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ABSTRACT
Statement of the problem: The ability of all ceramic restoration to mask an underlying 

discolored substrate is important to obtain adequate esthetics. There are different types of zirconia 
ceramics and their optical properties has not yet been addressed. 

Objectives: The aim of this study was to assess the final shade and translucency of two 
monolithic zirconia versus veneered zirconia on a dark substrate.

Materials and methods: 15 square shaped A2 zirconia specimens were cut using cutting 
machine (Isomet; Buehler Ltda.). Specimens were divided into 3 groups according to the type of 
zirconia (5 mol % Y-ZP zirconia, 3 mol% Y-TZP zirconia and veneered zirconia) their CIE L*, a* 
and b* values were measured using a spectrophotometer against white and black backgrounds at the 
center of the specimens in order to determine the translucency parameter (TP). Then 15 composite 
discs (ArtisteTM, Pentron, USA) of shade C3 were fabricated. Zirconia specimens were placed on 
the composite background without any intervening material in-between then CIE L*, a* and b* 
values were measured and color difference ∆E value was calculated. To determine the masking 
ability, perceptibility threshold was assumed as ∆E = 3.7.

Results: There was a statistically significant difference between mean TP values and mean 
ΔE values in the three groups where Cubic Zirconia showed statistically significant highest 
mean TP (10.97), Tetragonal Zirconia showed statistically significant lower mean TP (8.7) and 
Veneered Zirconia showed statistically significant lowest mean TP (7.72). As for color change 
∆E, Cubic Zirconia showed statistically significant highest mean ΔE (9.04), Tetragonal Zirconia 
showed statistically significant lower mean value (7.06) and Veneered Zirconia showed statistically 
significant lowest mean ΔE (6.26).

 Conclusions: Masking ability and translucency was affected by the type of the zirconia used 
due to difference in their composition. Neither the two monolithic zirconia nor the veneered one 
were able to mask the color of the underlying substrate. Increasing the yttria content to 5mol% 
increased the content of nonbirefringent (isotropic) cubic phase which was found to increase the 
translucency parameter of the zirconia.
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INTRODUCTION 

Obtaining a natural esthetic appearance with a 
metal ceramic restoration has become challenging 
as a result of the metal coping not allowing light 
transmission which resulted in a shift to use a non-
metallic restoration. (1,2) Metal free restorations are 
now popular due to their biocompatibility and the 
high esthetic properties. The introduction of digital 
dentistry and the use of CAD/CAM technology 
allowed the use of yttria stabilized zirconia 
(Y-TZP) for prosthesis fabrication since about two 
decades.(3,4) It has been claimed that zirconia is 
the toughest and strongest material that have been 
used in dentistry however its opacity remains a 
major drawback especially when replacing anterior 
restoration. Trying to solve this problem will require 
additional tooth preparation in order to allow for 
space to veneer the zirconia with a highly esthetic 
glass ceramic. However also problems as veneer 
delamination and chipping still remain a major 
concern. (5-8) 

Y-TZP is characterized by being an opaque mate-
rial as a result of the non-cubic phase with inherent 
birefringence which results in light scattering. In or-
der to improve translucency; 3Y-TZP was refined by 
decreasing the alumina concentration and removing 
porosity by sintering at high temperature (9); howev-
er it’s esthetic properties was found to still limit its 
use to the posterior region. Thus a new generation 
of monolithic zirconia was introduced by adding 
some transparent phase in order to decrease opacity. 
This was done by increasing the yttria content to 
produce 4 mol% or 5 mol% (4Y-PSZ, 5Y-PSZ) par-
tially stabilized zirconia with high content of nonbi-
refringent (isotropic) cubic phase. This was found to 
enhance the translucency parameter of the zirconia 
but on the other hand decreased the strength proper-
ties because of the inability of the cubic phase to 
undergo stress induced transformation. (10)

Monolithic zirconia restorations showed 
difficulties in term of esthetics and is affected by 

the optical properties and the shade determined by 
manufacturer processes in addition to the laboratory 
procedure and some clinical factors as the features 
of the zirconia restoration, cement and the color of 
the background.(11-15)

In some cases, as teeth with deep discoloration, 
metallic core, implant titanium abutment or even a 
colored substrate, a translucent ceramic material may 
not be able to mask the underlying discoloration.(16,17) 
Thus in such cases a ceramic material able to mask 
the discolored background should be used in order to 
maintain adequate esthetic outcome. To evaluate the 
masking ability of a restoration ΔE color difference 
have to be measured in CIE lab system in which 
L* represents the lightness, a* represents red/green 
value and b* represents yellow/blue value using 
spectrophotometer in which ∆E* = [ (L*2 – L*1)

2 + 
(a*2 – a*1)

2 + (b*2 – b*1)
2 ]1/2. (18)

Perceptibility is to recognize color difference 
between objects with human’s eye while acceptability 
is the acceptable color difference in shade match. 
Different studies have shown different perceptible 
and acceptable limits for ∆E.(19-23) However it has 
been found that the acceptable threshold is more 
than the perceptional one and that if the ∆E value 
was found to be more than the threshold thus a color 
difference can be detected.(18,20) In literature the 
perceptional threshold was claimed to range from 
1 – 5.5 ∆E units.(21-23) Some studies have shown that 
2.6, 3.3 and 3.7 ∆E units are clinically acceptable 
values (24-26), while other studies showed different 
values .(27,28) It has been found that ∆E value less 
than 5.5 showed a clinically acceptable color 
difference while that less than 2.6 showed ideal 
color difference that cannot be detected even by a 
clinician.(20,29)

Translucency parameter measures the 
translucency of a material which is the state 
between complete opacity and transparency (30,31) 
and can be defined as the difference in color of a 
given thickness of a material in contact with ideal 
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black and white backgrounds.(32) Studies have found 
that there are different factors that can affect the 
optical properties of zirconia restorations which 
include; type and amount of the additives, sintering 
conditions, temperature and heating methods, light 
scattering which is affected by the inclusion of 
pores (33-38), thickness of the material, variation in 
structure and composition in addition to the color 
of the substrate which also affect the final esthetic 
outcome of a restoration.(39,40) The translucency 
parameter of zirconia restorations has been found to 
range from 5.5 to 15.1. (41)

Highly translucent zirconia can be used for 
both anterior and posterior restorations however 
information about these materials are limited, 
thus the aim of this study was to assess the final 
shade and translucency of two monolithic zirconia 
versus veneered zirconia on a dark substrate. The 
null hypothesis was that both types of translucent 
monolithic zirconia and the veneered zirconia will 
be able to mask the color of the dark substrate. 

MATERIALS AND METHODS:

Partially sintered zirconia blocks shade A2 
were used in this study as tetragonal monolithic 
zirconia (3 mol% Y-TZP) (BruxZir®, Glidewell 
Laboratories, USA), cubic zirconia (5 mol % 
Y-ZP) (BruxZir® Anterior, Glidewell Laboratories, 
USA) and veneered zirconia (BruxZir®, Glidewell 
Laboratories, USA). Zirconia blocks were cut using 
diamond saw (Isomet 4000, Buehler Ltda) creating 
fifteen squared shaped samples.

Samples were classified into 3 groups (n= 5/
group) according to type of zirconia used. The 
samples of monolithic zirconia groups were sectioned 
transversely into plates with definite thickness of 
1.5 mm, while those of the veneered zirconia were 
cut into 1 mm thickness; digital caliper was used to 
check and confirm sample thickness. Sintering was 
completed in high temperature furnace (Nabertherm 
Industrial Furnaces Co. Ltd., Germany) following 

the manufacturer’s instructions and final glazing 
cycle was done using Programat P310 furnace 
(Ivoclar Vivadent, Schaan, Liechtenstein).

For the veneered zirconia special rectangular 
mold was used with 1.6 mm thickness to 
accommodate the zirconia sample and allow for 
porcelain veneering for 0.6 mm. Increasing thickness 
of mold allow for extra thickness of veneering to 
compensate for firing shrinkage. Veneering was 
done using using IPS e-max ceram (fluorapetite glass 
ceramic) (Ivoclar Vivadent, Schaan, Liechtenstein). 
Zirconia specimens were first cleaned from any 
dirt and then mixing of IPS e.max Zirliner with its 
corresponding liquid was done until we obtained 
a creamy consistency and then it was applied on 
the zirconia and fired in the porcelain furnace 
Programat P310 furnace (Ivoclar Vivadent, Schaan, 
Liechtenstein). IPS e.max ceram (Ivoclar Vivadent, 
Schaan, Liechtenstein) was mixed with its liquid 
and then applied in increments over the zirconia and 
properly condensed to completely fill the space over 
the zirconia. Firing was performed using Programat 
P310 furnace following the manufacturer’s 
instructions. Rechecking of the samples thickness 
were made using digital caliper. Glazing was then 
done following manufacturer’s recommendations

Background construction:

A mold former was constructed for obtaining the 
fifteen dark composite samples (shade C3) of 4mm 
thickness (ArtisteTM composite shade C3, Pentron, 
USA). The mold was assembled and was placed over 
glass slab. Composite was packed inside the mold’s 
rectangular opening then covered with a matrix to 
avoid inhibition of polymerization of composite. 
The samples were covered with glass slab in order 
to obtain smooth surface free from air bubbles. 
Light curing was done using Woodpecker DTE 
Light Cure (Woodpecker, China) with wavelength 
of (800mW/cm – 1600mW/cm2) and light intensity 
(1200mW/cm2) curing was made for 40 secs and 
after removal of glass slab further curing was made 
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for 20 secs from all directions. Composite plates 
were then polished with silicon polishers and Soflex 
discs. Composite samples were checked with digital 
caliper to ensure adequate thickness. 

Samples were then numbered from 1 to 5 for each 
group of zirconia and for the composite background 
and then divided randomly by www.random.org at 
allocation ratio 1:1 and sealed in a closed envelope 
to avoid selection bias. 

Color difference measurements:

After preparation of the samples and 
background, Spectrophotometer (Cary 5000 Agilent 
Technologies, USA) was used to measure the color 
difference with changing background from white to 
the dark composite background using standard light 
source D65. Each specimen was in the specimen 
holder inside the black box which serve to eliminate 
the effect of external light. Specimens were always 
placed in the center of display screen.

The spectrophotometric measurement was 
recorded as means L*a*b* values for each specimen. 
Where L* is a measure of the Lightness of an object, 
a* is a measure of redness or greenness and b* is 
a measure of yellowness or blueness.  Then color 
change values (∆E) were calculated through the 
following formula:

∆E = [(L*a – L*b)
2 + (a*a – a*b)

2 + (b*a – b*b)
2] 1/2

Where ∆E = change in color.

a = ceramic with white background.

b = ceramic with composite (C3) dark 
background.

In this study perceptional threshold was 
hypothesized to be ΔE = 3.7 

Translucency parameter (TP) was measured for 
each type of zirconia material using spectropho-
tometer with ceramic samples over white and black 
background.

TP = [(L*B − L*W) 2 + (a*B − a*W) 2 + (b*B−b*W) 2] 1/2

Where TP is the translucency parameter.

W = white background.

B = black background.

Both the statistician and the assessors were 
blinded in order to minimize the risk of bias. 

RESULTS

Numerical data were explored for normality by 
checking the distribution of data and using tests 
of normality (Kolmogorov-Smirnov and Shapiro-
Wilk tests). All data showed normal (parametric) 
distribution. Data were presented as mean and 
standard deviation (SD) values. One-way ANOVA 
test was used to compare between the three groups. 
Bonferroni’s post-hoc test was used for pair-wise 
comparisons when ANOVA test is significant. The 
significance level was set at P ≤ 0.05. Statistical 
analysis was performed with IBM SPSS Statistics 
for Windows, Version 23.0. Armonk, NY: IBM 
Corp.

Color change (ΔE): There was a statistically 
significant difference between mean ΔE values 
in the three groups (P-value <0.001, Effect size = 
0.901). Pair-wise comparisons between the groups 
revealed that Cubic Zirconia showed the statisti-
cally significantly highest mean ΔE. Tetragonal Zir-
conia showed statistically significant lower mean 
value. Veneered Zirconia showed the statistically 
significant lowest mean ΔE. 

ΔL: There was a statistically significant differ-
ence between mean ΔL values in the three groups 
(P-value <0.001, Effect size = 0.799). Pair-wise 
comparisons between the groups revealed that Cu-
bic Zirconia showed statistically significant highest 
mean ΔL. There was no statistically significant dif-
ference between Tetragonal Zirconia and veneered 
Zirconia; both showed statistically significant low-
est mean ΔL. 
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Δa: There was a statistically significant differ-
ence between mean Δa values in the three groups 
(P-value = 0.003, Effect size = 0.628). Pair-wise 
comparisons between the groups revealed that Cu-
bic Zirconia showed statistically significant highest 
mean Δa. Tetragonal Zirconia showed statistically 
significant lower mean value. Veneered Zirconia 
showed statistically significant lowest mean Δa.

Δb: There was a statistically significant differ-
ence between mean Δb values in the three groups 
(P-value <0.001, Effect size = 0.872). Pair-wise 
comparisons between the groups revealed that Cu-
bic Zirconia showed the statistically significantly 

highest mean Δb. Tetragonal Zirconia showed sta-
tistically significantly lower mean value. Veneered 
Zirconia showed the statistically significant lowest 
mean Δb.

Translucency parameter (TP): There was a 
statistically significant difference between mean TP 
values in the three groups (P-value <0.001, Effect 
size = 0.989). Pair-wise comparisons between the 
groups revealed that Cubic Zirconia showed statis-
tically significant highest mean TP. Tetragonal Zir-
conia showed statistically significant lower mean 
value. Veneered Zirconia showed statistically sig-
nificant lowest mean TP.

TABLE (1) Mean, standard deviation (SD) values and results of one-way ANOVA test for comparison 
between the three groups

Measurement

Cubic Zirconia
(n = 5)

Tetragonal Zirconia
(n = 5)

Veneered Zirconia
(n = 5) P-value

Effect size (Eta 
Squared)

Mean (SD) Mean (SD) Mean (SD)

TP 10.97 (0.19) A 8.7 (0.14) B 7.72 (0.14) C <0.001* 0.989

ΔE 9.04 (0.52) A 7.06 (0.42) B 6.26 (0.34) C <0.001* 0.901

ΔL 8.22 (0.69) A 6.52 (0.47) B 6.08 (0.32) B <0.001* 0.799

Δa 1.07 (0.21) A 0.75 (0.15) B 0.48 (0.15) C 0.003* 0.628

Δb 3.56 (0.52) A 2.59 (0.15) B 1.38 (0.38) C <0.001* 0.872

*: Significant at P ≤ 0.05, Different superscripts in the same row indicate statistically significant differences between groups

Fig. (1) Bar chart representing mean and standard deviation 
values for TP in the different groups

Fig. (2) Bar chart representing mean and standard deviation 
values for ΔE in the different groups
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DISCUSSION

This study aimed to determine the effect of using 
two types of monolithic zirconia versus veneered 
zirconia over dark back ground on the final shade 
and translucency parameter. The results showed that 
neither the monolithic nor the veneered zirconia 
were able to mask the color of the dark substrate, 
hence the null hypothesis was rejected. 

Since esthetics had become the primary patient 
concern in addition in aiming to avoid chipping 
of porcelain veneer and to speed up the dental 
procedure, CAD/CAM monolithic ceramic blocks 
have been widely used nowadays.(41) Zirconia has 
been found to be one of the most successful dental 
restorations, however their main drawback was 
the low esthetic performance which results from 
the inability to obtain a satisfactory and adequate 
transparency.(42.43) It has been found that in order to 
make the zirconia restoration more translucent and 
esthetic; scattering of light has to be eliminated. 
One of the factors that have been found to affect the 
translucency of the zirconia was the yttria content. 
Increasing the yttria content (4–5 mol%) in partially 
stabilized zirconia increased the translucency as a 
result of the increased amount of nonbirefringent 
cubic phase (>25–50%) which is characterized 
by being isotropic which is unlike the anisotropic 
tetragonal grains as it decreases the scattering at the 
grain boundaries, thus resulting in a material with 
high translucency. (44-46) 

In this study it was found that there was a 
statistically significant difference between mean 
TP values in the three groups where cubic Zirconia 
showed the statistically significantly highest 
mean TP, tetragonal Zirconia showed statistically 
significantly lower mean value while veneered 
Zirconia showed the statistically significantly 
lowest mean TP. Thus increasing the yttria content 
tend to increase the translucency and this was in 
accordance with a study done by Cho et al in 2020. 

(47) This was attributed to the larger cubic grains than 

the tetragonal one, this was also confirmed by other 
studies which stated that the larger the grain size of 
the zirconia the more it will be transparent. (48,49) 

The choice of an esthetic translucent ceramic 
restoration to produce an ideal clinical color match 
is a crucial element especially over a darkened 
substrate as it may affect the final shade of the 
ceramic restorations.(50,51) A scientific standardized 
spectrophotometer was used in this study for 
measuring both the translucency parameter and the 
color match for each group. In order to determine a 
color difference and interpret results; ∆E threshold 
value is necessary, in studies acceptability and 
perceptibility thresholds showed different values 
and also sites and observers can make differences 
in both thresholds.(52) Three intervals have been 
suggested for the threshold where ∆E < 1 shows 
color difference that can’t be detected by human’s 
eyes, ∆E < 3.3 shows a clinically acceptable color 
differences which can only be detectable by a skilled 
operator and ∆E > 3.3 shows difference that can be 
noticed by patients and is clinically unacceptable.
(18,19) In this study acceptable threshold value used 
was ∆E = 3.7 based on a systematic study done by 
Khashayar et al in 2014(53) who found that 35 % of 
studies in dentistry used ∆E = 3.7 as an acceptable 
threshold value as 50 % of the observers accepted 
the color differences at this value. 

Results of the current study showed that 
∆L which is the measure of lightness showed 
statistically significant higher mean value for the 
cubic zirconia while the tetragonal and veneered one 
showed statistically significant lower mean value. 
This showed that the structure of the zirconia had an 
impact on its lightness and this can be attributed to 
the difference in their optical properties. An increase 
in the ∆L will result in a color shift towards white 
and this was found with the cubic zirconia.(54)

As for Δa and Δb there was statistically 
significant difference among the three groups; the 
cubic zirconia showed statistically significantly 
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highest mean Δa, while tetragonal zirconia showed 
statistically significantly lower mean value and 
the veneered Zirconia showed the statistically 
significantly lowest mean Δa. 

Results also showed that neither the two 
monolithic zirconia nor the veneered one were able 
to mask the dark substrate, where cubic zirconia 
showed mean ∆E = 9.04 and the tetragonal one 
showed mean ∆E = 7.06 while the veneered 
zirconia showed mean ∆E = 6.26. All values were 
above the clinically acceptable threshold. Thus 
the color of zirconia restorations were affected by 
the underling background; this was in agreement 
with a study done by Tabatabaian et al in 2017(55) 
which stated that the masking ability of zirconia 
was dependent on the underlying substrate and that 
the tested zirconia could not mask different shades 
of composite substrate. Also Suputtamongkol et al 
in 2013(56) stated that the substrate color whether a 
composite core or metal affected the final color of 
the zirconia restorations.

Also a study done by Cho et al in 2020(47) who 
studied the translucency and the masking ability 
of zirconia with different yttria content 3 mol %, 
4 mol % and 5 mol % and different thickness over 
different substrates found that monolithic zirconia 
could not mask discolored dentin neither at 0.8 nor 
1.5 mm thickness.

Limitations of this study

Limitations of this study that it was related to a 
single thickness and shade of monolithic zirconia 
and also eliminated the effect of cement which 
might have an effect on the final shade. 

Recommendations

Thus further studies are required for different 
monolithic zirconia with different thicknesses and 
cement types.

CONCLUSIONS

Within the limitations of this study the following 
can be concluded:

1.	 Masking ability and translucency was affected 
by the type of the zirconia used due to differ-
ence in their composition.

2.	 Neither the two monolithic zirconia nor the ve-
neered one were able to mask the color of the 
underlying substrate. 

3.	 Increasing the yttria content to 5mol% increased 
the content of nonbirefringent (isotropic) cubic 
phase which was found to increase the translu-
cency parameter of the zirconia.
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