. Any visible porcelain that has been finished and 

smoothed with a rubber point should be polished with 

diamond polishing paste on a wet felt wheel and pro-

phylaxis cup at the gingival margin. Be careful not to 

polish the cementum.

39. With the retraction cord still in place, re-etch and rebond 

(with rebonding or surface sealing resin) all margins.

40. Remove the retraction cord.

41. Have the patient return in 1 week to inspect for excess 

composite and rough areas. At this time, final esthetic 

reshaping may be accomplished.

Box 17-1 
(cont)

 Procedures for insertion of porcelain veneers

There are many resin luting cement kits available with differ-

ing degrees of translucency and viscosity (Fig 17-37). Translu-

cent cements are indicated as the standard material for veneer 

bonding. The more opaque cements tend to block the natural 

tooth color, resulting in a veneer with a less-natural appear-

ance. The opaque cements are more commonly used to help 

block the darkness of discolored teeth. However, the use of 

these cements can result in a monochromatic appearance and 

an opaque line at the thin gingival margin of the veneer (Fig 

17-38). It is preferable to block the darkness of discolored teeth 

with a layer of masking dentin porcelain, and/or with porcelain 

modifiers, in the body of the veneer rather than with an opaque 

cement (Fig 17-39).

The second major difference in veneer luting cements is 

their viscosity. Initially, most resin cements had a low viscos-

ity so that the veneers could be placed with minimal pres-

sure, thereby decreasing the risk of fracture.50 However, the 

low-viscosity resins have some disadvantages: (1) Because 

of their honeylike consistency, it is more difficult to ensure 

correct veneer placement, especially when the veneers have 

no positive stop (ie, no incisal overlap); (2) cleanup of excess 

resin is more difficult; and (3) at least theoretically, the physi-

cal and mechanical properties are compromised because of 

the increased proportion of resin matrix. The major indication 

for the low-viscosity luting resin is the all-ceramic crown or a 

veneer that covers most of the tooth surfaces. Because of fric-

tion, high-viscosity luting resins will not allow complete seating 

of these restorations. Recently, interest in the higher-viscosity 

luting resins has increased because they overcome most of the 

disadvantages of the low-viscosity luting resins.

Friedman51 has described a technique for using the highly 

filled resin composite from a standard restorative resin com-

posite kit. The material is brought to room temperature and 

placed into the veneer in a thin layer through a ribbon tip. 

The thixotropic properties of the resin composite allow the 

highly filled material to flow under moderate seating pressure. 

However, placing the ampule of composite in a hot water bath 

(160°F) or composite warmer (eg, Calset, AdDent) before eject-

ing the composite is a more effective method of improving the 

flow characteristics of the resin composite. With this technique, 

the seating of the veneers can be more accurately controlled, 

and cleanup is simplified (see Box 17-1).

The third difference between luting agents is in the chemi-

cal mechanism by which curing is initiated. The preferred 

method for bonding porcelain veneers is a light-curing luting 

composite. Light curing allows a longer working time, shorter 

finishing time, and superior color stability compared with dual-

curing or chemically cured material. It used to be that if the 

porcelain thickness was greater than 0.7 mm, the light-curing 

composites did not reach their maximum hardness.52 However, 

with current light-curing units, it is possible to cure through 

2 mm or even greater thicknesses of ceramics.53–55 It is advis-

able to avoid using a dual-curing resin luting cement because 

light-curing resin composites tend to be more color stable than 

dual-curing systems.56 However, the ability of the curing light 

to penetrate through ceramic to the underlying adhesive and 
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resin cement is dependent on the ceramic thickness, shade and 

translucency.57 

In those situations in which the dentist is concerned about 

the adequacy of cure of a light-curing resin cement through 

a veneer, a dual-curing composite system is recommended. 

Dual-curing materials contain the initiation systems for both 

chemical-curing and light-curing composites. Even so, dual-

curing resin materials should always be light cured, because 

any light will enhance the degree of conversion of a dual-curing 

material58 and will provide for better color stability.59 Addition-

ally, if the veneer is to be bonded to a tooth preparation that 

includes a significant amount of dentin, light curing of the 

adhesive separately may produce significantly higher bond 

strengths to dentin than the traditional co-curing method (ie, 

not light curing until after the resin cement application).60 How-

ever, curing the adhesive prior to luting the veneer runs the risk 

that cured, pooled adhesive will prevent adequate adaptation 

of the veneer to the preparation.

Color Management and  
Characterization

A common problem with porcelain veneers is the lack of color 

differentiation between the gingival and incisal portions of the 

restoration. Several methods of color characterization can be 

used to correct the monochromatism.49,61,62 The best and most 

basic method makes the color changes in the porcelain itself. A 

color diagram that outlines the desired shade and color chang-

es and any other special characterization, such as hypocalcified 

or hyperchromatic areas, can be given to the laboratory techni-

cian. However, the most effective method of communicating 

color to the laboratory technician is with photographs (see Figs 

17-8b and 17-8c). When characterization is incorporated into 

the veneer, it is permanent. If the esthetic result is not satisfac-

tory during the try-in, it is difficult, if not impossible, to success-

fully modify the veneer.

Color Management and Characterization

Fig 17-38 (a) Moderately dark, tetracycline-stained teeth prior to veneer preparation. (b) Veneers bonded on dark teeth with opaque 

resin cement. Note the opaque gingival margins.

Fig 17-37 (a and b) The lightest shade of luting composite from three different kits has been placed between two glass slides. The 

same materials are shown against two different backgrounds. Note the differences in translucency. (Fig 17-37a reprinted from 

Robbins49 with permission.)

Fig 17-39 Veneers displaying different amounts of translu-

cency. The left veneer is made from a very translucent porce-

lain, which allows most of the underlying tooth color to show 

through. The center veneer has a base layer of masking dentin 

porcelain, which is used to block dark underlying tooth color yet 

maintain some degree of polychromicity. The right veneer has 

a layer of opaque resin cement bonded to the inner surface of 

the veneer. The opaque resin is very reflective and results in a 

displeasing, monochromatic appearance.

ba

a b
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A second commonly used method involves the modification 

of the color with the underlying luting composite. All porcelain 

veneer kits have several different shades of luting composite. 

If an appropriate shade of luting cement is not available, resin 

tints can be added to the luting composite to effect virtually 

any desired color.

A third and less commonly used method of characterization 

involves the direct placement of the resin tints on the tooth 

before placement of the veneer (Fig 17-40). During the try-in, 

the desired resin tints are placed on the tooth and light cured. 

The chosen base shade of luting composite is placed in the 

veneer, and the veneer is placed on the tooth. A determina-

tion is then made regarding the esthetic result. The veneer can 

be removed, and the cured resin tint on the tooth can easily 

be scraped off with an explorer because the enamel was not 

etched. If the esthetic result is acceptable, the dentist can pro-

ceed with the bonding, using the tints that were used during 

the try-in.

The definitive restoration will not always exhibit the same 

color displayed at the try-in. This occurs because the luting 

composite becomes more translucent when it is cured, allow-

ing more of the underlying tooth color to show through.63 

Although not usually a problem, this color-change phenom-

enon will occasionally result in a disappointing esthetic result, 

especially when the dentist is attempting to match a single 

veneer to an adjacent natural tooth.

Discolored teeth 
Darkly discolored teeth present the greatest challenge for 

porcelain veneers because the underlying tooth color, cement 

color, and ceramic thickness all influence the resulting color 

of the veneer.64 There are many causes of tooth discoloration, 

including extrinsic staining, fluorosis, pulpal injury, drugs (eg, 

tetracycline), and previous restorations. The ideal method of 

dealing with stain is to remove it, when possible. Extrinsic stains 

are easily removed during tooth preparation. Because fluoride 

predominantly affects the enamel, the discoloration of fluorosis 

is also commonly diminished by tooth preparation.

However, the by-products of pulpal injury, tetracycline, 

and previous restorations are found predominantly in the 

dentin, making their removal more difficult. The restoration of 

the high-chroma, low-value tetracycline-stained tooth with a 

porcelain veneer is perhaps the most difficult treatment situ-

ation. Instinctively, practitioners prepare the discolored teeth 

more deeply to allow more room for porcelain. However, as 

more enamel is removed, the underlying color becomes darker 

(Fig 17-41). Herein lies the major difficulty in placing porcelain 

veneers on tetracycline-stained teeth. Additional tooth struc-

ture should only be removed in the areas of discoloration, not 

over the entire preparation. Tetracycline-stained teeth are often 

severely discolored in the middle third of the tooth, with other 

areas having an acceptable or easily modified color. Ideally the 

preparation should stay within the enamel in the gingival and 

Fig 17-40 (a) Veneer preparations on the maxil-

lary central and lateral incisors. (b) Placement of 

yellow resin tint in the gingival third and blue resin 

tint in the incisal third. (c) Kit of resin tints and 

opaques. (d) Monochromatic appearance of veneers 

tried in with try-in paste but without the use of resin 

tints. (e) Polychromatic appearance of bonded 

veneers after the placement of resin tints. (Reprint-

ed from Robbins62 with permission.)

a b c

d e

Fig 17-41 Preparation of a severely tetracycline-

stained maxillary central incisor, which demonstrates 

increased darkness with increased depth of prepa-

ration.
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incisal thirds and only deepen in the middle third. The amount 

of reduction required depends on the color of the preparation 

and the desired chroma/value of the definitive restoration. 

Ceramic buildup
The evolution of contemporary porcelain materials and sophis-

ticated fabrication techniques has allowed laboratory techni-

cians to block out significant discolorations with ultrathin 

veneers (Fig 17-42). Veneers with pressed or milled ceramic 

cores provide the technician the ability to block out many of 

the discolorations without overly opaquing the veneer and 

destroying the natural beauty of the restoration.64 The color 

of the prepared tooth is used for the development of natural 

color. It is important that clinicians provide the laboratory with 

a photograph of the final preparation at a 1:1 magnification. 

With this photograph, the tooth can be measured by the tech-

nician and the maverick colors or discolorations located. Once 

blemishes have been identified, masking agents can be added 

selectively to the restoration. Color characteristic stains are rou-

tinely used to create optical effects and conceal discolorations 

in conservative veneer restorations. These stains are opaque 

metal oxides that are painted into wet porcelains. The stains are 

used to mask discoloration or further characterize the appear-

ance of the veneer and are subsequently covered with a thin 

layer of opalescent or fluorescent porcelain prior to firing. It is 

possible to modify the color of the tooth by one to two shades 

for every 0.2 mm of tooth reduction. 

Masking
It is difficult to mask dark underlying tooth color with a natural-

appearing porcelain veneer (Fig 17-43). If the luting cement 

is sufficiently opaque to mask the dark color, the definitive 

restoration commonly appears lifeless and monochromatic.65 

Conversely, if the veneer and/or cement contains no opaque 

element, the darkness of the underlying tooth structure will be 

visible through the porcelain. As previously stated, it is prefer-

able to incorporate the opaque elements into the porcelain 

rather than to attempt to mask the darkness with opaque resin 

composite. This requires excellent communication between 

the laboratory technician and the dentist. Postpreparation pho-

tographs with a shade tab for color comparison are very helpful 

to the technician when porcelain veneers are being fabricated 

for discolored teeth (see Fig 17-21c). The photographs illustrate 

both the intensity of the darkness and the position of the bands 

of darkness.

Several methods of masking dark underlying tooth color 

with resin composite have been proposed. Friedman51 report-

ed successful use of a standard highly filled restorative resin 

composite as the luting cement. Reid61 discussed the use of 

complementary colors to mask underlying dark tooth color. 

For example, if the tooth is predominantly yellow, a violet tint 

is placed and light cured. This neutralizes the high-chroma yel-

low to a low-value gray. Opaque resin tint is then placed over 

the violet tint and light cured to increase the value, and the 

veneer is bonded in the routine manner. Although theoreti-

a b c

Fig 17-42 (a) Removal of bonded resin composite veneers demonstrates significant discoloration of the maxillary right canine and left central incisor. (b) Final conser-

vative full-veneer preparations. (c) Porcelain veneers bonded with translucent resin demonstrating significant color correction with contemporary porcelains. 

Fig 17-43 (a) Discolored maxillary anterior teeth prepared for porcelain veneers. (b) Discolored maxillary anterior teeth with bonded 

porcelain veneers. (Reprinted from Robbins62 with permission.)

ba
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cally appealing, this technique has not proven to be of practical 

benefit.

When discoloration is localized rather than generalized, it 

can be removed mechanically with a bur and replaced with the 

appropriate shade of glass ionomer or resin composite. This 

is usually done after the veneer preparation is completed but 

before the final impression is made; however, it can be done 

immediately before cementation of the veneer.

Composite luting agent can be used to block underlying 

darkness to a limited degree. However, most of the masking 

must be accomplished with body modifiers that are incorpo-

rated into the porcelain veneer. Depending on the degree of 

darkness being masked, the technician must place 50 to 100 

µm of die spacer on the refractory die prior to veneer fabrica-

tion. This allows space for an additional thickness of the luting 

composite, which aids in the masking of the underlying dark-

ness. Although the appearance of discolored teeth can usually 

be improved with porcelain veneers, the patient must under-

stand the limitations of the restoration.

Bleaching
When a discolored tooth can be lightened before veneer place-

ment, the final result is routinely improved. This can be accom-

plished in endodontically treated teeth with a “walking bleach” 

technique66 (Fig 17-44) (see also chapter 16). A 2.0-mm-thick 

base of glass-ionomer cement is placed in the base of the pulp 

chamber to protect the cervix from bleach. A paste mixture of 

sodium perborate and water is placed in the pulp chamber, 

which is sealed with a temporary cement for 3 to 5 days. This 

can be repeated for several treatments until the desired result 

is attained. The mixture is ultimately removed, and the access 

area is restored with a resin composite restoration. At this point, 

the tooth is prepared for the porcelain veneer restoration. If 

the darkness returns in future years, the walking bleach can 

be accomplished again through the lingual access without 

disturbing the porcelain veneer restoration.

The success of bleaching vital teeth before veneer place-

ment is not as clear-cut. It is known that vital teeth that have 

been bleached have the potential to revert toward their origi-

nal color with time.67 However, the effect that the placement 

of porcelain veneers has on this relapse is not known. If color 

relapse does occur, the veneer restorations will also get darker. 

There has been reported success in bleaching teeth that have 

veneers bonded to them (see chapter 16).

Bleaching teeth with 35% hydrogen peroxide68 or car-

bamide peroxide69 immediately before the bonding procedure 

has a catastrophic effect on the resultant bond strength. Any 

bonding procedure should be delayed at least 1 to 2 weeks 

after the completion of bleaching to maximize bond strength 

and allow for shade stabilization. It is hoped that future research 

will clarify the effects of bleaching on the success of porcelain 

veneers.

Crown and Veneer Combinations 
When a combination of veneers and crowns is placed, all res-

torations must be tried in individually and then simultaneously 

for fit. They must also be tried in for color evaluation with a try-

in medium. If the veneer and crown shades do not match, it is 

preferable to make minor color modifications with the veneer 

luting resin to see if the veneers can be made to match the 

shade of the crowns, because these modifications can be made 

chairside. If that is not successful in matching the shade of the 

veneers and crowns, it is possible to attempt surface staining 

of the crowns. However, unless the office has a glazing oven, 

the crowns will have to be returned to the dental laboratory 

to complete the staining process. If it is necessary to return 

the case to the laboratory, then the dentist has the option of 

luting in whichever restorations the patient prefers, obtaining 

new shade photographs, and having the laboratory adjust the 

shade of the remaining restorations to the newly luted restora-

tions. Alternatively, the entire case can be returned for refabri-

cation and better shade matching.

Failure Repair
As mentioned earlier in the chapter, there are a number of 

causes for veneers to fail. However, it is possible to repair 

many such failures. When the luting composite remains on the 

inner surface of the veneer after a debonding event, it must 

Fig 17-44 (a) Discolored endodontically treated maxillary right central incisor. (b) Maxillary right central incisor after completion of walking bleach procedure. (c) 

Maxillary right central incisor with a porcelain veneer bonded in place. (Reprinted from Robbins49 with permission.) (Porcelain veneer created by Danny Diebel, CDT, 

Austin, Texas.)

a b c
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be removed before the veneer can be rebonded. The bond-

ing resin is removed either with air abrasion or a fine finishing 

diamond bur. The veneer is then cleaned with acetone and 

re-etched with 9.5% hydrofluoric acid for 20 to 90 seconds, 

depending on the type of porcelain. If 9.5% hydrofluoric acid 

is not available, 1.23% acidulated phosphate fluoride can be 

used to etch the porcelain; however, this requires a 10-minute 

etching time. The veneer is then washed, dried, silanated,70 and 

rebonded. The patient must know that there is a significant risk 

of veneer fracture during removal of the luting composite.

A small percentage of veneers will fracture.3–5 It is possible 

to repair fractured porcelain. First, the porcelain fracture site is 

etched with 9.5% hydrofluoric acid for 20 to 90 seconds. After 

the veneer is washed and dried, silane is placed and allowed 

to air dry. The repair is then accomplished with conventional 

bonded resin composite techniques. Because the hydrofluoric 

acid should not be allowed to contact natural tooth structure 

or soft tissue, this etching procedure should be performed with 

rubber dam isolation. 

As noted, marginal staining around the veneer can occur. 

If the marginal stain is superficial, it can be removed by tray 

bleaching with 10% carbamide peroxide for several days. After 

the stain has been removed, the margin can be etched with 

30% to 40% phosphoric acid and sealed with a dentin bond-

ing agent. If the stain is slightly penetrating at the margin (Fig 

17-45), it can be mechanically removed with a small bur and 

the area restored with conventional bonded resin composite. 

When there is significant penetration of stain under the veneer, 

the entire veneer must be removed (Fig 17-46).

Veneer Removal

Removal of porcelain veneers is not only time-consuming but 

also difficult and technique sensitive, especially if the underly-

ing tooth color is light. The veneer cannot be grooved with a 

bur and rotated (torqued) in the same manner that a cemented 

gold crown is removed. The veneer must be removed with a 

diamond bur in the same way that enamel is removed during 

initial tooth preparation.

The dentist starts removing the porcelain in the midfacial 

area with a back-and-forth sweeping motion with a barrel 

diamond (Fig 17-47a). This must be done without water spray 

so that the operator can visualize the subtle color difference 

between the veneer and tooth structure as the interface is 

reached. Therefore, the dental assistant must cool the tooth 

with a constant stream of air. Once this interface is apparent 

(Fig 17-47b), the diamond bur is moved laterally away from the 

area of exposed enamel toward the periphery of the prepara-

tion. Care must be taken to remove as little enamel as possible 

during this step.

The procedure continues until only a small amount of porce-

lain remains at the margins. If there has been microleakage at 

the margins, the remaining marginal porcelain can be removed 

with a no. 12 or 12B scalpel blade. However, if the marginal seal 

is intact, the remainder of the porcelain must be cautiously 

removed with the diamond bur.

It is very important that the operator not lose orientation in 

relation to the porcelain-tooth interface. If this occurs, it is very 

Fig 17-47 Veneer removal. (a) Initial removal of porcelain before tooth structure is reached. (b) Porcelain is removed until the first area of enamel is visualized. (c) 

Exploring margins with a no. 12 or 12B scalpel blade to remove remaining resin composite and porcelain.

a b c

Fig 17-45 Minimally penetrating stain at the mesi-

al margin of the maxillary right canine.

Fig 17-46 Deeply penetrating stain under the por-

celain veneer on the maxillary right central incisor.
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easy to inadvertently remove all of the enamel. For this reason, 

one veneer should be completely removed before starting 

veneer removal on the next tooth.

After all porcelain veneers have been removed, gingival 

retraction cord is packed to clearly expose all margins. As the 

final step of veneer removal, all margins are explored with a 

sharp no. 12 or 12B scalpel blade (Fig 17-47c), which commonly 

results in the removal of additional small areas of residual resin 

composite and porcelain.

Maintenance
The maintenance of the porcelain veneer restoration is similar 

to that of the porcelain crown. Devices such as an ultrasonic 

cleaner, air-abrasive polisher, and prophylaxis cup with pumice 

must be avoided. Surface stains may be removed from porce-

lain veneers with aluminum oxide polishing paste or diamond 

polishing paste on a felt wheel or rubber cup. Proximal stains 

may be removed with composite polishing strips. When scaling 

is performed around porcelain veneers, care must be taken not 

to chip the margins. If a fluoride preparation is needed by the 

patient, it should have a neutral pH; because of their ability to 

etch porcelain, neither acidulated phosphate fluoride nor stan-

nous fluoride should be used.

The patient should be advised that foods and liquids with a 

high potential for staining, such as coffee and tea, increase the 

potential for marginal staining. The patient also must be made 

aware of the potential for the porcelain to fracture. Activities 

such as ice chewing and fingernail biting must absolutely be 

avoided. It is a good idea to make an occlusal guard appliance 

for all patients who have porcelain veneer restorations. When 

porcelain veneer restorations will oppose natural teeth or when 

the patient has a history of a parafunctional habit, a protective 

appliance should be fabricated to protect both the porcelain 

veneers and the opposing teeth.
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Anterior Ceramic Crowns

Jeffrey S. Rouse

The provision of anterior ceramic crowns can be the 

most valuable and difficult service in dentistry. Protect-

ing the natural dentition and providing an illusion of 

reality requires the practitioner to choose the correct 

ceramic system and prepare the site for success. This 

chapter discusses a systematic approach for selection 

of the proper ceramic system1 and development of a 

foundation for the restoration that enables predictable 

results.

Decision-Making Factors
There are two common myths pertaining to anterior 

ceramics: (1) Strength is the most important decision-

making factor, and (2) all-ceramic crowns are always 

more esthetic. 

Strength should not be the overriding factor in 

choosing an anterior ceramic crown system. While it 

is true that metal-ceramic crowns are stronger than 

layered all-ceramic systems, the real question is how 

much strength is required. The answer is that the 

crown must be able to resist fracture under load. 

Normal incisal bite force averages between 100 and 

300 N.2,3 The weakest ceramic choice, a nonadhesively 

cemented porcelain jacket crown, has an adequate 

resistance to direct loading (545 N) for the anterior 

region. IPS Empress (Ivoclar Vivadent; 892 N) and IPS 

e.max (Ivoclar Vivadent; 1,200 N) have higher resis-

tance to forces, which may be as much as an order 

of magnitude greater than those generated during 

normal function.4,5 In addition, the ultimate strengths 

for axial and oblique loads on anterior ceramic systems 

exceed the maximum normal bite-force peaks.4,5 Nor-

mal functional loads, therefore, should not damage 

all-ceramic crowns (Table 18-1). A systematic review 

showed survival rates of all-ceramic systems over 5 

years to be equivalent to those of metal-ceramic sys-

tems. Lower survival rates for all-ceramic crowns are 

found when the crowns are placed on molars, where 

loads are significantly higher.8

All-ceramic systems are not always more esthetic. 

In the hands of an average laboratory technician, 

all-ceramic systems will be repeatedly more esthetic 

simply because of the lack of a metal core6,9 (Fig 18-1). 

However, given proper preparation depths, skilled 

technicians can mimic natural teeth using a metal-

ceramic system (Fig 18-2). The anterior restoration 

being fabricated will also play an important role in 

the patient perception. In a survey, more patients felt 

that single all-ceramic crowns were more natural and 

preferred them over metal-ceramic crowns. However, 

the opposite was true of anterior fixed partial dentures, 

where metal-ceramic was deemed to be more esthetic 

and preferred.10 

Metal-ceramic crowns are more appropriate for 

some patients and restorations than others. Teeth 

that are opaque or have high chroma and high value 

may be easier to match with metal-ceramic systems 

than with all-ceramic systems. A patient with a low lip 

line is a good candidate for metal-ceramics, because 

the esthetic weakness of metal-ceramics is most pro-

nounced in the gingival third, where the opacity influ-

ences the brightness. The highly reflective opaque 

ceramic coating used to mask the metal is difficult to 

disguise when matching teeth with low color satura-

tion or brightness (Fig 18-3). In the anterior region, 

many patients demand a perfect match of crown, 

tooth, and gingiva. This can be challenging for metal-

core crowns. In an attempt to eliminate the gingival 

opacity, some ceramists stop the extension of the 

metal substructure up to 2 mm away from the shoul-

der.11 This removes the highly reflective opacity in the 

gingival third, decreasing reflection and allowing light 

penetration into the cervical tooth structure, without 

decreasing the strength of the crown.12,13 Light trans-

mission illuminates the gingiva and eliminates the 

dark gingival shadow sometimes found around metal-

ceramic crowns.14

If practitioners should not make decisions based 

solely on the strength of metal-ceramic restorations 

or the esthetics of all-ceramic systems, then what 



475

18Decision-Making Factors

criteria are appropriate? When esthetic demands are high, an 

enamel-bonded veneer is the first choice. Adequate enamel 

must be present, and the patient should have no more than 

moderate parafunctional habits. It is commonly agreed that 

enamel-bonded veneers are the most predictable, most esthet-

ic, and strongest restorations for anterior teeth (see chapter 17). 

However, veneers are contraindicated when a minority of the 

prepared tooth is in enamel; a sound bonding surface is critical 

to the strength and success of porcelain laminate restorations. 

When veneers are contraindicated, choosing the correct 

anterior ceramic crown system is critical. The choice involves 

a hierarchy based on the esthetic goals of the patient, the pre-

operative condition of the tooth, and the load that the tooth 

will receive. The questions to be asked when deciding on the 

correct ceramic crown system are: (1) What are the esthetic 

demands, especially in the gingival third? (2) What is the quality 

of the bonding surface? (3) Does the patient have parafunc-

tional habits? If so, what is the severity?  

Esthetic demands
An evaluation of esthetics and a diagnosis should be conduct-

ed following the guidelines established in chapter 3. Patient 

expectations should be addressed before treatment begins. If 

there are limitations in the treatment, they should be discussed 

in advance. Diagnostic wax-ups or computer imaging may 

help determine what can be achieved with the restorations 

and aid in patient communication. Elements that affect the 

esthetic choice of materials include the color of the underlying 

structures (eg, post and core, discolored dentin, implant abut-

Table 18-1 Comparison of all-ceramic restorative systems6,7

Product

Flexural strength 

(MPa)

Abrasiveness vs  

natural tooth Special equipment Other characteristics

Traditional  

feldspathic porcelain

110–150 Varies; higher leucite 

content yields higher 

wear

Special refractory die No core material; uniform translucency 

and shade throughout; etchable for 

bonding to tooth

Pressable ceramics

IPS Empress  160–182 Comparable with natural 

tooth except when lay-

ered with conventional 

feldspathic porcelain

Special oven, die 

material, and molding 

process

Etchable for bonding to tooth; core 

material shaded and translucent

Optimal Pressable 

Ceramic (Pentron)

165 Same as for IPS 

Empress

Same as for IPS 

Empress

Same as for IPS Empress

IPS e.max Press 

(Ivoclar Vivadent)

400 Less wear than natural 

tooth

Same as for IPS 

Empress

Crown can be cemented or etched to 

bond; possible to do three-unit fixed  

partial denture for anterior teeth

Milled ceramics

Procera  

(Nobel Biocare)

600 Less wear than natural 

tooth

Special die scan-

ner; computer with 

modem; CAD/CAM 

machine

Dense translucent core; not etchable, 

must be cemented

Zirconium oxide core 

ceramics

1,000 Less wear than natural 

tooth

Special CAD/CAM 

machine or dry 

pressed

Dense opaque core with limited dentin 

shades; not etchable, must be cement-

ed; may be used for limited fixed partial 

dentures

IPS e.max CAD 

(Ivoclar Vivadent)

360 Less wear than natural 

tooth

Special CAD/CAM 

machine and special 

oven for crystallizing 

the milled material

Milled material requires crystallization by 

heating at high temperature

Fig 18-1 All-ceramic crowns have a porcelain core, which facilitates an esthetic 

match. These crowns provide adequate strength to resist functional loads.
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ment) and the importance of the esthetic match in the gingival 

third.14 

Veneers bonded to enamel provide some of the most beau-

tiful and dependable restorations for anterior teeth. The thin 

laminate of porcelain provides an optical refractive index simi-

lar to that of translucent enamel, allowing the natural tooth to 

act as the color substrate. Therefore, when the tooth substrate 

is an ideal color, a veneer restoration can be placed that is 

almost imperceptible (Fig 18-4). 

A ceramic crown can be thought of as a veneer of “enamel” 

porcelain over a “dentin” ceramic core (Fig 18-5). This “dentin” 

core material can be feldspathic porcelain, castable glass, 

heat-pressed or milled leucite-reinforced ceramic, infiltrated 

alumina, heat-pressed or milled lithium disilicate, or zirconium 

oxide.15 All cores can be laminated with veneering porcelain or 

stained. The type of core material used in a particular patient 

depends on the underlying tooth structure16 (Table 18-2). 

Because the core material has a perceptible effect on crown 

color,14,16 an ideal core material should match the natural 

optical properties of dentin and mask any discoloration pres-

ent. Today, the feldspathic porcelains most closely mimic the 

opalescent and fluorescent properties of natural teeth. They 

are translucent, color stable, brilliant, and natural. Therefore, if 

the underlying tooth color is acceptable, full feldspathic crowns 

produce the most natural result, because they allow the under-

lying tooth color to show through.17

If the “dentin” core color must be altered, the ceramic core 

selection changes (Fig 18-6). IPS Empress, IPS e.max Ceram 

(Ivoclar Vivadent), Optimal Pressable Ceramic (OPC) (Jeneric/

Pentron), and Finesse All-Ceramic (Dentsply Ceramco) allow 

broader choices of substrate color with intermediate trans-

lucency. In-Ceram Alumina (Vident), Procera (Nobel Biocare), 

Lava Ceram (3M ESPE) and In-Ceram Zirconia (Vident) provide 

a high-strength core that is relatively opaque. The influence of 

the core material is most noticeable in the gingival third. The 

more translucent the core, the more gray it appears as the dark-

ness of the oral cavity shows through. This is most evident with 

translucent OPC and IPS Empress. A higher value or brightness 

is produced by the more opaque, reflective cores found in alu-

mina, zirconia, and metal-ceramic crowns.18

Quality of the bonding surface
Anterior crowns can be fixed to the tooth by traditional cemen-

tation or by bonding. Traditional cementation utilizes a cement 

such as glass ionomer or resin-modified glass ionomer. Bond-

ing uses a luting resin or a resin composite and resin adhesive. 

(In this chapter, the terms cement and cementation will be used 

to discuss insertion with traditional cements. The terms resin 

cement, self-adhesive resin, bonding resin, and bonding will be 

used in reference to resin bonding of restorations.) A tradi-

tional cement occupies the space between the restoration and 

the tooth surfaces, and none but the glass-ionomer cements 

provide adhesion to tooth structure. In most cases, bonding 

provides adhesion to both surfaces. Because of this, a bonded 

crown may not have the same requirements for tooth prepara-

Fig 18-2 (a) Porcelain layered over the metal substructure. Similar layering is accomplished for zirconia cores to mask the white opaque core. (b) Existing metal-

ceramic crowns appear monochromatic and opaque. (c) With proper tooth reduction, a master ceramist can give metal-ceramic crowns a very lifelike quality. (Crowns 

fabricated by Lebeau Dental Laboratory, Renton, Washington.)

Metal
substructure

Body
porcelain

Opaque
porcelain

Incisal
porcelain

a b c

Fig 18-3 Inadequate space for metal and porcelain 

may create unnatural opacity, as seen in this maxillary 

lateral incisor. 
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tion as a cemented crown. In addition, bonding acts to transfer 

force from the ceramic material to the underlying tooth struc-

ture and strengthens an all-ceramic restoration that could be 

relatively weak if cemented with conventional cements that are 

brittle and do not reinforce the intaglio surface as well as resins.

When most all-ceramic crowns are bonded, the ceramic 

is etched to create micromechanical retention for the resin 

cement. Bonding procedures, such as those described in chap-

ter 9, are performed on the tooth. When the resin cement is 

polymerized, it forms a rigid union between the restoration 

and the tooth. Under function, the porcelain-resin-dentin bond 

allows the resin to transfer load to underlying tooth structure.19 

Properly bonded crowns have fracture strengths far greater 

than human bite force,20,21 but functional and parafunctional 

forces and the hydrodynamic nature of dentin may decrease 

bond strength with time. If the dentin bond is compromised, 

Decision-Making Factors

Table 18-2 Selection criteria for anterior ceramic crown materials16

Shade and appearance of  

natural teeth

Conven-

tional  

felds pathic

Veneered 

OPC

Colored 

OPC

Veneered 

Empress

Colored 

Empress

IPS 

e.max Procera

Zirconium 

oxide

Metal-

ceramic

Vita A-1 to A-2; low color  

content, opaque,  

high brightness

X X X X

Vita A-3; moderate color  

content, translucent body, 

opaque body

X X X X X X X X X

Vita A-3.5 to A-4; high color 

content, translucent or opaque
X X X X X X X X X

Altering shade from high color 

to low color
X X X X X X

Translucent, low brightness, 

high color
X X X X X

Translucent, grayish teeth X X

Translucent, moderately bright 

teeth
X X X X X

Fig 18-5 Unlike metal-ceramic crowns, cemented 

all-ceramic restorations are significantly influenced 

by the underlying color. In this case, an amalgam 

buildup shows through an all-ceramic crown on 

the maxillary left central incisor, making it too gray.

Fig 18-4 (a) An increase in length and alteration of shape is required esthetically. The tooth color is accept-

able, there are no restorations, and there is adequate enamel for bonding. Enamel-bonded veneers are the 

restorations of choice. (b) When properly planned and constructed, enamel-bonded veneers are almost 

imperceptible.

a b

Fig 18-6 Dark prepared teeth are an esthetic challenge for all-

ceramic restorations. The correct ceramic core must be chosen 

to minimize the effect of the discoloration.
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the porcelain becomes more susceptible to fracture. A study by 

Neiva et al22 comparing the fracture strength of three ceramic 

materials reported that bonded IPS Empress had a higher mean 

fracture strength than In-Ceram Alumina or Procera. However, 

with a compromised bond, IPS Empress was significantly weak-

er than the other systems. 

The nature of the dentin surface significantly impacts the 

strength of the tooth-adhesive interface (Fig 18-7). The risk of 

debonding and fracture is magnified when the underlying den-

tin is less than optimal. Clinicians must recognize differences in 

dentin composition before planning restorations that depend 

on long-term dentin bonding.23 Clinical evidence suggests that 

loss of cervical bonded restorations is more prevalent with 

deep or sclerotic dentin. Changes in the microstructure of den-

tin due to acid degradation (resulting from bulimia and gastro-

intestinal reflux) yields an accelerated sclerosing of the dentin 

and poor bond strengths.24 Deep dentin can also significantly 

affect strength at the dentin-resin interface.25 The density of the 

dentinal tubules is greatest near the pulp. Tubules represent 

28% by volume of the dentin along the pulpal wall, compared 

with 4% by volume at the dentinoenamel junction.23 Adhesive 

bond strengths in deep dentin are generally lower because 

there is less intertubular dentin space for bonding and greater 

moisture flow that may interfere with bonding.26 

In addition to a compromised dentin surface, bending forc-

es beyond the ceramic limits are a contraindication to bonded 

ceramics. Flexural fatigue, or abfraction, is the pathologic loss 

of hard tooth substance by biomechanical loading forces (see 

Fig 18-7). This loss is thought to be the result of a combination 

of toothbrush abrasion and flexure and ultimate fatigue of 

enamel and/or dentin at some location distant from the actual 

point of loading and is more common in maxillary anterior 

teeth because of the higher buccal/lingual stress profile in the 

cervical region.27 Eccentric forces can generate cervical flexure, 

resulting in stress concentrations in a bonded crown.28 Cervical 

restoration failure occurs more commonly in mandibular inci-

sors than in maxillary incisors.29 Tooth flexure can cause porce-

lain fracture or less obvious failure because of marginal leakage.

Carious or noncarious lesions or previous restorations may 

require a crown margin to be placed far apical to the gingival 

crest. Adhesion is affected by dentin moisture or other con-

taminants (blood, sulcular fluid, or saliva).30–32 The inability to 

isolate subgingival margins prevents predictable dentin bond-

ing and is therefore a contraindication to bonded ceramic 

crowns.29 Strength is not a key criterion for a ceramic crown 

when the dentin bonding is maximized. When achieving the 

ultimate bond is compromised, however, a bonded ceramic 

crown may not be the restoration of choice.

Parafunction
Parafunction is a physiologically normal activation of voluntary 

skeletal muscles to produce behaviors that lack functional 

purpose and are potentially injurious. It occurs cyclically, and 

because it is mediated by the limbic system, it is harder to 

control and change.33 Human bite force on anterior teeth rarely 

exceeds 200 N, well within the tolerances of most ceramic sys-

tems. Forces generated during diurnal parafunctional activity 

may be of significant force and duration to be damaging to all-

ceramic systems. This can result in sudden, catastrophic failure. 

A more gradual failure of an all-ceramic system comes from 

fatigue failure. Testing confirms that cyclic loading is much 

more damaging than static loading, given the same total time 

and maximum load.34 Cyclic loading in a moist environment 

significantly decreases the mean failure load of an all-ceramic 

system.35 Three modes of cyclic fracture can occur in an all-

ceramic crown near the area of contact with an opposing tooth: 

(1) brittle-mode tensile cracks beginning on the occluding sur-

face, (2) quasi-plastic mode microfractures within the ceramic 

material in a “yield” zone, and (3) radial cracking (undersurface 

tension flexes the core/ceramic veneer interface).36 It has been 

postulated that these inner-surface cracks are the most likely 

cause of failure of cemented all-ceramic systems.37 All of the 

fatigue modes of failure can occur with repeated functional 

loads. All-ceramic crowns have been shown in laboratory stud-

ies to be more susceptible to fatigue than metal-ceramic 

crowns.38 However, severe loading during parafunctional epi-

sodes magnifies the damage by coalescence of microcracks 

into a macroflaw, accelerating the loss of strength and reducing 

the life span of the ceramic restoration. A thorough evaluation 

of the patient’s parafunctional history is required in choosing 

an anterior ceramic system.

Fig 18-7 This patient displays signs of attrition from parafunc-

tion, erosion from chewing aspirin and swishing acidic juices, 

and cervical notching from abrasion and abfraction.
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Hierarchical Approach

Once practitioners have answered questions regarding 

esthetics, bonding substrate, and parafunction, a hierarchical 

approach can be used to select the best anterior ceramic resto-

ration for each patient. The choices begin with veneer crowns 

and conclude with metal-ceramic crowns. The type of ceramic 

crown is chosen when a tooth meets all the indications for that 

level. Refinement within the hierarchy is then made by meeting 

additional criteria.

Veneer crowns
Indications

1. Esthetics of primary importance

2. Mixed enamel and dentinal substrate

3. Minimal or no parafunction

Enamel-bonded porcelain laminate veneers are the most 

dependable and esthetic anterior ceramic restorations. A 

veneer allows the passage of light into the tooth, and the 

underlying tooth color provides a natural effect. A veneer crown 

is simply a veneer that covers the entire tooth. It is to be used 

only in selected cases, because transitions from thin to thicker 

porcelain make fabrication difficult. The preparation preserves 

remaining enamel and uses a conservative preparation design. 

The most common indication is for a peg-shaped lateral inci-

sor. Another indication is a tooth with good enamel support, 

large proximal restorations, and endodontic access (Fig 18-8). 

The enamel is reduced by 0.5 mm, the proximal restorations 

are removed, and the margins are finished with a light chamfer.

Bonded all-ceramic crowns
Indications

1. High esthetic demands, especially in the gingival third

2. Dentin bonding substrate acceptable 

3. Moderate to no parafunction

Key to bonded all-ceramic restorations is the ability to 

provide predictable dentin adhesion. Without a sound dentin-

crown unit after bonding, all-ceramic bonded crowns are 

extremely weak and prone to fracture.18–21 This class of 

ce ramics includes feldspathic porcelain (on a refractory die or 

platinum foil), castable glass, injection-molded ceramics, and 

computer-aided design/computer-assisted manufacture (CAD/

CAM) milled crowns. These systems provide the finest esthetics 

of the anterior ceramic crown categories because they most 

closely match the translucency, brilliance, and qualities of natu-

ral tooth substrates. The difference between the systems is the 

varying degree of translucency in the core materials. Choices 

within this category should be based on which substrate most 

closely mimics that of the natural teeth. If the prepared tooth 

color is normal (Fig 18-9a), full feldspathic crowns produce the 

most natural core and have a biologic outcome and survival 

probability comparable with cored ceramic systems39 (Fig 

18-9b). However, when the crown substrate requires alteration 

of translucency or opacity, the core choice should be made 

accordingly.

Fig 18-8 (a) This lateral incisor had a large area of enamel available for bonding after preparation, but the interproximal restoration and lingual endodontic access 

made it an ideal candidate for a veneer crown. (b) The preparation displays a subtle transition from 0.5 mm of facial reduction to 1.0 mm of lingual reduction. Because of 

caries gingival to the lingual composite, the lingual preparation extends into dentin in this one area. However, all other areas of the preparation are in enamel, including 

the cavosurface margins. (c) The veneer crown is in esthetic harmony with the natural central incisor and veneered canine.

a b c

a b

Fig 18-9 (a) When the tooth substrate is accept-

able for bonding and color, a bonded, feldspathic 

all-ceramic crown is indicated. (b) The bonded felds-

pathic crown provides functional predictability and 

natural esthetics.
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IPS Empress and OPC are both heat-processed or computer-

milled, high-leucite pressed ceramics. They provide laborato-

ries with multiple dentin shades and translucencies, which can 

be used to mask defects or match adjacent dentition. Once the 

proper dentin shade, or stump, is chosen, the core is fabricated 

using a lost-wax technique. The ceramist decides whether 

the crown will be cast in its entirety and then colored with 

surface stains (the monolithic technique) (Fig 18-10) or a cast 

coping will be layered with feldspathic porcelain (the veneered 

technique) (Fig 18-11). Surface staining involves placing heav-

ily pigmented characterization colors on the crown, which is 

then covered with a glazing powder and fired. The veneered 

technique is the recommended method for esthetic anterior 

ceramics, and the monolithic technique is the recommended 

method for strength (Fig 18-12). When the veneered technique 

is used, the preparation depth must allow adequate space to 

produce a substructure that resembles a veneer preparation. 

Enamel and incisal feldspathic porcelains are then veneered 

on the core. Both techniques provide very promising clini-

cal results.40 IPS Empress and OPC have comparable flexural 

strength.41 The in vitro marginal fit of IPS Empress has been 

reported to provide a mean marginal opening of 28 to 99 µm, 

with the type of finish line explaining the difference in marginal 

fit.42 A survival rate for anterior crowns of greater than 95% has 

been reported through 11 years of observation.40 Heat-pressed 

ceramics offer mixed reports on wear values comparable with 

those of enamel.43,44 Routine monitoring of opposing tooth 

wear is therefore important. 

Cemented all-ceramic crowns
Indications

1.  Moderate to high esthetic demands, especially in the gin-

gival third

2. Poor-quality dentin bonding substrate

3. Moderate to no parafunction

Cemented all-ceramic crowns are used when esthetics is an 

overriding concern but the dentinal substrate does not provide 

for proper bonding. Because the core material is very strong, 

bonding to the underlying tooth structure is not necessary. 

Cementation requires fewer steps, is less technique sensi-

tive, and has less opportunity for mishaps than do bonding 

procedures. Because the crown is cemented, the preparation 

a b

Fig 18-10 (a) Monolithic ceramic restorations 

with the addition of characterizing staining effects. 

(b) Completed monolithic ceramic restorations with 

stain.

Fig 18-11 (a) Wax-up with cutback allowing room for veneering ceramic. Note the design of the cutback to maintain the strength of the incisal edge in core ceramic. 

(b) Lithium disilicate pressed to allow space for veneering ceramic. (c) IPS e.max veneered definitive restorations.

a b c

Fig 18-12 The maxillary central and lateral inci-

sors are restored with veneered IPS Empress 

crowns. When the tooth color is poor but a reliable 

bond is available, IPS Empress is a good choice 

because several core colors are available. 
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must meet the retention and resistance requirements of any 

cemented crown. Esthetics is compromised slightly because 

the ceramic core is less translucent than bonded ceramic 

restorations and is more opaque than many natural tooth sub-

strates. Because of the high strength of these ceramic materi-

als, cemented ceramic crowns can be placed in patients with 

moderate or controlled parafunction. 

The difference between the ceramic materials that must be 

bonded versus those that can be used in cemented crowns is 

found in the composition and processing techniques for the 

core. For example, In-Ceram Alumina is an 85% alumina, glass-

infiltrated core. In-Ceram Spinell (Vident) is a mixture of alu-

mina and magnesia made on a resin die. Procera crowns have 

a 99% alumina core fabricated on a die designed from digitized 

specifications made from the master die. IPS e.max is a lithium 

disilicate–based glass ceramic. In-Ceram Zirconia is a slip-cast 

or dry-pressed zirconia core.

The In-Ceram Alumina core may be fabricated through 

CAD/CAM milling or slip casting. Slip castings are created on a 

special gypsum die to which an alumina and water mixture or 

“slip” is applied and shaped. The core is sintered (baked at high 

temperature) in a furnace, creating an interconnected porous 

network. The core material is then returned to the porcelain 

oven, and a lanthanum aluminosilicate glass is infiltrated into 

the pores of the core to add strength. The In-Ceram Alumina 

slip casting technique has been used for well over a decade. 

Today, milling technology has allowed crowns to be produced 

from a ceramic block with greater flexural strength than slip 

casting. Flexural strengths from 300 to 600 MPa have been 

reported for In-Ceram Alumina.45 A clinical study of 163 ante-

rior units demonstrated a 15-year survival rate of 87.5%, which 

is comparable with reports on metal-ceramic crowns.46 Data 

from a different study showed that core fractures and porcelain 

fractures occurred at a rate of approximately 0.6% and 0.3% 

per year, respectively.47 Additional in vivo studies confirm the 

high success rate of In-Ceram Alumina.48,49 Marginal integrity 

has been shown to be within clinically acceptable standards.50  

Procera is another system that uses an alumina core (Fig 

18-13). The master die is scanned into a computer, and the 

surface contour of the die is mapped with the use of more 

than 50,000 measured values. An alumina coping is designed 

on the computer, and the relief space for the cementing agent 

is established. The data are then transmitted via modem to a 

production station, where the coping is manufactured with 

advanced powder technology and a CAD/CAM technique. The 

coping contains high-purity (99.9%) aluminum oxide powder, 

which is milled and sintered. A veneering porcelain that is com-

patible with the coping is layered to develop crown contours 

and esthetics. The flexural strength of the core is reported to be 

greater than 600 MPa, with a fracture toughness of 4.48 MPa-

m^0.5.51 The mean load to failure of the core/veneer porcelain 

system is clinically acceptable when the veneer porcelain is 

more than 0.4 mm thick. The veneering porcelain doubles in 

strength at 0.9 mm.52 With a 0.6-mm-thick Procera core, a tooth 

reduction of 1.0 to 1.5 mm is required. In a laboratory study, 

mean gap dimensions for marginal openings, internal adap-

tation, and precision of fit for Procera crowns were less than 

70 µm.53 Data on the clinical fit of Procera crowns indicated a 

mean marginal gap width of 50 to 135 µm for crowns depend-

ing on the finish line configuration.54 The survival rates of Pro-

cera crowns were reported to be 97% to 100% in the anterior 

region after 5 and 7 years regardless of the cement used.55,56 

Lithium discilicate provides clinicians with an extremely 

strong, etchable core material, making it bondable or cement-

able. This allows IPS e.max to be used for almost any fixed 

prosthetic need: veneers, crowns, and fixed partial dentures 

(Fig 18-14). Because of its ability to be cemented, IPS e.max is 

placed in the cemented crown category for this evaluation. The 

material is currently available in two varieties: IPS e.max Press or 

IPS e.max CAD. The pressed option requires the core pattern to 

be waxed to full contour and invested. The IPS e.max glass-

ceramic ingots are heat pressed in a 920°C furnace under pres-

sure and vacuum. The glass ceramic becomes viscous and flows 

into the lost-wax mold of the core. The IPS e.max core is coated 

with a glass ceramic containing fluoroapatite. These apatite 

crystals are similar in structure to those found in natural teeth. 

Reportedly, they allow the porcelain to mimic the optical prop-

erties of translucency, brightness, and opalescence of a natural 

Fig 18-13 (a) The post and core does not allow bonding. A cemented crown is an appropriate choice for the central incisor. (b) A 

Procera crown was chosen to mask the color of the post and core and to esthetically match the other all-ceramic restorations. 

a b
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tooth.57 The IPS e.max CAD “blue block” is a lithium metasilicate 

crystal milling block. A milling unit creates a crown from a pat-

tern generated in a computer. At this stage the crown is very 

weak. A second heat-treating process is performed in a porce-

lain furnace at approximately 850°C; the metasilicate is dis-

solved, and the lithium disilicate crystallizes. This results in a 

fine-grained glass ceramic with 70% crystal volume incorpo-

rated into a glass matrix.58 The IPS e.max core has a flexural 

strength of 350 ± 50 MPa, a fracture toughness of 3.2 MPa, and 

a failure load of 771 to 1,115 N.59,60 In 2- to 5-year evaluations of 

IPS e.max restorations placed in general practice and in con-

trolled clinical settings, the restoration survival rate was 94% to 

100%.61–64 Results from a study on the mean gap dimensions 

and marginal opening for incisor crowns showed that IPS e.max 

restorations had the smallest and most homogenous gap 

dimensions (46 ± 1 µm) compared with milled and infiltrated 

zirconia crowns.65 In addition, two studies reported no evi-

dence of abrasion of the ceramic or the opposing teeth in vitro 

or in vivo.44,66 

All-ceramic cementable crown cores may also be fabricated 

in zirconium oxide. Numerous manufacturers provide zirconia 

cores with unique fabrication techniques and chemistries. Zir-

conia has outstanding mechanical properties and high biocom-

patibility. Zirconium oxide produces an extremely strong core 

(998 to 1,183 N).60,67,68 It is stronger than all other ceramic core 

materials.69 Zirconia frameworks may be slip-cast like In-Ceram, 

dry-pressed, or milled from a solid block. Copings produced by 

a CAM system exhibited a mean marginal gap (66.4 ± 42.2 µm) 

well below the clinically acceptable 100-µm limit.70 The rela-

tive translucency of a zirconium oxide ceramic core is roughly 

equivalent to that of a metal core.18 Individual systems and 

framework thicknesses impact the levels of light transmission, 

making some systems more appropriate for anterior applica-

tion and others for masking discoloration.71 A recent compre-

hensive review of the literature on zirconia single crowns found 

limited long-term survival data.72 A 3-year study of single units 

produced in a private practice showed a cumulative survival 

rate of 93%, with the majority of failures due to ceramic veneer 

chipping.73 The drawback to the restoration continues to be 

the weaker veneering porcelains (Fig 18-15). Microtensile bond 

strengths vary significantly between zirconia substrates and 

veneering ceramics. Failures are mainly interfacial.74 The rate 

of veneering ceramic fracture is significantly higher than with 

metal-ceramic restorations.75 New approaches to zirconia cop-

ing design and veneering ceramic cooling rates have begun 

to improve the survival rates.76 In an attempt to limit failures, 

researchers have focused on utilizing monolithic zirconia resto-

rations. This is especially popular for posterior crowns and fixed 

partial dentures. The use of preshaded zirconia blocks, the use 

of a dye to shade a partially sintered zirconia block, and external 

shading and glazing have provided durable crowns but only 

acceptable esthetics for anterior restorations.77

Metal-ceramic crowns
Indications

1. Moderate esthetic demands

2. Poor-quality dentinal substrate

3. Severe to no parafunction

Porcelain-fused-to-metal crowns have a long history of 

success.78 Introduced in the late 1940s, metal-ceramic crowns 

continue to be the most common complete-coverage anterior 

restoration. Porcelain margins were developed in the 1960s, 

and the technique later evolved with the introduction of 

shoulder porcelains.13 Recent development of opalescent and 

fluorescent porcelains has dramatically improved the esthetics 

of these restorations.79

The quality of the dentinal substrate does not play a role 

in the choice of metal-ceramic restorations because they are 

cemented, but resistance and retention requirements are of 

major importance. Patients with moderate to severe parafunc-

tion are best treated with porcelain-fused-to-metal crowns, 

which are inherently stronger than all-ceramic crowns.80 Tooth 

Fig 18-14 (a) Multiple dentin shades and poor bonding substrates are indications for IPS e.max crowns. (b) The system allows ceramists to mask the tooth discol-

oration and provides an opportunity for the dentist to bond or lute the crowns. (c) The IPS e.max crown on the left central incisor provides natural esthetics even over 

an implant abutment.

a b c

Fig 18-15 Chipping of 

veneering ceramic on 

zirconia crowns is a sig-

nificant disadvantage.
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contacts may be developed in metal rather than porcelain to 

decrease wear of the opposing dentition. Other indications for 

metal-ceramic crowns are a deep, tight incisor relationship and 

minimal dentin wall thickness after endodontic treatment. Nei-

ther situation allows sufficient reduction for all-ceramic crowns. 

Preparations can be modified because metal surfaces as thin as 

0.5 mm are usually adequate (Fig 18-16). Metal ceramics are still 

preferred for fixed partial dentures even when patient percep-

tion of esthetics is key.10 

Today, clinicians have a plethora of anterior ceramic sys-

tems from which to choose. The decision should be based 

on esthetic goals, bonding requirements, and parafunctional 

habits rather than a favorite ceramic system. Dentists using a 

hierarchical approach to selecting anterior ceramic crowns will 

discover that several ceramic materials may be used within the 

same smile (Fig 18-17).

Anterior Tooth Preparation
To provide a tooth preparation that meets the restorative and 

technical guidelines and provides predictable results, practi-

tioners must understand and blend the biologic, mechanical, 

and esthetic components of tooth preparation.81 All three cat-

egories are equally important. Biologic principles dictate finish 

line position and pulpal preservation. Mechanical preparation 

principles include retention and resistance features, margin 

configuration, accuracy of fit, and integrity. Principles of esthet-

ics require that the tooth-restoration interface is not a visual 

focal point.

Biologic principles

Finish line position
Margin location is the most important biologic parameter 

in predictably maintaining gingival health.82–85 Even among 

patients receiving regular preventive dental care, subgingival 

margins are associated with increased probing depths and 

gingival inflammation.82–84 The critical factor in maintaining 

healthy gingival tissue is the relationship between margin loca-

tion and supracrestal fiber attachment.86,87 If the restorative 

margins impinge on the supracrestal fiber attachment, chronic 

inflammation can result.88–90 Practitioners must therefore bal-

ance the principles of periodontal health and the desire for 

concealed porcelain margins.91 They must also be aware of the 

cervical limitations of crown preparations; a complete under-

standing of the dentogingival complex is paramount.

In 1921, Gottlieb92 first described “an epithelial attachment 

of the gingiva to the hard tissues.” Sicher93 discussed the 

“dento-gingival junction” as the fibrous, connective tissue 

attachment of the gingiva and the epithelial attachment. The 

Fig 18-16 (a) Endodontically treated and structurally compromised teeth are indications for metal-ceramic crowns. (b) Metal-ceramic 

crowns restore the central and lateral incisors. A porcelain butt-joint margin and 2 mm of metal reduction from the facial shoulder allow 

light to enter the tooth and illuminate the gingival third of the crown. 

Fig 18-17 (a) A careful consideration of the esthetic demands, bonding substrate, and any parafunctional habits may lead to the 

use of multiple systems within the same patient. (b) Veneers and bonded and cemented crowns were used to restore function and 

esthetics. 

a b

a b
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dimensions of this functional dentogingival unit were first 

reported by Gargiulo et al94 (Fig 18-18a), who described the 

dentogingival junction as consisting of a sulcus, junctional 

epithelium, and gingival fiber attachment to cementum, coro-

nal to the alveolar crest. The dimensions of the dentogingival 

junction were further refined by Vacek et al.96 The term biologic 

width was given to this zone of connective tissue and epithe-

lium by D. Walter Cohen (1962) in an unpublished presentation 

at Walter Reed Army Medical Center. This biologic zone was 

reintroduced to periodontics and restorative dentistry by Ing-

ber et al97 in 1977.

Vacek et al96 provided an arithmetic outline for evaluating 

the tissue-tooth interface. The average for the connective tis-

sue attachment, the least variable of the biologic components, 

is 0.71 mm (0.35 to 1.74 mm). Connective tissue includes 10 

different gingival fiber bundles, the periodontal ligament, 

cementum, and collagen fiber bundles embedded into the root 

surface; these embedded fiber bundles are called Sharpey’s 

fibers. The connective tissue zone also contains the nerve and 

blood supply for the gingival tissues. The connective tissue 

attachment is the strongest part of the attachment and pro-

vides resistance that, under normal circumstances, prevents a 

periodontal probe or gingival retraction cord from penetrating 

to the bone. It includes the circumferential fibers that often pro-

duce facially evident inflammatory reactions to interproximal 

biologic width violations.89,90 

Coronal to the connective tissue attachment is the epithelial 

attachment. The epithelial attachment has an average dimen-

sion of 1.03 mm (0.38 to 2.48 mm). The hemidesmosomal 

attachment of the epithelium provides a tight approximation 

of tissue to the tooth but is easily penetrated, especially in 

the presence of inflammation. The cells in this layer undergo 

a continual coronal migration with a complete turnover every 

4 to 6 days.98 They attach to enamel, cementum, dentin, and 

even porcelain. 

The term biologic width describes a vertical measurement 

of 1.74 mm, the combined width of the connective and epi-

thelial attachments. If the margin of a restoration violates the 

2-mm biologic width, substantial gingival inflammation often 

results88–90 (Fig 18-18b).

The difficulty for practitioners is that Gargiulo et al and Vacek 

et al’s work presents a “contrived illusion of mathematical pre-

cision.” The research suggests a vertical measurement of 1.19 

mm for the sulcus. This would make the total dentogingival 

complex, biologic width plus sulcus, approximately 3 mm. Yet, 

clinically, the dimensions vary greatly from 0.43 to 6.03 mm. 

Not every tooth has the average biologic width of 2 mm and 

a 1-mm sulcular depth.97 Each tooth presents unique gingival 

measurements that must be assessed and used in treatment. 

Individual measurements of the total dentogingival complex 

must, therefore, be used in making restorative decisions.99 

If the goal is to place a restorative margin in the sulcus with-

out violating the biologic width, the base of the sulcus must be 

identified. However, this is extremely difficult. The periodontal 

literature indicates that the tip of the periodontal probe often 

penetrates the base of the sulcus and may extend into the 

connective tissue.100 The depth of penetration depends on the 

level of inflammation, the diameter of the probe, and the pres-

sure used on the probe. Because the sulcus depth can be iden-

tified only histologically, the distance from the free gingival 

margin to the crest of the alveolar bone is the only predictable 

measurement available to determine intracrevicular margin 

location. At the crown preparation appointment, the entire 

dentogingival complex is measured. After the administration of 

local anesthesia, a periodontal probe is pushed through the sul-

cus until resistance is felt (Fig 18-19a). The probe is then angled 

away from the clinical crown while the tip is still touching the 

root surface (Fig 18-19b) and is pushed completely to the osse-

ous crest (Fig 18-19c). This process is called bone sounding, and 

measurements are taken on the midfacial aspect of the tooth 

and at both facioproximal line angles. If the probe is not angled 

correctly, there is a greater risk of the tip of the probe skipping 

past the thin facial plate of bone, resulting in an inaccurate 

measurement.

Fig 18-18 (a) The biologic width comprises epithelial and connective tissue attachments. Crown preparations that impinge on the biologic width 

result in chronic inflammation. (Reprinted from Robbins95 with permission.) (b) This crown preparation impinged on the biologic width interproximally. 

Inflammation had been present for 17 years. 

1-mm connective tissue

1-mm epithelium

1-mm sulcus

a b
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Measurements on anterior teeth can be categorized into 

three types of relationships between the free gingival margin 

and the alveolar crest: normal, low, and high.99 This relation-

ship will influence margin placement, determine the stability 

of the attachment levels of the gingiva against the tooth, and 

influence the need for crown lengthening surgery prior to 

restorative procedures. The critical factor in proper manage-

ment of the soft tissues is accurate location of the alveolar 

crest, which allows the clinician to avoid impingement on the 

biologic width.

Normal crest relationship. In a normal crest relationship, the 

measurement from the free gingival margin to the osseous 

crest is 3.0 mm facially and 3.0 to 4.5 mm interproximally (Fig 

18-20), which usually results in a gingival scallop of 3.0 to 4.0 

mm and tissue levels that are stable in relation to the tooth. The 

normal crest is found on 85% of anterior teeth.99 In the normal 

crest relationship, restorative margins can be placed 0.5 to 1.0 

mm into the sulcus facially and 0.5 to 2.5 mm interproximally. 

The apical limit of the restorative margin is 2.5 mm coronal to 

the osseous crest. The retraction technique is not critical in this 

crest relationship because the gingival level is stable. Typically, 

a normal crest relationship should yield no recession and no 

loss of papilla height following routine intervention. Research 

indicates that a normal crest relationship will reestablish itself 

even if the tissue is completely denuded, although it may take 

up to 3 years to return to its normal form.101,102

Low crest relationship. A low crest relationship is the most 

difficult of all crest positions to manage and is found in 13% 

of anterior teeth.99 The relationship of the free gingival margin 

to the osseous crest is greater than 3.0 mm facially and greater 

than 4.5 mm interproximally (Fig 18-21). The gingival scallop 

does not mimic the osseous crest. Patients with low crests 

are at high risk for facial recession and loss of papilla height 

because of the increased distance from the alveolar crest to the 

gingival margin. The position of the soft tissues on the tooth is 

not stable in teeth with a low crest relationship and can easily 

be altered unintentionally during treatment.

If maintenance of the tissue levels is critical during restor-

ative procedures, practitioners have two options.95 One option 

is to correct the low crest surgically before tooth preparation, 

creating a normal crest relationship and thus achieving predict-

ability. This can be accomplished by reducing the tissue height 

with an internally beveled gingivectomy so that the gingival 

crest is 3 mm coronal to the osseous crest. However, if the posi-

tion of the cementoenamel junction, root anatomy, gingival 

architecture, osseous support, or esthetic demands prevent 

proactive treatment, the second option is to take great care 

to avoid damage to the attachment during preparation and 

impression making. The finish line of the preparation should 

be located at or coronal to the free gingival margin, and there 

should be minimal, if any, tissue retraction during impression 

making. The patient should be warned of the possible tissue 

changes before the preparation begins and have an under-

standing of the treatment options if tissue loss does occur. 

While not predictable, thicker tissue seems more resistant to 

recession following intervention.103

High crest relationship. Patients with high crests are the 

least common (2%) and pose the greatest risk for violation of 

biologic width.99 Probing measurements are less than 3 mm 

facially or interproximally (Fig 18-22). The tissue levels are very 

stable, and the gingival scallop is flat, less than 3 mm. The high 

crest relationship sometimes occurs when excessive tissue cov-

ers the anatomical crown, such as in altered passive eruption104 

or in patients with noncarious cervical lesions. However, it is 

most common adjacent to edentulous spaces where the gingi-

val scallop has flattened. Margin location is determined by the 

demands of biologic width. High-crest teeth, by definition, will 

Fig 18-19 (a) Crest classifications are based on the probing depths on the facial and interproximal surfaces from bone to free gingival margin. After the administration 

of local anesthesia, the probe is placed in the sulcus and pushed until it meets resistance. (b) The probe is angled to keep its tip on the root surface. (c) The probe is 

forced through the attachment apparatus until it engages bone. The depth is measured at the free gingival margin and the crest type classified.

a b c
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only allow an equigingival or supragingival restorative margin 

because of the short distance to the alveolar crest. These teeth 

are at high risk for biologic width impingement with intracre-

vicular margin placement. Gingival retraction for impressions 

should be minimal.

Pulpal preservation
Preoperative radiographs and pulp testing are important steps 

in determining pulp vitality prior to tooth preparation. Unfor-

tunately, pulp testing cannot identify degrees of health. Sepa-

rately or cumulatively, the effects of large restorations, leaking 

restorations, caries lesions, deep cracks, pins, etc, increase the 

chances of pulpal necrosis after tooth preparation. In one study, 

irreversible pulpitis occurred in 5.7% of cases in which crowns 

were placed on vital teeth.105 Patients should be made aware of 

this risk preoperatively.

If the tooth preparation involves an increase of heat to the 

tooth, pulpal necrosis can occur. In one in vivo study in pri-

mates, pulpal injury occurred in 15% of teeth with a 5.5°C rise 

in temperature. An 11.1°C rise led to necrosis of the pulp in 60% 

of the teeth, and a 16.6°C rise caused necrosis of all the teeth 

tested.106 Temperature changes have been monitored during 

complete crown preparation. When an air-water spray coolant 

was used, a temperature decrease in the pulp chamber from 

37°C to 25°C after 4 minutes of exposure occurred. However, 

when only air coolant was used, the pulpal temperature rose 

from 37°C to 48°C after 1 minute of continuous exposure.107 

Therefore, continuous air-water coolant is a critical factor in 

maintaining pulpal health.

Mechanical principles
During tooth preparation, several mechanical principles must 

be followed. The preparations must incorporate retention and 

resistance form, structural durability, and marginal integrity. 

Resistance and retention
Retention is the feature of a crown preparation that resists 

dislodgment in a vertical direction or along the path of place-

ment. In 1926, Ward108 became the first practitioner to establish 

a standard for preparation taper. He prescribed 5% to 20% per 

inch or 3 to 12 degrees. Since then, recommendations have 

ranged from 3 to 5 degrees, to 6 degrees, to 10 to 14 degrees.109 

Jørgensen110 indicated that there is a 50% reduction in reten-

tion when going from 5 to 10 degrees of taper. These tenets are 

heavily based on clinical empiricism and on two experiments 

in which crown and abutment analogs were pulled apart along 

their paths of insertion. The theoretical benefits of prepara-

tions with minimal convergence angles do not withstand 

scrutiny,111–113 and such preparations are difficult to produce 

in clinical practice. Divergence from parallel might have to be 

as much as 12 degrees to be observed and produced clini-

cally.61,114 Routine preparations in practice have been measured 

at between 15 and 36 degrees without apparent detrimental 

effect to the longevity of the restorations.115,116 For nonadhe-

Fig 18-20 Bone sounding depths of 3.0 mm facially and 3.0 to 4.5 mm inter-

proximally represent a normal crest relationship. The tissue should rebound 

completely after manipulation. 

Fig 18-21 Bone sounding depths of greater than 3.0 mm facially and 4.5 mm 

interproximally represent a low crest relationship. Tissue response is not predict-

able after manipulation. Recession and “black triangles” are probable. 

Fig 18-22 Bone sounding depths of less than 3.0 mm facially and interproxi-

mally represent a high crest relationship. Intracrevicular preparation is difficult 

without biologic width violation. 

Normal crest
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sively cemented restorations, the minimum convergence value 

required clinically is unknown, although total convergence up 

to 20 degrees has been shown to be acceptable.113,117 Today, 

crowns with greater taper may be cemented with adhesive 

resin cements, minimizing the need to prepare the crowns to 

minimal convergence angles.118 

Resistance is the feature of a tooth preparation that enhanc-

es the restoration’s stability and resists dislodgment along an 

axis other than the path of placement.119 Most retention stud-

ies utilize conventional pull-type tests to evaluate preparations 

and/or cements.120,121 However, data on functional force vec-

tors in the oral environment strongly suggest that these lift-off 

type forces are virtually nonexistent in the mouth.122–124 During 

chewing, teeth are subjected to alternating combinations of 

buccolingual and occlusogingival forces.125 These studies indi-

cate that stresses that cause failure of an anterior restoration 

are repeated perpendicular or oblique forces.112,124 Therefore, 

as Caputo and Standlee126 concluded, “Resistance form is the 

most important factor that must be designed into any restora-

tion if it is to succeed in function.”

Resistance clinically is multifactoral. It is based on prepara-

tion taper, height, diameter, and cement type. Crowns gener-

ally loosen and fail by cleavage of the cement attachment 

without damaging the abutment or restoration.113 The cement 

attachment fails when a portion of the abutment subjected 

to compressive and shear forces is unable to withstand load 

application. Attachment failure is a progressive phenomenon 

linked to increasing abutment taper. Increasing the preparation 

taper from 10 to 20 degrees creates a broader stress distribu-

tion and greater stress within the cement.113 The stress fields 

are consistently higher with greater taper and less surface area. 

The more parallel the walls of a preparation, the less stress on 

the cement lute irrespective of the preparation height. Taper 

becomes particularly important in teeth with a lower prepa-

ration surface area, such as an anterior tooth.127 Clinically, a 

minimal preparation taper decreases the damaging effects of 

occlusal stress on the cement attachment, improving a crown’s 

resistance even more than auxiliary preparation features like 

grooves or boxes.128

The height and diameter of the final preparation are also 

related to resistance.129 Resistance is increased by lengthening 

the axial walls of the preparation.130 The minimum height for 

resistance is one-half the diameter of the tooth.131 This means 

that, on average, an anterior preparation must be 3.5 mm and 

a posterior preparation 4.0 mm in height. Of the total prepara-

tion height, the gingival 2.0 mm of the preparation must be 

on sound tooth structure to provide a proper ferrule,132–135 

and the other 1.5 mm or more can be in either tooth structure 

or buildup material (Fig 18-23). A ferrule is the marginal band 

of a crown that contacts tooth structure, providing protec-

tion from masticatory forces. In addition, the ferrule requires 

a dentin thickness of 1 mm from the external surface of the 

crown preparation to the wall of any endodontic preparation. 

In a comparison of in vivo restorations with and without 2 mm 

of remaining coronal tooth structure, the failure rate of the 

< 2 mm group was four times that of the control (26.20% and 

6.67%, respectively)136 (Fig 18-24).

Resistance is also affected by the mechanical properties 

of the cement.113 The limiting threshold of each crown is the 

cement’s resistance to fatigue under cyclic stress.113 The more 

stress that will be placed on the cement, because of a severe 

taper and/or lack of preparation height, the more resistant 

the cement must be. Resin-modified glass-ionomer cements 

are more resistant than conventional glass-ionomer cements, 

which are in turn more resistant than zinc phosphate cements. 

Most research on resistance and retention data is conducted 

on nonadhesively cemented crowns. Today, however, adhe-

sive cements allow the placement of crowns that do not meet 

standard taper and length requirements. Yet, because the 

hydrodynamic nature of dentin bonding makes it unpredict-

able, it is suggested that all crown preparations meet minimum 

requirements.29 

Fig 18-23 The minimum core height for an anterior ceramic crown is 3.5 mm. 

The cervical 2.0 mm of the facial and lingual aspects must be solid tooth structure 

for a proper ferrule. 

3.5–4 mm

2 mm

Fig 18-24 Inadequate coronal preparation height significantly 

increases risk of failure.
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Structural durability 
Structural durability is the relationship between occlusal stress 

and material strength. It ensures that a restoration does not 

deform or fracture under load. In a metal-ceramic crown, the 

minimum metal thickness under porcelain is 0.4 to 0.5 mm for 

gold alloys and 0.2 mm for base-metal alloys. If the metal is 

too thin, it will flex under load, resulting in possible porcelain 

fracture. The minimum porcelain thickness over metal is 0.9 

mm (0.2 mm for the opaque material and 0.7 mm for body 

porcelain). Ceramists prefer a 1.3- to 1.5-mm reduction for the 

axial surfaces of metal-ceramic crowns and a 2.0-mm reduction 

incisally/occlusally. The greater the reduction, the easier it is to 

mask the opaque material in the gingival third of the crown 

with body porcelain. Most bonded all-ceramic crowns require 

a minimum thickness of 1.0 mm to provide esthetics and 

adequate strength. Cemented all-ceramic crowns require an 

average circumferential tooth reduction of 1.5 mm for strength.

Marginal integrity
A completely closed margin is unattainable clinically. Even the 

finest margins are not sufficiently closed to prevent bacterial 

ingress. To place it in perspective, the width of a human hair 

is 50 µm; bacteria responsible for caries are 4 to 5 µm in diam-

eter. Because bacteria are constantly passing under restoration 

margins, patient resistance to disease is more important than 

the marginal opening of crowns. What, then, is an acceptable 

marginal opening? One study reported that when the margin 

of an inlay or onlay could not be visualized, a marginal discrep-

ancy of 119 µm was found to be acceptable.137 Björn et al138,139 

reported that 83% of gold and 74% of porcelain crowns exhib-

ited marginal defects; more than half were greater than 200 

µm. However, defective margins are to blame in only 10% of 

failed restorations. While all practitioners should strive for the 

finest margins possible, it is impossible to achieve a closed mar-

gin. The best possible margin enables the patient to floss and 

care for the restoration, minimizing cement dissolution and 

maximizing the patient’s natural resistance factors. Because 

100 µm is the smallest detectable ledge,140 this can be used as 

a practical criterion for evaluating fit.

What finish line design provides the best marginal integ-

rity? Traditionally, the margin design selected does not have 

a significant effect on marginal seal of metal-ceramic restora-

tions.141,142 Shoulder (Fig 18-25a), shoulder-bevel (Fig 18-25b), 

and chamfer (Fig 18-25c) finish line preparations all allow 

acceptable marginal fit when complete seating is achieved. The 

shoulder-bevel margin is the least esthetic choice. The bevel 

should be used only with metal-ceramic crowns and is suited 

for structurally compromised teeth where ferrule extension 

is important. If porcelain is placed on a bevel, the cementa-

tion process may cause porcelain breakage. In two studies, 

the geometry exhibiting the least marginal discrepancy after 

cementation was a shoulder preparation, which was signifi-

Fig 18-25 (a) In the preferred substructure design for a porcelain facial margin, 

a uniform thickness of porcelain is carried to the finish line. (b) The preferred 

substructure design if a metal facial margin is desired. Metal covers the bevel 

and forms a butt joint with the porcelain. (c) A 1.0-mm chamfer can be used for 

anterior all-ceramic restorations and metal-ceramic restorations. The gingival 

esthetics may be compromised with metal-ceramic restorations because of the 

extension of the metal to the margin.
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cantly better than that of a shoulder bevel or chamfer.143,144 The 

shoulder finish line is thought to be better than the beveled 

shoulder because it allows the excess cement to escape more 

readily. The shoulder design exhibits less marginal distortion 

than a chamfer because of the crown’s thickness adjacent to 

the margin. Stress analysis of various margin finish lines showed 

that chamfer and internally rounded shoulder preparations had 

the lowest stress concentration when loaded vertically, reduc-

ing the risk of catastrophic ceramic failure under load.145,146 

When utilizing metal-ceramic crowns, porcelain margins must 

provide an esthetic transition from tooth to crown, prevent-

ing the margin from becoming the visual focal point. Such 

margins are easier to fabricate and more predictable when 

they are fabricated on a 90-degree shoulder preparation. This 

is true for metal-ceramic and most all-ceramic systems.147–150 

A chamfer requires minimal axial reduction and is appropriate 

for conservative all-ceramic restorations. It does not, however, 

provide an adequate reduction for metal-ceramic crowns. The 

opaque material used to mask the metal at the margin will 

show through the more translucent porcelain and will compro-

mise the esthetics in the gingival third. A 90-degree shoulder 

between 1.0 and 1.5 mm in depth allows for a precise margin, 

maximum seating, and good esthetics. 

The ideal finish line form and depth for all-ceramic systems 

vary between type of ceramic and fabrication technique. They 

all have two common elements: adequate axial depth and 

uniform smoothness.151 A study on the effect of preparation 

design on the marginal integrity of Procera crowns highlighted 

this fact. It demonstrated that a feather-edge finish line pro-

duced crowns with over twice the marginal opening of a cham-

fer or rounded shoulder finish line. Furthermore, the deeper 

axially the rounded shoulder, the tighter the marginal fit.54 

Crowns created from IPS Empress CAD material exhibited simi-

lar results.42 The best finish line is a rounded axial-gingival line 

angle with a butt-joint external cavosurface margin. Ideal cer-

vical preparation taper is imperative with all-ceramic crowns. 

Ceramic systems cannot accurately reproduce the contours 

of auxiliary grooves or deep occlusal morphology, eliminating 

their use as resistance features.54 In addition, adequate occlu-

sal/incisal reduction is more critical with all-ceramic than with 

metal-ceramic restorations. Inadequate space prevents the use 

of monoblock all-ceramic crowns and can compromise esthet-

ics and strength.152 

Functional Crown Preparation  
Technique 
With a complete understanding of the key components of 

intra crevicular tooth preparation, practitioners can achieve 

pre dictability with a standardized, controlled, and functional 

crown preparation.153 This preparation design works for any 

type of anterior ceramic crown with modifications only in depth 

of preparation based on ceramic choice. This technique also 

minimizes the number of burs, bur changes, and cost. Only 

four burs are used in the technique sequence described below.

Bone sounding
Before beginning any anterior crown preparation, a com-

prehensive evaluation of the underlying osseous structure is 

critical. Bone sounding to the osseous crest with a periodontal 

probe, as described previously in this chapter, should be per-

formed to determine the dimension of the total dentinogin-

gival complex. If the probing depth is 3.0 mm facially and 3.0 

to 4.5 mm interproximally, the crest relationship is normal and 

tissue levels should remain stable. If, however, the probings are 

not normal, the patient must be made aware of the possible 

complications involved in the treatment, and the preparation 

and impression must be altered accordingly (Fig 18-26).

Reduction guides
When the teeth are severely worn or malpositioned or the 

vertical dimension is to be altered in the definitive restorations, 

the dentist will require a guide to allow proper reduction (Figs 

18-27a and 18-27b). Multiple reduction-matrix designs have 

been proposed in the literature. Most require the tooth to be 

prepared, after which the matrix is placed to confirm that the 

tooth was reduced adequately. The problem is that there is 

no recovery when the practitioner removes too much tooth 

Fig 18-26 (a) Biologic dimensions around each anterior tooth must be evaluated. Visually, the tissue surrounding the preparations appears to be normal, but probing 

of the teeth demonstrates normal, high, and low osseous crest positions. (b) A 2-mm probing depth to bone facial to the left central incisor. Teeth with high crests are 

prone to biologic width violations. (c) Bone sounding on the left canine demonstrates a low crest. The tissue will be susceptible to recession.

a b c
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structure. A more accurate guide would encourage the proper 

depth of reduction in all dimensions without the risk of blindly 

overreducing the tooth. Aesthetic preevaluative temporaries 

(APTs)154 were developed as a preoperative opportunity for 

the patient to evaluate the esthetics of veneer restorations. 

This same technique can be used as a guide for proper tooth 

reduction for an anterior crown. The APT is fabricated from a 

properly contoured diagnostic wax-up (Fig 18-27c). Conden-

sation silicone is adapted directly on the cast. It is placed in a 

pressure pot at 20 psi for 15 minutes. This will compress the 

silicone into the contours of the wax-up, producing a highly 

accurate matrix. A notch is made between the central incisors 

to be used as a seating guide intraorally. Deep cuts on the 

buccal aspect extending to the teeth or vent holes through to 

the teeth are made in the silicone, creating a spillway for the 

excess acrylic resin (Fig 18-27d). Without this escape route, 

the acrylic resin will not flow, preventing the matrix from fully 

seating. If the matrix does not seat properly, it creates an error 

in the reduction. After the patient is anesthetized, the matrix 

is loaded with a provisional material (made from a bis-acrylic 

resin) and seated. After the material is allowed to set, the matrix 

is removed. The acrylic resin will remain on the teeth, engaging 

the embrasures (Fig 18-27e). There will be a variety of thick-

nesses of the acrylic resin depending on the amount of ideal 

tooth morphology missing. This is the proposed position and 

contour of the definitive restorations. Proper reduction cuts are 

made into the matrix (Fig 18-27f), and then the remaining resin 

is removed. Any bur cuts on the teeth indicate the location and 

depth of reduction that is necessary. If there is no mark on the 

tooth, it is already reduced enough for the definitive restoration 

(Fig 18-27g), although some preparation may be necessary to 

provide gingival margins and an appropriate path of draw. 

Incisal reduction 
The amount of incisal edge reduction is dictated by the 

planned final incisal edge position. There should be a 2.0-mm 

reduction from that point. This requires that a diagnostic wax-

up be completed before tooth preparation if the original incisal 

edge position is not acceptable. A laboratory-based retrospec-

tive analysis of dies prepared in general dental practices for all-

ceramic crowns concluded that 86% had been underreduced 

incisally.155 A 2.0-mm reduction allows the technician space to 

develop incisal translucency and natural tooth characteristics 

without a loss of fracture strength of the porcelain.156 Initial 

depth cuts are made with a no. 330 carbide bur that has a 2.0-

mm cutting-head length (Fig 18-28); note that no. 330 burs 

from some manufacturers have a head length of less than 

2.0 mm, so the head length should be measured. This same 

carbide bur can be used to open proximal contacts and is also 

a b c
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Fig 18-27 (a) Significantly worn dentition requiring restoration at an increased vertical dimension of occlu-

sion. (b) New vertical dimension is demonstrated on the articulated casts. (c) Missing tooth morphology is 

added in wax on the cast. (d) Silicone matrix for reduction guide and provisionals. The midline is marked, and 

vent holes are created on facial surfaces. (e) Bis-acryl resin is added to the matrix and seated completely. 

Once polymerized, the acrylic will remain on the teeth. This demonstrates the desired final contours and verti-

cal alteration. (f) Incisal, facial, and lingual reduction cuts. (g) After removal of the remaining bis-acryl resin, 

tooth reduction can be visualized. Note that many teeth require little to no tooth removal for definitive restora-

tions other than that required to establish gingival margins and a path of draw.
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excellent for use in occlusal reduction of posterior teeth. A 

1.2-mm-diameter round-ended cylinder diamond is used to 

remove the remaining incisal edge tooth structure to the level 

of the incisal depth cuts (Fig 18-29). This diamond is also used 

for facial and cervical reduction.

Facial reduction
Viewed from the proximal aspect, anterior teeth have three 

facial planes: cervical, midfacial, and incisal. Practitioners pre-

pare teeth with little regard to this fact, and dies routinely 

demonstrate only one plane of reduction.155 The incisal plane 

has been removed in the first step with a 1.2-mm-diameter 

round-ended cylinder diamond. The facial reduction focuses 

only on the midfacial plane, not the cervical. Depth cuts are 

prepared to the full depth of the diamond (Fig 18-30), which is 

aligned with the midfacial plane (Fig 18-31). The use of the 1.2-

mm diamond as a depth gauge allows a more uniformly accu-

rate preparation. Without the use of a device to help gauge 

reduction depth, teeth are routinely underprepared on the 

facial aspect.157 At this time, the cervical plane should receive 

almost no reduction. If the bur is angled to the cervical aspect, 

the facial plane would be severely underreduced. After two or 

three depth cuts, the same diamond is used for the remaining 

gross facial reduction.

Cervical reduction
The cervical finish line is initially produced at the free gingival 

margin circumferentially (Fig 18-32). The tissue is not retracted 

prior to initial preparation. The primary cord can push the free 

gingival margin apically and flatten out the normal architecture 

up to 1.5 mm, which potentially increases the chances of bio-

logic width violations at the line angles or interproximal areas 

(see Fig 18-18b). The 1.2-mm round-ended diamond is then 

used to create a finish line with a rounded internal line angle 

and slight lip rather than a flat shoulder. The recommended 

thickness is 1.0 to 1.5 mm depending on the type of crown 

chosen. Underreduction adjacent to the finish line will affect 

the emergence profile and facial contour of the restoration. 

This can predispose the restoration to technical and/or esthetic 

failure. Utilizing a 1.2-mm-diameter diamond allows the practi-

Fig 18-28 Incisal reduction grooves are made and interproxi-

mal contact is broken with a no. 330 carbide bur with a 2.0-mm 

cutting-head length.

Fig 18-29 A 1.2-mm round-ended cylinder diamond com-

pletes the incisal reduction.

Fig 18-30 Multiple facial reduction grooves are 

made to the entire depth of the 1.2-mm-diameter 

diamond bur.

Fig 18-31 The facial reduction grooves must be 

oriented properly to ensure adequate midfacial 

reduction. The gingival plane is not prepared at 

this point.

Fig 18-32 The gingival third is reduced axially by 

1.2 mm at the free gingival margin. At this point, the 

shoulder should be rounded internally, and a slight 

lip will be present at the outer edge of the finish line. 
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tioner a guide for preparation depth adjacent to the finish line. 

This is critically important because studies indicate a large (0.75 

to 0.90 mm) variation between recommended tooth reduction 

and that actually achieved.109

Lingual reduction
The finish line on the lingual is established at the free gingival 

margin with the same 1.2-mm-diameter diamond. Depending 

on the crown chosen, this finish line can be a light chamfer for 

metal, using up to half of the diameter of the diamond, or a 

1.2-mm shoulder for cemented all-ceramic systems if the bur 

is used to its full depth. The proper reduction on the lingual 

concavity is required to ensure functional anterior guidance, 

prevent interference with the envelope of function, and avoid 

development of contours that produce unacceptable phonet-

ics. Without proper reduction, technicians are forced to over-

contour the lingual aspect of the definitive restorations. This 

can move the condyle distally and produce joint discomfort. In 

addition, a lisp after definitive restoration placement indicates 

an overcontoured lingual surface. Air flow becomes constricted, 

producing a whistle. A football-shaped diamond is designed to 

mimic the lingual concavity and provides the necessary reduc-

tion of 0.5 to 1.5 mm, depending on the choice of material 

used (Fig 18-33). With the initial cervical reduction completed, 

a primary thin retraction cord is placed in the sulcus.

Preparation completion
The completion of the preparation begins by inserting a dry pri-

mary cord. The retraction of the tissue will allow unobstructed 

vision during margin refinement. A 1.6-mm-diameter round-

ended diamond bur with 3 degrees of taper is used to finish the 

preparation. The taper on the diamond is designed to create 

a minimum convergence angle. The large tip will remove the 

J-lip on the external surface produced by the 1.2-mm diamond 

and create a crisp shoulder or chamfer circumferentially. A 

round-ended diamond is chosen because of its versatility and 

ease of use. The rounded tip can simply cleave the J-lip and 

produce a shoulder. If the side of the bur is used, it will remove 

the lip at an angle, producing a deep chamfer. The round end is 

suggested over a flat-ended diamond for fabricating a shoulder 

finish line. With a round-ended diamond, the practitioner can 

lock his or her wrist and allow the bur to simply traverse along 

the J-lip, thus producing the shoulder finish line. A flat-ended 

diamond requires a much more deft touch because the angle 

of the end must be altered constantly to match the contours 

of the preparation. Most practitioners find that the flat-ended 

bur produces an irregular, inadequate finish line. The margin 

should be developed to the coronal aspect of the primary cord 

facially and level with the free gingival margin interproximally 

(Fig 18-34). This will ensure an intracrevicular margin loca-

tion after normal gingival tissue rebound, which takes up to 3 

months in patients with normal crests. In patients with low or 

high crests, margins should not extend apical to the gingival 

crest. 

Impression Technique
An important factor in delivering high-quality restorations is 

providing the laboratory with an accurate impression. Practi-

tioners must develop a technique that is reliable and repeat-

able.

Impression materials minimally displace gingival tissue, 

fluids, or debris, so successful retraction and isolation are man-

datory. Various methods and techniques have been described 

in the literature for exposure of dry crown margins. They 

Fig 18-33 (a) In the preferred occlusal relationship between a maxillary metal-ceramic crown and a natural 

mandibular incisor, the contact is on metal. (b) In a less desirable occlusal relationship, the opposing natural 

incisor contacts the restoration on porcelain. This is the recommended occlusal relationship when both maxil-

lary and mandibular incisors are restored.

Metal Metal

a b

Fig 18-34 The marginal lip is removed with a 1.6-

mm round-ended diamond bur, leaving a 90-degree 

shoulder.
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include mechanical, mechanical-chemical, rotary curettage, 

electrosurgery, and laser surgery (troughing). Regardless of the 

technique, four requirements must be satisfied for effective 

gingival retraction: (1) The tissue at the crown margins must be 

displaced horizontally to provide for an adequate bulk of 

impression material; (2) the tissue at the margin must be dis-

placed vertically to expose the undercut apical to the finish line; 

(3) all gingival bleeding must be arrested; and (4) all hard and 

soft tissues must be dry.158,159 

The mechanical-chemical technique, the most popular 

retraction technique today,160,161 combines the mechanical 

displacement of the tissue with cord and the drying action of 

chemical agents. The retraction begins during crown margin 

preparation. The primary piece of dry cord (compression cord) 

is placed in the sulcus and cut so that the ends abut within the 

sulcus. After the final finish line preparation, aluminum sulfate 

gel is ejected around the sulcus. Aluminum sulfate is one of the 

least irritating of the retraction chemicals. It does not ionize 

readily, it retains its astringent qualities, and it is not toxic.162 A 

larger, dry secondary cord (deflection cord) is packed through 

the aluminum sulfate, dragging the chemical into the sulcus. 

In studies by Laufer et al,163,164 50% to 90% of impressions of 

preparations with sulcular widths between 0.08 and 0.13 mm 

had defects. No detectable difference in distortion of impres-

sions of preparations was found with sulcular widths of 0.2 mm 

or greater. This was confirmed by Aimjirakul et al165 in a gingival 

sulcus simulation model that demonstrated that the viscoelas-

tic behavior of elastomers depends on the width of the sulcus. 

The polyether materials showed greater sulcular penetration 

than other impression materials, regardless of sulcular width, 

because of their greater hydrophilicity. To achieve a crevicular 

width of 0.2 mm, the secondary cord optimally must remain in 

the gingival crevice for 4 minutes prior to making the impres-

sion.166

Another difficult area for practitioners is managing the 

field. If the patient is involved in retracting the cheeks and lips 

and eliminating the parotid fluid flow, it frees the doctor and 

assistant to manage the tongue, saliva, sulcus, and impression. 

Absorbent parotid shields and cheek retractors are used to 

retract the lips and cheeks. The patient holds the retractors, 

leaving the operator’s hands free (Fig 18-35). The double-

packing technique, in a patient with a normal crest, should 

produce no apical migration of the gingival crest.167–169 The 

technique must be modified for low- and high-crest patients. 

Finish lines should be kept supragingival or equigingival to 

avoid recession and biologic width impingements. The impres-

sion technique in a low-crest situation must use light packing 

pressure and smaller diameter cords to avoid trauma-induced 

recession. Rotary curettage, electrosurgery, and laser troughing 

are definitely contraindicated in low-crest patients. A high-

crest patient simply lacks the depth for the normal retraction 

cords, and smaller cords are recommended. The secondary cord 

should be removed wet to prevent renewed hemorrhage. The 

preparation is washed and dried to evaluate tissue displace-

ment and hemorrhage control. 

If the field is not dry, a 12.7% iron solution can be used 

to cauterize the tissue. Ferric solutions provide minimal tis-

sue injury, and healing is more rapid than with aluminum 

chloride.162 It must be placed directly against the cut tissues 

because it coagulates blood so quickly; if not, it is washed away 

by the extraneous blood, leaving a bleeding site. There have 

been reports of the tooth absorbing the ferric ion. In vitro tests, 

however, have failed to show corrosive effects or staining.162 A 

disadvantage to the use of ferric compounds is that they inhibit 

the setting of polyether impression materials. If a dry field can-

not be achieved rapidly, the sulcus width will decrease, increas-

ing the risk of defects in the impression. Chemical agents and 

secondary cord should be replaced and the retraction attempt-

ed again. Only after the field is acceptable is the impression 

material mixed or digital impression begun. 

All impression materials are accurate enough to lead to pro-

duction of well-fitting restorations.170–172 Polyether and poly-

vinyl siloxane impression materials work well for multipurpose 

use and provide good soft and hard tissue detail.173,174 Polyvinyl 

siloxane materials provide good elastic recovery; are dimension-

ally stable for indefinite periods; and are clean, odorless, and 

tasteless.175 A disadvantage of polyvinyl siloxane is that because 

it is hydrophobic, it requires an absolutely dry field. Although 

many polyvinyl siloxane impression materials are advertised 

to be hydrophilic, research indicates that they are only reliable 

under dry conditions. In all situations, moisture leads to less 

detail reproduction compared with dry conditions.176

Latex gloves may inhibit the set of polyvinyl siloxane. Even 

casual contact of the teeth or soft tissues with latex gloves can 

cause an inhibition of polymerization intraorally.177–179 (Fig 

18-36). Latex gloves do not affect polyether impressions. Poly-

ether materials are inherently hydrophilic, so small amounts of 

blood or saliva do not affect accuracy.176 Polyether is affected 

by ferric solutions and some disinfecting solutions. Because of 

its rigid set, it can be difficult to remove from the mouth, and it 

has a bad taste and smell.170,171 Polyvinyl siloxane and polyether 

materials can be used in a custom or stock tray, and studies 

Fig 18-35 The patient helps in the impression process by holding the cheek 

retractors, keeping the dentist’s and assistant’s hands free to work. 
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have shown no difference in accuracy.180,181 The working and 

setting times of the impression materials must be identified 

and followed precisely. 

For years, casts made from traditional impressions have 

been digitally scanned and copings fabricated from a virtual 

file. Today, these digital impressions can also be made intra-

orally, reducing the additional error associated with cast fab-

rication.182 Digital impressions address many of the material-

handling difficulties of traditional impressions (Fig 18-37). They 

do not, however, relieve the practitioner of the necessity of 

proper isolation and management of the field.182 In fact, it 

makes these tasks even more critical. Many dental manufactur-

ers have introduced digital impression systems (see chapter 

19). Some scanning systems are part of a ceramic milling sys-

tem designed to produce a crown or veneer virtually. A variety 

of ceramic and resin choices can be produced in the office 

or “shipped” virtually to a laboratory for fabrication.183 Other 

technologies simply create a resin cast from which any labora-

tory procedure can be accomplished. While the research is cur-

rently rather limited on the accuracy of the images, it appears 

that digital replicas are well within the tolerances required of 

impression materials. An in vitro analysis was conducted on the 

cross-arch accuracy of digital impressions using conventional 

impressions as the control. Two different intraoral digital scan-

ners demonstrated trueness and precision equivalent to that 

of the conventional techniques.184 Currently, no one system 

appears to satisfy the needs of every practitioner or produce 

an accurate implant platform transfer. It does appear that the 

digital impression will begin to minimize the use of traditional 

impression materials in the near future.

Shade 
Success of an anterior ceramic crown depends on how well 

critical information is communicated between the dentist 

and the laboratory. At least 75% of all remakes are caused by 

poor communication.152 It is the dentist’s challenge to predict-

ably and accurately convey what is visualized in clear terms, 

allowing the technician to develop the “illusion of reality” in 

the ceramic material. The dentist must be able to perceive the 

color, understand and quantify the characteristics, and convey 

the information.

The experience of seeing color in teeth depends on several 

factors,185 as defined in chapter 4. 

Fig 18-36 The staining of a latex glove indicates inhibition of polymerization of 

polyvinyl siloxane impression material.

Fig 18-37 (a) The intraoral digital image of prepared teeth. (b) The cast produced from digitized data.

a b
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The shade guide is less important than the understanding 

that the underlying color of the preparation may have a dra-

matic impact on the final esthetic results. Ceramists can adjust 

the ceramic choice, core color, translucency, and veneering 

ceramic to modify the crown to “block out” discoloration. This 

cannot be accomplished without communicating the prepara-

tion color information to the laboratory. Unfortunately, 93% 

of clinicians in a recent review of general practices failed to 

provide any information regarding the shade of the prepared 

tooth155 (Fig 18-38).

Communication between the dentist and the laboratory can 

occur in four ways: 

1.  Diagrams: A representation of the tooth may be drawn. 

While this can be helpful for communicating difficult con-

tours and characteristics, it is difficult for the technician to 

interpret and very time-consuming. 

2.  Custom stain tabs: Painting colors on a shade tab can display 

chroma but cannot represent value. In addition, customizing 

is extremely time-consuming. 

3.  Photographs: Taking photographs of the teeth being 

restored along with matching shade guides is the most 

efficient and cost-effective method of shade selection (Fig 

18-39). 

4.  Colorimeter and spectrophotometer: A digital analysis of color 

may be helpful but is still not reliable enough to create pre-

dictable results in clinical practice.

Photographs must provide an accurate representation of 

nature. A 35-mm digital camera with neutral slide film (EPN 

100, Kodak) maximizes the ceramist’s ability to mimic reality. 

Digital photography has begun to replace film cameras. The 

ability to instantly view results and the elimination of film pro-

cessing are tremendous advantages. Electronic transfer to the 

laboratory allows improved communication. The disadvantage 

is the multiple errors that can occur in color reproduction. The 

camera and monitors upon which the images are viewed must 

all be color-corrected to maximize results. Many operatory and 

laboratory shade-matching systems have been introduced 

with varying success. 

The more photographs that are taken, the more informa-

tion the technician can obtain. If the anterior ceramic crown 

does not match at try-in, more photographs should be taken of 

the crown to allow the ceramist to modify it correctly. Personal 

contact between the ceramist and the patient would be ideal, 

but this often is not possible.

Despite repeated experiments detailing the inaccuracy of 

the traditional visual shade-matching technique, digital analy-

sis of color has not made significant inroads into the profession. 

Colorimeters and spectrophotometers have the potential to 

improve shade matching by eliminating the significant subjec-

tive factors and examiner variability. Research has emphasized 

two problems with color selection devices: device accuracy 

and tooth morphology. Most shade-matching devices have a 

high degree of reliability, but there is significant variability in 

the accuracy of the commercially available machines. Shade-

matching systems have been reliable but variable between 

devices at matching shade guides. This means that the system 

can produce the same information on repeated measurements; 

however, it does not address the accuracy of the information.186 

Measuring the shade of homogenous porcelain shade tabs 

is certainly simpler than measuring the shade of a complex 

human tooth. The polychromatic color, surface texture, and 

varying translucency make intraoral applications more circum-

spect. Differences in tooth contour will also make positioning 

difficult. Researchers studied the intradevice repeatability and 

interdevice reliability between two shade-selecting devices in 

measuring the shade of natural dentition. The results showed 

a significant intradevice difference for all color parameters. The 

interdevice agreement rate for the systems on matching shade 

tabs was also moderate. The complexities of the human denti-

tion apparently still pose a problem that digital recordings have 

yet to overcome.187

Fig 18-39 Photographs for shade matching should be made at an angle to 

avoid excess glare on the tooth surface. The shade tab should be held in line 

with the long axis of the tooth.

Fig 18-38 Use of a stump shade guide is demonstrated in a photograph for 

the ceramist.
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Restoration Placement

The classification of anterior ceramic crowns is based on 

whether the prosthesis is adhesively retained or cemented. 

Veneers and bonded crowns rely on the formation of a resin 

bond between the tooth structure and porcelain. Cemented 

all-ceramic and metal-ceramic crowns are typically nonadhe-

sively cemented with traditional cements rather than bonded 

to the preparation. Therefore, the placement protocol will vary 

significantly between the types of crowns.

Adhesive bonding of all-ceramic crowns
The goal of adhesive bonding is to provide a marginal seal 

of the crown and adhesively retain it to the tooth. Adhesive 

bonding is technique sensitive and demands proper prepara-

tion of ceramic and tooth surfaces. It has been demonstrated 

that a strong, dependable bond between resin and porcelain 

can be achieved. The porcelain intaglio surface is etched with 

hydrofluoric acid to create micromechanical retention sites.188 

Silane is added to the etched surface shortly before bonding 

and allowed to air dry. Silane coupling agents create a chemical 

bond of the adhesive resin to porcelain.189

The dentin-resin bond is less dependable than the resin-

ceramic bond. Because hemorrhage and crevicular fluid flow 

may interfere with dentin bonding, teeth should be isolated 

with retraction cord before cementation. Preparations should 

be cleaned with pumice and/or antimicrobial solutions, such 

as chlorhexidine. Because light polymerization decreases with 

increasing porcelain thickness190 and because polymerization 

of the adhesive before cementation may result in resin pool-

ing and incomplete seating, resin cements must reach final 

polymerization with reduced or even no benefit of light activa-

tion, depending on the opacity and thickness of the ceramic 

restoration. This necessitates the use of dual-curing resin luting 

agents to ensure that the cement will polymerize with limited 

light exposure. However, dual-curing resin materials should 

always be light cured, because any light exposure will enhance 

the degree of conversion of a dual-curing material.191 

Manufacturers have provided three alternatives for dentists 

for developing adhesion between resin cements and tooth 

structure: etch-and-rinse and self-etching adhesives and self-

adhesive cements.192 The etch-and-rinse system includes an 

etchant, primer, and dual-curing adhesive. A dual-curing resin 

cement is recommended for bonding of the crown for the 

same reason. Dual-curing adhesives have a slow, chemically 

activated autocuring component and a light-activated compo-

nent. The inside of the crown is painted with adhesive before 

addition of the luting resin. The crown is gently placed and 

excess cement removed with a brush. Then the crown is seated 

with additional pressure or lightly tapped to extrude excess lut-

ing resin at the margins. The luting resin is light cured through 

the facial and lingual aspects for 1 minute each. Excess resin is 

removed with a no. 12 or 12B scalpel blade. The occlusion is 

adjusted under water spray with diamond burs that have 15- 

and 8-µm diamond abrasive. Finally, the porcelain is polished 

with a porcelain polishing kit. This technique provides the high-

est cement-to-tooth bond but requires the most steps and has 

the greatest risk of field contamination.192 Self-etching systems 

provide a self-etching primer to prepare the tooth. The cement 

is mixed, added to the crown, and seated over the preparation. 

After the components are chemically cured, the excess cement 

is removed with a scaler. The etch-and-rinse systems provide 

a more reliable bond and possibly a more stable bond than 

the self-etching technique.193 The self-adhesive systems have 

a weak acid etchant, primer, and adhesive incorporated into 

the cement, appreciably reducing the risk of contamination. 

The bond strengths vary notably between systems.192 Because 

of the nature of the chemistry, the etchant is not appropriate 

for enamel preparations. Some self-adhesive resin cements 

demonstrate high strength at baseline but lose strength dra-

matically over the first few months when compared with self-

etching resin cements.194

Cementation of nonbonded crowns
The goals of nonadhesive cementation are complete seating of 

the crown and maximization of the physical properties of the 

cement. Classically, zinc phosphate was the cement of choice. 

Today, alternatives provide increased compressive strength 

and limited marginal dissolution. They include glass-ionomer 

and resin-modified glass-ionomer cements. The preparation 

should be thoroughly cleaned with pumice and/or an anti-

microbial solution. If the soft tissue interferes with complete 

seating, retraction cord should be placed. The cement should 

be mixed according to the manufacturer’s instructions and 

loaded into the crown, and the crown should be seated. If 

the crown has metal margins, the patient should bite on an 

orangewood stick or cotton roll; the stick can be moved up 

and down and back and forth for a few seconds. This tech-

nique, called dynamic seating, results in more complete seating 

of the crown.195 Because of the risk of fracture, a cotton roll is 

recommended in place of the stick for all-ceramic crowns. Every 

effort should be made to keep the crown dry during the initial 

setting phase, that is, the first 5 minutes after cementation.196 

The physical and mechanical properties of most cements 

deteriorate if they become wet during setting. The final step 

is careful removal of the excess set cement with an explorer or 

scaler. This class of cement will not adhesively bond to most 

ceramic systems.197 Because of this lack of bond, the ceramic 

may fatigue quicker and be more prone to fracture.198 However, 

conventional cements are recommended for high-strength 

ceramics, such as alumina or zirconia.
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There are several treatment options for conservative 

posterior esthetic restorations in addition to direct 

resin composite restorations. This chapter discusses 

tooth-colored inlays and onlays fabricated in resin 

composite and in ceramic materials. Restorations fabri-

cated with computer-aided design/computer-assisted 

manufacture (CAD/CAM) technology will also be dis-

cussed.

Esthetic inlays and onlays have a number of charac-

teristics in common, whether they are resin, ceramic, 

or fabricated with CAD/CAM technology. 

General Considerations

Preparations
The preparations for ceramic and resin composite 

inlays and onlays are essentially the same. Prepara-

tions for CAD/CAM inlays and onlays do not differ 

from preparations for laboratory-fabricated inlays and 

onlays. There is little research to support the efficacy of 

any preparation design over another.1 However, based 

on knowledge of the materials and clinical experience, 

the divergent, relatively nonretentive preparation is 

most commonly advocated because of ease of place-

ment (Fig 19-1). Resistance form may be incorporated 

with rounded proximal boxes, but grooves should not 

be used. Resistance and retention form for the restora-

tion are provided primarily by adhesion to enamel and 

dentin. Supragingival margin placement is desired 

to facilitate isolation for the adhesive cementation of 

the inlay or onlay. The walls and floors of the prepa-

ration should be smooth and even, and the internal 

angles should be rounded to enhance adaptation of 

the restorative material. Occlusal reduction should be 

uniform and of sufficient thickness to ensure strength 

of the overlying ceramic material to avoid fracture. 

This equates to at least 1.5 mm in the central fossa and 

2.0  mm over functional cusps2 (Fig 19-2).

There is no benefit to the placement of bevels at the 

occlusal or gingival margins; in fact, bevels should be 

avoided because thin margins of both resin composite 

and most ceramics are susceptible to chipping during 

function.3,4 A 90-degree butt joint minimizes the chip-

ping problem but may result in a visible demarcation 

between the tooth and the restoration. Therefore, when 

the esthetic blend of the restoration and the tooth is 

important, such as on the facial surface of a maxillary 

premolar, the entire facial surface of the premolar may 

be included in the preparation to ensure an optimal 

shade match with the adjacent teeth (Fig 19-3). A more 

recent preparation modification has been suggested 

to enhance the esthetic blend of the facial margin and 

not involve the entire facial surface of the tooth in the 

preparation. The cavosurface margin is modified with 

a football-shaped diamond at a 45-degree angle to the 

cavosurface margin, creating a blend of porcelain to 

enamel shading and still maintaining a bulk of ceramic 

at the margin for physical strength of the ceramic. An 

in vitro study on ceramic preparations for conservative 

restoration of endodontically treated teeth reported a 

significant improvement in the marginal and internal 

fit of the ceramic restoration with this modified-margin 

design relative to both a ferrule and a 90-degree butt-

joint margin.5

Bases and liners
The use of bases and liners is somewhat controversial. 

Initially, glass-ionomer bases were used for dentinal 

protection and to base the preparation to “ideal” form. 

However, it has been shown that it is not necessary to 

protect the dentin from the phosphoric acid etchant.6 

Therefore, glass-ionomer cement is recommended 

only for routine block-out of undercuts.
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Provisional restorations

Provisional restorations can be a challenge with esthetic inlays 

and, particularly, onlays because of the nonretentive design 

of the preparations. Provisional restorations can be made in 

the usual manner with acrylic resin or resin composite and 

cemented with temporary cement. It is commonly stated that 

a eugenol-containing cement should not be used with the 

provisional restoration when the definitive restoration will be 

bonded with a resin cement.1,7 However, the literature is equiv-

ocal on the deleterious effect of eugenol. Some studies support 

the hypothesis that a eugenol-containing provisional cement 

inhibits the set of resin cements,1,7,8 while others show that 

eugenol-containing provisional cements have no impact on 

bond strengths.9–14 Because of the nonretentive design of the 

onlay preparation, the more retentive polycarboxylate cement 

is the temporary luting cement of choice. Small mechanical 

undercuts should be placed on the intaglio surface of the 

provisional restoration to aid in retention. If adjacent teeth are 

being restored, the provisional restorations can be connected 

to improve retention. Alternatively, a local internal area of the 

preparation away from any margins may be “spot etched” with 

phosphoric acid to adhesively bond the provisional restoration 

in place. A finishing diamond bur may be required to remove 

the area of bonding once the provisional restoration has been 

removed to ensure complete removal of the adhesive from the 

preparation surface prior to delivering the restoration.

For inlay preparations, semiflexible light-cured materials, 

such as Systemp (Ivoclar Vivadent) or Barricade (Dentsply) may 

be used. To provide retention and to decrease sensitivity, a 

a b c d
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Fig 19-1 Onlay preparation technique. (a) Simulation of amalgam preparation after removal of the amalgam. (b) Use of a diamond of known diameter to make the 

first depth cut of 1 mm. (c) First depth cuts of 1 mm. (d) Use of a diamond of known diameter to make the second depth cuts of 1 mm. (e) Second depth cuts of an 

additional 1 mm. (f) Occlusal reduction of 2 mm completed; however, sharp line angles remain in the box area. (g and h) Completed smooth, flowing preparation 

without sharp angles.

Fig 19-3 Standard onlay preparation (left) and modified onlay 

preparation (right) that includes coverage of facial surface to 

achieve a superior esthetic blend with the natural tooth color. 

B—buccal; L—lingual.

Fig 19-2 Inadequate occlusal reduction for a porcelain onlay, 

resulting in fractured porcelain.
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dentin primer can be placed in the preparation and air dried, or 

a small amount of resin-modified glass-ionomer cement liner 

can be placed on the pulpal floor and polymerized. The prepa-

ration is filled with the provisional material, and the patient is 

instructed to bite into maximum intercuspation to develop the 

occlusion. Excess material is removed with an explorer, and the 

provisional restoration is light cured. This technique is recom-

mended only for short-term use in small preparations.15

Adhesive cementation
Resin luting cement is the only material recommended for 

cementing this type of restoration because it bonds to enamel, 

dentin, and the restorative material. Luting resin cement limits 

microleakage and enhances the strength of the restoration.16 

It is commonly reported that indirect bonded restorations 

strengthen the prepared tooth17,18; however, this is not univer-

sally supported by the literature.19 Dual-cured luting resin and 

dual-cured dentin bonding agents, which combine light-curing 

and chemical-curing components, should be used to bond all 

indirect posterior bonded restorations.20,21 The light-curing 

component polymerizes rapidly on exposure to light of the 

proper wavelength, while the chemical-curing component 

undergoes a slow polymerization process in those areas to 

which the light does not penetrate. It is important that the 

curing light be applied to dual-cured resin for an adequate 

period of time, because the dual-curing process results in more 

complete polymerization than that achieved with chemical 

polymerization alone.22,23 The shelf life of dual-cured resins is 

shorter than that of conventional light-cured resin composites. 

Therefore, expiration dates of adhesive agents and resin luting 

cements should be monitored carefully. Alternatively, a test 

batch of dual-cured luting resin can periodically be mixed and 

allowed to cure in a dark environment to ensure that it will 

polymerize in the absence of light. Most dual-cured luting res-

ins should polymerize at room temperature in the dark within 

10 minutes.

Preparing the restoration for bonding
Adhesion is more reliably achieved to ceramic materials than 

to resin composite restorations. Ceramics used in these res-

torations must be etched, creating durable micromechanical 

retention.24 The ceramic inlay/onlay is prepared for bonding by 

etching the internal surface, usually with hydrofluoric acid. This 

is generally done at the laboratory but may be done chairside 

instead. Shortly before bonding, a silane coupling agent is 

applied to the etched surface to enhance wetting by the resin 

adhesive.25,26

Bonding to resin composite restorations is more difficult. 

The intaglio surface has no air-inhibited layer and relatively few 

unreacted methacrylate groups, so a reliable chemical bond 

does not form between the inlay and the resin cement.27–29 

Because the resin composite–cement interface may be the 

weak link, several procedures have been recommended to 

enhance the bond to resin. With hybrid resin composite, the 

intaglio surface should be carefully air abraded with 50-µm 

aluminum oxide or 30-µm silica-modified corundum parti-

cles (CoJet Sand, 3M ESPE), avoiding the margins30 and then 

cleaned with a steam cleaner or in an ultrasonic bath. The air 

abrasion provides a rough surface for frictional retention. The 

cleaned surface should be treated with an agent to allow bet-

ter wetting by the cement. Silane is generally the preferred 

wetting agent.28,31,32 While treatment with hydrofluoric acid 

has also been recommended to etch the glass particles in the 

hybrid resin composite, laboratory research does not support 

the efficacy of this procedure.27 

Preparing the tooth for bonding
Ensuring an isolated operating field is a critical step in the adhe-

sive bonding process. Only in a controlled environment can the 

adhesive bonding materials achieve maximum strength. There 

are several useful devices. The most cost-effective device is the 

rubber dam (Fig 19-4a). A number of other commercially avail-

able devices, such as an OptraGate (Ivoclar Vivadent) or Isolite2 

(Isolite) (see chapter 8), may be employed if the use of a rubber 

dam is not feasible or desirable for the clinical case at hand. 

Once the restoration is ready for bonding, a decision must be 

made regarding the type of dentin bonding agent. Three-step 

etch-and-rinse (fourth-generation) light-cured-only adhesive 

systems should not be used under indirect posterior bonded 

restorations. The light-cured adhesive would need to be air 

thinned prior to polymerization to ensure the absence of pool-

ing of the adhesive, which would prevent complete seating of 

the restoration. Moreover, it has been shown that air thinning 

of the light-cured adhesive resin significantly decreases the 

bond strength.33 This leaves three-step etch-and-rinse (fourth-

generation) dual-cured systems as the adhesive system of 

choice. However, any adhesive agent that will cure in conjunc-

tion with a dual-cured resin luting agent can be selected, regard-

less of the type of etching system or the number of application 

steps. Adhesive systems are described in detail in chapter 9. 

The technique with the most research support employs the 

dual-cured, three-step etch-and-rinse (fourth-generation) den-

tin bonding systems. The enamel is etched for 30 seconds and 

the dentin for 15 seconds, and the tooth is rinsed for 15 seconds 

and air dried to enable visual inspection for an adequate enamel 

etch. The dentin is remoistened with chlorhexidine, and several 

coats of a hydrophilic resin primer are applied to infiltrate the 

exposed collagen fibers and form the hybrid layer. Active appli-

cation of the primer on the dentin may enhance bonding,34 but 

the specific instructions of the manufacturer should be followed 

carefully because they vary from brand to brand. The primer is 

completely air dried with gentle air pressure. The dual-cured 

adhesive is placed on the tooth and the previously etched and 

silanated intaglio surface of the restoration. The dual-cured 

luting resin is mixed and placed into the preparation and resto-

ration, and the restoration is seated. Excess resin must be com-

pletely removed from the proximal-surface gingival margins 

with floss and interproximal instruments before polymerization 

of the luting resin. Some clinicians recommend placement of a 
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clear gel, such as glycerin, on the margins before polymeriza-

tion to prevent the formation of an air-inhibited layer in the 

luting resin at the margin.35 The margins may be finished with 

microfine diamonds or multifluted carbide finishing burs and a 

no. 12 or 12B scalpel blade, and they can be polished with disks, 

rubber points, or cups. After removal of the rubber dam, the 

occlusion is adjusted and the surface is polished to a high shine. 

The final step is rebonding, as described in chapter 11, with an 

unfilled or lightly filled resin (Figs 19-4b to 19-4g). Figure  19-5 

demonstrates luted restorations. 

Despite the initial high bond strength of two-step self-

etching (sixth-generation) systems and one-step self-etching 

(seventh-generation) all-in-one systems, these values have 

been shown to decrease significantly under thermal and 

mechanical stresses, particularly on enamel; therefore, etch-

and-rinse adhesives continue to be the preferred system for 

dental adhesion.36,37 Alternative adhesive cementation tech-

niques may be considered by combining a different generation 

of bonding agent with a dual-cured resin cement. Gener-

ally, this results in fewer clinical steps required for the adhesive 

bonding. However, this is not without a degree of risk. Many 

two-step etch-and-rinse (fifth-generation) and one-step self-

etching (seventh-generation) products are incompatible with 

dual-cured and autocured luting composites.38 The clinician 

must ensure that the selected bonding agent and resin cement 

will polymerize together.

Maintenance

Maintenance is a very important factor in the longevity of 

esthetic inlays and onlays. As with all types of restorative den-

tistry, lack of preventive measures and the resulting caries can 

cause failure of the finest restoration. Use of devices such as 

ultrasonic scalers or air-abrasive polishers on these restorations 

must be avoided because they can cause surface and mar-

ginal damage. Calculus should be removed carefully with hand 

instruments. When scalers are used around a bonded inlay or 

onlay, care must be taken not to chip the margins. Surface stain 

may be removed from a restoration with aluminum oxide pol-

ishing paste or diamond polishing paste on a felt wheel or rub-

ber cup. Because of their ability to etch porcelain, neither acidu-

lated phosphate fluoride nor stannous fluoride solutions or gels 

should be used intraorally in patients with ceramic restorations. 

Only neutral sodium fluoride solutions should be used.

The patient should be advised that foods and liquids with a 

high potential for staining, such as coffee and tea, increase the 

potential for marginal staining. The patient must also be made 

aware of the potential for restoration fracture. Activities such as 

ice chewing and nail biting absolutely must be avoided. When 

a patient has a history of a parafunctional habit, a protective 

appliance should be fabricated to protect both the inlay or 

onlay and the opposing teeth.

Fig 19-4 (a) Rubber dam isolation for cementation 

of a quadrant of porcelain onlays. (b) Master cast 

of a quadrant of porcelain onlay preparations. Note 

the amount of occlusal reduction. (c) Occlusal view 

of onlay preparations. (d and e) Porcelain onlays 

 2½  years after placement. (Porcelain onlays cre-

ated by Gilbert Young, CDT, Plano, Texas.) (f) Lat-

eral view of the maxillary and mandibular quadrants 

of porcelain onlays. The esthetic blend on the facial 

aspect of the maxillary premolars is better because 

the preparations were taken further gingivally than 

on the molars. (g) Bitewing radiograph taken after 

2½ years showing porcelain onlays. Note the dif-

ferent cement radiopacities in the maxillary and 

mandibular restorations. 

a b c

d e
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Resin Composite Inlays and Onlays

Inlays and onlays made of resin composite are quite popular 

in Europe but have not gained wide acceptance in the United 

States. These restorations are typically fabricated on a gypsum 

cast or die. After polymerization, the restoration is bonded in 

place with a resin luting cement. Resin composite inlays can be 

highly esthetic and have certain advantages over direct resin 

composite and bonded ceramic restorations. 

Advantages over direct resin composite  
restorations

As discussed in chapter 11, inadequate proximal contours and 

open contacts can be common problems of direct resin com-

posite restorations. These are fewer common problems with 

resin inlays because contours and contacts can be developed 

outside of the mouth. If a contact is inadequate, it can easily be 

corrected prior to cementation.

Several problems associated with direct resin composite 

restorations are the result of polymerization shrinkage. Dur-

ing polymerization, resin composite shrinks on the order of 

2% to 4%,39–41 often causing a gap to form at the least reten-

tive marginal interface, which is usually the gingival margin. 

Microleakage and bacterial ingress into the marginal gap may 

cause pulpal irritation and tooth sensitivity.42 Current dentin 

adhesives have lessened, but not eliminated, the problem.43,44 

Polymerization shrinkage can also cause cuspal flexure, which 

is sometimes associated with craze lines in the enamel and 

postoperative sensitivity.45

In theory, polymerization shrinkage should be less of a 

problem with resin inlays because they are polymerized before 

cementation. The only polymerization shrinkage that occurs 

at the time of cementation is in the thin layer of resin cement, 

though this can be considerable (ie, 2% to 7%).40,41 In fact, 

polymerization shrinkage stress in thin resin cement layers 

can be as great as or even higher than in thicker composite 

increments.46 Resin inlays are reported to have less microle-

akage47–49 and greater strength and hardness50–52 and result 

in less postoperative sensitivity than direct resin composite 

restorations.53

While the in vitro data suggest that there are significant 

advantages to the resin inlay compared with the direct resin 

composite restoration, this is not corroborated by the in vivo 

data. In a 5-year clinical study54 and another 11-year clinical 

study,55 no statistically significant difference was found in the 

success rates for resin inlays compared with direct-placement 

resin composite restorations. Based on these data, and because 

of the increased cost of the resin inlay and the frequent need to 

remove more solid tooth structure for inlays, it is currently dif-

ficult to make a strong case in favor of the resin inlay over the 

direct resin composite restoration. 

Secondary polymerization
The superior physical and mechanical properties of resin 

inlays over direct composite restorations are primarily due 

to more complete polymerization resulting from secondary 

polymerization procedures. Directly placed resin composites 

harden through a process of free radical polymerization of 

methacrylate groups. In most cases, the polymerization reac-

tion is initiated when a molecule within the resin composite 

(camphorquinone) forms free radicals when exposed to light of 

the appropriate wavelength (about 470 nm). The radicals react 

with a photoreducer (an aromatic or aliphatic amine) to initiate 

chain formation of the methacrylate groups. As polymerization 

Fig 19-5 (a) Porcelain onlay preparation, man-

dibular first molar. (b) Master cast of the prepared 

mandibular first molar for a porcelain onlay. (c) 

Completed porcelain onlay on the mandibular first 

molar. (d) Buccal view of the completed porcelain 

onlay on the mandibular first molar. (Porcelain onlay 

created by Gilbert Young, CDT, Plano, Texas.)

a b

c d
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progresses, the methacrylate chains grow and the material 

loses its fluidity as a highly cross-linked, rigid network polymer 

forms. Even with long curing times and powerful lights, incom-

plete polymerization occurs, particularly at greater depths 

below the surface because of inadequate light penetration and 

the immobilization of unreacted molecules within the cross-

linked polymer network.56

Light-cured resin composite inlays undergo this initial 

polymerization but then are further polymerized with a com-

bination of intense light, heat, and/or pressure. The postcure 

can be performed in a postcuring unit specifically made for 

this purpose, in a toaster oven at approximately 250°F for 7 

minutes,50 or with a curing light or light box. Polymerization 

under pressure has been shown to increase both diametral 

tensile strength and stiffness of the restoration.57 These second-

ary curing procedures are recommended with all indirect resin 

systems, although they may not be mentioned in all manufac-

turers’ instructions.

Posterior Bonded Ceramic  
Restorations
Ceramic inlays were introduced in 191358 but did not become 

popular because of difficulties in fabrication and a high failure 

rate.1 In the 1980s, the development of compatible refrac-

tory materials made fabrication easier, and the development of 

adhesive resin cements greatly improved clinical success rates.2

The modern generation of bonded porcelain restorations 

was first described in 1983.59 When it became clear that the 

technique had merit in anterior applications, interest devel-

oped in the use of bonded porcelain for posterior applications. 

In 1986, Redford and Jensen60 described the strengthening 

effect of porcelain inlays on the fracture resistance of natural 

teeth. In 1988, Jensen61 reported excellent clinical success in a 

2-year in vivo study. The technique has since been refined to 

the point that porcelain inlays and onlays are now an accepted 

operative modality. Box 19-1 details the indirect tooth-colored 

restoration technique.

Indications
The indications for posterior bonded porcelain restorations 

overlap those for direct and indirect posterior resin compos-

ite restorations, which have already been described. These 

restorations are indicated when there is an overriding desire 

for esthetics and all margins can be placed on enamel. Some 

clinicians have recommended bonded porcelain rather than 

indirect resin composite for larger restorations.2

Ceramic inlay versus resin composite inlay
Ceramic inlays are reported to leak less than resin composite 

inlays.62–64 The marginal fidelity depends on technique and is 

laboratory dependent.62 One laboratory study demonstrated 

better marginal fidelity with ceramic inlays,64 while another 

study found better fit with resin inlays.65 Pressed ceramic inlays 

have been shown to have an average marginal gap of less than 

50 µm.66 As previously described, adhesion of luting resin is 

more reliable and durable to etched porcelain material than to 

prepolymerized resin composite. Therefore, the main advan-

tage of ceramic over composite inlays relates directly to the 

reliability of the cementation process.

The main advantage of resin composite inlays is that they 

tend to be more user-friendly, both clinically and in the dental 

laboratory. The resin inlay can be placed into the preparation 

with moderate pressure to ensure complete seating without 

the fear of fracture. Also, if the interproximal contact is removed 

during the process of adjustment, it can easily be replaced with 

the addition of light-cured resin composite. 

In contrast, the ceramic inlay is quite fragile and subject to 

fracture during the try-in phase. If the interproximal contact is 

inadvertently removed during adjustment, it can be replaced 

by adding low-fusing porcelain, but this step requires refiring 

the inlay in a porcelain furnace.67 Once it is removed from the 

porcelain furnace, the inlay must be re-etched with hydrofluor-

ic acid prior to cementation. 

One in vivo study68 compared the clinical success of these 

two treatment modalities at 3 years and found that Class 2 

ceramic inlays had a significantly higher breakage rate than 

indirect resin composite inlays. This finding was corroborated 

in a laboratory study69 that found lower fracture resistance of 

ceramic inlays compared with resin inlays. Although a direct 

composite restoration is recommended over an inlay, as stated 

previously, there are instances when an inlay could be well rec-

ommended. Such situations include a large interproximal dis-

tance between teeth leading to difficulty in achieving proper 

interproximal contact, the need to create a specific occlusal 

relationship, and defects that extend more than two-thirds of 

the intercuspal width (ie, large isthmus). However, based on 

the limited data available, resin composite should be consid-

ered first for use in two- and three-surface inlay preparations of 

moderate width.

Ceramic onlay versus resin composite onlay
The ceramic onlay has the same disadvantages as the ceramic 

inlay. Although some ceramic materials cause wear of oppos-

ing enamel,70 they also provide long-term occlusal stability, 

which resin composite may not provide in a cuspal-coverage 

restoration.71 The stronger bond of resin cement to porcelain 

is particularly important when cusps are covered. The stronger 

the bond, the more efficiently forces are transferred through 

the restoration and the cement and absorbed into the tooth.16 

For these reasons, when even one cusp of a posterior tooth 

is being covered with an esthetic bonded onlay, the ceramic 

onlay is preferred.

Ceramic onlays may be used routinely for the esthetic resto-

ration of premolars. They may also be used as cuspal-coverage 

restorations for molars, although the occlusal forces will be 

greater in the molar region. Another indication for the ceramic 
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onlay is in the restoration of a molar with a short occlusogin-

gival dimension. In this circumstance, it is difficult to gain axial 

retention and resistance with a conventional crown prepara-

tion. However, the porcelain onlay preparation requires only 

2  mm of occlusal reduction and no axial reduction for retention 

and resistance. The short molar, which would have previously 

required crown lengthening surgery before placement of a 

complete-coverage crown, can now be restored more conser-

vatively with the porcelain onlay.

Selection of appropriate patients is of paramount impor-

tance in the placement of posterior bonded porcelain res-

torations. For the greatest long-term predictable success, all 

margins should be on enamel because of the more reliable 

bond and seal as compared with dentin. Also, the patient and 

the tooth to be restored should be amenable to predictably 

good tissue retraction and isolation from moisture to provide 

the best environment for bonding the restoration. Ideally, 

the patient should exhibit no signs of a parafunctional habit. 

In addition, the restoration should be fabricated so that it 

contacts in maximum intercuspation position of the mandible 

but has no contact on the porcelain in mandibular excursive 

movements.

Shade selection
The shade used for a ceramic inlay or onlay is selected in the 

same way as for a metal-ceramic crown. Because of the thick-

ness of the occlusal porcelain, the underlying tooth color 

and cement shade have a minimal effect on the shade of the 

definitive restoration except at the margins. As with porcelain 

veneers, use of a translucent resin cement is recommended to 

improve the esthetic blend at the margins.

Tooth preparation
 1. Select a shade prior to tooth dehydration.

 2. Make a stent for fabrication of a provisional restoration.

 3. Remove caries and any existing restorative materials.

 4.  Preparation should be well isolated to ensure success with 

the adhesive cementation technique.

 5.  Preparation should allow 2 mm of occlusal clearance for 

the definitive restoration. All internal line angles should be 

rounded and walls divergent occlusally. There should be 

no grooves or sharp angles.

 6.  When necessary, retract gingival tissues to expose the 

preparation margins. Take a final impression.

 7.  Make a custom provisional restoration using the stent. 

Place undercuts in the intaglio surface of the provisional 

restoration.

 8.  Cement with a strong provisional cement; because the 

preparation has minimal resistance form, polycarboxylate 

cement is the cement of choice for luting the provisional 

restoration.

Restoration placement
 9.  Check the restoration on the die for fit, and check for frac-

ture lines with transillumination.

10.  Isolate tooth preparation to prevent contamination during 

the adhesive bonding sequence.

11.  Try in the restoration; adjust contours and contacts with 

appropriate polishing disks and points. 

12. Clean the onlay with acetone and air dry.

13.  Etch the internal surface of the ceramic restoration with 

hydrofluoric acid, rinse thoroughly, and air dry. Air abrade 

the inner surface of the composite inlay with 50-µm alu-

mina or 30-µm silica-modified corundum particles (CoJet 

Sand).

14.  Place silane on the etched internal surface of the onlay 

and air dry.

15.  A matrix band or Teflon tape can be used to protect the 

adjacent teeth.

16.  Etch the tooth with 30% to 40% phosphoric acid etchant 

gel for 15 to 20 seconds, wash for 5 seconds, and air dry 

to ensure an adequate enamel etch.

 

17.  Remoisten the dentin preferably with chlorhexidine and 

actively apply several coats of dentin primer on damp 

dentin. Air dry the primer, gently at first, until the surface is 

completely dry, and confirm a uniform shiny surface.

18. Remove the matrix or Teflon tape.

19.  Mix and place a dual-curing adhesive, which should not be 

light cured before placement of the restoration; similarly, 

dual-curing adhesive must be placed on the inner surface 

of the restoration.

20.  Mix the dual-curing resin composite luting cement and 

place into the preparation and the inner surface of the res-

toration with a syringe.

21.  Gently place the restoration into the preparation and 

vibrate with a hand instrument to ensure that it is almost 

fully seated.

22.  Remove excess resin composite luting cement with a 

brush both occlusally and interproximally.

23.  Gently seat the restoration completely with an instrument 

applied to the occlusal surface, making sure that a bead 

of composite is expressed at all margins. Confirm correct 

seating with an explorer at the margins. 

24.  While the assistant holds the restoration in place, gently 

clean the interproximal margins with floss, an explorer, and 

a no. 12 or 12B scalpel blade, being careful not to cause 

bleeding. The interproximal margins must be completely 

finished before the resin composite polymerizes. Leave 

excess composite luting cement on the facial and lingual 

margins.

25.  Cover all accessible interproximal margins with glycerin or 

with water-soluble lubricant.

26.  Complete polymerization by light curing for 90 seconds 

from the occlusal aspect and 30 seconds each from the 

facial and lingual aspects in interproximal areas.

Finishing
27.  Finish all margins with 12-fluted carbide burs or microfine 

diamonds, finishing disks, and/or composite polishing points.

28.  Adjust the occlusion with articulating paper and a microfine 

diamond.

29.  Complete polishing with appropriate ceramic or composite 

polishing points.

Box 19-1    Indirect tooth-colored onlay technique
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Fabrication

The most common method of fabrication of ceramic inlays and 

onlays utilizes a refractory die. After a master die is poured in 

die stone, a refractory die is made by duplicating the master 

die or repouring the impression in a refractory material. The 

porcelain is baked on the refractory die, recovered, and fit to 

the master die. Variations in the fit of ceramic inlays and onlays 

are reported to be related more to the ability of the technician 

than to the type of ceramic material used.66

The newer generation of pressed ceramics is fabricated 

much differently. The restoration is waxed on a stone die in the 

traditional manner and invested in a special investment. The 

invested wax pattern is burned out as in the traditional lost-wax 

technique. An ingot of the pressed ceramic material is heated 

and pressed into the lost-wax pattern space. After cooling, the 

investment is removed and the ceramic restoration is retrieved 

and finished in the same manner as a feldspathic porcelain 

restoration. Another very popular method for fabricating indi-

rect ceramic restorations is via CAD/CAM systems, which are 

described in detail later in the chapter.

Isolation
It is universally acknowledged that strict isolation is neces-

sary for bonding posterior adhesive restorations. This is best 

accomplished with a well-placed rubber dam; however, other 

techniques can also be used to prevent contamination during  

the adhesive bonding sequence. If it is not possible to isolate 

the tooth, an adhesive restoration should not be placed (see 

Box 19-1).

Resin Composite versus Ceramic

Wear
There are significant differences in the wear characteristics of 

resin composite and ceramic. Wear is not a significant factor 

in a ceramic restoration,2 but traditional feldspathic porcelain 

is highly abrasive and can cause significant wear of the oppos-

ing dentition. A newer generation of low-fusing porcelains has 

been shown to cause significantly less wear of enamel than 

traditional feldspathic porcelain.72,73 The new class of pressable 

ceramics, described previously, has become popular, in part 

because they are less abrasive to opposing teeth. These include 

Empress (Ivoclar Vivadent), Empress 2, which has been replaced 

with IPS e.max (Ivoclar Vivadent), Optimal Pressed Ceramic 

(OPC, Jeneric/Pentron), and Finesse All-Ceramic (Dentsply). The 

first generation of Empress showed decreased wear of oppos-

ing enamel compared with traditional and low-fusing porce-

lains in vitro.74 However, the newer generation, Empress 2, has 

shown almost no wear of opposing enamel, both in vitro73 and 

in vivo at 6 months.75 If long-term clinical studies confirm the 

low wear of opposing enamel, this will be a significant advance 

in ceramics.

The data concerning wear of resin composite materials have 

been somewhat contradictory.76–78 Enamel is reported to wear 

at a rate of 30 µm per year in molars and 15 µm per year in 

premolars.79 Most modern resin composite materials fall within 

that range.78,80 Ferracane80 reported that the wear of the tradi-

tional resin composite, Charisma (Heraeus Kulzer), was lower 

than that of the indirect composite, Artglass (Heraeus Kulzer). 

Similarly, Reich et al81 evaluated the wear of indirect resin com-

posites, Artglass and Targis (Ivoclar Vivadent), to a traditional 

resin composite, Z100 (3M ESPE). Although Targis demon-

strated superior physical and mechanical properties, Z100 had 

the highest wear resistance. In another laboratory study,82 the 

wear of three commercially available indirect resin composite 

materials was compared with a cast gold control. Targis dem-

onstrated the greatest wear, followed by Artglass; Skulptur 

FibreKor (Jeneric/Pentron) demonstrated the least wear, which 

was approximately equal to that of gold. Similarly, the wear 

rates for Artglass and Targis were evaluated in a two-body wear 

test.83 Targis demonstrated wear similar to that of enamel, and 

Artglass had significantly higher wear than enamel. Another 

laboratory study84 reported that the wear resistance of indirect 

resin composites is similar to that of gold but is significantly 

more abrasive to antagonistic enamel.

Longevity
Results of short-term clinical studies of composite inlays are 

encouraging, but there is little long-term data. Bishop85 report-

ed one failure out of 92 composite inlays that had been in place 

for 7 months to 4 years. A Swedish study86 reported that 29 

of 30 resin inlays were excellent or acceptable at 17 months, 

while another study87 reported good marginal integrity at 5 

years. Wendt and Leinfelder88 reported no failures among 60 

resin inlays after 3 years, while another study68 reported that 10 

of 145 composite inlays failed at 3 years. A prospective clinical 

study by Leirskar et al89 evaluated 64 indirect composite inlays/

onlays over a period of 48 to 75 months with a mean time of 59 

months. They reported three failures (5%) because of fractures 

(two) and caries (one). However, 18 of 64 restorations were 

rated as less than optimal, mostly because of the change of 

interproximal contacts over time.

It is still not clear whether the resin inlay offers any advan-

tages in terms of longevity over the direct-placement resin 

composite restoration. Two clinical studies reported no sig-

nificant differences between composite inlays and direct resin 

composite restorations at 5 years54 and at 11 years.55 One 

clinical study90 of belleGlass (Kerr) reported 5-year results for 

24 inlays and onlays. All restorations performed satisfactorily, 

although 12% had interfacial staining and 58% had slight to 

moderate marginal degradation. In contrast, another clinical 

study91 evaluated 99 composite inlays over a period of 6 to 53 

months and reported a success rate of 98%. A recent 36-month 
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clinical study showed 100% success of molar onlays fabricated 

from two indirect resin composites (Admira and Grandio, Voco), 

although there was some marginal degradation over the 

course of the study.92

Several clinical studies have evaluated the performance 

of ceramic inlays or onlays. The clinical success of traditional 

feldspathic ceramic inlays or onlays has been mixed. A 6-year 

retrospective study93 reported a 25.8% failure rate among feld-

spathic porcelain onlays with and without metal reinforcement. 

One 4-year study94 reported no failures in 50 inlays. Another 

study reported a 95% success rate after a mean evaluation peri-

od of 5.9 years.95 Other clinical studies, however, have shown 

significantly higher failure rates. Molin and Karlsson96 reported 

that 21 of 145 inlays fractured at 3 years, and their results were 

comparable with a study by Qualtrough and Wilson97 that 

reported 16% failure at 3 years. Still another study98 reported a 

20% failure rate at 8 years, while a similar study99 reported an 

84% success rate with a mean observation time of 6.3 years. If 

these high failure rates are confirmed by other clinical studies, 

the long-term prognosis and indication for feldspathic porce-

lain inlays appear to be questionable.

Clinical results with the leucite-reinforced pressed ceramic 

restorations have been more promising. Several studies100–103 

have shown excellent clinical success up to 7 years. However, a 

randomized 5-year clinical evaluation104 of three ceramic inlay 

systems and gold inlays reported less-promising results: 20% of 

the leucite-reinforced ceramic inlays failed, and 70% of all of the 

ceramic inlay systems demonstrated marginal ditching, while 

there were no failures among the gold inlays. A 3-year study of 

lithium disilicate (IPS Empress 2) inlays showed 100% success 

of all 33 restorations available for recall.105 Krämer and Franken-

berger106 evaluated the clinical outcomes of IPS Empress inlays 

as well as onlays with cuspal replacement, all with margins that 

were below the cementoenamel junction, and reported only 

8% failures of 96 restorations in 8 years. Stoll et al107 reported 

over 96% success over 10 years for a large number (N = 1624) 

of IPS Empress inlays and partial crowns, with the results being 

better for vital versus nonvital teeth. A relatively recent review 

of the clinical success of ceramic restorations for a variety of 

applications suggests that these materials are very effective.108 

Failures

Two types of failure are most common with esthetic inlays and 

onlays: (1) bulk fracture (see Fig 19-2) and (2) marginal break-

down (Fig 19-6). Bulk fracture sometimes occurs in areas of cus-

pal coverage, particularly if the restorative material is less than 

2 mm thick (Fig 19-7). It also occurs at the isthmus adjacent to 

a marginal ridge, where the porcelain is poorly supported by 

tooth structure.

Marginal wear is a common finding in esthetic inlays and 

onlays.90,104–111 Because resin cements tend not to be heavily 

filled, they wear more quickly than the adjacent restorations 

or tooth structure. This is particularly true if the marginal fit 

is poor.112,113 Kawai et al114 demonstrated a linear relationship 

between wear of resin cement and the horizontal marginal 

gap. They concluded that reduction of the marginal gap is an 

important clinical consideration in minimizing the wear of the 

resin cement. They also found hybrid resin cements to wear 

faster than microfilled resin cements. Isenberg et al115 reported 

3-year results of a clinical study of 121 CEREC (Sirona Dental) 

inlay and onlay restorations. None of the restorations exhibited 

any evidence of interfacial staining, discoloration, or caries, but 

about 50% of the restorations exhibited gap dimensions large 

enough to be detected with an explorer. The rate of wear of 

the resin composite luting agent was linear over the first year, 

but no further cement wear was noted over the course of the 

investigation. The depth-to-width ratio of the gap generally did 

not exceed 50%. However, Hayashi et al116 reported results of 

an 8-year clinical study that evaluated marginal wear using an 

optical laser scanner. They found that marginal deterioration 

occurred in a sequential three-stage pattern. The initial stage of 

marginal deterioration occurred rapidly from initial placement 

to 21 months. In the second stage, the degree of deterioration 

leveled off and progressed at a much slower rate. The duration 

of this stage was 21 to 72 months. During the third stage, from 

year 6 to year 8, the marginal deterioration again accelerated 

to a much faster rate.

Fig 19-6 Maxillary first molar with a 7-year-old 

bonded Dicor (Dentsply) inlay with marginal ditching 

and a small fracture of the marginal ridge.

Fig 19-7 (a and b) Maxillary first molar with a 5-year-old bonded feldspathic porcelain onlay demonstrating 

bulk fracture.

a b
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Computerized Dentistry

Computerized dentistry and digital dentistry are terms gener-

ally used to describe the clinical application of CAD/CAM 

techniques. There are three features common to CAD/CAM 

systems.117 The first is the ability to record the patient’s intraoral 

condition to the computer. This usually involves some sort of 

intraoral camera to capture a digital file of the dentition. Once 

the digital file is recorded, a software program is used to design 

the desired contours of the restoration. This involves control 

of the usual restoration parameters, such as proximal contacts, 

emergence profile, and occlusal contacts. Once the design has 

been completed, a machining device is used to produce the 

designed restoration. Most commonly, the machining device 

is a subtractive milling chamber that cuts the definitive restora-

tion from a preformed block of restorative material.

Commercially available computerized dentistry systems 

that are used in the dental office are generally considered to 

have two applications: (1) as a digital impression system and 

(2) as a chairside CAD/CAM system. Digital impression systems 

focus on the first step of the CAD/CAM process, an accurate 

Fig 19-8 The digital impression procedure using 

the Lava Chairside Oral Scanner (3M ESPE). (a) 

Preoperative occlusal view of the maxillary right first 

and second molars. (b) Crown preparations follow-

ing tissue retraction and isolation with a fine coating 

of titanium dioxide powder for digital imaging. (c) 

Digital recording of the crown preparations. (d) Digi-

tal recording of the full arch. (e) Digital models virtu-

ally articulated in centric occlusion with the buccal 

scan. (f) Crown preparations on the resin model. (g) 

Articulated resin models from the digital impres-

sions. (h) Zirconia crowns (Lava, 3M ESPE) on the 

resin dies. (i) Occlusal view of the cemented Lava 

crowns. (j) Facial view of the cemented Lava 

crowns.

a b c
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recording of the patient’s intraoral condition. A data file is 

created on the system computer, and the patient’s dentition 

is scanned or recorded to the data file. The digital data file 

is then electronically transmitted via the Internet to a dental 

laboratory. The dental laboratory has two options for using the 

patient’s data file. One option is to send the electronic data to a 

processing center to have models fabricated and mounted on 

an articulator. The articulated models are returned to the dental 

laboratory, and the restoration can be fabricated by any con-

ventional laboratory process, such as those used for cast gold 

or porcelain-fused-to-metal restorations. The laboratory also 

has the option of using a software CAD program to design and 

produce either a coping or full-contour restoration. The articu-

lated models are used to finish the case, as is done for zirconia 

or similar restorations118 (Fig 19-8). The Lava Chairside Oral 

Scanner (COS) (3M ESPE) and iTero system (Cadent) are the two 

most common digital impression systems (Figs 19-9 and 19-10).

Chairside CAD/CAM systems can fabricate single-tooth 

ceramic or composite inlays, onlays, veneers, and crowns. The 

CEREC Connect system for the CEREC Acquisition Center (AC) 

unit (Sirona Dental) and the E4D Sky network for the E4D Den-

tist system (D4D Technologies) are recent upgrades that offer 

the opportunity to use the chairside systems as purely digital 

impression systems for cases desired to be fabricated in the 

dental laboratory119 (Figs 19-11 and 19-12).

Computerized systems: Cameras
A critical first step in the CAD/CAM sequence is to accurately 

record the specific teeth and soft tissues to the computer 

software program. An intraoral camera or scanner becomes 

the key element for a digital impression. There are significant 

differences among the cameras and their manners of use in 

recording the digital impression. 

Fig 19-9 Lava Chairside Oral Scanner. Fig 19-10 iTero system.

Fig 19-11 CEREC AC unit with the MC XL and MC milling 

chambers.

Fig 19-12 E4D Dentist system, consisting 

of the mobile Design Center and milling unit.
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The CEREC AC system has a blue light-emitting diode (LED) 

camera called the Bluecam. It records a series of single images 

that the software combines into the three-dimensional (3D) 

virtual model of the dentition. Although a single image is the 

minimum required to fabricate a restoration, additional images 

are routinely used to record adjacent teeth, mount the oppos-

ing virtual model, or aid in designing the restoration. A titanium 

dioxide powder is sprayed on the dentition and soft tissues to 

be recorded to create a uniform reflective surface. The shorter 

wavelength of the blue light compared with that of a laser 

allows for greater precision of the optical image.120 It also uses 

a telecentric beam that records the tooth surface data from all 

visible surfaces in a single view.121 The Bluecam can be used 

in a manual or automatic mode. The automatic-capture mode 

prevents recording of data while the camera is moving or shak-

ing. This prevents the capture of blurred images that would be 

inaccurate.

The E4D Dentist IntraOral Digitizer is a red laser-light cam-

era.122 It records a series of overlapping single images, rather 

than a video recording, that the computer calculates into a 

virtual model. It does not require the use of a reflective pow-

der unless scanning through a thin, transparent aspect of the 

preparation. In such cases, a reflective liquid (E4D Accent) is 

applied to the surface of the tooth. The operator has the option 

of manual image capture or automatic image capture with 

Rapid Scan. A series of nine separate images are recorded from 

the occlusal, lingual, and facial views for a true 3D capture. 

Additional images are required to record adjacent teeth.121 The 

software immediately indicates the accuracy and usefulness 

of each scanned image to ensure that all images are properly 

scanned.121,122 

The iTero intraoral scanner uses a parallel confocal white 

light and red laser camera to record a series of images to cre-

ate a 3D model.122,123 The scanner emits a beam of light, and 

only an object at the correct focal length will reflect light back 

through the filtering device.124 The scanner captures 100,000 

points of laser light and focuses accurately to 300 focal depths 

spaced 50 μm apart.121,125 The camera can be placed in contact 

with the teeth and does not need to be held stationary in space 

over the teeth. Scanning powder is not required for the camera 

to accurately record the surface of the teeth. The operator is 

prompted to record a series of five scans from the occlusal, 

facial, lingual, mesioproximal, and distoproximal angles of the 

prepared tooth as well as additional scans of adjacent teeth. 

The opposing dentition is scanned separately.125 In addition, 

angled buccal and lingual views must be taken of the remain-

ing teeth in the arch form.122 Individual images may be retaken 

until adequate data is obtained.121 A total of 15 to 30 scanned 

images may be required to record the preparation, opposing 

teeth, and occlusal relationships.125 Ultimately, the software 

merges common data from all scans and proposes virtually 

articulated models.122 

The Lava COS camera is the only video camera available 

for digital impressions. It uses “active wavefront sampling” to 

record up to 20 3D data sets per second and 2,400 3D data sets 

per arch. A light coating of a titanium dioxide powder is applied 

to the teeth and soft tissues to enhance the accuracy and 

efficiency of the scanning process. Three sensors record the 

clinical situation from varying perspectives and use proprietary 

image-processing algorithms to process the model.124 Unlike a 

single-image camera, it captures 3D data in a video process and 

fabricates the virtual model in real-time on the computer moni-

tor.126 The virtual model can be switched between a 2D and 3D 

image as well as visualized with 3D glasses to verify aspects of 

the recorded models. Another feature of the Lava COS video 

capture is that the dentition can be recorded in strips or sec-

tions and the computer can assemble the strip scans into a 

real-time single 3D virtual model.127 The operator has a field 

of view of approximately 10 mm by 13.5 mm with the camera. 

The camera has a 5- to 15-mm working depth from the surface 

being recorded to record the dentition. This is sufficiently small 

to allow recording of the most distal posterior teeth. If the cam-

era is held too close to or too far from the dentition, outside 

the focal distance, the video recording is automatically paused 

until the camera is brought back within the focal distance, and 

recording automatically continues. This prevents inaccurate 

data from being included in the scan.122 

Digital impressions
All computerized dentistry systems rely on the ability to accu-

rately record the dentition. Without a precise digital recording, 

an accurate restoration is not possible. The marginal fit and 

internal adaptation of the definitive restoration are directly 

related to the quality and accuracy of the recorded prepara-

tion. This concept is true for both conventional impressions and 

digital impressions. The definitive restoration can only be as 

accurate as the quality of the recorded data of the tooth.

There are some guidelines that hold true for all comput-

erized dentistry systems. Digital recordings or scans are as 

sensitive to moisture contamination and soft tissue retraction 

problems as traditional impression materials. Moisture, such as 

saliva or blood, obscures the preparation and prevents an accu-

rate recording of the tooth. Similarly, inadequate retraction of 

soft tissues may hide the marginal areas from view (Fig 19-13). 

Digital cameras can only record what is visible and isolated. 

Careful control of the scanning environment ensures an accu-

rate digital file, which is essential to a well-fitting restoration. 

Digital impressions offer the clinician excellent immediate 

feedback on the recorded preparation. The ability to greatly 

magnify the scanned data on the computer monitor is a signifi-

cant advantage to ensure an accurate digital impression prior 

to transmitting the case to the dental laboratory for processing 

(Fig 19-14). For conventional impressions, this level of magni-

fication and critical evaluation may not be possible until the 

model has been poured and separated and the die trimmed. 

Digital impressions also provide quantitative data on the 

preparation relative to the opposing dentition. This is espe-

cially helpful in ensuring adequate occlusal clearance for a 

case based on the specific planned restoration. The software 
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program can provide quantitative data on the occlusal clear-

ance between the models prior to submitting the case to the 

laboratory for processing (Fig 19-15). Immediate access to the 

high-magnification images allow for the correction of prepara-

tion deficiencies. This avoids discovering the deficiency in the 

stone models, which would require correction at a second 

appointment or the deficiency to be worked around by the 

dental laboratory technician.

Single-image cameras (CEREC AC, E4D, iTero) are line-of-

sight cameras that record a series of single images of the denti-

tion. The camera works in a manner similar to our eyes, in that 

we can see what is directly in our line of vision but not around 

corners. Each single image must overlap with one or more of 

the other recorded images to enable the computer to process 

the single images into a 3D virtual model on the software 

program. Single-image cameras must capture images from a 

variety of angles to accurately record the dentition below the 

height of contour. Figure 19-16 shows the facial contour of a 

virtual model created from a series of single images made from 

the occlusal aspect of the teeth. Note the straight contours of 

the adjacent teeth below the height of contour. To accurately 

record the facial and lingual contours of the teeth, the camera 

must be angled past the height of contour with two or three 

images. Note that this is not a problem involving the prepara-

tion, as the camera can record all data within the path of inser-

tion of the preparation in a single image.

Another important function in making a digital impression 

is the need to record opposing teeth and occlusal relationships 

for the planned restoration. Generally, two techniques are 

employed. One technique is to make a traditional bite registra-

tion (eg, with a polyvinyl siloxane bite registration material) of 

the dentition opposing the prepared teeth. The bite registra-

tion is scanned separately from the preparation model, and 

the software program matches the two models (Fig 19-17). The 

other technique is to digitally record the opposing model sepa-

rately. The patient is guided into a closed centric position, and 

Fig 19-13 There are indistinct margins at the distolingual of the crown 

preparation for the mandibular first molar in this CEREC virtual model. This is 

a function of inadequate soft tissue retraction for good visibility of the margins.

Fig 19-14 High-magnification alternative contrast 

view of a preparation margin with the Lava COS sys-

tem allows for critical evaluation of the margins prior to 

transmitting the case to the dental laboratory.

Fig 19-15 Quantitative information on the occlusal clearance is 

provided with a digital impression from the iTero system. The red-

orange areas indicate less than 1.5-mm clearance from the oppos-

ing dentition.

Fig 19-16 The dotted lines indicate the facial height of contour of the teeth. 

Note the flat emergence profile calculated by the software because the images 

recorded from the occlusal direction were not able to capture data hidden by 

the height of contour in this angle of recording.
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the dentition is scanned from the buccal view. This is referred 

to as a buccal scan (Fig 19-18). The buccal scan records the facial 

contours of the teeth and soft tissues. The software program 

uses the buccal scan to align the opposing digital models for 

accurate recording of the patient’s occlusal relationship. No 

marketed system currently has the ability to digitally record 

functional lateral movements for mounting. Traditional lateral 

or protrusive functional registrations are required to mount the 

case on a semiadjustable articulator to simulate lateral guid-

ance.

The undisputed key issue with digital impressions is accu-

racy. The use of conventional impression techniques and 

materials is the accepted technique for fabricating well-fitting 

restorations. Without an accurate impression, a well-fitting 

restoration is not possible regardless of the fabrication process. 

The starting point for considering digital impression systems 

is an expectation of at least equal accuracy to conventional 

impression techniques and materials. Digital impressions have 

been shown to be equally accurate to conventional impres-

sions.128,129 Several of the camera systems require the applica-

tion of a titanium dioxide powder to the surfaces of the teeth 

and soft tissue to be scanned. The thin, uniform coating creates 

a uniformly reflective surface on the dentition for accurate data 

recording. A common misperception is that this thin powder 

layer limits the accuracy of the definitive restoration. However, 

even when used incorrectly, excess powder does not affect the 

marginal fit or internal adaptation any more than a die spacer 

does on laboratory-fabricated restorations using stone casts. 

Each of the digital systems has been shown to be capable of 

fabricating restorations with marginal fit and internal adapta-

tion equal to conventional fabrication techniques. CEREC has 

over 25 years of both laboratory and clinical research con-

firming the predictable outcomes possible with the chairside 

CAD/CAM system.130–132 Lava COS has laboratory and clinical 

research confirming the digital impression technique as a con-

sistently accurate restoration fabrication process.124,128,129,133 In 

addition, the more recently introduced systems have labora-

tory studies documenting the marginal fit and internal adapta-

tion of their restorations.134,135

Chairside CAD/CAM ceramic restorations
CAD/CAM technology for the fabrication of ceramic restora-

tions has been a significant development in dentistry. The vast 

majority of CAD/CAM systems have been designed for use in 

the dental laboratory. InLab (Sirona Dental), Procera (Nobel 

Biocare), Lava (3M ESPE), and Cercon (Dentsply/Caulk) are but 

a few of the CAD/CAM systems dental laboratories are using in 

an effort to improve efficiency while utilizing modern ceramic 

materials. There are two currently marketed in-office or chair-

side CAD/CAM systems: the CEREC AC driven by the Bluecam 

camera and the E4D Dentist system. The chairside CAD/CAM 

systems offer considerable time savings over conventional, 

laboratory-generated restorations because there is no need for 

a conventional impression, temporary restoration, or a second 

appointment; the definitive esthetic restoration is delivered at 

the same appointment at which the tooth is prepared.136,137 

The CEREC system was initially marketed as the CEREC 1 

system in Europe in 1985, and the first clinical trials took place 

in 1987.138 It was introduced in the United States in 1989. Since 

then, the system has evolved through a series of hardware and 

software upgrades to reach its present form, the CEREC AC 

driven by the Bluecam.139 The E4D Dentist system was intro-

duced in 2008 with its DentaLogic software offering a true 3D 

virtual model.140

Hardware and software
The CEREC AC system consists of an acquisition unit and a 

milling chamber (see Fig 19-11). The acquisition unit contains 

a computer with the 3D design software, a liquid crystal dis-

Fig 19-17 Superimposition of the bite registration model over 

the preparation model and restoration proposal to verify occlusal 

contacts with the E4D system.

Fig 19-18 Buccal scan mounting of the scanned opposing mod-

els with the Lava COS system.
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play (LCD) monitor, and an intraoral camera for the optical 

imaging of the cavity preparation. The milling unit houses two 

motors. Each motor controls a cutting diamond for milling the 

definitive restoration from prefabricated blocks of restorative 

material. One motor has a step bur diamond that mills the 

entire internal surface of the restoration. The other motor has 

a milling diamond that has a tapered cone shape and mills 

the entire external surface of the restoration. The milling unit 

also contains a water chamber for distilled water and lubricant 

additive that is used during the milling procedure to clean and 

lubricate the diamonds as they mill the restorative material. The 

acquisition and milling units communicate with each other via 

a radio transmitter.

The E4D Dentist system has an intraoral laser scanner, a 

mobile Design Center with DentaLogic software, and a sepa-

rate milling chamber with a dedicated mill server computer 

(see Fig 19-12). The milling chamber has two opposing milling 

motors that can automatically change between three different 

milling diamonds depending on the specifics of the restoration 

to be milled. The milling chamber has a dedicated computer 

server to allow it to operate independently of the Design Cen-

ter after the case design has been completed and transmitted 

to the job server.

Inlays/onlays
The tooth preparation will have a major impact on the fit accu-

racy of the milled restoration. Cavity preparations for CAD/CAM 

inlays and onlays are similar to those for conventional indirect 

ceramic inlays and onlays.141–143 (Fig 19-19). The occlusal aspect 

of the preparation should be at least 1.5 mm thick in the central 

fissure and 2.0 mm thick over the cusps to provide adequate 

strength for the ceramic restoration. All cavosurface margins 

should be well defined and have a 90-degree butt-joint con-

figuration. This will allow the camera to record an accurate 

image of the cavosurface margin while providing strength to 

the restoration. Bevels and knife-edge margins should not be 

used. The cavity walls of the proximal box should have at least 

6 to 8 degrees of divergent taper.144,145 All preparation floors 

should be smooth but not necessarily flat. Concavities created 

by the removal of carious tooth structure or prior restorations 

may be blocked out with a liner or base, but this is not required 

to obtain an accurate fit of the restoration.

Crowns
The tooth preparation is the same as described for other all-

ceramic crowns (Fig 19-20). The computer graphic design 

process for a crown is similar to that used for fabrication of 

an onlay; the milling process is somewhat longer. Many clini-

cians choose to characterize the monochromatic shade of the 

ceramic blocks with shade modifiers and a glaze prior to adhe-

sive cementation.144

An additional crown preparation design has been sug-

gested for endodontically treated teeth: the endocrown design. 

This design incorporates the core into the crown as a single 

restoration (Fig 19-21). This design significantly increases the 

surface area of the preparation available for adhesive cementa-

tion. It is particularly useful in teeth with short clinical crowns. 

This restoration has not been well evaluated clinically; however, 

preliminary reports from the University of Zurich, Switzerland, 

indicate that the cross-sectional area of the tooth may be a fac-

tor in retention and may be problematic for premolar teeth.145

Computer-aided design
The process for fabricating a chairside CAD/CAM onlay with the 

CEREC AC system is illustrated in Fig 19-22. A well-isolated and 

dry field is necessary to ensure that the preparation is optically 

scanned with precision and accuracy. It is also critical to clearly 

isolate the gingival extent of the preparation from the adjacent 

soft tissues. Following completion of the tooth preparation (see 

Fig 19-22b), an optical impression is recorded. Because enamel, 

dentin, bases, and soft tissues do not reflect the Bluecam LED 

light equally well, the tooth must be coated with a uniform 

reflective material before imaging. The powder should also 

coat all adjacent structures that may be viewed in the optical 

scan (see Fig 19-22c). The E4D Dentist IntraOral Digitizer only 

requires the use of the imaging powder in thinner, more trans-

parent aspects of the preparation. 

The camera images are recorded to the software pro-

gram, where a virtual 3D model is rendered in real time (see 

Fig  19-22d). All portions of the preparation margins should be 

Fig 19-19 Cavity preparation for a CAD/CAM 

chair side onlay.

Fig 19-20 Cavity preparation for a CAD/CAM 

chairside crown.

Fig 19-21 Preparation of an endocrown for an 

endodontically treated tooth.
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visible and distinct from adjacent structures. The camera head 

must be held motionless to record an accurate image without 

distortion of the preparation.

The design phase is initiated when the computer renders a 

virtual 3D model of the cavity preparation from the recorded 

optical image. The 3D capability of the software (both CEREC 

and E4D) allows for the preparation model to be rotated in an 

infinite number of angles and views for design of the restora-

tion. Following identification of the cavity margin by tracing 

the margin line, the proposed restoration design is shown on 

the monitor (see Fig 19-22e). A number of editing tools are 

available to customize the contours, anatomy, and occlusal 

relationship of the restoration.

Computer-assisted manufacture
When the milling function is activated, the software calculates 

a volume model of the restoration (see Fig 19-22f). Based on 

the calculated 3D model of the restoration, the computer then 

requests that the appropriately sized ceramic block be inserted 

into the milling chamber.

A number of restorative materials are available for use in 

both chairside CAD/CAM systems. All currently marketed mill-

ing materials are available for both systems with the exception 

of the Vident line of materials, which are restricted to use in the 

CEREC AC system.146–148 The restorative material is fabricated in 

a block form and mounted on a milling stub that can be inserted 

into the milling chamber. Vita Mark II blocks (Vident) are made 

of a fine-grained, feldspathic porcelain that has a homogenous 

structure. The fine grain of the Vita Mark II porcelain is reported 

to increase hardness of the material but decrease wear of the 

opposing dentition.149 Al-Hiyasat et al150 reported that the Vita 

Mark II ceramic material was less abrasive and more resistant 

to wear than conventional aluminous and bonded ceramic 

materials. The material comes in nine Vita 3D-Master shades 

(Vident) as well as a bleach shade and an esthetic translucent 

line of shades. The TriLuxe Forte block (Vident), a multicolor 

block that simulates the variation in shade from cervical to 

incisal in a natural tooth, is also available, as well as a RealLife 

block (Vident) that simulates variation in shade from internal to 

external of a natural tooth. Improvements in the software allow 

for restoration designs to be properly positioned within the 

multicolor block prior to milling. 

The first leucite-reinforced glass ceramic CAD/CAM block 

was ProCAD (Ivoclar Vivadent), introduced in 1998. It evolved 

to the current IPS Empress CAD and is a 35% to 45% leucite-

reinforced glass ceramic similar to IPS Empress 1 but with a 

a b c

d e f

g h i

Fig 19-22 (a) Preoperative view of the mandibular left first molar. (b) Onlay preparation for the first molar. (c) Preparation and adjacent teeth coated with titanium 

dioxide powder to record the digital impression. (d) Preparation virtual model is calculated for the design of the restoration. (e) Computer graphic design of the restora-

tion. (f) The milling preview window shows the calculated 3D model of the restoration prior to milling. (g) Try-in of the milled Lava Ultimate (3M ESPE) onlay. (h) Lava 

Ultimate onlay is completed following adhesive cementation and polish. (i) Facial view of the completed Lava Ultimate onlay.
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finer particle size of 1 to 5 μm. The excellent clinical success 

with Empress 1 is expected to be duplicated with the IPS 

Empress CAD material, as they are essentially the same restora-

tions with different fabrication techniques. Both Vita Mark II 

and IPS Empress CAD materials can be characterized and glazed 

in a porcelain oven using stains that are applied chairside. 

An innovative resin composite material is also available. 

Paradigm MZ100 (3M ESPE) is a resin composite with a filler 

composed of zirconia and silica.151 The inorganic filler loading 

is 85% by weight, with an average particle size of 0.6 µm, and 

the material is radiopaque. A study has reported a randomized, 

longitudinal clinical trial comparing Paradigm MZ100 inlays 

to Vita Mark II inlays over 3 years of clinical service.152 A recent 

study reports the 10-year follow-up of this study as well.153 The 

inlays were evaluated using modified US Public Health Service 

(USPHS) criteria on a yearly basis. The study determined that 

Paradigm inlays performed equally as well as Vita Mark II inlays 

at 10 years, with clinical advantages noted in inlay fracture 

resistance and color match. 

A recent material addition for this type of restoration is Lava 

Ultimate (3M ESPE). Lava Ultimate contains a blend of nanosized 

silica and zirconia particles (1 to 100 nm) agglomerated into 

clusters and individual bonded nanosized particles embedded 

in a highly cross-linked polymer matrix, with approximately an 

80% filler load. The material is purported to offer the ease of use 

of a composite material with a surface gloss and finish reten-

tion similar to that of ceramics. To date, no clinical studies have 

reported on the performance of this material. 

Once the ceramic or composite block has been locked in the 

milling chamber, the unit is ready to mill the restoration. The 

milling diamonds move in coordination with the movement 

of the metallic mounting of the ceramic or composite block, 

which calibrates the position of the milling head. The ceramic 

or composite block, rotating as it goes, is fed uniformly through 

the milling process. Milling time is a function of the size and 

complexity of the restoration and may range from 10 to 20 

minutes on average. 

Try-in and cementation
Once the ceramic or composite restoration is recovered from 

the milling chamber, the restoration is tried in. Adjustments 

to the proximal contacts may have to be made for the resto-

ration to seat completely if the preparation was too sharp or 

angular. The axiopulpal line angle and the gingival floor of the 

box are the places most likely for the restoration to require 

adjustment.113 Limited to no occlusal adjustment should be 

done prior to cementation of the restoration; the ceramic is 

particularly fragile without the support of the luting cement. 

Should the fit be unacceptable in some area, the design can be 

reloaded from the computer hard drive and corrected, and a 

second restoration can be milled quickly.

The ceramic restoration should be etched with hydrofluor-

ic acid and silanated prior to adhesive cementation simi-

lar to laboratory ceramic restorations. CAD/CAM composite 

and nanoceramic materials should be air abraded with CoJet  

rather than etched prior to silane treatment. Use of a conven-

tional adhesive cementation technique and a dual-cured resin 

cement is recommended.137,138,154 Contouring and refinement 

of anatomy can be accomplished after cementation with 

various microfine diamonds.155 Finishing and polishing are 

completed with abrasive rubber points, disks, and cups or 

brushes with diamond polishing paste as for other ceramic and 

composite restorations.

Advantages and disadvantages
The main advantages of chairside CAD/CAM technology 

are the saving of time, service to the patient, and utilization 

of optimal restorative materials. The technique affords the 

dentist the opportunity to prepare, design, and fabricate a 

ceramic restoration in a single appointment, without the 

need for conventional impressions, provisional restorations, 

or dental laboratory support. Chairside CAD/CAM technology 

offers excellent esthetics, durability, and at least short-term 

strengthening of the tooth. Roznowski et al156 compared 

the fracture resistance of molars restored with various adhe-

sive and nonadhesive restorations and reported that teeth 

restored with mesio-occlusodistal CEREC inlays were as strong 

as unprepared, unrestored teeth, while nonadhesive restora-

tions weakened teeth.

The chairside CAD/CAM systems are not without their dis-

advantages. The systems rely on accurate data from the tooth 

preparation to fabricate the restoration. This requires develop-

ing skill in the use of the intraoral scanning device or camera as 

well as good soft tissue retraction and isolation of the dentition 

while using the camera. Because the restoration is fabricated 

without the benefit of a die or articulated casts, development 

of occlusal relationships may be problematic. The systems have 

several design options to overcome this apparent limitation. 

One technique provides the opportunity to record the pretreat-

ment occlusal anatomy, or that of a diagnostic wax-up, and 

copy it to the occlusal surface of the new restoration design. 

The CEREC 4.0 program refers to this function as Biogeneric 

Copy and the E4D DentaLogic program refers to this as Clone 

scanning. The existing occlusal relationships can be maintained 

in the new restoration. An alternative technique available to 

the E4D system involves the use of a bite registration to record 

the occlusal surface of the opposing dentition. The surface data 

is recorded to the software and superimposed over the design 

of the new restoration. The CEREC 4.0 program uses a buccal 

scan technique. This involves recording images of the opposing 

dentition in a second model catalog and then virtually mount-

ing the opposing models with a scan of the dentition from the 

facial aspect with the patient closed in centric occlusion posi-

tion. These techniques offer a degree of control in evaluating 

and developing occlusal relationships in the new restoration. 

It is not a “virtual articulator” in that it is a static recording 

and does not record interocclusal relationships in excursive 

mandibular movements. However, interocclusal relationships 

in maximum intercuspation position (centric occlusion) of the 
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mandible can be accurately recorded to the system.157 The 

milled restoration will require some adjustment after bonding 

to ensure the absence of interferences in excursive mandibular 

movements. 

A significant training period is required to achieve profi-

ciency with any CAD/CAM system. Participation in a 2-day 

initial training course is strongly recommended for the chair-

side CAD/CAM systems prior to clinical application with the 

system. This is often followed with a second advanced course 

after 2 to 4 months of clinical experience. The initial cost of the 

system is also considerable; however, it is balanced against the 

minimal per-restoration cost of using the system as compared 

to laboratory-fabricated ceramic restorations. Generally, the 

actual cost of the materials for a chairside CAD/CAM restoration 

to the dentist is about 10% to 15% of the cost of a laboratory-

fabricated ceramic restoration.

A major concern about chairside CAD/CAM restorations 

has been their precementation marginal fit. Several studies 

have evaluated marginal openings in CAD/CAM restorations. 

Krejci et al158 reported precementation marginal openings 

with CEREC 1 restorations to be in the range of 125 to 175 µm. 

However, after cementation, they found that more than 90% 

of enamel-ceramic interfaces had “continuous margins.” They 

found that the quality of the marginal adaptation immediately 

after cementation does not seem to depend on precementa-

tion marginal fit. Peters and Bieniek159 reported results of a 

clinical study of 22 CEREC 1 inlays in which the average mar-

ginal fit was 121 µm with a range of 60 to 150 µm. Wilder113 

reported the average film thickness of resin cement at the 

occlusal cavosurface margin with CEREC 1 to be 89 ± 65 µm; 

the average thickness at the gingival margin was 105 ± 81  µm. 

By comparison, Christensen160 reported that gold castings 

may be fabricated with marginal openings of less than 25 µm. 

Because of the relatively large precementation marginal gaps, 

the exposed resin cement was thought to be the weak link in 

the CEREC 1 restoration.

CEREC system hardware and software improvements have 

led to improvements in adaptation and marginal fit. Mörmann 

and Schug161 evaluated the marginal fit of CAD/CAM inlays fab-

ricated with the improved CEREC 2 unit using the COS 4.01 soft-

ware program. They reported the overall mean interfacial mar-

gin width to be 56 ± 27 µm for CEREC 2 inlays and 84 ± 38  µm 

for CEREC 1 inlays. They also reported that the milling precision 

of the CEREC 2 unit was 2.4 times greater than that of the CEREC 

1 unit. Benz et al162 also reported a mean occlusal interfacial 

width for CEREC 2 inlays of 48 ± 34 µm, a 35% improvement 

over the CEREC 1 inlays. Ellingsen and Fasbinder132 compared 

the precementation fit of CEREC 2 crowns with that of CEREC 

3 crowns. All areas of crown adaptation measured were sig-

nificantly smaller for the CEREC 3 system compared with the 

CEREC 2 system except at the axial walls of the preparation. 

Cavosurface margin gaps of 47.5 ± 19.5 µm were reported for 

CEREC 3 crowns, and gaps of 97.0 ± 33.8 µm were reported for 

CEREC 2 crowns. The fit of CEREC 3 crowns is very nearly on par 

with that of gold castings.

Cook and Fasbinder163 reported a study that evaluated the 

marginal fit and internal adaptation of CEREC crowns fabricated 

on virtual models made from the CEREC 3 infrared laser camera 

and CEREC AC blue LED camera. There was no significant dif-

ference in the marginal fit and internal adaptation of CEREC 

crowns fabricated with the infrared laser camera (Redcam) and 

the LED camera (Bluecam), with the average marginal gap for 

all groups measuring less than 67 ± 18 µm.

Postoperative sensitivity following adhesive restorative pro-

cedures is not an uncommon problem. This is often described 

by the patient as discomfort to cold or to biting pressure. 

However, clinical studies with chairside CAD/CAM restorations 

report a low rate of postoperative sensitivity. Sjögren et al164 

reported a higher rate of postoperative sensitivity than that 

reported in other chairside CAD/CAM studies, with 10 of 72 

patients reporting postoperative sensitivity with Vita Mark I or 

II ceramic inlays. Heymann et al165 reported no postoperative 

sensitivity at any recall interval in their 4-year clinical trial of 

CEREC ceramic inlays. Fasbinder et al166 reported that 13% of 

92 Vita Mark II onlays were rated slightly sensitive at 1 week 

and 4% at 2 weeks. All sensitivity was resolved by 1 month, 

and there was essentially no postoperative sensitivity through-

out the remainder of the study. Another study by Fasbinder 

aet al167 reported that 2 of 62 CEREC onlays cemented with a 

self-etching cement were sensitive at 1 week, with all sensitiv-

ity resolved at 3 weeks without treatment. No restoration was 

reported as sensitive over the remaining 3 years of the study. 

Similar postoperative sensitivity was reported in a 10-year 

randomized clinical trial of chairside CAD/CAM composite and 

porcelain inlays cemented with an etch-and-rinse concept and 

a dual-cured resin cement.153 One of the 80 inlays was reported 

as sensitive at 1 week, and the sensitivity resolved by 2 weeks 

without treatment. No other postoperative sensitivity was 

reported over the remaining 10 years of the study. 

The chairside CAD/CAM technique may play a role in mini-

mizing postoperative sensitivity. It is imperative to be able to 

isolate the cavity margins in order to record accurate images of 

the preparation to fabricate a well-fitting restoration. The abil-

ity to deliver the restorations in a single appointment prevents 

the potential for dentin contamination during the provisional 

phase. Also, the use of manufactured blocks of porcelain and 

resin composite significantly restrict the influence of polymer-

ization shrinkage to the composite luting agent, and shrinkage 

concerns are limited to the thickness of the resin cement. 

Longevity/clinical studies
The failure rate of Vita Mark II porcelain inlays made with the 

CEREC technique has been reported to be very low. Sjögren 

et al168 reported 4 fractures among 66 Vita Mark II inlays over 

5 years. Pallesen and Van Dijken169 reported a single fractured 

Vita Mark II inlay among 16 pairs of CAD/CAM inlays over 8 

years. Berg and Dérand170 reported 3 fractures among 115 Vita 

Mark II inlays over 5 years. Zimmer et al171 carried out a retro-

spective clinical study of 226 CEREC 1 restorations placed in a 
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private practice and evaluated after 10 years. The Kaplan-Meier 

survival rate reported was 94.7% after 5 years and 85.7% after 

10 years. Martin and Jedynakiewicz172 performed a systematic 

review of clinical studies on intracoronal CEREC restorations. 

They reported a mean survival rate of 97.4% over a 4-year 

period. The primary reasons for failure were reported as frac-

ture of the ceramic material, fracture of the supporting tooth, 

and postoperative sensitivity. Fracture of the ceramic material 

was generally a result of occlusal stress or insufficient material 

thickness. Otto and De Nisco173 reported an 8% failure rate for 

ceramic inlays after 10 years of clinical service. Of the failures, 

53% were caused by fractures of the ceramic material and 20% 

were because of tooth fracture. Hickel and Manhart174 reviewed 

clinical studies in the dental literature during the 1990s and 

reported annual failure rates of posterior restorations in stress-

bearing areas as 0% to 11.8% for laboratory-fabricated resin 

composite inlays, 0% to 7.5% for laboratory-fabricated ceramic 

inlays, and 0% to 4.4% for CAD/CAM ceramic restorations. They 

also mentioned bulk fracture as a frequent cause of failure for 

ceramic inlays. 

A significant number of long-term clinical studies have 

been published on chairside CAD/CAM restorations using all 

generations of the CEREC system. Zuellig-Singer and Bryant175 

reported results of a 3-year clinical evaluation of CEREC inlays 

with four different luting agents. One inlay fractured, and 

94.6% of the restorations had continuous margins at 3 years. 

There was no significant difference in continuous-margin rates 

among the different luting materials. The authors also reported 

less wear with the microfilled luting resins as compared to that 

of the hybrid composite and glass-ionomer luting materials. 

Heymann et al,165 in the previously mentioned clinical study 

of CEREC 1 inlays, demonstrated no significant changes in the 

50 CEREC inlays after 4 years of clinical service. There was no 

reported postoperative sensitivity, and there were no restora-

tion fractures. Sjögren et al176 reported a 10-year clinical evalu-

ation of 66 CEREC inlays. They calculated an 11% failure rate 

after 10 years, with four inlay fractures, one tooth fracture, one 

restored tooth requiring endodontic treatment, and one inlay 

replaced because of postoperative symptoms. The survival 

rate at 10 years was estimated at 89%. They achieved a sig-

nificantly improved survival rate for CAD/CAM-fabricated inlays 

cemented with a chemically cured resin composite cement as 

compared to those cemented with a dual-cured resin cement. 

Otto and De Nisco173 reported a 10-year prospective study of 

200 CEREC 1 inlays and onlays. The primary failure mechanisms 

of the 15 failed restorations included restoration fracture (eight 

cases) and tooth fracture (three cases). Only three of the teeth 

that had failed restorations required crowns; the remaining res-

torations were repaired or the initial restoration replaced with 

another CEREC inlay or onlay. The Kaplan-Meier survival rate 

was 90.4% at 10 years.

Fasbinder et al153 reported a 10-year randomized clinical 

trial of 80 CEREC restorations comparing porcelain inlays with 

composite inlays. Both restorative materials were cemented 

with an etch-and-rinse technique and dual-cured resin cement. 

After 10 years, there was one fractured composite inlay and 

five fractured porcelain inlays. The composite inlays performed 

equally as well as the porcelain inlays in all USPHS categories, 

with significantly better color match and less bulk inlay frac-

ture. In another study, Fasbinder et al167 reported the results of 

a randomized, longitudinal clinical trial of 62 CEREC onlays. The 

leucite-reinforced porcelain and feldspathic porcelain onlays 

were cemented with a self-etching, self-adhesive resin cement. 

The onlay preparation extended at least one-half the intercus-

pal distance, and at least one cusp was not covered with the 

onlay. Two of the feldspathic porcelain onlays failed during 

the study. The leucite-reinforced and feldspathic onlays per-

formed similarly well with a self-etching, self-adhesive cement 

at 3 years with no significant changes observed in any USPHS 

criteria.

Bindl and Mörmann177 reported a study comparing CEREC 

crowns with reinforced ceramic-core crowns. Thirty-six ante-

rior crowns in 24 patients were placed using equal numbers 

of CEREC and In-Ceram Spinell (Vident) crowns. The crowns 

were evaluated over a mean service time of 44.9 ± 10.3 months 

using modified USPHS criteria. No significant difference in 

clinical performance between the two types of ceramic crowns 

was observed. Fasbinder et al178 reported a longitudinal clini-

cal trial of 62 lithium disilicate CEREC 3 crowns. No significant 

difference in the gingival index or plaque index was observed 

between the test crowns and the control teeth. The percent-

age of alpha scores for marginal adaptation, caries, and crown 

fracture was 100% for both groups of crowns at all recall inter-

vals. No surface chipping or fracture was identified on any of 

the crowns after 2 years. Based on the studies cited above, the 

performance of the current generation of CAD/CAM-fabricated 

restorations is expected to be excellent, and the use of this 

technology is predicted to grow steadily. 
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The cast gold restoration has lessened in popular-

ity over the past 20 years because of the increased 

emphasis on esthetics, but it remains an excellent 

restoration with a long history of success. If used with 

care, gold alloy is considered to have the greatest lon-

gevity of any restorative material used in dentistry. This 

opinion is generally supported by longitudinal stud-

ies,1–3 although it is disputed by other studies.4–6 Cast 

gold may be used for intracoronal (inlays) or extra-

coronal (complete-coverage crowns) restorations, as 

well as for restorations that are a combination of both 

(onlays or partial-coverage crowns) (Fig 20-1). 

Several long-term studies have demonstrated the 

excellent clinical behaviour of cast gold restorations 

over time.7–9 Restoration longevity runs from an aver-

age of 10 to 20 years and up to 34 and 52 years in 

selected practices.10–12 The survival rate ranges from 

87% to 97% at 10 years,7,9,13 87% to 90% at 20 years,9,13 

and 73.5% to 98% at 30 years.8,9,13 Compared with all-

ceramic inlays and onlays, cast gold restorations have 

proven more effective under mechanical stresses such 

as bruxism.14

The failure pattern of these restorations can be 

divided into biologic and technical reasons. The most 

prevalent biologic reasons are, in order: secondary 

caries, tooth fracture, endodontic treatment, primary 

caries, and periodontal involvement. Loss of retention 

is the main reason for technical failure, followed by 

extensive wear.13,15,16 

Gold castings present several advantages over 

direct restorative materials such as silver amalgam or 

resin composite. Because castings are fabricated using 

an indirect technique, it is possible to achieve nearly 

ideal contours and occlusion.17 Gold alloy is a strong 

material that rarely fractures and, when used as an 

extracoronal restoration, can provide protection to the 

tooth.18–20 Other materials such as titanium and nickel-

chrome alloys have shown clinically acceptable results, 

but gold alloy remains the dental casting material of 

choice.21 Gold wears at a rate similar to that of enamel, 

so it does not cause accelerated wear of the oppos-

ing teeth.22 It casts easily and accurately, and if a type 

I or II gold is used, marginal adaptation can usually 

be improved after the restoration is cast. Gold is also 

resistant to corrosion.23 

Allergic reactions to gold are relatively rare but 

have been documented. In a study of 200 patients with 

persistent oral or cutaneous lesions and suspected 

gold allergy, 8.5% were found to have a reaction to 

patch testing with gold salts. Still, gold is considered 

among the most biocompatible of dental materials.24 

Gold shows better resistance to at-home vital 

bleaching agents, such as 10% carbamide peroxide, 

compared with unpolished amalgam and nickel 

chrome.25 However, galvanic corrosion has been 

shown to cause unpleasant, sometimes painful, tran-

sient effects when gold alloy is in direct contact with 

zinc-containing amalgam restorations. As passivation 

processes develop, naturally or by actively brushing 

the new amalgam restoration with tin oxide, side 

effects subside.26–28

The primary drawback to the use of cast gold rather 

than direct restorations is higher initial cost, because 

castings require at least two appointments for the 

patient and have associated laboratory costs. How-

ever, the long-term success of cast gold restorations 

offsets this initial investment and decreases frequency 

of “remakes,” preserving tooth structure, pulp vitality, 

and subsequent expense. For esthetic reasons, gold 

castings are usually used to restore posterior teeth 

that are not in the esthetic zone. Preparations for 

anterior teeth are usually designed so that the gold is 

not seen during speech and smiling. Esthetics may also 

be preserved in maxillary posterior teeth when cast 

gold restorations are used (Figs 20-2 and 20-3). Post-

operative tooth sensitivity following insertion of cast 

gold restorations can usually be prevented with the 

proper use of sealers, liners, and bases.29,30 This chapter 

addresses the indications, materials, and clinical steps 

for the fabrication of cast gold restorations.
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Indications

Traditionally, the indications for a cast gold restoration range 

from a tooth with a relatively small caries lesion restored with 

an inlay to a severely weakened and/or malfunctioning tooth 

restored with a complete-coverage crown. However, direct 

resin composite or amalgam restorations are more conserva-

tive and usually indicated over cast gold for restoration of small 

caries lesions. While small inlays have been shown to exhibit 

the highest failure rate of all cast gold restoration types,9 their 

long-term clinical success remains excellent. Cast gold restora-

tions may be used to restore teeth with primary caries lesions 

or to replace existing restorations. They are generally indicated 

for situations in which other, less expensive materials are not 

suitable for establishing proper proximal and/or occlusal con-

tacts, creating appropriate axial contours, or protecting the 

remaining tooth structure. A cast gold restoration may also be 

indicated when gold has been used to restore adjacent and/

or opposing teeth to avoid corrosion problems arising from 

the use of dissimilar metals in close proximity in the same 

mouth.31,32 A cast gold restoration may be specifically recom-

mended for posterior areas and for alleviating the deleterious 

effects of bruxism. Reduction requirements for a full-coverage 

cast gold crown are more conservative than for any other type 

of full-coverage restoration, and the wear properties of gold 

make it an ideal choice when there is opposing intact tooth 

structure.22

The morphology of posterior teeth, the number of carious 

surfaces, the number of restored surfaces, the width and depth 

of existing restorations,33 and the occlusal relationships must 

be considered when determining the need for a cast restora-

tion. Nonworking-side occlusal contacts can be especially 

important. Hiatt34 has shown a significant increase in the num-

ber of vertical fractures in teeth with nonworking-side contacts.

525

Fig 20-1 (a) Inlay, partial-coverage, and complete-coverage cast restorations. (b) Partial-coverage cast resto-

ration (mesio-occlusodistal [MOD] onlay).

Fig 20-2 (a and b) Cast gold inlays that preserve tooth structure and are generally not seen during speech 

and smiling.

Fig 20-3 (a) Partial-coverage gold restoration. (b) When viewed from the anterior, the gold display is minimal, thus satisfying 

both functional and esthetic demands.

a b

a b

a b
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Basic Principles of Cast Restorations

While there are many acceptable techniques and designs for 

cast restorations, certain principles always apply.

Conservation of tooth structure
Preparations should be made as conservatively as possible to 

maximize the remaining tooth structure, decrease the likeli-

hood of tooth fracture, and lessen the possibility of postopera-

tive sensitivity and pulpal pathosis. Tooth reduction should not 

exceed the amount that will allow adequate material thick-

ness necessary to resist fracture, deformation, or wear during 

function. From an anatomical standpoint, nonfunctional cusps 

(buccal cusps of maxillary teeth, lingual cusps of mandibular 

teeth) of molars and functional cusps of maxillary premolars 

possess steep inclines. The enamel is also thinner on nonfunc-

tional cusps. The clinician should keep these elements in mind 

during treatment planning and cavity preparation.35–38

Tooth preservation involves more than simply minimizing 

the removal of tooth structure. Preparations must be designed 

to protect remaining tooth structure. This may involve addi-

tional reduction to remove weak tooth structure, or it may 

necessitate cuspal coverage. Studies have shown that as a cav-

ity preparation gets wider39,40 and deeper,41 progressive weak-

ening of the tooth occurs. When an inlay preparation exceeds 

one-third of the intercuspal (buccal cusp tip to lingual cusp tip) 

width, an onlay or another extracoronal restoration should be 

considered to protect the cusps of the tooth. Indeed, a conser-

vative three-surface (mesio-occlusodistal [MOD]) restoration 

has proven to decrease tooth stiffness by 50% and a large 

three-surface restoration by as much as 78%.42 Gold onlays 

or full-gold cast crowns provide a splinting effect and greater 

resistance to cuspal movement. They virtually double the 

resistance to fracture when compared with an intact tooth.42–44 

This reinforcing effect is particularly significant in the maxillary 

premolars. 

Two retrospective studies19,45 concluded that a significant 

factor in the prevention of catastrophic failure of endodontical-

ly treated teeth was the presence of a full- or partial-coverage 

restoration. Another 9-year retrospective cohort study46 dem-

onstrated that endodontically treated teeth with intracoronal 

restorations were six times more likely to fail catastrophi-

cally than teeth restored with full-coverage restorations.19,45,46 

Because extracoronal restorations cover both facial and lingual 

surfaces, they protect remaining tooth structure and reduce 

the incidence of tooth fracture.47

Retention and resistance form
Retention and resistance form are two separate but related 

features of a preparation. Correctly incorporated, they resist 

unseating vertical, lateral, and oblique forces that are placed 

on the restoration during function or parafunction.48 Retention 

form resists forces attempting to remove a restoration parallel 

to the path of insertion. Resistance form resists forces attempt-

ing to dislodge a restoration obliquely to the path of insertion. 

Retention form and resistance form are usually closely inter-

related and may be difficult to distinguish clinically as separate 

features. However, they both are affected by four factors. The 

first is the resulting stress quantified by the ratio of applied 

force to surface area. The force itself varies in its magnitude, 

frequency, duration, and direction. The other three factors are 

the final tooth preparation geometry, the luting material type 

and thickness, and the tooth and crown surface texturing.47,49,50

Retention is gained when two or more walls oppose each 

other. These walls may be intracoronal, extracoronal, or a com-

bination of the two (Fig 20-4). The amount of retention created 

by these opposing walls is determined by several factors. The 

degree of convergence toward the occlusal (extracoronal walls) 

or divergence toward the occlusal (intracoronal walls) and the 

length of the walls are the most important factors. One long 

wall opposed by a short wall provides retention equivalent only 

to that imparted by the short wall. The longer51 and more near-

ly parallel the walls, the greater the retention. The further apart 

Fig 20-4 (a) Complete-coverage, or full-veneer, 

crowns rely on the opposing external walls to pro-

vide retention for the restoration. A slight taper of 

the walls in the occlusal direction provides a path 

of insertion. (b) Inlays (pictured) and onlays rely on 

tapering opposing internal walls for retention.

a b
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the opposing walls and the greater the surface areas, the more 

retentive the restoration will be.52 Certain implant internal con-

nections use these principles, creating an effective self-locking 

Morse taper configuration. In practice, the taper achieved bears 

little resemblance to that advocated in textbooks (a combined 

6 to 12 degrees), and most teeth are prepared with a taper in 

excess of 12 degrees with clinical success.53–55 Although a rapid 

loss of retention occurs as the taper progresses from 5 to 10 

degrees for each wall,56 a total convergence up to 16 degrees 

still provides adequate retention.53,54

At a constant taper, retention increases with increasing 

preparation length, surface area, and preparation diameter 

and also with the use of a resin-based cement combined with 

surface treatments.47,49,50 It is important to note that the reten-

tion of a casting prior to cementation is not an indication of its 

retention postcementation.57

The addition of intracoronal features has different effects 

on retention and resistance. The addition of proximal boxes or 

pins improves both retention and resistance, whereas proximal 

grooves and slots/potholes mostly enhance resistance form58 

(Figs 20-5 and 20-6). Posterior teeth that are short may present 

a problem despite their larger diameter. Short, wide prepara-

tions do not resist rotational forces well. Adding a groove or 

a pin will reduce this rotational radius and provide additional 

resistance.

A recent study59 demonstrated that the positive influence 

of grooves or boxes is limited by the height, width, and taper 

of the existing preparation. The study showed that grooves 

and boxes seem to possess a limited effect on short, wide, and 

excessively tapered preparations. The most effective method 

to improve retention was to decrease the convergence of the 

preparation’s 2.5-mm total height in the cervical 1.5 mm from 

20 to 8 degrees. Insufficient retention is a major cause of failure 

of fixed prostheses, exceeded only by failure due to dental car-

ies and porcelain fracture.6

Recent developments in luting agents and techniques of 

metal conditioning allow bonding of cast restorations to the 

tooth.60–62 This greatly improves the resistance to displace-

Basic Principles of Cast Restorations 20

Fig 20-5 (a) Resistance to lingual and rotational 

forces may be provided by proximal grooves. (b) 

Pinholes also provide resistance to lingual displace-

ment.

a b

Fig 20-6 (a) This mandibular molar preparation 

for a partial-coverage cast gold restoration shows 

the use of axial grooves and an occlusal dovetail 

to provide retention and resistance form for the 

partial-coverage casting. (b and c) Note the die and 

casting showing the same features. (d) Definitive 

restoration.

a b

c d
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ment from the preparation. Although less often discussed, the 

cement’s compression and shear strength as a function of film 

thickness, along with the tooth-cement and cement-crown 

adhesive properties, appear to be essential parameters affect-

ing retention and resistance. However, the long-term effective-

ness of bonded castings is not yet known.

Resistance form is essential to providing long-term stabil-

ity of cemented restorations. Taper has a limited influence. A 

variation of ± 10% taper increases or decreases resistance by 

± 10%.43,44 Indeed, the rationale for resistance form has evolved 

from a theoretical model63,64 to a more clinically relevant idea.44 

The theoretical self-limiting taper concept, or “on-off” theory, 

was defined as a definite convergence angle above which all 

resistance to lateral force application is lost because of the 

absence of a cement compression zone on the abutment. 

However, this has been challenged by the importance of the 

cement’s properties, thickness, and mechanical behavior under 

compression.50,64,65 Cement thickness should be kept at the 

minimum level compatible with seating of the restoration. Tex-

turing the surface of the abutment and crown before cementa-

tion increases the resistance to dynamic lateral loading.50

Pulpal considerations
Tooth preparation for any cast restoration involves dentin and 

therefore affects the pulp. Often in situations in which a resto-

ration is indicated, the pulp has already been traumatized by 

caries and/or previous restorations. Prior to tooth preparation, 

the pulp should be tested for vitality, and radiographs should 

be taken. Tooth symptoms and any restorative history should 

be noted. The additional trauma created by tooth preparation 

can be enough to cause necrosis of an unhealthy pulp. If the 

vitality of the pulp is questionable, a reevaluation of the pulpal 

vitality should be performed 4 to 6 months after the initial 

evaluation. Endodontic therapy is easier and more predictable 

and economical for the patient if it is performed before the 

definitive restoration is placed. Endodontic therapy through 

an existing restoration is difficult and may lead to decreased 

crown retention, marginal leakage, and recurrent caries.66 One 

study67 determined that the cast gold restoration presented 

the lowest rate of bacterial leakage when endodontic access 

openings were closed with either resin composite or amalgam, 

compared with other types of full-coverage restorations. Even 

so, endodontic therapy should be performed prior to prepara-

tion.

Pulpal considerations for cast restorations are the same 

as those for direct restorations. The best pulpal protection is 

a thick layer of sound dentin. A thorough discussion of the 

subject can be found in chapter 6. The thinner the dentin, the 

more permeable and susceptible it is to penetration of bacteria 

and uncured monomers.68,69 A pulpal reaction will be triggered 

if the remaining dentinal thickness (RDT) is less than 1 mm (see 

chapter 6). In situations in which the RDT is very thin, applica-

tion of a sealer or liner is indicated, followed by an observation 

period to determine that the tooth remains symptom-free prior 

to permanent seating the definitive restoration.70

Certain anatomical considerations are critical to planning 

the preparation, especially in younger patients. The pulp horns 

may be large enough to be exposed during preparation. Exami-

nation of preoperative radiographs is imperative to identify 

potential problems. Because the pulp is narrower in the cervical 

region of the tooth, pulpal exposures are less likely to occur in 

this area.

Postcementation thermal sensitivity is sometimes a prob-

lem. Several methods to prevent or minimize this problem have 

been recommended. Some clinicians scrub the preparations 

with antimicrobial solutions to reduce bacterial contamina-

tion, a possible cause of postoperative sensitivity. Other fac-

tors affecting pulpal response include RDT and postoperative 

time.70–72 Resin varnish and Gluma desensitizer (Heraeus Kulzer) 

should be avoided in favor of adhesive primers containing an 

inhibitor of matrix metalloproteinase (MMP), which seems to 

enhance the bond durability and act as an efficient antibacte-

rial agent.73–75

Gingival considerations
When a tooth is prepared for a cast restoration, finish lines 

(and therefore casting margins) can be placed supragingivally 

or intracrevicularly.76 It is well established that supragingival 

crown margins are compatible with gingival health, but both 

configurations have their proponents.77,78 However, there is 

general agreement that it is only at the completion of the initial 

periodontal therapy that the decision on the location of finish 

lines should be made.79 Should crown lengthening be neces-

sary, the waiting period before final tooth preparation should 

provide adequate time for healing and tissue stabilization. Each 

margin location has its indications, as described below.

Supragingival margins present the following advantages:

• Preparation, impression, and temporization are facilitated.

•  The restoration can be finished/cemented and cleaned with 

ease.

•  Patient hygiene measures are more effective, and evaluation 

at recall is facilitated.

• Incidence of inflammation in adjacent tissues is reduced.

Intracrevicular margins may be warranted in the following 

situations:

•  Existing restorations, caries lesions, or erosion require that 

the finish line be placed more apically.

• Refinement or modification of an existing finish line is needed.

• Additional retention or resistance form is needed.

• There is a long contact area on a proximal surface.

• The emergence profile requires modification.

• Root sensitivity is unresolved with conservative measures.
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Note that esthetics is obviously not a criterion for margin 

placement in a cast gold restoration.

From a restorative standpoint, subgingival margin place-

ment increases the level of difficulty and reduces predictability. 

Periodontally, even a well-fitting margin may trigger a patho-

logic response.80–83

The term subgingival implies the placement of a restora-

tion margin somewhere between the free gingival margin and 

the alveolar crest. Intracrevicular refers to the placement of a 

margin within the gingival sulcus and above the junctional epi-

thelium or epithelial attachment (Fig 20-7). Ultimately, the fit, 

finish, and emergence profile at intracrevicular finish lines may 

be as significant to gingival health as the location of the finish 

line in relation to the free gingiva.84,85

One other controversial issue pertains to restoration mar-

gins impinging on the biologic width. Gargiulo’s biologic con-

cept and dimensions have been challenged.86–88 Of the three 

components of the biologic width, only the connective tissue 

attachment seems to be relatively constant. Sulcus depth and 

epithelial attachment show wide variations. Histologically, the 

sulcus depth is at 0.5 mm, whereas clinically, it ranges from 1.0 

to 4.0 mm and is affected by probing force, tooth position, and 

tissue health status. The dentogingival complex follows human 

biologic variability. The most predictable method to assess the 

patient’s specific biologic width is to probe the osseous crest.87

Biologic width violation can result in an inflammatory 

response leading to attachment loss, pocket formation, and 

osseous resorption. Most studies have been performed on ani-

mals, and there is actually very limited data on biologic width.88

The consequences of restoration margins impinging on the 

biologic width remain controversial. A 2-year prospective study 

failed to correlate the violation of biologic width with bone 

resorption or gingival recession. On the other hand, a statistically 

significant increase in probing depth and gingival inflammation 

was observed, but its clinical significance remains uncertain.88

It is important to remember that the bone scallop approxi-

mately parallels the cementoenamel junction (CEJ) circumfer-

entially.86–88 Frequently, a preparation finish line on an anterior 

tooth does not parallel this osseous scallop, thus inducing an 

interproximal violation of biologic width.

The interproximal bone in posterior areas has a flat architec-

ture and adequate thickness, so a scallop pattern in the restora-

tion finish line is not as necessary. However, a thin labial or buc-

cal plate over a root prominence is not uncommon, so these 

areas are at risk.89 A phenotype characterized by a slender tooth 

and thin gingival tissue may be prone to gingival recession fol-

lowing a biologically or mechanically aggressive procedure.90 

At least 3.0 mm of height of attached gingiva and free gingiva 

should be present prior to any restorative procedure in which 

the finish line approaches gingival tissue.76

If possible, finish lines should not be prepared deeper than 

0.5 to 1.0 mm into the sulcus91,92 (no closer than 2.5 mm from 

the osseous crest) or closer than 1.0 mm to the base of the sul-

cus.76 A more complete discussion of this subject may be found 

in chapter 1.

Because gingival health may be adversely affected by 

intracrevicular finish lines,79,82,93–96 finish lines should be placed 

supragingivally if the situation permits. When finish lines must 

be placed within the gingival crevice because of caries lesions, 

existing restorations, fractures, root sensitivity, or short clinical 

crowns,97,98 care must be exercised to minimize the damage to 

gingival tissues. The fragile soft tissue may be reflected by care-

ful placement of a deflection cord (gingival retraction cord), 

prior to final preparation of the finish line, to avoid soft tissue 

damage.

Finish lines
The term finish line refers to the border of the preparation where 

the prepared tooth structure meets the unprepared surface of 

the tooth. The type of finish line depends on the clinical situa-

tion. A smooth, well-defined finish line is beneficial, regardless 

of the design used, to facilitate laboratory procedures and 

finishing of the restoration. Selection of the type of finish line 

may be dictated by the shape of the tooth (bell-shaped versus 

flat) (Fig 20-8), the desired location of the finish line, or opera-

tor preference. The most common types of finish lines for cast 

restorations are knife-edged, chamfer, and shoulder. Both the 

chamfer and the shoulder configurations may be beveled or 

unbeveled (Fig 20-9a).

According to a dental survey, there is no agreement on 

the ideal finish line.99 The type of finish line and presence or 

absence of a bevel will depend on tooth morphology, its loca-

tion, and the type of restorative material used.

Fig 20-7 Anatomy of the periodontium, illustrating the three zones of the den-

togingival junction.76
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The slip joint versus the butt joint theory
Despite a lack of consensus regarding the maximal allowable 

marginal gap, a gap between 39 and 120 µm may be consid-

ered acceptable.100–103 It has long been held that the addition 

of bevels to cast gold preparations helps to reduce marginal 

gaps.104 However, this was based on mathematical models that 

did not take cement thickness into account. As explicitly dem-

onstrated by Ostlund105 and supported by others,106,107 bevel-

ing beyond 45 degrees significantly increases the cement-filled 

opening (Fig 20-9b). Simply put, the steeper the bevel angle, 

the larger the vertical discrepancy (opening) between the edge 

of the casting and the finish line. This assumes that the casting 

is fully relieved, allowing minimum cement thickness. Another 

study108 later demonstrated that crowns with a shoulder finish 

line configuration had better marginal fit than did those with a 

beveled finish line configuration. The study did not describe or 

quantify the amount of difference of internal fit of the castings. 

Factors such as existing taper, die relief–spacer thickness, labo-

ratory technique, cement material properties, finishing tech-

nique, and seating force play important roles in the ultimate 

finish line fit.101,109 Research suggests that finish line form and 

cement do not significantly affect the fit of cemented crowns. 

However, marginal fit varies continuously around the tooth, 

making an evaluation subjective and arduous.110–112

Knife-edged configuration
A knife-edged finish line requires the least amount of tooth 

reduction. It is sometimes used with a bell-shaped tooth 

because creation of a heavier margin would require excessive 

removal of tooth structure. Generally, a knife-edged finish line 

is not desirable because it is more difficult than other finish 

lines to discern on a die, and it tends to result in overcontoured 

restorations. These thin margins are more difficult to wax and 

cast accurately and are susceptible to distortion under occlusal 

forces. However, the configuration is commonly used on the 

mesial aspect of a mesially tipped molar, on the lingual aspects 

of mandibular molars, and on root surfaces of periodontally 

involved teeth. It should be noted that excellent results may be 

Fig 20-8 Flat proximal surfaces (left) allow the easy formation of a chamfered 

finish line, while bell-shaped anatomy (right) makes it difficult to create such a 

finish line without severe reduction of the proximal surface.

Fig 20-9 (a) Forms of finish lines: knife-edged (A); chamfer (B); shoulder (C); beveled chamfer (D); beveled shoulder (E). (b) Effect of the same cement film thickness 

on cervical marginal openings, comparing a shoulder marginal configuration with no bevel and beveled shoulders at varied bevel angles: butt margin with a 90-degree 

cavosurface angle (A); shoulder margin with a 45-degree bevel (B); shoulder margin with a 60-degree bevel (C); shoulder margin with a 70-degree bevel (D). The 

broken line represents the cement film thickness of 25 µm at the margin. As steepness of the bevel increases, the marginal opening increases.107

A               B               C               D                  E

A B C Da b
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obtained with knife-edged finish lines in expert hands coupled 

with outstanding laboratory support when the gold finish lines 

are accessible for finishing and are in enamel.113

Chamfer configuration
A chamfer is often the preferred finish line for cast gold extra-

coronal restorations. It is more conservative than a shoulder 

finish line and generates less stress at the cement interface.114 

It creates a well-defined and easily identified margin that pro-

vides room for adequate thickness of gold without overcon-

touring the restoration. Care must be taken not to tilt the bur 

toward the tooth, because this will increase taper, or away from 

the tooth, because this will create undercuts.

Shoulder configuration
The shoulder finish line is used primarily when a bulk of mate-

rial is needed to strengthen the restoration at the margins, such 

as for all-ceramic or metal-ceramic restorations. It is the least 

conservative of the finish line types for cast gold. It also has the 

most critical fit, because there is no bevel present on the resto-

ration that can be burnished against the preparation to reduce 

marginal opening.

Chamfer or shoulder with a bevel
This design is preferred by clinicians who believe that a beveled 

margin is easier to detect in an impression and that it makes 

the margins of the casting more burnishable. A bevel is recom-

mended for proximal boxes. However, for full cast crowns, the 

bevel can increase the risk of encroachment on the epithelial 

attachment.

Contours
The establishment of proper contours of the restoration 

depends on proper tooth preparation. An overcontoured cast-

ing is often the result of an underprepared tooth. If removal of 

tooth structure is insufficient, the crown must be overcon-

toured to obtain sufficient thickness of metal. Overcontoured 

crowns encourage plaque retention, resulting in gingival 

inflammation115,116 (Fig 20-10). Even with overcontoured 

crowns, however, gingival health can be maintained if the 

patient practices excellent oral hygiene measures.117

Wheeler118 proposed that convexities be created in the gin-

gival third of artificial crowns to deflect food away from the free 

gingiva. Herlands et al,119 however, showed that the maximum 

bulge in the natural crown at its greatest diameter is no more 

than 0.5 mm greater than at the CEJ and that the impaction 

mechanism of gingival injury does not occur. The biologic 

acceptability of undercontouring is often observed when a 

provisional crown is lost from a prepared tooth for an extended 

time without adverse effects on the surrounding gingiva.117 

A natural contour (ie, the exact replacement of the axial and 

proximal morphology) is the desired form for cast gold restora-

tions when the gingival crest is at a normal level.

When the free gingival margin is apical to the CEJ because 

of recession or surgery, a flattened contour best reproduces the 

contour of the root surface.117 Flat contours are recommended 

occlusal to furcations to allow access for cleaning.

Stein120 described the contour of a restoration adjacent to 

the gingiva as the emergence profile. He stated that the proxi-

mal emergence profiles of all natural teeth are either flat or 

concave. This natural contour provides an open gingival embra-

sure that promotes good oral hygiene.

Occlusion
No restoration, no matter how well crafted, will be successful if 

it does not function correctly. Satisfactory occlusion is required 

if the restoration is to achieve adequate function and patient 

comfort.

Establishing biologically acceptable occlusion starts with 

careful planning. The teeth opposing the one to be restored 

(whether in a natural or restored state) should be properly 

aligned and in the desired occlusal plane. Occlusal surfaces 

should be well formed. If these conditions do not exist, the 

opposing dentition should be recontoured or restored, if pos-

sible. Failure to do so may seriously compromise the occlusal 

relationships and, in turn, the future health and function of the 

involved teeth,121 as well as the patient’s comfort.122,123

Fig 20-10 Overcontoured restorations lead to problems. Note 

the gingival plaque retention and resultant marginal tissue 

inflammation as a result of facial overcontouring of this all-gold 

crown.
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Existing occlusal relationships should be identified with 

marking tape in maximum intercuspation position (centric 

occlusion), centric relation, and excursive movements. Tooth 

fremitus, radiographic evidence of ligament widening, and 

wear patterns should be noted. It is essential to determine the 

precise etiology (eg, physiologic forces with compromised peri-

odontal support or pathologic forces on a normal periodon-

tium) of occlusal traumatism. A broken cusp may result from an 

overload in working or nonworking movements and is often 

associated with a large existing restoration. Malpositioned 

teeth, open contacts, and uneven marginal ridges may warrant 

additional therapy.121,123

Acceptable occlusion has several characteristics. Multiple 

contact points exist between opposing teeth that come into 

contact simultaneously during closure. The maximum closure 

position is referred to as maximum intercuspation. Ideally, the 

facial cusps of the mandibular posterior teeth and the palatal 

cusps of the maxillary posterior teeth contact the opposing 

teeth in a fossa or on a marginal ridge so that the occlusal con-

tacts stabilize the teeth in both arches. In some cases, contact of 

mandibular and maxillary anterior teeth separates the posterior 

teeth during any eccentric movement of the jaw. This occlusal 

relationship is referred to as anterior guidance or mutually pro-

tected occlusion.124,125 Another occlusal relationship, referred to 

as group function, sometimes exists or is created. In this rela-

tionship, several teeth on the functional side share equally in 

the contact during lateral movements of the mandible.126

A major benefit of indirect fabrication of a restoration is the 

ability to form the wax pattern to the desired occlusal relation-

ships. The wax pattern (and ultimately the restoration) must 

contact its antagonist(s) in the prescribed contact areas at pre-

cisely the instant the other teeth contact. A premature contact 

or an interference in excursive movements may be uncomfort-

able, produce loosening or accelerated wear of the restoration 

or its antagonist, and/or damage the health of the tooth and its 

supporting structures.127,128

Occlusion should be developed with mounted casts on an 

articulator. For single-unit castings, a simple hinge articulator 

may be adequate, although it allows accurate reproduction of 

maximum intercuspation only. Lateral or protrusive interfer-

ences must be adjusted in the mouth. In more complicated 

situations, as for multiple units, use of a more sophisticated 

semiadjustable articulator may be indicated (Fig 20-11). When 

casts are mounted on a semiadjustable articulator with a face-

bow, the lateral and protrusive movements of the mandible 

may be simulated with reasonable accuracy.129

To verify the accuracy of the relationship of the mounted 

casts, the patient’s occlusal contacts should be checked intra-

orally with shimstock. If a small discrepancy exists between the 

patient’s occlusal contacts and those on the mounted casts, the 

casts can be corrected with shimstock, thin articulating paper, 

and a carving instrument. If the discrepancy is great, it will be 

necessary to remount the casts. If the casts are mounted accu-

rately and the casting is correctly fabricated, minimal adjust-

ment will be necessary at the placement appointment.

Types of Cast Restorations
The variety of cast restorations ranges from inlays (small 

intracoronal restorations) to complete-coverage castings (res-

torations that cover the entire coronal surface of the tooth) 

(Fig 20-12). Onlays and partial-coverage castings are hybrids 

that possess both intracoronal and extracoronal features. The 

design chosen should be the one that removes the least 

amount of sound tooth structure while restoring the missing 

tooth structure and enabling the tooth to withstand functional 

and parafunctional forces.

Inlay
The gold inlay is a treatment option for moderate-sized Class 1 

or Class 2 caries lesions. Although used less frequently than in 

the past, the inlay has a long history of success. It is not uncom-

mon to see a patient who has multiple inlays that are 30 years 

old and still clinically serviceable.9 

Inlays are entirely intracoronal restorations, most commonly 

with occlusal and proximal extensions (Fig 20-13). When per-

formed with attention to detail and a commitment to skillful 

execution, inlays can be excellent options for the restoration 

of caries lesions or defective restorations (Figs 20-14 to 20-16).

Preparations should be as conservative as possible to main-

tain tooth strength. If the occlusal width of the preparation 

exceeds one-third to one-half the buccolingual intercuspal 

distance, a restoration offering more protection for the cusps, 

such as an onlay, should be planned.40 The occlusal contacts 

should be entirely on gold or enamel, not on a margin of the 

restoration.

Fig 20-11 The semiadjustable articulator simulates mandibular movements 

more closely than the simple hinge articulator. 
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Block-out technique
After the tooth to be treated has been properly diagnosed and 

treatment planned as requiring a casting, the operative site is 

isolated, typically with a rubber dam. The existing restoration 

and caries are removed using carbide burs in a high-speed 

handpiece for initial depth and outline form, followed by round 

burs in a low-speed handpiece or spoon excavators for dentinal 

caries removal. Obtaining a stain-free dentinoenamel junction 

is a key objective in this step of cavity preparation. The open 

cavity should then be meticulously inspected for cracks, espe-

cially for those under cusps or which traverse the tooth mesio-

distally or faciolingually. The presence of cracks may require 

a redesign of the intended restoration to include the cover-

age of cusps or even the conversion of the preparation and 

subsequent restoration to a more substantively retentive and 

resistant restoration, such as an MOD onlay, a three-quarters or 

Fig 20-12 (a to d) A variety of designs possible 

with gold inlay, onlay, partial-coverage, and full-

coverage restorations.

a b

c

d

Fig 20-13 An inlay is an intracoronal restoration. Fig 20-14 Conservative inlays in the maxilla. Fig 20-15 Occlusolingual inlay.

Fig 20-16 (a) Conservative disto-occlusal and 

occlusal preparations for cast gold inlays; (b) com-

pleted restorations after cementation and finishing.
a b
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seven-eighths crown, or even a full-veneer crown. This flexibil-

ity in the operator to change the definitive restorative design 

demonstrates an appropriate critical-thinking approach to 

surgical intervention. The next step in the block-out technique 

is placement of a liner in the deep dentinal areas, followed by 

filling the cavity nearly to the cavosurface margin with either a 

composite resin (which may be adhesively bonded) or a rein-

forced glass-ionomer restorative material. Once the block-out is 

complete, the operator has a clean start upon which to initiate 

the following preparation steps. The completed preparation 

will leave the block-out material only in areas that were previ-

ously occupied by dentin, and only for the purpose of avoiding 

preparation undercuts. All enamel should be supported by 

dentin, not the block-out material. Figure 20-17 illustrates use 

of the block-out technique. 

The block-out technique provides several additional advan-

tages when used with indirect restorations: (1) allows for a 

more conservative preparation by blocking out dentin under-

cuts130; (2) provides the operator with the opportunity to 

achieve smooth walls of even depth; (3) enhances the visibility 

of all preparation details; and (4) facilitates smoother internal 

features in the wax patterns and castings, thereby improving 

the seating and fit of the definitive restoration.131 

Occlusal preparation
Initial entry is made in the central fossa with a tapered fissure 

bur to establish the pulpal floor (Fig 20-18a). Theoretically, the 

ideal occlusal depth is 1.0 mm in dentin or 2.5 mm at the trian-

gular ridges. Depth is ultimately determined by the extent of 

existing caries lesions or restorations or the need for additional 

retention. The occlusal outline is extended mesiodistally along 

the central groove and stopped just short of the marginal ridge. 

The bur is held vertically in the long axis of the tooth through-

out the preparation. This position and the bur’s taper provide 

the 3- to 5-degree divergence of the facial and lingual walls 

(total divergence of 6 to 10 degrees) toward the occlusal aspect 

of the tooth (Fig 20-18b). For two-surface inlays (mesio-occlusal 

or disto-occlusal), the placement of an occlusal lock or “dove-

tail” near the marginal ridge will provide a geometry that will 

resist proximal displacement. The adjacent proximal contact 

will not provide long-term retention and resistance because 

teeth move as a result of periodontal ligament compression 

under normal occlusal loads. When a definite dovetail is not 

possible because of tooth-structure limitations, an internal 

retentive feature such as a pin or a slot may be incorporated 

into the preparation design. The placement of either of these 

auxiliary features will provide the necessary resistance and 

retention forms to resist proximal displacement.

Fig 20-17 (a and b) A completed preparation for 

a mesio-occlusodistal lingual (MODL) partial onlay 

showing the use of a block-out material, which 

serves as a dentin replacement while allowing 

enamel to be supported by dentin and facilitates a 

conservative definitive restoration.

a b

Fig 20-18 (a) The correct pulpal depth for an inlay 

is established with a tapered fissure bur. It can be 

used to create flat floors and well-defined internal 

angles. (b) The tapered sides of the bur are used 

to help establish the desired occlusal divergence 

of the walls.

a b
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Integral pins and slots
The placement of a pin is a simple two-step process. After 

identification of an area adjacent to the intact marginal ridge 

on the pulpal floor, the first step requires the placement of a 

countersink in dentin with a no. 2 or 4 round bur, to a depth 

of one-half the bur diameter. This countersink will aid in the 

placement of the next feature, which is a pinhole. The counter-

sink will also give additional strength to the pin in the finished 

casting by adding a bulk of gold adjacent to the relatively small 

integral pin-retentive feature. Pinholes have been historically 

placed with twist drills of various diameters, ranging from 0.5 to 

0.7 mm, to a depth of 1.5 to 2.0 mm. The parallel pin technique, 

developed by Shooshan,132 required the use of nylon impres-

sion pins and slightly smaller nylon castable pins, which were 

then incorporated into the wax pattern and hence the final 

casting. Because of the difficulty of obtaining nylon parallel 

pins today, another technique employs the use of a no. 169L 

bur, which has the advantage of creating a divergent pinhole, 

which may be captured in the impression by injecting the hole 

with impression material and ensuring that no air bubbles are 

trapped. Air may be vented out of the pinhole during impres-

sion taking with the use of a small (30-gauge) anesthetic nee-

dle, which is placed in the hole while the impression material is 

simultaneously injected into the hole. The needle is withdrawn 

after the material has filled the retentive pinhole. 

Slots are essentially channels that run parallel to the margin-

al ridge and dentinoenamel junction and are placed in dentin 

with a no. 169L bur. Slots will typically measure 1.0 to 2.0 mm 

in width (faciolingually) and are as narrow as the no. 169L bur at 

a depth of 1.5 to 2.0 mm. They are similar to pins, but they are 

bulkier and do not require the countersinks described above 

for pins (Fig 20-19a). Impression taking for slots may utilize 

the venting technique described above to capture the details 

of the retentive feature in the impression133 (Figs 20-19b and 

20-19c).  

A general guideline for the placement of either slots or pin-

holes is to place them as far from the primary retentive aspect 

of the preparation (the proximal box) as possible.134 It is critical 

to place integral retentive elements along the line of draw of 

the preparation, thus avoiding undercuts. 

Proximal boxes
The tapered fissure bur is used to create mesial and/or dis-

tal proximal boxes. A thin layer of proximal enamel is left to 

protect the adjacent tooth while the proximal box is formed 

(Fig 20-20a). The faciolingual dimension is determined by any 

existing restoration or caries lesion and the relationship of the 

proximal surface to the adjacent tooth. The gingival floor of the 

box should have an axial depth of approximately 1.0 to 1.5 mm. 

Ideally, the gingival extension should be established just apical 

to the proximal contact (Fig 20-20b). However, the presence 

of a caries lesion or an existing restoration, or the need for a 

longer wall to ensure adequate retention, may require exten-

sion to a subgingival location. The contour of the axial wall of 

the box should follow the faciolingual contour of the external 

surface of the tooth (Fig 20-20c). The box should extend to the 

facial and lingual borders of the contact area, and the bevels 

should extend the preparation slightly beyond the box. This 

extension allows access to the gold margins facially and lin-

gually for finishing with a disk.

Refinement
All of the preparation floors and walls should be smooth, all 

walls except the axial walls should be divergent occlusally, 

the axial walls should be convergent occlusally, and internal 

angles should be well defined (Fig 20-21a; see also Fig 20-18). It 

Fig 20-19 (a) A mesio-occlusal inlay preparation with a slot-retentive feature placed instead of widening the dovetail. (b) Use of a 30-gauge needle to vent out the 

air while simultaneously injecting impression material into the slot. (c) Completed impression of a mesio-occlusal premolar inlay with a slot and a distolingual canine 

inlay with a Shooshan pin.132

a b c



is critical that no undercut area exists that could interfere with 

placement and withdrawal. All cavosurface margins must be 

distinctly defined (Fig 20-21).

Cavosurface bevels
The proximal bevel or flare is established on the facial and 

lingual walls of the box with a garnet disk, a no. 7901 bur, or a 

thin, flame-shaped diamond bur (see Figs 20-21b and 20-21c). 

A finishing bur or diamond bur must be used carefully to avoid 

developing an undercut in the facial and lingual walls at the 

faciogingival or linguogingival line angle. An undercut is less 

likely to occur when a disk is used (see Fig 20-21c). The walls of 

the preparation should diverge from the gingival floor in the 

occlusal direction. The proximal bevels should blend smoothly 

with the gingival and occlusal bevels.

A no. 7901 finishing bur or a thin, flame-shaped diamond 

bur is used to place 0.5-mm-wide occlusal, proximal, and gingi-

val bevels along the entire cavosurface finish line (Figs 20-22a 

and 20-22b; see also Fig 20-21b). It may not be possible to place 

an occlusal bevel if there is a steep incline to the inner cuspal 

incline. The steep incline may essentially mimic the angle at 

which the occlusal bevel would normally be placed (Figs 20-22c 

and 20-22d). A gingival margin trimmer may also be used to 

place the gingival bevels if access is too limited to use a bur. 

The bevels should be at an angle of approximately 45 degrees 

to the external surface of the tooth.

Retention grooves
If retention grooves are needed to provide additional retention 

and resistance form, a no. 169 tapered fissure bur is used to 

place them to bisect the facioaxial and linguoaxial line angles 

of the box (Fig 20-23). The grooves must diverge toward the 

occlusal aspect in a facial and lingual direction, and the axial 

walls should converge occlusally.
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Fig 20-21 (a) A hand instrument, such as an enamel hatchet, is helpful in smoothing the walls of the preparation. (b) The facial and lingual proximal bevels or flares 

should be established slightly beyond the contact area and blended with the gingival bevel. (c) A rotary disk, placed at an angle of 45 degrees, can provide a smooth, 

flat bevel without undercuts.

a b c

Fig 20-20 (a) A thin layer of enamel is left on the proximal surface to protect the adjacent tooth while the proximal box is being prepared. (b) A flat gingival floor 

with an axial wall with slight convergence to the occlusal is created. The gingival floor is established occlusal to the gingival tissue, unless otherwise dictated. (c) The 

gingivoaxial line angle is made an even depth into the tooth from the facial to the lingual wall, and the axial wall converges occlusally.

a b c



Onlay

The onlay is essentially an inlay that covers one or more cusps. 

A complete onlay covers the entire occlusal surface; a partial 

onlay covers only a portion of the occlusal surface. The onlay 

incorporates the principles of both extracoronal and intra-

coronal restorations. Although it is generally more conservative 

than a partial- or complete-coverage crown, it provides the 

same protection of the remaining tooth structure (Fig 20-24).

There are several important features of the preparation. All 

finish lines are beveled. A bevel or flare creates a second plane 

designed to allow, with burnishing, close adaptation of the 
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Fig 20-22 (a) A thin, flame-shaped diamond or 

finishing bur is used to create a short but distinct 

bevel at the occlusal finish lines. (b) The bevel is 

extended across the entire occlusal margin and 

blended with the other bevels. (c) An occlusal bevel 

can be readily placed with a normal or shallow 

inner cuspal incline. (d) It is not possible to place 

an occlusal bevel with a steep inner cuspal incline 

because the bevel is essentially parallel to the slope 

of the cusp.

a b

c d

Fig 20-23 The tapered fissure bur (no. 169) is 

positioned at an angle to give an occlusal diver-

gence for the retentive grooves. The grooves 

should be at a depth of one-half the diameter of 

the bur. 

Fig 20-24 Onlays on the maxillary premolars pro-

vide protection to the facial and lingual cusps while 

demonstrating minimal display of gold. (Courtesy of 

Mark Cruz, Monarch Beach, California.)



gold to the tooth. A beveled shoulder is used for the centric 

holding cusps (palatal cusps of maxillary posterior teeth and 

buccal cusps of mandibular posterior teeth), and a long bevel 

or chamfer is used for the noncentric cusps. The gingival mar-

gin and the facial and lingual walls of the proximal boxes are 

designed like those for the inlay, with their well-defined bevel 

or flare. These finish lines are blended to form an uninterrupted 

finish line around the entire preparation. The gingival floors of 

the proximal boxes are essentially beveled shoulders.

The width and depth of the occlusal portion of the prepara-

tion and of the proximal boxes are often dictated by the pres-

ence of an old restoration and/or a caries lesion. If additional 

resistance and retention form are needed, retention grooves 

may be placed at the axiofacial and axiolingual line angles.

A tapered fissure bur is recommended for preparing the 

outline form because its taper helps to establish the desired 

total occlusal divergence of 6 to 10 degrees for the internal 

facial and lingual walls. The axial walls of the proximal boxes 

converge toward the occlusal surface.

Occlusal preparation
The initial entry is made in the central fossa to a depth of 

approximately 1.0 mm into dentin (total depth of approxi-

mately 2.5 mm in the tooth). In some cases, it may be neces-

sary to extend some portions of the preparation to a greater 

depth because of carious dentin or a previous restoration or for 

additional retention. The occlusal outline form is extended by 

moving the bur laterally, cutting with the side of the bur. The 

occlusal outline form should be as conservative as the caries 

lesion or old restoration permits. The bur is kept in the long 

axis of the intended path of insertion so that the taper of the 

bur provides the desired 3- to 5-degree divergence for each 

internal cavity wall.
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Fig 20-25 (a) Ideally, opposing walls diverge 6 to 10 degrees for the inlay and onlay preparation. (b) The proximal box is extended to or slightly beyond the contact 

area. Bevels will provide the desired proximal clearance. (c) After the bevels are placed, there is access for completing the preparation’s finish lines and the margins 

of the restoration.

6–10 degrees

a b c

Fig 20-26 (a) A bur of known diameter is used to establish depth cuts to guide the correct reduction of the cusps: 1.5- to 2.0-mm-deep cuts on centric holding cusps 

and 1.0- to 1.5-mm-deep cuts in noncentric cusps. (b) The buccal cusps are reduced in accordance with the occlusal anatomy of the tooth. (c) The lingual cusps of the 

mandibular teeth require less reduction because they are not holding cusps.

a b c



Proximal boxes
The boxes are created on the proximal surfaces. The facial and 

lingual walls should exhibit a combined divergence occlus-

ally of 6 to 10 degrees from each other as was provided in the 

occlusal area of the preparation (Fig 20-25a). The faciolingual 

dimension is likely to be determined by the presence of a res-

toration, caries lesion, and/or the relationship of the proximal 

surface to the adjacent tooth (Fig 20-25b). The bevels at the 

facial and lingual cavosurface angles will extend the prepara-

tion slightly beyond the proximal contact area so that the 

margins of the restoration will be accessible for finishing with 

a disk (Fig 20-25c).

Cuspal reduction
A carbide or diamond bur is used to reduce the cusps. Depth 

cuts of 1.5 to 2.0 mm are made for the centric (vertical holding) 

cusp(s), and cuts of 1.0 to 1.5 mm are made for the noncentric 

cusp(s) (Fig 20-26a). A bur with a measured diameter is used to 

gauge the depth of the cuts. The side of the bur is held parallel 

to the cuspal inclines to make the depth cuts. After the depth 

cuts are placed, a uniform reduction of the cusps that paral-

lels the general anatomical contours of the occlusal surface is 

made. The cuspal heights are reduced to the full extent of the 

depth cuts (Figs 20-26b and 20-26c). Reduction for the centric 

holding cusps is generally greater than that for the noncentric 

cusps because less thickness of the restoration is needed to 

withstand occlusal forces exerted against a noncentric cusp.

Shoulder preparation
A shoulder is prepared on the external surface of the centric 

cusp to provide a band of metal (ferrule) to protect the tooth. 

The bur is held parallel to the external surface of the tooth to 

prepare a shoulder about 1.0 mm in height and 1.0 mm in axial 

depth (Fig 20-27). The finish line should extend gingivally at 

least 1.0 mm beyond any occlusal contacts. The occlusoaxial 

line angles are rounded. There must be adequate (1.0- to 1.5-

mm) clearance in all eccentric mandibular movements.

Noncentric cusp
A chamfer or long bevel may be used instead of a shoulder 

on the noncentric cusp(s). The bur is positioned at an angle of 

approximately 45 degrees to the axial surface (Fig 20-28). This 

provides a ferrule effect for additional protection of the cusp.

Gingival bevel
A smooth and distinct bevel is established on the gingival 

margins with a no. 7901 finishing bur; a thin, flame-shaped 

diamond bur; or a gingival margin trimmer. If a gingival margin 

trimmer is utilized, it should be positioned so as to create a 

45-degree angle to the blade. This bevel should be approxi-

mately 0.5 to 1.0 mm in width and at an angle of approximately 

45 degrees to the external surface of the tooth.

Shoulder bevel
A 0.5- to 1.0-mm bevel is placed on the shoulder with a no. 

7901 or fine diamond bur. This bevel is blended with the 

proximal bevels. Any corners or sharp angles at the junction of 

the various bevels and across the occlusoaxial line angles are 

eliminated (Fig 20-29).

Proximal bevels
The proximal bevel or flare is established with a garnet disk; a 

fine, flame-shaped diamond bur; or a no. 7901 bur. Creation of 

an undercut during beveling at the faciogingival or linguogin-

gival line angles must be avoided. Divergence is established 

from the gingival floor occlusally. The proximal bevels should 
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Fig 20-27 The shoulder should have precise line 

angles.

Fig 20-28 A barrel-shaped bur can be used to 

create the chamfer on the noncentric cusp(s).

Fig 20-29 Finished onlay preparation. Internal 

angles are precise, occlusal line angles are round-

ed, the walls have the correct taper, the grooves are 

correctly positioned, and the finish lines are smooth 

and continuous.



blend smoothly with the gingival bevel and the buccal and 

lingual bevels.

Retention grooves
If retention grooves are needed, they can be placed in both 

proximal boxes. A no. 169 bur is used to bisect the facioaxial 

and linguoaxial line angles. The grooves must diverge toward 

the occlusal aspect faciolingually and converge toward the 

occlusal aspect axially to be aligned with the internal path of 

insertion (Fig 20-30).

Partial-coverage crown
The partial-coverage crown, or partial veneer crown, covers 

only a portion of the outer circumference or axial surfaces 

of the tooth and completely covers the occlusal surface. For 

instance, a three-quarters crown has three of the four axial 

surfaces covered by the restoration, usually leaving the facial 

axial surface unprepared, except at its occlusal extent; this is to 

preserve the facial surface for esthetics. A seven-eighths crown, 

usually used for maxillary molars, covers three and one-half of 

the four axial surfaces, usually leaving the mesiofacial half of 

the facial surface of the tooth unprepared. Leaving part of the 

external surface of the tooth uncovered offers several poten-

tial benefits. It conserves tooth structure and avoids potential 

insult to the periodontium adjacent to the unrestored tooth 

surface.95 The uncovered tooth surface allows for pulp test-

ing.128 Preservation of the facial surface eliminates the need to 

match the shade of the adjacent teeth with a ceramic material. 

Because it is not necessary to veneer the casting with a tooth-

colored material, the laboratory procedures are simplified.135

Retention and resistance of the partial veneer crown are 

provided by a combination of extracoronal and intracoronal 

features. The extracoronal retention is created by opposing 

axial walls on the mesial and distal surfaces that have a com-

bined convergence toward the occlusal of approximately 6 to 

10 degrees. This is supplemented with grooves or boxes in the 

proximal walls that provide not only added retention but also 

resistance to lingual displacement. A slight overlay of the facial 

cusp protects it from fracture and provides some resistance 

form.

The extensions of the proximal and facial portions of the 

preparation can vary in design according to the specific needs. 

If the tooth is located so that the facial cusps are readily visible, 

esthetic concerns may dictate a modification of the standard 

design to conceal the gold. In such cases, the mesial proximal 

wall is extended toward the facial surface only far enough to 

barely break contact. Reduction of the mesial incline of the 

mesiofacial cusp of molars and the mesial incline of the facial 

cusp of premolars is limited. The distal incline is reduced more 

to provide protection and the ferrule effect. This more esthetic 

design is shown in Fig 20-31.

Because partial-coverage crowns are infrequently placed on 

anterior teeth, this section focuses on the posterior teeth.

Occlusal reduction
Depth cuts are made by laying the side of the bur (of measured 

diameter) against the cuspal inclines (Fig 20-32a) and reducing 

them to the desired depth (Fig 20-32b). The total reduction of 

the centric cusp should be 1.5 to 2.0 mm, and that of the non-

centric cusp should be 1.0 to 1.5 mm. The remaining occlusal 

surface is reduced, but the general anatomical contours are 

maintained (Fig 20-32c). As previously mentioned, less reduc-

tion may be desirable in some areas for esthetic reasons. The 

placement of an occlusal channel and the facial bevel are dis-

cussed later.

Lingual reduction
The axial wall of the lingual surface is reduced with a round-

ended tapered diamond bur. Close attention must be paid to 

the desired path of insertion to establish parallelism. A two-

plane reduction of the tooth is needed to maintain natural 
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Fig 20-31 Limited reduction of the mesiofacial incline of the facial cusp and 

greater reduction of the distofacial incline of a maxillary tooth provide some 

protection to the cusp while limiting the display of gold in a partial-coverage 

restoration.

Fig 20-30 The retention grooves are placed at 

the linguoaxial and facioaxial line angles but do not 

undermine the enamel.



contours. Because of the anatomical differences in the lingual 

contours of the maxillary and the mandibular teeth, the second 

plane on the lingual surface of a maxillary tooth will be more 

pronounced. The gingival portion of the lingual surface should 

have a 3- to 5-degree convergence occlusal to the path of inser-

tion (Fig 20-33), and the second plane should be offset about 

30 degrees.

Proximal reduction
The proximal surfaces are reduced in one plane. A 3- to 5- 

degree taper is established from the finish line to the occluso-

axial line angle. Space limitations may require use of a thin 

tapered diamond bur initially until enough space has been cre-

ated to use a round-ended tapered diamond bur. The round-

ended diamond bur has a more appropriate shape to create a 

chamfer finish line (Fig 20-34).

Finish lines
The junction of each proximal wall and the lingual wall is 

blended so that there is a smooth transition. This procedure is 

especially important at the finish line. The gingival finish lines 

are placed slightly coronal to the gingival tissue if possible. The 

presence of caries lesions or existing restorations may alter 

the level of finish line placement, but, regardless of where the 

finish line is located, the transition should be smooth and well 

defined. For the buccal finish line of partial-coverage crowns for 

maxillary teeth, several different configurations may be used, 

balancing the need for resistance form and facial esthetics (Fig 

20-35).
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Fig 20-33 The round-ended tapered diamond bur 

is very effective in creating the proper taper and in 

creating a chamfer finish line.

Fig 20-34 The lingual contours and finish line 

should be carried into the proximal surfaces. Lack 

of access may require use of a thinner diamond 

bur initially.

Fig 20-35 Several occlusobuccal finish lines for 

maxillary partial-coverage crowns—flat bevel (A), 

contrabevel (B), and knife-edged (C)—are accept-

able finish lines. A bevel is not absolutely necessary 

with adequate enamel support; however, the finish 

line in D would compromise finish and resistance 

form with unsupported enamel, making a bevel nec-

essary. (Redrawn from Shillingburg et al,136 after 

Ingraham et al137 and Richter and Ueno.84)

Fig 20-32 (a) The diamond bur is held at the same angle as the natural slope of the cusp to create an even occlusal reduction for partial-coverage crowns. (b) 

Removal of 1.0 to 1.5 mm of tooth structure from the noncentric cusp serves as a guide to reducing the rest of the occlusal surface. (c) The occlusal reduction has 

followed the original contours of the occlusal surface.

a b c
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Fig 20-36 (a) Before the proximal grooves are 

prepared, their desired location is marked with a 

pencil or an indentation made by a bur. This aids in 

obtaining the correct faciolingual location. (b) The 

angulation of the proximal groove is equally impor-

tant, so visualization is critical.

a b

Fig 20-37 (a) Alignment of the proximal groove with the long axis of the tooth provides the best compatibility with the rest of the preparation design. (b) This proximal 

groove is angulated too much toward the lingual surface and will not provide adequate resistance to lingual rotation. (c) This proximal groove is angulated too much 

toward the facial surface, creating an undercut in relation to the lingual surface of the preparation, thus interfering with the path of insertion.

a b c

Fig 20-38 Properly designed and placed proximal 

groove.

Fig 20-39 A groove is located on one proximal 

surface and a box on the other. Both meet the 

requirements for occlusal divergence of the facial 

and lingual walls and convergence of the axial wall 

toward the opposite proximal wall. The groove has 

a pronounced lingual wall to enhance resistance to 

lingual displacement.
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Proximal grooves
The grooves are initiated in the proximal areas with a no. 170 

bur (or a no. 169 bur for a small tooth). The grooves are located 

as far facially as possible without undermining the facial 

enamel. It may be helpful to mark the proposed location of 

the grooves before they are prepared (Fig 20-36). Because the 

grooves must have a path of draw compatible with each other 

and with the axial walls, their angulation must be carefully 

planned before they are begun. As a general rule for posterior 

teeth, the grooves should be parallel to the long axis of the 

tooth (Fig 20-37a). The axial walls of the two grooves should 

converge occlusally. Failure to align the grooves correctly will 

result in a preparation that does not have an acceptable path 

of insertion (Figs 20-37b and 20-37c).

The axial depth of each groove is made equal to or slightly 

greater than the diameter of the no. 170 bur. After the first 

proximal groove is cut, the groove on the opposite side of the 

preparation is cut in the same fashion so that it aligns with the 

first groove and with the axial walls (Fig 20-38). The grooves 

may be enlarged, and the internal walls may be left rounded or 

more acutely refined to form boxes. In many cases, a box form 

is present after the removal of an existing restoration. Existing 

boxes may be modified and incorporated in the preparation in 

lieu of grooves (Fig 20-39).

Occlusal channel
In those circumstances where esthetics is a significant consid-

eration, typically for maxillary premolars, less reduction of the 

facial cusp is desired to reduce the display of gold. This often 

necessitates that the preparation of the lingual slope of the 

facial cusp is less than 1.0 mm, with a minimal facial cusp bevel. 

For this situation, the resistance form and strength of the resto-

ration can be enhanced by preparation of an occlusal channel. 

A channel may already exist if an occlusal restoration has been 

removed. If not, it may be prepared. A flat-ended tapered car-

bide or diamond bur is used to cut the channel or to remove 

undercuts in an existing channel. The channel allows the space 

for a “staple” of thicker metal in the restoration that resists lin-

gual displacement and helps the restoration resist deformation 

under pressure (Figs 20-40 and 20-41).

Facial bevel
Placement of the facial finish line differs in the maxillary teeth 

and the mandibular teeth. Because the maxillary facial cusp is 

usually the noncentric cusp, only a 1.0-mm layer of metal, or 

less, and a short bevel are required to protect the cusp (see Fig 

20-40). Placement of a shoulder and a bevel are recommended 

for the facial cusp in mandibular teeth to help restorations 

withstand the forces on centric cusps. A shoulder extending 1.0 

mm occlusogingivally and 1.0 mm deep axially is placed into 

the facial surface across the facial cusp with a straight fissure 

bur held parallel to the external surface of the tooth (see Fig 

20-41). A 0.5- to 1.0-mm-wide bevel is placed with a fine dia-

mond or finishing bur. The finish line should be placed gingival 

to any occlusal contacts.

Final refinement
All the sharp external angles of the preparation are rounded. 

Sharp angles make it more difficult to pour the stone into the 

impression without bubbles. Even if the die is poured without 

bubbles, it has fragile edges that are easily abraded during lab-

oratory procedures. After all the angles of the preparation are 

rounded, the surfaces are smoothed with a fine-grit diamond 

bur. Figure 20-42 illustrates some completed preparations.

Fig 20-40 (a) The occlusal channel generally parallels the contour of the facial surface rather than cutting 

straight across the tooth to the opposite wall. (b) Note the shape of the occlusal channel as it comes across 

the occlusal surface to connect to the proximal groove. Also note the small facial bevel.

a b

Fig 20-41 In the mandible, the centric holding 

cusp requires a facial design similar to that of the 

onlay preparation.
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Complete-coverage gold castings

As its name implies, the complete-coverage, or full veneer, cast-

ing includes coverage of the entire coronal portion of the tooth. 

Extensive loss of tooth structure is the most common indication 

for a complete-coverage restoration. For esthetic reasons, this 

restoration tends to be limited to molars. Because the restora-

tion involves the entire circumference of the tooth, control of 

occlusal and proximal relationships allows improvements in 

occlusion and proximal contacts. Correction of tooth position-

ing is sometimes possible.

Retention is provided primarily or entirely by the extracoro-

nal walls. A complete-coverage crown is the most retentive of 

the casting designs.138,139 One or more grooves or boxes can be 

added to the preparation if additional retention and resistance 

form are needed.

Proximal reduction
A thin tapered carbide or diamond bur is placed at either the 

facial or lingual embrasure and used to cut proximal tooth 

structure toward the opposite embrasure (Fig 20-43). The bur 

should be extended cervically to the desired location of the 

gingival finish line. Unless a caries lesion, an old restoration, or 

the need for additional retention/resistance features dictates 

otherwise, the gingival finish line should be established at least 

0.5 mm supragingivally. The reduction must be at the expense 

of the tooth being prepared to avoid damage to the enamel 

of the adjacent tooth. The reduction, when completed, should 

taper occlusally 3 to 5 degrees toward the opposing proximal 

wall. The opposing wall is prepared in the same manner. Once 

enough space has been created to permit access, a round-

ended tapered diamond bur is used to complete the proximal 

reduction and place a gingival chamfer.

Occlusal reduction
A series of depth cuts is made on the occlusal surface with a dia-

mond or fissure bur. Both the facial and lingual cuspal inclines 

are cut to a depth of at least 1.5 mm to allow an adequate thick-

ness of metal for strength and wear. An even reduction that fol-

lows the original anatomical contours allows the development 

of the appropriate occlusal anatomy in the restoration. 

Fig 20-42 Preparations for partial-coverage crowns require the same refinement of walls, floors, and bevels 

as are needed for inlay and onlay preparations. (a) Maxillary premolar preparation. (b) Mandibular molar 

preparation.

a b

Fig 20-43 (a) Use of a thin, flame-shaped diamond bur is recommended to initiate the proximal reduction of the preparation for 

a complete-coverage restoration. (b) The reduction is kept within the original contours of the tooth so that abrasion of the adjacent 

tooth is avoided.

a b
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Facial and lingual reduction
The facial and lingual surfaces are each reduced in two planes 

to allow reproduction of normal contours in the restoration. 

The first plane, extending occlusally from the gingival finish 

line, should have a 3- to 5-degree taper to the path of inser-

tion (Fig 20-44a). The second plane should be angled at 30 to 

45 degrees to the first plane to allow desired facial and lingual 

contours to be reestablished (Figs 20-44b to 20-44d). This sec-

ond plane should begin at the occlusal third of the wall for the 

centric cusp and the occlusal fourth for the noncentric cusp. 

A round-ended tapered diamond bur is used to make these 

reductions. A modified conservative full-coverage preparation, 

involving supragingival margins on both lingual and buccal 

aspects, has shown excellent long-term results.113

Refinement
The parts of the preparation are blended to eliminate indefinite 

areas along the finish line, irregularities in the walls, and sharp 

corners. A finish line that is distinct around the whole prepa-

ration must be established. The facioproximal and linguo-

proximal line angles often need to be rounded and distinctly 

defined. All of the sharp corners of the preparation, such as the 

occlusoaxial line angles, are rounded. The surfaces of the prep-

aration should be relatively smooth. The preparation is viewed 

carefully from more than one angle to ensure that there are no 

undercuts within any wall, between the walls, or in relationship 

to an adjacent tooth.

Try-In
Before the casting is fitted to the prepared tooth, it should be 

adjusted to fit the master die. Research has demonstrated that 

use of several layers of die spacer can increase the retention 

of cemented crowns and improve the fit of cemented resto-

rations.140–142 The intaglio surface of the casting is inspected 

under magnification for bubbles or other imperfections,143,144 

which can be removed with a small round bur. The die is 

checked for defects or abraded areas. The casting should not be 

forced onto the die. If the casting does not seat easily, the die 

should be sprayed with a disclosing medium, and the crown 

should then be gently reseated. The disclosing medium should 

Fig 20-44 (a) Reduction of the axial walls for a complete-coverage restoration is identical to that for 

partial-coverage crowns, except the facial wall is also included. At this stage, the facial and lingual walls 

are each in one plane. (b) The second plane is added to the facial and lingual walls. The second plane 

should be at a 30- to 45-degree angle to the long axis and involves the occlusal third of the centric holding 

cusp and the occlusal fourth of the noncentric cusp. (c) Occlusal view of the die of a full crown preparation 

(with blue spacer applied) for a mandibular right first molar. (d) Facial view of the preparation showing the 

second plane of reduction.

c d

a b
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mark areas that are binding on the inside of the casting. These 

areas can be relieved with a bur (no. 2 or no. 4 round bur). This 

process is repeated until the casting is fully seated.

Once the casting is fully seated on the die, the interproxi-

mal contacts are checked and necessary adjustments made. 

This is best accomplished on a solid cast, especially if there are 

multiple castings. The occlusion in maximum intercuspation 

is adjusted until the restoration holds shimstock equally as 

well as the adjacent natural teeth. The location and size of the 

occlusal contacts are marked with articulating paper. A finish-

ing bur, stone, or abrasive disk is used to make any modifica-

tions needed. After maximum intercuspation contacts on the 

restoration are similar to maximum intercuspation contacts on 

other teeth in the quadrant or arch, if the type of cast articula-

tion is fairly accurate, contacts in excursive movements are 

marked and adjusted to remove excursive interferences. The 

internal surface of the casting may be carefully air abraded 

with aluminum oxide, avoiding the margins, in preparation for 

the clinical try-in. Air abrasion provides a dull, matte finish. Any 

area that binds during intraoral seating of the casting creates 

a bright, burnished mark. If these steps are accomplished with 

precision before the patient arrives, minimal chair time should 

be required for adjustments.

Once adjustments have been made on the cast, the casting 

is tried on the prepared tooth to determine the fit. Adjustments 

to the proximal contacts are made if needed. The internal sur-

face is inspected for shiny spots. The shiny spots are adjusted, 

and the casting is reseated. The casting is removed and rein-

spected for new shiny spots. This process may need to be 

repeated several times until the casting is fully seated.

An alternative method to seat castings employs disclosing 

media. Disclosing media include chloroform and rouge, disclos-

ing pastes or waxes,145 and impression materials.146 Whatever 

the choice, the medium is placed on the internal surface of 

the casting, and it is then seated. The casting is removed and 

inspected for abrasion of the disclosing medium that allows 

the gold to show through. These areas are adjusted as needed, 

more disclosing medium is placed, and the casting is reseated. 

This process is continued until the casting is fully seated.

The fitting process is completed when the margins are flush 

against the finish lines of the preparation and there is no bind-

ing when the restoration is seated. The casting should fit pas-

sively in place. A tight fit usually means the casting is not fully 

seated. Use of a die spacer medium, painted onto the die to 

within 0.5 to 1.0 mm of the finish line prior to wax-pattern fab-

rication, will usually simplify the process of fitting the casting.146

Marginal Finishing
Two options exist to complete the finishing of accessible mar-

gins of cast gold restorations: (1) precementation finishing and 

(2) postcementation finishing.

Precementation finishing
In this option, marginal finishing is done prior to cementation 

to adapt and polish margins that have already been deter-

mined to be satisfactory. The goal is to develop a margin that 

is adapted to the preparation finish line; extends to, but not 

beyond, the finish line; and blends with the contours of the 

tooth.147 The casting must be fully seated before an attempt 

can be made to adapt and finish the margins. 

Margin location determines whether margin finishing can 

be done on the tooth. Subgingival and/or interproximal mar-

gins are very difficult to reach without damaging the soft tissue, 

bone, or the tooth itself. For these margins, all finishing must be 

done on the die. Easily accessible margins can be finished while 

the casting is seated on the tooth (Fig 20-45). If the margin is 

tightly adapted but slightly overcontoured or undercontoured, 

a white stone or abrasive disk can be used in a low-speed 

handpiece to reduce the protruding surface, whether it is gold 

or enamel. When finished, the gold margin should be flush with 

the tooth structure, and adjacent contours of the restoration 

should be continuous with natural tooth contours. 

The best instruments for finishing accessible surfaces are 

flexible paper disks.148 Sandpaper disks should not be used to 

try to close an open margin if the casting is not fully seated. 

This usually leads to a visible cement line. Rather, the gold 

casting should be completely seated so that it is brought level 

to the cavosurface margin. If there is a slightly overextended 

margin after the casting is completely seated, the use of disks 

allows the operator to remove the slight vertical excess of 

gold without creating any gaps or cement lines.102 The stone 

or disk should be rotated from the metal to the tooth or paral-

lel to the margin, but never from tooth to gold. Running the 

rotary instrument from gold to tooth ensures a better seal and 

Fig 20-45 A fine diamond 

bur or finishing stone is 

held perpendicular to the 

margin and moved parallel 

to the margin to reduce 

small discrepancies in the 

marginal area.
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prevents the gold margin from being peeled away from the 

tooth interface. Rubber points or fine-grit abrasive disks may 

be used to produce a high luster if access permits. Care must 

be exercised to avoid damage to the soft tissue or abrasion of 

the tooth surface.

Marginal adaptation can sometimes be improved by hand 

burnishing, both on the die and on the tooth prior to cementa-

tion. Well-controlled pressure is applied with a beavertail or ball 

burnisher, held adjacent to and moved parallel to the gold mar-

gin (Fig 20-46). The burnisher should not be placed directly on 

the margin. Pressure should be applied with a back-and-forth 

motion (parallel to the margin) that moves slowly closer to the 

margin. Because a small area of the burnisher is contacting the 

gold, a great deal of pressure (force per unit area) is applied. 

The casting is stabilized during the burnishing process to 

ensure that it does not change position. It is also critical to have 

good finger rests to ensure that the burnisher does not slip off 

the tooth and injure the soft tissue or the tooth itself if the bur-

nishing is done in the mouth. Some additional benefit may be 

achieved by burnishing the margins of the casting on the tooth 

during the cementation procedure, before the cement sets.149 

Cementation
The final step in the process is luting or cementation of the 

casting. Cement failure has been shown to be the second150 or 

third151 most important factor in the failure of cast restorations. 

A thin layer of the luting agent (cement) is placed in the cast-

ing and on the walls of the preparation, and into any auxiliary 

retentive features, and the casting is then seated on or in the 

tooth. Complete seating of the casting should be verified. 

The cement hardens within a few minutes, and the excess is 

removed. The luting agent fills the gap between the casting 

and the tooth to provide retention and to minimize leakage 

at the margin. Some luting agents, such as zinc phosphate 

cement, provide retention entirely from frictional resistance 

to displacement. Others, such as the adhesive resin cements, 

bond to the tooth and/or the casting to provide adhesion in 

addition to frictional resistance. It appears that resin cements or 

resin-modified glass-ionomer cements provide superior reten-

tion and have better physical properties than more traditional 

cements. 

However, it is essential to understand that no cement will 

compensate for inadequate preparation resistance and reten-

tion form in the long term. Therefore, when sound preparation 

design principles can be used, the choice of cement is of little 

clinical relevance.152,153 But clinical situations often vary from 

the ideal, so cement can be of real importance in these cases 

of compromised resistance/retention form, as suggested by a 

recent case report of two occlusal onlays, placed on a minimally 

retentive preparation and cemented with resin-modified glass-

ionomer cement, that were successfully retained for 6 years.154 

One has to remain prudent as not to draw hasty conclusions 

that cement will override improper preparation. Sound prin-

ciples should prevail unless proven otherwise by long-term 

clinical research.

Postcementation finishing
In this option, a casting that has been determined to be well 

fitting is cemented and subsequently finished and polished 

on the tooth itself. The same steps used in the precementation 

technique are employed after the cement is fully expressed 

from the casting. This technique affords the operator the 

advantage of developing a high polish and ideal marginal 

Cementation

Fig 20-46 (a) Pressure is applied with the side or tip of the burnisher, which is moved parallel to the marginal area to adapt it more tightly to the tooth. (b and c) 

Mandibular partial-coverage restorations. Note the well-adapted margins that have been burnished.

b ca
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adaptation simultaneously, without the need to repolish after 

cementation.

An understanding of the advantages and limitations of each 

type of cement is relevant and is presented in the following 

section.

Selection of a luting agent
Options for luting agents today are zinc phosphate, glass-

ionomer, polycarboxylate, resin, and resin-modified glass-

ionomer cements.155 Resin cements and resin-modified glass-

ionomer cements have gained popularity in recent years, with 

much of the current research in the area of cements focused on 

these two materials.

According to surveys,156,157 there has been a significant 

shift in routine cement use from zinc phosphate, zinc poly-

carboxylate, and conventional glass ionomer to resin and 

resin-modified glass-ionomer cements. More than two-thirds 

of North American practices have elected resin cements and 

resin-modified glass-ionomer cements as their first choice. 

Purportedly, they are superior to zinc phosphate in terms of 

retention, strength, and solubility and are comparable in terms 

of film thickness.158–160

The type of cement used does not seem to influence the 

final marginal adaptation. The ease of manipulation and strict 

adherence to the protocol for each specific luting agent have a 

more significant impact on the ultimate strength and solubility 

properties, which, in turn, affect the clinical performance of the 

definitive restoration.152,161 Because the indications and pro-

cedures for each luting agent are different, they are discussed 

separately.

Zinc phosphate cement
Zinc phosphate cement consists of a powder containing 90% 

zinc oxide and 10% magnesium oxide that is incorporated 

into a liquid containing approximately 67% phosphoric acid.31 

Among the many luting agents available, zinc phosphate has 

the longest record (more than 100 years) of successful use.162 

It has good compressive strength and low film thickness, and 

it is relatively easy to manipulate.31 Excess cement is easily 

removed after it has set. Relatively high compressive and ten-

sile strengths make it a good choice for long-span fixed partial 

dentures.163 In a study of zinc phosphate cement samples 

taken from castings that had been in service for up to 48 years, 

the cement was found to have maintained a stable chemical 

structure.164

Zinc phosphate cement is slightly soluble in oral fluids, 

allows relatively high levels of microleakage,165 and is some-

times associated with postoperative sensitivity.166,167 Despite 

these drawbacks, it is not unusual to see patients with gold 

castings that were cemented more than 30 years ago with zinc 

phosphate cement. In a study of eight restorations that had 

been in service for 22 years despite positive microleakage tests, 

no evidence of carious tooth structure, sensitivity, or pulpal 

degeneration was observed.168

Zinc phosphate cement should be mixed on a glass slab 

that has been chilled, preferably to just above the dew point to 

avoid water condensation that could contaminate the mix and 

weaken the set cement. Powder should be mixed into the liq-

uid in small increments over a large area of the glass slab. This 

method dissipates the heat released during the exothermic set-

ting reaction and provides a longer working time. The slower 

the mix and cooler the glass slab, the longer the working time. 

A cool glass slab also allows more powder to be incorporated 

into the liquid, resulting in improved mechanical properties.169 

From a practical standpoint, refrigerated glass slabs (4º to 8ºC) 

always induce water condensation, but the coldness of the 

slab still allows the incorporation of more powder to the mix, 

which compensates for the water contamination and leads to 

improved compressive strength.170

Powder is added until the mixed material adheres to the 

spatula to form a 1-inch string when the spatula is lifted from 

the glass slab. The mixing should be completed within 90 sec-

onds after initiation. If the mixing is prolonged beyond approxi-

mately 90 seconds, the hardening of the cement caused by the 

setting reaction may be confused with having achieved the 

proper powder-liquid ratio.171 Its relatively long working time 

makes zinc phosphate cement a good choice when multiple 

castings are luted at the same time. However, because of a lack 

of a bond to tooth structure and the mixing-technique sensitiv-

ity, zinc phosphate is used less frequently now.

Glass-ionomer cement
Traditional glass-ionomer luting cement is a modification of 

the glass-ionomer restorative material. It consists of a pow-

der containing aluminum fluorosilicate glass particles that 

are incorporated into a liquid containing polyalkenoic acids. 

In some products, these acids are freeze-dried and included 

in the powder that is mixed with water.172 It bonds to tooth 

structure by formation of ionic bonds to hydroxyapatite crystals 

in enamel and dentin.172 It is speculated that glass ionomers 

have the potential to inhibit caries because of fluoride release, 

but the critical level of fluoride release over time to prevent 

caries is well beyond the release rate of current glass-ionomer 

luting cements.173,174 Glass-ionomer luting cement has a low 

film thickness (20 to 25 µm) and better mechanical properties 

than zinc phosphate cement.31,175,176 However, a glass ionomer 

may take a significant amount of time before reaching ultimate 

strength.177,178 Glass-ionomer cements may be hand-mixed but 

are also available in preweighed capsules that allow mixing in 

an amalgamator. Empirical reports of excessive postoperative 

sensitivity associated with glass-ionomer luting agents have 

not been borne out in clinical studies.179–182 Glass-ionomer 

cements appear to be more technique sensitive than zinc phos-

phate cements because the surface of the preparation needs 

to remain moist before cementation and the cement at the 

margin of the restoration must be isolated from moisture but 

not desiccated after cementation.152

Glass-ionomer cement is very sensitive to early moisture 

contamination. If exposed to external moisture during the 
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setting reaction (usually 5 minutes), the setting reaction is 

interrupted, resulting in a cement with high solubility and poor 

mechanical properties.183 Therefore, glass-ionomer cement 

should not be used unless contamination can be prevented. 

As with glass-ionomer restorative materials, dehydration is also 

a problem.184 Excess cement should not be removed from the 

margins for at least 5 minutes after the crown is seated. Leaving 

a bead of excess cement in place protects the underlying lay-

ers of cement from moisture contamination.185 Because glass-

ionomer cement bonds to the tooth surface, excess cement 

is somewhat difficult to remove once set, particularly in the 

interproximal areas. 

When glass-ionomer cement is mixed by hand, the pre-

measured powder is incorporated into the premeasured liquid 

in bulk as quickly as possible. A chilled slab has been shown 

to significantly increase the working time for glass-ionomer 

cements, as it has for zinc phosphate cements.186 Most manu-

facturers now offer an encapsulated form of glass-ionomer lut-

ing cement; this results in properly proportioned cement that 

is thoroughly mixed in a few seconds. Glass-ionomer cement 

has a relatively short working time, so a single mix should be 

limited to luting no more than two or three units. If additional 

units have to be luted, a new mix of cement should be used.

Resin-modified glass-ionomer cements
Resin-modified glass-ionomer cements were introduced in the 

late 1980s. Like resin cements and traditional glass-ionomer 

cements, resin-modified glass-ionomer cements are modified 

restorative materials. The combination of resin and glass-

ionomer chemistries overcomes some of the problems with 

moisture contamination and dehydration experienced with 

glass-ionomer cements187 and eliminates many of the steps 

necessary for resin cements.155 In addition, they release fluor-

ide, providing potential anticaries activity.188 Resin-modified 

glass-ionomer cements have physical and mechanical proper-

ties between those of conventional glass-ionomer and resin 

cements.176 Their adhesive properties to tooth structure are 

similar to those of traditional glass ionomers,189 and they have 

adequately low film thicknesses.161,190 A recent study showed 

that both resin cements and resin-modified glass-ionomer 

cements met the 25-µm film thickness requirement when test-

ed 2 minutes after mixing.191 However, it is recommended to 

finish the seating procedure within 10 seconds of the manufac-

turer’s working time to ensure complete seating. A recent study 

demonstrated that the powder-liquid formulation, as opposed 

to the paste-paste equivalent, exhibited a significantly better 

bond to dentin than any of the self-adhesive resin cements.160 

Resin-modified glass-ionomer cements offer little to no 

postcementation sensitivity.192–194

Finally, resin-modified glass-ionomer cements absorb fluids 

during and after setting, causing a net expansion.195,196 One 

anecdotal clinical report and two in vitro studies197–199 have 

linked early resin-modified glass-ionomer formulations with 

all-ceramic crown fractures. The current generation of resin-

modified glass-ionomer cements has apparently overcome this 

deficiency.200,201

Resin luting cements
Resin cements patented since 2002 come either with a sepa-

rate self-etching bonding agent, such as Panavia F (Kuraray) 

and Multilink Automix (Ivoclar Vivadent), or with an incorpo-

rated self-etching primer, such as RelyX Unicem (3M ESPE) and 

Maxcem (Kerr). These cements have shown low microleakage, 

high shear bond strength, and adhesive properties to tooth 

structure. However, they have other additional challenges. 

First, they are significantly more technique sensitive than tra-

ditional luting agents. Most require multiple time-consuming 

steps and strict moisture control. In addition, resin cements 

are very difficult to remove from crown margins once they are 

completely set. Removal of cement flash is made difficult by the 

relative inaccessibility of crown margins, irregular root topog-

raphy, and the clear or tooth-colored nature of many resin 

cements. For these reasons, many clinicians do not use resin 

cements routinely for posterior applications. However, some 

circumstances dictate the use of resin cement. Because of their 

adhesive properties, a resin cement is the material of choice 

when luting a crown with minimal retention and resistance fea-

tures. In addition, resin cements must be used when bonding 

all-ceramic etchable, noncore crowns. As is the case with most 

dental materials, a clear understanding of the advantages and 

disadvantages, as well as clinical indications, is essential when 

making a material selection for a given circumstance. 

Resin cements are especially designed for use with bonded 

ceramic restorations, but they may also be used with cast res-

torations. They are generally supplied as a dual-paste system 

in which the two parts are mixed just prior to the cementation 

process. Polymerization may be initiated by a chemical catalyst 

or by a combination of a chemical catalyst and a light-activated 

catalyst, but for cast restorations, chemically cured cements are 

indicated. Resin cements differ from resin composite restor-

ative materials primarily in their reduced filler content202; reduc-

tion of the filler content leads to better flow and reduced film 

thickness, which are desirable properties for a luting cement.203 

Some resin cements contain fillers that are capable of providing 

fluoride release,204 although there is questionable therapeutic 

effect because of the low levels and short duration of fluoride 

release.205 

Resin cements have the best mechanical properties of all of 

the cements.176,206,207 They are virtually insoluble in oral fluids 

and have the highest compressive and tensile strengths of all 

the cements. They also exhibit less microleakage208 than other 

luting agents. If used in combination with a dentin adhesive 

system, they bond to tooth structure and to some metals.169 For 

this reason, as previously stated, they are often recommended 

for less-retentive preparations.209–211

There are several potential problems associated with resin 

cements. There is great variation in the mechanical properties 

and handling characteristics among resin cements,190 which 
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can cause confusion for clinicians. The film thickness tends to 

be greater than that of other cements,173,190,212 so incomplete 

seating of the casting could be a problem. This is especially 

true when a dentin adhesive is used, because without due 

care, it can pool in the internal angles of the preparation. Resin 

cements require the most clinical steps if used with an adhesive 

system, so there is more chance for an error in technique to 

occur. There are no long-term clinical studies to determine if 

the high retention values and low microleakage are long last-

ing in castings cemented with resin cements.

Polycarboxylate and zinc oxide–eugenol cements
Polycarboxylate and zinc oxide–eugenol cements are no lon-

ger widely used with cast restorations. Their properties are 

generally inferior to those of the cements previously discussed. 

Historically, some clinicians have used them if a tooth has had 

a history of sensitivity. They have also been used as temporary 

luting agents and with stainless steel crowns.

Preparing the tooth for cementation
Although some materials are more adversely affected by the 

presence of contaminants than others, no material fares well if 

used in the presence of oils, debris, saliva, blood, or other signif-

icant contamination.213,214 It is important to ensure that the area 

is cleaned, free of excess moisture, and well isolated. Bleeding 

and other significant sources of contamination must be well 

controlled. Temporary cements leave a layer of debris on the 

dentin surface215 that should be removed before cementation. 

This may be accomplished with hand instruments, pumice, 

detergents, and/or cleaning agents.

Some clinicians recommend the additional step of disin-

fecting the preparation with chlorhexidine, ethylenediamine-

tetraacetic acid (EDTA), or benzylkonium. The rationale is 

that bacteria are a primary cause of postoperative sensitiv-

ity,71,72 so disinfection of the dentin surface will lower the 

number of microbes and thus reduce one cause of sensitivity. 

Another approach is to use desensitizing agents, usually includ-

ing hydroxyethyl methacrylate (HEMA). These agents can be 

applied immediately before the final impression. They essen-

tially disinfect the dentin and seal the tubules. Their use does 

not seem to interfere with crown retention, regardless of the 

type of luting cement used.216–218

In addition to cleaning and isolating the preparation, spe-

cific additional steps are recommended to prepare the tooth to 

receive certain cements. Preparation surface texturing obtained 

either by rotary instruments or sandblasting with 50-µm alumi-

num oxide has been shown to increase crown retention signifi-

cantly, regardless of the choice of cement.202,219,220

Zinc phosphate cement
Because zinc phosphate cement exhibits the most microleak-

age of any cement190 and has been associated with postcemen-

tation sensitivity, several methods have been recommended to 

prevent sensitivity by “sealing” the dentin prior to cementation. 

Copal varnish has a long history of use for this purpose, with 

anecdotal reports of success. However, copal varnish does not 

disinfect the dentin, and its effectiveness has limited dura-

tion.221,222 

More recently, use of dentin primers and adhesives to 

seal the dentin before cementation has resulted in reports of 

decreased sensitivity. However, a study has noted a marked 

(42%) decrease in retention with the application of a resin-

based sealer prior to cementation.

Glass-ionomer cements
For glass-ionomer cements, the tooth should be clean and 

slightly moist.179 No cavity varnish should be placed that might 

prevent bonding of this luting agent to the tooth surface. The 

area should be well isolated to prevent moisture contamination 

during the luting process and for several minutes following the 

seating of the restoration.

Resin-modified glass-ionomer cements
One of the advantages of resin-modified glass-ionomer cements 

is that the cementation procedure is fairly simple. Multiple 

bonding steps are not necessary, and no special preparation of 

the tooth surface is performed, other than to make it clean and 

slightly moist. Removal of excess cement is relatively easy.

Resin cements
Most resin cements have corresponding dentin adhesive sys-

tems that are applied immediately before cementation. In most 

cases, the preparation is etched and a primer and adhesive are 

placed. Each adhesive system has specific instructions for its 

use that must be followed precisely to obtain the best results. 

Failure to follow the specific directions for both the adhesive 

and the luting resin can mean the difference between success 

and failure. It must be emphasized that excellent isolation is a 

necessity when a resin cement is used.

A small amount of the cement should be mixed and 

observed before cementation procedures are started to con-

firm that the cement will set. Some self-curing resin cements 

have short shelf lives and lose their ability to polymerize.

Preparing the casting for cementation
After adjustments have been made and the external surface of 

the casting has been polished, the internal surface of the cast-

ing should be air abraded with aluminum oxide to produce a 

uniform, slightly roughened finish. Margins must be avoided or 

protected when the internal surface is air abraded. The casting 

should then be cleaned to remove any contaminants, such as 

polishing compounds. Ammonia, detergents, or various other 

cleaning solutions may be used in an ultrasonic bath, or the 

casting can be cleaned with a steam cleaner.

If an adhesive resin cement is used, additional retention 

can be obtained by tin plating the inside of the casting.223,224 

A number of inexpensive tin-plating systems that can be used 

to deposit a thin layer of tin on the surface of the gold alloy are 
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commercially available. This simple process can be done in the 

laboratory or operatory in a few minutes.223 A newer genera-

tion of metal-surface treatments, including the Rocatec225 (3M 

ESPE), Silicoater226 (Heraeus Kulzer), and CoJet227 (3M ESPE) sys-

tems, all produce a coating that has been shown to significantly 

increase bond strength of resin to metal. Yet another alterna-

tive that has shown promising results is the use of an adhesive 

system that has an alloy primer.228

Seating the casting
With zinc phosphate and glass-ionomer cements, the cement 

is mixed and placed in the casting. Some clinicians also like to 

place a layer of the cement on the walls of the preparation for 

intracoronal restorations. The casting should be half-filled with 

cement, and all of the margins should be covered. Once the 

casting is seated with finger pressure, the patient is instructed 

to bite on an orangewood stick or other seating instrument. 

If a rubber dam is being used for isolation, two orangewood 

sticks may be tethered together with dental floss to allow the 

patient to close on the sticks and not the bow of the rubber 

dam retainer (clamp). The instrument is moved up and down 

and then side to side. This technique, called dynamic seating, 

results in more complete seating of the casting.229 The margins 

are checked with an explorer to determine that complete seat-

ing has been accomplished. For small intracoronal castings, 

such as occlusal and two-surface inlays, a sharpened stick may 

be placed with heavy force on the casting, along the line of 

draw of the preparation, with light mallet tapping. This latter 

technique requires continued tapping with the mallet until no 

further cement expresses from the marginal areas. The clinician 

needs to understand how the cement choice relates to finish-

ing technique.

The optimum finishing technique takes place on the die 

with a final finish applied while the cement is setting. An 

extremely high luster may be placed on the cemented castings 

using ribbed (not webbed) polishing cups and a sequence of 

no. 4 flour of pumice, 15-μm aluminum oxide, and 1-μm alumi-

num oxide powders, either wet or dry. Use of these agents, par-

ticularly dry, can generate a significant temperature increase, 

and they must be used with light, intermittent pressure.148

Recently, a pertinent study explored the marginal adapta-

tion of cast gold inlays with three cements—zinc phosphate, 

resin-modified glass-ionomer, and self-adhesive modified resin 

cement—and three finishing techniques.149 Finishing the cast-

ing before and during cementation led to the least marginal 

opening for all three cements.

The excess cement must be removed with proper timing 

and care. If removal is attempted before the cement is set, thin 

strands of cement may be dragged from under the margins, 

thus creating voids. The beads of extruded cement have been 

shown to protect the cement at the margin from moisture con-

tamination.185 Therefore, it is important to check the cement 

to ensure that it has set before the excess is removed. Excess 

cement may be removed with an explorer or curette directed 

parallel or away from accessible margins, and floss or yarn is 

used to remove interproximal excess cement. The gingival 

crevice should be flushed with water frequently to remove 

any loose particles. As a final step, an assistant should supply 

a continuous stream of air to each margin while the clinician 

gently reflects the free gingiva with an explorer to check for 

any remaining cement. Cement left subgingivally can cause 

tissue inflammation. A knot is tied in the floss and then the 

floss is pulled back and forth through the gingival embrasure 

to remove loose pieces of cement from the interproximal areas.

As discussed previously, there are some distinct advan-

tages of adhesive resin luting cements in certain situations, 

but their use requires different seating procedures than those 

used for zinc phosphate and glass-ionomer cements. For each 

resin-based cement, manufacturer instructions should be fol-

lowed closely. The internal surface of the casting should be air 

abraded, tin plated, or both to increase retention. Procedure 

guides accompanying the resin cement should be adhered to. 

Removal of excess adhesive resin cement from exposed areas 

of the tooth and adjacent teeth can be a bit difficult, so a large 

amount of excess cement should be avoided. The adhesive and 

luting materials are mixed and applied according to the manu-

facturer’s instructions, and the casting is seated using proce-

dures similar to those used for other cements. Setting times for 

these materials vary, and the time to remove excess cement is 

critical, so, again, instructions must be followed closely.

The occlusion is reevaluated and final adjustments are 

made, if necessary. An easy technique to adjust high spots 

is to use a fine egg- or football-shaped carbide bur, followed 

by abrasive polishers on the adjusted area, to bring the cast-

ing back to a smooth surface and high polish. The patient is 

informed of the possibility of postcementation sensitivity and 

that a minor additional adjustment of the occlusion may be 

necessary. The patient is instructed in proper oral hygiene mea-

sures to ensure prevention of caries and periodontal problems.
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Restoring teeth functionally and esthetically after end-

odontic treatment often presents a challenge to the 

dentist. Typically, root canal treatment is initiated 

because of deep caries or trauma, both of which often 

result in extensive loss of tooth structure. Additional 

tooth tissue is removed for endodontic access, clean-

ing and shaping of the root canal, and post space 

preparation, further reducing the structural integrity 

of the tooth and decreasing its resistance to fracture.1,2 

At one time it was believed that endodontically treat-

ed teeth are inherently more brittle and susceptible 

to fracture.3,4 Subsequent research has shown that 

the dentin of endodontically treated teeth exhibits 

mechanical properties equivalent to that of untreated 

teeth.5,6

It has also been proposed that a portion of the sen-

sory feedback mechanism is lost when the neurovas-

cular tissue has been removed from the tooth in the 

course of endodontic therapy, an effect confirmed in 

an in vivo study.7 Clinically, this means that the patient 

can inadvertently bite with more force on an end-

odontically treated tooth than on a vital tooth because 

of the impaired sensory feedback mechanism. This 

may account for the failure of endodontically teeth 

that would otherwise appear to be fracture resistant 

(Fig  21-1). 

While endodontically treated teeth may fail for 

a variety of reasons—eg, caries, endodontic failure, 

and periodontal disease, among others—tooth frac-

ture remains a significant factor in the posttreatment 

extraction of these teeth.8 The choice of definitive 

restoration plays an important role in survivability. In 

selected instances, endodontically treated teeth can 

be restored with a directly placed restoration, par-

ticularly in the anterior region. However, restoring 

a severely damaged tooth to function and esthet-

ics often requires the use of a full-coverage resto-

ration. Providing adequate resistance and retention 

form when there is a minimal amount of remaining 

tooth structure can be problematic. When a moderate 

amount of tooth structure has been lost, the tooth may 

be built up with restorative material such as amalgam 

or composite to provide a core to support and retain 

the crown. When the damage is severe and there is 

inadequate tooth structure to retain the core, other 

methods of retention must be employed. This may 

consist of adhesive bonding techniques, providing 

auxiliary mechanical retention, and/or placement of a 

post into the root canal that extends into the core and 

retains it.

The longevity of endodontically treated teeth is 

difficult to evaluate because of the many possible 

variables. These include patient factors, such as sys-

temic health, periodontal condition, and caries sus-

ceptibility; tooth-related factors, such as function and 

the amount of tooth structure remaining; as well as 

material factors, such as the type of post, cement, 

core, and definitive restoration. While the amount of 

clinical information grows each year, there are cur-

rently insufficient data to predict the effect of each of 

these factors on the success or failure of an individual 

tooth. However, analysis of large data sets from insur-

ance companies indicates that endodontic treatment 

followed by restoration is very successful in terms of 

tooth retention. Salehrabi and Rotstein9 analyzed the 

outcome of endodontic treatment in a 1.46 million 

cohort of US patients and found an 8-year survival rate 

of 97%. Chen et al10 conducted a similar study on a 

Taiwanese data set of 1.56 million patients and found 

a tooth retention rate of 93% after 5 years. 
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Risk Analysis

The survivability of the individual tooth and its ability to ful-

fill its intended function must be carefully considered, and 

the quality of the existing endodontic treatment should be 

assessed. The absence of symptoms and of periapical pathol-

ogy, as well as the presence of a radiographically dense and 

adequately extended obturation, should be confirmed. Peri-

odontal disease should be controlled, and the crown-root ratio 

should be assessed in view of the position of the tooth in the 

arch and its anticipated function. Success is enhanced when a 

restored endodontically treated tooth is in proximal contact on 

both the mesial and distal.11 If the root canal filling has been 

exposed to the oral environment because of leakage or loss of a 

restoration, contamination of the periapex with bacteria or tox-

ins may occur within days.12,13 Retreatment should be consid-

ered in situations where the root canal filling has been exposed 

to the oral environment. There are no clinical data available to 

give specific guidance on how long the root canal filling may 

be exposed before retreatment should be accomplished, but 

in vitro studies suggest a range of days to several months.12,14 

Because of the difficulty and expense involved in retreatment 

after restoration, a conservative approach is recommended. 

Many clinicians use 2 weeks of exposure as an arbitrary guide-

line for retreatment. Because of the risk of contamination, coro-

nal sealing of the root canal system should be accomplished as 

soon as possible after completion of the root canal therapy.15 A 

long time span between the endodontic treatment and place-

ment of the definitive restoration leads to a significantly higher 

failure rate.16,17

Perhaps the most important factor related to the survivabil-

ity of an endodontically treated tooth is the amount of coronal 

and radicular tooth structure that remains prior to restoration. 

This factor appears to be of paramount importance and will be 

considered in detail later in this chapter. The tooth structure 

that will be available following tooth preparation should be 

visualized and should be assessed for the provision of adequate 

retention and resistance form for the subsequent crown. Key 

to this factor is the presence of an adequate ferrule. The term 

ferrule describes the band of circumferential material that 

encircles the cervical area of a tooth restored with a crown.18 As 

commonly used in dentistry, ferrule also refers to the dimension 

of remaining vertical tooth structure from the anticipated mar-

gin of the preparation to its coronal extent, which is available 

for encirclement by the crown. The “ferrule effect” serves to 

reinforce the remaining tooth structure and helps the restora-

tion withstand lateral forces.19 

The ferrule provides resistance form and enhances longev-

ity.20 Ferrule length was found to be more important than 

post length in increasing fracture resistance to cyclic loading 

of crowned teeth.21 Indeed, some authors have noted that the 

effect of the remaining dentin height is so significant as to make 

the effect of the type of post and core employed irrelevant 

with respect to tooth survival.22 Lack of an adequate ferrule 

increases the risk of failure because of post-crown dislodgment, 

post fracture, and root fracture.23,24 Sorensen and Engelman19 

noted that a ferrule of only 1.0 mm in vertical height doubles 

the resistance to fracture of a tooth without remaining coronal 

tooth structure. Optimal beneficial effect can be expected from 

a ferrule of at least 1.5 to 2.0 mm of vertical height.18,25

Adequate sound tooth structure should be present to allow 

placement of a restoration margin that will not encroach on 

the biologic width, which will ensure continued periodontal 

health. Biologic width has been defined as “the dimension of 

the junctional epithelium and connective tissue attachment to 

the root above the alveolar crest” and has been estimated to 

be approximately 2 mm.26 Violation of this dimension with a 

restorative margin may result in persistent periodontal inflam-

mation.27  Given the requirement of a minimal ferrule height of 

2 mm, at least 4 mm of sound supra-alveolar tooth structure is 

necessary for mechanical stability and periodontal health.

If there is insufficient remaining tooth structure to ade-

quately retain a core, the suitability of the existing root canals 

to receive a post should be assessed. A radiographic assess-

ment of the availability of a sufficient length of straight canal 

Fig 21-1 (a and b) Unrestorable, fractured, endodontically treated mandibular second molar with an occlusal amalgam restoration.

a b
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of adequate diameter should be made preoperatively and 

factored into the prognosis. Periapical radiographs taken from 

multiple angles are often helpful.

There are few teeth that cannot be endodontically treated 

and restored to some level of function provided the dentist 

has the skills and the patient is willing and able to commit the 

time and resources. Current techniques provide a high degree 

of success for endodontic treatment. Even teeth with no tooth 

structure remaining above the osseous crest can be restored 

if techniques such as forced orthodontic eruption28 or crown 

lengthening surgery are utilized to create more available 

vertical tooth structure for crown retention. However, these 

techniques add expense, patient inconvenience, and discom-

fort and may compromise esthetics and support of adjacent 

teeth.29 In addition, because roots are tapered, these proce-

dures result in a decrease in the cross-sectional dimension of 

the final preparation and also decrease the crown-root ratio. 

With the ever-increasing success and availability of implant 

treatment, the concept of “restorability” has changed. The 

tooth may be indeed be restored, but what is the anticipated 

longevity? A realistic assessment must be made of the long-

term prognosis of the restored tooth compared with that of an 

implant-retained restoration.

The use of osseointegrated implants for the replacement of 

teeth offers an alternative for teeth with a questionable progno-

sis. A systematic review of clinical studies assessing the survival 

rate of single-tooth implants with teeth that had received root 

canal treatment followed by coronal restoration concluded 

that there is no difference in the survival outcomes of these two 

treatment modalities.30 Fifty-five studies related to single-tooth 

implants met the criteria for inclusion in the analysis. Success 

rates ranged from 89% to 100%. The largest study analyzed, a 

prospective study assessing 2,900 implants, indicated a success 

rate of 98% at 3 years.31 Thirteen studies related to the survival 

of endodontically treated teeth with coronal restorations met 

the review criteria and were analyzed. Survival ranged from 

81% to 100%. The largest study included, with 19,817 teeth, 

showed a survival rate of 97% at 72 months.32 

The conscientious practitioner will examine the risk fac-

tors associated with the successful endodontic treatment and 

restoration of a marginal tooth versus extraction and the place-

ment of an implant. This decision involves expertise in implant 

treatment planning, which is beyond the scope of this text. In 

making the decision, many factors must be considered, such as 

the quantity and quality of remaining bone, esthetic and soft 

tissue considerations, and of course, the desires and medical 

status of the patient.

Treatment Planning
The type of definitive restoration required for an endodonti-

cally treated tooth is primarily determined by the amount of 

remaining tooth structure, the position of the tooth in the arch, 

and the functional forces placed on it. An appropriate restora-

tion may range from a direct resin composite in an anterior 

tooth to a full crown. The greater the amount of tooth structure 

lost, the greater will be the need for additional retention for 

the core, often in the form of a post. The ability of a patient to 

exert heavy occlusal forces, which might displace a core and 

the crown it supports, decreases from the posterior regions 

of the dental arch to the anterior.33 However, the direction of 

the functional forces transitions from primarily vertical (com-

pressive) in the posterior region to lateral (tensile or shear) in 

the anterior. These tensile forces tend to displace the crown/

core, and therefore the need for additional resistance form is 

greater in the anterior region, and a post is often required. In 

the posterior region, although the forces are greater, they are 

primarily vertical, and sufficient retention and resistance form 

for the core is often obtained by extending it into the pulp 

chamber. For these reasons, a post is rarely required in a molar 

tooth. However, when a restored tooth is to be used as an 

abutment for a removable or fixed partial denture, greater lat-

eral forces should be anticipated, and the additional resistance 

form provided by a post should be considered.34–36 Because of 

the differences in magnitude of functional forces, direction of 

forces, and anatomical differences, anterior and posterior teeth 

present different restorative challenges.

Anterior teeth
In the anterior region, there will frequently be sufficient remain-

ing tooth structure to restore the tooth to function and esthet-

ics with a direct restoration. In cases of traumatically induced 

pulpal necrosis, the only restoration required is to seal the 

access preparation (Fig 21-2). In other situations, there may 

be moderately sized Class 3 cavities in addition to the access. 

In these cases, neither a post nor a full-coverage restoration 

is required, and the tooth can be restored with bonded resin 

composite. When a moderate amount of coronal tooth struc-

ture is missing but at least 50% of the coronal enamel remains, 

Fig 21-2
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the bonded porcelain veneer may be the restoration of choice 

(Fig 21-3). A tooth conservatively prepared for a porcelain 

veneer allows for the creation of excellent esthetics without 

compromising the strength of the remaining tooth structure. 

Laboratory studies suggest that endodontically treated incisors 

restored with porcelain veneers have similar resistance to frac-

ture as an intact tooth.37,38 There is no need for post placement 

in these situations. Although some laboratory studies39,40 have 

indicated that a metallic post strengthens an intact anterior 

endodontically treated tooth, the majority of studies have sug-

gested that the fracture resistance of these teeth is not affected 

by placement of a post.41,42 In addition, placement of a post in 

an anterior tooth with an intact incisal edge is often compli-

cated by a lack of draw for the post into the canal through the 

access opening. Removing additional tooth structure in order 

to place a post is not indicated.

When the decision has been made to restore the tooth 

with a crown because of loss of structural integrity or esthetic 

demand, an assessment must be made as to whether there 

is sufficient tooth structure remaining to retain the core or 

whether retention and resistance form must be augmented 

with a post. Because of the predominantly lateral forces that 

the anterior teeth are subjected to in function, careful consider-

ation should be given to the placement of a post. In some cases, 

the dentist may wish to defer this decision until after preparing 

the tooth. An assessment may be made at that time whether 

sufficient vertical walls remain to resist the lateral forces that 

the crown will be subjected to without the placement of a 

post. Because of the size of the canines and the maxillary cen-

tral incisors, a post can often be avoided in these teeth, and 

adequate retention and resistance form can be provided by 

the placement of a core buildup. With maxillary lateral incisors 

and mandibular central and lateral incisors, providing adequate 

tooth reduction for the crown often results in very little remain-

ing tooth structure, and the need for a post is clear.

The canals of maxillary and mandibular canines and maxil-

lary central incisors are usually straight and of adequate size 

and shape for post placement. On the other hand, the canals 

of mandibular central and lateral incisors, and often maxillary 

lateral incisors, are small and ribbon shaped and offer variable 

opportunity for post placement.

Fig 21-3 (a) Preoperative view of a maxillary right central incisor. (b) Preoperative radiograph. (c and d) Seven-year postoperative 

views of the endodontically treated maxillary right central incisor restored with a porcelain veneer.

a b

c d
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Posterior teeth

Clinical studies have demonstrated that a key element in the 

successful restoration of endodontically treated posterior teeth 

is the placement of a full coronal cuspal-coverage restoration. 

In a retrospective study of 1,273 endodontically treated teeth, 

Sorensen and Martinoff43 found that a full-coverage restora-

tion increased the success rate of posterior teeth. In another 

retrospective study, Aquilino and Caplan44 showed that end-

odontically treated molars not crowned after obturation were 

lost at a rate six times greater than teeth that were crowned. In 

a systematic review of clinical studies of endodontically treated 

teeth, Stavropoulou and Koidis45 determined that the 10-year 

survival rate of crowned teeth is 81% versus 63% for direct 

restorations. In a study of molar teeth, Nagasiri and Chitmong-

kolsuk46 found that the survival rate of uncrowned teeth was 

96% at 1 year, 88% at 2 years, and 36% at 3 years. 

Examining the status of the endodontically treated teeth 

extracted during the period evaluated in two large epidemio-

logic studies reinforces the importance of cuspal coverage. In 

the previously cited study by Salehrabi and Rotstein,9 85% of 

extracted teeth had no full coronal coverage. In another study, 

teeth restored with amalgam or composite showed an inci-

dence of extraction of 6.3%; teeth with full coronal restoration 

had an incidence of only 2.5%.32 

Interestingly, despite compelling evidence to crown such 

teeth, many teeth that receive endodontic treatment are not 

crowned. Scurria et al47 followed up the restorative outcome 

of 1,193 endodontically treated teeth through an insurance 

claims system and reported that the percentage of noncrown 

restorations placed during the subsequent 2 years after end-

odontic therapy was 50% in the molar group, 54% in the pre-

molar group, and 67% in the anterior tooth group.

Regardless of the seemingly poor performance of direct 

restoration of endodontically treated posterior teeth, it should 

be cautiously considered in cases where substantial tooth 

structure remains. Access preparation has little effect on the 

stiffness of endodontically treated maxillary premolars, but 

the removal of the marginal ridges with a larger preparation 

has a significant effect.48 The success rate of direct restora-

tions is improved proportionately to the amount of tooth 

structure remaining46 and by using bonded resin composite.49 

A short-term (30-month) clinical evaluation of the use of fiber-

reinforced composite (FRC) posts and direct resin composite 

restorations revealed no failures within that time period.50 A 

3-year clinical study concluded that the clinical success rates of 

endodontically treated premolars restored with FRC posts and 

direct composite restorations were equivalent to full coverage 

with metal-ceramic crowns.51 

In the face of confusing and contradictory data regarding 

full-coverage versus direct restoration of endodontically treat-

ed teeth, the clinician should take a conservative approach. The 

preponderance of clinical data suggests that the full coronal 

coverage restoration is the more predictable and long-lasting 

restoration. A direct resin composite restoration may be con-

sidered when there is substantial remaining tooth structure 

and lower functional loads are present. However, it should 

be realized that the strengthening effect of the bonded resin 

composite may be lost over time. It has been shown that the 

effect diminishes significantly with both thermal cycling52 and 

functional loading53 of the restoration. Degradation of the 

resin-dentin bond over time has also been demonstrated in 

vivo.54 Therefore, the long-term strengthening effect of the 

intracoronal bonded restoration must be questioned, and the 

clinician should choose this treatment option with caution.

Restoration of endodontically treated teeth with amalgam 

without cuspal overlay has a low clinical success rate and can-

not be recommended.55 However, in the hands of a skilled 

operator, a cuspal-coverage amalgam restoration may provide 

a low-cost alternative to a crown (Fig 21-4). In 1980, Nayyar et 

al56 described the amalcore, or coronal-radicular, restoration. 

Rather than placement of a post, the pulp chamber and the 

coronal 2 to 3 mm of each canal are used for retention of the 

buildup material (Fig 21-5). A post is generally not needed with 

the amalcore. Although some authors have found that place-

ment of a post increases the resistance of the amalcore to frac-

ture,57,58 others have found no difference.59 A post is required 

only when insufficient pulp chamber depth is present to retain 

the core (Fig 21-6). In a retrospective clinical study of more than 

400 coronal-radicular restorations, no failures were noted that 

could be attributed to the core buildup. If appropriate thick-

ness of occlusal amalgam can be provided and adequate axial 

contours, proximal contacts, and occlusion can be developed, 

the amalcore technique can be used to create a long-lasting 

definitive restoration. A 6-year clinical study demonstrated the 

effectiveness of complex, cusp-capping amalgam restorations 

mechanically or adhesively retained.59 

Maxillary premolars are a unique subset of posterior end-

odontically treated teeth. Anatomically, the root is often small 

in diameter relative to the dimensions of the crown to be 

Fig 21-4(a)(b)

a b
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supported, and there may be little tooth structure to retain 

the core. The pulp chamber of these teeth is typically small 

and provides little mechanical retention for the core. A post is 

indicated in these cases. In addition, these teeth are subjected 

to a mixture of shear and compressive forces, and the need for 

a post to provide additional resistance form is often similar to 

that for an anterior tooth. Similarly, lateral forces exerted on a 

maxillary premolar functioning as the abutment for a remov-

able partial denture often necessitate a post for additional 

resistance (Fig 21-7). 

Maxillary premolar roots are often fluted and may be curved, 

presenting a high risk of strip perforation during preparation 

of the post space.60 The palatal root has been shown to have 

a larger and straighter canal than the buccal and should be 

utilized for post placement.61

For the molar tooth, the decisions are more clear-cut. The 

forces on posterior teeth are predominately vertical. Therefore, 

development of additional resistance form to withstand lateral 

forces is not as commonly needed as in anterior teeth. Because 

of the morbidity associated with post placement (Fig  21-8), a 

post is indicated in a posterior tooth only when other more 

conservative retention and resistance features cannot be used 

for the core. These features include chamber/canal orifice reten-

tion, amalgam pins, and threaded pins, all of which have been 

shown to be exceedingly effective.62 When a post is deemed 

necessary, the palatal canal of maxillary molars and the distal 

canal of mandibular molars are usually the best choice.

Material Selection

Core material
A core is routinely placed in teeth for which a full-coverage 

indirect restoration is indicated. The core replaces lost tooth 

tissue and augments retention, resistance, and support for the 

crown. Restoring a crown preparation to ideal height through 

the use of a core increases the ability of the crown to withstand 

Fig 21-5 Amalcore with adequate chamber reten-

tion.

Fig 21-6

Fig 21-8 Mandibular molar with post perforation in 

the mesial concavity of the distal root.

Fig 21-7 (a) Preoperative view of an endodontically treated maxillary second premolar. (b) Maxillary second 

premolar after restoration with a tapered prefabricated post and amalgam core. The canal was not enlarged 

for post placement.

a b
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the fatigue forces that might displace it.63 The core is retained 

through the use of adhesive bonding, existing mechanical 

retentive features, a cemented post, or with a combination of 

methods. 

A variety of directly placed restorative materials are avail-

able for use as a core with or without a post; amalgam, glass 

ionomer (both conventional and resin-modified), and resin 

composite are popular choices. Desirable characteristics of a 

core material are listed in Box 21-1. 

Amalgam has numerous advantages as a core material. Its 

high strength has been confirmed in laboratory studies under 

both static and dynamic loads.64,65 The modulus of elasticity of 

amalgam is three times that of a typical resin composite and 

thus provides excellent support for all-ceramic crowns.66 It is 

easy to place, it is relatively insensitive to moisture contamina-

tion, and the color contrast facilitates margin placement. These 

factors make amalgam an excellent choice when the clinician 

is faced with placing a core deep within the gingival sulcus. 

On the other hand, amalgam has a number of disadvantages. 

Its early strength is low, necessitating a 15- to 20-minute wait 

until the buildup can be prepared for the crown, even when 

fast-setting spherical alloy is used. It is messy to prepare and 

can result in irreversible staining of the marginal gingiva during 

preparation. Therefore, amalgam should not be used as a core 

material in a tooth in the esthetic zone.

Conventional glass-ionomer materials have the advantages 

of fluoride release, ease of manipulation, natural color, biocom-

patibility, corrosion resistance, and dimensional stability in a 

wet environment.67 They are also offered in a metal-reinforced 

formulation that offers color contrast to tooth structure. How-

ever, they have the major disadvantage of brittleness and low 

resistance to fatigue forces, which makes them unsuitable for 

use in extensive cores.64,65 Resin-modified glass-ionomer mate-

rials offer improvements over the conventional glass ionomers 

but still fall short compared with bonded resin composite in 

terms of fracture toughness, bond strength, and dimensional 

stability.68–70 

Resin composite is the most popular core material because 

of its excellent mechanical properties, bond to tooth structure 

when used with an adhesive, and ease of use. It is available 

in light-curing, dual-curing, and self-curing formulations. It is 

provided as both a tooth-colored material to be used as a core 

material under anterior all-ceramic restorations and as a color-

contrasting material to be used as a core material under metal-

lic or opaque ceramic (alumina or zirconia) restorations. Resin 

composite has a fracture toughness68 and transverse strength 

similar to that of amalgam.66 Resistance to fatigue loading is 

intermediate between glass ionomer and amalgam.64,65 The 

dimensional stability of resin composite in a wet environment 

is greater than that of glass-ionomer materials but less than 

that of amalgam.70,71 The clinical significance of this property is 

unclear. One study found that water storage of extracted teeth 

with composite cores resulted in expansion, which decreased 

the fit of the subsequent crown. Amalgam was found to be 

unaffected.71 Another study found that water storage affected 

the fit of crowns on preparations of natural tooth as well as 

composite and that the placement of a well-fitting interim res-

toration improved the fit of both.72 

In general, the bond of resin composite to the dentin of the 

pulp chamber is not as strong as that to coronal dentin.73,74 

And, as previously noted, the resin bond may weaken with 

time and function in the oral environment. For these reasons, 

the clinician should always strive to create additional mechani-

cal retentive features to retain the resin composite core when 

possible.

Ribbon reinforcement
The fabrication of an individualized, directly fabricated post and 

core utilizing adhesively bonded woven polyethylene or glass 

ribbon and resin composite has been suggested. Examples of 

these materials include everStick (Stick Tech), which consists of 

silanated glass fibers impregnated with polymethyl methacry-

late (PMMA) and bisphenol glycidyl methacrylate (bis-GMA), 

and Ribbond (Ribbond), with ultrahigh–molecular weight poly-

ethylene fibers (UHMWP) in a cross-linking lock-stitch leno 

weave. It has been proposed that these fiber ribbons increase 

retention and prevent crack propagation through the core.75 

The clinical technique involves embedding the ribbon into 

resin composite placed in the root canal and within the core 

and has been described in detail in the literature.76,77 Newman 

et al78 tested the fracture resistance of a variety of post con-

structs loaded at a 45-degree angle in extracted teeth. When 

Ribbond and resin composite were used as a post and core in 

a conservatively prepared root canal, the fracture strength was 

significantly less than that observed with fiber posts. When 

tested in flared, thin-walled canals, the fracture strength was 

equivalent to that with fiber posts.78 One clinical study showed 

a high survival rate of teeth restored with this technique.79 

Box 21-1
Characteristics of the ideal core  

material

� Stability in a wet environment

� Ease of manipulation

� Rapid, hard set for immediate crown preparation

� High compressive strength

� High tensile strength

� High modulus of elasticity (rigidity)

� High fracture toughness

� Inert (no corrosion)

� Cariostatic properties

� Biocompatibility

� Low cost
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However, a 6-year prospective study showed an overall failure 

rate of the everStick post and core of 38.7%. This was found to 

be superior to no post at all but inferior to the 23.4% failure rate 

seen with a bonded FRC post.24 

Selection of a post
A wide variety of post designs and materials are available to the 

clinician (Fig 21-9). Posts may be characterized by manufactur-

ing process (custom-cast versus prefabricated), engagement 

with root dentin (active versus passive), shape (parallel-sided 

versus tapered), surface features (smooth versus macroreten-

tive), and material (metallic versus ceramic versus FRC). While 

each design has its advocates, three fundamental principles 

should guide selection: 

1.  Tooth structure should be preserved to maintain fracture 

resistance. Ideally, the post should fit the canal shape pro-

duced by the endodontic procedure without further removal 

of tooth structure. Fulfillment of this principle typically neces-

sitates the use of a tapered post. 

2.  The post should not increase the susceptibility of the tooth 

to root fracture but rather reduce its incidence, if possible. 

Selection of a post that fits the canal passively and provides 

physiologic stress distribution fulfills this requirement. 

3.  The post should provide adequate retention of the core-

crown assembly without compromising the principles of 

conservation of tooth structure and preservation of root 

integrity. This principle is satisfied primarily through the use 

of a post of adequate length and secondarily by the use of 

adhesive bonding techniques. 

No single post system fulfills these principles for all teeth. 

Clinical judgment must be exercised to select a post system 

or core-retention method appropriate for each individual situ-

ation.

Post Designs and Materials

Cast metal post and core
The custom-cast post and core has a long history of suc-

cess in restorative dentistry. However, laboratory studies80–82 

have consistently shown that the fracture resistance of teeth 

restored with custom-cast posts is lower than that of teeth 

restored with many different prefabricated posts. In addition, 

retrospective clinical studies23,43 have shown metallic prefabri-

cated parallel-sided posts to have greater clinical success than 

custom-cast posts. This, coupled with the added expense and 

extra appointment required to fabricate the custom-cast post, 

makes its routine use unpopular. In addition, there are concerns 

about leakage of the interim post crown allowing reinfection of 

the root canal system during the temporization period.83 

There are several circumstances in which the custom-cast 

post is the post of choice:

•  When multiple post and core restorations are planned in the 

same arch, the laboratory-fabricated custom-cast post may 

be the most time- and cost-efficient method. The teeth are 

prepared for the posts, and the final crown preparations are 

completed so that all crown margins are on tooth structure. It 

is important that the crown preparation be completed before 

the impression for the post and core is made so that the axial 

contours of the core can be fabricated correctly.

An impression is made with an elastomeric impression mate-

rial used with an injection technique, which allows the 

impression material to flow into the total length of the pre-

pared canal space (Fig 21-10). This can be best accomplished 

using one of the following techniques. A 25-gauge needle 

is placed into the canal before the impression is made. The 

syringe material is then injected into the canal until it begins 

to flow out the top of the orifice. While the syringe material is 

being injected, the needle is slowly removed from the canal. 

Fig 21-9 (a) Prefabricated posts. (left to right) Passive tapered: Endowel (Star), Filpost (Ivoclar Vivadent); passive parallel: Parapost 

Plus (Coltène/Whaledent), BCH (3M ESPE), Unity (Coltène/Whaledent), Boston Post (Roydent); active: Flexi-Post (Essential Dental 

Systems), V-Lock (Brasseler), Radix (Dentsply Maillefer), Cytco (Dentsply Maillefer). (b) Nonmetallic posts. (left to right) CosmoPost 

(Ivoclar Vivadent), CeraPost (Brasseler), Luscent Anchor (Dentatus), Light-Post (Bisco), FibreKor Post (Pentron), Aestheti-Plus 

(Bisco), and C-Post (Bisco).

a b
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The needle serves as an escape channel for the trapped air 

and allows the elastomeric impression material to reproduce 

the entire length of the canal space. Alternatively, the syringe 

material may be placed directly into the canal with a needle 

tube, which is attached to the syringe. The tip of the needle 

tube must be long enough to extend to the entire length of 

the prepared canal space. The elastomeric material is injected 

as the needle tube is slowly removed from the canal. A final 

technique that can be used to ensure that impression mate-

rial flows into the entire length of the prepared canal is the 

use of a lentulo spiral (see Fig 21-13). The syringe impression 

material is initially injected into the canal until it flows out 

of the orifice. The lentulo spiral is then introduced into the 

canal and rotated at low rpm to force the impression mate-

rial apically. The lentulo spiral should be slowly and gently 

advanced until the apical aspect of the prepared canal is felt 

and then slowly removed while it continues to rotate. No 

reinforcement of the impression material in the canal space is 

required with the newer impression materials. The impression 

is poured, and the custom posts are fabricated in the labora-

tory. At a subsequent appointment, the posts are cemented 

and the final impression for the restorations is made without 

further tooth preparation.

•   When a small tooth, such as a mandibular incisor, requires a 

post and core, a prefabricated post may be difficult to use. 

Commonly, there is minimal space around the post for the 

core buildup material. In this situation, the custom-cast post 

serves well.

•   Occasionally, the angle of the core in relation to the root must 

be altered. It is not advisable to bend prefabricated posts; 

therefore, the custom-cast post and core most successfully 

fulfills this need (Fig 21-11).

Prefabricated metal posts
Prefabricated posts are available in a variety of metallic compo-

sitions and styles. They are most commonly manufactured from 

stainless steel, but many designs are also available in titanium 

alloy. Because stainless steel contains nickel, some clinicians 

have been concerned about the possible allergenicity of the 

Fig 21-10 (a) Use of 25-gauge needles to allow air to escape from canals during the impression making to ensure a complete 

impression of the canal spaces. (b) Final impression of canal spaces for laboratory fabrication of custom-cast posts.

Fig 21-11 (a and b) Custom-cast post to allow a change in the angle of the core in relation to the post.

a b
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corrosion products of this metal. Titanium alloy posts were 

introduced to address this concern. A disadvantage of titanium 

alloy posts is that they have low radiodensity and may be dif-

ficult to detect on radiographs.84 The passive parallel post, the 

tapered passive post, and the active post designs will be con-

sidered here. The applications for these post types are similar, 

with certain qualifications as outlined below.

Passive parallel-sided metal post
The prefabricated metallic post by which all other posts are 

measured has traditionally been the Parapost (Coltène/Whale-

dent) (see Fig 21-9a). The success of this post style has been 

demonstrated in the laboratory21,85,86 as well as clinically.23,43 

Compared with other metallic post designs, the parallel post 

has been shown to provide the most favorable stress distribu-

tion87 and exhibits greater retention than the passive tapered 

post.88 However, a biologic price must be paid for this increased 

retention. The naturally tapered canal space must be enlarged 

to accommodate a parallel post. Enlargement of the canal 

space is not consistent with the ideal of maintaining as much 

tooth structure as possible. For this reason, use of the passive 

parallel post is recommended only when increased retention is 

needed and the parallel canal preparation will not jeopardize 

the integrity of the root.

Passive tapered metal post
A goal of all post systems should be minimal removal of tooth 

structure before post placement. Therefore, the ideal post sys-

tem requires no further preparation after removal of the gutta-

percha. Because the natural shape of the canal is tapered, the 

passive tapered post best fulfills this criterion. A major advan-

tage of the passive metallic tapered post is that the post can be 

modified to fit the tapered canal rather than the canal having 

to be enlarged to fit the post.

The major disadvantage is that the tapered post provides 

the least retention compared with other post designs. This 

means that retention must be gained through maximum post 

length. When the available post space is not long enough to 

allow for adequate post length, a more retentive post may 

be indicated. A second commonly stated disadvantage of 

the tapered post is the alleged wedging effect, which results 

in increased stress at the apex and possible resultant root 

fracture.87,89 This effect has been demonstrated in laboratory 

studies80 with custom-cast tapered post and core restorations. 

However, this theoretical wedging effect does not appear to be 

valid when a passive tapered post is used in conjunction with 

an acceptable core material and a crown.90 A 10-year retrospec-

tive study confirmed the clinical durability and retentive ability 

of smooth tapered posts of appropriate length.91 

An excellent indication for the passive tapered post is in 

teeth with small canals and thin, fragile roots, such as maxillary 

premolars (see Fig 21-7). However, posts of this design may be 

used routinely in teeth with normal canal configuration and 

sufficient canal length to provide the necessary retention.

Active metal post
An active post is one that engages (screws into) the dentin of 

the canal space. There are many active post designs available, 

including those requiring a tap, self-tapping posts, split-shank 

posts, and hybrid posts, which contain both active and passive 

features (see Fig 21-9a). It is difficult to generalize about active 

posts because of their design differences. In general, it has 

been reported that the active threaded post has the greatest 

retention, followed by the parallel post, with the tapered post 

providing the least retention.85,86,92 Therefore, the post design 

should be chosen, in part, by the amount of post retention that 

the clinical situation requires. If the canal length is adequate 

and the canal configuration is normal, either the tapered or the 

parallel post may be selected. However, if the length of post 

space available is minimal or the canal space is funnel shaped, 

an active post may be required because of the difficulty in gain-

ing adequate axial retention.

Traditionally, the major concern about active posts has been 

the potential for vertical fracture of the tooth during placement 

of the post.85 In a photoelastic study, stress concentration was 

noted at each thread of the screw post.93 However, many labo-

ratory studies support the use of the newer generation of active 

posts.94–99 It has been shown that the active post should not be 

“bottomed out” when it is inserted.98 After complete seating 

of an active post, it should be unscrewed one-fourth of a turn. 

This results in decreased residual stress in the root. It has also 

been shown that, at shorter lengths, the active post produces 

less stress than other styles of prefabricated posts.100 Therefore, 

active posts are indicated when the canal length is insufficient 

to gain adequate retention with a passive post. Situations in 

which an active post may be useful include a short canal space 

(Fig 21-12) or a canal that is partially occluded by a broken 

instrument or post. 

Caution should be used in selecting an active post. In a pro-

spective clinical study, Schmitter et al101compared the clinical 

performance of a metallic screw post with an FRC post over 

a 5-year period. The survival rate of the teeth restored with a 

screw post was 50%, while the teeth restored with an FRC post 

showed a survival rate of 72%. The predominant failure mode 

of the screw post group was root fracture, while the failures 

with the FRC post were due predominantly to debonding.

Cementation of metal posts. Traditional cements for posts 

and post and core restorations have been investigated exten-

sively.85,102–107 These include zinc phosphate, polycarboxylate, 

and glass-ionomer cements. Both zinc phosphate and glass 

ionomer have been commonly employed because of their ease 

of use and their history of clinical success. Traditional cements 

provide retention for the post primarily through a frictional 

effect. The cement flows into irregularities in the dentin and 

post surfaces. On hardening, mechanical retention is created.

The lentulo spiral is an excellent instrument for the place-

ment of the traditional cements (Fig 21-13). The cement may 

also be placed in the canal with a needle tube, as long as the tip 
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of the tube is inserted to the bottom of the canal space and the 

cement is extruded from the tip as it is slowly removed from the 

canal. After the cement is placed in the canal, the post is coated 

with the cement and inserted. The post should be inserted 

slowly to allow dissipation of hydrostatic forces that might 

impede complete seating. This is a particular issue with precise-

ly fitting, parallel-sided posts.108 Many prefabricated posts have 

a venting mechanism incorporated into their design. Tapered 

posts are considered “self-venting.”109 

Recent trends are toward adhesive cementation of metallic 

posts, as well as FRC posts, with resin cement. Two adhesive 

interfaces are involved in this process: the interface of the 

cement with the dentin and that of the cement with the post. 

Regarding the cement interface with the metal post, the bond 

of resin cement has been shown to be improved by air abrasion 

and by the use of tribochemical coating.110 Tribochemical coat-

ing involves air abrading the post surface with silicate-coated 

alumina particles followed by chemical silanization. This chair-

side process is available commercially as CoJet (3M ESPE). The 

interface with dentin will be considered in detail later in this 

chapter.

Ceramic posts
The all-zirconia posts are white, biocompatible,111 and radio-

paque. When used in conjunction with a resin composite 

core material, a very esthetic post and core can be fabricated. 

They are strong compared with prefabricated metal and FRC 

posts, but they are reported to have low resistance to crack 

propagation.112 They have an even higher modulus of elastic-

ity than stainless steel,113 which creates concerns that stress 

concentration might predispose the tooth to root fracture.114 

However, in vitro studies have shown that failures predomi-

nantly involve fractures of the post without root fractures.115–117 

Possibly, the fracture of the ceramic post absorbed most of 

the energy, thereby saving the remaining root from fracture.20 

While this might be perceived as a beneficial root-preserving 

effect, fracture of the ceramic post presents a clinical dilemma 

in that the remaining portion is extremely difficult to remove 

from the root canal.112,115 In addition, it has been reported that 

zirconia posts are manufactured with a wide range of defects, 

resulting in some posts with very low fracture resistance.118 

Adhesive cementation of a ceramic post within the root canal 

is problematic because of the difficulty of bonding to the post 

surface.119 Hydrofluoric acid will not etch the zirconia surface, 

and air abrasion has variable effects depending on the resin 

cement used.110 A variety of chemical primers have been 

developed and have been shown to enhance the bond to zirco-

nia.120–122 However, it appears that the bond created with these 

agents may be susceptible to degradation with aging.123 Bond 

strength has also been shown to be improved by tribochemi-

cal coating124 and by tribochemical coating plus a proprietary 

monomer.125 Because of the susceptibility of zirconia posts to 

fracture, the increased risk of root fracture, and the difficulties 

associated with bonding, they cannot be recommended for 

routine clinical use.

Fiber-reinforced composite posts

Carbon FRC posts
Restoration of endodontically treated teeth with adhesively 

cemented FRC posts and resin-based composite restorative 

materials has become increasingly popular in recent years. The 

Fig 21-12 (a) Preoperative view of a maxillary lateral incisor with a short canal space. (b) The maxil-

lary lateral incisor after restoration with a Brasseler V-Lock active post and amalgam core.

a b

Fig 21-13 A lentulo spiral is used to place cement into the 

canal space. This instrument can also be used to enhance 

impression material adaptation to prepared canal spaces.
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trend began in the early 1990s with the introduction of the 

carbon fiber post. One of the early carbon fiber posts (C-Post, 

Bisco) consisted of carbon fibers arranged longitudinally in an 

epoxy matrix. The carbon fiber content constituted approxi-

mately 64% of the bulk of the post.126 It was marketed on the 

basis of its high strength, its compatibility with adhesive bond-

ing techniques, and a modulus of elasticity comparable with 

that of dentin. It was postulated that this similarity in stiffness 

would reduce stress concentration and therefore prevent root 

fracture.127 It appeared that the design was effective in this 

regard. In a 10-year retrospective study, the C-Post showed a 

success rate of 93%, with no failures due to root fracture.128 A 

perceived disadvantage of carbon fiber posts was poor esthet-

ics because of their dark color. With the advent of the glass and 

quartz FRC posts, carbon FRC posts lack a specific indication 

and are seldom used.

Glass and quartz FRC posts
Composition. Current FRC posts are fabricated of glass or 

quartz fibers embedded in a matrix of epoxy or resin compos-

ite. When this newer generation of FRC posts was introduced, 

they were marketed on the basis of improved esthetics because 

of their white color and translucency. The carbon fiber posts of 

the previous generation occasionally caused an objectionable 

dark shadow under highly translucent ceramic restorations. 

Today, most routinely used ceramic systems utilize a core of 

opaque alumina, zirconia, or lithium disilicate, so the purported 

esthetic advantage of fiber posts has become less important. 

However, the potential advantages of a favorable modulus of 

elasticity and bonding compatibility remain.

FRC posts can be made of different types of glasses. Electri-

cal glass (E-glass) is an amorphous structure composed of sili-

con dioxide (SiO
2
) and other oxides and is the most commonly 

used type, although high-strength glass (S-glass) is also used. 

Additionally, some posts are made of quartz—pure silica in a 

crystalline form.129 The fibers are often silanated to improve 

adhesion to the matrix material. They are manufactured by 

placing a fiber bundle under a load (pretensing) and then 

impregnating it with a liquid resin, which is then cured, often 

with heat. The load is then released, leaving the fibers under 

tension, which places the surface of the cured resin in compres-

sion to improve resistance to flexural forces.130 The material is 

then cut and machined to the desired shape to produce the 

FRC post. A scanning electron micrography (SEM) image of the 

head of an FRC post illustrates the surface left by the machining 

process (Fig 21-14).

A typical FRC post (DT Light-Post, Bisco) consists of pre-

tensed unidirectional 8-μm silanated quartz fibers in an epoxy 

matrix. The fibers occupy 60% of the volume of the post at a 

density of 32/mm2.75 In contrast, the matrix of another com-

monly used post (FRC Postec Plus, Ivoclar Vivadent) consists 

of triethylene glycol dimethacrylate (TEGDMA) and urethane 

dimethacrylate (UDMA) resins with dispersed silica fibers.131 A 

wide variety of FRC post designs are available (see Fig 21-9b). 

Strength and fracture resistance. It is difficult to directly 

compare the strengths of individual FRC post designs because 

of differences in surface topography (machined retentive fea-

tures) and tapering, which prevent use of common flexural 

strength–testing methods. However, Stewardson et al132 tested 

the flexural properties of post source materials of consistent 

diameter and length according to International Organization 

for Standardization (ISO) specification (3597-2:1993, Method 

1008B:1996) and determined that the strength of some com-

monly used fiber post materials exceeded that of gold and 

stainless steel. FRC posts from different manufacturers vary 

widely in their ability to withstand fatigue loading, most likely 

because of differences in manufacturing technique, shape of 

the post, and fiber density.130 

Exposure to water and thermocycling has a variable effect 

on the strength of FRC posts over time, but it is doubtful wheth-

er the changes noted are of sufficient magnitude to cause 

clinical concern.129,133 Additionally, when sealed inside the root 

canal, water storage for a 12-month period did not decrease 

the strength of fiber posts over that of the dry control.134 

The literature is replete with studies conducted on the frac-

ture resistance of various FRC post and core systems, with many 

conflicting opinions. Fokkinga et al20 conducted a structured 

analysis of the literature on in vitro failure loads and failure 

modes of fiber, metal, and ceramic post and cores. The struc-

tured analysis process for in vitro data is similar to the systemat-

ic review, a widely accepted method used to evaluate and sum-

marize the results of randomized controlled clinical trials. An 

initial MEDLINE search located 1,984 possibly relevant studies. 

After a series of more rigorous selection criteria were applied, 12 

papers were eventually selected, and a multinomial statistical 

analysis was applied. Most studies described failure loads and 

modes resulting from static load testing of single-rooted teeth. 

In general, the prefabricated metal posts were found to have 

the highest failure loads and the ceramic the lowest. However, 

FRC posts exhibited more clinically favorable failures with a 

lower incidence of root fracture. In one study, loading a tooth 

Fig 21-14 Surface characteristics of a machined FRC post are shown in an 

SEM image (original magnification ×20).
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restored with a steel post resulted in a 30% incidence of root 

fracture compared with none for the FRC post groups.78

Studies performed with restored extracted teeth are dif-

ficult to conduct and interpret because of the great number of 

variables that must be controlled. High standard deviations are 

often seen in these studies.

Protection of the root. There are many modes of failure 

of endodontically treated teeth—caries, periodontal disease, 

failure of endodontic treatment, or debonding of the post or 

crown, among others. However, the most catastrophic failure 

is root fracture. Root fracture often renders a tooth nonrestor-

able and results in extraction. Figure 21-15 illustrates the effect 

of the presence of a post schematically. A rigid metallic post 

transmits a laterally applied occlusal force primarily to the 

cervical area and to the apex of the post. FRC posts have been 

proposed as a means of reducing the incidence of root fracture 

by distributing the forces throughout the root. This effect is 

theoretically achieved through a better match of modulus of 

elasticity between the dentin and the post.

The observed modulus of elasticity of dentin varies depend-

ing on testing methodology and on the characteristics of the 

substrate tested. Regional variations of this dentin modulus 

also occur, depending on the number and diameter of tubules 

present. The bulk modulus of dentin has been reported to be in 

the range of 20 to 25 GPa.135 Of the materials available for the 

construction of posts, quartz or silica FRC posts provide the best 

combination of strength and favorable modulus (Table  21-1).

Fig 21-15 Comparative stress distribution within the root: metal post (a) versus FRC post (b).

a b
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Table 21-1 Flexural strength and modulus of restorative materials and dentin

Material Type Elastic modulus (GPa) Flexural strength (MPa)

Stainless steel132 194 743

Carbon fiber132 Composipost* 117 1,394

Titanium132 110 1,478

Gold132 Type IV 87 355

E-glass fiber composite132 Postec† 44 1,215

Quartz glass fiber composite132 Light-Post‡ 42 1,131

Dentin135 16 200

Resin composite136,137 Z100§ 20 139

Resin cement138 RelyX Veneer§ 8 118

Ceramic139 Feldspathic porcelain 70 100

* RTD.
†  Ivoclar Vivadent.
‡  Bisco.
§   3M ESPE.
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Predicting clinical performance with in vitro testing is diffi-

cult because of the complexity of the system being studied. 

Success depends on many factors: amount of remaining tooth 

structure, characteristics of the dentin, quality and effect of end-

odontic treatment, quality of adhesive bond, and others. Most 

laboratory studies test only one aspect of restoration behavior.

Finite element analysis (FEA) is a mathematic modeling 

technique that can be used to calculate stress distribution 

in structures made from materials with differing moduli and 

strengths. When applied to endodontically treated teeth, the 

results have been equivocal. A number of studies have found 

that use of posts with a stiffness similar to that of dentin results 

in better stress distribution within the root,140–142 while others 

have reported higher stresses in roots restored with lower-

modulus posts.143,144 FEA techniques assume that the materials 

are homogenous and linearly elastic and that all interfaces are 

perfectly bonded—conditions that likely do not exist intraoral-

ly. Accurate depiction of true clinical conditions would require 

a level of sophistication not yet seen in the dental literature.

In vitro data tend to support the view that FRC posts have 

a protective effect on the root compared with metallic posts, 

but clinical evidence is limited. A Cochran Review published in 

2007 identified only one clinical study that achieved the objec-

tive of comparing metal with nonmetal posts and also met the 

data quality criteria.145 In this retrospective study, Ferrari et al126 

compared the outcomes of restoration with cast gold post and 

cores with that of FRC posts after 4 years of clinical service. The 

FRC post group exhibited a success rate of 95% with no root 

fractures. Clinical success in the cast gold group was 84% with 

a 9% incidence of root fracture.

Effect of ferrule. As discussed earlier in this chapter, the amount 

of ferrule, or vertical height of the residual dentin above the 

finish line, is critical to clinical success of endodontically treated 

teeth. In recent years, a body of literature specific to the effect 

of ferrule on the performance of teeth adhesively restored with 

FRC posts has emerged. As with teeth restored with metallic 

posts conventionally cemented, it is clearly evident from these 

studies that success of endodontically treated teeth adhesively 

restored with FRC posts is strongly dependent on the amount 

of remaining tooth structure.146 Regardless of restorative meth-

odology used, this factor remains the most consistent predictor 

of success.147 

Fatigue testing of extracted teeth restored with FRC posts 

and ceramic crowns emphasizes the importance of ferrule 

height. Teeth without a ferrule withstood only 212 load cycles; 

the presence of a 0.5-mm ferrule raised the mean failure to 

155,137 load cycles; and teeth with a 1.0-mm ferrule survived 

the testing to completion at 250,000 cycles.148 While it is ideal 

to have 360 degrees of circumferential axial wall dentin, when 

there are only partial walls remaining, the location of those 

walls may affect the prognosis of the restored tooth. As might 

be predicted by the functional forces applied, the presence of 

a palatal wall of dentin was found to be critical to the ability of 

anterior teeth restored with FRC posts to resist crown dislodg-

ment.149 

The importance of the amount of remaining coronal tooth 

structure is revealed in the results of clinical studies. In a clinical 

study of teeth that had been restored with oval-shaped glass 

fiber posts, Signore et al150 found that failure increased dramati-

cally when only one or two residual dentin walls greater than 

1 mm in height were present. All debonding and core fracture 

failures were in these groups. In a 3-year clinical study, teeth 

with a ferrule less than 2 mm in height exhibited a failure rate 

of 26%. Teeth with a ferrule greater than 2 mm in height had a 

failure rate of only 7%.151

Perhaps the most convincing demonstration of the effect of 

remaining tooth structure is found in the clinical study by Fer-

rari et al.24 A total of 360 teeth were classified according to the 

number of remaining walls prior to treatment with an FRC post, 

Table 21-2
Clinical success rates of teeth without a post and with an FRC post according to the amount of remaining tooth 

structure after 6 years in service24

4 coronal walls 3 coronal walls 2 coronal walls 1 coronal wall

No walls,  

ferrule present

No walls,  

ferrule absent

No post 100% 67% 53% 29% 11% 0%

Crown debond 3 5 6 9 9

Endo failed 3 2 3 3 4

Root fractured 1 3 4 7

DT Light-Post 100% 94% 89% 78% 61% 39%

Post debond 1 3 4 4

Endo failure 1 2 3

Post fracture 1 1 3

Root fracture 1 3

Endo—endodontic treatment.
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a resin composite core, and porcelain-fused-to-metal crowns. 

Examination of the results (Table 21-2) reveals a steadily 

increasing number of failures as the number of remaining walls 

decreases. This study also demonstrates the contribution of 

post placement to clinical success. The post does, in part, com-

pensate for a lack of remaining tooth structure, in contrast to 

previously accepted thought.152 The Ferrari study also suggests 

that the presence of a bonded FRC post may provide some 

degree of reinforcement of the root, as evidenced by the obser-

vation that teeth without a post exhibited a higher incidence of 

root fracture than those with a post.24

The dimensions of the ferrule and the number of remain-

ing walls may be considered as primary predictors of clinical 

success. The previously cited clinical studies make it clear that 

when a circumferential ferrule of at least 2 mm is not present, 

the chance of failure increases dramatically.

Adhesion Within the Root Canal 
A stated goal of adhesive restoration of endodontically treated 

teeth is to create a “monoblock” of perfectly bonded compo-

nents of the same or similar modulus of elasticity—a “structur-

ally and mechanically homogenous complex with dentin.”153 

However, as we can see from the summary of clinical studies 

(Table 21-3), the bond of resin cement to dentin in the root 

canal is far from perfect. The predominant failure mode of teeth 

restored with bonded FRC posts is consistently debonding of 

the post/restoration complex.

Advances in adhesive bonding to coronal dentin have led 

to materials and techniques that are durable and predict-

able, particularly when three-step etch-and-rinse adhesives are 

used.158,159 When measured using comparable methodologies, 

the bond to root canal dentin appears to be lower than that to 

coronal dentin.160,161 There are many reasons why this might 

be so: There are differences in the characteristics of root versus 

coronal dentin; there are possible effects from endodontic 

treatment; the root canal presents a geometry that results in 

the development of high stresses during resin polymerization; 

and access and visibility are poor for cleaning and bonding 

procedures.

As a bonding substrate, root dentin is similar to coronal 

dentin. It was once thought that endodontic treatment 

led to a decrease in moisture content of the dentin.3 This 

assumption has been challenged in recent years, and cur-

rent thought is that endodontically treated teeth are very 

similar to untreated teeth in moisture content,162 mechanical 

properties, and collagen cross-linking.163 Some differences do 

exist. Structurally, root dentin has fewer tubules than coronal 

dentin and may exhibit tubular sclerosis, particularly in the 

apical region.164–166 While these dentin factors may indeed 

affect in vitro bond strength,167 with the current state of the 

art they are probably overshadowed by clinical technique and 

material issues.

Table 21-3 Clinical studies for glass or quartz FRC posts cemented using an etch-and-rinse adhesive technique* 

   Authors

Mean 

study 

period (Y)

Coronal  

structure  

remaining

Teeth 

treated/ 

recalled

Tooth 

type

Definitive  

restoration

CF  

(%) 

PD  

(%) 

EF  

(%) 

RF  

(%) 

PF  

(%) 

Other

(%)

Malferrari et 

al 2003154

2.5 NR 180/NR All All-ceramic or 

metal-ceramic 

full crown

2 1 1

Monticelli et 

al 2003155

2 Two coronal  

walls

225/NR Pre-

molars

All-ceramic full 

crown

6 4 3

Grandini et al 

2005130

2.5 50% residual 

tooth structure

100/NR All Direct  

composite

1 1

Cagidiaco et 

al 2007156

2 0–4 walls 162/162 All Crowns, direct  

composite

7 4 3

Schmitter et 

al 2011101

5 At least 40% of 

crown destroyed

50/39 NR Single crowns, 

FPD or RPD 

retainers

28 20 3 5

Ferrari et al 

201224

6 1–4 walls, ferrule, 

no ferrule

120/101 Pre-

molars

Metal-ceramic 

full crown

23 11 7 1 5

Naumann et 

al 2012157

10 None vs one or 

more walls

157/149 All All-ceramic/

metal-ceramic 

full crown

37 11 5 3 11 7

NR—not reported; FPD—fixed partial denture; RPD—removable partial denture; CF—clinical failure; PD—post debond; EF—endodontic failure; RF—root frac-

ture; PF—post fracture.

*Numbers may not total correctly due to rounding error.
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Adhesion within the root canal is typically measured by 

three different techniques: pull-out tests, microtensile tests, 

and push-out tests. Pull-out testing involves cementing a post 

within the root of an extracted tooth and then fixing the root 

into position, gripping the post in the vise of a tensile testing 

machine, and pulling it out. The force required to remove the 

post provides an average measurement of the post retention. 

The pull-out test is difficult to use for FRC posts because the vise 

grip often crushes the post. Microtensile testing is often used for 

bond strength testing of coronal dentin and can be applied to 

root dentin. One difficulty with this technique is that the bond-

ed interface is curved because of the shape of the canal, which 

may make interpretation of the data problematic. The push-out 

test is commonly used to evaluate bond strength within the 

root canal. With this technique, the FRC post is bonded within 

the canal of an extracted tooth, and the root is then sectioned 

into slices perpendicular to its long axis. The cross section of 

the cemented post within each slice is then loaded to failure, 

and the bond strength is calculated from the measured surface 

area of the debonded segment. The push-out test allows deter-

mination of bond strength at different levels within the canal 

and has been found to be more predictable than microtensile 

testing in this application.161 See chapter 9 for more on adhe-

sion testing.

Using the push-out methodology, a number of researchers 

have reported regional variability in bond strength in the root 

canal. In general, the bond strength decreases from coronal to 

apical sites. A consistent decrease in the length and density of 

resin tags formed during bonding procedures from the coronal 

to the apical aspect of the canal has also been noted.168–170 This 

may be because of the aforementioned increase in tubular 

sclerosis in the apical region or regional differences in the effec-

tiveness of bonding procedures because of decreased access 

and visibility.

Effects of polymerization shrinkage and stress 
Resin composites shrink approximately 2% to 6% during 

polymerization.171 This shrinkage results in contraction forces 

that may exceed the bond strengths of dentin adhesives.172 

This developing stress may be relieved when there are suf-

ficient free surfaces compared with bonded surfaces in the 

restoration. The ratio of the bonded to nonbonded surface 

area is termed the configuration factor, or C-factor, and is com-

monly used to describe the severity of the stress challenge on 

the dentin bond.172,173 For example, a Class 3 resin composite 

restoration would have a C-factor of about 1, while a Class 

1 restoration might have a C-factor of close to 6. In the root 

canal, the cement is bonded to an extremely large surface area 

of dentin and FRC post in comparison with the amount of free 

surface. It has been estimated that the C-factor of the root canal 

system may exceed 200.160 This high-stress state may result in 

areas of debonding and formation of gaps in the bonded inter-

face. These gaps decrease the overall bond strength occurring 

within the canal relative to that possible when bonding to a 

flat surface.160 The formation of gaps is exacerbated by the 

conditions of moisture and repetitive occlusal loading found in 

the oral cavity. The effect of moisture was investigated by Bon-

fante et al,174 who found that the percent of continuous dentin 

interface decreased with 3 months of water storage. Gaps were 

initially observed in the apical and middle thirds, but these had 

extended to the cervical area by 3 months. Teeth are continu-

ally subjected to fatigue loading in function, and this too can 

affect the integrity of the bonded dentin interface. Push-out 

strength decreased for all adhesives tested following thermo-

mechanical loading.175 The formation of gaps following fatigue 

loading is dependent on the post material, with FRC posts 

showing fewer gaps than metallic posts, presumably through 

the mechanism of better stress distribution.176 Mannocci et 

al177 examined the resin-dentin interface of teeth restored with 

FRC posts that had been extracted for periodontal reasons 

after periods of 6 months to 6 years of function. Debonding 

was observed in approximately one-third of the evaluated 

interfaces. Cyclic fatigue forces are likely a major factor in the 

observed high proportion of debonding among clinical failures 

of restored endodontically treated teeth.178

Effects of post length and diameter
It is clear that geometric, material, and technical issues result in 

an imperfectly bonded interface between cement and dentin 

in the root canal. The relative contribution to post retention 

of mechanical bonding through hybridization versus purely 

frictional effects is a subject of debate in the literature.179–181 It 

has been previously noted that lower bond strength is found 

in the apical region than in with the coronal region. None-

theless, increasing post length does seem to increase post 

retention.182,183 Therefore, the principle of increasing length 

to increase frictional retention, first recommended for metallic 

posts,85,92 is also applicable to FRC posts.141 As a general guide-

line, Sorensen and Martinoff184 recommended that the post 

length should at least equal the crown length. The cervical 

region of teeth restored with posts is subjected to the highest 

stress levels,185 and greater post length allows better distribu-

tion of these stresses along the root. When an anterior tooth is 

experiencing functional forces, the point of approximation of 

the cervical root with the crest of bone acts as a fulcrum point. 

Therefore, a more conservative guideline is that the length of 

the post should be greater than the length of tooth structure 

extending above the osseous crest. 

Three general guidelines may be stated for determining 

post length:

1.  Tooth structure should be preserved. Excessive radicular 

dentin should not be sacrificed to extend the length of the 

post.

2. At least 4 mm of gutta-percha should be left apically.

3.  The length of the post should be at least equal to the amount 

of tooth coronal to bone.
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Increasing mechanical retention by roughening canal walls 

with a diamond bur186 or using specially designed burs to cre-

ate undercuts in the canal has been proposed, but these tech-

niques are not recommended because removal of additional 

tooth structure may increase the fracture potential of the root. 

It has been reported that increasing the diameter of metal-

lic posts does not significantly contribute to the frictional 

resistance of the post to displacement85,187 and significantly 

increases internal stresses within the tooth.188,189 In relation to 

bonded FRC posts, increasing post diameter may have addi-

tional deleterious effects. As the diameter increases, so does 

the load-bearing capacity of the post. For example, a 1.4-mm-

diameter FRC post was found to have a load-bearing capacity 

of 85 N, whereas a 2.1-mm-diameter post of the same type has 

a capacity of 200 N. This increased load-bearing capacity due 

to increased diameter results in increased rigidity of the post 

system, which could override the elastic modulus, which is a 

material property.20,129 Thus, an increased diameter of post rela-

tive to the remaining dentin wall thickness could result in root 

fracture as a common failure mode, similar to that observed in 

stiffer metallic or ceramic posts.

Clinical Principles of Adhesive  
Restoration
Clinical procedures should emphasize preservation of tooth 

structure, protection of the root, support of the crown, and 

augmentation of retention and resistance form with adhesive 

bonding. The first principle, conservation of tooth structure, 

begins with the endodontic procedure. A minimum of tooth 

structure should be sacrificed for access and instrumentation of 

the canal. A post should be placed only when required, because 

even with careful clinical technique, post space preparation 

results in the removal of tooth structure, increases the risk of 

root perforation, and increases time and expense. Optimally, 

the post should fit the canal as it presents following endodontic 

treatment. The canal should be occupied to the greatest extent 

possible with FRC post material, because it is stiffer and stron-

ger than resin-based cements. Similarly, the core should be 

comprised as much as possible of FRC post material, because 

its higher stiffness compared with resin composite provides 

better support for the overlying crown material. An increased 

core modulus results in greater fracture resistance of ceramic 

crowns.138,190,191 The measured modulus of elasticity of an 

FRC post increases as the load application progresses from 90 

degrees to the long axis (as measured and reported in Table 

21-1) to a more compressive load as the load becomes normal 

to the fibers of the post. Therefore, because of the geometry 

of the post and the direction of occlusal forces, the post mate-

rial is much stiffer and stronger than the resin composite core 

material in which it is embedded. Consequently, the FRC post 

should be left at full length through the placement and build-

up procedures and then cut to appropriate length during tooth 

preparation for the crown. In this way, the FRC post extends 

to the occlusal or incisal cement layer and provides maximum 

stiffness and support.

Therefore, the ideal post design includes a cylindric coronal 

portion and a conical apical portion.192 FRC posts that are ovoid 

in cross section have been developed to better fill the space 

left by endodontic instrumentation of noncircular canals.193 

Used with ovoid ultrasonic post space preparation instruments, 

these posts have been found to provide clinically acceptable 

performance.150 Conventional FRC posts may be ground to bet-

ter fit the shape of the canal without loss of surface integrity.194 

However, the procedure is tedious and may be impractical in 

many situations. When presented with an overly flared canal, 

the clinician should strive to fill the space around the post with 

higher-strength/modulus resin composite versus resin cement. 

FRC “accessory posts” have been developed that may also 

prove to be useful.195

A minimal thickness of the cement layer should be achieved 

with a properly selected post shape and size. With decreased 

cement thickness, volumetric shrinkage is reduced.196 The 

cement selected should have a low filler loading, because this 

will result in enhanced flow and adaptation and less shrinkage 

stress development in the confined canal space compared with 

more highly filled materials.197,198

To summarize, different material requirements exist in dif-

ferent areas of the tooth/restoration construction. The ideal 

structure would include an FRC post that fills the canal and the 

space occupied by the core to the greatest extent possible, a 

minimal cement thickness, and a high-strength, high-modulus 

core material (Fig 21-16). 

Resin composite

20 GPa
Porcelain

70 GPa

FRC post material

42 GPa

Resin cement

8 GPa

Fig 21-16 A comparison of moduli of elasticity of current restorative materi-

als with that of dentin. The ideal structure would include an FRC post that fills 

the canal and the space occupied by the core to the greatest extent possible, 

a minimal cement thickness, and a high-strength, high-modulus core material.

Dentin

20 GPa
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Canal preparation

The root canal dentin of teeth that have been endodontically 

treated may have been exposed to materials and chemicals 

that have the potential of altering the dentin structure or 

interfering with resin polymerization. The canal may have been 

rinsed with an irrigant such as sodium hypochlorite, hydro-

gen peroxide, or ethylenediaminetetraacetic acid (EDTA). The 

dentin may have had extended exposure to sealers or calcium 

hydroxide. This history must be factored into the canal prepara-

tion and selection of adhesive materials. 

The inhibitory effect of eugenol on resin polymerization 

is well known.139 Eugenol readily diffuses from materials that 

contain it into adjacent dentin.199 Eugenol-containing seal-

ers are commonly used in endodontic treatment and have 

been implicated in decreased bond strength of resin-based 

adhesives,200,201 through some researchers have found no 

effect.202,203 The key factor seems to be mechanical preparation 

of the root canal prior to post cementation. Research indicates 

that this eliminates the effect, presumably by removing the 

eugenol-contaminated dentin.204 The use of adhesive tech-

niques incorporating phosphoric acid etchant also appears to 

restore bond strength.205,206 The timing of canal preparation 

also is of concern. Endodontic sealers may exhibit extended 

setting times. McComb and Smith207 reported the setting 

time of Roth’s 801 (a eugenol-containing material) to be 3.5 

hours; the setting time of AH26 (a resin-based, noneugenol 

sealer) was 10.5 hours. In the case of post space preparation 

and cementation immediately following endodontic obtura-

tion, it may be difficult to clean the unset sealer from the canal 

walls. Also, even when walls appear to be clean, sealer may be 

inadvertently spread from the area of the apical seal during 

the application of adhesive agents via microbrush or paper 

points. Vano et al208 reported decreased bond strength with 

a variety of adhesive techniques when canals were prepared 

and FRC posts cemented immediately following obturation. 

When post preparation and cementation was delayed by at 

least 24 hours, the bond strengths were statistically equivalent 

with that observed in unobturated roots. Clinicians should 

exercise caution when using a resin luting agent to cement a 

post immediately following canal obturation with eugenol-

containing sealers.

A canal preparation drill is typically included with FRC 

post kits, and often the manufacturer’s instructions specify 

preparation limited only to that instrument. Because the drill 

cross section is circular, and because canals are seldom round, 

use of this instrument exclusively will undoubtedly result in 

gutta-percha and sealer remaining in the recesses of oval- and 

ribbon-shaped canals unless the canal is overprepared. There-

fore, canal preparation to receive a bonded FRC post should 

begin with smaller instruments such as Gates-Glidden burs. 

The flexibility of the Gates-Glidden bur allows the removal of 

gutta-percha with minimal risk of perforation. Creation of clean 

canal walls suitable for bonding can be surprisingly difficult. 

Even with the use of Peeso reamers prior to use of the post drill, 

a significant amount of debris remains on canal walls, particu-

larly in the apical region.209 The presence of this debris results 

in incomplete hybridization of the dentin in the contaminated 

areas.210

A post should be selected to fit the space created during 

endodontic treatment without significant further alteration 

of the canal. The sizing drill should only be used to remove 

any minor amounts of dentin that act as an impediment to 

the complete seating of an appropriately selected diameter of 

post. It should not change the existing anatomical structure 

of the canal as it presents postendodontically. Heavy apical or 

lateral forces should be avoided with the post drill. If the canal 

is properly prepared with the previous instruments, only a light 

force should be required. Meticulous technique is necessary in 

post space preparation, and a radiograph prior to cementation 

(without the post in place) is recommended to help detect any 

remaining gutta-percha or sealer.

Selection of bonding agent
A variety of materials and methods for bonding FRC posts are 

available. These include the traditional etch-and-rinse adhesives 

used in conjunction with resin cement, self-etching cements, 

and self-adhesive cements. For coronal dentin bonding, the 

three-step etch-and-rinse adhesive systems (the so-called 

fourth-generation bonding agents) involving the use of phos-

phoric acid etchant, hydrophilic primer, and adhesive remain 

the gold standard compared with simplified techniques.158,159 

The overwhelming majority of FRC posts in clinical studies were 

cemented using an etch-and-rinse technique; thus, it is the 

most clinically proven method. Although controversy exists, 

in vitro bond-strength studies comparing etching and rinsing 

with other cementation techniques in root canal dentin gener-

ally reflect the clinical results. The three-step etch-and-rinse 

adhesives are preferred for bonding in the root canal.211–213 

Unfortunately, the use of etch-and-rinse adhesives within 

the root canal adds complexity and technique sensitivity to the 

post cementation process. Overcoming access and visibility 

constraints requires special techniques to achieve complete 

coverage of the walls with etchant and to ensure its removal. 

Similarly, primer application and solvent evaporation can be 

problematic. Effective etchant application requires the use of a 

cannula attached to the etchant syringe that will reach the apex 

of the canal preparation. The tips provided in the various FRC 

post kits are often inadequate for this purpose. The etchant is 

injected with a cannula of sufficient length while the tip is with-

drawn. If a tip is used that does not reach the complete depth 

of the canal, a bubble will be formed apical to the point that 

the gel contacts the canal walls circumferentially, and the gel 

will go no further (Fig 21-17). If the canal is known to be deeper 

than the length of the tip, the gel may be carried to the apex 

with a microbrush. If gel is allowed to remain on the walls, prim-

er penetration will be impeded, and a low-pH environment will 

be created that may be detrimental to the curing of the dual-

curing adhesive that follows.214 Potesta et al170 demonstrated 



575

21Clinical Principles of Adhesive Restoration

the superiority of this technique in a push-out study. The use of 

an appropriate cannula and technique resulted in higher bond 

strengths. An air-water syringe was ineffective even when used 

for periods up to 2 minutes. Rinsing the etchant with the same 

cannula and a syringe raised the pH level to neutral with as little 

as 5 ml of water. 

Care must be taken to ensure uniform application of primer 

to the canal walls. This is best accomplished through the use 

of an appropriately sized microbrush.215,216 There are a num-

ber of products on the market that are effective (Fig 21-18). 

Removal of excess and evaporation of solvent from the primer 

may be accomplished by repeated insertion and blotting of a 

microbrush or through the use of paper points. Application of 

air from the air-water syringe may aid this process. Great care 

must be used in this step. If excess solvent is allowed to remain, 

it may inhibit polymerization in the hybrid layer.217

A dual-curing adhesive is then applied using a microbrush, 

and the excess is removed. The dual-curing cement should be 

applied to the canal using a similar technique. Currently, some 

manufacturers include tips with their cement that attach to the 

end of the mixing tip and will reach the apex of most canals 

(Fig 21-19). If the length of the tip is determined to be insuffi-

cient, the cement may be injected into the back of a disposable 

syringe with a longer cannula attached for delivery into the 

canal (Fig 21-20). 

Self-etching and self-adhesive cements are marketed as 

being more convenient to use for post cementation. With self-

etching cements, a self-etching primer is applied to the dentin, 

and the mixed cement is applied to the canal without rinsing. 

Self-adhesive cements are applied directly to the canal without 

etching or the use of additional primers or adhesives. While 

varied results may be found in the literature, they are generally 

Fig 21-17 (a) Use of a tip of inadequate length. (b) A bubble forms at the point to which the tip extends, and the etchant 

will go no further. A microbrush must be used to obtain complete coverage. (c) Rinsing with an air-water syringe results 

in incomplete removal of the etchant. (d) Etchant remains on the canal walls and will impede bonding. (e) A cannula of 

adequate length is attached to the etchant syringe (Endo-Eze, Ultradent). (f) The tip is inserted to the depth of the canal, 

and the etchant is injected while the tip is withdrawn. (g) Complete coverage of the canal with etchant. (h) The same tip is 

attached to an irrigating syringe. (i) Complete removal of the etchant.
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less effective than etch-and-rinse systems.131,218,219 Low bond-

strength values and the lack of long-term clinical data limit the 

application of recently marketed self-etching and self-adhesive 

materials for the cementation of FRC posts.213

Effect of tag length
In coronal dentin, the majority of the bond strength is derived 

through hybridization of the intertubular dentin, with a mini-

mal contribution from resin tags formed within the tubules.220 

Within the root canal, the situation appears to be somewhat 

different. In push-out testing, well-defined tag formation is 

usually found in areas of high bond strength, while regions 

with lower adhesion typically exhibit a poorly structured inter-

face.170,176 Studies show a decrease in tag length and definition 

from the coronal to apical regions regardless of the adhesive 

system used.167,170,210,221 However, the three-step etch-and-

rinse adhesives seem to be more effective than simplified 

systems in creating well-defined resin tags in the apical and 

middle third.211 Figure 21-21 illustrates the difference in resin 

tag formation among a three-step etch-and-rinse adhesive, a 

self-etching cement, and a self-adhesive cement.222 Abundant 

resin tags are noted with the three-step etch-and-rinse adhe-

sive, and it is conceivable that these tags could contribute to 

frictional retention of the post. In contrast, self-etching and 

self-adhesive cements exhibit a superficial interaction with root 

canal dentin. They are not as effective in removing or penetrat-

ing the thick smear layer produced during canal instrumenta-

tion and therefore exhibit poorly defined tag formation. 

Bonding to the post
The matrix polymers used in FRC posts typically exhibit a high 

degree of conversion and are highly cross-linked.129 The possi-

bility of creating a chemical bond between the luting adhesive 

and the post is therefore low. However, machining of the post 

to the desired shape by the manufacturer results in a rough 

surface, which provides a mechanical interlock for the adhesive 

(see Fig 21-14). 

A number of methods to improve adhesion to the FRC post 

have been recommended. Most are intended to remove matrix 

material from the post to expose the silica-containing fibers. A 

silane coupling agent is then applied in an attempt to achieve a 

chemical bond of the silica-containing substrate with the resin 

cement or resin composite. The use of air abrasion, etching 

with concentrated hydrogen peroxide,208 sodium ethoxide,223 

and other agents have been suggested as a means of removing 

resin matrix from the post surface. Air abrasion must be used 

a b

Fig 21-18 (a and b) Microbrushes for primer application and removal of excess. Fig 21-20 Disposable syringe (Skini Syringe, Ultradent) with 22-mm Endo-Eze 

applicator tip.

Fig 21-19 Dual-curing cement with automix tip and 17-mm applicator tip (RelyX 

Ultimate, 3M ESPE).
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with caution, because it can quickly destroy the post if applied 

for too long. Used appropriately, it has no effect on the mechan-

ical properties of the post.224 Air abrasion has been found to 

improve resin retention, with or without silane.225,226 Treatment 

of the FRC post with concentrated hydrogen peroxide for as 

little as 1 minute has also been shown to be effective,227 as has 

application of silane to the unetched post surface.228 The use 

of hydrofluoric acid208 and tribochemical coating229 have been 

evaluated as well but are somewhat cumbersome to use and 

may damage the surface of the FRC post. The literature regard-

ing the various surface treatments is conflicting, and most are 

tested after only a short period of water storage and without 

being subjected to a thermomechanical challenge. Khamverdi 

et al230 evaluated the effect of hydrogen peroxide etching com-

pared with air abrasion on microtensile bond strength to a FRC 

post after water storage. A steady decrease in bond strength 

was observed over the storage period, and by 9 months there 

was no difference between the two treatments. Some post 

manufacturers recommend application of a bonding agent to 

the post surface prior to cementation. While not harmful, this 

has not been shown to increase bond strength.231 

FRC posts with a machined macroretentive surface are 

available. While this feature undoubtedly increases mechanical 

retention at the post-cement interface, it results in a signifi-

Fig 21-21 (a) Resin tag formation with a three-step etch-and-rinse adhesive 

(Permaflo DC Primers, Ultradent). (b) Resin tag formation with a self-etching 

cement (Panavia F 2.0 with ED Primer, Kuraray). (c) Resin tag formation with 

a self-adhesive cement (RelyX Unicem, 3M ESPE). (clockwise from upper left): 

coronal dentin, two mid-root locations, apical region.

a b

c
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Box 21-3   Clinical steps for FRC post cementation

  1. Administer local anesthesia if necessary.

  2.  Estimate the length/diameter of the post using the final 

endodontic radiograph.

  3. Isolate the tooth with a rubber dam.

  4.  Remove existing provisional and any remaining restora-

tion.

  5.  Set the Gates-Glidden bur to the desired length with a 

silicone stop and remove the gutta-percha.

  6.  Set the post sizing drill (corresponding to the post 

selected) to the established length with a silicone stop 

and remove any minor obstructions to seating.

  7.  Take a radiograph to confirm complete gutta-percha 

removal.

  8.  Clean the post with an alcohol wipe; set the silicone 

stop to the established depth of insertion.

  9.  Attach a cannula tip to the etchant syringe, insert it to 

the full depth of the canal, and inject the etchant while 

withdrawing the tip. Coat all radicular and coronal 

tooth structure to be bonded with etchant.

10.  Remove the cannula tip from the etchant syringe and 

attach it to a 5-ml-syringe loaded with water. 

11.  Irrigate the canal and surrounding tooth structure with 

water.

12.  Dry with an air syringe; blot the canal with a micro-

brush. Leave the dentin slightly moist.

13. Apply primer to all dentin surfaces with a microbrush.

14.  Evaporate solvent from the coronal dentin with a gentle 

stream of air. Remove excess primer from the canal by 

repeated blotting with microbrush. 

15.  Apply dual-curing adhesive to all dentin surfaces with a 

microbrush; use a bristle brush to ensure even coating 

and remove excess from the coronal surfaces. Remove 

excess adhesive from the canal by repeated blotting 

with a microbrush. Do not light cure.

16.  Attach a new mixing/injection tip to the cement syringe; 

bleed a BB-sized amount of cement through the tip. 

17.  Insert the tip to the depth of the canal and inject while 

withdrawing. Do not overfill. Immediately insert the 

post and hold it in place with moderate pressure. The 

post should be inserted slowly to allow dissipation of 

hydrostatic forces. Remove any excess cement.

18. Light cure for 20 seconds.

19. Proceed with core buildup with resin composite.

cantly lower fracture resistance than a similar sized post with a 

smooth surface.78 Attempting to improve the adhesion beyond 

that provided by a clean post surface may not be clinically 

useful. Boschian Pest et al168 determined the bond strength a 

variety of adhesives and cements to fiber posts and to dentin.

With each combination, the bond to the post was significantly 

higher than the bond to dentin. The results of most push-out 

and pull-out bond studies indicate that failure is typically at the 

dentin interface rather than the post interface.

Cement selection
Both light-curing and dual-curing resin cements are avail-

able for bonding of FRC posts. Techniques using light-cured 

adhesives and cements polymerized via light-transmitting 

posts have been suggested. FRC posts have been presumed 

to conduct light via the glass or quartz fibers, but these may in 

fact contribute a relatively small effect compared with the light- 

transmission capabilities of the resin matrix material.232 Light-

transmitting capabilities vary widely among different posts 

because of material variations. For all posts, light transmission 

decreases from coronal to apical. Some FRC posts have been 

found to transmit no light at all.233 Relative post translucency 

affects the degree of conversion of the light-cured cement,234 

but even a highly translucent post exhibits a limited ability to 

transmit sufficient light to fully cure the resin. In a study assess-

ing the light-transmission capabilities of a translucent fiber 

post, Galhano et al235 found that the microhardness of the resin 

cement decreased with distance from the light source and 

that the apical third of the cement remained unpolymerized.

Because of uncertainties regarding complete polymerization 

with the use of light-cured cements, dual-cured materials are 

Box 21-2 Armamentarium for FRC post cementation

Restorative setup and routine disposables 

Boley gauge

Post sizing drill

Fiber post

Resin composite restorative material

Gates-Glidden burs (nos. 2 to 5)

Silicone stops

Alcohol wipe

Etchant gel

Cannula tip

5-ml syringe

Three-step etch-and-rinse dual-curing adhesive

Dual-curing cement with mixing and injection tips

Barrier sleeves

Microbrushes (3)

Box 21-3
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recommended. The self-curing mode ensures polymerization 

at the depths of the canal, and the relatively slow set may allow 

some stress relief within the cement layer.236,237 Light curing the 

dual-curing cement following initial set will stabilize the post 

to allow the clinician to proceed with the core buildup. It also 

increases conversion and improves the mechanical properties 

of the cement.238–240

Clinical Technique
From the preceding discussion, it is clear that clinically suc-

cessful adhesive restoration of endodontically treated teeth 

requires a detailed understanding of the bonding substrate 

and materials and scrupulous attention to detail. A suggested 

armamentarium and procedure for FRC post cementation are 

shown in Boxes 21-2 and 21-3.
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A
Abfraction, 49, 398, 399f, 478

Abrasion, 284, 285f

Air. See Air abrasion.

definition of, 398

noncarious cervical lesions caused by, 399

restorations as cause of, 48

tooth wear caused by, 47

Abrasive disks, 312, 364f

Abrasive-impregnated rubber points, 364

Absorbent materials, for field isolation, 205, 206f

Acetone, 209

Acid etching

dentin, 139

enamel, 7f, 7–8

Acidulated phosphate fluoride, 119, 374

Actinomyces viscosus, 371

Active post, 566

Addition reaction, 212

A-delta nerves, 23

Adenosine triphosphate, 19

Adhesion

adhesives. See Adhesives.

causes of, 207

cohesion versus, 207

definition of, 207

to enamel, 214f

factors that affect, 208, 213

glass-ionomer cements, 234–235

history of, 213

intraradicular dentin

description of, 235–236

endodontic smear layer, 236–237

factors that affect, 237–238

geometric factors, 239

hydrogen peroxide, 237

irrigating solutions, 238

procedure for, 236f

three-step etch-and-rinse adhesive for, 235, 236f

two-step self-etching adhesive for, 237f

polymerization contraction. See Polymerization 

shrinkage.

substrates, 208–209

surface roughness effects on, 208

Adhesive fracture, 452, 452f

Adhesive sealers, 134–135

Adhesives

all-ceramic crowns, 496

ceramic post cementation using, 567

chemistry of, 208

classification of

by generation, 214

by smear-layer removal mechanism, 215–216

by solvent type and concentration, 215

by steps involved in adhesion, 216

components of, 208

direct pulp capping use of, 139–140

dual-curing, 238

etch-and-dry, 216, 228–233. See also Self-etching 

adhesives.

etch-and-rinse. See Etch-and-rinse adhesives.

etchant, 208

generation of, 214–215

hydrophilic, 209

hydrophobic, 208–209

ideal characteristics of, 208

monomers, 209–212, 210t–212t

multi-mode systems, 233–234

onlays cementation using, 503–504

permeability of, 241f

polymeric materials, 208

polymerization, 212, 213f

primer, 208, 224

resin composite, 551

self-etching. See Self-etching adhesives.

shrinkage of, 208

smear layer removal, 215–216, 216f, 220, 234

total etch, 215

universal system, 233–234

viscosity of, 208

volumeric changes of, 212

Admixtures, 324, 325f

Aesthetic pre-evaluative temporaries, 490

Aging

chroma affected by, 75, 75f

dentin affected by, 16, 415

discolorations caused by, 415–416

enamel affected by, 1–2

Air abrasion

description of, 132–133

fissures opened using, 327, 327f

instruments for, 181, 181f

micromechanical retention using, 275

All-ceramic crowns

adhesive bonding of, 496

bonded, 479f–480f, 479–480

cemented, 480–482

comparison of, 475t

in darkly prepared teeth, 477f

failure of, 58f

resin bonding of, 496

selection criteria, 477t

All-zirconia posts, 566

Altered passive eruption, 76f

Amalgam

advantages of, 325

antimicrobial properties of, 145

bonding of, 325, 328–329, 345–346

carving of, 355–357, 356f

composition of, 324

concerns regarding, 282, 324–325

as core material, 563

definition of, 324

disadvantages of, 325

fatigue loading resistance of, 563

high-copper, 324

history of, 325

lathe-cut alloys, 324, 325f

longevity of, 325

mercury in, 282, 324, 354

overcarving of, 356

overhang of, 45f

properties of, 134t

resistance form, 325–326

root caries restoration using, 375, 375f

safety of, 324

sealers for, 134–135

spherical particles, 325f

trituration of, 324, 325f, 353–354

zinc added to, 324

Amalgam carriers, 168, 168f, 354

Amalgam restorations

bonded

condensation for, 355

description of, 345–346

matrices for, 353

caries lesions treated with, 124

carving of, 355–357, 356f, 358f

Class 1

defective restorations treated with, 327

description of, 326–327

indications for, 326–327

occlusal caries treated with, 326f, 326–327

outline form, 327–329, 329f

recurrent caries treated with, 327

resistance form, 328f–329f, 328–329

retention form, 328–329

Class 2

carious dentin removal, 331

carving of, 356–357

description of, 330–336

facial access, 334

indications for, 330

keyhole preparation, 334

lingual access, 334

mechanical retention of, 334, 335f

occlusal extensions for restoration replacement, 

334–336, 335f

outline form, 330f, 330–331, 334

proximal slot restoration, 331, 331f, 333f

resistance form, 332f–333f, 332–334

retention form, 332f–333f, 332–334

retentive undercuts, 332–334, 333f–334f

slot restoration, 330f–332f, 331, 361f

complex

amalgam placement in, 355f, 358–363, 361f–363f

carving of, 356f, 359f

condensation of, 354–355, 359f

Index
Page numbers followed by “f” indicate figures; those followed by 

“t” indicate tables; those followed by “b” indicate boxes
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cuspal-coverage, 57f, 336f–337f, 336–337

definition of, 336

efficacy of, 336, 344–345

illustration of, 362f–363f

pins. See Pins.

resistance and retention methods, 338–345, 345f

description, 345–346

endodontically treated teeth, 558f

finishing of, 364f, 364–365

fracture of, 365

margins of, 328

matrices

bonded restorations, 353

description of, 346–347

reinforcing of, using modeling compound, 351–353, 

352f, 353

systems of, 350, 351f

T-bands, 350

Tofflemire. See Tofflemire matrix.

mesio-occlusodistal, 58, 365

noncarious cervical lesions treated with, 405–406, 

406f

occlusal, 46f, 328–329

occlusal extensions for replacement of, 334–336, 

335f

placement of

burnishing, 355, 358

carving, 355–357

in complex restorations, 358–363, 361f–363f

condensation, 354–355, 355f

description of, 353

occlusal adjustments, 357f, 357–358

trituration, 353f, 353–354

polishing of, 364–365

repair of, 365

resin composite versus, 282

Amalgamation, 324

Amalgamators, 353

Amalgapins. See Pins.

Amine fluoride, 117

Amorphous calcium phosphate, 119, 438

Amphiphilic, 208

Anatomical crown, 158, 158f

Anterior ceramic crowns

all-ceramic. See All-ceramic crowns.

bite forces, 474

cementation of, 496

core of, 475f

decision-making criteria for

bonding surface, 476–478

description of, 474–478

esthetics, 474–476

parafunctions, 475, 477–478

strength, 474

functional preparation technique

bone sounding, 489, 489f

cervical reduction, 491f, 491–492

completion of, 492, 492f

facial plane reduction, 491, 491f

incisal edge reduction, 490–491, 491f

lingual reduction, 492, 492f

impression technique for, 492–494, 493f–494f

lithium disilicate, 481

materials for, 477t

parafunctions and, 475, 477–478

placement of, 496

retraction techniques, 492–493

shade selection, 494–495, 495f

survival rates for, 480

tooth preparation

biologic principles that influence, 483–486

crest relationships, 485–486

description of, 483

esthetics, 489

finish-line position, 483–486

marginal integrity, 488f, 488–489

mechanical principles, 486–489

pulpal preservation, 486

resistance and retention form, 486–487

structural durability, 488

veneer, 479

Anterior guidance, 532

Anterior teeth

caries of. See Caries and caries lesions.

Class 3 restorations

curing of, 261–262

guidelines for, 263b

layered technique for, 263

matrices, 260–261, 261f

overhang and, 28–29

placement of, 262f, 262–263

resin composites

characteristics of, 249–252

curing of, 261–262

steps for, 263b

through and through, 263

tooth preparation, 256–258, 257f

wedge placement for, 261f

Class 4 restorations

cavity preparation, 258–260, 259f

clinical steps for, 263b

matrices, 260, 264f

overlay technique for, 264

placement of, 263–265, 264f

retentive pins, 260, 260f

steps for, 263b, 264f

wax-up, 267f

crowns. See Anterior ceramic crowns.

definition of, 154

endodontically treated, 559f, 559–560

nomenclature for, 154, 155f–156f

resin composite use. See Resin composite.

wear of, 458f

Argon laser units, 310, 310f

Articulating paper forceps, 174f

At-home bleaching

advantages of, 429

adverse effects with, 439

consumer-managed, 434–435

dentist-supervised, 429–433

description of, 422, 429–435

duration of, 433

extended treatments, 433

factors that affect, 436–438

OTC products, 434–435, 435b

patient instructions, 432–433

results of, 433, 434f

scalloped tray for, 430–431

soft tissue irritation, 439

technique, 434–435

tray for, 429–433, 430f–432f

treatment times for, 433t

Atraumatic restorative treatment, 124

Attached gingiva, 25, 26f

Attrition, 47, 47f, 284, 285f, 478f

Autocured resin composites, 283, 288, 309

Axial wall, 156

B
Bacteria, 387–388

Bases

definition of, 134

glass ionomer as, 137

indications for, 136f

inlay/onlay, 501

placement guidelines for, 137

purpose of, 137

zinc oxide-eugenol cements, 137

zinc phosphate cements, 137

Basic shade, 264

Beavertail burnisher, 192, 193f

Binocular loupes, 182f

Binocular telescopes, 182f

Biologic width

definition of, 26–28, 484, 558

dentogingival complex, 26–28, 27f

pretreatment evaluations of, 44

requirements for, 28

restoration margin impingement on, 529

Bisphenol glycidyl methacrylate, 209, 210t, 249

Bite block, 199, 199f–200f

Bite registration, 69f

Biting test, 50

Bleaching

agents for

carbamide peroxide, 418–419, 423, 429, 430t, 

437, 439

hydrogen peroxide, 418–419, 430t, 437, 439

pH of, 437

sodium perborate, 423

algorithms for, 422f, 424f–425f

alternatives to, 440–441

at-home. See At-home bleaching.

bonding effects, 238, 418

burns caused by, 428, 429f, 439

considerations for, 420b

contraindications, 416–418, 417b

description of, 414–415

diagnostic casts for, 421

discolorations treated with, 415–416, 433f–434f

esthetic considerations for, 420b

examination before, 420b

external, 424, 425f

factors that affect

additives, 437–438

peroxide concentration, 428f, 437

pH, 437

surface cleanliness, 437

temperature, 437

time, 437

guarded prognoses for, 417b

history of, 414, 423

indications for, 416, 420

in-office. See In-office bleaching
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CIndex

internal

duration of effect, 424

nonvital teeth, 423–424, 424b

recommendations for, 424b

root resorption associated with, 423f, 423–424

internal-external closed bleaching technique, 426

internal-external open bleaching technique, 426

macroabrasion versus, 440f, 440–441

microabrasion versus, 440, 440f

modalities, 422–438

mode of action, 418–419

nonvital

description of, 422

external bleaching, 424, 425f

internal bleaching, 423–424

patient education regarding, 419, 421–422

photographs, 421

porcelain veneer placement and, 441, 470

psychologic benefits of, 416

pulpal concerns, 438

radiographs before, 419f

record of, 421

restorations and, 439–442

safety of, 438

shade selection, 421

side effects of, 238

single-tooth bleaching tray, 425f

soft tissue response, 439

stains treated with, 415–416, 433f–434f

summary of, 442

systemic effects and responses, 439

tetracycline-stained teeth treated with, 435–436, 436f

tooth sensitivity caused by, 428, 438

treatment planning, 419–422

types of, 418–419

veneer placement and, 441

vital

description of, 427

in-office technique for. See Bleaching, in-office.

before veneer placement, 470

walking bleach, 423, 426

Block-out technique, 533–534, 534f

Boley gauge, 337f

Bond strength

macrobond tests, 239

macroshear tests, 239, 240f

macrotensile tests, 239

microbond tests, 239–240

microshear tests, 240

microtensile tests, 240

push-/pull-out tests, 239, 240f

Bonded all-ceramic crowns, 479f–480f, 479–480

Bonded tooth-colored restorations, 406–409

Bonded-base technique, 136, 287, 297

Bonding

adhesive systems, 134–135

amalgam restorations, 325, 328–329, 345–346

anterior ceramic crowns, 479–480

bleaching effects, 238, 418

dentin as substrate for, 10–11

description of, 207

dry, 221

fiber-reinforced composite posts, 574–576

resin composite restorations, 503

to sclerotic dentin, 209

tooth preparation for, 503

wet, 221, 223f

wetting and, 207

Bone morphogenic protein-2, 19

Bone sounding, 27, 27f, 484, 489, 489f

Buccal, 154, 155f

Buccal corridor, 70, 70f

Bur(s)

description of, 177–181, 179t–180t, 272f

diamond, 132, 181, 272, 272f, 312, 313f, 537f, 546f

finishing, 180–181, 272f, 364f

fissures opened using, 327f

trimming, 180–181

types of, 272f

Burnishers, 169f, 169–170, 192, 193f

Butterfly clamps, 189t, 190, 190f

C
C fibers, 23

CAD/CAM restorations

advantages of, 517–518

chairside systems, 511, 511f

clinical studies of, 518–519

crowns, 515

digital impressions, 510

disadvantages of, 517–518

inlays/onlays. See Inlays, CAD/CAM system; Onlays, 

CAD/CAM system.

longevity of, 518–519

Calcific metamorphosis, 416, 416f

Calcitonin gene-related peptide, 23

Calcium hydroxide

description of, 238

disadvantages of, 140

liner use, 135–136, 296

properties of, 135–136

pulp capping using, 139t, 139–140

Calcium phosphate, 374

Calcium-based dentifrices and mouthrinses, 119–120

Cameras, 511–513

Carbamide peroxide, 416f, 418–419, 423, 430t, 437, 

439

Carbide burs, 272

Carbon fiber-reinforced composite posts, 567–568

Carboxylic acid chains, 383

Caries and caries lesions. 

active, 106t

activity assessments, 107–108

arrested, 106t, 107f–108f, 121

buccal, 104

“caries balance” diagram, 111f, 116

cavitated

illustration of, 108f

noninvasive treatment of, 122, 123f

restoration of, 123–124

characteristics of, 106t

Class 1. See Amalgam restorations, Class 1.

Class 2. See Amalgam restorations, Class 2.

Class 3

cavitated, 254

dentinal, 254

description of, 254

illustration of, 257f

incipient, 254

Class 5. See also Class 5 restorations.

definition of, 397

etiology of, 397

illustration of, 403f

classification of, 158–159

demineralization of, 8

dentinal, 160, 254, 380

detection and diagnosis of

aids for, 106

algorithm for, 105f

appearance, 102

clinical criteria for, 101–103

distribution, 102–103

dyes for, 144

International Caries Detection and Assessment 

System, 102t, 103

location-specific approaches, 102–105

magnification for, 101

objective of, 100–101, 102t

pit and fissure lesions, 41–42

radiographic examination, 104f–105f, 105–106

texture, 102

visual examination, 101–105, 102t

discoloration associated with, 416

dyes in disclosure of, 144

enamel demineralization secondary to, 8

etiology of, 380

fluoride use, 96–97, 388–389

high-risk patients, 380–381, 381f, 392

illustration of, 45f, 97f

incidence of, 99t

lingual, 104

maintenance care for, 124–125, 125b

maxillary molar, 4f

multifactorial nature of, 111, 113

noncavitated

noninvasive options for, 121–122

restoration of, 123–124

occlusal. See Occlusal caries.

oral hygiene assessments, 117f

patient-centered caries management, 93, 94f, 116

pit and fissure. See Pit and fissure caries.

prediction of, 98, 99t

prevalence of, 99f

prevention of

calcium-based dentifrices and mouthrinses, 

119–120

carbamide peroxide, 416

diet, 120

fluoride, 116–119, 118t. See also Fluoride.

foams, 120

gels, 120

guidelines for, 118t

overview of, 116

sealants, 121

varnishes, 120

xylitol, 119

process of, 94–100

progression of, 98–100, 116

proximal. See Proximal caries.

radiographic detection of, 104f–105f, 105–106

recall and reassessment visits for, 124–125, 125b

recurrent. See Recurrent caries.

removal of, 331

risk factors for

diet, 96, 110
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IndexC

dry mouth, 110

list of, 112t

medical history, 111

plaque, 95–96, 110

saliva, 97, 97b, 110

socioeconomic, 98, 99t, 111

time, 96

risk indicators for, 40

risk status

American Dental Association guideline for, 112t

assessment of, 40–41, 108–112, 109f

guide to identifying, 111–112

salivary flow and, 110

risk-based management of, 113, 114f, 115b

root. See Root caries.

secondary, 104–105, 283f, 283–284

smooth surface

detection of, 42, 100

diagnosis of, 107–108, 108f

progression of, 100

stains caused by, 416

tooth response to, 16f

treatment of

algorithms for, 113f–114f

amalgam restorations, 124

atraumatic restorative treatment, 124

considerations for, 93

decisions regarding, 113

description of, 116

infiltration technique, 121–122, 122f

interim therapeutic restorations, 124

noninvasive options, 121–123

occlusal caries, 121

patient-centered caries management, 93, 94f, 116

pit and fissure, 121

preventive, 116–121

PTPM approach, 113, 115b

resin restorations, 124

sealants, 121

white spots caused by, 98f, 100f, 101, 101t

xerostomia as risk factor for, 41

Carvers

amalgam, 169f

description of, 168–169, 169f

design of, 168–169, 169f

interproximal, 356f, 357

pulling strokes with, 355

sharpening of, 171–173, 172f

sickle-shaped, 358f, 360f

types of, 355

Carving, of amalgam, 355–357, 356f, 359f

Cast gold restorations

advantages of, 524

castings, 524, 550–551

cementation of

casting preparation for, 550–551

description of, 547

finishing after, 547–548

glass-ionomer cement, 548–550

luting agents, 548–550

polycarboxylate cements, 550

resin cement, 548–550

resin-modified glass-ionomer cement, 549–550

tooth preparations, 550

zinc oxide–eugenol cement, 550

zinc phosphate cement, 548

complete-coverage

facial reduction, 545, 545f

lingual reduction, 545, 545f

occlusal reduction, 544

proximal reduction, 544, 544f

refinement, 545

seating of, 546

contours of, 531

disadvantages of, 524

esthetics of, 524, 525f

finish lines, 529–531, 530f–531f

finishing of

postcementation, 547–548

precementation, 546–547, 547f

gingival considerations, 528–529

illustration of, 526f

indications for, 525

inlays. See Inlays, gold.

longevity of, 57

marginal finishing of, 546–547

occlusion, 531–532

onlays. See Onlays, gold.

partial-coverage. See Partial-coverage restorations.

precementation finishing of, 546–547, 547f

pulpal preservation, 528

retention and resistance form, 526–528

sealing of, 551

tooth structure conservation, 526

try-in, 545–546

Cast metal post and core, 564–565, 565f

Casts. See Diagnostic casts.

Cavity bases. See Bases.

Cavity liners. See Liners.

Cavity preparation(s). See also Tooth preparation.

Black’s steps in, 159–160

Class 1, 157f, 159

Class 2, 157f, 159

Class 3, 157f, 159

Class 4, 157f, 159, 258–260, 259f

Class 5, 157f, 159

Class 6, 159, 159f

classification of, 158f, 158–159

cleaning of, 160

convenience form of, 159–160

description of, 234

margins of, 158

nomenclature for, 154, 156

outline form of, 159–160

resistance form of, 159–160

retention form of, 159–160

shape of, 159

walls of, 156, 157f

Cavity sealers. See Sealers and sealants.

Cavosurface angles, 158

Cell transplantation, 24–25

Cement spatulas, 170, 170f

Cementoenamel junction, 2, 27, 390, 401, 423f, 529

Cements

luting. See Luting cements.

for porcelain veneers, 466–467

Centigrade scale, 164, 165f–166f

Centric occlusion, 47

Ceramic inlays. See Inlays, ceramic.

Ceramic onlays

fabrication of, 508

isolation of, 508

performance of, 500

resin composite onlays versus, 506

shade selection, 507

wear of, 508

Ceramic posts, 567

Ceramics

buildup of, 469

crowns. See Anterior ceramic crowns, all-ceramic.

longevity of, 508–509

wear of, 48, 508

CEREC AC system, 512–519

Cervical lesions, noncarious. See Noncarious cervical 

lesions.

C-factor, 239, 250, 300, 572

Chemical erosion, 48, 49f

Chisel

design of, 162, 163f, 166

sharpening of, 171, 172f

Chlorhexidine, 14, 242, 374

Chlorhexidine rinses, 374

Chroma

aging effects on, 75, 75f

representation of, 79, 80f

Chromaticity, 89

CIELAB system, 80, 86

Circumferential slots, 344, 344f

Circumpulpal dentin, 12

Clamp(s)

butterfly, 189t, 190, 190f

over dam, 197, 202

dam placement over, 195–196, 196f

forceps, 187, 187f

multiple, 201–202, 202f

no. 212SA, 189f–190f, 190, 401, 402f

no. W8A, 188, 189f

no. W8SA, 188, 189f, 189t

placement of, 187, 188f, 195–197, 196f

supplemental, 188, 189f, 189t

tooth contact considerations, 190, 191f

winged, 188, 188f, 189t, 196, 197f

Clamp forceps, 187, 187f

Class 1 restorations

amalgam. See Amalgam restorations.

preventive resin restoration, 291

resin composite, 291

Class 2 restorations

amalgam. See Amalgam restorations.

open sandwich technique for, 390

resin composite

adhesive systems for, 297

bevel placement, 293

bonded-base technique, 297

bonding resin application, 297

cavity liners, 296

facial margins, 293, 294f

finishing of, 311–313, 312f–313f

flowable resin composites, 301–303

gingival margins, 294, 294f–295f

interproximal contacts, 298, 304

lingual margins, 293, 294f

margins, 294–296

matrices for, 297f–300f, 297–300
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occlusal margins, 294–296, 295f

packable resin composites, 311

placement of

incremental technique, 300f–309f, 300–309

other techniques for, 309

polishing of, 312, 312f

preparation for, 293–296

prewedging, 291–292, 292f

proximal margins, 293

rebonding of, 313, 313f

successive cusp build-up technique, 305, 308f

surface preparation, 292, 293f

resin-modified glass-ionomer cements, 315

wear of, 285f

Class 3 restorations

curing of, 261–262

failure of, 393f

guidelines for, 263b

layered technique for, 263

matrices, 260–261, 261f

overhang and, 28–29

placement of, 262f, 262–263

steps for, 263b

tooth preparation, 256–258, 257f

wedge placement for, 261f

Class 4 restorations

cavity preparation, 258–260, 259f

clinical steps for, 263b

matrices, 260, 264f

overlay technique for, 264

placement of, 263–265, 264f

retentive pins, 260, 260f

steps for, 263b, 264f

wax-up, 267f

Class 5 restorations. See also Noncarious cervical 

lesions.

access for, 400

cavity preparation for, 406f

defective, 404f

dentinal sensitivity associated with, 409

failure of, 393f

materials for

amalgam, 405–406, 406f

classification of, 405b

compomers, 409

glass ionomer, 408–409

resin composite, 406–408

resin-modified glass ionomers, 408–409

selection of, 56

open sandwich technique for, 390

resin composite, 44f

retraction methods for

flap surgery, 402–404, 404f–410f

gingivoplasty, 402

miniflaps, 402, 403f

nonsurgical, 401–402

surgical, 402–405

Cleoid-discoid carver, 168, 169f, 171, 172f

Clinical attachment level, 26

Clinical crown, 158, 158f

Clinical examination

caries

pit and fissure, 41–42

risk assessments, 40–41

smooth-surface, 42

cracked-tooth syndrome, 50, 50f

dentition, 40–51

diagnostic casts, 53

elements of, 40b

endodontic, 43

esthetics, 46, 51

existing restorations. See Existing restorations.

occlusion

contacts, 44–45

interarch space, 49

interferences, 46–47

wear, 47–48

overview of, 40

periodontal, 51–52

plaque risks, 40–41

pulp, 42–43

radiographic evaluations, 52–53

Coefficient of thermal expansion, 250, 286, 382–383

Cohesion, 207

Cohesive fractures, 452, 452f

Collagen-fibril degradation, 241–242, 242f

Color. See also Discoloration.

anterior ceramic crowns, 494–495

bleaching. See Bleaching.

characteristics of, 79, 80f

CIELAB notation system for, 80

dimensions of, 79, 80f, 88f, 89

of enamel, 2–3

esthetic considerations, 74–75

lighting considerations, 79, 255b

lightness of, 79, 80f

modifiers of, 75

notation systems for, 80

object of, 79

observer of, 79

overview of, 79

resin composites, 254–256

terms for describing, 75

tooth

aging effects on, 75f

gender differences in, 81

matching of. See Color matching.

permanent teeth, 80

reproduction of, 87

variations in, 80–81

verification of, 87

training programs, 82

value of, 79, 80f, 89

Color matching. See also Shade matching.

communicating color after, 87

conditions for, 84–85

gender influences on, 81

instruments for, 86f, 86t, 86–87

shade guides for, 82, 83f–85f, 84, 255

software for, 86–87

steps for, 85–86

viewing angle for, 85

Color techniques

five dimensions, 88, 89f

natural layering concept, 89, 89f

visual-instrumental technique, 90f, 91

Color vision, 81, 81f

Colorimeter, 495

Complex amalgam restorations. See Amalgam 

restorations, complex.

Compomers

Class 5 restorations, 409

fluoride release from, 381, 382t, 384, 390

noncarious cervical lesions treated with, 409

Computerized dentistry

CAD/CAM restorations. See CAD/CAM restorations.

cameras, 511–513

features of, 510

Condensation, 354–355, 355f, 359f

Condensers, 166, 168, 168f, 354

Conical light-curing tip, 303, 303f

Connective tissue, 484

Contra-angle handpieces, 176–177, 177f

Contra-angled, 161f, 162

Copal varnishes, 134

Core, 562–563, 563b

Cotton forceps, 174f, 175

Cowhorn explorer, 173, 174f

Cracked-tooth syndrome, 50f, 50–51

Cracks, 5, 5f

Crown (of tooth)

anatomical, 158, 158f

clinical, 158

gingival inflammation around, 44

Crown (restoration)

anterior ceramic. See Anterior ceramic crowns.

CAD/CAM, 515

metal-ceramic, 474, 476f, 482–483

nonbonded, 496

overcontouring of, 29

porcelain veneers and, 470–471

veneer, 479, 479f

Cutting instruments

bevel, 161f, 164, 164f

chisel, 162, 163f, 166

design of, 160–162, 161f

excavators, 162

four-number formula, 165f, 166

gingival margin trimmer, 163–164, 164f

handles for, 161f, 161–162

hatchet, 162, 162f

hoe, 162, 163f, 166

nomenclature for, 162

numeric formulas, 164

off-angle hatchet, 164

recommended kit, 166

spoon, 163, 163f

three-number formula, 164, 165f

usage of, 164

Cyanoacrylate method, for fixed partial denture 

isolation, 200f, 201

D
Dam. See Rubber dam.

Definitive care, 39

Degree of conversion, 286

Dehydration, 3f

Demineralization

caries effect of, 8

definition of, 380

dentin, 15

enamel, 2–4, 8

remineralization after, 398

Dendritic cells, 21f, 22

Dental history, 39
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Dental materials

amalgam. See Amalgam.

color-related properties of, 87

compomers. See Compomers.

glass ionomers. See Glass ionomers.

resin composite. See Resin composite.

resin-modified glass ionomers. See Resin-modified 

glass ionomers.

Dental record

charting system used in, 61, 61f

formats, 63, 63b

information in, 61

legal nature of, 63

purposes of, 61

SOAP format, 63, 63b

Denticles, 23

Dentin

acid etching of, 139

affected, 15–16

aging effects on, 16, 415

altered, 16

bonding agents, for pulp capping

bond quality and durability, 139

cellular toxicity, 139

description of, 139–140

pulpal effects of, 139

studies of, 139

bonding of

collagen degradation effects on, 242

description of, 10–11

endodontically treated teeth, 571

carious, 15f, 15–16, 160, 380

circumpulpal, 12

composition of, 9–10

demineralization of, 15, 15f, 144f, 221

etching of

acid, 139

chlorhexidine effects on, 242

phosphoric acid for, 220

rinsing after, 221

three-step etch-and-rinse adhesive system for, 

220–221, 224

function of, 9

hydrophilicity of, 208

hypermineralized, 15–17

hypersensitive, 16

hypomineralization of, 208–209

infected, 15–16

inner, 14f, 14–15

interface, 19

intertubular, 10, 13, 13f, 17f

intraradicular, adhesion to. See Adhesion, 

intraradicular dentin.

mantle, 12

modulus of elasticity of, 569, 569t, 573f

morphology of, 9–10

outer, 12f, 13–14

peritubular, 10

permeability of, 10–12

physiologic, 12, 12f

predentin, 14, 235

primary, 12, 12f

priming of

in three-step etch-and-rinse adhesive systems, 224

in two-step self-etching adhesive systems, 231

pulp capping. See Pulp capping.

reactionary, 18, 18f

remineralization of, 380, 390

reparative, 18f, 19

response, 9

sclerosis of, 15–17, 17f, 24, 209

secondary, 12, 12f

self-etching of, 233

sensitivity of

in Class 5 restorations, 409

description of, 19–20

etiology of, 409

hydrodynamic phenomenon as cause of, 20f

in noncarious cervical lesions, 409

shade selection for, 264

soft zone of, 9

substrates of, 12–20, 208–209

support provided by, 9

tertiary, 17–19, 24

thickness of, 131

tooth-resin interface, 478

translucency of, 251, 252f

translucent zone of, 17

tubular system of, 13, 13f

zone of destruction, 15

zone of sclerosis, 15, 17

Dentinoenamel junction, 2f, 9, 10f, 15, 114, 131, 259, 

330, 333

Dentogingival junction, 26–27, 44, 483–484

Developmental groove, 326

Diagnostic casts

porcelain veneer, 449f, 449–450

treatment planning use of, 53

Diamond burs, 132, 181, 272, 272f, 312, 313f, 537f, 

546f

Diastema

direct resin composite veneers for closure of, 

267–271, 268f–271f

treatment of, 59, 60f

Diet

caries etiology and, 96

caries prevention through, 120

caries risk based on, 40–41, 110

noncarious cervical lesions and, 399

Digital impressions, 510f, 512–514, 513f

Direct pulp capping

adhesive systems for, 139–140

calcium hydroxide for, 140–141

dentin bonding agents, 139–140

description of, 137–138

glass ionomer for, 138–139

indirect pulp capping versus, 137

materials for, 138–141, 145

mineral trioxide aggregate, 140–141

resin-modified glass ionomer for, 138–139

zinc oxide–eugenol, 138

Direct resin composite veneers

contouring, 273

description of, 265

diagnostic wax-up, 267

diastema closure using, 267–271, 268f–271f

disadvantages of, 265

finishing of, 271–275

illustration of, 266f

polishing of, 271, 273

rebonding of, 275

shade selection for, 266f, 267

steps for, 265b

tooth preparation for, 267

Directions, 154, 155f

Discolorations. See also Stains.

adhesion degradation and, 287f

aging as cause of, 415–416

assessment of, 45–46

bleaching for. See Bleaching.

calcific metamorphosis as cause of, 416, 416f

caries as cause of, 416

causes of, 468

diagnosis of, 420b

drugs that cause, 415, 415f

examination for, 419

fluoride as cause of, 415

masking of, 469–470

porcelain veneers for. See Porcelain veneers, 

discolored teeth treated with.

systemic conditions that cause, 415, 419

tetracycline-stained teeth

bleaching of, 435–436, 436f, 441f

description of, 415, 435–436

illustration of, 436f, 441f, 467f

trauma as cause of, 416, 416f

Disks, finishing, 272, 272f, 312, 312f, 546

Distal, 154, 155f

Disto-occlusal slot restoration, 330f, 331, 332f, 

361f–362f

Dry bonding, 221

Dry mouth. See Xerostomia.

Dual-cured resins, 503

Dual-curing cement, 575

Dyes, 144

Dynamic seating, 551

E
EDTA, 550, 574

Elbow preparation, 458

Electric handpieces, 176

Electrosurgery, 133

Emergence profile, 531

Emergency care, 39

Enamel

adhesion to, 214f. See also Adhesion; Adhesives.

aging effects on, 1–2

anatomy of, 2f

cavitation of, 3–4

clinical appearance of, 2–5

color of, 2–3, 89

composition of, 1–2, 6f

cracks in, 5, 5f

crystal structure of, 5–7, 6f, 8

demineralization of, 2–4, 8

description of, 1

etching of

acid, 7–8

description of, 7–8

factors that affect, 220

microporosities created by, 220

self-etching, 228–229

solutions for, 220

three-step etch-and-rinse adhesives, 217, 220

faults and fissures in, 4–5, 5f
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hydrophilicity of, 208

hypermineralization of, 209

hypomineralization of, 208–209

permeability of, 1–2

priming of

in three-step etch-and-rinse adhesive systems, 224

in two-step self-etching adhesive systems, 

228–229

remineralization of, 1

resilience of, 8–9

self-etching of

in one-step self-etching systems, 233

in two-step self-etching systems, 228–229

shade selection for, 264

strength of, 8

structure of, 5–7

substrates of, 208–209

thickness of, 8

translucency of, 2, 251, 252f

wear of, 4

yellowing of, 1–2

Enamel rods

characteristics of, 5–7

demineralization of, 15f

illustration of, 6f

weakening of, 8, 8f

Endocrown design, 515, 515f

Endodontic smear layer, 236–237

Endodontically treated teeth

adhesion of, in root canal, 571–573

adhesive restoration

bonding agent, 574–576

bonding to post, 576–578

canal preparation, 574

cement selection for, 578–579

clinical principles of, 573–579

tag length, 576, 577f

amalgam restoration for, 558f, 561

anterior, 559f, 559–560

bleached, restoration of, 426f

bleaching of, 422–426

clinical technique for, 579

core

cast metal, 564–565, 565f

materials for, 562–563, 563b

direct restoration of, 561

failure of, 557, 569

full-coverage of, 561

illustration of, 558f

longevity of, 557

materials for

core, 562–563, 563b

ribbon reinforcement, 563–564

maxillary incisors, 560f

maxillary premolars, 561–562

metal-ceramic crowns for, 483f

molars, 562

posterior, 561f–562f, 561–562

posts

active metal, 566–567

adhesives for. See Endodontically treated teeth, 

adhesive restoration.

all-zirconia, 566

armamentarium for, 578b

bonding to, 576–578

carbon fiber-reinforced composite, 567–568

cast metal, 564–565, 565f

cementation of, 575, 576f

ceramic, 567

diameter of, 572–573

ferrule effects on, 570–571

fiber-reinforced composite, 567–571, 573, 576, 

578f

glass fiber-reinforced composite, 568–571

length of, 572–573

metal, 564–567, 565f

passive parallel-sided metal, 566

passive tapered metal, 566

prefabricated, 564f, 564–567

quartz fiber–reinforced composite, 568–571

selection of, 564

stress distribution of, 569f

tapered, 566

risk analysis for, 558–559

survivability of, 558

treatment planning for, 559–562

Erosion

causes of, 48

chemical, 48, 49f

definition of, 47–48, 398

Erosive lesions, 48–49

Esthetics

of existing restorations, 46, 51

parameters of

buccal corridor, 70, 70f

color, 74–75

face height, 68, 68f

gingival zenith, 72

illumination principle, 76–77, 77f

incisal plane, 69, 69f

interproximal contact areas, 72, 73f

lip asymmetry, 70

lip length, 68, 69f

lip mobility, 68

lower lip, 70

mandibular incisal edge shape, 74

maxillary canines, 74

maxillary incisors, 72f, 72–73

outline symmetry, 68–69, 69f, 74

posterior occlusal plane, 70

tooth-to-tooth proportions, 76

upper lip, 70

pretreatment assessments of, 51

of resin composite restorations, 280

treatment planning for, 57–58

Etch-and-dry adhesives, 216

Etch-and-rinse adhesives

anterior ceramic crown placement using, 496

fiber-reinforced composite posts, 574

intraradicular dentin adhesion, 235, 236f

nanoleakage associated with, 241

resin tag formation with, 577f

self-etching adhesives versus, 228

smear layer removal, 215

three-step. See Three-step etch-and-rinse adhesives.

two-step. See Two-step etch-and-rinse adhesives.

wet bonding for, 223f

Etchant, 208

Eugenol, 238, 574

Examination. See Clinical examination.

Excavators, 162, 349

Existing restorations

anatomical form of, 44

caries activity, 45–46

discoloration of, 45–46

esthetics of, 46

interproximal contacts, 44–45

margins of, 43–44

occlusal contacts, 44–45

periodontal effects, 44, 45f

radiographic evaluations of, 43f

structural integrity of, 43

Explorers, 173, 174f

Extrinsic stains, 415

F
Face, law of, 77, 77f

Face height, 68, 68f

Facial slot preparation, 334

Facial view, 154, 156f

Facioaxial line angle, 157f, 158

Facioincisal line angle, 457, 457f

Fédération Dentaire Internationale system, 154, 155f

Feldspathic porcelain, 480

Ferrule, 487, 558, 570–571

Fiber-optic transillumination, 42

Fiber-reinforced composite posts, 567–571, 573, 576, 

578b

Fibroblasts, 22

Field isolation

absorbent materials, 205, 206f

cotton products, 205

fixed partial denture, 199–201, 200f–201f

rubber dam. See Rubber dam.

tongue retraction and suction devices, 204–205, 

204f–205f

Filler particles, 249–250

Finish lines

cast gold restorations, 529–531, 530f–531f

chamfer configuration of, 531

knife-edged configuration of, 530–531

partial-coverage crowns, 541, 541f

porcelain veneers, 454–455, 455f

shoulder configuration of, 531

Finishing

of amalgam restorations, 364f, 364–365

of direct resin composite veneers, 271–275, 

272f–273f

disks for, 272, 272f, 312, 312f

instruments for, 272f, 272–273

of posterior Class 2 resin composite restorations, 

311–313, 312f–313f

Finishing bur(s), 180–181, 272f, 364f

Finishing strips, 272f, 273

Finite element analysis, 570

Fissure(s)

air abrasion for opening of, 327, 327f

burs for opening of, 327f

deep, 326

definition of, 156, 326

in enamel, 4–5, 5f

opening of, 327f

Fissure caries. See Pit and fissure caries.

Fissure sealants, 289
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Fixed partial denture

all-ceramic materials for, 57

rubber dam isolation of, 199–201, 200f–201f

zirconia for, 57

Flexural fatigue, 478

Floss

proximal contact and contours verified using, 313, 

313f

rubber dam uses of

dam inversion, 197, 198f

flossing uses of, 193

ligatures, 190–191, 260

Flowable resin composites, 301–303, 408

Fluorescence, 80

Fluoride

American Dental Association recommendations, 118t

amount of, 389–390

antibacterial effects of, 387–388

caries application of

inhibition, 388–390

preventive uses, 96–97, 110, 116–119, 118t, 

380–381

caries risk and, 96

description of, 380

discoloration caused by, 415

in gels, 119

materials that release

amount, 389–390

characteristics of, 381

clinical considerations regarding, 390–392

compomers, 381, 382t, 384, 390

description of, 381–386

giomers, 381, 382t, 384–385

glass-ionomer cements, 381, 382t, 383–384

guidelines for, 392t

in high-caries-risk patients, 392

mechanical properties of, 382t

open sandwich technique, 390–391, 391f

range of, 385–386

recharging of, 386–387

resin composites, 381, 383

resin-modified glass ionomers, 381, 382t, 384–385

selection of, 392

in mouthrinses, 119

oral retention of, 97

plaque removal using, 374

release of, 385–386

remineralization caused by, 390

supplements, 119

topical, 119, 374

Forceps

articulating paper, 174f, 175

clamp, 187, 187f

cotton, 174f, 175

Fossa, 156

Four-number formula, for hand cutting instruments, 

165f, 166

Fracture, 50–51

Frame holders, for rubber dam, 186, 187f

Front-surface mirror, 173, 173f

Functional–esthetic facial bevel, 259

G
Gastroesophageal reflux disease, 48, 399

Gelation, 250

Gingiva

anatomical description of, 25–26

appearance of, 25f, 25–26

attached, 25, 26f

biologic width, 26–28

components of, 25

dentogingival junction, 26–27

description of, 25–26

emergence profile of, 531

esthetic considerations, 68, 69f

fibers of, 25–26

inflammation of, 44, 401f

keratinized, 26

mucogingival junction, 26

recession of, 400f

relaxation incisions of, for rubber dam, 202f, 202–203

restoration overhangs effect on, 26–27

restorative dentistry considerations, 26, 27f, 28–29

root caries, 369

vertical width of, 26

zenith of, 72, 72f

Gingival, 154, 156f

Gingival flash, 272f, 312f

Gingival margin trimmer, 163f–164f, 163–164

Gingivitis, 25

Gingivoplasty, 402, 403f

Giomers, 381, 382t, 384–385

Glabella, 68

Glass fiber-reinforced composite posts, 568–571

Glass ionomers

adhesion, 234–235

adhesives, 134t

advantages of, 376

antimicrobial properties of, 145

base use, 137

bonded-base technique, 136

cast gold restorations, 548–550

direct anterior restorations, 253–254

direct pulp capping using, 138–139

fluoride release from

amount of, 381, 383, 385

description of, 121, 381

recharging, 386–387

liner use

description of, 136–137, 296

for direct pulp capping, 138–139

for indirect pulp capping, 144–145

longevity of, 376

noncarious cervical lesions treated with, 408–409

properties of, 134t, 138–139

resin-modified. See Resin-modified glass ionomers.

root caries restoration using, 376, 376f

sandwich technique for, 136, 409

setting reaction for, 235f

thermal expansion of, 383f

Gloss, 80

Gold restorations. See Cast gold restorations.

Gradation principle, 74, 74f

Grasping, of hand instruments

description of, 175

palm-thumb grasp, 176, 176f

pen grasp, 175, 175f–176f

Groove, 156, 326

Ground substance, 21

Group function, 532

H
Halo effect, 73, 73f

Hand instruments

amalgam carriers, 168

burnishers, 169f, 169–170, 192, 193f

carvers. See Carvers.

centigrade scale, 164, 165f–166f

condensers, 166, 168, 168f

cutting. See Cutting instruments.

description of, 160–162

explorers, 173, 174f

forceps, 174f, 175

grasping techniques for

description of, 175

palm-thumb grasp, 176, 176f

pen grasp, 175, 175f–176f

hemostats, 174f, 175

materials for, 160, 170

metals, 160

mirrors, 173, 173f

motions used with, 176

noncutting, 166–170

periodontal probes, 173–175, 174f

plastic, 170, 170f

rotating

burs, 177f, 177–181, 179t–180t, 272f

handpieces, 160, 176–177, 177f

shank of, 160–162, 161f

sharpening of, 170–173, 171f–173f

spatula, 170, 171f

technique for using, 164

Handpieces, 160, 176–177, 177f

Hatchet

design of, 162

off-angle, 164

Head, of bur, 177, 178f

Hemostats, 174f, 175

Hoe

design of, 162, 163f–164f, 166

sharpening of, 171f–172f

Hue, 79, 80f

Hunter-Schreger bands, 5, 7f

Hybrid layer

aging of, 240–242

collagen-fibril degradation, 241–242, 242f

description of, 208, 213

factors that affect, 241

formation of, 382

illustration of, 215f

resin degradation, 241

Hybrid resin composites, 252, 253f

Hydrodynamic phenomenon, 20f

Hydrofluoric acid, 566

Hydrogen peroxide, 237, 416, 430, 430t, 437, 439

Hydrolysis, 241

Hydrolytic breakdown, 286

Hydrophilic, 208–209

Hydroxyapatite mineral, 5, 6f

Hydroxyethyl methacrylate, 209, 210t , 550

Hyperalgesia, 23

Hypermineralization, 209

Hypersensitive dentin, 16

Hypomineralization, 101t, 208–209

Hyposalivation, 372
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I
Iatrogenic damage, 93f

Illumination principle, 76–77, 77f

Impressions

for anterior ceramic crowns, 492–494, 493f–494f

digital, 510f, 512–514, 513f

for porcelain veneers, 462

Incisal, 154, 156f

Incisal angle, interproximal lesions involving

cavity preparation for, 258–260, 259f

description of, 254

Incisal embrasures, 72

Incisal plane, 69

Incisors. See also Teeth.

fractured edge of, 461

mandibular, 74, 74f, 461f

maxillary. See Maxillary incisors.

Indirect pulp capping

conditions for, 137

description of, 141–142, 144–145

direct pulp capping versus, 137

procedure for, 141f, 143f–144f

protocol for, 142b

Inflammation

gingival, 44

periodontal, 44, 45f

pulpal, 22–23, 131–133

Informed consent, 288

Inhibitors, 211t–212t

Initiators, 211t–212t

Inlays. See also Onlays.

bulk fracture of, 509

CAD/CAM system

advantages of, 517

cavity preparation, 515

cementation, 517

chairside, 511, 511f

clinical studies of, 518–519

computer-aided design, 515–516

disadvantages of, 517–518

hardware, 514–515

longevity of, 518–519

manufacturing process, 516–517

materials, 516–517

software, 514–515

training, 518

try-in, 517

ceramic

description of, 506

fabrication of, 508

indications for, 506–507

isolation of, 508

performance of, 500

resin composite inlays versus, 506–507

shade selection, 507

wear of, 508

failures of, 509

gold

bevel, 536

block-out technique for, 533–534, 534f

cavosurface bevels, 536, 536f–537f

description of, 532

illustration of, 533f

indications for, 525

integral pins and slots for, 535, 535f

occlusal preparation, 532f, 534–535

proximal boxes, 535, 536f

refinement of, 535–536, 536f

retention grooves, 536

tooth preparation for, 533f

maintenance of, 504

marginal breakdown of, 509, 509f

marginal wear of, 509

provisional restorations, 502–503

resin composite

advantages of, 506, 508

ceramic inlay versus, 505–506

longevity of, 508–509

wear of, 508

In-office bleaching

burns caused by, 428, 429f

description of, 422, 427f, 427–429

factors that affect, 436–438

laser- or light-assisted, 429

questions regarding, 427t

technique for, 427–429

tooth sensitivity caused by, 428

Instruments. See also specific instrument.

air-abrasion units, 181

cutting. See Cutting instruments.

finishing, 272f, 272–273

flash removal, 272f, 312f

hand. See Hand instruments.

magnification devices, 181, 182f

magnifiers, 181, 182f

plastic, 170, 170f

recommended kit, 167b, 189t

rotating. See Rotating instruments.

sonic, 181

ultrasonic, 181

visualization devices, 181, 182f

Intensives, 89

Interarch space, 49

Interdental papilla, 25

Interdiffusion zone, 208

Interim therapeutic restorations, 124

Internal bevel, 294

Internal-external closed bleaching technique, 426

Internal-external open bleaching technique, 426

International Caries Classification System, 102t, 103

International Caries Detection and Assessment 

System, 102t, 103, 374

Interproximal bone, 529

Interproximal carver, 168, 169f, 356f, 357

Interproximal contact disk, 193, 193f

Interproximal contacts

deficient, 29

definition of, 156

description of, 44–45, 72

illustration of, 73f

open, 29

porcelain veneers, 456f–457f, 456–457

posterior Class 2 resin composite restorations, 298, 

304

smoothing devices for, 45f

Interproximal lesions

Class 3

cavitated, 254

dentinal, 254

description of, 254

incipient, 254

tooth preparation for, 256–258, 257f

Class 4

cavity preparation for, 258–260, 259f

description of, 254

restorations for. See Class 4 restorations.

Interpupillary line, 69

Intertubular dentin, 10, 13, 13f, 17f

Intracrevicular margins, 528

Intraradicular dentin adhesion. See Adhesion, 

intraradicular dentin.

Intrinsic stains, 415

Iridescence, 80

Isolation techniques. See Field isolation.

Ivory forceps, 187, 187f

K
Keyhole preparation, 334

L
Labial, 154, 155f

Lasers, 132–133

Latex

allergy to, 203–204

polyvinyl siloxane inhibition caused by, 493, 494f

Lathe-cut amalgam alloys, 324, 325f

Layering technique, 263

Ligation method, for fixed partial denture isolation, 

201, 201f

Light curing

commercial units, 261–262

conical tip for, 303, 303f

materials, 212, 250

Light-cured resin composites, 250, 288

Light-emitting diodes, 261, 310–311

Line angle, 158

Liners

calcium hydroxide, 135–136

definition of, 134

glass ionomer, 136–137, 138–139

inlay/onlay, 501

placement guidelines, 137

Lingual slot preparation, 334

Lingual view, 154, 156f

Lip(s)

asymmetry of, 70, 71f

length, 68, 69f

lower, 70

mobility, 68

upper, 70, 71f

Lithium disilicate, 481

Lombardi matrix, 73, 73f

Loupes, 182f

Low-fusing ceramic materials, 48

Lubricant, for rubber dam, 193, 194f, 195

Luting cements

cast gold restorations, 548–550

description of, 466

porcelain veneer, 466, 467f

M
Macroabrasion, 440f, 440–441

Macrophages, 22

Macroshear tests, 239, 240f

Macrotags, 220, 228
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Macrotensile tests, 239

Magnification devices, 181, 182f

Maintenance care, 39

Mandibular teeth

incisors

edge of, 74f

esthetics of, 74

fracture of, 461f

occlusal fissure caries of, 98f

partial-coverage gold-cast restoration, 547f

Mantle dentin, 12

Marginal leakage, of resin composites, 286, 302

Marginal ridges, 156

Margins, 158

Class 2 restorations, 294–296

integrity of, 488–489

subgingival, 529

supragingival, 44

Masking, 469–470

Matrices

amalgam restorations. See Amalgam restorations, 

matrices.

Class 2 restorations, 297f–300f, 297–300

Class 3 restorations, 260–261, 261f

Class 4 restorations, 260, 264f

sectional, 299, 299f–300f

Tofflemire, 297f, 297–298, 347–350

Matrix metalloproteinases, 14, 242

Maxillary cast, 69f

Maxillary incisors

edge configuration of, 70–73, 73f

endodontically treated, 560f

esthetic considerations, 69–74, 72f

facial contour of, 72, 72f, 74

halo effect of, 73, 73f

incisal view of, 74f

length of, 75, 76f

lingual contour of, 72

proportions of, 75–76

Maximum intercuspation position, 47, 357

Mesial, 154, 155f

Mesio-occlusal preparation, 159

Mesio-occlusodistal amalgam restorations, 58, 365

Mesio-occlusodistofacial preparation, 159

Metal posts, 564–567, 565f

Metal-ceramic crowns, 474, 476f, 482–483

Metamerism, 86

10-Methacryloyloxydecyl dihydrogenphosphate, 210t, 

231

Microabrasion, 440f, 440–441

Microfilled resin composites, 252, 253f, 284

Microhybrids, 252

Microleakage

definition of, 11, 134

illustration of, 11f, 134, 376f

rubber dam for prevention of, 183

Micromechanical retention, 275

Microshear tests, 240

Microtags, 220, 228

Microtensile tests, 240, 572

Mineral trioxide aggregate, 140–141, 343

Miniflaps, 202, 202f, 402, 403f

Mirrors, 173, 173f

Mock-ups, 449f–450f, 449–450

Modeling compound

application of, 352, 352f

matrix reinforcement using, 351–353, 352f

rubber dam retention using, 191–192, 192f

Modulus of elasticity, 569, 569t, 573f

Monolithic technique, 480, 480f

Monomers, 209–212, 210t–212t

Mucogingival junction, 26

N
Nanofilled resin composites, 253, 254f

Nanohybrids, 252

Nanoleakage, 241

Neck, of bur, 177, 178f

Negative rake angle, 176

Nerve growth factor, 23

Neuropeptides, 23

Nicotine stains, 437f

Nomenclature

cavity preparations, 154, 156

tooth surfaces, 154, 155f–156f, 156

Noncarious cervical lesions

abfraction, 49

abrasion as cause of, 399

access to, 401–405

dentinal sensitivity associated with, 409

description of, 16–17, 49

dietary factors, 399

etiology of, 397–399

finite-element analysis of, 398

illustration of, 17f, 398f

incidence of, 397

isolation of, 401–405

morphologic presentation of, 398–399

multifactorial causes of, 397–399

nonsurgical retraction of, 401f–402f, 401–402

occlusal stress forces as cause of, 399

occlusal wear facets with, 398f, 399

porcelain veneers, 461–462

restorations for

amalgam, 405–406, 406f

classification of, 405b

compomers, 409

glass ionomer, 408–409

resin composite, 406–408, 407f

resin-modified glass ionomers, 408–409

selection of, 56

sclerotic dentin in, 17

toothbrush abrasion as cause of, 399

treatment of

approaches for, 399–401

conventional flap surgery, 402–404

decision making regarding, 400

description of, 56

gingivoplasty, 402, 403f

miniflap, 402, 403f

periodontal, 400f, 401

recommendations for, 400

surgical, 402–405, 403f–405f

Nygaard-Ostby frame, for rubber dam, 186, 187f

O
Occlusal, 154, 156f

Occlusal amalgam restorations, 46f, 328–329

Occlusal caries

cavitated, 122

Class 1 amalgam restoration for, 326f–327f, 326–327

detection of, 104f

diagnosis of, 107, 107f

illustration of, 3f, 41f

mandibular second molar, 98f

sealants for, 121

treatment of, 121

Occlusal stress forces, 399

Occlusal wear

description of, 47–48

facets caused by, 398f, 399

illustration of, 49f

Occlusion

amalgam restoration adjustments, 406

centric, 47

contacts, 44–45

interarch space, 49

interferences, 46–47

mutually protected, 532

pretreatment assessments of, 46–47

reevaluation of, 551

traumatic, 29

wear, 47–48

Odontoblastic process, 14f

Odontoblasts, 21f, 22

Off-angle hatchet, 164

One-step self-etching adhesives

adhesive-interface stability with, 231, 233

advantages of, 229b

application procedure for, 219t

bonding, 229b

chemically/dual-cured composite materials 

incompatibility with, 238

composition of, 219t

dentin application of, 233

description of, 216, 231

disadvantages of, 229b

enamel application of, 233

errors associated with, 229b

etching, 229b

nanoleakage caused by, 242f

priming, 229b

water sorption with, 241

Onlays. See also Inlays.

adhesive cementation of, 503–504

bases, 501

CAD/CAM system

advantages of, 517

cavity preparation, 517–518

cementation, 517

chairside, 511, 511f

clinical studies of, 518–519

disadvantages of, 517–518

hardware, 514–515

longevity of, 518–519

materials, 516–517

software, 514–515

training, 518

try-in, 517

ceramic

fabrication of, 508

isolation of, 508
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performance of, 500

resin composite onlays versus, 506

shade selection, 507

wear of, 508

failures of, 509

gold

bevel, 539

cuspal reduction, 538f, 539

description of, 537–538

gingival bevel, 539

noncentric cusp, 539

occlusal preparation, 538

preparations for, 538–540

proximal bevel, 539f, 539–540

proximal boxes, 538f, 539

retention grooves, 540, 540f

shoulder bevel, 539, 539f

shoulder preparation, 539, 539f

indirect technique for, 507b

liners, 501

maintenance of, 504

mandibular first molar, 516f

marginal wear of, 509

porcelain, 506–508, 507b

preparation for, 501, 502f, 515, 538–540

provisional restorations, 502–503

resin composite, 505–506

ceramic onlays versus, 506

wear of, 508

rubber dam isolation of, 504f

Opacity, 80

Opalescence, 80

Opalescents, 89

Open sandwich technique, 287, 297, 390, 391f, 403, 

408f

Oral hygiene, 117f

Osseointegrated implants, 559

Outline form

Class 1 amalgam restorations, 327–329, 329f

Class 2 amalgam restorations, 330f, 330–331

Overhangs, 28–29, 44, 45f

P
Packable resin composites, 311

Palm-thumb grasp, of hand instruments, 176, 176f

Parafunctional habits, 47f, 478, 479f

Partial-coverage restorations

bevel, 543, 543f

description of, 540

facial bevel, 543, 543f

finish lines, 541, 541f

lingual reduction, 540–541, 541f

occlusal channel, 543, 543f

occlusal reduction, 540, 541f

proximal grooves, 542f, 543

proximal reduction, 541

refinements, 543, 544f

retention and resistance of, 540

tooth preparation for, 527f

Passive eruption, altered, 76f

Patient-centered caries management, 93, 94f, 116

Pen grasp, of hand instruments, 175, 175f–176f

Periodontal health

restorations effect on, 28–29, 44

root caries reduction through, 376

Periodontal ligament, 24–25

Periodontal probes, 173–175, 174f

Periodontal surgery, for noncarious cervical lesions, 

400f, 401

Periodontitis, 25, 29

Periodontium

anatomy of, 529f

inflammation in, 44, 45f

pretreatment evaluation of, 51–52

Peritubular dentin, 10

Phosphoric acid

application of, before self-etching adhesive 

application, 231, 233

dentin etching using, 220

description of, 213

smear layer removal using, 237

Physiologic dentin, 12, 12f

Physiologic wear, 47

Pins

amalgapins, 344, 344f, 363f

channel preparation for, 339–341, 340f, 343

circumferential slots, 344, 344f

complex amalgam restoration resistance and 

retention using, 338f–343f, 338–343

gold inlays, 535, 535f

horizontal, 343, 343f

insertion of, 341, 342f

location of, 340, 340f

nonpin mechanical resistance, 343–344

self-threading, 338, 338f, 341, 342f, 343

shortening of, 341–343, 342f

stainless steel, 338

Pin-to-pin channel mismatch, 341

Pit, 156, 326

Pit and fissure caries

detection of, 41–42, 102t, 103f, 103–104

discoloration associated with, 103

pretreatment assessment of, 41f, 41–42

sealants for, 121

tactile examination of, 103–104

treatment of, 121

Pitch, of incisal table, 74, 74f

Plaque. See also Streptococcus mutans.

bacterial composition of, 95–96

in caries etiology, 41, 95–96, 100f, 110

fluoride effects on, 387

mechanical removal of, 374

pH levels, 95–96

risks assessments, 40–41

Plasma arc cutting units, 262, 310, 310f

Plastic instruments, 170, 170f

Point angle, 158

Polishing

of amalgam restorations, 364–365

definition of, 364

of direct resin composite veneers, 271, 273, 273f

Polycarboxylate cement, 550

Polymeric materials, 208

Polymerization

definition of, 212

illustration of, 213f

latex inhibition of, 493, 494f

resin composite, 250

in resin inlays, 505–506

secondary, 505–506

Polymerization shrinkage

definition of, 382

description of, 213

gap formation caused by, 286

measurement of, 382

posterior resin composite restorations

description of, 282–283

gap formation, 286

illustration of, 282f

postoperative sensitivity, 284

resin composites

description of, 250, 572

flowable, 301

restoration failure secondary to, 11f

Polymethyl methacrylate, 563

Polyvinyl siloxane, 260, 493

Porcelain veneers

anatomy of, 464, 464f

anterior tooth preparation for

gingival finish lines, 454–455, 455f

guidelines for, 465b

incisal edge, 457f–458f, 457–459

interproximal contact area, 456f–457f, 456–457

overlapping teeth, 459, 459f

space closure, 459, 459f

bleaching, 441, 470

crowns and, 470–471, 479, 479f

debonding of, 452–453, 453f

discolored teeth treated with

bleaching, 470

ceramic buildup, 469, 469f

discolored teeth, 468–470

luting composite, 468

masking, 469–470

principles of, 467–468

durability of, 448

failure of, 452f–453f, 452–453, 471

finishing of, 465b–466b

fracture of, 452, 471, 471f

halo effect and, 73, 73f

impressions for, 462

indications for, 448

leakage of, 453

limitations, 448

long-term predictability of, 454

luting cements for, 466–467, 467f

maintenance of, 472

mandibular incisor, 458f

marginal fit of, 464

marginal staining of, 453, 456, 471

monochromism of, 467

multiple, 451f–452f, 451–452

placement of, 464–467, 465b–466b

procedures for, 465b–466b

provisional restoration placement over, 462, 463f

removal of, 471f, 471–472

single, 451, 451f

tooth preparations for

existing restorations, 460, 461f

fractured incisal edge, 461, 461f

guidelines, 465b

noncarious cervical lesions, 461–462

premolars, 460, 460f

translucency of, 467f
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treatment planning

computer imaging, 450

face assessments, 448

mock-ups, 449f–450f, 449–450

photographs, 450–451

smile assessment, 448–449

try-in, 465b

ultrathin, 469f

Porcelain-fused-to-metal crowns, 57, 482

Porphyria, 415

Positive rake angle, 176

Posterior occlusal plane, 70

Posterior restorations

bonded porcelain restorations, 506–508

Class 1 resin composite, 157f, 291

Class 2 resin composite

adhesive systems for, 297

bevel placement, 293

bonded-base technique, 297

bonding resin application, 297

cavity liners, 296

facial margins, 293, 294f

finishing of, 311–313, 312f–313f

flowable resin composites, 301–303

gingival margins, 294, 294f–295f

interproximal contacts, 298, 304

lingual margins, 293, 294f

matrices, 297f–300f, 297–300

occlusal margins, 294–296, 295f

packable resin composites, 311

placement of

incremental technique, 300f–309f, 300–309

other techniques for, 309

polishing of, 312, 312f

preparation for, 293–296

prewedging, 291–292, 292f

proximal margins, 293

rebonding of, 313, 313f

successive cusp build-up technique, 305, 308f

surface preparation, 292, 293f

definition of, 154

nomenclature for, 154

resin composite

adhesive preparation for, 280–281, 281, 281f

advantages of, 280–282, 281f

autocured, 283, 288, 309

bonded-base technique, 297

Class 2. See Posterior restorations, Class 2 resin 

composite.

degree of conversion, 286

dentin adhesion inconsistencies associated with, 

286, 287f

disadvantages of, 282–286

esthetics of, 280

fracture of, 286

galvanic current elimination using, 282

hydrolytic breakdown, 286

indications for, 287

isolation techniques, 289

longevity of, 279–280

marginal leakage of, 286

mechanical properties of, 285–286

open sandwich technique, 287

outline form of, 281f

packable resin composite, 311

polymerization

alternative techniques for, 310–311

degree of conversion, 286

shrinkage, 282f, 282–283

postoperative sensitivity of, 284

preoperative evaluation, 288–289, 289f

preventive resin restorations. See Preventive resin 

restorations.

radiopacity benefits of, 282

sealants, 289–290

secondary caries, 283f, 283–284

technique sensitivity, 286

thermal conductivity reductions using, 282

tooth structure adhesion, 281

tooth structure conservation, 280–281, 281f

viscosity, 301, 302

water sorption of, 286

wear resistance of, 284–285

rubber dam with, 194, 195f

tunnel restorations

advantages of, 314

contraindications, 315

description of, 313–314

disadvantages of, 314–315

indications for, 315

longevity of, 315t

preparations, 314–315

resin-modified glass-ionomer cements for, 315

Posts

active metal, 566–567

adhesives for. See Endodontically treated teeth, 

adhesive restoration.

all-zirconia, 566

armamentarium for, 578b

bonding to, 576–578

carbon fiber-reinforced composite, 567–568

cast metal, 564–565, 565f

cementation of, 235, 575, 576f

ceramic, 567

diameter of, 572–573

ferrule effects on, 570–571

fiber-reinforced composite, 567–571, 573, 576, 578f

glass fiber-reinforced composite, 568–571

length of, 572–573

metal, 564–567, 565f

passive parallel-sided metal, 566

passive tapered metal, 566

prefabricated, 564f, 564–567

quartz fiber–reinforced composite, 568–571

selection of, 564

stress distribution of, 569f

tapered, 566

Potassium nitrate, 438

Predentin, 14, 235

Premolars

cast gold restorations, 537f

porcelain veneers for, 460, 460f

white spot lesion on, 3f

Pre-reacted glass-ionomer, 384

Preventive resin restorations

advantages of, 290

contraindications, 290

definition of, 290

history of, 290

indications for, 290

sealants used with, 290–291

technique for, 290–291, 291f

Primary dentin, 12

Primer, 208, 224

Principle of gradation, 74, 74f

Probes, 173–175, 174f

Problem list, 38, 54f–55f

Problem-oriented treatment planning, 37–39

Progenitor cells, 25

Provisional restorations

fabrication of, 463f–464f

inlays, 502–503

onlays, 502–503

placement of, over porcelain veneers, 462, 463f

Proximal caries

activity assessments, 107

detection of, 104, 104f, 107

illustration of, 42f

progression of, 98–100

sealants for, 121

transillumination technique for, 104

Proximal slot restoration, 331, 331f, 333f

Proximal surface, 156

Pullout testing, 572

“Pull-through” matrix technique, 269

Pulp

age-related changes in, 23, 24

bleaching effects on, 438

bleeding of, 138

capping. See Pulp capping.

cast gold restorations and, 528

cells of, 22

composition of, 20–21

dentin bonding agents effect on, 139

dentin thickness and, 131

description of, 20–21

examination of, 42–43

functions of, 21, 23

ground substance, 21

healing potential of, 24–25

histology of, 21f

hydrodynamics of, 133–134

inflammation of, 22–23, 131–133

innervation of, 23

instruments for assessing, 132–133

mesiodistal crack in, 50f

morphology of, 21–22

neuromediation of, 23

nociception, 23

odontoblastic layer, 22

pain in, 23, 132f, 133

physiology of, 131–134

regenerative therapies for, 24–25

restorative dentistry effects on, 24, 133–134

sensitivity

bleaching-induced, 438

thermal, 133–134

temperature effects, 24

tissue pressure effect, 23

tooth preparation considerations, 486

tooth whitening effects on, 24

vascular system of, 22–23

vasodilation of, 11

vitality testing of, 42–43, 43
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Pulp capping

calcium hydroxide, 138f, 139–140

conditions necessary for, 137

definition of, 137

dentin bonding agents. See Dentin, bonding agents.

direct

adhesive systems for, 139–140

calcium hydroxide for, 140–141

dentin bonding agents, 139–140

description of, 137–138

future materials, 145

glass ionomer/resin-modified glass ionomer for, 

138–139

indirect pulp capping versus, 137

materials for, 138–141, 145

mineral trioxide aggregate, 140–141

zinc oxide–eugenol, 138

indirect

conditions for, 137

description of, 141–142, 144–145

direct pulp capping versus, 137

procedure for, 141f, 143f–144f

protocol for, 142b

Pulpal wall, 156, 157f

Punches, rubber dam, 184–185, 185f

Pushout tests, 572

Push-/pull-out tests, for bond strength, 239, 240f

Q
Quadrants, 154

Quartz fiber–reinforced composite posts, 568–571

Quartz-tungsten-halogen lights, 261–262

R
Radiographs

caries detection using, 104f, 105–106

existing restoration evaluations, 43f

treatment planning uses of, 52–53

Radiopacity, of flowable resin composites, 302

Rake angle, 176

Reactionary dentin, 18, 18f

Rebonding

of direct resin composite veneers, 275

of posterior Class 2 resin composite restorations, 313

Record. See Dental record.

Recurrent caries

activity assessments, 108

Class 1 amalgam restoration for, 327

definition of, 108

detection and diagnosis of, 104–105

fluoride prevention of, 388–389

pretreatment assessment of, 45–46

resin composite restoration, 362f

Reevaluation phase, of treatment sequencing, 39

Regenerative therapies, for pulp, 24–25

Remineralization, 96, 380, 390, 398

Removable partial dentures, 372

Reparative dentin, 18f, 19

Resin carving instruments, 272, 272f

Resin cements, 549–550

Resin composite(s)

adhesive properties of, 281

advances in, 250

autocured, 283, 288

characteristics of, 249–252

coefficient of thermal expansion, 250, 286

color selection, 254–256

components of, 249–250

as core material, 563

curing of

autocured, 283, 288

description of, 250

incremental, 261

light curing, 250, 288

visible light curing, 261–262

dentin bonding of, 563

description of, 146

disadvantages of, 249–250

elastic deformation of, 286

esthetics of, 280

filler particles of, 249–250, 284

finishing of, 271–275, 272f–273f

flowable, 301–303, 408

fluoride release from, 381, 382t, 383

fracture toughness of, 285

handling characteristics of, 250–251

hybrid, 252, 253f

hydrolytic breakdown of, 286

incremental placement of, 261–262, 300f–309f, 

300–309

inlay/onlay, 517

intraoral restorations repaired or corrected using, 275

light-cured, 250, 288

longevity of, 249, 508–509

marginal leakage of, 286, 302

mechanical properties of, 285–286

microfilled, 252, 253f, 284

nanofilled, 253, 254f, 284

opacity of, 251–252, 252f

optical characteristics of, 251–252

packable, 311

physical characteristics of, 250

polymer matrix of, 249

polymerization

description of, 250

factors that affect, 261

shrinkage. See Polymerization shrinkage.

prepolymerized, 304

properties of, 285–286

self-curing, 250

shade selection, 254–256

thermal expansion coefficient of, 286

tooth adhesion of, 281

viscosity of, 251

visible light–cured

argon laser units for, 310, 310f

description of, 261–262, 286, 288

light-emitting diode curing units for, 310–311

monitoring of, 311, 311f

plasma arc curing units for, 310, 310f

volumetric shrinkage of, 250

water sorption of, 286

wear of, 48, 284–285, 508

wedging of, 260–261

wetting, 251f

Resin composite restorations. See also under Onlays.

anterior teeth. See Anterior teeth.

bonding to, 503

caries lesions treated with, 124

Class 1, 291

Class 2. See Class 2 restorations.

Class 3. See Class 3 restorations.

Class 4. See Class 4 restorations.

Class 5, 44f, 406–408

curing of, 261–262

discolored, 259f

failure of, 11f, 279

glass-ionomer cements for, 136–137

illustration of, 280f

incremental placement of, 261–262, 300f–309f, 

300–309

inlays, 505–506

longevity of, 279–280

marginal gap of, 46f

microleakage of, 375, 376f

noncarious cervical lesions treated with, 406–408, 

407f

onlays, 505f, 505–506

open sandwich technique, 287

posterior teeth. See Posterior restorations.

recurrent caries with, 362f

removal of, before porcelain veneer placement, 460

resin composite inlays and onlays versus, 505

root caries treated with, 375f–376f, 375–376

staining of, 46f

thickness of, 261

veneers. See Direct resin composite veneers.

Resin tags, 576, 577f

Resin-dentin bond strength, 221

Resin-modified glass ionomers

cast gold restorations, 548–550

Class 3 restorations, 258

composition of, 384

as core material, 563

dentin bonding of, 382

fluoride release from, 384–385, 389

noncarious cervical lesions treated with, 403, 

408–409

root caries restorations using, 376

Resistance, 336, 487

Resistance form

cast gold restorations, 526–528, 527f

Class 1 amalgam restorations, 328f–329f, 328–329

Class 2 amalgam restorations, 332f–333f, 332–334

Restorations. See also specific class of restoration.

abrasion caused by, 48

amalgam. See Amalgam restorations.

bleaching and, 439–442

CAD/CAM. See CAD/CAM restorations.

cast gold. See Cast gold restorations.

correction of, 275

flexural strength of, 569t

informed consent for, 288

longevity of, factors that affect, 381

noncarious cervical lesions treated with. See 

Noncarious cervical lesions, restorations for.

overhang of, 28–29, 44

partial-coverage. See Partial-coverage restorations.

periodontal health affected by, 28–29, 44

posterior. See Posterior restorations.

provisional. See Provisional restorations.

repair of, 275

resin composite. See Resin composite restorations.

sealing of, 132f

tunnel. See Tunnel restorations.
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Retainer-pontic connectors, 201, 201f

Retention, 336, 486

Retention form

cast gold restorations, 526–528

Class 1 amalgam restorations, 328–329

Class 2 amalgam restorations, 332f–333f, 332–334

Retentive undercuts, 332–334, 333f–334f

Rod sheath, 6f, 6–7

Root caries

activity assessments, 108

arrested, 108f

chemotherapeutic strategies, 374

clinical appearance of, 369, 370f–371f

definition of, 4, 369

description of, 369

diagnosis of, 104, 373–374

etiology of, 371

glass-ionomer cement, 376

histochemistry of, 370

histopathology of, 370–371

illustration of, 373f

incidence of, 371, 373

location of, 369–370, 370f

microbiology of, 370–371, 373

periodontal health for prevention of, 376

prevalence of, 371–372

prevention of, 374

removable partial dentures as risk factor for, 372

restorations for

description of, 375–376

glass-ionomer cement, 376, 376f

indications for, 375

isolation considerations, 375

resin composite, 375, 375f–376f

resin-modified glass-ionomer cement, 376, 376f

silver amalgam, 375

risk factors for, 372b, 372–373, 373f

smoking and, 372–373

Root resorption, 419f, 423f, 423–424

Rotating instruments

burs, 177f, 177–181, 179t–180t

handpieces, 160, 176–177, 177f

Rubber dam

adjustment of, 197

advantages of, 181, 183

allergy to, 203–204

application of

completion of, 197–198

dam preparation, 194–195

mouth preparation, 194

placement techniques. See Rubber dam, 

placement of.

benefits of, 183

bite block use with, 199, 199f–200f

clamps. See Clamps.

fixed partial denture isolation using, 199–201, 

200f–201f

floss with

dam inversion, 197, 198f

flossing uses of, 193

as ligatures, 190–191

fluid evacuation from, 203, 203f

frame holders for, 186, 187f

gingival relaxation incisions, 202f, 202–203

history of, 183

holders for, 185–186, 186f–187f

hole-positioning guides, 184–185, 185f

interproximal contact disk, 193, 193f

inversion of

floss for, 197–198, 198f

instruments for, 192, 193f

technique for, 197–198, 198f

latex

allergy considerations, 203–204

shelf life of, 184

ligatures

floss, 190–191

retraction use of, 198, 198f

lubricant, 193, 194f, 195

materials used in, 184, 184t

modeling compound used with, 191–192, 192f

mouth preparation for, 194

napkin

application of, 197

description of, 184

placement of

clamp over dam, 197, 202

dam over clamp, 195–196, 196f

overview of, 195

winged clamp in dam, 196, 197f

wingless clamp in dam, 196–197, 197f

posterior teeth, 194, 195f, 289, 289f

preattached frame holders for, 186, 187f

preplacement preparations, 194–197

protection of, 199

punches, 184–185, 185f

removal of, 199, 199f

retention of

alternatives for, 191, 191f

clamps for. See Rubber dam, clamps.

floss, 191, 191f

modeling compound for, 191–192

retraction of, 198, 198f, 202f

root concavity sealing, 203, 203f

scissors use with, 192, 199f

second dam placed over, 203

strap holders for, 185, 186f

templates for marking of, 185, 185f

thickness of, 184, 184t

torn, 199, 203

washing of, 197

wedge, 192, 193f

Rubber dam stamp, 185, 185f

Rubber points, 273

S
Saliva

in caries etiology, 97, 97b, 110

fluoride-ion concentration in, 380

hyposalivation, 372

stimulation of, 118, 372

Saliva ejector, 203, 203f, 205, 205f

Salivary flow rate

low, 381

normal, 381

reduction of, 110

root caries risk, 372

Sandwich technique, 136

Scalpel blades, 272, 272f

Scissors, 192, 199f

Sclerosis, zone of, 15, 17

Sclerotic dentin, 16–17, 17f, 209

Sealers and sealants

adhesive, 134–135

definition of, 134

description of, 134

eugenol-containing, 574

function of, 134

indications for

amalgam restorations, 134–135

caries prevention, 121, 142

posterior resin composite restorations, 289–290

microleakage of, 134

overview of, 134–137

placement guidelines, 137

resin composite restorations

posterior, 289–291

preventive resin restorations, 290–291

retention of, 284

surface, 313

types of, 134

varnishes, 134

Secondary caries, 283f, 283–284

Secondary dentin, 12, 12f

Secondary polymerization, 505–506

Sectional matrix, 299, 299f–300f

Self-adhesive systems, 496, 575

Self-curing materials, 212, 250

Self-etching adhesives

air drying of, 228

bond strength of, 504

composition of, 228

description of, 216, 496

etch-and-rinse adhesives versus, 228

one-step. See One-step self-etching adhesives.

phosphoric acid application before application of, 

231, 233

post cementation using, 575

smear layer removal, 216, 216f

two-step. See Two-step self-etching adhesives.

Self-threading pins. See Pins.

Sensitivity

dentinal

in Class 5 restorations, 409

description of, 19–20

etiology of, 409

posterior resin composite restorations, 284

pulpal

bleaching induced, 438

thermal, 133–134

Sextants, 154

Shade. See Color.

Shade guides

description of, 82, 255

illustration of, 83f–85f, 421f

Shade matching. See also Color matching.

anterior ceramic crowns, 494–495, 495f

bleaching, 421

color education and training effects on, 82

communicating color after, 87

conditions for, 84–85

gender influences on, 81

instruments for, 86f, 86–87

software for, 86–87
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steps for, 85–86

viewing angle for, 85

Shank, 160–162, 161f, 177, 178f

Sharpening, of hand instruments, 170–173, 171f–173f

Sickle-shaped carvers, 358f, 360f

Slip joint, 530

Slot restoration, 330f–332f, 331, 361f

Smear layer

composition of, 215, 236

definition of, 10

dental adhesives and, 234

endodontic, 236–237

illustration of, 214f

removal of

etch-and-dry adhesives, 216

etch-and-rinse adhesives, 215, 220, 234

phosphoric acid for, 220

self-etching adhesives, 216, 216f, 234

thickness of, 236

Smear plugs, 215

Smile, 74f, 75

Smoking, 372–373

Smooth-surface caries

detection of, 42, 100

diagnosis of, 107–108, 108f

progression of, 100

Snowplow technique, 302

Sodium hypochlorite, 236–237

Soft tissue menton, 68

Sonic technology, 181

Spatula, 170, 171f

Spectrophotometer, 495

Specular gloss, 80

Spherical alloys, 324

Spoon

design of, 163, 163f

sharpening of, 171, 173, 173f

Spoon excavator, 349

Stainless steel, 565, 160

Stains. See also Discolorations.

bleaching of, 415–416, 433f–434f

nicotine, 437f

tetracycline

bleaching of, 435–436, 436f, 441f

description of, 415, 435–436

illustration of, 436f, 441f, 467f

Static fracture, 452, 452f

Stem cells, 25

Stokes-type clamp forceps, 187, 187f

Strap holders, for rubber dam, 185, 186f

Streptococcus mutans. See also Plaque.

amalgam prevention of, 146

caries and, 95–96

fluoride and, 387–388

restorative material prevention of, 145

Stress corrosion, 398

Subnasale, 68

Substance P, 23

Successive cusp build-up technique, 305, 308f

Sulfurous acid, 414

Supragingival margins, 44, 528

Surface roughness, 208

Surface sealers, 313

Surface tension, 207–208

T
T-bands, 350

T cells, 22

Teeth. See also Incisors; Premolars.

age-related characteristics of, 75, 75f

anterior. See Anterior teeth.

appearance of

attributes associated with, 80

color. See Color.

fluorescence, 80

gloss, 80

iridescence, 80

opacity, 80

opalescence, 80

translucency, 80

axial surface of, 49

bleaching of. See Bleaching.

color of

aging effects on, 75f

matching of. See Color matching.

permanent teeth, 80

reproduction of, 87

variations in, 80–81

verification of, 87

cracks in, 50

crown of, 158, 158f

demineralization of, 96

discoloration of. See Discolorations.

face of, 77, 77f

fracture of, 50–51

incomplete fracture of, 51

integrity of, 50–51

interface with restoration, 134t

nomenclature for, 154, 155f–156f, 156

numbering of, 154, 155f, 156

opacity of, 80

proportion assessments, 75–76

remaining structure of

assessment of, 53, 56

conservation of, 280–281, 281f

remineralization of, 96, 380

rubber dam contact with, 190, 191f

sensitivity of. See Sensitivity.

staining of. See Stains.

surface texture of, 75, 75f

surfaces of, 154–158, 155f–156f

transillumination of, 50, 50f

translucency of, 80

Tertiary dentin, 17–19, 24

Tetracycline-stained teeth

bleaching of, 435–436, 436f, 441f

description of, 415, 435–436

illustration of, 436f, 441f, 467f

Thermal sensitivity, of pulp, 133–134

Thermal shock, 133

Thermocatalytic technique, 423

Three-number formula, for hand cutting instruments, 

164, 165f

Three-step etch-and-rinse adhesives

advantages of, 220t

application procedure for, 217t, 222f–223f

bonding, 220t, 224–225

components of, 217t

dentin etching, 220–221, 224

dentin priming, 224

description of, 216

disadvantages of, 220t

enamel etching, 217, 220t, 220–221, 224

enamel priming, 224

errors associated with, 220t

etching, 217, 220t, 220–221, 224

history of, 221

intraradicular dentin bonding using, 236f

priming, 220t, 224

Tinting, 256

Tofflemire matrix

application of, 349

assembly of, 349

bands, 348–349

contouring of, 349

description of, 297f, 297–298

head of, 347

parts of, 347–348, 348f

placement of, 349–350

precontoured bands, 349

removal of, 349

retainers, 347, 347f

rotating spindle of, 348

set-screw of, 348

slide of, 348

wedging of, 349–350

Tomes’ process, 5

Tongue retraction and suction devices, 204–205, 

204f–205f

Tooth. See Teeth.

Tooth preparation. See also Cavity preparation(s).

anterior ceramic crowns. See Anterior ceramic 

crowns, tooth preparation.

bonding, 503

direct resin composite veneers, 267

gold inlays, 533f

partial-coverage restorations, 527f

porcelain veneers. See Porcelain veneers, tooth 

preparations for.

Tooth sensitivity, 428, 438

Tooth whitening. See also Bleaching.

high-intensity lights for, 429

pulpal effects of, 24

shade guides for evaluating, 84, 85f

Total etch adhesives, 215

Total-etching technique, 213, 214f, 220

Transforming growth factor-ß1, 19

Transillumination, 50, 50f, 254

Translucency, 80, 251, 252f, 417

Trauma-induced discoloration, 416, 416f

Treatment

final objective of, 58

iatrogenic damage caused by, 93f

sequence of, 38b

Treatment plan/planning

bleaching, 419–422

clinical examination for. See Clinical examination.

dental history in, 39

description of, 53

endodontically treated teeth, 559–562

esthetic needs in, 57–58

functional needs, 56–57

presentation of, 39

problem list in, 54f–55f

radiographs, 52–53
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sample, 62f

summary overview of, 63–64

tooth structure assessments in, 53, 56

Treatment sequencing

case study example of, 59–61, 60f

chief complaint in, 38

definitive care, 39

description of, 38–39, 59–61

disease control, 39

emergency care, 39

factors that influence, 59

financial effects, 59

maintenance care, 39

medical/systemic care, 38–39

phases of, 38–39

plan presentation, 39

problem list in, 38

problem-oriented, 37–39

reevaluation, 39

steps involved in, 37–38

Treatment-oriented model, 37

Tricalcium phosphate, 119–120

Triethylenglycol dimethacrylate, 211t, 249, 568

Trimming burs, 180–181

Trituration, 324, 325f, 353f, 353–354

Tunnel restorations

advantages of, 314

contraindications, 315

description of, 313–314

disadvantages of, 314–315

indications for, 315

longevity of, 315t

preparations, 314–315

resin-modified glass-ionomer cements for, 315

Two-step etch-and-rinse adhesives

advantages of, 225b

application procedure for, 218t, 226f

bonding, 225b, 227–228

chemically/dual-cured composite materials 

incompatibility with, 238

components of, 218t

curing time, 228

description of, 216, 225, 227

disadvantages of, 225b

errors associated with, 225b

etching, 225b, 227

priming, 225b, 227–228

solvent evaporation, 228

water sorption with, 241

Two-step self-etching adhesives

advantages of, 229b, 231

application procedure for, 219t, 230

bonding, 229b, 231

components of, 219t

dentin self-etching and priming in, 231

description of, 216, 228

disadvantages of, 229b

enamel self-etching and priming in, 228–229

errors associated with, 229b

etching, 229b

intraradicular dentin adhesion using, 237f

phosphoric acid application before application of, 231

priming, 229b

U
Ultra-high molecular weight polyethylene fibers, 563

Ultrasonic technology, 181

Universal adhesive system, 233–234

Universal band, 348

Upper lip, 70, 71f

Urethane dimethacrylate, 211t, 249, 568

V
Value, of color, 79, 80f, 89

Van der Waals forces, 207

Varnishes, 120, 134

Veneer crowns, 479, 479f

Veneers. See Direct resin composite veneers; 

Porcelain veneers.

Visible light–cured resin composites, 261–262, 286, 

288, 300

Visual-instrumental technique, 90f, 91

Visualization devices, 181, 182f

W
Walking bleach, 423, 426

Walls no. 3 carver, 168, 169f

Wear

Class 2 restoration, 285f

enamel, 4

erosion as cause of, 47–48

factors associated with, 284–285

illustration of, 47f–48f

occlusal, 47–48, 49f

parafunctional habits as cause of, 47

physiologic, 47

porcelain veneer, 448

resin composites, 48, 284–285, 508

three-body, 48

Wedge

for Class 2 resin composite restorations,  

291–292, 292f

for Class 3 restorations, 261f

resin composites, 260–261

Tofflemire matrix, 349–350

Wet bonding, 221, 223f

Wetting, 207

Wetting resins, 251f

White spot lesions

caries-related, 100f, 101. See also Caries  

and caries lesions.

description of, 3, 107

hypomineralization as cause of, 101t

illustration of, 3f, 108f

Whitening. See Bleaching; Tooth whitening.

Winged clamps, 188, 188f, 189t, 196, 197f

Wooden interproximal wedges, 349f

X
Xerostomia

cariogenic activity and, 41

causes of, 110, 372

medications that cause, 373b

Xylitol, 119, 374, 392

Y
Young frame, for rubber dam, 186, 187f, 195

Z
Zinc, 324

Zinc oxide–eugenol, 138

Zinc oxide-eugenol cements, 137

Zinc phosphate cement, 137, 548, 551

Zinc-oxide-eugenol cement, 550

Zirconium oxide, 482

Zone of destruction, 15

Zone of sclerosis, 15, 17


	Summitt’s Fundamentals of Operative Dentistry
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6
	Chapter 7
	Chapter 8
	Chapter 9
	Chapter 10
	Chapter 11
	Chapter 12
	Chapter 13
	Chapter 14
	Chapter 15
	Chapter 16
	Chapter 17
	Chapter 18
	Chapter 19
	Chapter 20
	Chapter 21
	Index

