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Abstract 
Background: The color stability of dental restorative materials is important 
for long-term clinical success. Objectives: The objective of this study was to 
examine the effect of thermocycling on the color and translucency stability of 
monolithic zirconia. Materials and methods: A total of 80 disc-shaped spe-
cimens (1 cm diameter) were produced from monolithic zirconia material, 
Katana High Translucent (Kuraray Noritake Dental, Kurashiki, Japan). The 
specimens were prepared in four different thicknesses: 0.5 mm, 1 mm, 1.5 
mm and 2 mm. Before thermocycling, color measurements of the specimens 
were made by a spectrophotometer (Spectro Shade TM MICRO; MHT Optic 
Research AG, Milan, Italy). After the thermal aging procedure, the color 
measurement was repeated. Data obtained from the study were analyzed with 
descriptive statistics, correlation analysis, one-way ANOVA and Tukey’s tests. 
Results: After thermocycling, the L*, a*, b* values decreased at all thicknesses. 
The maximum change in the L*, a* and b* values was observed in 0.5-mm-thick 
specimens, while the least change was observed in 2-mm-thick specimens. The 
amount of color change in the specimens after thermocycling was found to be 
the highest in 0.5-mm-thick specimens (ΔE = 0.91 ± 0.02), and the lowest in 
2-mm-thick specimens (ΔE = 0.85 ± 0.01). While a statistically significant 
color change (ΔE) was observed in 0.5-mm-thick specimens (p < 0.05), a sta-
tistically insignificant color change (ΔE) was observed (p > 0.05) in 1-mm, 
1.5-mm, and 2-mm-thick specimens. After thermocycling, the translucency 
parameter (TP) values decreased at all thicknesses. The highest change in the 
TP values was observed in 0.5-mm-thickspecimens (1.09 ± 0.03), while the 
lowest change was observed in 2-mm-thickspecimens (0.40 ± 0.04). While a 
statistically significant change in the TP values was observed in 0.5-mm-thick 
specimens (p < 0.05), there was a statistically insignificant change in the TP 
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values of 1-mm, 1.5-mm and 2-mm-thick specimens (p > 0.05). Conclusion: 
Although the color and translucency values after thermocycling exhibited sta-
tistically significant changes in the 0.5 mm thickness group, a statistically sig-
nificant difference was not observed in the other thickness groups. 
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1. Introduction 

Monolithic zirconia restorations have many advantages such as enabling for mi-
nimal invasive tooth preparation, causing minimal wear on the opposing teeth 
and exhibiting high flexural strength. Besides, these restorations can be pro-
duced in the laboratory with computer-assisted manufacturing (CAD/CAM) 
systems in a short time without adding any porcelain [1]-[6]. In recent years 
thanks to the production and the use of high translucent monolithic zirconia 
materials, the esthetic success of restorations has increased [7]. 

One of the main goals in prosthetic dentistry is obtaining high esthetics by 
producing dental restorations that mimic the color and translucency of natural 
teeth. For long-term clinical success, the color stability of dental restorative ma-
terials is as important as their mechanical properties. The esthetic success of 
restorations mimicking natural tooth color depends on the color stability of the 
material used [8] [9]. 

Dental restorations are always subjected to various stresses/forces in the oral 
environment [10]. Temperature changes occur with the effect of food, drinks 
and breathing; pH changes occur due to the chemical content of foods in the 
mouth [11]. These oral environmental factors may affect the physical and chem-
ical structure of the restorative materials. With laboratory tests, it is possible to 
have foresight about the long-term clinical behaviors of dental restorative mate-
rials [12]. 

Thermocycling of test specimens has been proposed as an effective method, in 
order to mimic the natural aging process of dental restorations and imitate oral 
conditions in laboratory environment [13] [14]. Thermocycling is one of the 
most commonly used artificial aging methods in dentistry [15]. 

Previous studies investigated the effect of monolithic zirconia thickness on the 
optical properties [16] [17] [18] [19]. Also, some studies investigated color sta-
bility of monolithic zirconia restorations [20] [21] [22] [23] [24]. However, in-
formation regarding the effect of thermocycling on the optical properties of high 
translucent monolithic zirconia ceramic with different thicknesses is lacking. 

The CIE L*a*b* color system, which allows detecting small color changes, has 
been used in dentistry for many years. The system defines color by these 3 fac-
tors; L*a*b*, where values provide a numerical description of the color position 
in a 3-dimensional color space [25]. In the present study, the calculation of color 
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differences using CIE L*a*b* formulae allowed for comparisons in previous stu-
dies [21] [22] [23] [24]. Also, the translucency parameter that (TP) was used in 
order to determine the translucency values of objects is defined as the color dif-
ference of an object on the white (w) and a black (b) background [26] [27]. The 
degree of color change in the CIE L*a*b* system is denoted by ΔE. In the present 
study, perceptibility threshold was set at ΔEab = 1.2 units, and the clinical accep-
tability threshold was set at ΔEab = 2.7 units [28]. 

Dental shade-matching instruments have been used to overcome imperfec-
tions and inconsistencies of traditional shade matching [29]. Spectrophotome-
ters are accurate, useful and flexible instruments for color matching in dentistry 
[29] [30]. This device can measure the amount of light energy reflected from an 
object at 1 to 25 nm intervals along the visible spectrum [31] [32]. They also al-
low colors to be classified numerically in an easier and more precise way, so that 
transfer process and communication can be improved [33] [34]. 

The purpose of this study was to investigate the effect of different thicknesses 
and thermocycling on color and translucency of monolithic zirconia. The null 
hypothes was that, thermocycling and differences in thickness had significant 
effect on color and translucency of monolithic zirconia at clinically perceptible 
level. 

2. Methodology 

This study was conducted in Ataturk University, Faculty of Dentistry, Erzurum, 
Turkey in March 2018. In the present study, the specimens were produced with 
the CAD/CAM system from high translucent monolithic zirconia (Katana High 
Translucent; Kuraray Noritake Dental, Kurashiki, Japan), with thicknesses of 
0.5 mm, 1 mm, 1.5 mm and 2 mm. Disc shaped specimens were 1 mm in di-
ameter. There were 20 specimens in each group. The specimens were sintered in 
a furnace (Protherm Furnaces; Alser Teknik Seramik, Turkey) for 2 hours at 
1550˚C. After cooling the specimens at the room temperature, the surface fi-
nishing process was carried out under water with sandpaper #180. The thick-
nesses of the specimens were measured by a digital caliper (Absolute Digimatic 
Caliper, Mitutoyo Corporation, Aurora, IL, USA) (Figure 1). 
 

 
Figure 1. Thickness measurement of specimens by a digital caliper. 
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Following the manufacturer’s instructions, spectrophotometer (Spectro Shade, 
MHT Optic Research AG, Niederhasli, Switzerland) was calibrated before each 
measurement. After numbering 80 specimens, CIE L*a*b* values were measured 
for each specimen by the spectrophotometer. For each specimen, measurements 
were performed from three different points on the black (b), white (w) and gray 
(g) backgrounds and the average values were obtained (Figure 2). 

L, a, b values of the specimens were measured by spectrophotometer on white 
(w) and black (b) backgrounds. The translucency parameter (TP) was calculated 
by this formula: 

TP = [(Lb − Lw)2 + (ab − aw)2 + (bb − bw)2]1/2 

After the first measurements, thermocycling were applied to monolithic zir-
conia specimens in a specially designed device which consists of 4 tanks with 
deionized water at standard temperatures [11] [35]. All specimen groups were 
subjected to 5000 thermocycles. The specimens were immersed for 15 seconds in 
each tank according to the following sequence: 5˚C to 37˚C to 55˚C to 37˚C ac-
cording to ISO 11405 standards [21]. 

The translucency parameter (TP) values of the specimens which were sub-
jected to thermocycling were recalculated. The ΔE formula was used to assess 
the effect of thermocycling on the color stability of the specimens with different 
thicknesses. 

ΔE = [(ΔL*)2 + (Δa*)2 + (Δb*)2]1/2 

The statistical analyses of the study were performed by using IBM SPSS 20.0 
package program. Descriptive statistics were used to determine the mean L*, a*, 
b* values of the monolithic zirconia material at different thicknesses. The Pear-
son correlation test was performed to determine the relationship between the 
thicknesses of the specimens, and L*, a*, b* and TP values. For repeated mea-
surements, in the comparison of the specimens subjected to thermocycling in 
terms of TP, ΔL, Δa, Δb and ΔE variables according to the thickness, the 
one-way ANOVA analysis was performed. Tukey’s test was performed to com-
pare the different monolithic zirconia thicknesses. The results for p < 0.05 were 
considered statistically significant. 

 

 
Figure 2. Color measurement of specimens. 
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3. Result 

L, a, b values of monolithic zirconia specimens before thermocycling (L1, a1, b1) 
and after thermocycling (L2, a2, b2) are presented in Table 1. After thermocycl-
ing, the L* values decreased, a* and b* values increased at all thicknesses. As the 
material thickness increased, while *

1L , *
2L , *

1b , *
2b  values decreased, the *

1a , 
*
2a  values increased (p < 0.01).  
Changes in the L* values (ΔL), a* values (Δa) and b* values (Δb) of the speci-

mens with thermocycling are presented in Table 2. While the maximum ΔL (0.83 
± 0.01), Δa (0.30 ± 0.02), Δb (0.25 ± 0.03) values were observed in 0.5-mm-thick 
specimens. Minimum ΔL (0.80 ± 0.01), Δa (0.16 ± 0.01) and Δb (0.12 ± 0.02) 
values were observed in 2-mm-thick specimens. As the thickness increased, the 
ΔL, Δa and Δb values decreased (p < 0.01). 

TP values of the specimens before (TP1) and after (TP2) thermocycling are 
presented in Figure 3. Mean TP1 and TP2 values of the specimens decreased as 
thickness increased (p < 0.01). Mean TP1 and TP2 values of the specimens were 
statistically different from each other at all thicknesses (p < 0.001).  

After thermocycling, the TP values decreased at all thicknesses (p < 0.05). 
Maximum change in the TP values was observed in 0.5-mm-thick specimens 
(1.09 ± 0.03), while the minimum change was observed in 2-mm-thick speci-
mens (0.40 ± 0.04). As the thickness increased, the change in the TP values de-
creased (p < 0.05). While there was a statistically significant difference (p < 0.05) 
between the change in the TP values of 0.5-mm-thick specimens and the change 
in the TP values of 1-mm, 1.5-mm, and 2-mm-thick specimens, there was not a 
statistically significant difference between the change in the TP values of the 
specimens with thicknesses of 1 mm, 1.5 mm and 2 mm (p > 0.05).  

Color change (ΔE) values of the specimens with thermocycling are presented 
in Figure 4. After thermocycling the maximum color change was observed in 
 
Table 1. L*, a* and b* values of specimens before (L1, a1, b1) and after (L2, a2, b2) thermo-
cycling. 

Thickness N L1 L2 a1 a2 b1 b2 

0.5 mm 20 76.06 ± 0.49 75.23 ± 0.03 −1.23 ± 0.03 −0.93 ± 0.01 22.04 ± 0.14 22.29 ± 0.01 

1 mm 20 75.25 ± 0.20 74.63 ± 0.02 −0.59 ± 0.05 −0.38 ± 0.01 21.06 ± 0.13 21.20 ± 0.02 

1.5 mm 20 74.04 ± 0.19 73.58 ± 0.18 0.14 ± 0.02 0.32 ± 0.01 20.52 ± 0.25 20.65 ± 0.01 

2 mm 20 73.21 ± 0.10 72.83 ± 0.01 0.62 ± 0.02 0.78 ± 0.02 20.28 ± 0.35 20.40 ± 0.02 

 
Table 2. ΔL, Δa, Δb values of specimens. 

Thickness N ΔL Δa Δb 

0.5 mm 20 0.83 ± 0.01a 0.30 ± 0.03a 0.25 ± 0.03a 

1 mm 20 0.82 ± 0.02b 0.21 ± 0.02b 0.15 ± 0.02b 

1.5 mm 20 0.81 ± 0.01c 0.18 ± 0.02c 0.13 ± 0.02c 

2 mm 20 0.80 ± 0.01d 0.16 ± 0.02d 0.12 ± 0.02d 

Similar superscript letters indicate no statistically significant difference (p > 0.05). 
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Figure 3. ΔE values of specimens. 
 

 
Figure 4. TP values before (TP1) and after (TP2) thermocycle. 
 
0.5-mm-thick specimens (ΔE = 0.91 ± 0.02), while the minimum color change 
was observed in 2 mm-thick-specimens (ΔE = 0.85 ± 0.02). At all thicknesses, a 
color change was observed below 1.2 ΔE units, which is the perceptibility thre-
shold. ΔE decreased, as the thickness increased (p < 0.01). A statistically signifi-
cant difference was occured between the mean ΔE values of the groups (p < 
0.001). While there was a difference between 0.5-mm-thick specimens and other 
thicknesses (p < 0.05), there was not a difference between 1-mm, 1.5-mm and 
2-mm-thick specimens (p > 0.05).  

4. Discussion 

The null hypothesis which was that, thermocycling and differences in thickness 
had significant effect on color and translucency stability of monolithic zirconia 
at clinically perceptible level, was rejected. Because, in this study, color changes 
after thermocycling was observed less than perceptibility level (1.2 ΔE units) at 
all thicknesses groups.  
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Color and translucency have a significant effect on the esthetic success of the 
restorations [36]. In this study, the changes in translucency and color of the ma-
terial were evaluated. Color measurements were performed according to the CIE 
Lab system by referencing to the study of Hamza et al. [22]. In the present study, 
by referencing to the studies on the subject [37] [38], 2 ΔE units were defined as 
clinically perceivable, while 3.7 ΔE units as clinically acceptable color change. 

The reproduction of color and translucency of natural teeth would be one of 
the main goal for esthetic dental restorations. Color stability of a restoration 
throughout the functional lifetime is as important as the mechanical properties 
of the material. Color changes of a restorative material over time may limit the 
longevity and quality of restorations [8] [9]. 

Many studies in the literature have examined the effect of the thickness of 
monolithic zirconia on its optical properties. In all of these studies, it was stated 
that as the thickness of monolithic zirconia increases, the translucency of the 
material decreases [16] [17] [18] [19]. Moreover, it was argued that the translu-
cency of the monolithic zirconia produced by different manufacturers is differ-
ent [18] [19]. In the present study, similarly to the studies in the literature [16] 
[17] [18] [19], the translucency decreased as the thickness of the material in-
creased (p < 0.001).  

In their study, Abdelbary et al. [23] investigated the effect of accelerated aging 
on the translucency of monolithic zirconia. As a result of their study, they stated 
that aging processes affected the TP values of monolithic zirconia specimens. 
When they compared the TP values before aging, they found out that there 
wasn’t a statistically significant difference between the TP values of 0.5-mm and 
0.8-mm-thick specimens, while there was a statistically significant difference 
between the TP values of the specimens with thicknesses of 0.8 mm, 1 mm and 
1.2 mm. The researchers stated that as the thickness of monolithic zirconia in-
creased, the TP values decreased. After the aging process, the TP values of 0.5 
mm-thick-specimens exhibited statistically significant changes whereas the TP 
values of 0.8-mm, 1-mm and 1.2-mm-thick specimens exhibited statistically in-
significant change.  

Fathy et al. [24] in which they investigated the effect of hydrothermal aging on 
the translucency of monolithic and core zirconia, measured the TP values of 
1-mm-thick monolithic zirconia specimens by performing color measurements 
before and after hydrothermal aging. They stated that TP values of monolithic 
zirconia specimens before and after aging were statistically significantly higher 
than the TP values of core zirconia. They indicated that after aging the TP values 
decreased in monolithic and core zirconia, and this change was statistically sig-
nificant in both groups. 

In their study in which they examined the effect of accelerated aging on the 
color stability of different ceramic systems, Hamza et al. [22] used 2-mm-thick 
translucent monolithic zirconia specimens. According to the CIE Lab system, 
they observed a statistically insignificant color change (ΔE* = 0.8743 ± 0.32837) 
in translucent monolithic zirconia. 

https://doi.org/10.4236/ojst.2019.93008


M. Koseoglu et al. 
 

 

DOI: 10.4236/ojst.2019.93008 82 Open Journal of Stomatology 
 

In the present study, similarly to the studies of Abdelbary et al. [23] and Fathy 
et al. [24] the TP values of the monolithic zirconia specimens subjected to ther-
mocycling decreased. While there was a statistically significant difference be-
tween 0.5-mm-thick specimens and specimens of other thicknesses (p < 0.05), 
there was not a statistically significant difference between the TP values of 1-mm, 
1.5-mm and 2-mm-thick specimens (p > 0.05). As a result of the study, similarly 
to many studies in the literature [16] [17] [18] [19], it was observed that the TP 
values decreased (p < 0.001) as the thickness of the material increased.  

In the present study, similarly to the study of Hamza et al. [22] while the maxi-
mum amount of color change after thermocycling was observed in 0.5-mm-thick 
specimens (ΔE = 0.91 ± 0.02), the minimum amount of color change was ob-
served in 2-mm-thick specimens (ΔE = 0.85 ± 0.02). At all thicknesses, a color 
change below the clinically perceptible threshold was observed. 

Under clinical conditions, various dental ceramic materials are used in the 
mouth. One of the limitations of this study is the use of only one type of mono-
lithic zirconia material. Under clinical conditions, the color and translucency of 
the restoration can be affected by the color of the underlying dental tissue and 
resin cement. In this study, not assessing the effect of the resin cement and den-
tal tissue on the color was another limitation. Furthermore, under clinical condi-
tions, a single surface of the restoration is exposed to fluids in the mouth. In this 
case, the change in color values obtained as a result of the study may vary from 
the values of color change obtained in the clinic. In the study, however, both 
surfaces of the specimens were subjected to the thermocycling procedure. Another 
limitation of the study was that before and after thermocycling the surface rough-
ness of the specimens was not assessed. It is assumed that the change in surface 
roughness can affect the color changes of the specimens. It is suggested to eva-
lute the effect of the lower dental tissue, resin cement color and surface rough-
ness on the final color and translucency of different types of dental ceramics in 
further studies. 

5. Conclusions 

Within the limitations of this study, the following could be concluded: 
1) TP, L*, a*, b* values of the monolithic zirconia specimens decreased after 

thermocycling, at all thicknesses. 
2) After thermocycling, color change (ΔE) which was below the clinically de-

tectable color change limit, was observed at all thicknesses.  
3) TP and ΔE values of specimens were differed according to thicknesses. 
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