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3D quantitative analysis and SEM qualitative 
analysis of natural antagonist enamel 
opposing CAD-CAM monolithic zirconia or 
lithium disilicate tooth-supported crowns 
versus enamel opposing natural enamel
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PURPOSE. This study aimed to evaluate the maximum vertical wear, volume 
wear, and surface characteristic of antagonist enamel, opposing monolithic 
zirconia or lithium disilicate crowns. MATERIALS AND METHODS. The study 
comprised 24 participants (n = 12), who were randomly allocated to receive either 
a 5 mol% Y-TZP or a lithium disilicate crown in positions which would oppose the 
natural first molar tooth. The contralateral first molar along with its antagonist 
was considered as the enamel opposing natural enamel control. Data collection 
was performed using an intraoral scanner and polyvinylsiloxane impression. 
The means of the maximum vertical loss and the volume loss at the occlusal 
contact areas of the crowns and the various natural antagonists were measured 
by 3D comparison software. A scanning electron microscope was subsequently 
used to assess the wear characteristics. RESULTS. The one-year results from 22 
participants (n = 11) indicated no significant differences when comparing the 
zirconia crown’s antagonist enamel (40.28 ± 9.11 μm, 0.04 ± 0.02 mm3) and the 
natural enamel wear (38.91 ± 7.09 μm, 0.04 ± 0.02 mm3) (P > .05). Also, there is 
no significant differences between lithium disilicate crown’s antagonist enamel 
(47.81 ± 9.41 μm, 0.04 ± 0.02 mm3) and the natural enamel wear (39.11 ± 7.90 
μm, 0.04 ± 0.02 mm3) (P > .05). CONCLUSION. While some studies suggested that 
monolithic zirconia caused less wear on opposing enamel than lithium disilicate, 
this study found similar wear levels to enamel for both materials compared to 
natural teeth. [J Adv Prosthodont 2024;16:12-24]
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INTRODUCTION

The phenomenon of enamel wear is a process, which 
takes place within the oral cavity as the original form 
of the anatomy is gradually lost. This can occur as a 
consequence of either physiological or pathological 
causes.1 When considering restoration work, it is im-
portant that the material chosen should wear at a 
rate similar to that of enamel.2

Ceramics are popular since they look appealing, do 
not contain metals, and offer good biocompatibili-
ty.3 When porcelain veneer restorations are in place, 
they are prone to chipping and delamination that 
are the most common reasons for failure.4,5 The re-
sponse to these difficulties was the introduction of 
non-veneered, full-contour zirconia materials, which 
are now available from a number of manufacturers. 
In the absence of veneering, which is a sensitive pro-
cess, the quality of restorations would become much 
more consistent. Furthermore, the appearance of zir-
conia materials has been enhanced through lowering 
the overall opacity and adding pigments to provide 
color.6 In addition, the use of computer-aided design 
and computer-aided manufacturing (CAD-CAM) tech-
nology to perform automated design and milling to 
achieve the full anatomical contour would serve to 
lower the production costs and be time-saving.7

In comparison to human enamel, zirconia has high-
er mechanical properties; such as, hardness, elastic 
modulus, flexural strength, and fracture toughness.8,9 

Thus, one potential drawback is the likelihood of the 
opposing enamel wear when it encounters this materi-
al.4,10,11 Numerous in vitro research studies have shown 
that the rate of enamel wearing caused by monolithic 
zirconia was in fact lower than that of alternative ce-
ramics.10-17 In the case of differing surface conditions, it 
was found that less wear was shown on the antagonist 
enamel with polished zirconia than with glazed zirco-
nia.6,10,11,16,18 Interestingly, the material itself showed 
either less wear16 or no signs of wear.6,11,14,15 Compared 
with zirconia, the studies described that lithium disili-
cate ceramics resulted in higher rates of enamel wear 
11-13,17 ; however, the rates were similar to that of nat-
ural enamel.17,18 Moreover, the wear rates of polished 
lithium disilicate were either comparable to14 or low-
er6,11,14,15 than the natural enamel wear. 

Nevertheless, a systematic review of the laboratory 
reports showed that the testing conditions in those 
studies were not consistent.19 Furthermore, it was not 
possible in those studies to fully simulate the condi-
tions involved in complex wear.20 Therefore, the find-
ings from in vitro  work would not necessarily agree 
with the results of the clinical trials.21 Clinical data 
would then be much more useful in designing and 
implementing new ceramic materials for restorative 
work.19,22 Some recent studies presented clinical find-
ings on the subject of enamel wear with ceramics. 
Nonetheless, the in vivo  results still did not match 
those of the in vitro  testing in the case of the claims 
that lithium disilicate and zirconia generated lower 
rates of enamel wear that would result from porcelain 
veneering23,24 or contact with the natural teeth.24-32

Most clinical studies of wear assessed the amount 
of wear indirectly from cast replicas.28-31 However, 
this process still resulted in errors from the expansion 
of gypsum.33 Execution of direct measuring methods 
that used intraoral 3D scanning (IOs) could be one 
method that could be used to resolve this deficien-
cy.34 In recent years, periodic follow-up visits with the 
use of IOs and patient monitoring software appear 
to be a reliable way of assessing surface changes in 
teeth.35,36 This procedure was used in earlier exper-
iments although there was a risk for further irreg-
ularities owing to the use of powder prior to scan-
ning.37 Hence, this current study used an intraoral 
powder-free scanner to avoid the risk of this form of 
imprecision. In the wear analysis process, a baseline 
and a follow-up digital impression were segmented, 
aligned and compared tooth by tooth over time to de-
termine the degree of tooth wear.37

Hence, the aims of this clinical study were designed 
to assess the wear of zirconia crown’s antagonist 
enamel or lithium disilicate crown’s antagonist enam-
el and to compare with the enamel against enamel 
control on the opposite site in oral cavity. The null hy-
potheses were: 

1.  The wear of zirconia crown's antagonist enamel 
and enamel control are not different.

2.  The wear of lithium disilicate crown's antagonist 
enamel and enamel control are not different.

3.  The wear of crowns antagonist enamel between zir-
conia and lithium disilicate groups are not different.
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MATERIALS AND METHODS 

A clinical trial of a randomized, controlled, parallel 
group was designed in order to compare the wear of 
first molar antagonist enamel, opposing CAD-CAM 
monolithic-translucent zirconia or lithium disilicate 
crowns and first molar enamel against enamel on the 
opposite site of oral cavity. This single-blind study in-
volved 24 participants requiring full-coverage crowns 
for the endodontically treated first molars that op-
posed natural antagonist teeth. Using a split mouth 
design, a single type of restoration of the crowns was 
conducted on each subject, and the natural enamel 
on the contralateral site served as the enamel control 
(Fig. 1).

Sample size calculation was done by the equation;

According to a previous study,29 standard deviation 
= 77 and Delta = 76 (151-75) were used, and the sig-
nificance and power of the study were set at α < 0.05 
and 80%, respectively. Therefore, the sample size was 
calculated, and a total of 24 participants (n = 12) were 
selected to participate in this study.  

This clinical trial was approved by the Ethics Com-
mittee of the Institutional Review Board, Faculty of 
Dentistry/Faculty of Pharmacy, Mahidol University, 
Bangkok, Thailand (reference no. COA.NO.MU-DT/
PY-IRB 2019/029.1505). The subject recruitment was 
announced with the following inclusion criteria: min-
imum age of 18 years; good overall general health 
without any contraindications regarding dental treat-
ment; not having any present temporomandibular 
disorders or parafunctional habits; endodontically 
treated first molar tooth with a complete crown treat-
ment plan and a minimum 1:1 crown-to-root ratio; 
healthy natural antagonist tooth as well as two nat-
ural contralateral antagonistic molars; filling natural 
teeth would be allowed if at least one occlusal contact 

Fig. 1. Graphic presented the split-mouth study design of lithium disilicate (L) and zirconia group (Z) with acronyms
following in the figure.
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point was enamel27; normal saliva flow; willing and 
able to participate in the study. The exclusion crite-
ria were: systemic disease that is not well-controlled; 
poor plaque control or long-term periodontitis that 
has not been treated; active tooth decay, acute infec-
tion or periapical lesion; teeth that cannot be restored 
or teeth that can be restored but with a crown-to-root 
ratio that exceeds 1:1; evidence of temporomandib-
ular disorders or parafunctional habits; insufficient 
volume or rate of flow of saliva, or a need for medica-
tions that reduce the salivary flow. The treatment of 
the participants and data collection were done at the 
Implant Dentistry Clinic, Faculty of Dentistry, Mahidol 
University, Bangkok.

The participants were enrolled and assigned to in-
terventions by one of the investigators (WP). Twen-
ty-four participants were included in this study. The 
age of the participants ranged from 18 - 66 years 
(mean age 37; SD = 13); six participants were male 
and 18 were female. In order to allocate the partic-
ipants, formulation of a random number table was 
conducted using a computer to assign the subjects 
to the material groups (allocation ratio 1:1). The type 
of provided crown was not made known to the par-
ticipants. All of the participants were required to sign 
an informed consent form before the start of the re-
search. 

The materials for the crowns used in this study in-
cluded high translucency monolithic yttrium stabi-
lized zirconium oxide (5 mol%Y-TZP, Lava Esthetic 
Fluorescent FC, 3M ESPE, St. Paul, MN, USA) and low 
translucency monolithic lithium disilicate glass-ce-
ramic (IPS e.max CAD LT, Ivoclar Vivadent AG). Crown 
preparation was performed by one of the investiga-
tors (AC). Prior to the crown preparation, the previ-
ously endodontically treated abutment tooth was 
prepared with the core build-up (and post if need-
ed) for the crown support. The tooth was prepared 
following the guideline for a ceramic crown: an axi-
al tooth reduction of 1 mm, occlusal reduction of 1.5 
mm, and a shoulder margin with a round inner edge. 
The prepared tooth was cleaned using pumice and 
scanned using an intraoral scanner (3Shape TRIOS 
3, 3Shape, Copenhagen, Denmark ). The provisional 
crown was made by using a bis-acryl resin (Protemp 
4, 3M ESPE, St. Paul, MN, USA) and cemented with 

zinc oxide non-eugenol temporary cement (Temp-
Bond NE, Kerr, Orange, CA, USA). The stereolithogra-
phy (STL) files from the scanning process were deliv-
ered to one laboratory in order to design and mill the 
crown with a CAD-CAM technique.

After the definitive restoration was returned from 
the laboratory, the crown was tried in place, and oc-
clusal adjustments were made using a fine diamond 
bur (Fine Football Diamond, Intensive). Following the 
occlusal adjustments, the polishing of all of the ad-
justed surfaces with diamond impregnated polishers 
was performed in the sequence of coarse, medium, 
and fine points (ZilMaster, Shofu Dental Corporation, 
Montagnola, Switzerland). The inner surface of the 
zirconia crown was sandblasted (30 - 50 µm median 
particle size alumina, 2 bars/30PSI) and then ultra-
sonically cleaned and dried, while the lithium disili-
cate crown was applied with K-ETCHANT syringe and 
then rinsed and dried. A resin cement (clear shade) 
with tooth primer (Panavia V5, Kuraray Noritake Den-
tal Inc., Tokyo, Japan) was used to cement the defini-
tive crowns with light-curing by blue LED (Bluephase 
Power Cure, Ivoclar Vivadent AG, Fürstentum, Liech-
tenstein) for 10 seconds on each side of crown. 

The data was collected by one of the investigators 
(WP). One week following the cementation, a base-
line examination was performed in order to ascertain 
whether any further adjustments were necessary, 
and that the patients felt comfortable regarding the 
crowns. For the quantitative data including maximum 
vertical loss and volume loss, the surface of the natu-
ral teeth and the crown were collected by using an in-
traoral scanner with a precision of 4.5 ± 0.9 µm.38 Pri-
or to scanning, the intraoral scanner was calibrated to 
ensure that the data error was minimal. The scanning 
procedure was done following the description of the 
technique found in a previous study.37 For the qual-
itative surface investigation, low viscosity of polyvi-
nylsiloxane impression material (Take1 Advanced, 
Light body wash, Kerr, Orange, CA, USA) was used to 
obtain the occlusal contact area. The epoxy resin ma-
terial (SpeciFix-40, Struers Inc., Westlake, OH, USA) 
was poured to make replica models, following the 
manufacturer’s recommendations. Occlusal contacts 
marked intraorally using 80 µm Hanel articulating pa-
per (Coltene Whaledent, Langenau, Germany) were 

J Adv Prosthodont 2024;16:12-243D quantitative analysis and SEM qualitative analysis of natural antagonist enamel opposing CAD-CAM 
monolithic zirconia or lithium disilicate tooth-supported crowns versus enamel opposing natural enamel



16 https://jap.or.kr

The Journal of Advanced Prosthodontics

photographed at the quadrants. Appointments for 
the subjects to return in 6 and 12 months were sched-
uled. During both periods of time, the scanning and 
impression were done.

For the maximum vertical loss and volume loss 
analysis, the process was initiated by segmenting the 
single first molar 3D images from the full-arch 3D im-
ages. Then, the 3D images of baseline and follow up 
datasets (0 - 6 M, 0 - 12 M) were aligned together by 
GOM Inspect software (GOM GmbH, Braunschweig, 
Germany). The datasets were initially aligned with 
“best-fit alignment” using an iterative closet point 
(ICP) algorithm and, after that, the two surfaces were 
aligned again with “reference best-fit alignment”, 
which selects only the buccal and palatal/lingual ar-
eas so that the underestimated dataset from initial 
alignment was reduced (Fig. 2A-B).39

The maximum vertical loss (µm) was analyzed us-
ing GOM Inspect software by finding the surface devi-
ations from superimposed 3D images of the selected 
area. A color code from green to dark blue indicated 

the amount of height loss between two surfaces. The 
maximum height loss of each occlusal contact area 
(OCA) was calculated automatically and labeled by 
the software (Fig. 2C). The superimposed 3D images 
from GOM Inspect software was used for volume loss 
(mm3) analysis by NX software (SIEMENS, Foster city, 
CA, USA). The superimposed images was created as 
a solid shape by closing the bottom of images at the 
same virtual bottom point, after which a computer 
program was used to calculate the differential volume 
between selected occlusal areas (Fig. 2D).

For surface analysis of the wear, epoxy resin repli-
cas were used in order to evaluate the wear patterns 

on the crown’s antagonistis enamel (LTE, ZTE), the 
crowns (LTC, ZTC), and the enamel control (LCE, LCA, 
ZCE, ZCA) by using the scanning electron microscopy 
(SEM) (JSM-6610 Series, JOEL Ltd., Tokyo, Japan) with 
accelerating the voltage of 20 kV at a magnification of 
50 - 100×.40 The SEM images of same OCA at 0 M, 6 M, 
and 12 M were evaluated for the changes of surface 
topography by the investigator.

Fig. 2. (A) 3D images of baseline and follow up dataset. (B) Best-fit alignment and reference best-fit alignment of the data-
set. (C) Analyzed 3D images show the surface deviations with blue to dark blue color code. (D) Superimposed 3D images 
show the volume loss of occlusal area.

A B

D C
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Statistical analysis with the SPSS software (IBM 
SPSS statistics version 28.0, Chicago, IL, USA) was 
performed. An independent sample t-test and 
Mann-Whitney U test were used to compare the differ-
ences of two variables: the crown’s antagonist enam-
el and the enamel control (LTE-LCE, ZTE-ZCE); and the 
crown’s antagonistis enamel between Z and L group 
(ZTE-LTE). For the differences of the wear between 
the two times of the recall appointment, the paired 
t-test and the Wilcoxon signed rank test were used. 
The significance level was set at α < .05.

RESULTS

A total of 22 participants provided results (n = 11). The 
causes for withdrawal were the cracked tooth syndrome 
of the antagonist tooth for one participant and an inabil-

ity to return for the follow-up because of the COVID-19 
pandemic for the other participant (Fig. 3). An overview 
of the mean of maximum vertical loss and the volume 
loss was presented in Table 1, Fig. 4, and Fig. 5.

Concerning the average maximum wear between 
the zirconia crown’s antagonist enamel (ZTE) and 
that of the enamel control (ZCE), no significant differ-
ence was observed (P > .05). Nevertheless, there was 
a significant difference between the lithium disilicate 
crown’s antagonist enamel (LTE) and the enamel con-
trol (LCE) at 12 M (P  < .05). Moreover, no significant 
difference was found between the zirconia crown’s 
antagonist enamel (ZTE) and the lithium disilicate 
crown’s antagonist enamel (LTE)(P  > .05). Observing 
the mean of the maximum wear between 6 M and 12 
M of all groups, significant differences were found (P 
< .05) (Table 2).

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Assessed for eligibility (n= 30) 

Excluded (n=6) 

�   Not meeting inclusion criteria (n=6) 

�   Declined to participate (n=0) 

�   Other reasons (n= 0) 

Analysed (n=11) 
� Excluded from analysis (n=0) 

Lost to follow-up (n=0) 

Discontinued intervention (Crack tooth syndrome 
of antagonist tooth) (n=1) 

Allocated to Z group 

� Received allocated intervention (n=12) 

� Did not receive allocated intervention (n=0) 

Lost to follow-up (Covid-19 pandemic) (n=1) 

Discontinued intervention (give reasons) (n=0) 

Allocated to L group 

� Received allocated intervention (n=12) 

� Did not receive allocated intervention  (n=0) 

Analysed (n=11) 
� Excluded from analysis (n=0) 

 

Allocation 

Analysis 

Follow-Up 

Randomized (n= 24) 

Enrollment 

Fig. 3. CONSORT flow diagram showing the enrollment, allocation, follow-up and analysis of the participants.
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Table 1. Mean (SD) of the maximum vertical loss (µm) and the maximum volume loss (mm3) of the OCAs at 6 M and 12 M

Mean of max. vertical loss Mean of volume loss
6 M 12 M 6 M 12 M

LTC 30.416 (4.382) 35.726 (4.938) 0.032 (0.014) 0.039 (0.018)
ZTC 19.700 (2.827) 22.571 (2.710) 0.013 (0.012) 0.017 (0.013)
LTE 37.273 (6.814) 47.813 (9.409) 0.025 (0.010) 0.040 (0.018)
ZTE 31.717 (9.164) 40.277 (9.106) 0.021 (0.014) 0.038 (0.020)
LCE 33.114 (5.734) 39.114 (7.898) 0.028 (0.013) 0.040 (0.020)
ZCE 32.623 (4.937) 38.907 (7.089) 0.032 (0.010) 0.043 (0.017)
LCA 34.252 (5.874) 42.124 (6.359) 0.029 (0.020) 0.042 (0.020)
ZCA 34.186 (5.867) 39.745 (9.172) 0.027 (0.012) 0.038 (0.015)

Table 2. P value of paired variables of mean of the maximum vertical loss
6 M 12 M 6 M 12 M

LTC LTE LCE LCA LTC LTE LCE LCA ZTC ZTE ZCE ZCA ZTC ZTE ZCE ZCA
6 M LTC

LTE .012*
LCE .137
LCA .651

12 M LTC .000*
LTE .000* .001*
LCE .005* .029*
LCA .001* .377

6 M ZTC .000*
ZTE .122 .001*
ZCE .832 .776
ZCA .979 .507

12 M ZTC .000 .002*
ZTE .071 .000* .000*
ZCE .949 .001* .698
ZCA .488 .002* .813

*: statistically significant (P value < .05).

Fig. 4. The graph shows the mean of the maximum verti-
cal loss (µm) of the OCAs following 6 M and 12 M. 

Fig. 5. The graph shows the mean of the volume loss (mm3)
of the OCAs following 6 M and 12 M.
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For the average volume loss, no significant differ-
ence was found (P > .05) between the zirconia crown’s 
antagonist enamel (ZTE) and that of the enamel con-
trol (ZCE). Furthermore, the lithium disilicate crown’s 
antagonist enamel (LTE) and that of the enamel con-
trol (LCE) showed no significant difference (P  > .05). 
Likewise, no significant difference was found between 
the zirconia crown’s antagonist enamel (ZTE) and the 
lithium disilicate crown’s antagonist enamel (LTE)(P > 

.05). Regarding the mean of the volume wear between 
6 M and 12 M of all groups, there were significant dif-
ferences (P < .05) (Table 3).

From the comparison between SEM images of two-
time interval (0 M and 12 M), a deeper pit with merg-
ing of the pit was seen on the OCA of the zirconia 
crown’s antagonist enamel (ZTE)(Fig. 6A-B), while the 
OCA of the zirconia crown (ZTC) showed wear facet 
with irregular surface (Fig. 6C-D). The wear facet with 

Fig. 6. SEM image of the OCA of A - B zirconia crown’s antagonist enamel (ZTE) - the yellow circle and the arrow point out 
to the deeper pit and merging of the pit at 12 M, C - D zirconia crown (ZTC) - the dotted circle shows the wear facet, E - F 
lithium disilicate crown’s antagonist enamel (LTE) - the dotted circle represents the wear facet, G - H lithium disilicate 
crown (LTC) - the dotted circle shows the wear facet and the arrow points out to glass-ceramic chipping, and I - J natural 
enamel (CE) - the dotted circles indicate the rougher surface of OCAs, and the arrow points to the new created pits, with 
×100 magnification at 0 M and 12 M. 

A

B

C

D

E

F

G

H

I

J

Table 3. P value of paired variables of mean of volume loss
6 M 12 M 6 M 12 M

LTC LTE LCE LCA LTC LTE LCE LCA ZTC ZTE ZCE ZCA ZTC ZTE ZCE ZCA
6 M LTC

LTE .243
LCE .466
LCA .470

12 M LTC .011*
LTE .003* .758
LCE .005* 1.000
LCA .050* .837

6 M ZTC .003*
ZTE .506 .147
ZCE .457 .052
ZCA .761 .340

12 M ZTC .001* .025*
ZTE .842 .000* .007*
ZCE .736 .010* .569
ZCA .642 .003* .515

*: statistically significant (P value < .05).
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rougher pitted surface was seen on the OCA of the 
lithium disilicate crown’s antagonist enamel (LTE)(Fig. 
6E-F), while the wear facet with chipping of the glass 
ceramic was shown on the OCA of the lithium disili-
cate crown (LTC)(Fig. 6G-H). Moreover, the SEM imag-
es of the OCA of the natural enamel showed a rougher 
and deeper pitted surface (Fig. 6I-J).

DISCUSSION

The results from this study showed that the wear of 
zirconia crown’s antagonist enamel and the wear of 
lithium disilicate crown’s antagonist enamel were not 
different from the natural enamel. Also, there was no 
difference between the wear of crown’s antagonist 
enamel between Z and L group. Thus, all of the null 
hypotheses were accepted. 

The results of this study revealed that there were 
no significant differences in the results of the zirconia 
crown’s antagonist enamel when compared with the 
natural enamel, which were similar to those of the in 
vitro research.30,31 Moreover, the volume loss between 
the lithium disilicate crown’s antagonist enamel and 
the enamel control showed no difference in the wear, 
which concurred with previous research.24-26 However, 
the study found that at 12 months there was the high-
est vertical loss difference when compared between 
lithium disilicate crown’s antagonist enamel and the 
enamel control. The inconsistency of this results in 
lithium disilicate group could be explained from the 
surface characteristics of the glass ceramic material 
which were characterized by very deep pitting wear 
due to the cracking feature of glass ceramic materi-
als.41,42 This is different from enamel and zirconia with 
shallower wear characteristics. Therefore, the maxi-
mum vertical loss effect measured from the deepest 
point of the valley was not the most accurate indica-
tion, and the total volume wear should be measured 
to get more accurate results.

This study was planned to be a split-mouth design 
so that the outcome of the enamel relative to the nat-
ural teeth and the materials employed for the resto-
rations could be compared.27 In addition, the results 
obtained from the enamel control group were used 
to verify the reliability of the measurement method 
compared to previous studies.2 From this study, the 

wear results of the enamel control group of the zirco-
nia and lithium disilicate groups were similar and the 
results after one year in this study was concurred with 
the previous research that revealed the running-in 
wear of 38 μm for molar teeth during the first year.3 
Although the amount of wear in the majority of clin-
ical studies was measured in terms of the maximum 
vertical loss,27-31,34 this may not be sufficient to strict-
ly quantify the loss of height because this measure 
was unequally affected by time and occlusion.37 The 
wear should be measured in terms of volume since it 
tend to increase as time passed, as the base surface 
area would rise proportionally to the height of the 
tooth, which would obviously decrease.43-44 Thus, this 
research measures wear as vertical losses with the 
purpose of being used in comparison with results in 
previous clinical studies, but the volume loss was the 
primary interpretation for this study.

The results of this study showed that there was 
no distinction between the wear rate of the antago-
nist enamel between lithium disilicate and zirconia 
group, as opposed to the in vitro  tests that showed 
lower wear of enamel opposing monolithic zirconia 
than that opposing different ceramics.10-17 The incon-
sistency of these results was due to the use of the 5th 
generation of zirconia in this study, which had low-
er mechanical properties, such as hardness, fracture 
toughness, and flexural strength, than in previous ex-
periments using 3rd generation of zirconia. These in-
ferior mechanical properties may result in less wear 
resistance of material and greater post-polish surface 
roughness, all of which contribute to the increased 
wear of the material itself, including the enamel an-
tagonist. The author suggests that further study of 
such factors is needed in the future. 

This research revealed that the comparison of the 
wear between the zirconia crown and that of antag-
onist enamel was in agreement with the findings of 
the in vitro  study showing that less wear of the zir-
conia material was observed when compared with 
natural enamel.16 Moreover, the volume loss of the 
lithium disilicate crown was not substantially varied 
from that of the antagonist enamel, which was in line 
with those of prior research findings.17,18 It can be ex-
plained that the zirconia can resist damage to the sur-
face when stressed, as a consequence of its excellent 
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strength and toughness, ensuring its fineness and 
coefficient of friction do not change over the longer 
term.44 This slow change in surface condition result-
ed in a low surface roughness change in the material, 
which was one of the factors affecting the amount of 
wear of the enamel surface. It was concluded that the 
surface of zirconia after wear was less rough, which 
resulted in less wear of the tooth enamel.13 While the 
lithium disilicate glass ceramic’s glass matrix is soft-
er than that of harder crystals, it wears down much 
more quickly when worn against enamel, increas-
ing both surface roughness and friction coefficient.41 
Moreover, the glass particles that break free during 
wear will work abrasively in a three-body action,45 
consequently increasing friction and the rate of wear 
due to the glass ceramic material and enamel.46 This 
information can help explain why lithium disilicate 
glass-ceramics are linked to a high degree of enamel 
wear when combined with a high level of hardness.47

The SEM analysis of this study for the qualitative 
element showed that the surface of natural enamel 
in this study was identical to that of the in vitro  ex-
periments.15,41 However, the zirconia crown’s antag-
onist enamel produced a deeper pitted surface over 
one year of use, which did not correlate to the labo-
ratory research that reported a very smooth and flat 
surface on the wear facet.6,12,14,15 Also, the outcomes 
of the zirconia material in this research was inconsis-
tent with the in vitro  studies, which stated that the 
mechanical strength and surface characteristics of 
zirconia made it to preserve a smooth surface during 
the wear test.13,17,41 This difference in results was due 
to the use of different generations of zirconia and 
the environment in clinical trials that differed from 
laboratory experiment.6,12,14,15 This experiment used 
the 5th generation of zirconia, which is more translu-
cent but has lower mechanical properties than the 
3rd generation of zirconia used in the experiment. 
In addition, factors such as the shape of the materi-
al, the amount and direction of the force applied to 
the material, as well as the oral environment, could 
have affected the difference in results and should be 
further studied. The wear feature on the lithium di-
silicate crown’s antagonist enamel in this research 
showed rougher and deeper pitted surfaces that was 
in line with previous in vitro  experiments.12,14,15,42 In 

addition, the wear characteristic of the lithium disil-
icate crown in this research was consistent with pre-
vious studies, which indicated that the wear trace of 
the lithium disilicate glass ceramic had a rougher sur-
face and presented some of the lithium disilicate par-                                       
ticles.12,14,15,42 The potential cause for this attribute 
was that the glass matrix was worn more easily than 
the lithium disilicate crystalline grains that created the 
molded crystalline grains41; the delamination of glass 
ceramic particles would shift the abrasive style from 
two-body abrasion to three-body abrasion during the 
wear test.41,42

When used as a diagnostic tool for evaluating tooth 
wear, the IOs demonstrated acceptable levels of sen-
sitivity.36 The prior research confirmed the value of 
IOs and their ability to offer a systematic approach for 
the wear assessment in routine clinics.35,36 In order 
to properly address wear detection, however, it is im-
portant to take into account both the faults and the 
conditions affecting the digital instrument.48 Previous 
studies have indicated that it is not always possible 
to determine which parts remained stable and which 
areas suffered modifications in a clinical context.48 
Additionally, the full-arch impressions typically ac-
cumulate more inaccuracy than partial-arch impres-
sions.49,50 Therefore, tooth wear should be examined 
using an automated process that compares tooth by 
tooth.48 The precision of the measuring systems in 
previous clinical studies, which was in a range from 5 
to 20 μm, had made it impossible to evaluate the ex-
act value of the wear in various tests.27-31,34 Further-
more, earlier studies found that greater defect regions 
are predicted to have inaccurate readings because of 
more widespread erosion or longer follow-up times. 
Interpreting a situation where there are multiple and 
significant faults should be done with caution.48 Fur-
ther researches are necessary to thoroughly examine 
the inaccuracies during dental follow-up since there is 
an abundance of data in the literature examining the 
elements that affect the digital patient monitoring by 
3D superimposition. 

The limitations of this research were the small sam-
ple size and short-term follow-up time. There would 
be a need to conduct additional clinical assessments 
over a longer period and with a larger sample size. 
Additionally, the surface roughness should be investi-
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gated in further studies.

CONCLUSION

The results indicated that the selection of monolithic 
zirconia and lithium disilicate crowns for clinical use 
could be considered appropriate and practical. Fol-
lowing a period of one year, the degree of the antag-
onistic enamel wear could be comparable to that of 
the natural teeth. When considering the restorations, 
it appeared that the zirconia showed a lower amount 
of wear than that of the lithium disilicate crown.
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