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ABSTRACT

Statement of problem: Zirconia undergoes phase transformation due to low temperature 
degradation LTD which could deteriorate its optical properties.

Objectives: Current study was conducted to evaluate the effect of shading and hydrothermal 
aging on optical properties of partially and fully stabilized zirconia.

Materials and methods: Two commercially available zirconia products, high-translucent PSZ 
(Prettau®, Zirkonzahn) and ultra-translucent FSZ (Prettau®, Anterior, Zirkonzahn) were assessed.  
80 disc shaped specimens (12×1 mm) were prepared; half of the specimens were shaded using 
acid-free coloring solution. Half of the specimens were subjected to accelerated hydrothermal aging 
using autoclave (134°c at 2 MPa) for 5 hours.  The specimens were divided into 4 subgroups. 
Non-shaded, non-aged (control), (non-shaded, aged group), (shaded, non-aged group) and (shaded, 
aged group). Contrast ratio CR and translucency parameter TP were evaluated in each subgroup 
using reflective spectrophotometer. X-ray diffraction analysis was used to measure the amount of 
tetragonal-monoclinic phase transformation. Microstructural analysis was evaluated using atomic 
force microscope. SPSS program was used to evaluate the data (P≤0.05). 

Results: FSZ recorded higher translucency parameter and lower contrast ratio than PSZ; which 
were significantly affected by shading and aging in all subgroups except for non-shaded aged 
subgroups of PSZ.

Conclusions: Shading and hydrothermal aging induced tetragonal to monoclinic transformation 
in PSZ and FSZ which lead to changes in their optical properties.

KEYWORDS: Monolithic Zirconia, Hydrothermal Aging, Shading, Contrast Ratio, 
Translucency Parameter. 
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INTRODUCTION 

Zirconia is a common dental ceramic that meets 
patients’ demand for metal-free restorations. Yttria-
stabilized tetragonal zirconia polycrystals (Y-TZP) 
have been widely used in dentistry for crowns and 
partial fixed prostheses as a core material to support 
more aesthetic ceramic material. However, there is 
a relatively high rates of delamination or chipping 
of porcelain. In order to solve this problem, efforts 
have been made to develop a monolithic Y-TZP 
(also known as full-contour Y-TZP) with improved 
optical properties, which would dispense with the 
need for porcelain veneers [1,2]. 

Zirconia is a polymorphic material that can be 
found in three different crystalline forms cubic, 
tetragonal, and monoclinic; depending on various 
temperatures. The most desirable phase in dentistry 
is the tetragonal phase. Many oxides may be 
added to zirconia to stabilize the tetragonal phase 
at room temperature [3]. The concentration of the 
stabilizer plays a decisive role in the performance 
of zirconia. The addition of 2-3mol% of yttrium 
oxide results in partially stabilized zirconia (PSZ) 
at room temperature, which is the most attractive 
composition for “transformation toughening”. 
Increasing yttria concentrations to no less than 8 
mol % is needed to achieve fully stabilized zirconia 
(FSZ). Recently, some dental zirconia manufacturers 
have produced zirconia in its fully stabilized form in 
efforts to improve zirconia’s translucency [4]. 

The primary color of zirconia is white to ivory. 
Alloying with metal oxides in the dental laboratory, 
infiltrating the green-stage zirconia with specific 
coloring liquids is one of the approaches to obtain 
colored zirconia [5].   The use of these metal oxides 
can effectively modify the zirconia L*, a*, and b* 
color parameters. Nevertheless, metal oxides may 
lead to crystallographic changes in the material, 
affecting other properties [6]. 

The translucency of ceramic materials has been 
accentuated as one of the primary factors in prevailing 

the esthetic outcome of ceramic restorations [7]. 
Different strategies can be established in different 
commercial zirconia with a claimed improved 
translucency. One of them is introducing significant 
amounts of cubic phase, which is optically isotropic 
and does not induce birefringence like tetragonal 
phase [8].

The main drawback of zirconia ceramics is their 
sensitivity to low temperature degradation (LTD) 
or aging that leads to tetragonal to monoclinic 
transformation and a degradation that starts on the 
surface and propagates into the bulk of the material, 
diminishing its mechanical properties due to volume 
changes, the transformed grains cause micro-cracks 
and the material becomes degraded [9]. This is of 
particular interest for dental zirconia ceramics, as 
their degradation in the oral environment due to 
the exposure to oral fluids and mechanical stress 
over prolonged periods of time. Furthermore, 
there is growing popularity of monolithic zirconia 
restorations where much larger areas of zirconia are 
in contact with the oral environment [10,11].              

Many studies have reported that the low tempera-
ture degradation LTD of stabilized zirconia causes a 
statistically significant decrease in flexural strength 
[12-14]. Additionally, tooth-colored Y-TZP ceramic 
has recently been reported to have a reduced flex-
ural strength related to the tetragonal to monoclinic 
phase transformation [15-17]. As the same microstruc-
ture properties that causes certain mechanical prop-
erties to manifest in zirconia is also responsible for 
its optical properties. Thus, it’s reasonable to con-
clude that LTD related changes in the microstruc-
ture that leads to changes in the mechanical proper-
ties would also affect their optical properties. 

With claims of greater translucency properties 
regarding this monolithic zirconia ceramic material, 
Limited research has been published evaluating 
the translucency and the effects of hydrothermal 
degradation (LTD) and shading, Moreover, little 
knowledge is known about the effects of shading and 
aging on the rates of the tetragonal to monoclinic 
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phase transformation and its effect on the optical 
properties. In this context, the objective of this 
work was to further explore the optical performance 
of partially stabilized PSZ zirconia versus fully 
stabilized FSZ zirconia whether these are influenced 
by aging (LTD) and/or shading.

The null hypothesis of this study was that shading 
and/or hydrothermal aging would not influence 
microstructure, crystallography, contrast ratio CR 
and translucency parameter TP of partially and fully 
stabilized zirconia. 

MATERIALS AND METHODS

Milling of zirconia cylinders

Eighty-disc shaped specimens (12×1 mm) were 
prepared from CAD/CAM pre-sintered blanks 
of high-translucent PSZ (Prettau®, Zirkonzahn, 
Taufers, Italy) and ultra-translucent FSZ (Prettau®, 
Anterior, Zirkonzahn, Taufers, Italy). Half of the 
specimens were shaded using acid-free coloring 
solution. To evaluate the effect of low temperature 
degradation LTD; hydrothermal aging for the shaded 
and non-shaded specimens were applied. The 
specimens were divided into 4 subgroups (n=10) 
Non-shaded, non-aged (control), (non-shaded, aged 
group), (shaded, non-aged group) and (shaded, aged 
group).

 Cylinders were milled with an approximate 
20%-25% oversize. Each blank was labeled with 
a barcode and a specific enlargement factor to 
calculate the exact oversize needed during milling 
to compensate for the sintering shrinkage. Milling 
of the cylinders was performed by a dental milling 
machine (Datron Dwx5, Datron AG, Muhltal-
Traisa, Germany) without water cooling.

Cutting of zirconia discs

The milled zirconia cylinder was fixed to a low 
speed water-cooled diamond saw (IsoMet Low 
Speed Saw, Buehler, Lake Bluff, IL, USA), in order 
to perform an accurate cutting procedure, the speed 
was maintained below 250 rpm and no extra weight 
was put on the cylinders. Cutting measures were 
calculated to compensate for the shrinkage induced 
by sintering. After cutting, the two surfaces of each 
test specimen were polished with #150, #400, #600, 
#1200, and #2000 grit waterproof abrasive papers 
to remove any irregularities introduced by cutting.

Shading procedures

The specimens were divided into two subgroups 
for each zirconia type; non-shaded and shaded sub-
groups. Shaded subgroups were shaded before sin-
tering using aqueous-base, acid-free coloring liquid 
shade A2 color liquid (Prettau® Anterior Aquarell, 
Zirkonzahn, Taufers, Italy). Each specimen was im-
mersed solely for 10 seconds in a dipping container 
and time was calibrated using a stopwatch according 
to the manufacturer recommendations. The speci-
mens were removed from the coloring liquid with a 
pair of plastic tweezers and hung for 30 seconds in a 
vertical position to allow dropping of excess liquid 
traces before being placed on a non-absorbable sur-
face.  The specimens were placed for 20 min under 
an infrared drying lamp (Zirkonlamp 250, Taufers, 
Italy), following the manufacturer’s instructions.

Sintering of the specimens

The specimens were sintered according to the 
temperature profile provided by the manufacturer as 
shown in the following table (Table 1):

TABLE (1) Temperature sintering profile of partially and fully stabilize zirconia specimens.

Brand name Temperature Heating rate
Isothermal holding 

time (min)
Cooling rate

(°C/min)
PSZ (Prettau®) 1600°C 5°C/min 120 min 5°C/min

FSZ (Prettau® Anterior) 1500°C 5°C/min 120 min 5°C/min
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Specimens cleaning

The final dimensions of the specimens (12mm 
width×1mm thickness ±0.01 mm) were measured 
using digital caliper (Absolute Digimatic Caliper; 
Mitutoyo Corp, China). The specimens were 
cleaned ultrasonically in distilled water for 10 min 
(Quantrex 90, L&R Ultrasonics Manufacturing, 
Kearny, NJ, USA). Each specimen was air-dried for 
20 seconds before testing.

Autoclaving-induced LTD (hydrothermal aging) 

Hydrothermal aging (LTD) test as a function 
of time for the shaded and non-shaded specimens 
were performed according to the ISO 13356:2008 
recommendations, through autoclave (Mammooth 
superior B Type Vacum Autoclave, DB dental 
equipment Co., Ltd.  UK) processing at 134°C at a 
water partial pressure of 2–3 bars for 5 hours. It is 
commonly accepted that 1 hour of treatment under 
these conditions corresponds roughly to a 2–4 years 
of exposure in vivo [18]. 

Microstructural analysis:

·	 X-ray diffractometer (XRD):

Volume fractions of monoclinic phase of crystal-
line structure of the specimens were measured with 
x-ray diffraction (XRD-6100 XRD, Diffractometer, 
Model: GNR APD-2000 PRO, EA Almelo, Nether-
lands). Each specimen was centered in the sample 
holder, fixed by rubber cement and placed in the dif-
fractometer so that the radiation beam was directed 
exactly at the center of the disc, then subjected to 
Cu K alpha radiation with a range of 28°-36°, a step 
size of 0.02° and the scan time per step was 10 sec-
onds. The monoclinic volume fraction (Vm) was 
calculated using the equation proposed by Toraya 
and expressed in the following equation [19].

Vm = 
1.311 Xm

1 + 0.311 Xm

The monoclinic phase mass fraction is expressed 
as the percentage of tetragonal phase that was 

transformed to the monoclinic phase. Relative 
amounts of monoclinic and tetragonal phases were 
determined using the expression proposed by Garvie 
and Nicholson in the following Fraction monoclinic 
equation [20]: 

Xm = 
Im (–111) + Im (111)

Im (–111) + Im (111) + It (101) 

Where Im and It are the integrated intensities of 
monoclinic and tetragonal phases, respectively.

·	 Atomic force microscope (AFM):

Three representative specimens from each 
subgroup were randomly selected, and then 
thermally etched for 30 minutes at 50°C below its 
sintering temperature with a heating rate of 25°C/
min to delineate grain boundaries and analyzed 
using AFM in non-contact mode to examine the 
changes in the crystal structure after shading and/
or aging [21]. 

Translucency evaluation:

Translucency were evaluated using Reflective 
spectrophotometer, measurements were made 
according to the CIE L*a*b* color space relative 
to the CIE standard illuminant D65 in the range 
of visible wavelengths of 400 to 700 nm at 10 
nm intervals according to ISO 28642 [22] Each 
specimen was measured three consecutive times by 
the same practitioner and mean values for L*, a*, 
and b* co-ordinates were recorded. The TP value 
was determined by calculating the color differences 
of the specimen over a white or black background 
with the following equation:

[(L*B-L*W) 2 + (a*B -a*W) 2 + (b*B -b*W) 2]1/2

Where B is the color coordinates over a black 
background and W is the coordinate over a white 
background. L* refers to brightness, a* refers to 
red-green, and b* refers to yellow- blue. Lower 
TP values correspond to materials with lower 
translucency, whereas higher TP values correspond 
to materials with higher translucency.



EFFECT OF SHADING AND HYDROTHERMAL AGING ON OPTICAL PROPERTIES (2471)

The contrast ratios were measured from the 
luminous reflectance (Y) of the specimens with a 
black (Yb) and a white background (Yw) according 
to the following equation:

CR = Yb/Yw

Statistical Analysis

The data were collected and tabulated and sta-
tistically analyzed by an IBM compatible personal 
computer with SPSS statistical package version 20 
(SPSS Inc. Realesed 2011. IBM SPSS statistics for 
windows, version 20.0, Armnok, NY: IBM Corp.). 

RESULTS

Without aging the monoclinic phase could not 
be detected by XRD for PSZ and FSZ. After aging, 
the monoclinic phase on the surface was detected 
by XRD. The results are summarized in (Table 2). 

Based on the calculations, the non- shaded aged 
specimens showed significantly higher monoclinic 
fraction than shaded, aged specimens. In addition, 
overall PSZ specimens have lower monoclinic frac-
tions than FSZ in all groups.

Changes in the microstructure of the zirconia 
specimens are shown in (Figure 1); surface uplifts 
presenting on the grains due to t→m transformation 
progressed along the grain boundaries, thereby in-
ducing a clear coalescence of the grains.

The highest translucency parameter mean val-
ue was recorded for control group of FSZ (13.46 
± 1.76), the lowest value was recorded for shaded, 
aged PSZ groups (8.12 ± 0.54). For PSZ there was 
significant reduction in the translucency parameter 
(TP) after shading in both groups with and without 
aging. Aging alone reduced the TP but the reduc-
tion was not statistically significant. While for FSZ 
aging and shading resulted in a significant decrease 
in the translucency parameter (TR) in all subgroups 
(P≤0.05).

The highest contrast ratio mean value was re-
corded for shaded, aged PSZ group (0.94± 0.04) the 
lowest value was recorded for control group of FSZ 
(0.69 ± 0.03).  For PSZ aging and shading resulted 
in a significant increase in the contrast ratio (CR) 
(P≤0.05) in shaded, non- aged groups and shaded, 
aged groups but not for non-shaded, aged group the 
increase was not statistically significant. While for 
FSZ there was statistically significant increase in 
the contrast ratio (CR) in all subgroups (P≤0.05).

TABLE (3) Comparing of translucency parameter TP and contrast ratio CR before and after shading and / or 
aging between different studied groups.

Contrast Ratio Translucency Parameter
Zirconia Groups Mean ± SD p value Mean ± SD p value

PS
Z

Control 0.81 ± 0.02 a 9.55 ± 0.33 a

Non-shaded-aged 0.83 ± 0.02 a 0.788 9.42 ± 0.42 a 1.00
Shaded-non aged 0.91 ± 0.02 b <0.001* 8.40 ± 0.40 b <0.001*

Shaded-aged 0.94 ± 0.04 b <0.001* 8.12 ± 0.54 b <0.001*

FS
Z

Control 0.69 ± 0.03 c 13.46 ± 1.176 c

Non-shaded-aged 0.73 ± 0.03 d <0.001* 12.48 ± 0.70 d <0.001*

Shaded-non aged 0.80 ± 0.02 a <0.001* 12.39 ± 0.96 d,e <0.001*

Shaded-aged 0.81 ± 0.01 a <0.001* 12.01 ± 0.74 e <0.001*

           

TABLE (2) Descriptive analysis of the studied 
aged groups according to the amount of 
monoclinic transformation %.

Amount of monoclinic 
transformation

1mm

Mean ± SD

PS
Z Non-shaded-aged 6.50 ± 0.82

Shaded-aged 3.58 ± 0.72

FS
Z Non-shaded-aged 13.47 ± 0.86

Shaded-aged 9.47 ± 0.73
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Fig. (1) Representative AFM images of the tested specimens after shading and aging.
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DISCUSSION

The stabilized zirconia polycrystals tend to 
degrade in a process called aging (LTD), in which 
stabilizing oxides are lost from the material structure 
in humid environment and at room temperatures. 
This causes the tetragonal to monoclinic phase 
transformation, resulting in cracking, loss of 
structural integrity and lowering the mechanical 
properties of the material. Monolithic zirconia 
restorations are directly exposed to the intraoral 
environment because they are not veneered by a 
ceramic layer. This exposure might triggers (LTD) 
in this material. In addition, the alumina content 
of monolithic zirconia is reduced to enhance 
translucency when compared with conventional 
zirconia. As alumina is responsible for the resistance 
to low temperature degradation. Thus, monolithic 
zirconia may be more sensitive to (LTD) [23]. 

Translucency is an important parameter in 
matching the appearance of the natural tooth and was 
identified as one of the primary factor in controlling 
esthetics and a critical consideration in the selection 
of materials. It is addressed by diminishing the 
opacity of Y-TZP by means of different strategies 
to eliminate or decrease light-scattering sources [24]. 
One of these strategies is the use of fully stabilized 
zirconia (FSZ), which has improved translucency 
due to the increase in cubic phase concentration. 
In contrast to tetragonal grain in PSZ, scattering is 
reduced because cubic crystals have an isotropic 
refractive index [25,26].  

Zirconia should be colored to replicate tooth 
structures [27]. Shading methods relies on the 
infiltration of solutions containing metal-salts 
applied to the zirconia material in its pre sintered 
stage after milling process [28,29]. These metal-
salts interact with the zirconia particles through 
crystallographic and microstructural changes that 
may influence the physical and optical properties of 
zirconia material which was evaluated in the present 
study. Two types of color liquid are available: 

aqueous and acid-based; as acid-based liquids 
decrease the hardness of zirconia, so aqueous-based 
liquid was used in our study [30]. The shade A2 was 
used because it is the universal color and the most 
common selected shade [31]. 

Aging of zirconia ceramics is usually conducted 
in steam chambers or autoclaves, where the tem-
perature, elapsed time, and pressure of water vapor 
are the controlled variables. Predictions of lifetime 
are based on accelerated aging treatments. In the 
present study, zirconia specimens were subjected to 
accelerated artificial aging procedure according to 
the ISO 13356 recommendations [32], through auto-
clave processing at 134°C at a water partial pressure 
of 2–3 bars for 5 hours. It is suggested that these 
parameters reproduced degradation equivalent to 
15–20 years at 37 °C [33].

X-ray diffraction (XRD) was used to examine 
the surface phase transformation of zirconia 
by measuring the phase fraction evolution by 
diffraction of the x-ray beam. The volume of zirconia 
polycrystalline is influenced by the incidence angles 
of x-ray beam which small incidence angles give 
information at the near-surface that’s why 28°-36° 
was used because this portion of the pattern covered 
the location of the highest peaks of the tetragonal 
(101) and monoclinic (111) and (−111) phases of 
the zirconia phase. This technique can be used as 
the first step to investigate the aging sensitivity of 
zirconia [34].  

Quantitative color match performance of esthetic 
material is usually determined by the Commission 
Internationale de L’Eclairage (CIE) L*a*b*. 
Translucency evaluation was evaluated by calculating 
contrast ratio (CR) and translucency parameter (TP). 
Contrast ratio has been selected in the present study 
in order to easily compare results with the most 
recent literature. CR is the ratio of the reflectance of 
a specimen over a black backing to that over a white 
backing of a known reflectance, and is an estimate 
of opacity [35].  
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Translucency parameter (TP) which is defined 
as the color difference of a material (of uniform 
thickness) between colors reflected against black 
and white backgrounds was developed to relate 
translucency with human visual perception [36]. 

The control specimens (non-shaded, non-aged) 
of PSZ and FSZ did not have any monoclinic phase. 
After aging monoclinic phase was detected; this 
result agreed with Shen et al., 2019 who found that 
when the PSZ zirconia specimens were subjected 
to aging, the monoclinic phase on the surface was 
detected by XRD [37]. 

In the current study, the results did not come in 
agreement with Pereia et al., [38] and Ghodiset et  
al.,[39] who stated that FSZ, presenting tetragonal and 
cubic crystals on its microstructure, being totally 
inert to the aging in autoclave; without any t→m 
phase transformation when aged.

The shaded, aged specimens showed signifi-
cantly lower monoclinic fraction than non-shaded, 
aged specimens. In addition, overall PSZ specimens 
have lower monoclinic fractions than FSZ in all 
subgroups; the coloring solution lead to more stabi-
lization of stabilized zirconia hence less transforma-
tion occurred. In agreement with Keplan et al., 2018 
who showed that the colored Y-TZP showed a better 
resistance to LTD than the non-colored Y-TZP after 
aging as a result of less transformation from the te-
tragonal to the monoclinic phase [40]. 

The present results also come in agreement with 
De souza et al., [41] and Kelch et al., [42], who analyzed 
the influence of hydrothermal aging on zirconia and 
stated that hydrothermal aging affects monoclinic 
phase content and surface topography. 

The topographic analysis depicts different 
crystalline grain sizes of both zirconia types. Both 
microstructures are quite homogenous, while a 
bimodal appearance is found in FSZ specimens, 
where the grain size was much bigger. These results 
were consistent with Camposilvan et al., [43]. 

The present results agreed with Kim et al., 2019 
regarding atmoic force microscope results as they 
found that after hydrothermal aging for 5 h, the t→m 
transformation could be clearly seen with related 
surface uplifts presenting on the ceramic grains, the 
transformation progressed mainly along the grain 
boundaries, thereby inducing to a clear coalescence 
of the grains [44]. 

Results of the present study coincide with 
Limsamai et al. [45] and Amat et al. [46] who concluded 
that autoclave aging promoted grain pull-out in 
the microstructure due to t→m transformation 
that initiated at the surface layer of zirconia and 
potentially grew into the bulk of the material. 

The FSZ had higher TP and lower CR than PSZ 
zirconia, this finding could be attributed to the 
differences in yttria content, percentage of chemical 
impurities, and different zirconia’s grain size. In 
FSZ; greater yttria content leads to an increase 
of the amount of cubic phase and subsequently, 
the translucency. The cubic phase in contrast to 
tetragonal grain, decreases scattering because 
cubic crystals have an isotropic refractive index. In 
contrast to that tetragonal zirconia crystal which is 
optically anisotropic, prevents light scattering from 
the grain boundaries [47].  

Another reason for the different translucency 
between PSZ and FSZ may be due to the different 
sintering protocols. Differences in sintering 
conditions affect the porosity, grain size and can 
thereby influence the translucency [48]. Previous 
studies observed an impact of sintering parameters 
of zirconia materials on contrast ratio values and 
reported that higher sintering temperatures/times led 
to decreased contrast ratio values. This observation 
cannot be confirmed by the results of the present 
study. As PSZ specimens were sintered at 1600° C. 
However, the highest contrast ratio was recorded by 
it. Therefore, it can be assumed that other factors 
might lead to a positive influence on the contrast 
ratio like differences in grain size, amount of 
porosity or the discontinuity of refractive indices at 



EFFECT OF SHADING AND HYDROTHERMAL AGING ON OPTICAL PROPERTIES (2475)

the grain boundary are the primary factors affecting 
the transparency of polycrystalline ceramics [49,50]. 

The present result was partially coincided with 
Sulaiman et al. [4] who investigated the effects of 
shading on the TP values of FSZ versus PSZ and 
reported a significant decrease in the translucency 
of FSZ after shading but they stated that shading 
produced no significant effect on the translucency of 
PSZ which was not coincide with our results. They 
attributed this finding to the larger grains and grain 
boundaries of FSZ that may have led to an increase 
in coloring liquid intake. Thus, more light photons 
can be absorbed because of the chemical nature of 
the solution, resulting in reduced translucency [51]. 

The effects of shading procedure on the translu-
cency of dental zirconia have been investigated in 
previous study [52] which evaluated the translucency 
of shaded zirconia and reported significant differ-
ences among the specific shades. However, other 
studies disagreed with the present results as they 
reported no significant effect of shading via infiltra-
tion technique on the crystal structure of Y-TZP and 
the TP values and hence the translucency of zirconia 
on translucency of zirconia [53-56].   

For PSZ and FSZ there was a significant increase 
in CR and significant decrease in TP after aging 
this explained by Shen et al., 2019 who stated that 
hydrothermal aging may alter the crystal structure 
of Y-TZP and induce reactions within the grain 
boundaries, thus affecting the transmission of light. 
The co-existence of different phases (monoclinic/ 
tetragonal/ cubic) after aging may have contributed 
to increase the difference between the refractive 
indices of the various phases, and hence to reduce 
the translucency [37]. 

Awad et al., [57] stated that the presence of steam 
exposure associated with autoclaving accelerates 
the tetragonal to monoclinic transformation for 
zirconia. This treatment caused the formation 
of monoclinic phase with concomitant surface 
roughness to increase; which caused an increase 

in light scattering and reflection and thereby a 
decrease in translucency. This is confirmed by the 
strong inverse correlation between roughness and 
translucency which was agreed to our results.

The results presented here agreed with 
Alghazzawi et al., [31] who concluded that the surface 
roughness change after aging was due to tetragonal 
to monoclinic transformation, which increased 
surface roughness, light scattering, and reflection. 
These changes will contribute to a decrease of TP 
and increase in CR. Furthermore, there was cubic 
phase in the microstructure of FSZ; this phase 
makes the zirconia more sensitive to aging and, 
therefore, causes more tetragonal to monoclinic 
transformation [58].  

Present results coincide with Kurt et al., [59] and 
other studies [30, 60-68] who evaluated the effect of 
hydrothermal aging on the translucency of zirconia 
and found that stabilized zirconia decreased signifi-
cantly after aging. As the pores formed after aging 
causes an increase in the scattering of incident light 
that decreases translucency. Furthermore, the pres-
ence of cubic zirconia accelerates the t→m trans-
formation, as the cubic grains are larger than the te-
tragonal ones and pump the Y2O3 out of the t phase. 
The tetragonal grains neighboring the c phase are 
thus depleted in Y2O3 and act as preferential nucle-
ation sites for aging [33].

When comparing the translucency of different 
materials, data should not be evaluated only from a 
statistically viewpoint, as the statistically significance 
parameter alone could not be representative of the 
clinical perception of translucency. Concerning CR, 
Walczak et al., [69] stated that small differences in 
translucency (< 0.06 to 0.07) measured with CR are 
mostly undetectable by the human eye. Thus, even 
statistically significant differences would most likely 
not clinically detectable, for shaded, aged group 
of PSZ and shaded, non-aged and shaded, aged 
groups of FSZ were higher than 0.07 which could be 
detected clinically.
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Conversely for CR, the limit of clinical 
acceptability for TP has not yet been identified, 
and it is uncertain whether the differences reported 
could be clinically relevant, even if the correlation 
between CT and TP temporarily supports the same 
conclusions [70,71]. 

CONCLUSION

The null hypothesis was rejected as Shading and 
artificial aging for PSZ and FSZ cause superficial 
modifications of the crystal structure coupled with 
tetragonal to monoclinic phase transformation 
resulted in significant effect in decreasing the 
translucency parameter and increasing the contrast 
ratio which in turn affect the optical properties of 
theses materials.
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