
friendly because of their lower hardness, lower con-
centrations of crystal phase, and smaller crystal sizes.
This article critically evaluates the features of ceramic
that affect enamel wear in terms of the variables asso-
ciated with enamel abrasion (Table I). Concepts of
physical, microstructural, chemical, and surface char-
acteristics of dental ceramics on wear are presented
based on research published since 1950. A PubMed
search for key words (wear of enamel and ceramic) was
supplemented with a hand search to identify relevant
peer-reviewed articles published in English.

Factors affecting enamel and ceramic wear: A literature review

Won-suck Oh, DDS, MS,a Ralph DeLong, DDS, PhD,b and Kenneth J. Anusavice, DMD, PhDc

College of Dentistry, University of Florida, Gainesville, Fla.; and College of Dentistry, University of
Minnesota, Minneapolis, Minn.

Enamel wear by ceramics may adversely affect maintenance of the vertical dimension of occlusion and can
increase the potential for thermal sensitivity. In this article, factors related to the abrasion of enamel by
dental ceramics are critically reviewed. Concepts of physical, microstructural, chemical, and surface charac-
teristics of dental ceramics on wear are presented based on research published since 1950. A PubMed
search for key words (wear of enamel and ceramic) was supplemented with a hand search to identify rele-
vant peer-reviewed articles published in English. Based on the literature, it can be concluded that material
factors, their proper handling, and control of the patient’s intrinsic risk factors related to wear are critically
important to the reduction of enamel wear by dental ceramics. (J Prosthet Dent 2002;87:451-9.)

Wear is a progressive phenomenon characterized
in the oral cavity by the loss of the original anatomical
form. This process may result from physiological or
pathological conditions.1,2 Physiological wear is surface
degradation that results in progressive, but very slow
loss of convexity of the cusps, which manifests as a flat-
tening of cusp tips on the posterior teeth and incisal
edges of mammelons on the anterior teeth. Excessive
wear results in unacceptable damage to the occluding
surfaces and alteration of the functional path of masti-
catory movement. It may also destroy anterior tooth
structure that is essential to acceptable anterior guid-
ance function or esthetics, resulting in increased
horizontal stresses on the masticatory system and asso-
ciated temporomandibular joint remodeling.3-6

The proper selection of restorative materials is
important to preserve normal function and occlusal
harmony. Except for their esthetic limitations, gold-
based casting alloys are considered the most ideal
restorative material because they are wear resistant and
cause minimal wear of opposing enamel.7 Ceramics are
used as an alternative to gold-based casting alloys
because of their greater esthetic potential. However,
the main shortcoming of ceramics is their abrasiveness
to enamel (Fig. 1).8-11 The severity of this problem
may be accentuated by an improper occlusal scheme;
for example, group function with a porcelain occlusion
can cause more wear than canine-guided mutually pro-
tected occlusion.12

In an attempt to minimize wear damage, new low-
fusing ceramic materials have been developed. The
manufacturers claim that these ceramics are wear-
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Table I. Variables associated with abrasion

Physical Microstructural Chemical Surface
factors factors degradation finish

Hardness Porosity Acidic liquids Unglazed
Frictional resistance Crystals Alkalic liquids Glazed
Fracture toughness Ceram layer

and shading Polished

Fig. 1. Excessive enamel and dentin wear against opposing
porcelain.



PHYSICAL FACTORS

Hardness

Hardness is determined by measuring the resistance
of material surface to permanent deformation or pen-
etration by an indenter. This parameter does not
quantify the material’s intrinsic property because it
simply measures the degree of resistance to plastic
deformation of a material by an indenter.13 Measured
hardness thus has limited value in characterizing the
material’s bulk property.14

Most ceramics have comparatively higher hardness
values than human enamel and metal alloys. It previ-
ously was assumed that hardness was associated with
the greater abrasiveness of ceramics against these
materials.7-11 Some materials, metals in particular,
exhibit wear rates proportional to their relative hard-
ness values.15,16 The harder the metal restoration, the
more the loss of opposing enamel. For example, rela-
tively softer gold-based casting alloys cause less
enamel wear than harder base metal alloys. However,
recent evidence suggests that the hardness of a
restorative material alone is not a reliable predictor of
the wear of opposing enamel.17-19 In particular, the
relationship of wear to hardness is not valid for ma-
terials that are brittle in nature. When ceramic slides
against ceramic or enamel, wear does not occur by
plastic deformation, as with metals, but by fracture.
This type of abrasive wear mechanism has been well
addressed by DeLong et al.20

The failure mode of a material based on microhard-
ness indentations is also affected by the inhomogeneous
nature of the crystals in a glass matrix. Noncrystalline
ceramics sustain indentation damage primarily by plas-
tic deformation and subsequent fracture of the weaker
glassy matrix, whereas crystalline materials fail through
dislocation mechanisms of crystals in a glassy matrix
under indentation loads. This fact partly explains the
poor correlation of hardness and wear of crystalline
ceramics because the microhardness of crystalline
materials varies with the orientation of the indenter to
the crystals.19 Variability in hardness between the glass
matrix and the crystals may explain the poor relation-
ship between enamel wear and ceramic hardness.

Environmental interactions with a ceramic also
affect its mechanical behavior.21 Glass becomes harder
when the zeta potential (measure of the electrical
potential at the surface) becomes close to zero, and it
becomes softer with an increase in positive surface
charges on the glass. The wet environment of the oral
cavity can impart positive surface charges on glass or
ceramic, leading to loss of sodium ions to the interact-
ing aqueous environment and thereby reducing
surface hardness. Thus, ceramics may behave differ-
ently depending on the interactions of their
microstructural components with the environment. In
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support of these theories, some in vitro studies ques-
tioned the effect of hardness on wear, finding that
relatively soft ceramics exhibited more abrasive action
against human enamel than harder ceramics.19,22-24

Frictional Resistance

When 2 bodies come into contact and slide against
each other, resistance to lateral sliding varies depend-
ing on the relative motion, the properties and
structures of the contacting materials, and the envi-
ronment.13 This sliding effect would be negligible if
human masticatory movement was controlled only by
a simple vertical hinge movement, as in reptiles.
Human jaw motion is usually described in 3-dimen-
sional sagittal, frontal, and horizontal planes, and the
resultant mastication effects occur concomitantly in all
3 dimensions. Furthermore, the morphology of natur-
al teeth is not flat but consists of various contours of
cusps and fossae. Thus, some vertical and lateral com-
ponents of contacting (occlusal) sliding exist in
varying degrees depending on the lateral and protru-
sive movements, even during normal functional
chewing.25,26 This phenomenon may be more signifi-
cant in individuals who demonstrate parafunctional
habits and movements.

Frictional resistance also varies with the contacting
materials and their environments. For example, fric-
tion between porcelain-to-porcelain contacts has been
reported as nearly twice that of porcelain-to-acrylic
resin contacts and almost 3 times that of enamel-to-
enamel contacts.27 Thus, greater wear of porcelain
against porcelain during sliding was expected and
reported in a subsequent in vitro 2-body wear study.8
The relatively good wear resistance of acrylic resin
against porcelain without a third body abrasive or an
opposing hard, rough surface on porcelain has been
attributed partially to the lower coefficient of friction
between the materials.27-29

The coefficient of friction is influenced by loading
and geometric parameters such as the texture of the
abrasive surface, the shape of the contacting structure,
and the area of the contacting surfaces. Rough sur-
faces, high loads, and high sliding speeds have been
shown to increase the coefficient of friction, resulting
in greater wear.30 Even the most meticulously polished
surfaces have microscopic irregularities, and it is the
interaction between the peaks (asperities) and valleys
that determines the friction between 2 opposing sur-
faces. Because the surface hardness of glass or ceramic
decreases in an aqueous environment, the 2 mating
materials can easily adhere at the microscopic level of
sharp asperities in the presence of saliva.30-32

Consequently, a more intimate approximation
between the contacting surfaces results in a higher
coefficient of friction associated with exposure to
aqueous media.18 Furthermore, when 2 material sur-



faces have ionic or polar characteristics relative to each
other, as in glass or ceramic, the presence of water or
other polar liquids also increases the coefficient of fric-
tion. When one of the materials is nonpolar, such as a
resin, water either has no effect or acts as a mild lubri-
cating agent.33

Fracture Toughness

Fracture toughness (KIC) is an intrinsic material
property that depends on the stress intensity at a crack
tip in the material and the size of the crack relative to
the microstructural features of the material (such as
crystal size, aspect ratio, and orientation; distribution
of the glass phase; and porosity). Thus, fracture tough-
ness specifies the resistance of a material to rapid crack
propagation under tensile stress, like that produced in
the chewing movement of the human jaw.34

Fracture of a material starts when the applied load
produces a stress at the tip of a flaw or crack equal to
the intrinsic strength of the vitreous matrix.35-37

Because ceramic failure occurs without any noticeable
plastic deformation, the importance of KIC in the
ceramic wear process can be significant.38 This type of
characteristic wear process starts with crack formation,
with subsequent propagation of the crack over time
(crack growth) and eventual catastrophic failure (frac-
ture) of the material.34

The low resistance of a ceramic to tensile stress also
contributes to surface chipping or fracture that usually
occurs perpendicular to the direction of the applied
tensile stress.18,35 Compressive axial loading on the
surface can be distributed as a tensile stress below the
subsurface area. This behavior can be more detrimen-
tal with an increasing strain rate under parafunctional
actions and temperature fluctuations that frequently
are experienced in the oral environment.18 If the
restorative ceramic material does not have sufficient
toughness to resist fracture, then brittle chipping may
occur. Brittle chips formed during the abrasive process
can cause resharpening of the edge of the particles
with a further increase in the wear rate. The sharp
edges of broken glass do not dull rapidly because of
their higher hardness.

Brittle fracture of ceramics may be more pro-
nounced adjacent to processing defects such as
porosity and impurity inclusions and at inherent mate-
rial defects such as large grains, residual scratches, and
microcracks caused by thermal coefficient mismatch-
es.18,39 These defects act as stress concentrators that
increase the probability of crack propagation under
loading. The theoretical cohesive strength of a brittle
elastic solid is estimated to be approximately one tenth
of the modulus of elasticity of the material; however,
the experimental fracture strength of most materials is
generally 10 to 1000 times below the theoretical
value.40 The discrepancy between the theoretical
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cohesive strength and the observed fracture strength
results from the presence of microscopic flaws or
cracks that exist at the surface and within the body of
the material under normal conditions. The reduction
in “apparent fracture toughness” of a tetrasilicic fluo-
rmica-based glass-ceramic has been attributed to the
reaction zone of the glass surface with the investment.
This layer contains many porosities.41

Feldspathic porcelain, frequently used in combina-
tion with a metal coping, has a high propensity for
crack growth, mechanical degradation, and low frac-
ture toughness. Its strength may be significantly
reduced under repeated loading in an aqueous envi-
ronment.42,43 This type of corrosion-fatigue
mechanism can lead to unexpected failure of a ceram-
ic whose strength is usually measured in simple in vitro
tests prior to a simulation of cyclic loading in a wet
environment. The fracture toughness of feldspathic
porcelain is comparable to that of silicate glass, which
is the most fatigue-susceptible of all ceramics. This fact
implies that the mechanical properties of a feldspathic
porcelain are controlled largely by the glass matrix and
not by the crystalline phase.11,44

Recently developed low-fusing ceramics (sintering
temperature <850°C) have a more glassy structure
with a reduced amount of crystalline phase to make
them more wear-friendly to enamel. However, without
an increase in KIC, these characteristics may not consti-
tute a solution for the potentially high wear of enamel.
In several studies, low-fusing ceramics were found to
be more abrasive to human enamel and less wear-
resistant than other feldspathic porcelains under a
functional impact loading environment,23,45 although
they demonstrated less wear of opposing enamel under
sliding conditions without impact loading.46

MICROSTRUCTURAL FACTORS
Porosity

Sintered porcelain is produced from a powder after
it is mixed with a liquid, condensed by vibration and
blotting, and sintered to decrease porosity. Entrapped
air cannot, however, be entirely removed from the
body of porcelain. The firing environment also affects
the proportion of porosities. Firing the frit at a
reduced atmospheric pressure (vacuum-firing) reduces
the porosity by a factor of 10 and the diameter of pores
by a factor of 2.5 compared with normal air pres-
sure.47,48 The vacuum environment forces the air
bubbles to exit the built-up slurry, and the size of the
retained bubbles is reduced by the high-pressure
atmosphere after the vacuum is released during the
sintering process. Vacuum firing of denture porcelain
teeth does not reduce porosity as effectively because of
the mass production technique and the high viscosity
of the matrix.47

Other techniques for castable or pressable ceramic



systems may more effectively avoid or reduce porosi-
ties than the slurry build-up technique for sintered
porcelains.49 Air entrapment can be minimized by
casting or pressing ceramic ingots supplied by manu-
facturers, eliminating the mixing procedure.
Nonetheless, glass-ceramics are not free of porosity.
They also exhibit pores in the processed body, pores
caused primarily by volume changes associated with
thermal differences experienced during thermal pro-
cessing.

The porosity of dental ceramics imparts undesirable
characteristics to ceramics, including reduced strength
and esthetics.50 Strength can decrease by 50% when
porosity increases from 0% to 10%; staining and plaque
accumulation on the surface also may increase.39 The
inverse relationship between mechanical strength and
volume fraction of porosity is explained by the concept
of a stress concentration effect. With an increase in the
volume fraction of porosity, the cross-sectional area
over which the forces are applied decreases. Thus,
stress increases in the porous area of a ceramic result in
an increased fracture probability.

Factors such as particle size, viscosity of the matrix,
and firing temperature are considered as important as
firing techniques.47 Increased porosity has been asso-
ciated with (1) a higher rate of sintering of a lower
viscosity matrix, (2) particle sizes of less than 5 µm,
and (3) a higher firing temperature because of the lim-
ited ability of air to escape during rapid firing.47,51-53

Glass viscosity, controlled by the phase separation of
glass and inclusion of oxides, also affects the shape of
pores. In general, aluminous porcelain has a higher vis-
cosity than conventional feldspathic porcelain, which
requires a higher firing temperature to increase the
wetting of crystals and the glassy matrix.47,54 Under-
fired aluminous porcelain includes more irregular-shaped
porosities that may be more detrimental than spherical
pores.50,54 Round pores are known to exhibit less of a
stress concentration effect than irregularly shaped
pores, resulting in a less marked influence on strength.

Interestingly, more porosity has been demonstrated
in low-fusing porcelains with a fine grain size than

conventional feldspathic porcelain.23,47 Thus, both
temperature control of the ceramic ovens and the vis-
cosity of the glassy matrix of low-fusing ceramics may
be predisposing factors for porosity formation.53 If
subsurface porosity is exposed during the wear process
(circular fracture), the sharp edge of the defect pro-
duces more wear against the opposing dentition 
(Fig. 2).20,41,55

Crystals

Dental porcelain is composed of silica glass that is
modified by fluxes such as CaO, K2O, Na2O, B2O3,
and Al2O3. With an appropriate composition of the
oxides, leucite crystals (K2O⋅Al2O3⋅4SiO2) are formed
to improve mechanical properties and control the
coefficient of thermal expansion of the ceramic.56-58

Materials for metal-ceramic restorations contain 15 to
25 vol% leucite as their major crystalline phase.
Likewise, materials for all-ceramic restorations contain
up to 90 vol% of crystalline phase, which consists pri-
marily of alumina, magnesia, zirconia, or lithia in a
glassy matrix to control mechanical and optical prop-
erties.59,60

The crystals incorporated into a glassy matrix are
accountable for the greater wear of the opposing den-
tition because of their higher hardness. The potential
abrasiveness of the crystals also varies depending on
the type, content, morphology, and distribution of the
crystalline particles.61 Sharp-cornered quartz in high-
fusing porcelain of denture teeth and ceramic
containing up to 45 vol% tetragonal leucite are highly
abrasive to enamel.8,19 However, the abrasive potential
of a glass-ceramic containing 45 to 50 vol% crystals is
comparable to that created by gold-based casting
alloy.62,63 Enamel facets produced by the ceramic
material have been reported as similar in appearance to
those produced by a gold-based casting alloy. The
lower abrasive potential of the glass-ceramic may be
related partly to the crystal type (tetrasilicic fluoromi-
ca; K2Mg5Si8O20F4), the crystal distribution pattern,
and small crystal sizes (5 to 7µm). One in vitro study
reported that a noncrystalline ceramic was more abra-
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Fig. 2. If subsurface pore is exposed to action of progressive wear, sharp edge of pore will pro-
duce more wear against opposing enamel.



sive than crystalline porcelains.23 Thus, it may be inap-
propriate to predict the wear characteristics of a
ceramic material based only on the crystal amount.
Other factors such as the proportion, type, morpholo-
gy, and distribution of the crystalline particles in a
glassy matrix must be optimized to improve wear
behavior and other mechanical properties of the
ceramic.

Care must be taken in interpreting data from in
vitro tests because the wear behavior of a ceramic
with low fine crystal content (developed to achieve
desirable wear characteristics) may be characterized
differently by different wear tests. For example,
enamel loss against low-fusing porcelain was report-
ed as significantly lower than that against
conventional feldspathic porcelain in a sliding wear
test46 and greater than conventional porcelain in a
sliding and impact loading test.23 The wear resistance
of the low-fusing porcelain was consistently lower
than that of conventional porcelain for both of the
test methods, supporting the theory that crystals in a
glassy matrix improve the fracture resistance of
ceramic.23,46,64 Crystals included in a glassy matrix
do not necessarily have a negative impact on the wear
of enamel. To be adequately resolved, the question of
crystal abrasiveness raised by these in vitro studies
requires a better standardization of in vitro test
methods.

Ceram Layer and Shading

The fabrication of glass-ceramic prostheses involves
the lost-wax process, which requires fabrication of a
wax pattern and investment of the pattern for a glass-
casting procedure.49,65 Once a noncrystalline glass
body is cast, the translucent glass body is embedded in
a refractory phosphate-bonded investment material for
further heat treatments to promote crystal growth.
During conventional 2-stage heat treatments (nucle-
ation and crystallization), the glass is strengthened by
crystallization; simultaneously, the glass body loses its
initial translucency from a surface layer reaction with
the investment material. During the glass-casting pro-
cedure, a surface ceram layer is produced (ceramming).

The newly formed skin layer consists of crystalline
whiskers oriented perpendicular to the external surface
of the glass-ceramic. This layer is reportedly very abra-
sive to the opposing natural dentition.41,66 In one in
vitro study,55 a glass-ceramic exhibited a wear rate sim-
ilar to that of human enamel prior to ceramming but
became more than twice as abrasive to human enamel
after ceramming. The cerammed material also became
almost 4 times less wear-resistant than a polished
ceramic because of the former’s numerous, sharp sur-
face irregularities. The application of shading
porcelain, however, lowered the abrasiveness of the
cerammed skin layer by filling the microscopic surface

irregularities. This layer helped reduce initial wear
against enamel.

Shading materials are composed of hard metal oxide
particles, and porosities may be incorporated into
shading porcelains during their application. After the
less wear-resistant glassy phase wears preferentially, the
highly abrasive irregular metal oxide particles are
exposed, and surface irregularities consequently
become more excessive with the additional exposure of
porosities. Significant differences in wear properties
were found in a single ceramic system depending on
the presence or absence of a shading layer.67 In unce-
rammed cast glass-ceramic, human enamel opposed by
an externally shaded glass-ceramic was abraded 2 to 5
times more than enamel opposed by the unshaded
glass-ceramic. Despite these findings, one good aspect
of externally applied shading material is that it is self-
limiting. Once the abrasive skin-shading layer is worn
through, the material performs similarly to unshaded
material.62 The initial abrasivity of the shading layer is
so significant, however, that its application should be
limited to noncontacting surfaces.19,67

SURFACE DEGRADATION BY
CHEMICAL ATTACK

The basic structure of glass is a large 3-dimensional
network of silica tetrahedra that are connected by oxy-
gen atoms (oxygen bridging: Si-O-Si). The glass
network dissolves in a wet environment at pH
extremes even though pure silica is virtually insoluble
in water (pH 7) at temperatures lower than 250°C.
The corrosion mechanism occurs by the diffusion of
water molecules into the glass. These molecules react
with nonbridging oxygen atoms to produce negatively
charged hydroxyl ions that subsequently migrate out
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Fig. 3. Chemical corrosion processes of glass at interface
with water.



with the positively charged alkali ions to maintain elec-
trical neutrality (Fig. 3).68,69

Dissolution of glass can occur in 2 ways: through
ionic exchange in an acidic solution or through Si-O
network breakdown during exposure to a basic solu-
tion.37,70 Leaching and etching can result from the
exchange of positively charged hydrogen ions in solu-
tion with modifier cations in the glass surface and also
from the breakdown of siloxane bonds, which leads to
dissolution of the silica network.71 These phenomena
occur simultaneously in aqueous solutions that experi-
ence pH fluctuations.

Alkali ions are incorporated into a glass to match
the thermal coefficient of expansion of the glassy
material to that of metal alloys. However, the addition
of these modifier ions decreases the chemical stability
of the glassy material by disrupting Si-O bonds.
Chemical deterioration is further affected by the com-
position of the glass matrix and crystal incorporation.
For example, glasses made of soda (Na2O) are more
durable than those made of potash (K2O); the for-
mer’s durability is enhanced by the addition of 
Ca, Mg, Sr, Zn, Ba, Zr, which immobilize alkali ions.72

In general, alkali ions are much less stable in the glass
phase than in the crystalline phase; thus, they leach
more rapidly.72,73

An acidic environment also affects the solubility of
dental hard tissue.74 Decreasing the oral pH from 6.5
to a more acidic 5.5 increases the solubility by a factor
of 7 to 8 times.75 Gastric contents may have an acidi-
ty below pH 1; regurgitation therefore can have a
severe demineralizing effect on tooth structure and
glassy restorative materials. Some organic acids (such
as ethylenediamine tetraacetic acid [EDTA] and citric
acid) that have chelating effects also cause the forma-
tion of soluble complexes and degrade glasses.70

When applied topically to reduce caries activity, flu-
oride ions may, in an acidic environment, chemically
attack a glassy matrix and form water-soluble fluorosil-
icate.76 A porcelain surface is, therefore, susceptible to
etching by acidulated fluoride solutions. The lower the
pH of the fluoride gel, the greater the ability to etch
the glassy phase. Crystals, formed by elements lost
from the porcelain surface and the fluoride gel, can
increase the wear rate.77

Forms of chemical degradation such as glass corro-
sion, etching, and crystal deposition increase the
abrasivity of ceramics against opposing teeth by con-
tinuously exposing a rough surface. Corrosion action
also weakens ceramic material. Accordingly, the rough-
ened surfaces not only increase the abrasive potential
against contacting surfaces during sliding movement
(tribochemical reaction), but also lower the wear resis-
tance of ceramic. Reaction products developed
between wear surfaces in an aqueous environment are
loosely attached and easily removed by the sliding

action. Thus, the established vertical dimension of
occlusion can be quickly jeopardized. An in vitro wear
test showed more wear of enamel and ceramic in a
highly acidic environment (pH 2.28 to 2.37) than in a
less acidic environment.78

EFFECT OF SURFACE FINISH

Ceramic materials intrinsically have multiple flaws
because of the inhomogeneous distribution of crystals
in a glassy matrix. Additional defects induced during
ceramic processing reduce the strength and increase
the wear of enamel.18,23,39 Sealing these may improve
the strength and reduce the abrasiveness of dental
ceramics.

When performed at a relatively low temperature,
surface glazing produces a glassy and hygienic surface
and increases the strength of the ceramic system. It
was once believed that surface glazing also reduced the
wear of opposing teeth; however, the glazed layer is
easily removed by an occlusal adjustment at chairside
or after a short period in function. If the exposed sur-
face is not adequately polished, the ground surface
may lead to accelerated abrasive wear of the opposing
dentition, increased plaque accumulation, and reduced
strength of the ceramic restorations.7,13

A number of studies were performed to identify fin-
ishing and polishing techniques that would create
surfaces as smooth or smoother than glazed porce-
lain.66,79-88 The results were inconsistent. Some
authors found the initial smoothness of a glazed sur-
face to be superior to the polished surface,66,82,86

some found no significant difference between the
glazed and polished surfaces,79,80,85 and others con-
cluded that surface polishing could equal or surpass
the smoothness accomplished with surface glaz-
ing.81,83,88 More recent studies suggest that a polished
surface is smoother and fosters less plaque adhesion
than a glazed surface.89,90 Esthetic results also may be
improved more by polishing than by glazing.79

The strengthening mechanism of glazing has been
questioned.91 One study found polished porcelain to
be stronger than glazed porcelain.92 Repeated firings
of porcelain may change its thermal expansion behav-
ior and induce cracking because leucite is an unstable
phase that is capable of large volume changes during
thermal processing.57,93,94

Differences in surface roughness may be responsible
for variations in the amount of enamel wear. Monasky
and Taylor reported functional polishing of porcelain
during the wear process in a sliding wear test.7 They
found that the initially high rate of wear decreased
over time, which suggests that the effect of surface
roughness on wear may be self-limiting. Recent stud-
ies, however, reveal more aggressive wear of the
opposing teeth by a glazed surface compared to a pol-
ished surface.10,55,67,95,96 This effect may be
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attributable to the glazed surface’s higher modulus of
rupture and greater roughness.97 The potential for
increased wear to alter the vertical dimension of occlu-
sion suggests that porcelain should be polished instead
of reglazed after chairside adjustment.23,55,96,98,99

In general, enamel wears more when opposed by
unglazed and unpolished porcelain than when
opposed by glazed or polished porcelain.23,78 The thin
glazed or polished surface, however, can be removed
shortly after the ceramic restoration is placed in func-
tion by an abrasive mechanism that exposes an
underlying rough surface.20,23,96,100 Thus, the ques-
tion of the optimal ceramic finish remains unanswered.

SUMMARY

This review article addressed some of the material
factors related to the wear of opposing enamel by
ceramic. Hardness traditionally has been blamed for
the accelerated loss of material; however, scientific
studies have not demonstrated a strong correlation
between the hardness of ceramic and the wear rate of
human enamel. Instead, the wear process appears to be
more closely related to the ceramic microstructure, the
roughness of contacting surfaces, and environmental
influences.

Internal porosity and other surface defects, which
are produced by an inadequate firing technique, act as
stress concentrators and result in greater wear. Glazing
and/or polishing ceramic can influence the early stage
of the wear process, but the positive effect of a
glazed/polished surface is quickly lost when the mate-
rial is placed in function. The internal characterization
of ceramics is recommended because shading materials
contain abrasive metal oxides. Application of external
stains should be limited to the noncontacting surfaces
of esthetic restorations.

Ceramic surfaces are susceptible to acidic and/or
alkalic chemical attack in a wet oral environment.
Thus, dietary habits and systemic patient problems
must be controlled to maintain as neutral a pH as pos-
sible. If a degraded ceramic surface is further subjected
to dysfunctional occlusion or parafunctional habits
such as clenching and bruxism, the wear process may
be accelerated. Thus, any surface alteration in ceramic
restorations and the opposing enamel should be mon-
itored on a regular basis with the use of magnification.
Any visible changes should be reported to the patient,
attempts should be made to identify the causes and
correct them, and both the enamel and porcelain sur-
faces should be polished. When severe wear is present,
a night guard is recommended because environmental
attack and general wear rates (inherent patient factors)
cannot always be altered by a dentist.

Finally, occlusion has an important effect on the
wear process. A dentist cannot significantly change a
patient’s occlusion, but the distribution of forces can

be altered through selective occlusal adjustment.
Multiple contact areas (rather than a single point of
contact) better protect occlusal stability by lowering
stress concentrations. Unless occlusal stress exceeds
the strength of the opposing materials, wear will not
occur. Wear requires the sliding of one surface against
the other. Therefore when a ceramic restoration is
placed, any sliding contact in centric and eccentric
movements should be minimized or eliminated.
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