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PURPOSE. The purpose of this study is to evaluate translucency and masking 
ability of translucent zirconia compared to conventional zirconia and lithium 
disilicate materials. MATERIALS AND METHODS. Three types of zirconia blocks 
with different yttria contents (3Y, 4Y, 5.5Y) and LS blocks (Rosetta SM) were used. 
Ten specimens for each group were fabricated with 10 mm diameter, with both 
0.8 mm and 1.5 mm thicknesses (± 0.02 mm). All groups of zirconia specimens 
were sintered and polished according to the manufacturer’s instructions. To 
calculate the translucency parameter (TP), CIELAB value was measured with a 
spectrophotometer on black and white backgrounds. To investigate the color 
masking abilities, background shades of A2, normal dentin, discolored dentin, 
and titanium were used. The color difference (ΔE) was calculated with the CIELAB 
values of A2 shade background as a reference compared with the values in the 
various backgrounds. One-way ANOVA and Bonferroni tests were conducted 
(P < .05). RESULTS. The TP values of zirconia specimens increased as the yttria 
content increased. All materials used in the study were able to adequately 
mask normal dentin shade (ΔE < 5.5), but were incapable of masking severely 
discolored dentin (ΔE > 5.5). On the titanium background, all materials of 1.5 
mm thickness were able to mask the background shade, but with a thickness 
of 0.8 mm, only 3Y-TZP and 4Y-PSZ were able to mask titanium background. 
CONCLUSION. All zirconia materials and lithium disilicate specimens used in this 
study were unable to adequately mask the shade of severely discolored dentin. It 
is recommended to use 3Y-TZP or 4Y-PSZ with a sufficient thickness of 0.8 mm or 
more to mask titanium. [J Adv Prosthodont 2022;14:324-33]
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INTRODUCTION

Zirconia has been used in the dental field for more 
than 15 years owing to its excellent esthetics, high 
corrosion resistance, biocompatibility and low ther-
mal conductivity.1-3 The optical properties of zirconia 
are affected by chemical composition, microstruc-
tural defects, phase distribution and crystal size. Al-
though they have been continuously advancing since 
its introduction, their optical properties still have 
space for improvement.4

Tetragonal partially stabilized zirconia containing 
3 mol% yttria (3Y-TZP) is also known as conventional 
zirconia or 1st generation zirconia.5 Because of its high 
refractive index and small crystal structure, which 
causes a lot of light scattering at the grain bound-
aries, it is considered to be opaque. To achieve aes-
thetic outcomes of restoration, the optical properties 
of dental materials need to be similar to the enamel 
translucency of the natural teeth. In order to increase 
the translucency of zirconia, various sintering condi-
tions were experimented, and the number and size 
of alumina particles were reduced and repositioned 
in the zirconia structure. This has led to the devel-
opment of 2nd generation zirconia with higher light 
transmittance and higher strength.6,7 However, even 
with improved qualities, it still lacked translucency 
compared to glass ceramics. For more translucency, 
3rd generation zirconia (cubic/tetragonal fully stabi-
lized zirconia) with cubic phase of 53% was developed 
by increasing yttria content to 5 mol% (9.3 wt %). 
With the development of 3rd generation translucent 
zirconia, it became possible to use monolithic zirco-
nia restorations in esthetic areas.1 However, contrary 
to the boost in optical properties, some mechanical 
properties were compromised due to the alteration 
of contents. It is reported that the fracture strength is 
lower than that of conventional zirconia materials.8 
To overcome this shortcoming, translucent zirconia 
without a significant decrease in strength have been 
introduced recently, satisfying the needs of the clini-
cians and patients.9 

There are certain circumstances, in which the im-
proved translucency may act as a disadvantage, such 
as in the cases of discolored teeth, metallic cores, 
and implant titanium abutments. In such cases, the 

dark color of the substructure may affect the color of 
the translucent final prostheses, and clinicians are 
required to select appropriate materials capable of 
masking the substructure.10,11 The color of dental ce-
ramics differs with their backgrounds’ masking abil-
ity, and therefore evaluating the degree of translu-
cency is an important factor of color measurement 
and aesthetics. Ceramic translucency is usually eval-
uated with translucency parameter (TP). The TP is 
defined as the color difference (ΔE) between a uni-
form thickness of a material over a white and a black 
background. Higher TP value means the material is 
opaquer.12

Since the development of the 3rd generation zirco-
nia, there have been many studies investigating the 
mechanical and optical properties of conventional 
zirconia and translucent zirconia.13-18 However, few 
studies have investigated the optical effect and trans-
lucency of yttria content in translucent zirconia along 
with its masking ability in various backgrounds such 
as discolored teeth and implant titanium abutments. 
Most of previous studies conducted experiments at a 
single thickness in order to compare the difference in 
the translucency of the materials themselves; usual-
ly between the most commonly used translucent zir-
conia 5Y-PSZ with conventional zirconia 3Y-TZP.15,19 
In addition, there are only few studies involving rel-
atively recently introduced 4Y-PSZ or measuring the 
degree of translucency and masking ability in various 
thickness of the material considering clinical situa-
tions of cervical and incisal areas.

The purpose of this study is to compare the translu-
cency of conventional zirconia (3Y-TZP), two translu-
cent zirconia (4Y-PSZ, 5.5Y-PSZ) and lithium disilicate 
(LS) materials at two thicknesses (0.8 and 1.5 mm), 
and to compare the masking ability of these materi-
als on various backgrounds such as normal dentin, 
discolored dentin, and implant titanium abutment. 
The null hypotheses of this study are as the following: 
first, there are no differences in translucency among 
the tested materials. Second, there are no significant 
differences in masking ability of these materials when 
placed on various background and material types.

J Adv Prosthodont 2022;14:324-33Translucency and masking ability of translucent zirconia; comparison with 
conventional zirconia and lithium disilicate



326 https://jap.or.kr

The Journal of Advanced Prosthodontics

MATERIALS AND METHODS

Monolithic CAD-CAM ceramic materials, including 3 
different types of zirconia with different yttria con-
tents from one manufacturer (Rainbow Shade Block 
A2: 3Y-TZP, Rainbow Shine T Block A2: 4Y-PSZ, Rain-
bow High Shine Block A2:5.5Y-PSZ; Genoss, Suwon, 
Gyeonggi-do, Korea), and a lithium disilicate block 
(Rosetta SM® A2; HASS Corp, Gangneung, Korea) were 
tested in 2 thicknesses (n = 10 for each thickness test-
ed). Disk-shaped test specimens with a diameter of 10 
mm, and thickness of 0.8 mm and 1.5 mm were fab-
ricated. 0.8 mm represents cervical thickness and 1.5 
mm represents the thickness of the middle and in-
cisal part of the crown (Table 1).20

The zirconia specimens were designed with a CAD 
software (Meshmixer; Autodesk Inc., San Rafael, CA, 
USA) and fabricated with a milling system (IDC MIKRO 
5X; Evolve Dentistry, UK). The specimens were sin-
tered according to the manufacturer’s instructions. 
Zirconia specimens were polished on one side by a 
single operator using a lab handpiece (STRONG 102L; 
Saeshin, Daegu, Korea) with an adjustment/polishing 
kit (Luster; Meisinger, Centennial, CO, USA) at a con-
stant speed of 10,000 rpm following manufacturer’s 
instructions. The intended thicknesses (± 0.02 mm) 
were confirmed with a digital caliper (0604CAL6++ 
LDC Digital Caliper; Electronix Express, Rahway, NJ, 
USA). Lithium disilicate specimens were fabricated 
using the Cerec system (Cerec inLab MC XL; Dentsply 
Sirona, York, PA, USA) and polished with a polishing kit 
(Luster; Meisinger, Centennial, CO, USA) to obtain the 

planned thickness (0.8 ± 0.02 mm, 1.5 ± 0.02 mm). 
All specimens were not glazed in this experiment. 

For translucency evaluation, color measurement 
was conducted by one examiner with a handy spec-
trophotometer (SpectroShade Micro; MHT Optic Re-
search AG, Niederhasli, Switzerland) equipped with 
a digital camera connected to LED illuminants. Two 
polarized, telecentric, monochromatic (λ = 410-680 
nm) illuminants are placed in two sides at a 45º angle 
of the camera. Color measurements were conducted 
under the same condition to avoid errors that can af-
fect the measured value.21 To exclude external light, a 
polyvinyl siloxane putty material (Silagum putty soft; 
DMG, Hamburg, Germany) was molded to the spec-
trophotometer and acted as a jig for the specimens. 
No external light interfered in the measurement. The 
Commission Internationale de I’Eclairage (CIELAB) 
values of the specimens were measured on black and 
white backgrounds (Fig. 1).

Translucencies of zirconia and lithium disilicate 
blocks were evaluated by calculating translucency 
parameters. TP value is interpreted as the color dif-
ference between the same specimens in contact with 
black and white background. They were calculated 
from the following formula:22

TP = [(L*B - L*W)2 + (a*B - a*W)2 + (b*B - b*W)2]1/2.
L*: brightness, a*: redness to greenness, b*: yellow-

ness to blueness, B: black background, W: white back-
ground.

For masking ability test, A2 shade composite resin 
specimen (FiltekZ350 A2 Dentin; 3M ESPE, St. Paul, 
MN, USA) was used as a reference background. Two 

Table 1. Materials used in this study
Materials Composition (wt%) (Phase ratio)

Zirconia

3Y-TZP Rainbow Shade ZrO2 83-96%, Y2O3 4-7%, HfO2 ≤ 5%, Al2O3 ≤ 1%, Other oxides
(80% tetragonal, 20% cubic phase)

4Y-PSZ Rainbow Shine T ZrO2 81-94%, Y2O3 6-9%, HfO2 ≤ 5%, Al2O3 ≤ 1%, Other oxides
(50% tetragonal, 50% cubic phase)

5.5Y-PSZ Rainbow High Shine ZrO2 79-92%, Y2O3 8-11%, HfO2 ≤ 5%, Al2O3 ≤ 1%, Other oxides
(35% tetragonal, 65% cubic phase)

Lithium disilicate
LS Rosetta SM SiO2 ≤ 85%, Li2O ≤ 13%, Other oxides

3Y-TZP (3 mol% yttria tetragonal zirconia polycrystals), 4Y-PSZ (4 mol% yttria partially stabilized zirconia), 5.5Y-PSZ (5.5 mol% yttria partially stabilized zirco-
nia), LS (lithium disilicate).
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different shades (ND3 and ND9) of tooth-colored resin 
substrates (IPS Natural Die Material; Ivoclar Vivadent, 
Schaan, Liechtenstein) were used to imitate standard 
dentin (ND3) and severely discolored dentin (ND9).23 
They were prepared to be 10 mm in diameter and 5 
mm thick by using putty molds. 

A titanium background disk with a diameter of 10 
mm and a height of 5 mm was designed using a CAD 
software (Meshmixer; Autodesk Inc., San Rafael, CA, 
USA), and Ti-6Al-4V alloy was milled with a milling 
machine (XD-20H; Hanwha, Seoul, Korea). The same 
digital caliper was used to confirm the thickness of 
background materials (5.0 ± 0.02 mm).

Color measurement was performed in the same 
manner as in the translucency test. The ceramic spec-
imens were placed on the background without any 
intermediate. To examine the masking abilities of zir-
conia blocks and lithium disilicate blocks, CIELAB val-
ues were measured on all four backgrounds. The A2 
shade background was selected as the reference.

Masking ability was evaluated by the color differ-
ence (ΔE) between the specimens on the A2 shade 
background and the same specimen on the other 
backgrounds. ΔE values were calculated using the fol-
lowing formula11: 

ΔE*ab = [(L*2 - L*1)2
 + (a*2 - a*1)2 + (b*2 - b*1)2]1/2

The ΔE values were compared with the acceptabil-
ity (ΔE = 5.5) and perceptibility thresholds (ΔE = 2.6), 
and the masking abilities were assessed.24 

Statistical analysis of the data was conducted us-
ing a statistical software (IBM SPSS Statistics v25; IBM 

Corp., Armonk, NY, USA). Normal distribution of each 
TP value and ΔE value was verified with Shapiro-Wilk 
test and Q-Q plot. One-way ANOVA and Bonferroni 
methods were used to compare the TP values of dif-
ferent materials with the same thicknesses. To evalu-
ate the statistical difference of masking ability of the 
tested materials, ΔE values were analyzed using one-
way ANOVA and Bonferroni post hoc tests conducted 
for multiple pairwise comparison. The level of signifi-
cance is set at 0.05. 

RESULTS

The means and standard deviations of TP values are 
shown in Table 2. For the 0.8 mm thickness groups, 
statistically significant differences were observed 
among the TP values of various ceramic materials (P 
< .001). Multiple pairwise tests showed that the mean 
TP values of all materials were significantly different 
from each other. High Shine (5.5Y-PSZ) was signifi-
cantly more translucent than Shine T (4Y-PSZ). Shade 
(3Y-TZP) was less translucent than the two translu-
cent zirconia blocks (4Y-PSZ and 5.5Y-PSZ) and Roset-
ta SM (LS) was significantly more translucent than all 
the zirconia blocks (P < .001). 

There were also significantly different TP values for 
the 1.5 mm thickness groups. The multiple pairwise 
comparison test indicated that while High Shine and 
Rosetta SM were not significantly different, they both 
were more translucent than Shine T and Shade. With 
higher yttria contents, the average TP values were 

Fig. 1. Specimens of zirconias and lithium disilicate 
on black and white backgrounds. (A) 0.8 mm thick-
ness specimens, (B) 1.5 mm thickness specimens. 
3Y (3 mol% yttria tetragonal zirconia polycrystals), 
4Y (4 mol% yttria partially stabilized zirconia), 5.5Y 
(5.5 mol% yttria partially stabilized zirconia), LS 
(lithium disilicate). A

B

3Y 4Y 5.5Y LS

3Y 4Y 5.5Y LS

0.8 mm

1.5 mm

J Adv Prosthodont 2022;14:324-33Translucency and masking ability of translucent zirconia; comparison with 
conventional zirconia and lithium disilicate



328 https://jap.or.kr

The Journal of Advanced Prosthodontics

higher for both 0.8 mm and 1.5 mm thickness groups 
(Fig. 2).

The means and standard deviations of ΔE values 
for each background are shown in Table 3. For the 
0.8 mm thickness groups, the ΔE values did not show 
statistical differences among zirconia blocks on ND3 
background. On the ND9 background, the ΔE value 
showed differences among all groups except between 
Shade and Shine T. Significant differences were ob-
served among groups on the titanium background. 
Overall, in zirconia groups, the ΔE value increased 
with the yttria content. The highest ΔE value was ob-
served in Rosetta SM. Figure 3. shows the mean ΔE 
values of each materials and the acceptability and 
perceptibility thresholds. In all specimens, the mean 
ΔE values were smaller than the acceptability thresh-
old (ΔE = 5.5) on ND3 and significantly higher than 
the acceptability threshold on ND9. On the titanium 
background, the ΔE value of 3Y-TZP and 4Y-PSZ were 

smaller than 5.5, but the ΔE values of 5.5Y-PSZ and LS 
were larger than 5.5.

For the 1.5 mm thickness groups, there were no sig-
nificant differences among all groups on the ND3. On 
the ND9, the ΔE value increased with increasing yttria 
content, while High Shine and Rosetta SM showed 
similar values. In the titanium background, the mean 
ΔE values of Shade and Shine T were similar, and High 
Shine and Rosetta SM were similar. As with the results 
in the 0.8 mm specimens, the ΔE value increased as 
the yttria content of the zirconia block increased. The 
mean ΔE values of 1.5 mm specimens are compared 
with the acceptability and perceptibility thresholds as 
shown in Figure 4. In all specimens, the mean ΔE val-
ues were less than the acceptability threshold (ΔE = 5.5) 
in ND3 and titanium backgrounds, while they were 
greater than 5.5 in ND9.

Table 2. Average translucency parameter(TP) values and standard deviations for each specimen 

Zirconia Lithium disilicate
Thickness (mm) Shade (3Y) Shine T (4Y) High Shine (5.5Y) Rosetta SM (LS)

0.8 13.32 ± 0.32 a 14.12 ± 0.18 b 16.47 ± 0.39 c 19.17 ± 0.29 d

1.5 10.55 ± 0.14 a 11.89 ± 0.26 b 14.13 ± 0.12 c 14.20 ± 0.32 c

*Letters a,b,c,d mean statistically significant differences between groups (P < .05 ).
**3Y (3 mol% yttria tetragonal zirconia polycrystals), 4Y (4 mol% yttria partially stabilized zirconia), 5.5Y (5.5 mol% yttria partially stabilized zirconia), LS (lithi-
um disilicate)

Fig. 2. Graphs showing the mean translucency parameter (TP) values. (A) 0.8 mm thickness specimens, (B) 1.5 mm thick-
ness specimens.
3Y (3 mol% yttria tetragonal zirconia polycrystals), 4Y (4 mol% yttria partially stabilized zirconia), 5.5Y (5.5 mol% yttria 
partially stabilized zirconia), LS (lithium disilicate).

https://doi.org/10.4047/jap.2022.14.5.324
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Fig. 3. The mean ΔE values of 0.8 mm spec-
imens on each backgrounds. Acceptability 
threshold (5.5) and perceptibility threshold 
(2.6) are shown on the graph.
ΔE - color difference between the specimens 
on the A2 shade background and the same 
specimen on the other backgrounds.
3Y (3 mol% yttria tetragonal zirconia poly-
crystals), 4Y (4 mol% yttria partially stabilized 
zirconia), 5.5Y (5.5 mol% yttria partially stabi-
lized zirconia), LS (lithium disilicate).
A2 - A2 shade composite resin , ND3 and ND9 
- tooth-colored resin substrates to imitate 
standard dentin (ND3) and severely discol-
ored dentin (ND9), Ti -milled Ti-6Al-4V alloy 
to imitate titanium abutment.

Table 3. Mean ΔE values and standard deviations for each specimen

Zirconia Lithium disilicate
Background Thickness (mm) Shade (3Y) Shine T (4Y) High shine (5.5Y) Rosetta SM (LS) P-value for ANOVA

ND3 0.8 2.52 ± 0.14 a 2.68 ± 0.12 a 2.72 ± 0.31 a 3.39 ± 0.25 b < .001
ND9 0.8 7.98 ± 0.06 a 8.25 ± 0.32 a 9.28 ± 0.32 b 11.75 ± 0.28 c < .001
Ti 0.8 4.88 ± 0.11 a 5.36 ± 0.11 b 6.21 ± 0.26 c 7.01 ± 0.29 d < .001

ND3 1.5 2.37 ± 0.41 a 2.61 ± 0.21 a 2.69 ± 0.25 a 2.36 ± 0.14 a  .02
ND9 1.5 6.05 ± 0.36 a 6.57 ± 0.29 b 7.61 ± 0.17 c 7.9 ± 0.31 c < .001
Ti 1.5 4.09 ± 0.64 a 4.33 ± 0.29 a 5.11 ± 0.18 b 4.71 ± 0.14 b < .001

* Under the same conditions, the same superscription indicates that there is no statistical difference in the mean value (P > .05).
** Letters a,b,c,d mean statistically significant differences between groups (P < .05).
*** 3Y (3 mol% yttria tetragonal zirconia polycrystals), 4Y (4 mol% yttria partially stabilized zirconia), 5.5Y (5.5 mol% yttria partially stabilized zirconia), LS 
(lithium disilicate).
**** ND3 and ND9 of tooth-colored resin substrates to imitate standard dentin (ND3) and severely discolored dentin (ND9), Ti (milled Ti-6Al-4V alloy to imi-
tate titanium abutment).

Fig. 4. The mean ΔE values of 1.5 mm spec-
imens on each backgrounds. Acceptability 
threshold (5.5) and perceptibility threshold 
(2.6) are shown on the graph.
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DISCUSSION

In this study, the difference in translucency among 
conventional zirconia, translucent cubic phase-con-
taining zirconia, and lithium disilicate were com-
pared. Also, the masking ability of each material was 
compared by color differences in various background 
materials. The null hypotheses were rejected because 
there were differences in translucency and masking 
abilities among tested materials. 

In conventional zirconia, 3 mol% yttria was added 
to stabilize the tetragonal phase of zirconia crystals 
at room temperature. These stabilizing dopants sta-
bilize the tetragonal and cubic phases at room tem-
perature, and the amount of dopant can be adjusted 
to make partially or fully stabilized zirconia.18 When 
the yttria content is increased from 3 to 5 mol%, the 
translucency can be increased by increasing the cu-
bic phase proportion.25 Zhang26 stated that Y-TZP 
containing 5.18 wt% (3 mol%) yttria contains more 
than 90% tetragonal phase, and to produce translu-
cent zirconia, the yttria concentration should be in-
creased to 7 wt% (4 mol%) or higher. The newly de-
veloped translucent zirconia 5Y-PSZ contains 5 mol% 
yttria and is predominantly occupied by cubic phase 
(>50%).27 The size of cubic crystals is larger than 
tetragonal crystals, which makes light scatter less at 
the grain boundaries. In addition, it is more isotropic, 
which leads to light spreading more uniformly. The 
translucent zirconia blocks (4Y-PSZ, 5.5Y-PSZ) used 
in this study also has increased the yttria content for 
improved translucency and showed improved results 
compared to the conventional zirconia (3Y-TZP). 

There are previous studies comparing the translu-
cency of conventional zirconia and translucent zirco-
nia with higher yttria contents. Kwon et al .15 reported 
that 1 mm thick Katana UTML (5Y-PSZ) has a higher 
TP value than Katana HT (3Y-TZP), and Zhang et al .19 
reported that 0.5 mm thick Zpex Smile (5Y-PSZ) shows 
a higher TP value than Zpex (3Y-TZP). In this study, the 
TP value was higher in zirconia with increased yttria 
contents, which is in agreement with previous stud-
ies. When comparing 5.5Y-PSZ and LS, LS showed sig-
nificantly higher TP value in 0.8 mm but did not show 
statistically significant difference in 1.5 mm. In all ce-
ramics, the translucency increases as thickness de-

creases, but the amount of change in value varies.28 In 
the case of LS, it is expected that the degree of trans-
lucency becomes greater as the thickness decreases 
compared to 5.5-PSZ. 

In the study by Yan et al .29 using 1 mm thick spec-
imens, Zpex Smile (5Y-PSZ) showed lower TP values   
than IPS e.max CAD (LS), but showed higher TP val-
ue compared to Zpex (3Y-TZP) and Zpex 4 (4Y-PSZ). In 
Yan’s study, there was no significant difference in the 
TP values of 3Y-TZP and 4Y-PSZ, but in this study, the 
TP value of 4Y-PSZ was significantly higher than that 
of 3Y-TZP. Further research would be needed to find 
out whether 4Y-PSZ has sufficiently improved translu-
cency compared to conventional zirconia. 

Yu et al .30 reported that the TP value of 1 mm-thick 
human dentin was 16.4 and that of enamel is 18.1, 
which is similar to that of glass ceramics (14.9-19.6). 
In this study, the mean TP value of 0.8 mm-thick spec-
imens were 14.12 for 4Y-PSZ and 16.47 for 5.5-PSZ, 
indicating that they are less translucent than that of 
1 mm-thick dentin or enamel. Therefore, even with 
improved optical properties of zirconia, in order to re-
produce translucent nature of teeth, more improve-
ment is necessary.

In the second part of the study, masking ability 
of each specimen was compared. To achieve ideal 
masking, the minimum thickness of zirconia depends 
on the background. According to the manufacturer, 
for monolithic zirconia crowns, a thickness of 0.8 mm 
or more in the cervical region and 1.5 mm or more 
in the incisal area is required.31 For lithium disilicate 
materials, it is possible to use a minimum of 0.4 mm 
thickness for a veneer, but it is recommended to use a 
thickness of at least 1.0 mm for a crown. Therefore, in 
this study, 0.8 mm represents the cervical thickness 
while 1.5 mm represents the incisal and middle thick-
ness of crown restorations. All test specimens were 
made in A2 shade, and the CIELAB values measured 
on the A2 background were used as a reference to cal-
culate the color change due to various backgrounds. 
In order to reproduce clinical situations, normal 
sound dentin without any discolorations, discolored 
teeth due to root canal treatment or medications, 
and titanium, which is most often used as an implant 
abutment, were selected as the backgrounds. In this 
study, to evaluate masking abilities of each materials, 
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thresholds for acceptability (ΔE = 5.5) and percepti-
bility (ΔE = 2.6) were assumed.24 All specimens could 
effectively mask normal dentin shade but could not 
mask severely discolored dentin shade (ΔE > 5.5). In 
the clinical situation, the degree and area of discolor-
ation in one tooth are varied.32 The ND9 shade used in 
this study represents severe discoloration, and if the 
discoloration is less severe than this, the use of zirco-
nia material may be considered. The use of materials 
other than tested would be recommended to mask 
severe discoloration equal or superior to ND9.

In 5.5Y-PSZ, the ΔE value of 0.8 mm thickness 
groups exceeded the acceptability threshold value 
when placed on the titanium background, while it 
was smaller than the acceptability threshold value in 
the 1.5 mm-thick groups. Therefore, it is recommend-
ed to use 3Y-TZP or 4Y-PSZ on a titanium background 
and 5.5Y-PSZ should only be used with sufficient 
thickness at cervical area to mask titanium. This rec-
ommendation should be applied with some caution 
because in this study, all zirconia specimens were fab-
ricated from zirconia blocks of single manufacturer. 
Sulaiman et al .33 reported that there was a statistical-
ly significant difference when comparing translucen-
cy between the brands. 

As a result of this study, there should be no problem 
in reproducing the desired color with all materials 
on normal dentin, but additional considerations may 
be required for titanium abutments and discolored 
teeth. When fabricating a prosthesis with translucent 
zirconia on the titanium substrate, it is necessary to 
form a deep chamfer margin much thicker than 0.8 
mm to obtain an appropriate masking effect. It is also 
necessary to select an appropriate material according 
to the degree of discoloration of the teeth and to plan 
proper margin thickness in order to effectively mask 
discolored teeth. 

While highly translucent zirconia, containing a large 
amount of cubic phase, has improved optical proper-
ties, it has decreased flexural strength.15 The zirconia 
used in these studies, according to the manufacturer, 
have flexural strength values of 1100 - 1200 Mpa for 
3Y-TZP and 4Y-PSZ, 800 MPa for 5-5Y-TZP, and 440 MPa 
for LS. According to ISO 6872,34 dental ceramic mate-
rials can be used for single-unit anterior or posterior 
prostheses and anterior three-unit prostheses when 

the flexural strength is 500 MPa or higher, and can be 
used for fixed partial dentures with four or more units 
when their flexural strength is 800 MPa or higher. 
Therefore, it could be concluded that 5.5Y-PSZ used 
in this study can be successfully used up to a 3-unit 
prosthesis in the anterior region, while it is recom-
mended to use 4Y-PSZ or 3Y-TZP for long span resto-
rations.

There are some limitations of this in vitro study as 
it may differ somewhat from the clinical situation. 
The CIELAB value was measured using a disk-shaped 
specimen and not in a crown shape. The shade of 
background materials may be different from that of 
natural teeth, which can potentially act as a differ-
ent background due to its translucent and opalescent 
characteristics and which varies from patient to pa-
tient. In the case of discolored teeth, the degree and 
area of discoloration are also various, making it diffi-
cult to define them as one color. Another limitation of 
this study is that CIELAB formula is used to evaluate 
the color difference. CIELAB formula is simple and ac-
ceptable method to draw the conclusion that translu-
cency and masking ability is affected by the yttria con-
tent of zirconia.35 However, since CIEDE2000 (ΔE00) is 
currently recommended by the Commission Interna-
tionale de l’Éclairage (CIE), this formula needs to be 
considered in further studies. In addition, although 
external light was excluded in the experiment, various 
factors affecting optical properties of zirconia, such as 
metamerism in different light sources, glazing, type of 
cement, thickness of cement, the effect of moisture in 
the mouth and soft tissue, were not considered. Fur-
ther research is needed to supplement these limita-
tions. 

CONCLUSION

Within the limitations of this study, the following con-
clusions can be drawn: in both 0.8 mm and 1.5 mm 
thick zirconia specimens, the TP value increased sig-
nificantly as the yttria content increased from 3 mol% 
to 4 mol% and 5.5 mol%. All zirconia and lithium disil-
icate specimens tested could not perfectly mask ND9 
shade regardless of its thickness. 0.8 mm thickness 
specimens of 5.5Y-PSZ and lithium disilicate could not 
mask titanium shade, but 1.5 mm thickness was suffi-
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cient to mask titanium shade for all materials tested. 
It is recommended to use 3Y-TZP or 4Y-PSZ which con-
tains lower yttria content with a thickness above 0.8 
mm to mask titanium.
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