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Abstract
Background. The color masking ability of a restoration plays a significant role in covering a discolored substructure; however, this optical property of zirconia ceramics has not been clearly determined yet. The aim of this in vitro study was to
evaluate the color masking ability of a zirconia ceramic on substrates with different values.

Methods. Ten zirconia disk specimens,0.5 mm in thickness and 10 mm in diameter, were fabricated by a CAD/CAM system. Four substrates with different values were prepared, including: white (control), light grey, dark grey, and black. The
disk specimens were placed over the substratesfor spectrophotometric measurements. A spectrophotometer measured the L*,
a*, and b* color attributes of the specimens. Additionally, ΔE values were calculated to determine the color differences between each group and the control, and were then compared with the perceptional threshold of ΔE=2.6. Repeated-measures
ANOVA, Bonferroni, and one-sample t-test were used to analyze data. All the tests were carried out at 0.05 level of significance.

Results. The means and standard deviations of ΔE values for the three groups of light grey, dark grey and black were
9.94±2.11, 10.40±2.09, and 13.34±1.77 units, respectively. Significant differences were detected between the groups in the
ΔE values (P<0.0001).The ΔE values in all the groups were more than the predetermined perceptional threshold(ΔE>2.6)
(P<0.0001).

Conclusion. Within the limitations of this study, it was concluded that the tested zirconia ceramic did not exhibit sufficient
color masking ability to hide the grey and black substrates.

Key words: Color, spectrophotometry, visual perception, Y-TZP ceramic.

Introduction

M

etal ceramic restorations have shown longterm success due to good mechanical proper-

ties.1,2However, achieving a natural appearance is
more challenging with a metal-ceramic restoration
than an all-ceramic restoration due to the fact that
metal copings prevent light transmission.3,4 This has
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led to an increase in the use of non-metallic restorations such as zirconia-based restorations.5 Zirconiacrowns combine the benefits of metal restorations,
such as minimally invasive tooth preparation and
simple cementation, with those of all-ceramic
crowns, such as low thermal conductivity and adequate translucency.6,7 However, the high translucency of a ceramic is not necessarily a benefit, especially in cases with discolored teeth, metallic core materials, colored dental substrates,8and even titanium
abutments.9 In these cases a ceramic with color
masking ability of its background should be reasonably applied to obtain acceptable esthetic outcomes.
The masking ability has been defined as the ability to
hide a colored background.5
A method to evaluate the masking ability of restorative materials is to measure a ΔE color difference in
CIELab color system. In this color system the color
attributes of L*, a*, and b* define lightness, red/green
value, and yellow/blue value, respectively, which
can be measured via spectrophotometry. The ΔE is
calculated to determine color differences using this
formula:
∆E *ab =

( L* − L* )2 + ( a* − a* )2 + ( b* − b* )2 
1
2
1
2
1
 2


1/2

which is the most commonly used formula for ΔE.5
This formula can detect even a small amount of color
difference between natural dentition and restorations.10 An opaque material with ideal masking ability has a ΔE color difference close to zero when being
placed over a black and white substrate.8 In this case
the color of the material is not affected by the substrate’s color. As spectrophotometers and colorimeters can recognize even a small amount of color
change which cannot be detected by human eyes,
limits have been defined for the perceptional threshold and the acceptable clinical threshold based on
the ΔE value.5 It has been considered that the acceptable clinical threshold is more than the perceptional
threshold.11 If the ΔE color change is more than the
threshold, a color match will be rejected. The perceptional threshold range is1‒5.5of ΔE in the literature.12-14
Several studies have evaluated the optical properties of different ceramic materials.15-18Some investigations have assessed various factors affecting the
final color of zirconia restorations, including substrates,19-22 cements,21,23 ceramic veneers and their
thicknesses,24-26 glazing process,24and laboratory
techniques.27
Suputtamongkol et al19concluded that the color of
a substructure affected the color of posterior zirconia-based restorations on a metal post and core or a
JODDD, Vol. 11, No. 1 Winter 2017

prefabricated post and a composite resin core, ranging from 1.2 to 3.1 of ΔE. Choi & Razzoog20 evaluated the masking ability of zirconia ceramics with
and without porcelain veneer and concluded that the
unveneered zirconia ceramic was rather capable of
masking the different tested substrates. Oh & Kim22
concluded that abutment shade, ceramic thickness
and coping type affected the color resulting from
zirconia restorations. Pecho et al28 concluded that
clinicians should pay attention to the optical property
differences between zirconia ceramics and human
dentin to achieve optimal esthetics in restorative dentistry. Kurtulmus-Yilmaz and Ulusoy29 showed that
zirconia ceramics were less translucent than lithium
disilicate glass ceramic, and had partial translucency
with some translucency differences among the zirconia systems. Tuncel et al30 reported that the translucency of zirconia was influenced by the coloring
procedure and the grain size. The masking ability of
a zirconia ceramic is related to its color coverage
over underlying structures, including cement and
dental substrates. Masking a dental substrate with
cements may not be feasible because different shades
do not exist for all the cements; in addition, availability of different cement shades allows minor esthetic corrections.21Therefore the color masking ability
of a zirconia ceramic on different substrates may be
essential to achieve proper clinical results. The L*
attribute, which is related to the value or lightness of
a ceramic or a substrate, is the most effective factor
in the resultant color.20 Therefore, the aim of this in
vitro study was to evaluate the color masking ability
of a zirconia ceramic on the substrates with different
values. The null hypothesis was that the examined
zirconia ceramic would show sufficient color masking ability to hide the tested substrates.
Methods
A sample of maximum 10 is needed in a repeatedmeasure design with 3 replicates and the effect size
of 0.81 (variance within groups=4 and variance explained by the effect=2.6), with α=0.05 and β=0.1. A
G power of 3.1.3 was implemented for sample size
calculation.
Therefore, 10 zirconia disk specimens were fabricated. The disk specimens were placed onto four
substrates with different values, including: white
(W), light grey (LG), dark grey (DG) and black (B).
Spectrophotometric measurements were performed
on the specimens.
A CAD/CAM system (CORITEC 250i, imes-icore
GmbH, Eiterfeld, Germany) milled zirconia blocks
(Luminesse High Strength 98mm Discs #5113, Tal-
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ladium, Valencia, CA, USA) to prepare zirconia
disks. The disks were 0.5 mm in thickness and 10
mm in diameter.22All the zirconia disks were sintered
at 1500°C for a 12-hour process in a sintering furnace (iSINT HT, Imes-Icore GmbH, Eiterfeld, Germany). A micrometer (293 MDC-MX Lite, Mitutoyo
Corporation, Tokyo, Japan) with an accuracy of
0.002 mm was employed to measure the thicknesses
of the disks. The disks were adjusted to a thickness
of 0.5±0.01 mm. An adjustment and polishing kit
(BruxZir, Glidewell Direct, Irvine, CA, USA) was
used to reduce the thicknesses according to the
above-mentioned acceptable range. In case of lack of
the acceptable thickness, the disk was excluded from
the study. The zirconia disks were polished, cleaned
in an ultrasonic bath (Elmasonic S-30, Dentec, North
Shore, Australia) containing 98% ethanol for 15 minutes and finally dried.
Four cylindrical substrates with different values,
including white (W), light grey (LG), dark grey
(DG) and black (B), were prepared. The substrates
were 10 mm in diameter and 10 mm in height.22
White and black Teflon materials(PTFE, Omnia
Plastica SPA, Busto Arsizio, Italy) were milled to
fabricate the white and black substrates according to
the above-mentioned dimensions. In order to fabricate grey substrates, a putty silicone impression
(Speedex, Coltene, Altstatten, Switzerland) was taken from the black substrate to prepare a mold. Half a
gram and one gram of carbon graphite were separately added to the liquid of an auto-polymerized
acrylic resin (Alike, GC Corporation, Tokyo, Japan),
to make the light and dark grey substrates, respectively.20 The liquid and powder of the acrylic resin
were mixed and applied to the mold. After 5 minutes
the polymerization of the acrylic resin was completed. The grey acrylic substrates were polished
with 800-grit silicon carbide abrasive papers for 10
minutes. All the substrates were cleaned in the same
ultrasonic bath containing 98% ethanol for 15 minutes (Figure 1). The CIELab values of the substrates were measured (W: L*=92.1, a*=-1.7, b*=0.7;
LG; L*=57.6, a*=-0.6, b*=4.3; DG: L*=39.8, a*=-0.5,
b*=2.5; B:L*=9.4, a*=-0.9, b*=-1.1)

Figure 1. The tested substrates.
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A spectrophotometer (Spectro Shade Micro, MHT,
Verona, Italy) was employed for spectrometric measurements.31 A putty silicone material (Speedex, Coltene, Altstatten, Switzerland) was adapted to the
mouthpiece of the spectrophotometer to match the
conditions of spectrophotometry for all the specimens and to prevent external light. The specimens
were located at the center of this putty mold. Before
each measurement the spectrophotometer was calibrated by the white and green calibration plates, respectively. The disks were placed on the substrates
with a water drop in between to prevent refraction of
light.5 Each disk specimen was placed on each of the
four substrates and the color measurements were carried out. All the color measurements were conducted
at the center of the specimens marked by a pen on
the monitor screen of spectrophotometer, and the
color attributes of L*, a*, and b* were recorded for
each specimen. ΔE was calculated to determine the
color differences of a disc on different substrates. To
compare the three substrates of LG, DG and B with
the substrate W, the ΔE values were measured in
three situations, including W-LG, W-DG and W-B.
The aforementioned formula was employed to calculate ΔE. The ΔE=2.6for perceptional threshold was
hypothesized in this study.13,14
A normal distribution of data was confirmed in all
the groups by Kolmogorov-Smirnov test (P>0.05).
SPSS 21 (SPSS Inc., Chicago, IL, USA) was used
for the analysis of data. In order to compare the color
attributes of L*, a*, b* and ΔE in the four groups of
W, LG, DG and B, repeated-measures ANOVA was
employed. Pairwise comparisons of the groups were
performed by Bonferroni test. STATA (StataCorp
LP, Lake way, TX, USA) was used to compare the
ΔE values with the threshold of 2.6 using onesample t-test. All the tests were carried out at 0.05
level of significance.
Results
The means and standard deviations of the L* values
for the four groups of W, LG, DG, and B were
88.35±1.46,
78.46±1.71,
78.06±1.66,
and
75.38±1.35units, respectively (Table 1) (Figure 2).
Repeated-measures ANOVA detected significant
differences between the groups (P<0.0001). Pair
wise comparisons of the four groups revealed significant differences between all the groups (P<0.0001),
except between LG and DG (P=0.652).
The means and standard deviations of a* values
for the four groups of W, LG, DG and B were0.40±0.42,
-0.32±0.48,
-0.28±0.52,
and0.36±0.45units, respectively (Table 1) (Figure 3).
JODDD, Vol. 11, No. 1 Winter 2017
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Table 1. Measures of the color attributesof specimens in the four groups
Substrate

Color attributes

Mean

*

White
(W)
Black
(B)

Light Grey
(LG)

Dark Grey
(DG)

L
a*
b*
L*
a*
b*
ΔE
L*
a*
b*
ΔE
L*
a*
b*
ΔE

88.35
-0.40
3.38
75.38
-0.36
0.40
13.34
78.46
-0.32
2.61
9.94
78.06
-0.28
2.06
10.40

Standard deviation
1.46
0.42
0.36
1.35
0.45
0.49
1.77
1.71
0.48
0.41
2.11
1.66
0.52
0.44
2.09

Figure 2. The means and standard deviations of the L*
values in the four groups.

Repeated-measures ANOVA detected no significant
differences between the groups (P=1).
The means and standard deviations of b* values for
the four groups of W, LG, DG and B were
3.38±0.36, 2.61±0.41, 2.06±0.44, and 0.40±0.49
units, respectively (Table 1) (Figure 4). Repeatedmeasures ANOVA detected significant differences
between the groups (P<0.0001). Pair wise comparisons of the four groups showed significant differenc-

Figure 3. The means and standard deviations of the a*
values in the four groups.
JODDD, Vol. 11, No. 1 Winter 2017

Minimum

Maximum

%95 Confidence Interval

85.40
-1.10
2.90
73.20
-0.80
-0.30
9.64
76.00
-0.80
2.20
5.88
75.20
-0.80
1.50
5.98

90.50
0.30
4.10
77.10
0.80
1.40
15.94
80.20
0.90
3.40
12.80
79.60
1.00
2.70
13.86

(87.30,89.39)
(-0.69,-0.10)
(3.11,3.64)
(74.41,76.34)
(-0.68,-0.03)
(0.05,0.75)
(12.06,14.60)
(77.24,79.68)
(-0.66,0.027)
(2.31,2.90)
(8.43,11.45)
(76.87,79.24)
(-0.65,0.09)
(1.74,2.37)
(8.89,11.89)

es between all the groups (P<0.0001), except between LG and W (P=0.09).
The means and standard deviations of the ΔEW-LG,
ΔEW-DG, and ΔEW-B values were 9.94±2.11,
10.40±2.09, and 13.34±1.77units, respectively (Table 1) (Figure 5). Repeated-measures ANOVA
showed significant differences between the groups
(P<0.0001). Pair wise comparisons of the groups
revealed significant differences between all the
groups (P<0.0001), except between LG and DG
(P=0.469). In order to compare the means of the
ΔEW-LG, ΔEW-DG, and ΔEW-B values with the threshold
of ΔE=2.6, one-sample t-test (one-sided) was employed. The null hypothesis of ≤2.6
µ
was rejected
for ΔEW-LG, ΔEW-DG and ΔEW-B (P<0.0001).
Discussion
Based on the results of this study, the tested zirconia
ceramic upon the tested substrates demonstrated perceptible color differences and did not show sufficient
color masking ability to hide the grey and black substrates. Hence, the null hypothesis of the study was
refuted.
The L* values decreased in all the groups com-

Figure 4. The means and standard deviations of the b*
values in the four groups.
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Figure 5. The means and standard deviations of the
ΔE values.

pared with the W. This decrease was the highest in
the B, while there was no significant difference between the LG and the DG in this respect. As the L*
value expresses the lightness of an object, a black
substrate reasonably causes the highest decrease in
this color attribute. This is due to optical properties
of zirconia ceramic which allows for light transmission.
The a* values increased in all the groups compared
with the W, though this increase was not statistically
significant. This shows that grey and black substrates
do not affect the a* color attribute. As the a* color
attribute defines red/green value, the result seems
rational.
The b* values decreased in all the groups compared
with the W. The decrease of the b* value was the
highest in the B. This may be due to the natural b*
value of a black substrate and its effect on the zirconia ceramic.
All the ΔE values (ΔEW-LG, ΔEW-DG and ΔEW-B)
were more than the threshold of ΔE=2.6. This demonstrated that the color changes induced by the substrates were beyond the perceptional threshold. Tracing the L*, a*, b* and ΔE values (Table 1) indicated
that the highest amount of difference was related to
the L* attribute. Accordingly the substrate types had
the highest impact on the L* attribute. Therefore the
ΔE changes had mainly been derived from this
attribute (Table 1).
Suputtamongkol et al19 reported that the color of a
background substructure could affect the color of
zirconia-based restorations on a metal post and core
or a prefabricated post and composite resin core.
Moreover minor color changes of zirconia crowns
were disclosed by measuring ΔE.19 Despite some
differences between the above-mentioned study and
the present investigation like ceramic brand, ceramic
thickness, layered zirconia versus zirconia coping,
thresholds and substrate types, both investigations
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revealed that the zirconia ceramic was rather capable
of masking its substrate.
Oh & Kim22 assessed the effects of abutment
shade, ceramic thickness, and coping type on the
color of zirconia-based restorations. The abutments
were prepared with gold alloy, nickel-chromium alloy, and composite resins with different shades. The
mean ΔE value of Lava zirconia between the A2
composite resin and gold alloy abutments was higher
than those between the A2 composite resin and other
abutments (ΔE =5.5). It was concluded that the color
of the tested zirconia ceramic was affected by its
substrate. A comparable consequence was gained
from the present study, though the substrates and
zirconia ceramics used were not similar.
Choi & Razzoog20 assessed the masking ability of a
zirconia ceramic with and without porcelain veneer.
The color differences induced by zirconia ceramic
and porcelain veneer were compared with the substrates alone, and it was concluded that the unveneered zirconia ceramic was rather capable to mask
the different tested substrates. However, in the
present study the color differences induced by the
substrates were compared with a white substrate and
the results revealed that the tested zirconia ceramic
could not hide the substrates. In other words, Choi
&Razzoog20 calculated the ΔE between the substrate
(as a control) and the zirconia ceramic with the substrate, while we calculated the ΔE between the zirconia ceramic with the white substrate (as a control)
and the zirconia ceramic with the other substrates.
The difference in the results might be attributed to
the mentioned methodological approaches. It should
be considered that incomplete masking ability of a
ceramic on discolored background substructures
might lead to unpleasant esthetic results. On the other hand, the highest color changes, reported by Choi
& Razzoog,20 occurred in the L* and b* values. Similarly the highest amount of color differences were
caused by the L* attribute in the current investigation.
Although Kurtulmus-Yilmaz and Ulusoy29showed
that zirconia-based all-ceramic systems had lower
translucency than lithium disilicate-based glass ceramics, this lower level of translucency of zirconia is
not sufficient to hide the substrate color according to
the results of this study. Tuncel et al30showed that
zirconia as a framework material had smaller grain
size and more translucency compared to monolithic
zirconia. In addition, colored zirconia framework
material exhibited similar grain size and was less
translucent than non-colored zirconia framework
material.30 The results of the present study, which
JODDD, Vol. 11, No. 1 Winter 2017
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showed the effect of substrate color on the zirconia
ceramic color, were consistent with those of a study
by Tuncel et al,30 indicating the high translucency of
non-colored zirconia framework.
Based on the results of this study, the grey and
black substrates can change the color of zirconia
core beyond the perceptional threshold. Thus, zirconia-based restorations may be contraindicated on the
black and grey discolored teeth, or the negative effects of these discolorations might be reduced by
increasing the zirconia core thickness, applying sufficient porcelain veneers, and using suitable luting
agents.
Light transmission via a zirconia core structure
can be predictable in zirconia-based restorations, and
therefore cements and dental substrates might affect
the color of these restorations.32 The present study
assessed the specific effects of three substrates with
different values in this respect. In addition, the zirconia core veneering materials may affect the color
of zirconia-based restorations, which were not evaluated in this study. Therefore, consideration of this
factor is suggested in future studies. This research
had some limitations such as testing a non-colored
zirconia ceramic without veneer. More investigations
are suggested in this respect.

References
1.

2.

3.

4.

5.

6.

7.

8.

9.

Conclusion
Within the limitations of this study it was concluded
that the tested zirconia ceramic did not exhibit sufficient color masking ability to hide the grey and black
substrates.
Acknowledgments
This paper has been entirely drawn up from a “M.D. Thesis” which was successfully completed by Dr. Mahdiye
Javadi Sharif under the supervision of Dr. Farhad Tabatabaian.
Authors’ contributions
FT contributed to the concept and design of the work. The
acquisition, analysis, and interpretation of data were accomplished by FT, MJS, and MN. FT,FM and MJS
drafted and revised it critically for intellectual content. All
the authors read and approved the final manuscript.

10.

11.

12.

13.

14.

Funding
This project was supported and funded by the authors.

15.

Competing interests
The authors declare no competing interests with regards to
the authorship and/or publication of this article.
Ethics approval
Not applicable.
JODDD, Vol. 11, No. 1 Winter 2017

16.

Shi JY, Li X, Ni J, Zhu ZY. Clinical evaluation and patient
satisfaction of single zirconia-based and high-noble alloy
porcelain-fused-to-metal crowns in the esthetic area: A retrospective cohort study. J Prosthodont. 2016; 25:526-530.
doi: 10.1111/jopr.12344
Näpänkangas R, Raustia A. Twenty-year follow-up of metalceramic single crowns: a retrospective study. Int J Prosthodont. 2008; 21:307-11.
Jeong ID, Bae SY, Kim DY, Kim JH, Kim WC. Translucency of zirconia-based pressable ceramics with different core
and veneer thicknesses. J Prosthet Dent. 2016; 115:768-72.
doi: 10.1016/j.prosdent.2015.11.003
Harada K, Raigrodski AJ, Chung KH, Flinn BD, Dogan S,
Mancl LA. A comparative evaluation of the translucency of
zirconias and lithium disilicate for monolithic restorations. J
Prosthet
Dent.
2016;
116:257-63.
doi:
10.1016/j.prosdent.2015.11.019
Vichi A, Louca C, Corciolani G, Ferrari M. Color related to
ceramic and zirconia restorations: a review. Dent Mater.
2011; 27:97-108.doi:10.1016/j.dental.2010.10.018
Raigrodski AJ. Contemporary materials and technologies for
all-ceramic fixed partial dentures: a review of the literature. J
Prosthet
Dent.
2004;
92:55762.doi:10.1016/j.prosdent.2004.09.015
Wiedhahn K, Fritzsche G, Wiedhahn C, Schenk O. Zirconia
crowns - the new standard for single-visit dentistry? Int J
Comput Dent. 2016; 19:9-26.
Chu FC, Chow TW, Chai J. Contrast ratios and masking
ability of three types of ceramic veneers. J Prosthet Dent.
2007; 98:359-64.
Mokhtarpour H, Eftekhar Ashtiani R, Mahshid M, Tabatabaian F, Alikhasi M. Effect of screw access hole preparation
on fracture load of implant-supported zirconia-based crowns:
an in vitro study. J Dent Res Dent Clin Dent Prospects.
2016; 10:181-8. doi: 10.15171/joddd.2016.029
Seghi RR, Hewlett ER, Kim J. Visual and instrumental colorimetric assessments of small color differences on translucent dental porcelain. J Dent Res. 1989; 68:17604.doi:10.1177/00220345890680120801
Douglas RD, Steinhauer TJ, Wee AG. Intraoral determination of the tolerance of dentists for perceptibility and acceptability of shade mismatch. J Prosthet Dent. 2007; 97:2008.doi:10.1016/j.prosdent.2007.02.012
Lindsey DT, Wee AG. Perceptibility and acceptability of
CIELAB color differences in computer-simulated teeth. J
Dent. 2007; 35:593-9. doi:10.1016/j.jdent.2007.03.006
Ishikawa-Nagai S, Yoshida A, Sakai M, Kristiansen J, Da
Silva JD. Clinical evaluation of perceptibility of color differences between natural teeth and all-ceramic crowns. J Dent.
2009; 37 Suppl 1:e57-63.doi:10.1016/j.jdent.2009.04.004
Ghinea R, Pérez MM, Herrera LJ, Rivas MJ, Yebra A, Paravina RD. Color difference thresholds in dental ceramics. J
Dent.
2010;
38
Suppl
2:e57-64.
doi:
10.1016/j.jdent.2010.07.008
Fabbri G, Mancini R, Marinelli V, Ban G. Anterior discolored teeth restored with procera all-ceramic restorations: a
clinical evaluation of the esthetic outcome based on the
thickness of the core selected. Eur J Esthet Dent. 2011; 6:7686.
Zhang F, Heydecke G, Razzoog ME. Double-layer porcelain
veneers: effect of layering on resulting veneer color. J Prosthet Dent. 2000; 84:425-31.doi:10.1067/mpr.2000.110255

Color Masking Ability of A Zirconia Ceramic
17.

18.

19.

20.

21.

22.

23.

24.

Chen YM, Smales RJ, Yip KH, Sung WJ. Translucency and
biaxial flexural strength of four ceramic core materials. Dent
Mater. 2008; 24:1506-11.doi:10.1016/j.dental.2008.03.010
Lee YK, Cha HS, Ahn JS. Layered color of all-ceramic core
and veneer ceramics. J Prosthet Dent. 2007; 97:27986.doi:10.1016/j.prosdent.2007.03.010
Suputtamongkol K, Tulapornchai C, Mamani J, Kamchatphai W, Thongpun N. Effect of the shades of background
substructures on the overall color of zirconia-based allceramic crowns. J Adv Prosthodont. 2013; 5:31925.doi:10.4047/jap.2013.5.3.319
Choi YJ, Razzoog ME. Masking ability of zirconia with and
without veneering porcelain. J Prosthodont. 2013; 22:98104.doi:10.1111/j.1532-849X.2012.00915.x
Vichi A, Ferrari M, Davidson CL. Influence of ceramic and
cement thickness on the masking of various types of opaque
posts. J Prosthet Dent. 2000; 83: 412-7.doi:10.1016/S00223913(00)70035-7
Oh SH, Kim SG. Effect of abutment shade, ceramic thickness, and coping type on the final shade of zirconia allceramic restorations: in vitro study of color masking ability.
J
Adv
Prosthodont.
2015;
7:
36874.doi:10.4047/jap.2015.7.5.368
Tabatabaian F, Habib Khodaei M, Namdari M, Mahshid M.
Effect of cement type on the color attributes of a zirconia ceramic. J Adv Prosthodont. 2016; 8:449-56.doi:
10.4047/jap.2016.8.6.449
Sinmazisik G, Demirbas B, Tarcin B. Influence of dentin
and core porcelain thickness on the color of fully sintered

25.

26.

27.

28.

29.
30.
31.

32.

13

zirconia ceramic restorations. J Prosthet Dent.2014;
111:142-9.doi:10.1016/j.prosdent.2013.09.016
Son HJ, Kim WC, Jun SH, Kim YS, Ju SW, Ahn JS. Influence of dentin porcelain thickness on layered all-ceramic restoration color. J Dent. 2010; 38Suppl 2:e717.doi:10.1016/j.jdent.2010.08.007
Barão VA, Gennari-Filho H, Goiato MC, dos Santos DM,
Pesqueira AA. Factors to achieve aesthetics in all-ceramic
restorations. J Craniofac Surg. 2010; 21:2007-12.
Bachhav VC, Aras MA.The effect of ceramic thickness and
number of firings on the color of a zirconium oxide based all
ceramic system fabricated using CAD/CAM technology. J
AdvProsthodont. 2011; 3:57-62.doi:10.4047/jap.2011.3.2.57.
Pecho OE, Ghinea R, Ionescu AM, Cardona JC, Della Bona
A, Pérez Mdel M.Optical behavior of dental zirconia and
dentin analyzed by Kubelka-Munk theory. Dent Mater.
2015;31:60-7. doi: 10.1016/j.dental.2014.11.012
Kurtulmus-Yilmaz S, Ulusoy M. Comparison of the translucency of shaded zirconia all-ceramic systems. J Adv Prosthodont. 2014; 6:415-22. doi: 10.4047/jap.2014.6.5.415
Tuncel İ, Turp I, Üşümez A. Evaluation of translucency of
monolithic zirconia and framework zirconia materials. J Adv
Prosthodont. 2016; 8:181-6. doi: 10.4047/jap.2016.8.3.181
Kim A, Campbell SD, Viana MA, Knoernschild
KL.Abutment material effect on peri-implant soft tissue color and perceived esthetics. J Prosthodont. 2015 Sep 23. doi:
10.1111/jopr.12360. [Epub ahead of print].
Tabatabaian F, Masoomi F, Namdari M, Mahshid M. Effect
of three different core materials on masking ability of a zirconia ceramic. J Dent. (Tehran) 2016; 13:340-8.

JODDD, Vol. 11, No. 1 Winter 2017

