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Evaluation of the wear of glazed and polished zirconia crowns
and the opposing natural teeth: A clinical pilot study
Uvashri Selvaraj, BDS,a Dheeraj Kumar Koli, MDS,b Veena Jain, MDS,c and Aditi Nanda, MDSd
CT
of problem. Clinical studies on the wear properties of different zirconia surfaces are lacking. Selecting a surface that causes and
minimal wear will help improve clinical outcomes.

he purpose of this clinical study was to evaluate and compare the wear over 1 year use of glazed zirconia (GZ) and polished
) crowns opposing natural enamel and the wear of natural enamel opposing PZ and GZ crowns.

nd methods. This prospective, split mouth, randomized clinical trial included 14 participants requiring complete coverage crowns
lars, bilaterally, in a completely dentate mandibular arch. GZ and PZ crowns were cemented according to a randomization chart.
loxane impressions were made immediately and 1 year after the cementation of the crowns. The respective casts were scanned by
scanner and a software program to measure the amount of linear wear of zirconia crowns and opposing natural teeth. Wear was
8 groups: PZ crowns, GZ crowns, natural enamel opposing natural enamel in the molar and premolar regions (NE-M and NE-PM),
mel opposing PZ crowns in the molar region (NE-PZ-M), natural enamel opposing GZ crowns in the molar region (NE-GZ-M),
mel opposing PZ crowns in the premolar region (NE-PZ-PM), and natural enamel opposing GZ crowns in the premolar region
). A descriptive analysis was followed by comparison between groups by using a repeated-measure ANOVA with post hoc
ts (a=.05).

e mean wear (mm) observed was as follows (in ascending order): PZ crowns (13 ±3), NE-PM (13 ±1), GZ crowns (27 ±9), NE-M (34
-PM (44 ±18), NE-PZ-M (63 ±22), NE-GZ-PM (69 ±21), NE-GZ-M (113 ±33). Wear of GZ and PZ crowns was less than wear of NE-M.
nce was statistically significant when comparing PZ with NE-M (P<.001, CI=-17 to -24). Wear of NE-GZ-M and NE-PZ-M was higher
of NE-M, with a statistically significant difference (P<.001, CI=-49 to -107 and P =.004, CI=-8 to -49, respectively). Wear of NE-GZ-M
han that of NE-PZ-M, and the difference was statistically significant (P<.001, CI=-68 to -32). Wear of NE-PZ-PM and NE-GZ-PM was
than the wear of NE-PM, and the difference was statistically significant (P<.001, CI=-17 to -43 and P<.001, CI=-39 to -70).

s. PZ and GZ crowns wear substantially with time, with lesser wear observed in PZ crowns. PZ and GZ crowns also cause more wear
g natural enamel than natural enamel antagonists, with the highest wear caused by GZ crowns. (J Prosthet Dent 2021;126:52-7)
Numerous esthetic systems have been developed to
restore missing or damaged teeth,1,2 with monolithic
zirconia being popular because of its favorable outcomes
in terms of esthetics and mechanical properties.3-10

However, information related to the wear properties of
monolithic zirconia is sparse.

Tooth wear is a complex process and can result from
direct tooth-to-tooth contact, tooth to restorative mate-
rial contact, or contact with other substances. Tooth wear
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depends on the thickness and hardness of enamel,
mastication, neuromuscular forces, parafunctional habits,
and pathological changes in the temporomandibular
joint.11 Where natural teeth are opposed by restorations,
the degree of wear is determined by the hardness, frac-
ture toughness, and grain size of the restorative material,
its surface finish, occlusal contacts, and the occlusal
load.12 Ideally, wear properties of restorative materials
should match those of natural enamel.13,14 Excessive
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Table 1. Study objectives to evaluate and compare wear of different
surface-treated zirconia, wear of enamel opposing different surface-
treated zirconia, and wear of natural enamel opposing natural enamel

Number
Sample
Observed Site of Observation Comparative Samples

1. PZ crowns Mandibular first molar GZ crowns, NE-PZ-M,
NE-GZ-M, NE-M

2. GZ crowns Mandibular first molar PZ crowns, NE-PZ-M,
NE-GZ-M, NE-M

3. NE-PZ-M Maxillary first molar GZ crowns, PZ crowns,
NE-GZ-M, NE-M

4. NE-GZ-M Maxillary first molar GZ crowns, PZ crowns,
NE-PZ-M, NE-M

5. NE-M Maxillary second molar and
mandibular second molar

GZ crowns, PZ crowns,
NE-GZ-M, NE-PZ-M

6. NE-PM Maxillary first premolar and
mandibular first premolar

NE-PZ-PM, NE-GZ-PM

7. NE-PZ-PM Maxillary second premolar NE-PM, NE-GZ-PM

8. NE-GZ-PM Maxillary second premolar NE-PM, NE-PZ-PM

GZ, glazed zirconia; NE-GZ-M, natural enamel opposing glazed zirconia crown in molar
region; NE-GZ-PM, natural enamel opposing glazed zirconia crowns in premolar region;
NE-M, natural enamel opposing natural enamel in molar region; NE-PM, natural enamel
opposing natural enamel in premolar region; NE-PZ-M, natural enamel opposing polished
zirconia crown in molar region; NE-PZ-PM, natural enamel opposing polished zirconia
crowns in premolar region; PZ, polished zirconia.

Clinical Implications
Polished monolithic zirconia crowns should be
recommended over glazed zirconia crowns in
regions of high occlusal load (posterior teeth) as
they cause less wear to the opposing natural teeth
and are associated with less wear themselves.
Glazing should be performed only in regions of high
esthetic demand, preferably after polishing. The use
of both PZ and GZ crowns should be avoided in
patients exhibiting attrition.
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wear of teeth or of restorations can disturb the stoma-
tognathic system, with increased tooth sensitivity, loss of
vertical dimension, reduced masticatory efficiency, and
poor esthetics.15

The surface finish of zirconia, as achieved by polishing
with diamond points, rubber wheels, abrasive pastes, or
by glazing,16 is an important determinant of its wear
properties.17 Clinical and in vitro studies on the wear
pattern of opposing enamel by glazed and polished zir-
conia crowns reported significant difference in wear
behavior of zirconia subjected to different surface treat-
ments.18-24 Other studies tested the wear resistance of
zirconia against antagonistic enamel.10,25-31 However,
the results from in vitro studies cannot be extrapolated
directly to the clinical situation and should be interpreted
with caution.

The purpose of this clinical study was to evaluate the
wear of zirconia crowns with different surface finishes
(glazed and polished) opposing natural enamel, together
with the evaluation of the wear of natural enamel
opposing zirconia crowns. The study evaluated and
compared the degree of wear of polished zirconia (PZ)
crowns, glazed zirconia (GZ) crowns, natural enamel
opposing natural enamel in the molar region (NE-M),
natural enamel opposing natural enamel in the premolar
region (NE-PM), natural enamel opposing polished zir-
conia crowns in the molar region (NE-PZ-M), natural
enamel opposing glazed zirconia crowns in the molar
region (NE-GZ-M), natural enamel opposing polished
zirconia crowns in the premolar region (NE-PZ-PM), and
natural enamel opposing glazed zirconia crowns in the
premolar region (NE-GZ-PM) (Table 1). The null hy-
potheses were that no statistically significant difference
would be found in the wear of polished zirconia (PZ)
crowns, glazed zirconia (GZ) crowns, and natural enamel
opposing natural enamel and that no statistically signif-
icant difference would be found in the wear of natural
enamel opposing PZ crowns, GZ crowns, or natural
enamel opposing natural enamel.
Selvaraj et al
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MATERIAL AND METHODS

This prospective, split mouth, randomized controlled trial
was started after obtaining ethical clearance from the
institute ethics committee (reference no: IECPG-183/
23.08.2017, RT-20/29.11.2017) and Clinical Trials
Registry-India (no.: CTRI/2018/02/012241). As previous
clinical study results were not available during the
establishment of the study design, biometric sample size
calculation could not be performed. A convenience
sample size of 14 was selected for this pilot study. Par-
ticipants between the age of 18 and 45 years with
completely dentate maxillary and mandibular arches and
requiring bilateral complete coverage crowns on the
mandibular first molar were enrolled. The minimum
coronal height of the mandibular first molar was set at 5
mm to be included. Participants having active dental
caries, attrition, developmental defects of enamel or
dentin, parafunctional habits including bruxism, clench-
ing, temporomandibular disorders, fluorosis, calcium
metabolic disorders, osteoporosis, posterior reverse
articulation, or periodontitis were excluded. A complete
history including clinical and radiographic examination
was obtained, and the entire treatment procedure, its
benefits, and complications were explained to obtain
informed consent before the procedure was started. A
computer-generated randomization table (block
randomization) was used to allocate the glazed and
polished monolithic zirconia crowns on either side of the
oral cavity. All participants were treated by a single
operator (U.S.), and all the zirconia crowns (LAVA; 3M
THE JOURNAL OF PROSTHETIC DENTISTRY
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Figure 1. Scanned cast of opposing arch. A, At baseline. B, At follow-up.

Figure 2. Scanned cast of restored arch. A, At baseline. B, At follow-up.
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ESPE) were fabricated in a single laboratory for
standardization.

The abutment teeth on both sides were prepared with
an axial reduction of 1 to 1.5 mm, occlusal reduction of
1.5 to 2 mm, and a heavy chamfer finish line above or
level with the gingival margin. A single-step double-mix
impression technique (Reprosil; Dentsply Sirona) was
used with a custom tray. Interim crowns were fabricated
from a bis-acrylic composite resin material (Protemp 4;
3M ESPE) and cemented with eugenol-free zinc oxide
interim cement (RelyX Temp NE; 3M ESPE). Standard
procedures were followed to fabricate the crowns from
monolithic yttrium-stabilized zirconia by a computer-
aided design and computer-aided manufacturing
(CAD-CAM) process. The occlusal contacts on milled
crowns were evaluated on an articulator and verified
intraorally. Subsequently, the crowns were either glazed
THE JOURNAL OF PROSTHETIC DENTISTRY
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or polished in the laboratory according to a randomiza-
tion chart. Glazing was peformed by applying a thin,
single layer of overglaze (IPS Ivocolor Glaze Paste; Ivoclar
Vivadent AG), fired at 715 �C. Polishing was performed
sequentially by using coarse (55 mm), medium (40 mm),
fine (24 mm), and superfine (4 mm) grit diamond rotary
instruments (Dialite ZR; Brasseler). Each instrument was
used for duration of 20 to 30 seconds in a unidirectional
sweeping motion. Definitive zirconia crowns were
cemented with glass ionomer luting cement (Ketac Cem;
3M ESPE). Participants were advised to use dental aids
(dental floss and interdental brush) in addition to routine
methods of brushing to maintain oral hygiene.

To evaluate the wear, heavy-body and light-body
polyvinyl siloxane impressions (Reprosil; Dentsply
Sirona) were made by using a 2-step impression tech-
nique in a custom tray. The impression of the opposing
Selvaraj et al
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Figure 3. Superimposed image of baseline and follow-up casts by using 3D software. A, Opposing arch. B, Restored arch.
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arch was made just before the cementation of the
definitive crowns and 24 hours after the cementation of
crowns for the restored arch impression. The impres-
sions were poured with Type IV gypsum (Elite Rock;
Zhermack) to fabricate the baseline casts. At 1 year of
follow-up, the impression procedure was repeated to
fabricate the follow-up casts. Both baseline and follow-
up casts were scanned by using a 3D white light scanner
(SmartSCAN 3D HE Scanner; Breuckmann). The scan-
ner is based on the principle of miniature projection
technique (MPT) and uses a high-powered light source.
The fringe patterns of the scanner were projected onto
the object, and the inputs were sent to a 3D software
program (Polyworks; Innovmetric Software Inc). The
baseline scan images were superimposed over each of
the successive 1-year follow-up images by using the
software program. The amount of wear in the zirconia
crowns (mandibular first molar) and in the natural
enamel opposing it (maxillary first molar and second
premolar) were the experimental groups on either side.
The nonrestored, posterior natural teeth in the maxilla
(first premolar and second molar) and mandible (first
premolar and second molar) formed the observed con-
trol. Because each tooth contacts 2 antagonist teeth,
wear was observed for the following 8 regions in each
participant: PZ crowns, GZ crowns, NE-M, NE-PM,
NE-PZ-M, NE-GZ-M, NE-PZ-PM, NE-GZ-PM. The
images of baseline and the follow-up casts of opposing
and restored arches were superimposed by using a 3D
software program (Polyworks; Innovmetric Software).
The color scale in the software was used to measure
wear in micrometers. This was listed in a table and
further analyzed by using a statistical software program
(Stata 14.0; StataCorp LLC).

Quantitative variables were summarized as the mean
and standard deviation for each of the 8 groups.
Selvaraj et al
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Approximate normality was tested by using the Shapiro-
Wilk test. To compare the difference in mean between
various pairs (wear of glazed, polished zirconia crowns,
and natural teeth), a repeated-measure ANOVA (RMA-
NOVA) with Bonferroni post hoc adjustments was used
(a=.05).
RESULTS

Scanned casts of the opposing and restored arches at
baseline and follow-up are seen in Figures 1, 2. The su-
perimposed images of baseline and follow-up casts of the
opposing and restored arches are seen in Figure 3. The
mean and standard deviation values of the different
groups are seen in Figures 4, 5 and Supplementary
Tables 1 and 2. The order of mean wear observed in
ascending order was PZ crowns, NE-PM, GZ crowns,
NE-M, NE-PZ-PM, NE-PZ-M, NE-GZ-PM, and NE-
GZ-M.

A statistically significant difference in wear was
observed when an intergroup comparison was made
among the PZ crowns, GZ crowns, natural enamel
opposing natural enamel in the molar region (NE-M),
natural enamel opposing PZ crowns in the molar region
(NE-PZ-M), and natural enamel opposing GZ crowns in
the molar region (NE-GZ-M), as seen in Supplementary
Table 1. The highest wear among the crowns was
observed in GZ crowns, as seen in Figure 4 and
Supplementary Table 1. The difference between the wear
observed in the 2 crowns was statistically significant
(P<.001). The wear observed in both the crowns (PZ and
GZ) was less than the wear of NE-M. The difference in
wear of GZ crowns against NE-M was, however, not
statistically significant (P>.05). The difference in wear of
PZ crowns against NE-M was statistically significant
(P<.001).
THE JOURNAL OF PROSTHETIC DENTISTRY
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Comparison of the wear of natural enamel opposing
GZ crowns (NE-GZ-M) with that of natural enamel
opposing natural enamel in the molar region (NE-M)
was statistically significant (P<.001) (Supplementary
Table 1). The wear of NE opposing PZ crowns in the
molar region (NE-PZ-M) was less than that of natural
enamel opposing natural enamel in the molar region
(NE-M), and the difference was statistically significant
(P=.004). The wear of natural enamel opposing GZ
crowns (NE-GZ-M) was more than that of natural
enamel opposing PZ crowns (NE-PZ-M) in the molar
region, and the difference was statistically significant
(P<.001) (Fig. 5, Supplementary Table 1).

A statistically significant difference was observed
when an intergroup comparison was made between NE-
PM, NE-PZ-PM, and NE-GZ-PM (P<.001)
(Supplementary Table 2). As seen in Figure 5, upon
comparing, the wear of natural enamel opposing GZ in
the premolar region (NE-GZ-PM) was more than that of
natural enamel opposing PZ in premolar region (NE-PZ-
PM). The difference was statistically significant (P<.001).
The wear in natural enamel opposing either GZ or PZ
crowns was more than the wear seen in natural enamel
opposing natural enamel at the premolar site (NE-PM),
and the difference was statistically significant (P<.001).

DISCUSSION

The results of the study led to the rejection of both null
hypotheses. A statistically significant difference in the
wear of polished zirconia (PZ) crowns, glazed zirconia
(GZ) crowns, and natural enamel opposing natural
enamel antagonists was observed. A statistically signifi-
cant difference was also seen in the wear of natural
THE JOURNAL OF PROSTHETIC DENTISTRY

Downloaded for Anonymous User (n/a) at Show Chwan Memoria
22, 2021. For personal use only. No other uses without permis
enamel opposing PZ crowns, GZ crowns, and natural
enamel tooth antagonists. The larger amount of wear in
GZ crowns as compared with PZ crowns from occlusal
contact over time has been attributed to the loss of add-
on glaze (applied subsequent to occlusal adjustment), as
reported in in vitro studies.16,26,27,29

The wear of PZ crowns and GZ crowns was less than
the wear of natural enamel, and a statistically significant
difference was observed when the wear of PZ crowns
was compared with the wear of natural enamel. In
addition to the hardness of restorative materials, the
crystalline composition, type of crystals, content,
morphology and distribution of crystal pattern, surface
roughness and irregularities, physical properties of ma-
terials, and hardness of impurity particles have been
implicated in wear.13,14

The wear of both natural enamel opposing GZ and
natural enamel opposing PZ was higher than that of
natural enamel opposing natural enamel in both molar
and premolar regions. Also, the wear of natural enamel
opposing GZ was statistically significantly higher than
that of natural enamel opposing PZ in both molar and
premolar regions, possibly because of the higher surface
roughness of glazed zirconia than polished zirconia.18,20

The loss of the glaze layer in GZ crowns may have
exposed a more abrasive layer of previously adjusted and
unpolished zirconia.10,30,31 Also, loss of glaze may have
led to 3-body wear from the loose glaze particles.

The mean wear of the natural enamel of premolars
and the natural enamel of molars with NE antagonists
was consistent with the results reported in previous
Selvaraj et al
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studies.12,21,23 Lohbauer and Reich22 evaluated the wear
of enamel opposing polished zirconia crowns over a
period of 2 years reporting 107 ±22 mm at 12 months,
which was higher than that reported in the present study.

Limitations of the study include the small sample size
and a short observation period. However, because the
study design was split-mouth, confounding variables
(such as similarity of sites in a participant, simultaneous
time of observation for test and control groups, and
matched occlusal force factors in experiment and control
group) were eliminated. Future studies should include a
longer follow-up period and a larger sample size.

CONCLUSIONS

Based on the findings of this clinical study, the following
conclusions were drawn:

1. Both polished zirconia (PZ) and glazed zirconia
(GZ) crowns wear with time.

2. The wear of glazed zirconia crowns is more than the
wear of polished zirconia.

3. The use of anatomically contoured PZ crowns and
GZ crowns causes the wear of opposing natural
enamel.

4. The wear of opposing natural enamel is more with a
glazed zirconia crown antagonist than with polished
zirconia.

5. Glazing, if needed, should be restricted to regions of
high esthetic demand after sequential polishing.

6. All chair-side adjustments should be followed by
thorough polishing.

7. Considering the amount of wear associated with
both PZ and GZ crowns, their use in patients with
attrition is discouraged.
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