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Abstract

Aim: The aim of this study is to compare wear of the natural teeth against polished yttrium tetragonal
zirconia and polished lithium disilicate crowns.

Study Setting and Design: Experimental type of study.

Materials and Methods: Polished yttrium tetragonal zirconia and polished lithium disilicate crowns were
fabricated and given to 15 patients each (n=15). Crowns were fabricated opposing natural tooth. Patients
were recalled after lyear and impression were recorded with opposing arch and baseline and final cast
were scanned and superimposed using 3 D scanner.

Statistical Analysis Used: Data collected by experiments were computerized and analyzed using the Statistical
Package for Social Sciences (SPSS) version 16.0. The normality of the data was checked using the Kolmogorov-
Smirnov test and Shapiro-Wilk tests. The data were normally distributed. Statistical analysis was done by
using tools of descriptive statistics such as Mean, and Standard Deviation for representing quantitative
data (enamel wear measured in um) Parametric tests: Student t-test for intergroup comparison was done.
Results: No statistical difference were found between wear of opposing enamel for polished yttrium
tetragonal and polished lithium disiliacte crowns [p=0.446].

Conclusion: Within the limitations of the study, it can be concluded that polished lithium disilicate
showed better clinical outcome than polished yttrium tetragonal zirconia, though the evaluated data was
statistically non significant.
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INTRODUCTION

Enamel wear is a complex process, which is influenced
by the thickness and hardness of the enamel. Occlusal
antagonist contact is an essential reason for wear and
gradual removal of dental material. Wear is caused by
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ploughing of hard asperities into softer surfaces, the
chewing behavior in combination with parafunctional
habits and neuromuscular forces, as well as the abrasive
influence of food and antagonist causes weat.!"
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The placement of full-coverage crowns constitutes the
most common fixed prosthodontic treatment. To meet
the ever-increasing demand of patients for esthetic,
metal-free, biocompatible restorations, manufacturers have
developed several types of all ceramic restorations such
as feldspathic porcelain, leucite-reinforced glass ceramic,
lithium disilicate glass ceramic, glass-infiltrated alumina, and
yttrium tetragonal zirconia duting the last few decades.”
Ceramics mimic the optical characteristics of enamel and
dentin and are biocompatible and chemically durable, thus
are widely used in dentistry.

At present, lot of research and clinical trials are being
carried out on yttrium tetragonal zirconia owing to its
favorable dimensional stability, mechanical resistance,
hardness, and elastic modulus.P! Iz-vitro studies have
demonstrated a flexural strength of 900-1200 MPa and
fracture toughness of 9—10MPa/m'%.1"

The Empress II system uses a lithium disilicate glass
core material. The framework is fabricated either with
lost wax and heat pressure technique or is milled out of
prefabricated blanks. For lithium disilicate core material, the
fracture toughness ranges between 2.8 and 3.5 MPa/m"%.
Lithium disilicate allows the fabrication of translucent
restorations, recommended that these restorations are luted
propetly for their strength and longevity.”

The wear of human enamel and restorative material itself
is often a critical concern when selecting a restorative
material in any given clinical situation.” Vatious in-vitro
studies involving yttrium tetragonal zirconia and lithium
disilicate have been performed using different test methods
such as ACTA and OSHU to evaluate the effect of glazing
and polishing of yttrium tetragonal zirconia and lithium
disilicate crowns on opposing natural enamel.”!

However, attempts to correlate the 7z-vitro results with the
long-term, 7z vivo situation have not been very successful.
Complex 7 vivo wear behavior cannot be predicted from

O Ty-vitro studies do not

physical and mechanical testing.
represent the actual masticatory environment and cannot
simulate the intricate chewing pattern. Hence, there was a
need for an in vivo study evaluating the wear potential of
monolithic yttrium-tetragonal zirconia polycrystals (Y-TZP)
and monolithic lithium disilicate crowns and comparing it

with the wear occurring in natural dentition.

Hence, a clinical study was planned to comparatively
evaluate the volumetric wear of enamel opposing natural
antagonist, polished lithium disilicate, and polished yttrium
tetragonal zirconia crowns using a laboratory-based novel

technique of three-dimensional (3D) scanning and image
superimposition.

MATERIALS AND METHODS

Ethical committee approval and study design

This study was carried out in the Department of
Prosthodontics, SMBT Dental College and Hospital,
Sangamner, Maharashtra, India, in 2017-2018. Ethics
was granted by the Institutional Ethical Committee and
research board approval. Informed consent was signed
by the patient in their regional languages, and the study
conducted according to the ethical standards given in the
1964 Declaration of Helsinki, as revised in 2013.

Sample size calculation and selection of the sample
The sample size was calculated using the references of
related articles, studies, reviews, and sample size formula.
The power of the study is less; thus, the sample size was
taken as 30.

The sample was divided into two groups, namely Groups A
and B. Each group was assigned 15 participants each. The
study was randomized clinical trial, and the samples were
selected using these inclusion and exclusion criteria.
a. The inclusion criteria for the participants were as
follows:
a.  Normal occlusion
b. Presence of natural antagonist against the
proposed full-coverage crown
c. Participants needed a crown on either first molar
or second molar of any arch
d. Presence of natural antagonist on the contralateral
side for comparative analysis
e. The age group of 20—40 years.
b. The exclusion criteria for the participants were as
follows:
a.  Medical contraindication for dental treatment
b. Participants with parafunctional habits, for
example, bruxism
c. Participants with temporomandibular joint
disorder and habit of unilateral mastication
d. Uncertain residency in the area within the 1-year
duration of the study.

Procedure of study

From the selected thirty participants, 15 participants were
divided into Group A to receive polished yttrium tetragonal
zirconia full-coverage crowns, and 15 participants
were divided into Group B to receive polished lithium
disilicate full-coverage crowns. The tooth preparation
for individual participants was done following the
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standard protocol. Polished monolithic yttrium tetragonal
zirconia (Sagemax white zirconia blocks) and polished
lithium disilicate (Ingots-IPS e. max, IvoclarVivadent,
Germany) full-coverage crowns were fabricated according
to the manufacturer’s instructions. Each full-coverage
crown was cemented using Type I glass-ionomer luting
cement (GC Gold Label, Japan).

Data collection

The baseline data were collected by recording the
impression of the arch opposing the full-coverage crown at
the time of cementation with medium-bodied consistency
polyvinyl-siloxane impression (medium body, Reprosil,
Dentsply, USA) material in the photopolymerized tray
(Voco Profibase, Germany). A 3D white light scanner
[ZitkonZannSagoo Arti, Germany; Figure 1] with
accuracy up to 14 wm was used to scan the baseline
casts. The participants were recalled for the evaluation
of the full-coverage crowns after 12 months. At the
end of 12 months, the final data were then collected
by recording a second impression of the arch opposing
the cemented full-coverage crown with medium-bodied
consistency polyvinyl-siloxane impression material. This
final impression was disinfected, poured, and the cast was
scanned in a similar manner as the baseline casts.

Data analysis

After scanning, the scanner was allowed for 3D
superimposition of the baseline and final scanned images
of individual participants by the selection of three reference
points or areas that are not subjected to wear. It then locates
and quantifies the spatial differences between the two images,
thereby measuring the amount of wear in three dimensions,
giving a more realistic view of the clinical characteristics of
wear and the potential mechanisms involved [Figures 2 and
3]. Data collected by experiments were computerized and
statistically analyzed. The normality of the data was checked
using the Kolmogorov—Smirnov test and Shapiro—Wilk
tests. Lawson e7 al., in their study, used a similar test for
normality evaluation.”! The data were normally distributed.
Statistical analysis was performed by using the tools of
descriptive statistics such as mean and standard deviation for
representing quantitative data (enamel wear measured in (m)
parametric tests: Student’s ~test for intergroup comparison
was done as the sample size was not more than 30.

RESULTS

Wear was measured using baseline and 12-month
interval cast of opposing dentition and 3D scanning and
superimposition technique. The enamel wear recorded in

Figure 1: White light scanner (Sagoo, Arti)

Figure 2: Scanned images superimposed

Figure 3: Analysis of scanned images using polywork software

the participants of Group 1 and Group 2 at the end of
12 months interval is tabulated in Table 1 and for Group 2
in Table 2, respectively.
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A statistically significant difference was found in the
comparison of the amount of natural enamel wear against
polished zirconia crowns (Group 1) with the amount of
natural enamel wear against natural antagonist (control

Group 1, i.e,, 34.55 um) (P = 0.017) [Table 3].

Table 1: Comparison of amount of natural enamel wear against
polished yttrium tetragonal zirconia Crowns (Group 1) with

A statistically significant difference was found in the
comparison of the amount of natural enamel wear against
polished lithium disilicate crowns (Group 2) with the amount
of natural enamel wear against natural antagonist (control

Group 2, i.e., 34.68 fim) (P = 0.002) [Table 4].

On the comparison of polished zirconia crowns
(Group 1, ie., 40.06 um) with the amount of natural

enamel wear against natural antagonist (Control Group)

enamel wear against polished lithium disilicate crowns

gSrsneber Gr(tj:t’:;g;n:(:lyi:sohlsgrilltsttrairsm_ Control group (Group 2, i.e., 42 um), no statistically significant difference
crowns was found among both experimental groups (P = 0.4406).
Tooth  Antagonist Enamel  Natural Mean It is suggested that enamel wear occurring against both
number  tooth wear teeth snamel experimental groups was comparable [Table 5].
with number (um)  considered wear (uM)
crowns against of natural
crowns antagonist DISCUSSION

1 16 46 52.34 26.36 34.25 . .
2 46 16 32.35 26.36 35.24 When tooth to tooth or tooth and restoration are in
3 26 36 35.12 16.46 32.14 contact, they slide against each other and unavoidable
4 26 36 40.00 16.46 30.90 . . .
5 36 2 40 12 16.46 43.05 changes occur in natural enamel. However, materials in
6 26 36 48.97 16.46 27.75 restorative procedures accelerate this natural process.
7 26 36 40.17 16.46 32.03 These materials may have wear properties that differ from
8 37 27 42.35 17.47 30.03 .
9 46 16 38.46 26.36 32.17 those of the tooth structure. Either enamel causes wear
10 26 36 34.82 16.46 34.55 of these materials or these materials cause aggressive wear
1 16 46 54.24 26.36 32.32 [11]
12 7 47 46.04  27.37 42.18 of the enamel
13 36 26 42.03  16.46 41.65 . . . ‘
14 46 16 35.02 26.36 35.05 An essential feature of the materials used in the restoration
15 46 16 48.00 26.36 37.01

of the occlusal surfaces of fixed and removable partial

Table 2: Comparison of amount of natural enamel wear against polished lithium disilicate Crowns (Group 2) with enamel wear
against natural antagonist (Control Group)

Case Group 2 - Polished lithium disilicate crowns Control group
number Tooth number Antagonist Enamel wear (um) Natural teeth Mean enamel wear (um)
with crowns tooth number against crowns considered of natural antagonist

1 36 26 37.94 16.46 20.57

2 46 16 47.31 26.36 40.40

3 46 16 29.07 26.36 35.3

4 16 46 38.00 26.36 41.38

5 36 26 36.05 16.46 28.46

6 26 36 48.09 16.46 35.42

7 27 37 45.09 17.47 37.71

8 37 27 32.05 17.47 36.57

9 16 46 50.07 26.36 33.34

10 36 26 35.6 16.46 28.92

11 46 16 42.19 26.36 30.42

12 46 16 38.32 26.36 40.25

13 26 36 40.56 16.46 42.25

14 36 26 50.64 16.46 35.25

15 16 46 30.05 26.36 32.14

Table 3: Comparison of amount of natural enamel wear against polished yttrium-tetragonal zirconia polycrystals crowns (Group 1)
with enamel wear against natural antagonist (Control group)

Groups Mean (um) SD SE Student t-test P, significance
Enamel wear against Polished Y-TZP crowns (group 1) 42.0 6.66 172 3.205 0.017, significant statistical
Enamel wear against natural antagonist (control group) 34.68 6.49 1.68 difference

P>0.05: Not significant, P<0.05: Significant, P<0.001: Highly significant. Y-TZP: Yttrium—tetragonal zirconia polycrystals, SD: Standard
deviation, SE: Standard error
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Table 4: Comparison of amount of natural enamel wear against polished lithium disilicate crowns (Group 2) with enamel wear

against natural antagonist (control group)

Mean (um) SD

SE Student t-test P, significance

Groups
Enamel wear against polished lithium disilicate crowns (group 2)
Enamel wear against natural antagonist (control group)

40.06
35.09

7.03 181 2.274
4.72 122

0.031, Significant statistical
difference

P>0.05: Not significant, P<0.05: Significant, P<0.001: Highly. SD: Standard deviation, SE: Standard error

Table 5: Comparison of amount of natural enamel wear against polished Yttrium-tetragonal zirconia polycrystals crowns (Group 1)
with amount of natural enamel wear against polished lithium disilicate crowns (Group 2)

Groups Mean (um) SD SE Student t-test P, significance
Enamel wear against polished Y-TZP crowns (Group 1) 42.0 6.66 1.72 0.773 0.446, no significant
Enamel wear against polished lithium disilicate crowns (Group 2) 40.06 7.03 1.81 statistical difference

P>0.05: Not significant, P<0.05: Significant, P<0.001: Highly. Y-TZP: Yttrium—tetragonal zirconia polycrystals, SD: Standard deviation,

SE: Standard error

dentures is resistance to wear and the lack of negative
influence on the opposing teeth. To observe and assess weat,
it is necessaty to understand tooth wear mechanisms.!"?

Pindborg classified the loss of hard tissue as caries, erosion,
attrition, or abrasion."!l Principally, wear can be of five
types, attrition wear, abrasive and cutting wear, corrosive
wear, surface fatigue, and other minor types of wear.
The two common types of wear seen in the oral cavity
include the attrition wear and the abrasive type of wear
or the combination of both. These two types of wear are
of the utmost importance when new restorative material
is used."! Wear of the antagonist depends on the ceramic
material, and other factors such as fracture toughness,
internal porosities, and surface defects may also accelerate
the loss of opposing enamel. Hence, this 2 vive study was
conducted to evaluate the wear of the occlusal surfaces
of teeth opposing polished Y-TZP crowns and polished
lithium disilicate crowns.

A statistically significant difference was found after
comparing the amount of natural enamel wear against
polished Y-TZP crowns (Group 1) with enamel wear
against natural antagonist (Control group 1) (P = 0.017).
The results suggested that the occurrence of natural
enamel wear is significantly more against polished yttrium
tetragonal zirconia crowns as compared to the natural
antagonist [Table 1 and Graph 1].

Stober ¢ al. measured enamel opposing zirconia that was
polished, glazed, adjusted, and re-polished in a 6-month
clinical study. They found more wear on teeth opposing
zirconia crowns (33 Wm/6 mo) than teeth opposing
natural teeth (10 um/6 mo). Furthermore, in this study,
wear of the contralateral natural tooth pair was assessed.
The result obtained showed that the enamel wear by the
enamel of the contralateral teeth was significantly less than
the wear of the teeth which were opposed by zirconia
(means: 10 tm vs. 33 m, maximum 46 Wm versus 112 wm).!!

MEAN ENAMEL WEAR
COMPARISONS Group 1 v3 Group 2

Enamel wear Against PE?“'Q"F""
Polished ytrium tetragonal zrconia  Polshed lthum
crowns dilslicate

crown

Graph 1: Comparison of Polished Yttrium Tetragonal Zirconia
(Group 1) vs Polished Lithium Disilicate (Group 2)

A statistically significant difference was found by the
comparison of the amount of natural enamel wear
against polished lithium disilicate crowns (Group 2) with
enamel wear against natural antagonist (control Group 2)
(P =0.031). The results showcased that the occurrence of
natural enamel wear is significantly more against polished
lithium disilicate crowns as compared to the natural
antagonist.

On comparison of the amount of natural enamel wear
against polished Y-TZP crowns (Group 1) with the
amount of natural enamel wear against polished lithium
disilicate crowns (Group 2), no statistically significant
difference was found among both experimental
groups (P = 0.4406). Itis suggested that both experimental
groups (crowns) were similar in producing an amount of
natural enamel wear.

Lawson e# al. compared the wear of a steatite antagonist
against polished, glazed, and adjusted lithium disilicate and
zirconia crowns. In their study, no statistically significant
difference was noted between polishing, glazing, or
adjusting any of the ceramics. Furthermore, like some
other studies, this study stated that no surface wear was
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seen on polished or adjusted zirconia, but measurable wear
occurred on the surface of lithium disilicate.”

A review of the literature from various other studies is
in support of this study. According to al-Hiyasat e# a/,
porcelain postadjustment should be glazed or polished to
minimizes opposing enamel wear as after adjustment is
broken porcelain fragment help wear of opposing enamel
with the same rate."”!

A study by Mitov e/ al. suggested girt used for adjusting
zirconia affects opposing enamel wear. Zirconia adjusted
with fine 30 wm diamond burs produces similar opposing
enamel wear as polished zirconia and less compared to
adjusted zirconia with coarse 100 um diamond bur.!"’

Lithium disilicate has shown to produce more volumetric
wear loss than zirconia when opposed by zirconia.l"”
Previous studies have shown that lithium disilicate caused
more wear to oppose enamel than zirconia.'**"! While
another study found that lithium disilicate causes less
enamel wear than zirconia.!)

Lambrechts ef al. stated that the examination of teeth
could best determine the rate at which the enamel is lost
in the same individuals over some time. The gradual wear
of opposing teeth is a normal phenomenon in the human
dentition.? At an ultrastructural level, modification in the
surface wear of natural tooth structure and antagonistic
restorative material occurs. It is a contributing role of
structure of restorative material, crystal size, and surface
hardness in controlling antagonistic enamel wear. In this
study, the 3D anatomical changes of the functional occlusal
surfaces of the tooth were elucidated over time. A highly
accurate 3D optical scanner that uses the principles of
triangulation and reference automated 3D-superimposition
software was used.

The study shows no statistical difference between polished
zirconia and polished lithium disilicate crown. The
probable reason for it could be a monolithic crown; it is in
accordance with the studies by Rupawala ¢ a/., Palmer ez al.,
and Lawson e# al.”***

Limitations of this study would be further long-term
studies can be envisioned using direct intraoral scanning,
larger sample size, and other parameters not included in
this study. A new approach would be more pragmatic,
integrating problem-based learning, and evidence-based
dentistry with the traditional overview of clinical materials
and material science concepts, which is still more important
to maintain the balance of the stomatognathic system.

CONCLUSION

Within the limitations of this zz vive study, the conclusion
is in accordance with expected objectives or hypotheses. It
can be concluded that polished lithium disilicate showed
better clinical outcomes than polished yttrium tetragonal
zirconia, though the evaluated data were statistically
nonsignificant. While the comparison of polished yttrium
tetragonal zirconia crowns and polished lithium disilicate
against natural enamel wear showed significant results.
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