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Abstract

Purpose: The present study aimed to assess the effect of hydrothermal degradation on the translucency of zirconia
laminate veneers. Patients and methods: A total of 30 discs of zirconia laminate veneers (thickness: 0.5 mm) were
obtained from high-translucent zirconia, super translucent zirconia, and ultra-translucent zirconia. The samples were
divided into three groups (n = 10) according to the translucency of the material; group (1) High Translucent Multi
Layered katana zirconia, group (2) Super Translucent Multi Layered katana zirconia, and group (3) Ultra Translucent
Multi Layered katana zirconia. The shade of each group was Al. All the groups were subjected to hydrothermal
degradation (134 + 2 °C at 0.2 MPa) for 5 h. The translucency of the samples was measured using a reflective spectro-
photometer. Results: Statistical analysis using the analysis of variance test showed no significant effect on the trans-
lucency of all the tested groups after hydrothermal degradation. Conclusion: Hydrothermal degradation does not affect
the translucency of zirconia (High Translucent Multi Layered, Super Translucent Multi Layered, and Ultra Translucent
Multi Layered).
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1. Introduction cubic phases. Zirconia ceramic is more vulnerable to
LTD when stabilizer content (such as yttria) is
reduced. Increased yttria content, on the other hand,
slows the tetragonal monoclinic phase trans-
formation and thus improves Y-TZP ageing resis-
tance [3].

A fully stabilized zirconia dental material with

irconia has three different crystallographic
layouts that change depending on the tem-
perature. The tetragonal stage (at temperatures
ranging from 1170 to 2370 °C) has high mechanical

properties, the monoclinic stage (constant from 8 1
1170 °C to room temperature) has the lowest me- ~ MOTe than 8% yttria and a highly translucent 6-mol

chanical properties, and the cubic stage (from % yttria Partial Stabilized Zirconia PSZ dental ma-
2,370to the melting point 2680 °C) has intermediate ~ terial was recently introduced. Translucency is
mechanical properties. Therefore, it is essential to ~ increased in fully stabilized zirconia due to its more
maintain zirconia in cubic or tetragonal phases for stable cubic phase. Another benefit of cubic crystals
better mechanical properties [1]. is that they have fewer grain borders than tetragonal
However, hydrothermal degradation or low ther- crystals, which is where light scattering occurs [4]:
mal degradation (LTD) causes destabilization of In 2015, two new products based on cubic zirconia
zirconia when there is water or water vapor and formulation were introduced: cubic ultra-trans-
moisture which leads to tetragonal, monoclinic lucent (UT) and super t.ranslucent (S_T) zirconia.
transformation (t-m) transformation causing the Both products have multllayeljed Versions ‘(_UTML
increase of monoclinic content and surface rough- ~ and STML). UT and ST zirconia significantly
ness and leading to premature failure [2]. advance the aesthetic, minimally invasive mono-
The hydrothermal degradation of Yttria Stabilized ~ lithic ~ computer-aided ~ design/computer-aided
Zirconia Y-TZP is affected by its yttria content and manufacturing (CAD/CAM) restorations [5].

Received 30 October 2022; accepted 15 January 2023.
Available online 17 May 2024

* Corresponding author. Al-Azhar University Girls Branch, Faculty of Dental Medicine for Girls, Nasr City, Egypt.
E-mail address: EssraaMostafa.8521@azhar.edu.eg (E.S. Mostafa).

https://doi.org/10.58675/2974-4164.1606
2974-4164/© 2024 The Authors. Published by Faculty of Dental Medicine for Girls, Al-Azhar University. This is an open access article under the CC BY 4.0 license
(https://creativecommons.org/licenses/by/4.0/).

>
a
=)
H
[¥5]
e
<
Z
9
=4
@]



mailto:EssraaMostafa.8521@azhar.edu.eg
https://doi.org/10.58675/2974-4164.1606
https://creativecommons.org/licenses/by/4.0/

o
<
Q
Z
>
=
92]
e
c
g
>

76 E.S. Mostafa et al. / Al-Azhar Journal of Dentistry 11 (2024) 75—80

This vitro study aimed to assess hydrothermal
degradation's effect on the translucency of zirconia
laminate veneer HTML, STML, and UTML zirconia.
The null hypotheses proposed for the present study
was that there would be no significant differences in
translucency among the various tested groups.

2. Patients and methods

2.1. Sample size calculation

To evaluate the translucency of different types of
zirconia laminate veneers after hydrothermal
degradation; an analysis of variance (ANOVA) test
or an equivalent nonparametric test will be used for
comparison between two Zirconia groups and
lithium disilicate. According to a previous study [6],
the percentage (%) of total translucency ranged
from 6.5 + 0.4, 23.4 + 0.2 in the Zirconia groups to
28.3 + 0.6 in the lithium disilicate, e.max press LT
(LDLT) group. After hydrothermal degradation, the
values ranged from 89 + 1.2 to 22.6 + 0.9 and
28 + 0.9. Using G power statistical power Analysis
program (version 3.1.9.7) for sample size determi-
nation [7]. A total sample size of 30 (n = 10 in each
group) will be sufficient to detect a medium effect
size of 0.63, with an actual power (1-B error) of 0.8
(80%) and a significance level (a error) 0.05 (5%) for
the two-sided hypothesis test.

2.2. Fabrication of zirconia samples

Thirty multilayered translucent katana zirconia
(HTML, STML, UTML) samples were milled in the
form of discs with a diameter of 8 mm and a thick-
ness of 0.5 mm of color Al using CAD/CAM milling
machine. The katana block has been inserted into
the CAD/CAM Roland machine (Roland, Japan),
with 10 discs from each type of zirconia block.

According to manufacture instructions, the Ultra-
translucent zirconia discs milled with 24.6 oversize
to compensate for the expected sintering shrinkage,
the super translucent zirconia disc milled with 22.6
oversize and the multilayered zirconia discs milled
with 23.5 oversize. According to the constructor's
references, the partially sintered samples were fully
sintered in a high-temperature furnace (TABEO-1/
S/ZIRKON-100, Mihomvogotm, Germany) at
1450—1550 °C for 16 h as shown in (Fig. 1).

Finishing of samples was done using diamond
finishing stone at low speed using low pressure
twice on each sample surface in one direction. The
glazing of the samples was carried out by applying
the (Cerabien ZR glazing material)over each disc,
then inserted into the (Ivoclar Vivadent furnace)

Fig. 1. Samples after sintering.

with a starting temperature of 600 °C and increasing
gradually till reaches 850 °C.

2.3. Experimental design

Thirty (N = 30) multilayered KATANA zirconia
discs were made up. Samples were divided into three
groups (n = 10) according to translucency as follows:

(a) Group (1): High translucent zirconia

(HTML) n = 10.

(b) Group (2): Super translucent zirconia
(STML) 1 = 10.

(c) Group (3): Ultra translucent zirconia
(UTML) n = 10.

2.4. Testing procedure

2.4.1. Translucency parameter (TP)

The translucency of the samples was measured by
a movable reflective (spectrophotometer). The
aperture size was set to 8 mm, and the samples were
aligned with the device. The samples were placed in
the center of the measuring port and were kept in
the same position for the white and black backings.

The measurements were performed at the center
of each specimen over a white (CIE L* = 88.81,
a* = —4.98, b* = 6.09) and black backing (CIE
L* = 7.61, a* = 0.45, b* = 2.42) relative to the CIE
standard illuminant D65.

The translucency parameters (TP) values were
obtained by calculating the color difference of the
specimens over black and white backgrounds by
using the following equation: TP = [(Lb* — Lw¥*)
2+(ab* — aw*) 2+(bb* — bw*) 2]1/2.

2.5. Hydrothermal degradation of the samples

The samples of each group were subjected to a
hydrothermal degradation procedure using an
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autoclave (TS-Tau sterile autoclave, Fino Moransco-
COMO, Italy). The samples were packed in
sterilized labeled packs and then inserted on the
autoclave trays.

The program of the autoclave was set at 134 °C,
under 2 bar pressure, and for 5 h. After cooling, the
samples were packed in an airtight glass container
until testing.

2.6. Translucency determination (TP value)

After all the samples were subjected to aging
(hydrothermal degradation), the measurement of
translucency was carried out for the second time by
spectrophotometer to compare the translucency of
each group before and after hydrothermal degra-
dation to determine how aging affects translucency.

2.7. Statistical analysis

Numerical data were explored for normality by
checking the distribution of data and using tests of

normality (Kolmogorov—Smirnov and Shapiro—
Wilk tests). Data showed parametric distribution.
Data were presented as mean and SD values.
Repeated measures ANOVA test was used to study
the effect of zirconia translucency, hydrothermal
degradation, and their interactions on the TP. Bon-
ferroni's post hoc test was used for pair-wise com-
parisons when the ANOVA test was significant. The
significance level was set at P less than or equal to
0.05. Statistical analysis was performed with IBM
SPSS Statistics for Windows, Version 23.0. Armonk,
NY: IBM Corp.

3. Results

3.1. Effect of hydrothermal degradation regardless
of zirconia translucency

Regardless of zirconia translucency; statistically
there was no significant change in mean TP after
hydrothermal degradation (P value = 0.213, effect
size = 0.037) as shown in Table 1 and (Fig. 2).

Table 1. The mean, D values, and results of repeated measures analysis of variance test for comparison between translucency parameter values before

and after hydrothermal degradation regardless of zirconia translucency.

Before hydrothermal degradation After hydrothermal degradation P value Effect size
Mean ) Mean SD (Partial eta squared)
22.2 4.44 23.36 3.55 0.213 0.037

*: Significant at P less than or equal to 0.05.

30

10 -

Before hydrothermal degradation

After hydrothermal degradation

Fig. 2. Bar chart representing mean and standard deviation values for translucency parameter before and after hydrothermal degradation regardless of

zirconia translucency.
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3.2. Effect of different interactions on TP

3.2.1. Effect of hydrothermal aging

Whether with translucent, STML or UTML zirco-
nia; statistically there was no significant change in
mean TP after hydrothermal degradation (P
value = 0.079, Effect size = 0.071), (P value = 0.324,
Effect size = 0.023) and (P value = 0.549, Effect
size = 0.009), respectively as shown in Table 2 and
(Fig. 3).

Ethics code: REC-CR-22-08.

4. Discussion

To improve esthetics, new zirconia materials with
increased Translucency have been introduced to the
market [8]. Translucent zirconia of recent genera-
tions is adaptable and appropriate for a variety of
restorations, including monolithic crowns and
anterior esthetic restorations [9].

One of these generations, known as multilayered,
a single block is milled to show layers of

polychromatic, transparent zirconia that range in
colour from enamel to dentine. This contemporary
multilayered zirconia allows for anterior and pos-
terior restorations [10].

The integrated color gradient, when compared
with a single-color block, greatly simplifies the in-
dividual characterization of the restoration. To
achieve the most aesthetically pleasing results, a
multilayered material should only go through one
combined stain and glaze procedure [11].

STML and UTML zirconia is a highly aesthetic
material with exceptional mechanical properties.
Because of its favorable properties and minimal
tooth preparation, monolithic translucent zirconia
ceramic is frequently used in restorative dentistry. It
can be used in minimally invasive restorations that
require less tooth reduction and material thickness
without sacrificing strength [12].

The translucent zirconia was represented in this
investigation by the KATANA blanks; Kuraray
Noritake Dental Inc., the specimens with the disc
shape were from the second generation HTML

Table 2. The mean, SD values, and results of repeated measures analysis of variance test for comparison between translucency parameter values

before and after hydrothermal aging with each zirconia translucency.

Hydrothermal degradation Translucent zirconia

Super-translucent zirconia Ultra-translucent zirconia

Mean SD Mean SD Mean SD
Before hydrothermal degradation 20.17 2.47 2235 5.55 24.09 41
After hydrothermal degradation 23.01 3.26 23.93 411 23.13 3.41
P value 0.079 0.324 0.549
Effect size (Partial eta squared) 0.071 0.023 0.009

*: Significant at P less than or equal to 0.05.

30

20

Translucent

zirconia zirconia

Super-translucent Ultra-translucent

M Before hydrothermal
degradation

M After hydrothermal
degradation

zirconia

Fig. 3. Bar chart representing mean and standard deviation values for translucency parameter before and after hydrothermal aging with each zirconia

translucency.
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katana zirconia and third generations STML katana
zirconia, and UTML katana zirconia.

The three materials were very different, STML 4Y-
PSZ with 65 weight percent cubic content and a 2.81
(+0.17) micron grain size, UTML 5Y-PSZ (5 mol% Y-
PSZ) with 75 weight percent cubic content and a 4.05
(+0.85) micron grain size, and ML: 3Y-PSZ with less
than 50 weight percent cubic content and a 0.63
(+0.03) micron grain size. Tetragonal crystals made
up the majority of ML3Y-PSZ, while cubic material
was present in STML and UTML [13].

The sintering of zirconia samples was done at a
temperature furnace at 1450—1550 °C as in the
temperature above, causing grain boundary cracks
to form, leading to light scattering and decreased
translucency [14].

The finishing and polishing of samples were done
in one direction by one operator because using
diverse measurement tools and polishing tech-
niques affects the TP of the material [15].

The use of a reflective spectrophotometer to
obtain CIELAB coordinates is expected in dental
research; thus, it was used in the present study to
obtain TP for the samples from various groups.

Aging of zirconia (hydrothermal degradation) is
unavoidable as it is moistness and temperature
dependent and occurs at 37 °C during the lifetime,
causing volume expansion of grains, surface
roughness, and micro-cracking of conventional zir-
conia; as recommended in many studies, aging is
done by autoclave as it induces low thermal degra-
dation in zirconia at 134 °C [16].

In the present study, all the samples (UTML,
STML, HTML) received aging (hydrothermal
degradation) in an autoclave for 5 h at 134 °C to
conduct the accelerated aging protocol. More than
one author [17] considered the treatment of zirconia
samples in an autoclave for 1 h at 134 °C as equiv-
alent to 3—4 years of in vivo aging. Therefore aging
for 5 h is equivalent to 20 years in the patients
mouth [18].

The present study's results revealed no consider-
able difference in the translucency of zirconia sam-
ples of different groups (HTML, STML, and UTML)
after hydrothermal degradation. The null hypothe-
sis was accepted that there would be no significant
difference in translucency after hydrothermal
degradation. These results follow the results of other
studies [18—20] that hydrothermal degradation does
not affect the translucency of tested zirconia
samples.

The translucency is not affected by hydrothermal
degradation because there was no monoclinic phase
was revealed in 5Y-TZP. High-translucent katana

zirconia, super-translucent katana zirconia, and
ultra-translucent katana zirconia when tested under
more extreme LTD conditions did not form a
monoclinic phase even after hydrothermal aging at
134 °C for 100 h. These results imply that 5Y-TZP
has a higher aging resistance. This effect is due to
the higher yttria content of the former material,
which prevents the low-temperature degradation of
Y-TZP, as KATANA contained a high-level of cubic
phase before and after aging.

The results of the present study are similar to
those obtained for KATANA in a previous study
[21]. Higher yttria content results in a rise in the
zirconium dioxide (ZrO,) content, which increases
materials translucency and ageing resistance. The
resistance of Y-TZP against LTD is determined by
factors other than the yttria content, such as the
additional content of alumina. The tetragonal to
monoclinic phase transformation is dependent on
the addition of alumina. This could justify the more
significant confrontation to degradation by preven-
tion of monoclinic phase transformation since
tetragonal zirconia is generally supersaturated with
alumina to increase its aging performance and
strengthen grain margins [22].

The finding was inconsistent with a previous
study [23] which reported that the Translucency did
not decrease after the aging of cubic zirconia, which
is probably associated with the decrease in the
amount of transformation of zirconia from the
tetragonal to the monoclinic phase, and this is
accompanied by decreased superficial irregularity,
light scattering, and reflection.

Moreover, because of the decrease in the trans-
formation from tetragonal to monoclinic phase,
microcracks and superficial porosity could also be
diminished, resulting in no change in translucency.
Furthermore, porosity is one of the main factors that
has an impact on the translucency of ceramics after
aging, as seen by some authors [24].

Contrary to another study's findings [25], which
indicated that hydrothermal ageing affected the
optical properties and microstructures of pre-
colored monolithic zirconia ceramics and that
translucency rose slightly with time, these results
contradict each other. The production of cubic zir-
conia may be promoted, leading to higher TP values
with longer aging times, as a result of the reduced
light scattering from the cubic zirconia grain
boundaries caused by the presence of some metal
oxides, such as coloring pigments.

The present study is not free from limitations. One
of these limitations is that only one cubic zirconia
brand used in this study provides these results.

>
a
=)
H
[¥5]
e
<
Z
9
=4
@]




o
o
e
Z
>
=
[}
;—]
c
vl
>

80 E.S. Mostafa et al. / Al-Azhar Journal of Dentistry 11 (2024) 75—80

Other high translucent zirconia brands with
different compositions may provide different results
under simulated oral aging.

4.1. Conclusions

It was concluded from the present study that hy-
drothermal aging did not affect the translucency of
HTML zirconia, STML zirconia, and UTML zirconia.

Recommendations

Clinically relevant restoration and different pros-
thetic designs should be investigated rather than the
disc-shaped samples.
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