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Wear is measured primarily in 1 dimension, usually
along a vertical axis. The standard method

adopted by the International Standards Organization
and the American Dental Association for measuring

wear is based on a pin-on-disk system in which a disk
of enamel is abraded by a pin that is fabricated from
the restorative material being investigated.1 Although
this is the simplest method for determining the amount
of wear, it is not representative of the masticatory en-
vironment. Some investigators have proposed other
wear machines that claim to adequately simulate the
conditions of the oral environment.2–5 Some have even
introduced the concept of artificial saliva, as well as
toothpaste, as a medium in wear testing.6 The problem
with these methods is that none of the claims for pre-
dicting clinical wear are validated for enamel wear by
ceramics. The most complex issue is the method used
to simulate masticatory movements, because the jaw
moves in many different directions in addition to ver-
tical and circular movements. Chewing patterns are
very complex and can vary from individual to individ-
ual depending on the existence of joint pathology, oc-
clusion, and muscle tone.7

Purpose: This study aimed (1) to test the hypothesis that no significant relationship
exists between the magnitude of occlusal clenching force and wear rates of enamel
opposing a new core ceramic (e.max Press, Ivoclar Vivadent) used in posterior fixed
partial dentures (FPDs); and (2) to test the hypothesis that mean annual enamel wear
by an experimental core ceramic is comparable to the mean annual enamel wear by
enamel of 38 µm. Materials and Methods: Baseline data were obtained for patients
in addition to preliminary impressions of maxillary and mandibular teeth. Thirty
ceramic FPDs were processed from a new core ceramic (e.max Press) that was hot
pressed and glazed. Patients were recalled 1 year after cementation and evaluated
using clinical criteria that included wear assessment of opposing teeth. Impressions
were made of the opposing teeth with polyvinylsiloxane impression material and
photographs were taken of intraoral occlusal contacts marked with articulating ribbon.
Baseline casts and casts made at each recall exam of opposing dentitions were
scanned using a 3-dimensional laser scanner (Laserscan 3D, Willytec) and evaluated
for wear. A total of 21 occlusal surfaces were analyzed for the presence of wear.
Results: Statistical analysis using a linear and quadratic model revealed no
significant relationship between occlusal forces and wear rate assuming either a linear
model (R2 = 0.018) or a quadratic model (R2 = 0.023). The maximum annual wear of
enamel by the glazed core ceramic (e.max Press) was 88.3 µm, which is significantly
greater than the annual enamel-by-enamel wear of 38 µm (P < .0001). Conclusion:
Further analysis with a larger sample size is needed to determine the relationship
between occlusal clenching force and wear rate and the influence of other factors that
cause increased wear of enamel by opposing ceramic restorations. Int J Prosthodont
2006;19:391–396.
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Most methods of wear measurement in vivo are
made on replicas of restorations on which a reference
plane is selected (eg, 3 or more points along a ditched
margin). If no reliable reference plane exists, one must
be created in the form of 3 reference points. This in-
volves the creation of reference depressions by drilling
the intact tooth structure to create a plane based on
relocatable markers, which the surface-scanning de-
vice can use for calibration and orientation during
subsequent measurements with a measuring micro-
scope or a profilometer. A profilometer is used to scan
the teeth surfaces and estimate the amount of lost
structure based on the reference points.

A 3-dimensional (3D) laser scanner (Laserscan 3D,
Willytec) has been developed that can be used to mea-
sure wear on replicas to an accuracy of ± 20 µm. The
3D laser scanner8–10 uses a laser beam projected
through a special optic system onto the surface being
studied. The reflection of the beam is observed at a de-
fined angle (25 degrees) by a high-resolution charge-
coupled device camera based on the principle of the
light-slit microscope. After scanning, it allows for 3D
superimposition of the images by means of the selec-
tion of at least 3 reference points or areas that are not
subjected to wear, and it then locates and quantifies
the spatial differences between the 2 images, thereby
measuring the amount of wear. It can also measure
wear in 3 dimensions, thereby giving a more realistic
view of the clinical characteristics of wear and the po-
tential mechanisms involved.

Dental ceramics can cause extensive wear of enamel
under certain conditions. Figure 1 shows extensive
wear of mandibular teeth by the feldspathic porcelain
veneer of a metal-ceramic fixed partial denture (FPD).
Numerous studies have confirmed the wear potential
of ceramics as opposed to other restorative materi-
als.11–16 However, an esthetics-conscious society has

encouraged the development and use of dental ce-
ramics for anterior and posterior restorations. The ul-
timate goal of ceramic development is the creation of
a fracture-resistant, wear-friendly ceramic that ex-
hibits superb esthetic results. Hot-pressed lithia disil-
icate–based ceramics such as IPS Empress 2 (Ivoclar
Vivadent) are used as core frameworks for posterior
FPDs in low- to moderate-stress sites. The hot-pressed
ceramic system uses the lost-wax technique, in which
the FPD pattern is waxed to its proper shape and con-
tour and then invested in a special flask with a special
type of investment material. The desired shade of a pre-
cerammed ceramic cylinder is plasticized at 1,100°C,
pressed under vacuum, and pressure into the mold of
the investment.17 For optimal fracture resistance, FPDs
can be made completely from the lithia disilicate–
based core ceramic, because of its higher fracture
toughness (3.3 MPam1⁄2)18 and translucency, rather
than being veneered with a predominantly glass-phase
ceramic. Because of its higher volume fraction of crys-
talline phase compared with the glaze layer and many
veneering ceramics, it is likely that in the event the sur-
face glaze layer (~100 µm) is lost, the core ceramic
may cause more wear of opposing enamel than typi-
cal veneering ceramics. However, a new lithia disili-
cate–based core ceramic was used with a homoge-
neous distribution of smaller crystals (compared with
Empress 2 core ceramic) that may increase fracture re-
sistance and cause less wear of opposing enamel. 

The objectives of this study were: (1) to test the hy-
pothesis that there is no positive correlation between
the magnitude of occlusal clenching force and the
wear rate of enamel opposing a new lithia disili-
cate–based core ceramic used for posterior FPDs; and
(2) to test the hypothesis that the wear of enamel by
the core ceramic is comparable to the mean wear rate
of enamel by enamel (38 µm annually) during the ini-
tial 1-year period.19

Materials and Methods

The protocol for this study was part of a previously pub-
lished study.20 A total of 30 FPDs were fabricated with
the core ceramic for 21 patients, and all patients were
recalled each year for 5 years. Three clinicians per-
formed treatment and 1 technician performed all of the
lab work using an in-house laboratory. Of the 21 pa-
tients, 18 were women and 3 were men, with ages
ranging from 30 to 62 years. Exclusion criteria were
medical contraindications to dental treatment, para-
functional habits, and uncertain residency in the area
within the 5-year duration of the study. The 3-unit
FPDs were located in the posterior area, with canines
serving as the most anterior abutment and second
molars as the most posterior abutment. All FPDs were
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Fig 1 Extensive enamel wear by an opposing porcelain
restoration.
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opposed by natural dentition.  Baseline data were col-
lected to include preliminary impressions of the op-
posing dentition. Thirty all-ceramic FPDs were made
using a heat-pressing technique and a new core ce-
ramic (e.max Press, Ivoclar Vivadent) that contains
lithia disilicate crystals. The clenching force for each
subject was measured using a calibrated gnathody-
namometer.21 Each FPD was cemented with either a
hybrid ionomer cement or a resin cement, the selec-
tion of which was determined from a random number
table. Subjects were recalled 1 year after cementation
and FPD performance was evaluated using the fol-
lowing 11 clinical criteria: tissue health, secondary
caries, occlusion, sensitivity, proximal contact, margin
integrity, color match, surface texture, wear of oppos-
ing enamel, anatomic contour, and fracture. FPDs were
examined by 2 clinicians and scores given for each cri-
terion, ranging from 1 (unacceptable) to 4 (excellent).
Further, polyvinylsiloxane impressions were made of
the opposing dentition at this time. Photographs were
taken of intraoral occlusal contacts marked with ar-
ticulating ribbon.

Baseline scans were taken from white type IV gyp-
sum casts made from preliminary impressions during
the initial examination of the 21 patients. Quantitative
wear measurements were made with a 3D laser scan-
ner on white gypsum casts (GC FujiRock) poured in
polyvinylsiloxane impression material (Extrude, Kerr).
Mean wear depths were calculated from the data pro-
vided by the scanner software as the difference in dis-
tance along the z-axis between the cast surfaces at 1
year and at baseline. A total of 21 occlusal surfaces
were analyzed for the presence of wear.

Data were analyzed using linear and quadratic mod-
els and the t test.

Results

The mean occlusal wear of enamel opposing ceramic
was 88.4 µm for premolars and 88.3 µm for molars after
1 year, with a range of 29 to 255 µm (Table 1). This is
significantly higher than the wear rate of enamel op-
posing enamel of 18 µm annually (P < .0001) for pre-
molars and 38 µm annually (P < .0001) for molars.19

In several cases, the laser-scan images revealed
significant wear of enamel (Figs 2 to 4) by the core ce-
ramic. The qualitative visual estimate of wear based on
clinician ratings was unreliable, since 97% of wear
ratings were judged to be excellent. 

Statistical analysis based on linear and quadratic
models of force and tooth type revealed that force
was not a statistically significant factor (P = .85); nor
were tooth type (P = .35) or the force–tooth type in-
teraction (P = .31). The clenching force in the study
ranged from 156 to 1,032 N (35 to 232 lb). 

Discussion

The mechanism of tooth surface wear has challenged
many dental scientists. Wear affects health in several
ways, including effects on supporting structures of
the teeth, loss of vertical dimension, tooth sensitivity,
esthetics, and overall masticatory function.
Unfortunately, there is very little understanding of the
wear patterns, wear occurrence, and the amount of
wear for any particular individual.  

This results of this study suggest that the mean oc-
clusal wear of enamel opposing the lithia
disilicate–based core ceramic is significantly higher
than the measured wear rate of mature enamel. A
clinical study of enamel wear by Lambrechts et al19 fo-
cused on an initial period of wear within the first year,
which is usually 38 µm for molars and 18 µm for pre-
molars. This is followed by a steady-state period in
which balance is achieved in the occlusion and the
enamel wear rate decreases. The steady-state wear for
molars was 29 µm per year and 15 µm per year for pre-
molars.

This study also suggests that there was no signifi-
cant relationship between occlusal force and wear
rate. Theoretically, frictional forces and localized impact
forces affect the magnitude of the localized and gen-
eralized stresses that are generated. Higher frictional
forces are generated under increasing clenching or
masticatory forces.22
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Table 1 Wear Rates for Premolar and Molar Teeth

Tooth* Occlusal force (MPa) Wear (µm)

Premolars
14 98 48.16
34 50 149.39
35 50 148.50
24 82 54.76
25 82 44.07
25 82 45.60
45 116 159.08
45 142 48.00
45 142 50.00
43 82 181.00
44 82 116.00
45 82 56.00
45 82 48.00
Average 88.35

Molars
16 98 29.55
17 98 255.31
26 82 51.22
26 82 34.42
26 81 27.72
47 116 124.76
47 116 123.27
46 142 60.00
Average 88.28

*FDI tooth-numbering system.
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To determine whether wear is related to the force
or tooth type, a regression model using wear as the re-
sponse variable and force and tooth type as indepen-
dent variables was used. Included in the model were
the linear and quadratic terms for force and the
force–tooth type interaction. The wear values were
also compared using logarithmic function, and the
conclusions were almost identical to the nontrans-
formed data. The original data were therefore used for
simpler interpretation and comparison.

Presently, the new lithia disilicate–based core ce-
ramic is the strongest and toughest ceramic in the
Empress line. Its predecessor, Empress 2, has been in-
dicated for all-ceramic FPDs in the anterior and pos-
terior regions of the mouth up to the second premo-
lar. This new core ceramic has a finer crystal structure
than Empress 2 with a slightly higher flexural strength
and toughness.23 Studies comparing IPS Empress,

Empress 2, and e.max Press revealed mean biaxial
strengths of 175 ± 32 MPa, 407 ± 45 MPa, and 440 ±
55 MPa, respectively.24 Empress 2 and e.max Press
have also demonstrated lower hardness values com-
pared with IPS Empress, which makes IPS Empress
more suitable for clinical and long-term use.25 There
are limited data available on e.max Press ceramic, al-
though it is similar in composition to Empress 2, which
consists of an interlocking microstructure with a rel-
atively high content (~70 vol%) of lithium disilicate
crystals (Li2Si2O5).

26 Scanning electronic microscopy
(SEM) revealed the presence of 2 crystal phases: phase
1 consisted of lithium disilicate crystals measuring 0.5
to 4 µm in length and represented the majority of the
crystal phase; phase 2 consisted of lithium or-
thophosphate (Li3PO4) crystals, measuring 0.1 to 0.3
µm in diameter, which were dispersed uniformly
throughout the glassy matrix and on the surface of the
lithium disilicate crystals.26 After hot pressing, the
crystal phase comprised 70 ± 5 vol% of the glass-ce-
ramic structure. An in vivo study was performed to
measure the wear characteristics of the Empress 2
core ceramic opposed by enamel and showed enamel
cusp wear of 125 µm after 1 year.27 Impressions were
made of teeth opposing an all-ceramic FPD at base-
line, 6 months, and 12 months, and casts were profiled
using the MTS Tooth Profiling System. Results at 6
months revealed that half of the natural antagonists
were wear-free, whereas 40% of the ceramic surfaces
had wear facets, showing that the ceramic is wear
friendly.

The abrasive potential of ceramic is dependent on
several factors, including fracture toughness, the pres-
ence of porosities, crystal size, and surface finish.
Higher fracture toughness indicates a greater resis-
tance to crack propagation, which can lessen the pos-
sibility of surface irregularities caused by chipping of
the ceramic. An in vivo analysis of Empress 2 and
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Fig 2 Significant wear of the buccal cusp by ceramic. The pre-
molar displayed the highest vertical wear rate (255 µm).  

Fig 3 Significant wear of the buccal cusp regions by ceramic.
Baseline image of 3 opposing teeth (left). Image after 10 months
of service (middle). Differential image indicating the highest
areas of enamel wear (right, in red).

Fig 4 Maximum wear of 150 µm occurred along the occlusal
surface of the premolar cusp tip. The red areas produced by
the laser scanning software represent enamel abraded by the
core ceramic over a 12-month period.

Upshaw.qxd  6/23/06  1:42 PM  Page 394



e.max Press reveals that both materials have a higher
fracture toughness (3.1 ± 0.5 MPam1⁄2 and 3.3 ± 0.6
MPam1⁄2, respectively) and lower hardness (5.3 ± 0.2
GPa and 5.5 ± 0.2 GPa, respectively)25 compared with
IPS Empress. The abundance of porosities can cause
a variety of problems, including reduced strength, poor
esthetics, and the possibility of higher wear of the op-
posing enamel.28 As porosities are exposed during
wear, the irregularities produced on the surface cause
more wear of the opposing dentition. The crystalline
composition, which includes the type of crystals, con-
tent, morphology, and distribution of the crystal parti-
cles, also affects wear.29 Perhaps the best explanation
for the increased clinical enamel wear of the lithia dis-
ilicate–based core ceramic is associated with its sur-
face roughness. Figure 5 is an SEM image that shows
significant enamel wear on the surface of a premolar
opposing an all-ceramic FPD. Figure 6 is an SEM analy-
sis of the surface of the all-ceramic FPD opposing this
worn premolar, which exhibited an extremely rough-
ened surface causing significant wear and grooved
areas on the opposing enamel (Fig 7).  Frictional re-
sistance increases with rougher surfaces and leads to
a greater amount of wear. This could explain the ex-
cessive wear seen on the opposing enamel, which
was as high as 255 µm in 1 case.

Conclusion

Initial analysis of a small sample size suggests that the
wear rate of enamel opposing lithia disilicate–based
core ceramic is not directly related to clenching force. 

A larger sample size is needed to confirm whether
enamel wear is related to clenching force under certain
conditions. Since wear rate is also affected by other fac-
tors, such as occlusion, diet, and enamel thickness, it
is also recommended that an examination of the con-
tralateral dentition be performed in the future.
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Literature Abstract

A clinical investigation of the fit of removable partial dental prosthesis clasp assemblies

This study evaluated the clasp assembly and the abutment tooth contact accuracy. Removable partial denture frameworks with con-

ventional occlusal rest were evaluated. The spacing between the bottom 50 clasp assemblies and the corresponding rest seat were

recorded with vinyl polysiloxane material. The fit of each rest was determined by measuring the thickness of the vinyl polysiloxane

record between the rest and the bottom of the rest seat. The Kennedy classification was also recorded. A 2-sample t test was used

to evaluate the difference in fit between tooth-tissue supported and tooth-supported designs. The average space between the rest

and prepared rest seat was 193 ± 203 µm (range of 0 to 828 µm). Twenty tooth-tissue frameworks had an average space of 136 ±

160 µm and 30 tooth-supported frameworks had an average space of 230 ± 222 µm. No statistically significant difference for fit was

noted between tooth-tissue supported and tooth-supported frameworks. Only 24% of rests had contact in the prepared rest seat.

Removable partial denture frameworks are intricate castings commonly made of high-shrinkage base alloys. Partial denture design

philosophies are all based on the assumption that various denture components fit well onto the abutment teeth. This study showed

that a majority of rests evaluated did not contact the intended surfaces. 

Dunham D, Brudvik JS, Morris WJ, Plummer KD, Cameron SM. J Prosthet Dent 2006;95:323–326. References: 9. Reprints: Dr Stephen M.
Cameron, 1533 Clary Cut Rd, Appling, GA 30802. Fax: 706-787-7528—Ansgar C. Cheng, Singapore
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