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ABSTRACT
Statement of problem. Studies comparing the translucency of zirconias and lithium disilicates are
limited.

Purpose. The purpose of this in vitro study was to measure the translucency of recently developed
translucent zirconias and compare them with lithium disilicate.

Material and methods. Five types of zirconia, Prettau Anterior (Zirkonzahn GmbH), BruxZir (Gli-
dewell Laboratories), Katana HT, Katana ST, and Katana UT (Kurary Noritake Dental Inc), and 1 type
of lithium disilicate, e.max CAD LT (Ivoclar Vivadent AG), were assessed. Non-colored zirconia test
specimens (n=5) were prepared as rectangles with dimensions of 15×10×0.5 and 15×10×1.0 mm.
The shade of lithium disilicate was B1. A spectrophotometer (Evolution 300 UV-Vis) with an inte-
grating sphere was used to evaluate the total transmittance of light as a percentage (Tt%) at a
wavelength of 555 nm for comparison among groups. The Welch robust test for equality of means
was used to compare group means (a=.025) and post hoc pairwise comparisons among groups
were performed with the Dunnett T3 method.

Results. For the 0.5 mm thickness groups, the Tt% was 31.90 ±0.49 for Prettau Anterior, 28.82 ±0.22
for BruxZir, 28.49 ±0.14 for Katana HT, 31.67 ±0.24 for Katana ST, 33.73 ±0.13 for Katana UT, and
40.32 ±0.25 for e-max CAD LT. Post hoc tests indicated that all groups were significantly different
from each other, except for between BruxZir and Katana HT, and between Prettau Anterior and
Katana ST. Katana UT was significantly more translucent than all other zirconias, and e-max CAD LT
was significantly more translucent than all zirconias. For the 1.0 mm thickness groups, the Tt% was
22.58 ±0.41 for Prettau Anterior, 20.13 ±0.22 for BruxZir, 20.18 ±0.39 for Katana HT, 21.86 ±0.39 for
Katana ST, 23.37 ±0.27 for Katana UT, and 27.05 ±0.56 for e-max CAD LT. Post hoc tests indicated
that all materials were significantly different from each other, except for between BruxZir and
Katana HT, and among Prettau Anterior, Katana ST and Katana UT which were significantly more
translucent than all other zirconias and less translucent than e-max CAD LT.

Conclusion. At a thickness of 0.5 mm, Katana UT was significantly more translucent than all other
zirconias, and e-max CAD LT was significantly more translucent than all zirconias. At a thickness of
1.0 mm, Prettau Anterior, Katana ST, and Katana UT were significantly more translucent than all
other zirconias and less than e-max CAD LT. (J Prosthet Dent 2016;-:---)
INTRODUCTION

Lithium disilicate glass ceramic
has more favorable mechani-
cal properties compared with
conventional dental porcelains
and has excellent optical
properties. Although, the me-
chanical properties of lithium
disilicate are inferior compared
with zirconia, it has been
considered superior in terms of
translucency. With its variety
of translucency levels and
shades, lithium disilicate can
be fabricated as a mono-
lithic restoration with surface
characterization.1,2 Therefore,
lithium disilicate has been
widely used for esthetic mo-
nolithic ceramic crowns.3

However, results from clinical
studies have demonstrated
that these restorations have to
be bonded if conservative
tooth reduction of 1.0 to 1.5
mm or 1.5 to 2.0 mm is
considered the ultimate clinical
goal.4-6
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Clinical Implications
The translucency levels of high translucency
zirconias vary depending on the brands used.
Although further research is required, clinicians may
consider the use of high translucency zirconia for
monolithic zirconia restorations with relatively
conservative tooth reduction.
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Recently, high translucency zirconia has been devel-
oped for clinical use. In addition, the advent of computer-
assisted design/computer-assisted manufacturing (CAD/
CAM) technology has facilitated the design of frame-
works and complete contour restorations as well as the
processing of monolithic zirconia crowns and fixed dental
prostheses (FDPs).7-9 Two design alternatives to address
durability and esthetics are available for zirconia-based
restorations. One is the complete-contour monolithic
zirconia, which may be characterized with external
staining. Complete-contour monolithic zirconia restora-
tions may provide adequate esthetics in the molar area.10

Alternatively, the “hybrid design”, the lingual/palatal and
occlusal surfaces are designed for monolithic zirconia
contours, and the buccal and incisal aspects are virtually
cut back and veneer with the corresponding veneering
porcelains to enhance an esthetic outcome.10

Recent studies on the wear of antagonist enamel by
opposing zirconia have found that polished zirconia res-
torations result in the least wear of antagonist enamel
among veneering feldspathic porcelains and natural
enamel compared with glazed zirconia.11,12 In addition, in
some in vitro studies polished zirconia showed a similar
wear rate of the opposing enamel compared with Co-Cr
alloy and less wear than lithium disilicate glass ceramic.13,14

To enhance the translucency of zirconia, residual
pores and impurities which create volumes of differing
refractive indexes and lead to optical scattering on the
surface and reduction of translucency must be
reduced.15-22 Alumina, which is added to zirconia
improve the mechanical properties and prevent low
temperature degradation (LTD), is the most common
impurity.23-29 In addition, the yttria-stabilized tetragonal
zirconia polycrystal (Y-TZP) used for dental applications
contains 3 mol% Y2O3. Y2O3 in zirconia also enhance
mechanical properties of zirconia.30,31

The translucency of dental ceramics is of primary
importance in esthetics.32,33 Previous studies have re-
ported on methods for evaluating the translucency and
opacity of restorative materials using a spectrophotom-
eter.32,34,35,37-39 The contrast ratio is the ratio of the
reflectance from an object resting on a black backing to
the reflectance obtained for the same material against a
white backing.34,35 The translucency parameter (TP) is
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the color difference between uniform thicknesses of the
material on black and white backings, and corresponds
directly to common visual assessments of trans-
lucency.36,37 Transmittance percentage (T%) is also
considered a valid tool for evaluating translucency and is
assessed by measuring both the light that reaches the
detector and the light that passes through the object and
then scattered. Two types of T% may be used for eval-
uating the translucency of dental ceramics: direct trans-
mittance (Td%), and total transmittance (Tt%).32,33,38,39

Td% assesses light that passes directly through the
specimen without scattering or diffusing. Td% may be
used when the specimen to be measured is transparent
or clear and has few factors of scatter or diffusion. Tt%
assesses all the light that passes through the specimen,
which includes direct transmittance and diffuse trans-
mittance. Thus, Tt% may be used when the specimen to
be measured is translucent or hazy, such as with dental
ceramics.32,39

A recent in vitro study, demonstrated that monolithic
zirconia can sustain higher fracture loads than monolithic
lithium disilicate, layered zirconia, or metal ceramics.
Fracture resistance of monolithic zirconia with 1.0 mm
thickness is equal to that of metal ceramic crowns.40 In
addition, the recommended thickness of the margins of
complete cast alloy crown is considered to be approxi-
mately 0.5 mm.41 Consequently, zirconia with higher
translucency (compared with zirconia for copings and
frameworks) may serve as a conservative tooth-colored
alternative in the posterior segments for crowns and
FDPs. As it may require only 1.0 mm of occlusal thick-
ness, it can provide a minimal occlusal reduction and 0.5
mm of margin thickness while providing a functional and
esthetic solution.

Since data with regard to the translucency of zirconia
as compared with lithium disilicate are limited,42,43 the
purpose of this in vitro study was to assess and compare
the translucency of recently introduced zirconias and low
translucency (LT) lithium disilicate. The null hypotheses
were that no significant differences would be found in
the Tt% measured with a spectrophotometer in the 5
different zirconia materials and LT lithium disilicate at
thickness of 0.5 mm and 1.0 mm.

MATERIAL AND METHODS

Five zirconia products by 3 manufactures and 1 type of
lithium disilicate were assessed in this study. Prettau
Anterior (Zirkonzahn GmbH), BruxZir (Glidewell Labo-
ratories), and Katana HT (Kurary Noritake Dental Inc)
were used as an experimental high translucency zirconia.
Katana ST and Katana UT (Kuraray Noritake Dental Inc)
were used as a new high translucency zirconia. Lithium
disilicate was used as a positive control (e.max CAD LT;
Ivoclar Vivadent AG) (Table 1).
Harada et al



Table 1. Characteristics of materials investigated

Brand Manufacturer Batch No.

Sintering/Heating Conditions

Temperature (�C) Dwell Time

Zirconia
Prettau Anterior

Zirkonzahn
GmbH

ZZA-0006 1450 2 h

Zirconia
BruxZir

Glidewell
Laboratories

B34392 1530 2 h

Zirconia
Katana HT

Kuraray Noritake
Dental Inc

DGTLT 1500 2 h

Zirconia
Katana ST

Kuraray Noritake
Dental Inc

LN2401 1550 2 h

Zirconia
Katana UT

Kuraray Noritake
Dental Inc

LN2431 1550 2 h

Lithium disilicate
e.max CAD LT

Ivoclar Vivadent
AG

S03715 845 10 min
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Blocks of partially-sintered zirconia were sintered,
and blocks of the green stage of lithium disilicate glass
ceramics were heated according to the manufacturer’s
specifications. (Table 1) The test specimens (each n=5)
were prepared with 15 mm (length) × 10 mm (width) ×
0.5 or 1.0 mm (thicknesses). The shade selected for the
zirconia specimens was non-colored (without addition
of dye) and the shade for the lithium disilicate speci-
mens was B1. A specimen thickness of 0.5 mm was
selected as the recommended margin thickness of a
complete cast crown, and the thickness of 1.0 mm was
selected based on the suggested occlusal thickness of
monolithic zirconia restorations.40 The specimens were
cut from each block with a diamond wheel, ground with
a surface grinding sheet (#100, #600) on a grinding
machine (PSG-63DX; Okamoto), and polished with
water-resistant abrasive papers #1000 and #2000 to
produce thicknesses of 0.5 mm and 1.0 mm. The
thickness of the specimens was measured and verified
with a digital caliper (external digital caliper; Bowers).
The molecular compositions of the zirconias were
investigated with energy dispersive spectroscopy with
scanning electron microscopy (SEM) at 20 kV (80 mm2

XMAX; Oxford Instruments).
A spectrophotometer (Evolution 300 UV-Vis; Ther-

moFisher) with an integrating sphere was used to eval-
uate the total transmittance of light in percentage (Tt%)
according to the manufacturer’s specifications. Mea-
surement conditions were set as follows: wavelength
range of 380 to 780 nm, band width 4.0 nm, scan speed
240 nm, data interval 1.0 nm, and a xenon light source.
The mean Tt% values at the wavelength of 555 nm were
used to compare the specimens. This wavelength was
selected based on the definition of the International
Commission on Illumination (CIE S 017)44 and the Jap-
anese industrial standard (JIS Z 8113).45 Since the human
eye is sensitive to wavelengths ranging between 380 and
780 nm with being most sensitive to 555 nm, 555 nm was
defined as the maximum spectral luminous intensity by
CIE and JIS.
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All specimens were analyzed for each group at
thickness of 0.5 mm and 1.0 mm. To determine the error
of measurement, all measurements were redone for one
time in random order. The error of the measurements
was calculated using the Dahlberg formula, except 4n
was used in the denominator instead of the traditional 2n
to account for using the average of 2 measurements to
compare groups.46 In addition, the coefficient of variation
was used to described the measurement error. A priori it
was decided to compare the groups separately at 0.5 mm
and 1.0 mm thickness because we expected the materials
to behave differently at 0.5mm and 1.0 mm not only in
the average Tt% but also in the variability of Tt%. A test
for the group by thickness interaction was highly signif-
icant (F(5,48)=79.0; P<.001), indicating the group com-
parisons were different for the 2 thicknesses. All
significant levels were adjusted for the separate testing by
thickness. Given that measurements varied substantially
among the groups, the Welch robust test for equality of
means, which does not require equal variances, was used
to compare group means and a significance level of .025
was used to account for the 2 omnibus tests.47 Post hoc
pairwise comparisons among all groups were performed
using the Dunnett T3 method, which does not assume
equal variances, and conservatively adjusted for a po-
tential of 66 pairwise comparisons among the 6 groups
and 2 thicknesses.48 All analyses were performed using
software (IBM SPSS Statistics for Windows, v19; IBM
Corp).

RESULTS

An image of representative specimens assessed in this
study is shown in Figure 1. The compositions of the
different zirconias are shown Table 2.

The Table 3 reports on the measurement error. The
average measurement error for Tt% ranged from 0.128 to
0.277 nm with a coefficient of variation of 0.1 to 0.4%.

For the 0.5 mm thickness groups, the descriptions of
the measured values of Tt% at the wavelength of 555 nm
are listed in Table 4. The wavelength distribution of the
Tt% for all groups is shown in Figure 2. The post hoc tests
indicated that all the materials were significantly different
from each other, except for between BruxZir and Katana
HT, and between Prettau Anterior and Katana ST.
Katana UT was significantly more translucent than all
other zirconias and e-max CAD LT was significantly
more translucent than all the zirconias. (P<.05)

For the 1.0 mm thickness groups, the descriptions of
measured values of Tt% at the wavelength of 555nm are
listed in Table 5. The wavelength distribution of Tt% for
all groups is shown in Figure 3. The post hoc tests indi-
cated that all materials were significantly different from
each other, except for between BruxZir and Katana HT,
and among Prettau Anterior, Katana ST and Katana UT,
THE JOURNAL OF PROSTHETIC DENTISTRY



Table 2.Mean ±SD elemental concentration (wt%) of dopants in
different zirconias

Brand Al2O3 Y2O3 ZrO2 HfO2

Prettau Anterior 0.18 (±0.04) 8.38 (±0.27) 89.46 (±0.16) 1.97 (±0.10)

BruxZir 0.11 (±0.08) 3.90 (±0.13) 94.09 (±0.28) 1.91 (±0.14)

Katana HT 0.26 (±0.03) 5.66 (±0.69) 92.41 (±0.64) 1.68 (±0.10)

Katana ST 0.14 (±0.05) 8.15 (±0.69) 89.89 (±0.72) 1.83 (±0.09)

Katana UT 0.16 (±0.08) 9.32 (±0.65) 88.63 (±0.66) 1.90 (±0.07)

Table 3. Error of measurement

Brand
0.5-mm Thickness
Average (CV%)*

1.0-mm Thickness
Average (CV%)*

Prettau Anterior 0.202 (0.4) 0.164 (0.3)

BruxZir 0.277 (0.8) 0.138 (0.3)

Katana HT 0.145 (0.2) 0.158 (0.4)

Katana ST 0.150 (0.2) 0.177 (0.4)

Katana UT 0.128 (0.1) 0.175 (0.4)

E.max CAD LT 0.167 (0.2) 0.197 (0.4)

CV%, coefficient of variation.
*Average error of measurement ( nm) was found using the Dahlberg formula.46

Table 4.Description of Tt% measured at 555 nm for 0.5-mm-thickness
groups*

Brand Mean† ±SD 95% CI for Mean Minimum Maximum

Prettau Anterior
(zirconia)

31.88B ±0.49 31.28-32.49 31.45 32.55

BruxZir
(zirconia)

28.82A ±0.22 28.55-29.09 28.65 29.20

Katana HT
(zirconia)

28.49A ±0.14 28.31-28.66 28.35 28.66

Katana ST
(zirconia)

31.67B ±0.24 31.37-31.97 31.25 31.86

Katana UT
(zirconia)

33.73C ±0.13 33.54-33.89 33.52 33.87

E-max CAD LT
(lithium disilicate)

40.32D ±0.25 40.02-40.62 39.94 40.60

CAD, computer-assisted design; CI, confidence interval; SD, standard deviation; Tt%, total
transmittance of light as a percentage.
*Welch (robust) test was used for equality of means, F(5,10) = 1751.5, P<.001.
†Groups with different superscript letters are significantly different from each other according
to Dunnett’s T3 post hoc comparisons, P<.05.
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Figure 2. Wavelength distribution of Tt% for 0.5-mm-thickness groups.
CAD, computer-assisted design; LT, lithium disilicate; Tt%, total
transmittance of light as a percentage.

Figure 1. Appearance of specimens.

Table 5. Tt% measured at 555 nm for 1.0-mm-thickness groups*

Brand Mean† SD
95% CI for

Mean Minimum Maximum

Prettau Anterior
(zirconia)

22.58B 0.41 22.07 23.09 22.15 23.12

BruxZir
(zirconia)

20.13A 0.22 19.85 20.40 19.84 20.39

Katana HT
(zirconia)

20.18A 0.39 19.70 20.66 19.64 20.56

Katana ST
(zirconia)

21.86B 0.14 21.69 22.03 21.67 21.97

Katana UT
(zirconia)

23.37B 0.27 23.04 23.70 23.08 23.70

E-max CAD LT
(lithium disilicate)

27.05C 0.56 26.35 27.74 26.58 27.91

CAD, computer-assisted design; CI, confidence interval; SD, standard deviation; Tt%, total
transmittance of light as a percentage.
*Welch (robust) test was used for equality of means, F(5,10) = 161.4, P<.001.
†Groups with different superscript letters are significantly different from each other according
to Dunnett’s T3 post hoc comparisons, P<.05.
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and e-max CAD LT was significantly more translucent
than all the zirconias. (P<.05)

DISCUSSION

This study investigated the translucency of translucent
zirconias and an LT lithium disilicate. The null hypothesis
was partially rejected for the 5 different zirconias and the
THE JOURNAL OF PROSTHETIC DENTISTRY
lithium disilicate, except for between BruxZir and Katana
HT, and between Prettau Anterior and Katana ST for the
0.5-mm-thickness groups and between BruxZir and
Katana HT, and among Prettau Anterior, Katana ST, and
Katana UT for the 1.0-mm-thickness groups.

For the 0.5-mm-thickness groups, the study demon-
strated that Katana UT, Prettau Anterior, and Katana ST
have higher Tt%, particularly Katana UT. For the 1.0mm
thickness groups which is the suggested thickness at
the occlusal aspect of monolithic zirconia restorations,
Harada et al
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Figure 3. Wavelength distribution of Tt% for 1.0-mm-thickness groups.
Tt%, total transmittance of light as a percentage.
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Katana UT, Prettau Anterior, and Katana ST showed
significantly higher levels of Tt% compared with BruxZir
and Katana HT. The results may correlate with the
Figure 1. Although, none of the zirconias that were used
in this study reached the Tt% of e-max CAD LT, lithium
disilicate requires at least 1.5 to 2.0 mm of occlusal
thickness for its success and survival as demonstrated in
previous clinical studies.4-6 Therefore, Katana UT, Prettau
Anterior, and Katana ST may be successfully used for
monolithic restorations with less occlusal thickness and
thus less occlusal tooth reduction. BruxZir and Katana
HT may be used in patients whose the tooth is discolored
and has to be crowned or when an implant is restored
with a metallic abutment and a crown; the higher opacity
zirconias may be required to mask the underlying abut-
ment. However, further in vitro studies on the aging of
these zirconias because of low temperature degradation
(LTD) and further clinical studies are required before
definitive clinical recommendations can be made.

In order to enhance the translucency of zirconia, re-
sidual pores and impurities must be reduced because
they create volumes of differing refractive index and lead
to optical scattering on the surface zirconia and a
reduction in its translucency.15-19 Residual pores are
formed as gaps between the zirconia grains at the time of
molding. Some studies have reported that improving the
properties of the zirconia powder and modifying its
pressing methods at the time of molding can heighten
the translucency of zirconia.17-19

In addition, grain size and sintering temperatures may
also influence the translucency of zirconia.20,21,43 When
light proceeds into the zirconia, it may scatter from the
grain boundaries, with smaller grain sizes because of the
larger number of grain boundaries. Thus, larger grains of
Harada et al
zirconia show higher translucency than smaller ones. The
grain size depends on sintering conditions. If the sin-
tering temperature is increased, grain sizes become
larger. The sintering of all the zirconias used in this study
was performed at a temperature range of 1450 to 1550�C.
Generally, the sintering temperature for conventional
zirconia is set at 1200 to 1350�C. Therefore, high trans-
lucency zirconias may require higher sintering tempera-
ture compared with conventional zirconia to achieve
larger grains.

Generally, conventional zirconia contains 0.5 to 1.0wt
% of Al2O3 and 3 to 6wt% of Y2O3, such as compositions
from Zirkonzahn (Zirkonzahn GmbH), which contains 4
to 6wt% of Y2O3 and less than 1 wt% of Al2O3 and
Zirprime (Kurary Noritake Dental Inc), which contains 3
to 6wt% of Y2O3 and less than 0.5wt% of Al2O3.23 As far
as impurities are concerned, alumina is the most com-
mon. High translucency zirconias are achieved with
much lower alumina content compared with conventional
zirconia. The zirconias used in this study contain 0.11 to
0.26 wt% of Al2O3. However, previous studies have re-
ported that the small amount of alumina contained in
zirconia is effective for the prevention of LTD.24-27

According to these studies on accelerated aging resis-
tance, the radial propagation of phase transformations
from the metastable tetragonal phase to the monoclinic
phase of Y-TZP is blocked by the addition of alumina and
the phase transformation occurs in a scattered manner. In
addition, lager grains are more susceptible to phase
transformation and decrease the resistance to LTD.21

Even conventional zirconia has been suspected of LTD,
which is associated with the spontaneous transformation
of metastable tetragonal phase to monoclinic phase in the
oral environment.28,29 Therefore, the high translucency
zirconias used in this study may be more susceptible to
LTD because of the reduced alumina content and the
larger grain sizes. To counter LTD, the amount of Y2O3

was increased to 3.90 to 9.32wt% in the high translucency
zirconias used in this study, especially in Prettau Anterior,
Katana ST, and Katana UT which showed high values of
Tt%. A previous study reported the effects of the me-
chanical properties of zirconia with differing amounts of
Y2O3 after accelerated aging.30 The study showed the
reduction of the transformation from the tetragonal to
monoclinic phase after accelerated aging with the higher
amount of Y2O3. Based on the above, translucent zirconia
may be produced by reducing the Al2O3 content to
improve light transmittance and an increase in Y2O3

content to minimize LTD.
Additionally, previous studies have reported that

Al2O3 in zirconia is also enhance the mechanical prop-
erties of zirconia.24,26 Takaki30,31 reported that mechani-
cal properties, such as the flexural strength and the
fracture toughness, were markedly decreased from 2.5 to
5.0 mol% by Y2O3 increasing. Therefore, the mechanical
THE JOURNAL OF PROSTHETIC DENTISTRY
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properties of high translucency zirconia may be of
concern, since high translucency zirconias may be pro-
duced with such compositions. Further in vitro studies on
the flexural strength and fracture toughness of such
translucent zirconias after accelerated aging are required.

Clinicians may consider the use of high translucency
zirconia for monolithic restorations in the posterior seg-
ments, with a hybrid design in the premolar areas and less
occlusal tooth reduction translating into less occlusal
thickness and with conventional cementation rather than
bonding. This study demonstrated that e-max CAD LT
was significantly more translucent than all zirconias, with
an approximately 20% difference in translucency
compared with Katana UT at 0.5 mm thickness and
approximately 15 to 20% at 1.0 mm thickness for Katana
UT, Prettau Anterior, and Katana ST. However, as stated
by the manufacturer, the recommended thickness for
monolithic lithium disilicate crowns is 1.5 mm because of
its inferior mechanical properties to high strength zirconia
ceramics.4-6 Moreover, such differences may not be as
clinically significant for ceramic crowns with the mono-
lithic or hybrid design, since other parameters such as
value, shade, contour and surface texture may all collec-
tively and individually significantly affect restoration
match. Therefore, further clinical studies are required to
assess the esthetics and translucency of such restorations
with different zirconias and various ceramic materials.

CONCLUSIONS

Within the limitations of this in vitro study the following
conclusions may be drawn.

1. For the 0.5-mm-thickness groups, significant dif-
ferences were found among the 5 different zirconias
and the LT lithium disilicate, except for between
BruxZir and Katana HT, and between Prettau
Anterior and Katana ST. Katana UT was signifi-
cantly more translucent than all other zirconias and
e-max CAD LT significantly was more translucent
than all zirconias.

2. For the 1.0-mm-thickness groups, significant dif-
ferences were found the 5 different zirconias and the
LT lithium disilicate, except for between BruxZir and
Katana HT, and among Prettau Anterior, Katana ST
and Katana UT. The e-max CAD LT was signifi-
cantly more translucent than all zirconias.
REFERENCES

1. Guess PC, Zhang Y, Kim JW, Rekow ED, Thompson VP. Monolithic
CAD/CAM lithium dislicate versus veneered Y-TZP crowns: comparison of
failure modes and reliability after fatigue. Int J Prosthodont 2010;25:434-42.

2. Schultheis S, Strub JR, Gerds TA, Guess PC. Monolithic and bi-layer
CAD/CAM lithium-disilicate versus metal-ceramic fixed dental prostheses:
comparison of fracture loads and failure modes after fatigue. Clin Oral
Investig 2013;17:1407-13.
THE JOURNAL OF PROSTHETIC DENTISTRY
3. Pieger S, Salman A, Bidra AS. Clinical outcomes of lithium disilicate single
crowns and partial fixed dental prostheses: a systematic review. J Prosthet
Dent 2014;112:22-30.

4. Cortellini D, Canale A. Bonding lithium disilicate ceramic to feather-edge
tooth preparations: a minimally invasive treatment concept. J Adhes Dent
2012;14:7-10.

5. Gehrt M, Wolfart S, Rafai N, Reich S, Edelhoff D. Clinical results of lithium-
disilicate crowns after up to 9 years of service. Clin Oral Investig 2013;17:
275-84.

6. Reich S, Schierz O. Chair-side generated posterior lithium disilicate crowns
after 4 years. Clin Oral Investig 2013;17:1765-72.

7. Kohorst P, Junghanns J, Dittmer MP, Borchers L, Stiesch M. Different CAD/
CAM-processing routes for zirconia restorations: influence on fitting accu-
racy. Clin Oral Investig 2011;15:527-36.

8. Guess PC, Bonfante EA, Silva NR, Coelho PG, Thompson VP. Effect of core
design and veneering technique on damage and reliability of Y-TZP-sup-
ported crowns. Dent Mater 2013;29:307-16.

9. Mehra M, Vahidi F. Complete mouth implant rehabilitation with a zirconia
ceramic system: a clinical report. J Prosthet Dent 2014;112:1-4.

10. Raigrodski AJ. Soft tissue management-the restorative perspective.
Putting Concepts to Practice. Hanover Park: Quintessence Publishing; 2015.
p. 103-70.

11. Amer R, Kürklü D, Johnston W. Effect of simulated mastication on the
surface roughness of three ceramic systems. J Prosthet Dent 2015;
114:260-5.

12. Mundhe K, Jain V, Pruthi G, Shah N. Clinical study to evaluate the wear of
natural enamel antagonist to zirconia and metal ceramic crowns. J Prosthet
Dent 2015;114:358-63.

13. Stawarczyk B, Özcan M, Schmutz F, Trottmann A, Roos M, Hämmerle CH.
Two-body wear of monolithic, veneered and glazed zirconia and their cor-
responding enamel antagonists. Acta Odontol Scand 2013;71:102-12.

14. Sripetchdanond J, Leevailoj C. Wear of human enamel opposing monolithic
zirconia, glass ceramic, and composite resin: An in vitro study. J Prosthet
Dent 2014;112:1141-50.

15. Peelen JGJ, Metselaar R. Light scattering by pores in polycrystalline materials:
Transmission properties of alumina. J Appl Phys 1974;45:216-20.

16. Apetz R, Bruggen MPB. Transparent alumina: A Light-Scattering Model. J
Am Ceram Soc 2003:480-6.

17. Yamashita I, Nagayama H, Tsukuma K. Transmission properties of trans-
lucent Polycrystalline Alumina. J Am Ceram Soc 2008;91:2611-6.

18. Tsukuma K, Yamashita I. Transparent 8 mol% Y2O3eZrO2 (8Y) ceramics. J
Am Ceram Soc 2008;91:813-8.

19. Yamashita I, Tsukuma K. Light scattering by residual pores in transparent
zirconia ceramics. J Ceram Soc Jpn 2011:133-5.

20. Klimke J, Trunec M, Krell A. Transparent tetragonal yttria-stabilized zirconia
ceramics: influence of scattering caused by birefringence. J Am Ceram Soc
2011:1850-8.

21. Zhang Y. Making yttria-stabilized tetragonal zirconia translucent. Dent Mater
2014;30:1195-203.

22. Denry I, Kelly JR. Emerging ceramic-based materials for dentistry. J Dent Res
2014;93:1235-42.

23. Flinn BD, deGroot DA, Mancl LA, Raigrodski AJ. Accelerated aging charac-
teristics of three yttria-stabilized tetragonal zirconia polycrystalline dental
materials. J Prosthet Dent 2012;108:223-30.

24. De Aza AH, Chevalier J, Fantozzi G, Schehl M, Torrecillas R. Crack growth
resistance of alumina, zirconia and zirconia toughened alumina ceramics for
joint prostheses. Biomaterials 2002;23:937-45.

25. Deville S, Chevalier J, Fantozzi G, Bartolome GF, Requena J, Moya JS,
Torrecillas R, Diaz LA. Low-temperature ageing of zirconia-toughened
alumina ceramics and its implication in biomedical implants. J Eur Ceram Soc
2003;23:2975-82.

26. Tsubakino H. Isothermal tetragonal-to-monoclinic phase transformation in a
zirconiaeyttria system. Mater Trans 2005;46:1443-51.

27. Nogiwa-Valdez AA, Rainforth WM, Zeng P, Ross IM. Deceleration of hy-
drothermal degradation of 3Y-TZP by alumina and lanthana co-doping. Acta
Biomater 2013;9:6226-35.

28. Ban S, Sata H, Suehiro Y, Nakanishi H, Nawa M. Biaxial flexure strength
and low temperature degradation of Ce-TZP/Al2O3 nanocomposite and
Y-TZP as dental restoratives. J Biomed Mater Res B Appl Biomater 2008;
87:492-8.

29. Maria CL, Susanne SS, Patrick A, Marc J, HW Anselm W. Low-temperature
degradation of a Y-TZP dental ceramic. Acta Biomater 2011;7:858-65.

30. Takaki M. Mechanical properties of Y2O3-stabilized tetragonal ZrO2 poly-
crystals after ageing at high temperature. J Am Ceram Soc 1986;69:519-22.

31. Takaki M. Mechanical properties of toughened ZrO2-Y2O3 Ceramics. J Am
Ceram Soc 1986;69:638-40.

32. Brodbelt RH, O’Brien WJ, Fan PL. Translucency of dental porcelains. J Dent
Res 1980;59:70-5.

33. O’Keefe KL, Pease PL, Herrin HK. Variables affecting the spectral trans-
mittance of light through porcelain veneer samples. J Prosthet Dent 1991;66:
434-8.
Harada et al

http://refhub.elsevier.com/S0022-3913(15)00688-5/sref1
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref1
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref1
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref2
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref2
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref2
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref2
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref3
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref3
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref3
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref4
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref4
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref4
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref5
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref5
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref5
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref6
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref6
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref7
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref7
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref7
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref8
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref8
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref8
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref9
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref9
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref10
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref10
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref10
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref11
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref11
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref11
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref12
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref12
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref12
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref13
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref13
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref13
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref14
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref14
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref14
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref15
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref15
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref16
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref16
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref17
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref17
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref18
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref18
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref19
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref19
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref20
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref20
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref20
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref21
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref21
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref22
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref22
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref23
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref23
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref23
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref24
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref24
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref24
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref25
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref25
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref25
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref25
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref26
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref26
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref27
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref27
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref27
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref28
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref28
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref28
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref28
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref29
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref29
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref32
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref32
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref32
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref32
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref32
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref33
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref33
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref33
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref33
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref33
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref34
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref34
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref35
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref35
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref35


- 2016 7
34. Powers JM, Dennison JB, Lepeak PJ. Parameters that affect the color of direct
restorative resins. J Dent Res 1978;57:876-80.

35. Heffernan MJ, Aquilino SA, Diaz-Arnold AM, Haselton DR, Stanford CM,
Vargas MA. Relative translucency of six all-ceramic systems. Part I: core
materials. J Prosthet Dent 2002;88:4-9.

36. Johnston WM, Reisbick MH. Color and translucency changes during
and after curing of esthetic restorative materials. Dent Mater 1997;
13:89-97.

37. Wang F, Takahashi H, Iwasaki N. Translucency of dental ceramics with
different thicknesses. J Prosthet Dent 2013;110:14-20.

38. Kim MJ, Ahn JS, Kim JH, Kim HY, Kim WC. Effects of the sintering condi-
tions of dental zirconia ceramics on the grain size and translucency. J Adv
Prosthodont 2013;5:161-6.

39. Awad D, Stawarczyk B, Liebermann A, Ilie N. Translucency of esthetic
dental restorative CAD/CAM materials and composite resins with
respect to thickness and surface roughness. J Prosthet Dent 2015;113:
534-40.

40. Sun T, Zhou S, Lai R, Liu R, Ma S, Zhou Z, Longquan S. Load-bearing ca-
pacity and the recommended thickness of dental monolithic zirconia single
crowns. J Mech Behav Biomed Mater 2014;35:93-101.

41. Rosenstiel SF, Land MF, Fujimoto J. Contemporary fixed prosthodontics. 4th

ed. St. Louis: Elsevier; 2006. p. 258-71.
42. Harianawala HH, Kheur MG, Apte SK, Kale BB, Sethi TS, Kheur SM.

Comparative analysis of transmittance for different types of commercially
available zirconia and lithium disilicate materials. J Adv Prosthodont 2014;6:
456-61.

43. Ilie N, Stawarczyk B. Quantification of the amount of blue light passing
through monolithic zirconia with respect to thickness and polymerization
conditions. J Prosthet Dent 2015;113:114-21.
Harada et al
44. International commission on illumination. CIE S 017-2011. International
lighting vocabulary. Vienna, Austria:CIE. Available at: http://cie.co.at/. Last
accessed November 16, 2015.

45. Japanese Standards Association. JIS Z 8113-1998. Lighting vocabulary.
Tokyo, Japan: Japanese Standards Association. Available at: http://www.jsa.
or.jp. Last accessed November 16, 2015.

46. Harris EF, Smith RN. Accounting for measurement error: a critical but often
overlooked process. Arch Oral Biol 2009;54:S107-17.

47. Reed JF 3rd, Stark DB. Robust alternatives to traditional analyses of variance:
Welch W, James J I, James J II, and Brown-Forsythe BF. Comput Methods
Programs Biomed 1988;26:233-8.

48. Dunnett CW. Pairwise multiple comparisons in the unequal variance case. J
Am Stat Assoc 1980;75:796-800.

Corresponding author:
Dr Kosuke Harada
Department of Crown and Bridge
School of Life Dentistry at Tokyo
The Nippon Dental University
1-9-20 Fujimi, Chiyoda-ku, Tokyo 102-8159
JAPAN
Email: kosuke1004hrd@gmail.com

Acknowledgments
The authors thank Kuraray Noritake Dental Inc for providing specimens of this
study.

Copyright © 2016 by the Editorial Council for The Journal of Prosthetic Dentistry.
THE JOURNAL OF PROSTHETIC DENTISTRY

http://refhub.elsevier.com/S0022-3913(15)00688-5/sref36
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref36
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref37
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref37
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref37
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref38
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref38
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref38
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref39
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref39
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref40
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref40
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref40
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref41
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref41
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref41
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref41
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref42
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref42
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref42
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref43
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref43
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref44
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref44
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref44
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref44
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref45
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref45
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref45
http://cie.co.at/
http://www.jsa.or.jp
http://www.jsa.or.jp
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref48
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref48
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref49
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref49
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref49
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref50
http://refhub.elsevier.com/S0022-3913(15)00688-5/sref50
mailto:kosuke1004hrd@gmail.com

	A comparative evaluation of the translucency of zirconias and lithium disilicate for monolithic restorations
	Introduction
	Material and Methods
	Results
	Discussion
	Conclusions
	References


