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Abstract

Background. The ability to simulate the natural appearance of teeth in dental restorations is one of the
most important factors that make treatment successful.

Objectives. The present study evaluated the effects of the substructure thickness, the resin cement color
and the finishing procedure on the color and translucency of bilayer zirconia-based ceramic restorations.

Material and methods. Yttrium-stabilized tetragonal zirconia polycrystal (Y-TZP) CAD/CAM blocks
(dimensions of 6.0 x 5.5 % 0.4 mm, 6.0 x 5.5 % 0.8 mm, and 6.0 x 5.5 X 1.6 mm) veneered with the
fluorapatite-containing ceramics were used. For polishing, the surfaces of half of the test specimens were
adjusted with a blue-belted diamond porcelain bur and a white polishing rubber, and the other half were
glazed. The test specimens were then cemented with 2 different colors of the same self-adhesive resin ce-
ment to the resin composite. A spectrophotometer was used to measure the L*, a*, and b* color attributes
of the specimens. Additionally, the AE values were calculated to determine color differences between each
group and the control. Data was analyzed using the multifactorial repeated-measures analysis of variance
(ANOVA) and subgroup analysis (p < 0.005).

Results. It was found that the highest substructure thickness resulted in the lowest color change
(AE = 1.24) (p < 0.005). However, a substructure thickness of 0.8 mm showed less color change
(AE=1.39) than the 0.4-mm thickness (AE = 3.85) in the translucent resin cement/polished subgroup, as
measured against a gray background (p = 0.001).

Conclusions. The most significant factor in masking the abutment color in zirconia-based restorations
is the thickness of the substructure. The surface finishing procedure or the resin cement color do not have
a primary effect on the color change or translucency.
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Introduction

Metal-supported porcelain restorations show long-term
success, given their good mechanical properties.! How-
ever, from an aesthetic point of view, metal infrastruc-
tures have some negative aspects, such as preventing light
transmission? and metallic color reflection in the gingival
region.>* For this reason, metal-supported porcelain res-
torations, which have been accepted as the gold standard
in dentistry for many years, are now being replaced with
more aesthetic alternatives, such as zirconia-supported
porcelain restorations.® In these restorations, the zirco-
nia infrastructure provides high strength, while the veneer
porcelain helps to achieve a natural appearance.®

The translucency of a ceramic material influences the nat-
ural appearance of the restoration and affects the esthetics
of a restoration. A 1-mm thick zirconia ceramic substruc-
ture material has a visible light transmission between 20%
and 50%. Therefore, zirconia is defined as a semi-translu-
cent material.”® On the other hand, in cases where discol-
ored teeth, metallic core materials, and titanium abutments
need to be masked, the light transmittance of zirconia ap-
pears to be a disadvantage rather than an advantage.®® Un-
der these conditions, zirconia cannot mask the dark color,
and the final color of the restoration is affected by the sub-
structure color.”!® Therefore, the thickness of the veneer
and core materials affect the final appearance of ceramic
restorations.!! Wang et al. reported that an increase in zir-
conia thickness reduces the translucency of the restoration
after comparing the light transmittance of dental ceram-
ics with different thicknesses.?? Similarly, Tabatabaian et al.
investigated the effect of zirconia substructure thickness
and background type on masking ability and reported that
zirconia substructures should be at least 0.4 mm thick to
obtain ideal coverage in masking A3.5 colored composite
resins.’ In a study by Tabatabaian et al., the masking ability
of zirconia of various thicknesses on white and black back-
grounds was evaluated.® It was found that 1-mm thick zir-
conia had the acceptable masking ability, but the required
thickness for ideal masking should be 1.6 mm.

In addition to material thickness, the application
of glaze porcelain and the cement used can also affect the
optical properties of zirconia-supported restorations.?
The final smooth finish of porcelain surfaces is provided
by the application of glaze. Although it is generally ac-
cepted that glazed porcelain provides optimal surface
quality, it is sometimes necessary for occlusal adjustments
during the adaptation of the restoration. In these cases,
repeated firing of the restoration will not be practical, so
the refinishing of porcelain surfaces on which surface ad-
justments have been made is done intraorally.!? Studies
have evaluated the color stability of dental ceramics, con-
cluding that accurate finishing procedures could provide
surface texture similar to a glazed surface. Therefore, in-
traoral polishing procedures as an alternative to glazing
have also been suggested.!®14
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Regarding the role of cements on color, a study by
Fazi et al. evaluated the effects of four different cements
on the color of zirconia-supported ceramics, concluding
that opaque cements should be avoided in areas where
porcelain thickness decreases in restoration.’> Although
cements have significant effects on the final color of all-
ceramic restorations, their effects on zirconia-based res-
torations are not yet fully known.? Since spectrophotom-
eters and colorimeters can show fewer color differences
than the human eye can distinguish, detectable and ac-
ceptable clinical AE threshold values have been defined.”
The AE value obtained is compared with these threshold
values to evaluate the visibility of the color difference.
Threshold AE values between 1 and 5.5 have been report-
ed in the studies. Although these color differences cannot
be perceived by the clinician, a AE value of less than 2.6
indicates ideal color difference, while a value of less than
5.5 indicates acceptable color changes.!!

Although zirconia-based restorations have aesthetic ad-
vantages compared with metal-ceramic restorations, it is
still complex to achieve a natural appearance with zirconia-
based restorations due to different factors, such as the ce-
ment used, zirconia coping, veneering ceramic, laboratory
procedure, and surface finishing procedure.” This study
simulated three variables of a bilayer zirconia ceramic res-
toration, such as veneering ceramic and core and luting ce-
ment. Substructure thickness, color of resin cement, and
surface finishing procedure were the parameters used in
the evaluation of color change and translucency.

This study aimed to analyze the effect of (i) self-adhesive
resin cements with different colors and opacity, (ii) semi-
opaque zirconia substructure stabilized with yttrium in
different thicknesses, and (iii) glaze porcelain application
and mechanical polishing processes on color and light
transmission of bilayer zirconia-supported ceramic resto-
rations. The null hypothesis of this study was that the ex-
amined material thickness, different polishing protocols,
and resin cement color/opacity would affect both color
and translucency of zirconia-based ceramic restorations.

Material and methods

Study design

This in vitro study aimed to test the color difference be-
tween bilayer Yttrium-stabilized tetragonal zirconia poly-
crystal (Y-TZP) CAD/CAM blocks with different material
configurations of thickness, finishing protocols, and resin
cements with different colors and opacity. A sample size
of n = 12 was used for each group (Fig. 1). The material
configuration groups were as follows: color and opacity
of resin cement (universal A2 and transparent), finishing
protocol (mechanical grinding and glaze), and substruc-
ture thickness (0.4 mm, 0.8 mm, and 1.6 mm).
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Fig. 1. Study plan and subgroups

Preparation of the yttrium-stabilized
zirconia substructure test specimens

The Y-TZP CAD/CAM blocks (IPS e.max ZirCAD,
MO 2/C 15; Ivoclar Vivadent AG, Schaan, Liechtenstein)
were cut using a precision cutting device (MICRACUT
201; Metkon Instruments Inc., Bursa, Turkey) and a di-
amond cutting disc (15LC, 11-4255, 127 x 0.4 mm;
IsoMet Diamond Wafering Blades, Buehler, USA) (di-
mensions of 7.5 x 6.9 x 0.5 mm, 7.5 x 6.9 x 1 mm and
7.5 x 6.9 x 2 mm) simulating the substructure of bilayer
restorations. The surfaces of the test specimens were pol-
ished with 800 and 1200 grit SiC paper (English Abrasives
& Chemicals Ltd., Stafford, UK) under running water by
the same researcher for 10 s with each SiC paper. Sample
thicknesses were checked using a digital caliper (Digitaler
Messscheiber; Alpha Tools, Bahag AG, Mannheim,
Germany). Before sintering, the samples were cleaned
with pressurized steam. All of the test specimens were
sintered in a sintering furnace (MoS-B 160/2, Protherm
Furnaces; Alser Teknik Seramik Inc., Ankara, Turkey)
for 7 h and 20 min at 1,500°C, according to the manufac-
turer’s recommendations. Final test specimen dimensions
were measured as 6.0 x 5.5 x 0.4 mm, 6.0 x 5.5 x 0.8 mm,
and 6.0 x 5.5 x 1.6 mm, with 20% shrinkage resulting from
the sintering process. Sintered zirconia test samples were
cleaned with 96% ethanol.

Application of the fluorapatite-containing
veneer ceramic to the zirconia specimens

Fluorapatite layering ceramic powder (IPS e.max Ceram
Dentin A2/TI1; Ivoclar Vivadent AG) and liquid (IPS
e.max Ceram Allround Build Up Liquid; Ivoclar Viva-
dent AG) were mixed and applied to sintered yttrium-
stabilized zirconia test specimens. It was applied by the
manual layering technique into aluminum molds with di-
mensions of 6.5 x 6.5 x 1.4 mm, 6.5 x 6.5 x 1.8 mm, and
6.5 x 6.5 x 2.6 mm and fired in a porcelain furnace (Pro-
gramat P310; Ivoclar Vivadent AG) according to the in-
structions. After firing, layering porcelain was added to the
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missing areas in the mold due to shrinkage (of around 20%)
in the porcelain and then fired again. The surfaces of the
ceramic samples were adjusted with a blue-belted diamond
porcelain bur (Sigmadent, Istanbul, Turkey) and white pol-
ishing rubber (Nais Dental Polishers, Sofia, Bulgaria) to
standardize the surfaces of the specimens; the procedure
was performed for 10 s under water cooling by the same
practitioner in a circular motion (rather than in one direc-
tion) until the desired dimensions were obtained.

Application of glaze to the test specimens

Glaze paste (IPS Ivocolor Glaze Paste; Ivoclar Viva-
dent AG) and liquid (IPS Ivocolor Allround Mixing Lig-
uid; Ivoclar Vivadent AG) were applied to half of the test
specimens using a brush and fired in the same porcelain
furnace according to the manufacturer’s instructions.

Preparation of the resin composite test
specimens

To imitate tooth color, a resin composite (Charisma
Smart A3; Heraeus Kulzer, Hanau, Germany) was placed
in a 6.0 x 6.5 x 10 mm plexiglass mold (Ostim, Ankara,
Turkey) by the application of a layering technique and
polymerized for 20 s, according to the manufacturer’s
instructions, with a light device (LED.F; Woodpecker
Medical Instrument Co., Guilin, China).

Cementation of the ceramic test
specimens to the resin composite test
specimens

The surfaces of the zirconia test specimens veneered with
layering porcelain were sandblasted with 50-um aluminum
oxide particles for 10 s under 60 psi at a distance of 0.5 mm
in a sandblaster (Heraeus Kulzer Combilabor, CL FSG 3;
Heraeus Kulzer). All specimens were cleaned ultrasoni-
cally in distilled water for 10 min. The zirconia ceramic
test specimens were cemented to the resin composite test
specimens in accordance with the manufacturer’s instruc-
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tions, using two different colors of the same self-adhesive
resin cement (Panavia SA Cement Plus Universal [A2]
and Transparent, Kuraray Noritake Dental Inc., Okayama,
Japan). To standardize the cement thicknesses, 0.13 mm
thick perforated teflon fabric (Haksan Industry Materials,
Ankara, Turkey) was used. During cementation, the speci-
mens were placed on a metal weight mechanism (Ostim,
Ankara, Turkey), and 9.4 kg of force was applied to them
throughout the polymerization period.

Color measurements

Color measurements were made before and after the ce-
mentation of all ceramic test specimens to the resin com-
posites. A spectrophotometer device (CR-321 Chroma
Meter, Konica Minolta, Tokyo, Japan) was used for color
measurements with black, gray, and white backgrounds.
For the evaluation of color measurement, the CIE L*a*b*
color system, which was standardized by the International
Commission on Illumination, named Commission inter-
nationale de l'éclairage, was used. The CIE L*a*b* system
defines color in 3 axes: L*; a*; and b*. The L* axis indicates
the degree of lightness, darkness, brightness, or black/
white — pure white is 100 L*, while pure black is 0 L*. The
a* and b* axes represent the chromatic properties of the
color. The a* value indicates the red-green ratio of the col-
or and the b* value indicates the yellow-blue ratio. If the a*
value is positive, it is red; if it is negative, it is green. If the
b* value is positive, it represents yellow; and if it is nega-
tive, it represents blue. The color difference is defined by
AE. In the calculation of AE, the following formula is used
(Equation 1):

AE,, = (AL + (Aa*)*+ (Ab*)? )

If the color change value was AE < 3.7, it was clinically
acceptable.'81?

Light transmittance

A spectrophotometer (CR-321 Chroma Meter; Konica
Minolta, Tokyo, Japan) was used to measure the light
transmittance of the test specimens. Light transmittance
was measured using white and black backgrounds. The
light transmittance values were calculated using the fol-
lowing formula (Equation 2):

TP = (L7 — Loy )+ (2% — %y )+ (b7 — b7y ) @

where:

TP — translucency parameter;

W — color coordinates against a white background; and
B — coordinates against a black background.
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Statistical analysis

Post-hoc power analysis was performed with the Clin-
Calc online post-hoc power calculator. This calculator
uses various equations to calculate the statistical power
of a study after the study is performed. The study had
a power of 86.5-99.9% to produce a significant differ-
ence with N = 24 participants in terms of AE universal A2
(0.4 mm) black background and AE translucent (0.8 mm)
gray background with 0.05 type 1 error.

All analyses were performed using IBM SPSS Statistics
for Windows, v. 24.0 (IBM Corp., Armonk, USA). The
conformity of continuous variables to a normal distribu-
tion was tested with the Shapiro—Wilk test. Descriptive
statistics were used to describe continuous variables:
mean (M); standard deviation (SD); minimum (min); me-
dian (Me); and maximum (max). The Mann—Whitney U
test was used to compare two independent and non-nor-
mally distributed variables.

The Wilcoxon test was used to compare dependent and
non-normally distributed variables. The Friedman test
was used when more than two variables did not fit the de-
pendent and normal distribution. Statistical significance
was set at a p-value of 0.05.

Results

The color of resin cement (A2 or translucent) used did
not make a sigignificant difference in terms of the final
color of the restoration with different finishing proce-
dures and substructure thicknesses (p > 0.05), except for
2 subgroups (Tables 1-4).

The AE was statistically significantly higher for the
universal A2 resin cement than translucent resin ce-
ment in the 0.8 mm polishing gray background group
(p = 0.009) (Table 2). In contrast, AE was significantly
higher for translucent resin cement than for universal A2
resin cement in the 0.4 mm glaze white background group
(p = 0.015) (Table 3).

Polishing procedure did not have a significant effect on
the color of the test specimens with a white background
(Table 3). Conversely, polishing significantly increased the
color change as compared with glaze in the 0.4 mm sub-
structure thickness subgroup of universal A2 resin cement
with a black background and translucent resin cement with
a gray background (p = 0.002 and p = 0.028, respectively).
In addition, a statistically significant higher color change
was achieved with glaze as compared with polishing in the
0.8 mm substructure thickness subgroup of translucent
resin cement with a gray background (p = 0.041).

The results of our study also indicated that there was
a statistically significant change in the color of the tested
specimens due to substructure thickness (p > 0.05). For both
universal A2 and translucent resin cement, a lower color
change was observed in the 1.6 mm substructure thickness
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subgroup compared with 0.4 mm and 0.8 mm thicknesses with both gray and white backgrounds (p < 0.05). Addition-
with black backgrounds (p < 0.05). Polishing of the 1.6 mm ally, the 0.8 mm substructure thickness had a greater color

substructure in the universal A2 resin cement subgroup and change than the 0.4 mm in the subgroup, which was ce-
glaze in the translucent resin cement subgroup resulted in mented with a translucent resin cement/polished subgroup
a lower color change than 0.4 mm substructure thickness and measured with a gray background (p = 0.001).

Table 1. Multiple comparison of the mean color change (AE) values among different substructure thickness, resin cement color and surface finishing
procedure subgroups (black background)

Resin Surface finishing Substructure thickness
Parameter
polishing 3.8° 3.62° 1.24% <0.001*
universal A2
glaze 2.02¢ 3.99< 2.07¢ 0.001*
A p-value - 0.002* 0.388 0.099 -
polishing 3.77¢ 3.94 161¢ 0.001*
translucent
glaze 2499 41490 2210 0.001*
p-value - 0.099 0.754 0.071 -

* statistically significant; the letters in superscript indicate statistically significant differences among the resin cement color and the substructure thickness.

Table 2. Multiple comparison of the mean color change (AE) values among different substructure thickness, resin cement color and surface finishing
procedure subgroups (gray background)

Resin Surface finishing Substructure thickness
Parameter
polishing 4.22% 2.15bf 234 0.017*
universal A2
glaze 257 1.62 248 0.205
A p-value - 0.050 0.239 0.695 -
polishing 3.85¢ 1.39¢ 2.1 0.001*
translucent
glaze 3124 2.29¢ 2.04de 0.017*
p-value - 0.028* 0.041* 0937 -

* statistically significant; the letters in superscript indicate statistically significant differences among the resin cement color and the substructure thickness.

Table 3. Multiple comparison of the mean color change (AE) values among different substructure thickness, resin cement color and surface finishing
procedure subgroups (white background)

Resin Surface finishing Substructure thickness
Parameter
polishing 2.78° 197 1452 0.039*
universal A2
glaze 2.090 1.53 18 0.779
AE p-value - 0.099 0.239 0.158 -
polishing 2.25 2.25 1.32 0.125
translucent
glaze 2.82° 1.55° 223 0.001*
p-value - 0.754 0.136 0.050 -

* statistically significant; the letters in superscript indicate statistically significant differences among the resin cement color and the substructure thickness.

Table 4. Multiple comparison of the mean translucency parameter (TP) values among different substructure thickness, resin cement color and surface
finishing procedure subgroups

Resin Surface finishing Substructure thickness
Parameter
cement color procedure
polishing 0.84 0.77 1.08 0.338
universal A2
glaze 0.71 092 0.87 0.205
- p-value - 0433 0433 0.338 -
polishing 0.70 0.77 0.98 0.558
translucent
glaze 1.24 1.13 091 0.779
p-value - 0.060 0.136 0.694 -
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The highest translucency value was observed in a test
group with a glazed 0.4 mm substructure cemented with
translucent resin cement, and the lowest was a polished
one. However, substructure thickness, resin cement color,
and surface finishing procedure had no statistically signif-
icant effect on the translucency parameter of test speci-
mens (p > 0.05) (Table 4).

Discussion

For all parameters, the null hypothesis was accepted.
A 1.6 mm substructure ceramic thickness met the clini-
cally acceptable color change when considering the three
analyzed backgrounds. Reducing the substructure thick-
ness to 0.4 or 0.8 mm caused a greater color change than
the clinically acceptable value, especially in subgroups
with polishing and gray backgrounds (Table 2). However,
0.4 mm and 0.8 mm substructure thicknesses and glazed
test specimens generally resulted in clinically acceptable
color change values with each background (Tables 1-3).
These results indicate that when clinically low substruc-
ture thickness is required, it will be clinically more appro-
priate to use glaze as a surface finishing process.

Translucent ceramic restorations should be restricted to
abutments that are closely similar to the planned final color
of the restorations. However, in the presence of clinically
colored tooth tissue, it may be necessary to use opaque ma-
terials, such as zirconia ceramics, that can camouflage the
color of abutment. However, in this case, the substructure
thickness of zirconia ceramics can be decisive in the final
color of the restoration. Previous studies have shown that
the color of restorations is significantly affected by ceramic
thickness.!! Similarly, we found substructure thickness to
be the most significant variable in color change, especially
with black background (Table 1). Hence, the thickness was
concluded to be a major determinant in achieving ideal
clinical standards in this in vitro study. For both colors
of resin cement, a lower color change was observed in the
subgroup of 1.6 mm substructure thickness compared with
0.4 mm and 0.8 mm with a black background (p < 0.05).
As expected, the highest values of AE were found with thin
substructure thicknesses (0.4 mm). Additionally, 1.6 mm
substructure thickness with polishing in the universal A2
resin cement subgroup and glazing in the translucent resin
cement subgroup resulted in a lower color change than
0.4 mm substructure thickness with both gray and white
backgrounds (p < 0.05). Taken together, these results indi-
cate that a higher substructure thickness can better camou-
flage the abutment color.

Similar to our study, Tabatabaian et al. reported that
masking ability increased as the zirconia ceramic thick-
ness increased, with ideal masking ability at a minimum
thickness of 1.6 mm.° In contrast, in studies by Fazi et al.'®
and Sinmazisik et al.,?° core thickness surprisingly had no
significant effect on AE. The reason for this may be relat-
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ed to the fact that the core thicknesses tested in the study
by Fazi et al.!® were less than the substructure thicknesses
tested in our study. Further studies should support our
data and reveal the minimal core thickness to minimize
tooth background interferences on the final color of the
restoration.

Generally, it has been reported that polishing surfaces
after crown recontouring or occlusal adjustments should
be avoided and reglazed before definitive cementa-
tion.2"?2 However, various polishing procedures could be
used on ceramic surfaces to obtain structural resistance
and a clinically acceptable smoothness compared with
glazing.?? In addition, surface texture influences the color
of ceramic restorations. Thus, one of the aims of our study
was to compare AE values before and after cementation
among subgroups with surface finishing procedures. Our
results did not indicate perceptible color changes between
polishing versus glaze with white backgrounds across the
tested ceramics (Table 3). These results were similar to
those of a study by Akar et al.!” The AE values after each
surface treatment method may be affected by the opaque
structure of the zirconia. Conversely, polishing increased
color change compared with glaze in the 0.4 mm substruc-
ture thickness subgroup of Universal A2 resin cement
with a black background and translucent resin cement
with a gray background (p = 0.002 and p = 0.028, respec-
tively). In addition, a higher color change occurred with
glaze compared with polishing in the 0.8 mm substruc-
ture thickness subgroup of translucent resin cement with
a gray background (p = 0.041). The difference between
these groups was thought to be related to the background
color used. On the other hand, AE values were above
clinically acceptable values in groups with polishing and
a 0.4 mm substructure thickness (Table 2). This suggests
that the color camouflage effectiveness of the polishing
process is low compared with glaze, especially with a low
substructure thickness. In contrast, no significant differ-
ences were found between glazed and polished based on
clinically acceptable color changes (p < 0.05), similar to
a study by Aldosari et al. that evaluated surface roughness
and color measurements of glazed or polished hybrid,
feldspathic, and Zirconia CAD/CAM restorative materi-
als after hot and cold coffee immersion; however, the val-
ues were within clinically acceptable values (AE < 3.7).22

Both tested resin cements presented limited variations
in AE when compared with one another. AE was higher
for Universal A2 resin cement than translucent resin ce-
ment in the 0.8 mm polishing gray background group
(p = 0.009) (Table 2). In contrast, E was higher for trans-
lucent resin cement than Universal A2 resin cement in
the 0.4 mm glaze white background group (p = 0.015)
(Table 3). This result shows that as the substrate thickness
decreased, the translucent nature of the resin cement used
changed the final restoration color more after cemen-
tation; that is, it was more affected by the substructure
color in this test group. In general, similar to the study by
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Fazi et al., most of the recorded AE values were below the
limit of clinical acceptance and not statistically significant
in terms of the color of cement used (p > 0.005), except
for two subgroups. This suggests that choosing a cement
shade of the same color as the ceramic (A2) or translucent
might not affect the final ideal color of restorations.

Wang et al. reported that a significant increase in trans-
lucency was found as a result of a decrease in ceramic
thickness. The TP value of human dentin with a thickness
of 1.0 mm has been determined to be 16.4 and that of hu-
man enamel to be 18.1.% In our study of bilayer zirconia
ceramics, the TP, which ranged from 0.7 to 1.24, was less
than that for human dentin and enamel. However, the
results in Table 4 indicate that there are no statistically
significant differences in the translucency of the tested
specimens in terms of surface finishing procedure, resin
cement color, or substructure thickness (p > 0.05). The
highest translucency value was observed in the glazed
0.4 mm substructure test group cemented with translu-
cent resin cement (1.24), and the lowest was in the pol-
ished one (0.7). Similar to our study, Tabatabaian et al.’
and Wang et al.?® reported that an increase in the material
thickness decreased the TP. However, these differences
were not statistically significant in our study. These dif-
ferences could be related to the selected brand of zirconia
or the difference in thickness of the tested substructure.

Although clinical studies are needed to confirm these
findings, the results of our study suggest that significant
color changes may occur after the cementation of a bi-
layer zirconia restoration, particularly when the thickness
of the substructure is limited. This study provides addi-
tional evidence supporting the use of bilayer CAD/CAM
zirconia ceramics to help overcome the clinical challenge
of aesthetically masking dark abutments, such as metal
abutments and discolored tooth substrates.

Limitations

This study had some limitations, such as the use
of a specific brand of zirconia ceramic and resin cement.
Additionally, the use of resin composite to imitate tooth
color may not replicate the optical effects of natural teeth.
Further investigation of these factors is needed.

Conclusions

As the substructure thickness increased, the effect
of resin cement and surface finishing procedure on the
resultant restoration color decreased. Overall, no sig-
nificant difference was observed between glaze versus
polishing for 0.8- and 1.6-mm substructure thicknesses
in the final restoration color. Glaze should be preferred
over polishing to achieve camouflage effectiveness in
clinical situations where the substructure thickness is
0.4 mm. The color of the resin cement used did not have
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a significant effect on the final color of the bilayer zirco-
nia restoration, regardless of the preferred substructure
thickness and surface finishing procedure. The thickness
of the substructure, surface finishing procedure, or color
of resin cement did not affect the translucency of the test-
ed bilayer zirconia restorations.
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