
Journal of Dental Sciences 17 (2022) 155e161
Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.e- jds.com
Original Article
Optical properties evaluation of rapid
sintered translucent zirconia with two
dental colorimeters

Yu-Ching Liu a,b, Tzu-Hao Lin c, Yuh-Yih Lin d,e, Suh-Woan Hu e,f,
Jeng-Fen Liu g, Chun-Chuan Yang b,f**, Min Yan e,f*
a Dental Laboratory, Department of Prosthodontics, Taichung Veterans General Hospital, Taichung,
Taiwan

b Department of Dental Technology, Shu-Zen Junior College of Medicine and Management, Kaohsiung,
Taiwan

c Department of Oral Hygiene and Healthcare, Cardinal Tien Junior College of Healthcare and
Management, New Taipei City, Taiwan

d School of Dentistry, College of Oral Medicine, Chung Shan Medical University, Taichung, Taiwan
e Department of Dentistry, Chung Shan Medical University Hospital, Chung Shan Medical University,
Taichung, Taiwan

f Institute of Oral Sciences, Chung Shan Medical University, Taichung, Taiwan
g Department of Pediatric and Physically Disabled Dentistry, Taichung Veterans General Hospital,
Taichung, Taiwan
Received 5 May 2021; Final revision received 26 May 2021; accepted 27 May 2021
Available online 12 June 2021
KEYWORDS
Zirconia ceramics;
Rapid sintering;
Translucency;
Color difference;
Colorimeter
* Corresponding author. Institute of
Taiwan.
** Corresponding author. Department
Luzhu Dist., Kaohsiung, 82144, Taiwan

E-mail addresses: ycc@ms.szmc.ed

https://doi.org/10.1016/j.jds.2021.05.
1991-7902/ª 2021 Association for Denta
the CC BY-NC-ND license (http://creati
Abstract Background/purpose: The efficient rapid sintering technique has employed to
dental zirconia ceramics for shortening the fabrication time of zirconia restorations. The pur-
pose was to compare the optical properties of two generations of rapid sintered translucent
zirconia using two dental colorimeters.
Materials and methods: Two generations of translucent zirconia ceramics, 3 mol% yttria-
tetragonal zirconia polycrystal (3Y-TZP): Copran Zr-i Ultra-T (UT) and Cercon HT (HT), and
5 mol% yttria-tetragonal zirconia polycrystal (5Y-TZP): Cercon xt (XT), of different thicknesses
(0.5, 0.8, and 1.2 mm; n Z 5) underwent rapid sintering (RS) or conventional sintering (CS).
The CIELAB values were measured on the white and black backgrounds, respectively, by digital
colorimeters, shadepilot, DeguDent (DD) and Easyshade V, Vita (Vita). Translucency parameter
(TP), color difference (DE), surface morphology, and surface roughness were evaluated.
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Results: RS resulted in reduced lightness, except in the XT group. The chromaticity increased
slightly after RS. Translucency decreased with increasing material thickness. DE values
differed between both sintering processes but were clinically acceptable (DE < 5). Grain size
of XT decreased after RS. RS did not affect the surface roughness.
Conclusion: RS is a feasible method for shortening the manufacturing time of zirconia restora-
tions. A significant difference in TP value was only in the XT group between both sintering
methods as measured on DD. Color differences in rapid sintered translucent zirconia materials
are imperceptible and acceptable. The specimen thickness affected more in the TP values of
Vita than DD. DD has higher sensitivity to translucency and color compared with Vita.
ª 2021 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

Zirconia ceramics have evolved in terms of esthetics, me-
chanical strength, chemical stability, and biocompatibility,
and have gradually replaced metal alloys in dentistry.1 The
classification of zirconia ceramics is commonly based on the
number of stabilizers, such as yttrium oxide. Yttria-
tetragonal zirconia polycrystal (Y-TZP) enhances fracture
the strength and toughness due to the tetragonal-to-
monoclinic phase transition characteristics.2 The general
3 mol% yttria-stabilized tetragonal zirconia polycrystal (3Y-
TZP) with 5 wt% yttria, also called “high-strength zirconia,”
is commonly used as a framework material for veneering
porcelain as its opacity is an esthetic disadvantage.3 The
translucency of 3YTZP improves when there is a decrease in
alumina content, also called “high translucency zirconia,”
or an increase in the yttria content. As such, 5 mol% yttria-
stabilized tetragonal zirconia polycrystal (5Y-TZP) with 9 wt
% yttria is referred to as “extra translucent zirconia.”4e6

The new generations of translucent zirconia are versatile
and can be used for various restorations, such as esthetic
anterior restorations and monolithic crown.2,7e9

Conventional sintering (CS) is a time-consuming step
that requires more than 7 h with a slow heating rate and a
long dwell time at high temperatures. The rapid sintering
(RS) technique has resulted in better efficiency, which
employs an oven with rapid heating and cooling rates to
densify the zirconia ceramics in 2 h. The introduction of
rapid sintered zirconia ceramics has gained the attention of
dental researchers.10e12 The light transmittance of zirconia
ceramics is related to their structure, as well as their grain
size,2,13 density,14 and crystal phase.15,16 It has been re-
ported that transmittance and grain size of zirconia ce-
ramics changes when the sintering parameters, such as
heating rate, sintering temperature, and dwell time, are
modified. RS results in reduced grain size and increased
transmission of zirconia ceramics14 or increased grain size
and decreased translucency.17,18 Due to limited studies, the
exact effect of sintering parameters on the optical prop-
erties of zirconia ceramics remains unclear.

CIELAB color space (also known as CIE L*a)b)) is
expressed as three values: L) for lightness and a) and b)
for color. These values can be used to determine the
translucency parameter (TP) color difference (DE),
156
becoming the esthetic foundation of dental research and
applications.19,20 In the previous studies, DE was consid-
ered clinically undetectable if less than 3, clinically
acceptable if between 3 and 5, and clinically unacceptable
if greater than 5.20,21 In dental clinics and laboratories, the
digital colorimeter is relatively simple to operate compared
with traditional color matching with the naked eye, which
directly evaluates optical properties such as lightness,
color distribution, and translucency of natural teeth or
restorations.

The monolithic restorations can be manufactured in
reduced preparation thickness that directly affects the
optical properties of zirconia restorations.22e24 Therefore,
the relationships among thickness, color, and transparency
of highly translucent zirconia materials need to be explored
for mastering the esthetics of zirconia monolithic restora-
tions,25,26 especially during RS.

This study evaluated the optical properties of two gen-
erations of dental zirconia ceramics of three thicknesses
that underwent RS, including L), a), b) values, TP, and
DE, that measured using two commercial digital dental
colorimeters. The first null hypothesis of this study is that
there are no significant differences in TP and DE is clinically
acceptable for the three commercial zirconia ceramics that
underwent RS compared with CS. The second null hypoth-
esis is that the two colorimeters show similar CIELAB color
characterization for the rapid sintered zirconia ceramics.
Materials and methods

Specimens preparation

Three commercial zirconia materials were investigated as
they include two grades of translucency: high translucency
zirconia and extra translucent zirconia (Table 1). Disk spec-
imens cut, then polished with grit 800 SiC grinding paper,
followed by ultrasonic cleaning. CS and RS processes were
performed according to the manufacturers’ instructions
(Fig. 1), using a speed sintering furnace (Mihm-Vogt HT
Speed, Mihm-Vogt GmbH & Co. KG, Stutensee-Blankenloch,
Germany). The final dimensions of specimens were
12.0 mm in diameter and 0.5, 0.8, and 1.2 mm in thickness
with the accuracy of �0.05 mm using a digital caliper.
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Table 1 Tested materials in this study.

Type Brand Code Compositiona Manufacturers

High translucency zirconia Copran Zr-i Ultra-T UT 4.95e5.35% Y2O3, 0.15e0.35%
Al2O3, 0.04e0.25% FeOH3, 0
e0.06% Other Oxide, ZrO2

Balance

Whitepeaks
Dental
Solutions GmbH
& Co. KG,
Essen,
Germany

High translucency zirconia Cercon ht HT 5% Y2O3, 0e3% HfO2, 0e1%
Al2O3 and SiO2, ZrO2 Balance

Dentsply
Sinora, Milford,
DE, USA

Extra translucent zirconia Cercon xt XT 9% Y2O3, 0e3% HfO2, 0e1%
Al2O3 and SiO2, ZrO2 Balance

Dentsply Sinora

a Data accords to manufacturer information.
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Optical properties

Before testing, two dental digital colorimeters (Vita Easy-
shade V, Vita zahinfabrik, Bad Säckingen, Germany (Vita)
and Shadepilot, DeguDent, DeguDent GmbH, Hanau-
Wolfgang, Germany (DD)) were calibrated according to
the manufacturers’ instructions. Each sintered specimen
(n Z 5) was placed on the black (B) or white (W) backplane
to measure three times. TP and DE (the measured values on
white background) were calculated according to the
following formula:

TPZ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi�
L)B � L)W

�2 þ �
a)B � a)W

�2 þ �
b)
B � b)

W

�2q

DEZ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi�
L)RS � L)CS

�2 þ �
a)RS � a)CS

�2 þ �
b)
RS � b)

CS

�2q
Surface morphology

The surface structures of the sintered specimens were
observed by FE-SEM (JSM-6700F, JEOL, Tokyo, Japan) on a
sputter-coated surface with gold at a dwell time of 30 s.
The average grain size was estimated from micrographs
Figure 1 The sintering programs used in the study.
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using the linear intercept method according to ASTM E112
standard test method.

Surface roughness

The surface roughness values (Ra) of each specimen (nZ 3)
at three measuring locations were determined using a sur-
face analyzer (Surfcom 50A, Tokyo Seimitsu, Tokyo, Japan)
with a traverse length of 2.4 mm and a cut-off length of
0.8 mm.

Statistical analysis

Three-way and one-way ANOVA with Tukey HSD tests were
used for statistical evaluations of L) value, TP, and grain
size. The a) value, b) value, and surface roughness were
evaluated with Wilcoxon/KruskaleWallis tests and non-
parametric comparisons for all pairs using the Dunn
method to determine significant differences. All tests were
performed at a significance level of 0.05 using a software
package (JMP14; SAS Institute Inc., Cary, NC, USA).
Results

Optical properties

The measured L), a), and b) values of the sintered
specimens on a white background by two colorimeters are
shown in Figs. 2 and 3. The XT group demonstrated the
highest L) values followed by HT and UT groups. RS resul-
ted in a reduced L) value, except for the XT group. The
statistically significant differences were revealed among
the types of materials, thicknesses, and sintering methods
(p < 0.05). L) values obtained from DD were smaller than
those obtained from Vita (p < 0.05). Regardless of the
sintering method, UT and HT groups revealed greater a)
and b) values, while the XT group revealed lower values. As
specimen thickness increased, L) value decreased, a) and
b) values increased. RS resulted in increased a) and b)
values. DD revealed a greater range for a) value while Vita
revealed a greater range for b) value, and there were
similar values in the XT group.



Figure 2 L* values of the zirconia specimens of different thicknesses that underwent both sintering methods measured on a
white background by two colorimeters. A horizontal line above the bars indicates significant group differences (P < 0.05).

Figure 3 a* and b* values of the zirconia specimens of different thicknesses treated with different sintering methods measured
on a white background by two colorimeters.
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TP and DE values of the tested groups are shown in Figs. 4
and 5, respectively. TP showed a downward trend with an
increase in the thickness of the tested specimens (p < 0.05).
TP values of the RS group were similar to those of the CS
group (p > 0.05), except for the XT group on DD. The XT
group showed the highest TP values with significant differ-
ences among the three materials (p < 0.05). The differences
between the two sintering methods were significant on DD
Figure 4 TP values of specimens treated with different sinterin
colorimeters. A horizontal line above the bars indicates significant
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(p < 0.05). The thickness of the specimens affected more
greatly in the TP values of Vita than DD. On DD, the DE
values of all tested specimens in the RS and CS groups were
below the clinical perceptibility threshold (DE < 3). On Vita,
DE values were clinically acceptable (DE < 5). In terms of
materials, the XT group expressed the smallest DE values on
DD, but Vita revealed the contrasting results. The optical
image for comparing the color and translucency of the
g methods calculated based on the measured values from two
group differences (P < 0.05).



Figure 6 Optical image of the tested zirconia materials for
the determination of the color and translucency.

Journal of Dental Sciences 17 (2022) 155e161
tested specimens is shown in Fig. 6. The UT group was more
chromatic, followed by the HT group and XT group. The
perceived color and translucency of most specimens be-
tween RS and CS were difficult to distinguish from each
other, only the XT group showed a slight difference with the
naked eye.

Surface morphology

On SEM images, the surface of each specimen was compact
without obvious pores or microcracks, and the microstruc-
ture was uniform distribution with narrow grain size. It is
worth noting that in the XT group, a few larger grains
were distributed in certain areas and revealed a non-
homogeneous grain structure. After RS, the XT group
showed the largest grain size (above 1033 nm), followed by
the HT group (above 377 nm) and the UT group (less
347 nm). The average grain size increased in the UT and HT
groups but decreased in the XT group, which changed
approximately 10% in the RS group compared with the CS
group. A significant difference between sintering conditions
was only in the XT group (p < 0.05).

Surface roughness

Ra values of the specimens in the RS group were smaller
(0.25e0.29) than those in the CS group (0.29e0.33),
regardless of material. However, the differences were not
significant (p > 0.05).

Discussion

In this study, comparing the results of three commercial
zirconia ceramics, XT material that underwent RS revealed
significantly lower TP values than those that underwent CS
on DD. Although, DE values of all groups with CS and RS
were clinically acceptable (DE < 5) no matter which
colorimeter was used. This result indicated that the first
null hypothesis was rejected. The similar results showed
while comparing both colorimeters, the lightness of UT and
HT decreased while those of XT increased, and the chro-
maticity increased after RS. As such, the second null hy-
pothesis was supported.
Figure 5 DE values of the zirconia specimens underwent RS
or CS, measured on two dental colorimeters.
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With various zirconia ceramics, the recommended in-
dications for dental restorations are not only based on me-
chanical properties but also translucency. The choice of
material is crucial for manufacturing individualized dental
restorations with optimal esthetic resulting in the look and
feel of natural teeth. The tested 3Y-TZP zirconia ceramics
contain more alumina, inhibit grain growth and diffusion
during sintering.27,28 With smaller alumina grains evenly
distributed in the zirconia lattice, birefringence and scat-
tering increase due to different refractive indices of alumina
and zirconia.27,29,30 Eventually, reduced light penetration
makes thematerial less translucency. This result is consistent
with the results of previous studies in which the grain size
decreases after RS. It has been suggested that the inhibition
of grain growth is due to shorter dwell time.10 Comparing
tested 3Y-TZP zirconia ceramics (UT and HT) from different
manufacturers, which had approximate grain size and equal
effects of RS in optical properties. The UTmaterial exhibited
more chromatic mainly due to the compositions or pro-
portions of added oxide coloring agents,31 which contained
0.04%e0.25% FeOH3 according to the manufacturer’s in-
structions. The higher oxide content had a greater influence
on color and lightness after sintering. The more translucent
5Y-TZP materials are higher yttria content and cubic zirconia
with a larger grain size, which result in fewer grain bound-
aries, light scattering, and occurrence of birefrin-
gence.15,30,32 After RS, XT specimens were increased in
lightness and grain size, after due to a higher final tempera-
ture than CS, which directly affects the microstructure and
optical properties.1,33,34 This result is consistent with the
literature.17 Also, the surface structure and roughness of the
specimenswasnot affected significantly after RS. Thus, there
was no additional light scattering, resulting in decreased
translucency.

The two colorimeters used in this study have different
design principles and color matching methods. Vita used
the probe to touch the surface, but DD has a proper object-
camera distance. To understand the differences between
these two colorimeters, several tabs of Vitapan classical
shade guide were also measured under the same conditions
and shown (Table 2). The shade guide tabs are thicker
(approximately 4e5 mm) than the tested zirconia speci-
mens. The thickness greatly influences the translucency
of ceramics. On the whole, both colorimeters presented



Table 2 Optical properties of tabs of Vitapan classical shade guide measured under white and black background by two
colorimeters.

DeguDent Vita DeguDent - Vita

Shade of tab Background L* a* b* TP L* a* b* TP DE
A2 White 78.0 0.8 20.2 5.8 79.4 1.1 18.8 0.0 2.1

Black 72.7 0.2 17.9 79.4 1.1 18.8
A3 White 76.0 1.3 21.7 5.9 75.3 2.1 19.4 0.4 2.5

Black 70.5 0.8 19.5 75.0 2.0 19.1
A4 White 69.1 3.2 24.6 4.9 69.2 2.0 27.2 0.2 2.8

Black 64.6 2.5 22.9 69.4 2.0 27.2

L*: lightness, a*: red/green value, b*: blue/yellow value, TP: translucency parameter, DE: color difference.
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similar values of lightness and slightly different color sen-
sitivities on a white background. Vita showed that TP values
are close to 0 because the measured values lack change on
white or black backgrounds. DD demonstrated higher
perceptibility in L), a), and b) values between black and
white backgrounds, which showed also higher perceptibility
in TP values even if the object is thicker. This result is
consistent with the tested zirconia specimens. In a previous
study, these two digital dental colorimeters were used to
determine the color of full-coverage restoration inside the
mouth, with no differences in optical properties.35 In this
study, the two colorimeters revealed different DE values
for RS and CS, due to different light sources, measuring
modes, and imaging principles.36 Each instrument has its
advantages and limitations. Past research has confirmed
that in evaluations of color parameters and tooth colors,
inconsistency occurs due to the lack of colorimetric
equipment. It is for this reason that we used two digital
dental colorimeters to evaluate the optical properties.

Natural human teeth exhibit different colors, enamel
thicknesses, and levels of light transmission. In practice,
the esthetics of ceramic restorations is essential. Our re-
sults confirmed that the optical properties of the three
zirconia ceramics of different thicknesses are not affected
significantly by RS. The RS technology is a feasible method
for producing zirconia ceramic restorations. The limitations
of this study are that the tested materials represent only a
small fraction of the materials on the market, and the
designed specimens are insufficient in clinical practice. The
latest zirconia ceramics with multilayers of seamless
gradient can resemble the esthetics of natural teeth for
easy and rapid manufacturing of zirconia restorations. For
new commercial zirconia materials, it is worth further
study whether RS technology is still a feasible and suitable
method for the production of zirconia restorations.

In conclusions, within the limitations of this study, the
following conclusionsweredrawn:The lightness andgrain size
of high-translucency 3Y-TZP decrease after RS, while those of
extra translucent 5Y-TZP increase. The translucency of extra
translucent 5Y-TZP is more susceptible to RS compared with
high-translucency 3Y-TZP. The color change of rapid sintered
zirconia ceramics is clinically acceptable and difficult to
distinguish with the naked eye. The type of colorimeter has
some influence on the measurement of the transparency and
color difference of zirconia ceramics. Shadepilot has higher
160
sensitivity to translucency and color compared with Easy-
shade V.
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