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ABSTRACT
Statement of problem. Monolithic ceramic restorations designed by computer-aided design and
computer-aided manufacturing are increasingly being used by clinicians. With the introduction of
new materials, their optical characteristics also need to be investigated.

Purpose. The purpose of this in vitro study was to compare the translucency and opalescence of
lithium disilicate, zirconia-reinforced lithium silicate, presintered zirconia-reinforced lithium silicate,
polymer-infiltrated ceramic-network material, and multilayer zirconia.

Material and methods. A total of 50 rectangular plates (14×12×1 mm) of 5 monolithic ceramics
were prepared in this in vitro study (n=10). Each zirconia specimen was divided into 3 groups of
incisal, middle, and gingival thirds. Each group was then evaluated separately. The color
parameters of specimens were measured on 3 backgrounds, white, black, and #3 Ivoclar
Natural Die Color material, by using a spectrophotometer. The translucency and opalescence
of the specimens were determined by the relevant equations, and between-group
comparisons were made. One-way ANOVA and Tamhane post hoc tests were used to
compare groups (a=.05).

Results. The difference among the groups was significant in translucency (F=137.346, df=6, P<.001),
contrast ratio (F=134.148, df=6, P<.001), and opalescence parameters (F=128.028, df=6, P<.001).
The 3 zirconia groups (10.87 ±0.54 to 11.88 ±0.26) had a significantly lower translucency than
the other groups, and the zirconia-reinforced lithium silicate group (18.14 ±0.74) showed the
highest translucency. Zirconia-reinforced lithium silicate (12.36 ±0.42) had the highest
opalescence, and the lowest opalescence was found for polymer-infiltrated ceramic-network
(5.43 ±0.28) and the incisal third of zirconia (5.45 ±1.06).

Conclusions. The zirconia-reinforced lithium silicate and presintered zirconia-reinforced lithium
silicate specimens had the highest translucency and opalescence. The studied multilayer zirconia,
which had different cubic phase values from incisal to gingival blank, showed similar
translucency over the entire range, and differences among different regions were related to
chromatic variables. (J Prosthet Dent 2021;126:446.e1-e6)
Monolithic ceramics have
become popular for indirect
restorations as they provide
acceptable esthetics without
the need for extensive tooth
preparation and avoid the risk
of porcelain chipping.1-5

Monolithic restorations can
be provided in a single patient
visit with computer-aided
design and computer-aided
manufacturing (CAD-CAM).6-9

New materials have been
introduced and investigated for
CAD-CAM application,1,10

including glass-ceramics with
lithium disilicate (LDS).11-15

Zirconia (8% to 12%) has
been added to LDS to form a
zirconia-reinforced lithium
silicate (ZLS) with reported
improved mechanical proper-
ties.13,16 In addition, a presin-
tered zirconia-reinforced
lithium silicate (PS-ZLS) similar
to ZLS
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Table 1.Materials and their chemical composition

LDS: High
Translucent
Lithium
Disilicate
(IPS e.max
CAD)

ZLS: High
Translucent
Zirconia-
Reinforced
Lithium

Silicate (VITA
Suprinity)

PS-ZLS:
Presintered
Zirconia-
Reinforced
Lithium
Silicate

(Celtra Duo)

PICN:
Polymer-
Infiltrated
Ceramic-
Network

Material (Vita
Enamic)

Zirconia (Aidite
3D

Multilayer Dental
Zirconia)

57-80% SiO2
11-19% Li2O
0-8% ZrO2
and others

56-64% SiO2
15-21% Li2O
8-10% ZrO2
and others

~10% ZrO2
but not
specified for
SiO2, Li2O
and others

49-54% SiO2
17-20% Al2O3
8-10% Na2O
3-5% K2O
14% urethane
dimethacrylate
and others

90% ZrO2

9.28% Y2O3

0.05% Al2O3

0.15% Fe2O3

0.02% Co3O4

0.002% SiO2 and
others

Clinical Implications
When choosing a monolithic ceramic, clinicians may
find that zirconia-reinforced lithium silicate and
presintered zirconia-reinforced lithium silicate
match the translucency and opalescence of natural
teeth more closely than polymer-infiltrated ceramic-
network or multilayer zirconia.
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except with different silicon oxide and lithium oxide
concentrations, has been marketed as presintered
blocks.4,13

Polymer-infiltrated ceramic-network (PICN) mate-
rials are produced by adding a polymer phase to a
ceramic structure to combine the favorable properties of
ceramics and composite resins.17,18 This material has
decreased modulus of elasticity, increased fracture resis-
tance, and lower hardness compared with ceramics.19,20

Yttria-stabilized tetragonal zirconia polycrystal has
been used as a core restoration.9 This type of zirconia has
3-mol% yttria.21,22 High-translucency tetragonal zirconia
containing 4-mol% yttria has been introduced as a
monolithic and layered material. However, this material
has lower translucency than natural teeth.3,21 A zirconia
has been introduced with high translucency, similar to
that of natural teeth.4,5,23 This type of zirconia is pro-
duced by adding yttrium oxide, other oxides (5-mol%),
and magnesia and by reducing alumina. These changes
stabilize the cubic phase of zirconia with larger and more
isotropic crystals at room temperature. In addition, these
changes decrease the fracture resistance of zirconia.24

The manufacturers claim that 50% cubic-phase zirconia
has a translucency equal to high-translucency ceramics
and enamel.24

Although translucency is one of the requirements for
dental restorations, higher translucency reduces the
color-masking ability.6,21 An ideal restoration should
match the contour, color, surface texture, translucency,
opalescence, and fluorescence of natural teeth.25-31

Dental materials with optical properties similar to those
of tooth structure can optimally mimic the appearance of
natural teeth.32-34

This study evaluated the translucency and opales-
cence of lithium disilicate, ZLS, PS-ZLS, PICN material,
and multilayer zirconia and compared them with tooth
structure. The null hypotheses were that the translucency
and opalescence rates of 5 monolithic ceramics would be
similar.

MATERIAL AND METHODS

This in vitro study evaluated 5 types of monolithic ce-
ramics, high-translucent LDS, high-translucent ZLS,
Shirani et al
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PS-ZLS, PICN, and multilayer zirconia (Table 1). All the
specimens were selected from the A2 shade. The zirconia
investigated in this study was a multilayer monolithic
zirconia with a 10% cubic phase at the gingival level and
a 50% cubic phase at the incisal level. Each zirconia
specimen was divided into 3 groups of incisal, middle,
and gingival thirds. The optical properties of each group
were then evaluated separately.

The specimens were cut into rectangular 14×12×1.1-
mm plates (CNC Cutting Section Machine; Nemo
Fanavaran Pars). Considering the sintering shrinkage,
the zirconia specimens with 1.4-mm thickness were
prepared and thinned to 1.31 mm by polishing to reach
the dimensions of glass-ceramics after sintering. After
cutting the specimens, 1 surface of all the specimens was
manually polished with 600-, 1200-, and 2000-grit
waterproof polishing papers (Zibo Riken).

The zirconia specimens were sintered in the furnace
(Ceramill Therm 3; Amann Girrbach AG) using a stan-
dard firing program; 10 hours, 1450 �C final temperature,
and 120-minute hold time. The LDS and ZLS specimens
were crystallized in a furnace (P500; Ivoclar Vivadent AG)
based on the crystallization settings provided by the
manufacturer’s instructions.22 The PS-ZLS specimens
were evaluated without crystallization. Finally, the
thickness of all the specimens was measured with digital
calipers (Y-100624; Guilin Guanglu Measuring Instru-
ment Co), and 10 specimens measuring 1.00 ±0.01 mm
in thickness in each group were selected for the study.
The sample size was determined at 10 specimens in each
group based on the power analysis of similar of previous
in vitro studies.12,26,35 Based on a previous study,12 at least
8 specimens per group were required with 0.05 for the
level of significance and 0.46 for the effect size.

Before each color parameter measurement, the spec-
imens were cleaned in an ultrasonic bath containing
distilled water for 10 minutes and dried for 30 seconds.6

The color parameters of LDS, ZLS, PS-ZLS, and PICN
specimens at 4 points and zirconia specimens at 6 points
(2 points at incisal third, 2 points at middle third, and 2
points at cervical third) were measured by using the
THE JOURNAL OF PROSTHETIC DENTISTRY
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preset scaled pages. The mean score of the 4 points of
LDS, ZLS, PS-ZLS, and PICN specimens was calculated.
For the zirconia specimens, in each group of the thirds,
the mean scores of the 2 points with the same position
were calculated. The data from the zirconia specimens
were assigned to 3 groups of thirds.

The color parameters, L* (lightness), a* (redness-
greenness), and b*(yellowness-blueness) of all the
specimens were measured with a reflectance spectro-
photometer (DeguDent GmbH). The measurements for
each specimen were performed on a standard white
background (L*=95.7, a*=-1.3, b*=2.6), black back-
ground (L*=1.8, a*=1.3, b*=-1.5), and background #3
(IPS natural die material shade guide).6

All the measurements were carried out by 1 investi-
gator (M.S.). The spectrophotometer was calibrated
before and after each measurement as per the manu-
facturer’s instructions.6 The room lighting and the posi-
tion of the person making the measurements were fixed
throughout the study. To improve reproducibility, a
gypsum matrix designed to receive the interchangeable
background was prepared to place the optical head of the
device at a fixed 90-degree angle to the specimens as per
the manufacturer’s instructions. Measurements in this
device were made at 410- to 680-nm visible light. The
device used a standard 2-degree angle for the observer
and standard D65 light and 45-degree radiation angle to
measure color parameters.36 This spectrophotometer has
a 14×18-mm aperture size for the measurement zone
and an optical resolution of 10 nm.

To evaluate translucency, the coordinates measured
on the black and white backgrounds were included in
the translucency parameter and contrast ratio equa-
tions28,29: TP=[(L*B-L*W)

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

and CR=YB/YW Y=[(L*+16)/116]3×100, where W and B
are color coordinates of the specimens on the white
and black backgrounds. In this calculation, CR=0 is
considered transparent, and CR=1 is regarded as totally
opaque. For the translucency parameter, the larger
values indicate higher translucency.

Opalescence is one of the optical properties of dental
ceramics that displays the blueness of the reflected light
spectrum and brownness-orangeness of the transmitted
light spectrum. The opalescence parameter was
computed through blue-yellow and green-red coordinate
differentiation between the reflected light and trans-
mitted light.22,25,37 The opalescence of ceramics was
determined by the opalescence parameter by using the
following equation:

OP=
�ðaB�aWÞ2+ðbB�bWÞ2�1=2

After determining the translucency and opalescence
of specimens, intergroup comparisons (LDS, ZLS, PS-
THE JOURNAL OF PROSTHETIC DENTISTRY

Downloaded for Anonymous User (n/a) at National Yang Ming C
September 14, 2021. For personal use only. No other uses without p
ZLS, PICN, and 3 zirconia groups) were made by using
a statistical software program (IBM SPSS Statistics, v24;
IBM Corp). After verifying the possibility of applying
ANOVA, the 7 groups were compared by using 1-way
ANOVA. Considering the significant differences in
standard deviations, binary comparisons of the groups
were carried out by using post hoc Tamhane tests (a=.05
for all tests).

RESULTS

Table 2 presents the L* (lightness), b* (yellowness-
blueness), and a* (redness-greenness) chromatic features
of the studied specimens on the #3 Ivoclar Natural Die
Color material. One-way ANOVA was used to compare
the 7 study groups in terms of translucency, contrast
ratio, and opalescence parameter. The differences be-
tween the groups were significant in translucency
(F=137.346, df=6, P<.001), contrast ratio (F=134.148,
df=6, P<.001), and opalescence parameters (F=128.028,
df=6, P<.001).

Table 3 presents the mean values of these 3 variables
for all 7 groups and their pairwise comparisons by using
the post hoc Tamhane tests. The 3 zirconia groups
exhibited a significantly lower translucency than the
other groups (10.87 ±0.54 to 11.88 ±0.26). Concerning
the translucency parameter, the ZLS group (18.14 ±0.74)
exhibited the highest, and the incisal third of zirconia
showed the lowest values. Regarding the contrast ratio,
PICN showed the lowest rate (0.6 ±0.01), and the
gingival third of zirconia (0.76 ±0.007) showed the
highest rate. In addition, ZLS (12.36 ±0.42) exhibited the
highest rate of opalescence, and the lowest opalescence
was found for PICN (5.43 ±0.28) and the incisal third of
zirconia (5.45 ±1.06).

DISCUSSION

The null hypotheses that the translucency and opales-
cence rates of 5 monolithic ceramics (7 groups) would
be similar were rejected. The zirconia groups had
significantly lower translucency than the other groups
(P�.001). The highest translucency and the highest
opalescence were seen in the ZLS group. PICN and the
incisal third of zirconia exhibited the lowest
opalescence.

The translucency comparison of the 3 parts of the
zirconia specimens showed minor differences. The
incisal third showed the minimum translucency based
on the translucency parameter, with the maximum
translucency based on the contrast ratio. Translucency
indicates the amount of light passing through an ob-
ject. In previous studies,28,29 the translucency param-
eter and contrast ratio were used to evaluate
translucency. The present study used both to evaluate
translucency, variables with an inverse relationship.
Shirani et al

hiao Tung University from ClinicalKey.com by Elsevier on 
ermission. Copyright ©2021. Elsevier Inc. All rights reserved.



Table 3. Comparison of mean ±standard deviation values for each group
using Tamhane tests

Group
Translucency
Parameter

Contrast
Ratio

Opalescence
Parameter

Lithium disilicate 15.46 ±1.52a 0.65 ±0.03a 9.27 ±1.04a

Zirconia-reinforced lithium
silicate

18.14 ±0.74b 0.62 ±0.02af 12.36 ±0.42b

Presintered zirconia-
reinforced lithium silicate

17.24 ±0.8ab 0.61 ±0.01ag 9.34 ±0.46a

Polymer-infiltrated ceramic-
network material

16.46 ±0.85a 0.6 ±0.01bfg 5.43 ±0.28c

Incisal third of zirconia 10.87 ±0.54c 0.73 ±0.008c 5.45 ±1.06dc

Middle third of zirconia 11.88 ±0.26d 0.75 ±0.007d 8.11 ±0.5ae

Gingival third of zirconia 11.13 ±0.42ce 0.76 ±0.007e 7.48 ±0.48e

Different superscript lowercase letters in column indicate significant differences (P<.05).

Table 2.Mean ±standard deviation values of L*, a*, and b*

Group L* a* b*

Lithium disilicate 73.8 ±1.69 2.41 ±0.72 18.49 ±3.16

Zirconia-reinforced lithium silicate 70.41 ±0.25 1.7 ±0.26 19.67 ±0.34

Presintered zirconia-reinforced lithium
silicate

73.82 ±0.54 1.64 ±0.25 20.82 ±0.66

Polymer-infiltrated ceramic-network
material

77.9 ±0.33 0.95 ±0.13 20 ±0.42

Incisal third of zirconia 76.82 ±0.62 1.9 ±0.14 20.99 ±0.7

Middle third of zirconia 75.53 ±0.53 3.62 ±0.13 23.93 ±0.29

Gingival third of zirconia 75.75 ±0.44 4.05 ±0.8 22.31 ±0.35

September 2021 446.e4
The contrast ratio measures translucency indirectly
through light reflection, cannot differentiate small
changes, and is appropriate for materials with >50%
translucency. However, the translucency parameter is a
standard method for measuring total visible light
transmission with a complete spectrum.28 Hence, the
comparison of translucency parameter values was more
appropriate for the zirconia groups.

In spite of the significantly higher translucency in the
middle-third area, the translucency differences for the 3
regions of zirconia specimens were not clinically
perceptible. Based on the comparison of the color pa-
rameters of the specimens (Table 2), it seems
that although zirconia showed no difference in trans-
lucency from incisal to cervical, the chromatic properties
were increased from incisal to cervical, consistent with
previous studies on natural teeth.32,34

A study23 on new multilayer zirconia blanks showed
that, in spite of a slight difference in the cubic phase of
the blanks, they had similar translucency. Differences
between the layers were related to the type and
amount of their pigments,23 consistent with the pre-
sent study.

The translucency of a maxillary central incisor in a
young person was reported to be 15 in the incisal area
and 5 in the cervical area.32,34 Previous studies have
reported the mean translucency for a 1-mm section of
natural human tooth enamel and dentin to be 18.7 and
16.4, respectively.28,34 The studied zirconia had a high
cubic phase and a higher translucency than the primary
tetragonal zirconia. However, the translucency of 1-mm
zirconia specimens was lower than that of 1-mm
enamel and dentin specimens of natural teeth and
could not mimic tooth appearance at the incisal edge.
Among the studied groups, the translucency of ZLS was
most similar to that of enamel, LDS and PICN were
close to dentin, and PS-ZLS was between enamel and
dentin. Based on these results, ZLS and PS-ZLS are the
best options for matching tooth appearance in young
adults.

Opalescence is an optical characteristic of dental
ceramics that indicates the blueness of the reflected
Shirani et al
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light spectrum. This characteristic is caused by the
scattering effect of visible light, which has wavelengths
shorter than or equal to the particle size of the material.
An optimal dental restoration should have opalescence
equal to that of the adjacent teeth.22,25,37 None of the
groups studied exhibited opalescence similar to that of
enamel; however, ZLS showed the highest value and
closest opalescence to that of the enamel. PICN and the
incisal third of zirconia had the lowest opalescence.
Opalescence values of 12.06 for ZLS and 6.72 for LDS
have been reported,15 consistent with the present
study.

The zirconia groups showed significantly lower
translucency and higher opalescence than some of the
other materials. The opalescence of tetragonal zirconia
has been reported to be 1.25 to 2.83.22 Another study37

measured the opalescence of alumina and zirconia
cores and feldspathic veneers and reported that the
opalescence of veneered ceramics (1.3 to 5) was lower
than that of enamel, indicating the need to develop
dental ceramics with opalescence similar to that of
enamel.

Another study on enamel opalescence33 reported no
significant relationship between enamel thickness (0.9 to
1.3 mm) and opalescence (19.8 to 27.6). Opalescent
materials have improved color masking ability, as the
presence of microparticles with the same size as or larger
than the visible light wavelengths at the boundary be-
tween different phases causes light scattering and sub-
sequently the opalescence.22,33

The particle size and opalescence are enhanced
by increasing the time and temperature of zirconia
sintering,22 which can improve translucency.30

However, glazing the zirconia reduces opalescence
without changing the translucency.31 In spite of the
improved opalescence of recently introduced mono-
lithic ceramics, monolithic ceramics with increased
opalescence but maintaining high translucency are
needed.
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Limitations of this study included the in vitro design
with flat specimens and that only A2-shaded specimens
were evaluated. In addition, the same standard back-
grounds were used for all the specimens to control the
effect of backgrounds on optical properties. Future
studies should compare the optical properties of other
shades and with different monolithic ceramics whose
incisal edges have undergone various surface prepara-
tions and sintering cycles to increase their translucency
and opalescence.

CONCLUSIONS

Based on the findings of this in vitro study, the following
conclusions were drawn:

1. The high-translucent ZLS and PS-ZLS specimens
exhibited the highest translucency and opalescence.

2. The zirconia specimens had the lowest translucency.
3. The incisal third of the zirconia and PICN specimens

had the lowest opalescence.
4. The multilayer zirconia, which has different cubic

phase values from the incisal to the gingival area,
generally had a similar translucency, and differences
were based on chromatic variables.
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