Restor Dent Endod. 2020 Aug;45(3):e41
https://doi.org/10.5395/rde.2020.45.e41
PISSN 2234-7658-eISSN 2234-7666

Restorative
Dentistry
& Endodontics

Research Article

") Check for updates

G OPEN ACCESS

Shade reproduction and the ability of
lithium disilicate ceramics to mask
dark substrates

Maryam Iravani @,' Sayna Shamszadeh (9, Narges Panahandeh ©,*
Seyedeh Mahsa Sheikh-Al-Eslamian (9,2 Hassan Torabzadeh ?

'Department of Restorative, Shahid Beheshti University of Medical Sciences Faculty of Dentistry, Tehran, Iran
?Dental Research Center, Research Institute of Dental Sciences, Shahid Beheshti University of Medical
Sciences, Tehran, Iran

Received: Sep 22, 2019
Revised: Mar 2, 2020
Accepted: Apr 6, 2020

Iravani M, Shamszadeh S, Panahandeh N,
Sheikh-Al-Eslamian SM, Torabzadeh H

*Correspondence to

Narges Panahandeh, DDS, MSD

Assistant Professor, Dental Research Center,

Research Institute of Dental Sciences, Shahid
Beheshti Dental School, Daneshjou Bly, Evin,

Tehran 198396-3113, Iran.

E-mail: nargespanahandeh@yahoo.com

Copyright © 2020. The Korean Academy of
Conservative Dentistry

This is an Open Access article distributed
under the terms of the Creative Commons
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial
use, distribution, and reproduction in any
medium, provided the original work is properly
cited.

Conflict of Interest
No potential conflict of interest relevant to this
article was reported.

Author Contributions

Conceptualization: Panahandeh N,
Torabzadeh H, Sheikh-Al-Eslamian SM, Iravani
M; Data curation: Shamszadeh S, Panahandeh
N, Torabzadeh H, Sheikh-Al-Eslamian SM;
Formal analysis: Shamszadeh S; Funding
acquisition: Panahandeh N; Investigation:
Shamszadeh S, Torabzadeh H, Sheikh-Al-
Eslamian SM; Methodology: Shamszadeh S,
Panahandeh N, Torabzadeh H, Sheikh-Al-
Eslamian SM, Iravani M; Project administration:

https://rde.ac

ABSTRACT

Objectives: This study aimed to evaluate the ability of lithium disilicate ceramics to
reproduce the A2 shade and to mask A4 substrates.

Materials and Methods: Twenty-four discs (8 mm in diameter, shade A2) of high translucency
(groups 1-3) and low translucency (groups 4-6) of IPS e.max ceramic with different thicknesses
(0.5, 0.75, and 1 mm) were fabricated as monolithic structures. In addition, discs of medium
opacity (group 7-8) with different core/veneer combinations (0.3 mm/0.7 mm and 0.5 mm/0.5
mm) were fabricated as bilayer structures. Specimens were superimposed on an A4 substrate
(complex). The color changes of the complex were measured using a spectrophotometer

on a black background, and the AE values of the complex were compared with either the A4
substrate or the A2 shade tab. One-way analysis of variance, the Tukey honest significant
difference test, and the Fisher test were used to analyze the data (p < 0.05).

Results: Significant between-group differences were found for comparisons to both the A4
substrate and the A2 shade (p < 0.05). When compared with the A4 substrate, the AE values
in all groups were in the non-acceptable range. When compared with the A2 shade, the AE
values in all groups, except groups 2 and 3, were in the clinically acceptable range.
Conclusions: All translucencies and thicknesses masked the underlying dark substrate.
However, the low-translucency IPS e.max Press better reproduced the A2 shade.

Keywords: Color; Dental ceramics; Lithium disilicate; Masking ability; Shade reproduction

INTRODUCTION

Restoring discolored tooth structures, especially in the anterior area, is challenging for

most clinicians. In restorative dentistry, achieving a natural tooth-like restoration is an
important factor influencing patients' satisfaction and treatment success [1]. Over the last
few decades, the increased demand of patients for highly esthetic restorations (natural-
looking restorations) has resulted in the development of all-ceramic restorations. Their
popularity is attributed to their superior esthetic properties, biocompatibility, and longevity,
as well as the conservative nature of the procedure [2]; however, all-ceramic restorations are
brittle. Advancements have been made to reinforce these materials with crystalline phases to
improve their physical and mechanical properties [3].
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Lithium disilicate glass ceramics, such as the IPS e.max Press, have generated considerable
interest. The addition of 70% lithium disilicate crystals as the crystalline phase results

in adequate flexural strength (350—-450 MPa), better integration with the tooth structure
through the bonding mechanism, and superior esthetic properties. It is recommended to be
used with anatomical contouring as a monolithic restoration due to its translucency and the
availability of various shades [3].

The esthetic appearance of ceramic restorations is influenced by several factors, such as the
thickness and translucency of the ceramic [4], the luting agent [5], the color of the underlying
tooth structure [4], and the type of ceramic [6]. The thickness of the ceramic material is an
important factor for successful shade reproduction.

In clinical circumstances, the thickness of the dentin and the enamel differs among
individuals; therefore, the fabrication of a ceramic restoration similar to a natural tooth
depends on the combination of core and veneer thicknesses, which have been reported to
influence the final color of the ceramic restoration [7,8].

The translucency of the ceramic, which has been emphasized as another factor relevant

for maintaining good esthetics, is significantly influenced by the type of material and its
thickness [9]. Translucency is defined as the extent to which light is diffused in a material
that partially allows light transmittance in response to irradiance, and attention should be
paid to this parameter. Translucency of a ceramic means that the underlying substrate has a
significant influence on the final color [10].

The Commission Internationale de I'Eclairage (CIE) L*a*b* color system is widely used to
evaluate differences in color between dental restorations and teeth because of its validity,
feasibility, and simplicity. The CIEL*a*b* system evaluates the degree of perceptible color
change based on 3 parameters: L* (lightness, in which 100 represents white and O represents
black), a* (red—green chromatic coordinate) and b* (blue—yellow chromatic coordinate). AE
is the total color change and a value of 3.3 or more is considered to be clinically unacceptable
[11]. The aim of this in vitro study was to evaluate the ability of lithium disilicate ceramics to
reproduce the A2 shade and to mask A4 substrates.

MATERIALS AND METHODS

Twenty-four disks were fabricated from a lithium disilicate ceramic (IPS e.max Press, shade
A2; Ivoclar Vivadent AG, Schaan, Liechtenstein), including 9 monolayer discs with high
translucency (HT) at thicknesses of 0.5, 0.7, and 1 mm (groups 1-3), 9 monolayer discs with
low translucency (LT) at thicknesses 0f 0.5, 0.7, and 1 mm (groups 4-06), and 6 bilayer discs
with medium opacity (MO) at a thickness of 1 mm in 2 combinations (0.3-mm core; 0.7-mm
veneer) and (0.5-mm core; 0.5-mm veneer) (groups 7-8). The group description is presented
in Table 1.

Preparation of specimen

The specimens were fabricated using the lost wax and heat-pressed techniques. To fabricate
the monolayer specimens (groups 1-6), discs of A2 shade of HT and LT ceramics were used.
The wax patterns were invested with a proprietary IPS e.max Press powder (IPS e.max

Press powder and liquid; Ivocolar Vivadent AG), and pressed using a Programat EP 3000
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Table 1. Descriptive analysis and Tukey post hoc comparisons of AE values of the study groups in comparison to the A4 substrate and the A2 VITA shade tab (n = 3)

Group Translucency Thickness Structure A4 substrate A2 VITA shade tab
Mean + SD Mean + SD

1 HT 0.5 mm Monolayer 8.98 + 0.53 3.31+0.27%

2 HT 0.7 mm Monolayer 8.20 + 0.10* 3.69 + 015°

3 HT 1mm Monolayer 8.12 +0.29° 4.88 + 0.19%8¢

4 LT 0.5 mm Monolayer 9.96 + 0.25%° 1.09 + 0.10%®

5 LT 0.7 mm Monolayer 8.63+0.49 0.76 + 0.04"5CFF

6 LT 1mm Monolayer 8.12 + 0.84¢ 1.38 + 0.30"%¢F

7 MO 0.3 mm core/0.7 mm veneer Bilayer 9.45 + 0.69 2.93 + 0.18°CPFF

8 MO 0.5 mm core/0.5 mm veneer Bilayer 8.62 + 0.39° 3.29 + 0.12°PFF

HT, high translucency; LT, low translucency; MO, medium translucency; SD, standard deviation.

The results of the Tukey post hoc comparisons are shown as superscripts, and values denoted with the same letters are significantly different (p > 0.05).
Superscript lowercase letters show differences between complexes and the A4 substrate, and superscript uppercase letters show differences between
complexes and the A2 VITA shade tab.

furnace (Ivoclar Vivadent AG). The pressed disc was then bench-cooled and subsequently
divested. The specimens were treated with 1% hydrofluoric acid IPS ceramic etching gel (1%
hydrofluoric acid, Ivoclar Vivadent AG) for 60 seconds, followed by rinsing and air drying.

For the fabrication of bilayer specimens (groups 7-8), MO ceramic discs with the A2 shade
were used. The first layer was pressed in 2 thicknesses (0.3 or 0.5 mm) in the same way
described for LT and HT groups. The ceramic discs were then covered with veneering ceramic
IPS e.max Ceram (color A2). The firing and layering procedures proceeded according to the
manufacturer's instructions, and the final thickness of each specimen was adjusted to 1 mm.

The specimens were polished with 250-, 400-, and 600-grit silicon carbide abrasive papers
under running water. The accuracy of the final thickness was verified to be within 0.05 mm
using a digital caliper (Mitutoyo Corp, Kawasaki, Japan) (accuracy of 0.01 mm). A thin layer
of glaze material was applied to 1 side of each specimen, and glaze firing was performed

at 403°C for 1 minute, followed by drying for 6 minutes. The temperature was then raised

to 770°C and the specimens were kept under vacuum for 1.5 minutes. All specimens were
cleaned with distilled water, air-dried, and stored in separate screw-top vials at room
temperature before color measurements.

For the control CIE L*a*b* measurements, an A2 shade tab (VITA classical Al-D4 shade
guide; VITA Zahnfabrik, Bad Sickingen, Germany) was selected for a shade guide. The CIE
L*a*b* values of this shade tab were calculated at the center of its middle third using the
method described below (L* = 74.8, a* = 0.7, b* = 20.0).

Preparation of substrate
Dark dentin substrate was simulated with a 4-mm-thick IPS e.max Press ceramic (8 mm in
diameter, shade A4) according to the manufacturer's instructions.

Color measurements

The CIE L*a*b* color coordinates were measured with a reflectance spectrometer (SP60,
X-Rite, Grand Rapids, MI, USA) equipped with a standard D-65 illuminant. The equipment
was calibrated using the standards provided before each measurement. Two readings were
performed at locations close to the center of each disc and the mean was calculated. During
the measurements, the ceramic discs were superimposed on the A4 substrate, and the
resultant complex was positioned on a black background.
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The AE (total color change) was obtained by comparing the complex with either the A4
substrate or an A2 shade tab using the following formula: AE = [(AL)? + (Aa)*+ (Ab)?]'?

Data analysis

The data were statistically analyzed using SPSS version 16 software (SPSS Inc., Chicago, IL, USA).
One-way analysis of variance (ANOVA) was used to determine the significance of differences in
color among different groups. Multiple comparisons were performed using the post hoc Tukey
honest significant difference test. The Fisher test was used to evaluate color differences using
thresholds for imperceptible (AE < 1.0), perceptible (1.0 < AE < 3.3), and clinically unacceptable
(AE > 3.3) differences. The level of statistical significance was set at p < 0.05.

RESULTS

Table 1 presents the mean and standard deviation of AE values of different groups in
comparison to the A4 substrate and the A2 VITA shade tab. When the complex was compared
to the A4 substrate, 1-way ANOVA revealed significant differences among all groups (p <
0.05); however, the AE values were in the non- acceptable range. The lowest and highest
values of AE were found in group 3 (8.12 + 0.29) and group 4 (9.96 + 0.25), respectively.
Pairwise comparisons are shown in Table 1.

When the complex was compared to the A2 shade tab, 1-way ANOVA revealed significant
differences among all groups (p < 0.05) except for groups 2 (3.69 + 0.15) and 3 (4.88 + 0.19);
moreover, the AE values were in the clinically acceptable range. The lowest and highest values
of AE were found in group 5 (0.76 + 0.04) and group 3 (4.88 + 0.19), respectively. Pairwise
comparisons are shown in Table 1.

To describe the AE values of the study groups according to the thresholds for imperceptibility,
perceptibility, and acceptability, the mean AE values of the specimens were tested (Table 2).
In groups 1 and 4, most of the specimens (1 = 2, respectively) showed acceptable differences.
In groups 2 and 3, all specimens showed perceptible differences. In group 5, all specimens
showed imperceptible differences. In groups 6 and 7, all specimens showed acceptable
differences. In group 8, most of the specimens showed imperceptible differences.

DISCUSSION

Restoring discolored tooth structures, especially in the anterior region, is a challenge for
dental clinicians. The choice of dental ceramic materials is an important factor contributing
to the final color, and lithium disilicate glass-ceramics have a needle-like crystal structure

Table 2. AE values of the study groups according to imperceptibility, perceptibility, and acceptability thresholds

Groups AE <1 1<AE<3.3 AE>3.3

1 0] 2 1

2 0 0 3

3 0 0 3

4 1 2 0

5 3 0 0

6 (0] 3 0

7 0 3 0

8 (0] 1 2
https://doi.org/10.5395/rde.2020.45.e41 4/7


https://rde.ac

Restorative
Dentistry
Shade reproduction of lithium disilicate ceramics & Endodontics

https://rde.ac

that offers excellent appropriate optical properties. Many studies have reported that the
masking ability and shade reproduction of ceramics can be affected by factors such as
thickness and translucency. Thus, in the current study, the ability of lithium disilicate
ceramics to reproduce the A2 shade and to mask A4 substrates was evaluated. Different
combinations of thickness and translucency affected the ability of ceramic restorations to
mask A4 substrates and to reproduce the A2 shade tab.

The current study simulated a clinical situation, since ceramics can vary in thickness and
translucency in clinical settings. It is well known that clinical shade matches are difficult to
achieve, especially on a dark substructure. Thus, the A4 substrate was used as background to
simulate the underlying dark tooth structure.

To interpret the results for color differences, a AE reference threshold is necessary. In light of
differences among individuals in terms of the ability to recognize color differences, the following
intervals have been suggested: AE < 1, undetectable by the human eye; 1 < AE < 3.3, detectable

by expert individuals but clinically acceptable; and AE > 3.3, detectable by patients and unskilled
observers and clinically unacceptable [12]. Accordingly, the present study used the acceptability
threshold of AE = 3.3 to evaluate color differences and found that, in this respect, the minimum
ceramic thickness needed to reproduce the A2 shade was 0.5 mm. In addition, the ceramic
thickness needed to mask the underlying structure ranged from 0.5 to 1 mm.

Based on the manufacturer's claims, a high opaque (HO) ceramic with a thickness of 1.2 mm

is capable of masking the silver color of amalgam. The results of the present study showed that
all evaluated ceramic groups showed acceptable values for masking a simulated tooth with a
discolored A4 substrate (AE > 3.3). Therefore, for dark dentin substrates, the clinicians could be
advised to use any of the investigated combinations to mask the underlying structure.

Translucent ceramics are more commonly used to fabricate anterior restorations than opaque
ceramics. In the present study, IPS e.max Press ceramic ingots with different degrees of
translucency (i.e., HT, LT, and MO) were used. We found that all the tested ingots at different
thicknesses (0.5, 0.7, and 1 mm) were capable of masking the underlying A4 substrate. In
other words, the substrate was similarly affected by the HT and LT materials, which aligns
with the study by Dede et al. [13]. In contrast, Skyllouriotis et al. [14], Basso et al. [15], and
Pires et al. [6] reported that LT lithium disilicate materials showed better masking ability
than HT ceramics. The difference between these studies and the current experiment can be
attributed to this fact that all translucency values were statistically compared using a dark
substrate, but translucency was not statistically evaluated as a dependent variable.

The optical properties of various components of veneering materials, along with their thickness,
appear to be the main factors shaping the ability of ceramics to mask underlying tooth structures
[16]. However, increasing the thickness of a material that does not have an opacifier in its
composition does not lead to a significant difference in its masking ability. Of note, the LT and HT
ceramics are the most translucent IPS e.max materials, and the manufacturer does not provide
additional information about the composition of these materials.

It has been suggested that the thickness of a ceramic should be at least 2 mm in order to mask
the effect of the underlying discolored tooth or the abutment color on the final color of the
restoration [17]. However, we found that IPS e.max Press ceramics with a lower thickness
(0.5-1 mm) could mask the A4 substrate. This finding is important because, in many clinical
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cases, it is difficult to achieve a 2-mm axial reduction without compromising the strength
of the remaining tooth structure. It should be kept in mind that the possibility of achieving
maximum esthetics with limited tooth preparation is a critical factor [18].

Matching the final color of restoration to its corresponding shade tab is another challenge
when considering the material to use for restorative treatment, especially in the anterior
region. The results showed that all combinations were capable of masking the underlying A4
substrate (AE = 8.63). In addition, an LT group (0.7 mm) exhibited the least color difference,
corresponding to the best A2 VITA shade reproduction among all the groups. However, it is
worth noting that the MO ingots showed AE values in the clinically acceptable range (< 3.3).

Similarly, Pande and Kolarkar [19] reported that the best shade reproduction of LT IPS e.max
was found in MO and high-opacity groups. In their study, the shade reproduction of MO
ceramics was also good, but less than those of the LT groups. Nonetheless, it is evident that
the fabrication of bilayer veneers is more difficult and time-consuming; therefore, LT ingots
can be chosen instead of multilayered ceramics.

The difference in shade reproduction between different ingots could be attributed to their
structure; Lithium disilicate consists of many small interlocking plate-like crystals that

are randomly oriented. This ceramic is highly translucent due to the optical compatibility
between the glassy matrix and the crystalline phase, which minimizes the internal scattering
of light as it passes through it. Zirconium oxide and other oxides are added as opacifiers, and
differences in the percentage of these opacifiers in the ingots could lead to variation in their
shade reproduction ability [16].

Based on the results of the current study, it can be suggested that clinicians should
use LT ceramics with 0.5- and 0.7-mm thickness to avoid excessive tooth reduction, as
recommended by the manufacturer.

CONCLUSIONS

Based on the results of the current study, the IPS e.max Press ceramic at different translucencies
and thicknesses could mask a dark substrate. For treatment using a conservative approach, it is
recommended to use LT ceramics with less thickness to mask discoloration.

REFERENCES

1. Land MF, Hopp CD. Survival rates of all-ceramic systems differ by clinical indication and fabrication
method. J Evid Based Dent Pract 2010;10:37-38.
PUBMED | CROSSREF

2. CalamiaJR, Calamia CS. Porcelain laminate veneers: reasons for 25 years of success. Dent Clin North Am
2007;51:399-417.
PUBMED | CROSSREF

3. Giordano R, McLaren EA. Ceramics overview: classification by microstructure and processing methods.
Compend Contin Educ Dent 2010;31:682-700.
PUBMED

4. NiuE, Agustin M, Douglas RD. Color match of machinable lithium disilicate ceramics: effects of cement
color and thickness. ] Prosthet Dent 2014;111:42-50.
PUBMED | CROSSREF

https://rde.ac https://doi.org/10.5395/rde.2020.45.e41 6/7


http://www.ncbi.nlm.nih.gov/pubmed/20230965
https://doi.org/10.1016/j.jebdp.2009.11.013
http://www.ncbi.nlm.nih.gov/pubmed/17532919
https://doi.org/10.1016/j.cden.2007.03.008
http://www.ncbi.nlm.nih.gov/pubmed/21197937
http://www.ncbi.nlm.nih.gov/pubmed/24210729
https://doi.org/10.1016/j.prosdent.2013.09.005
https://rde.ac

Restorative
Dentistry
Shade reproduction of lithium disilicate ceramics & Endodontics

https://rde.ac

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Chen XD, Hong G, Xing WZ, Wang YN. The influence of resin cements on the final color of ceramic
veneers. ] Prosthodont Res 2015;59:172-177.
PUBMED | CROSSREF

Pires LA, Novais PM, Aratjo VD, Pegoraro LF. Effects of the type and thickness of ceramic, substrate, and
cement on the optical color of a lithium disilicate ceramic. J Prosthet Dent 2017;117:144-149.
PUBMED | CROSSREF

Shokry TE, Shen C, Elhosary MM, Elkhodary AM. Effect of core and veneer thicknesses on the color
parameters of two all-ceramic systems. J Prosthet Dent 2006;95:124-129.
PUBMED | CROSSREF

Son HJ, Kim WC, Jun SH, Kim YS, Ju SW, Ahn JS. Influence of dentin porcelain thickness on layered all-
ceramic restoration color. ] Dent 2010;38(Supplement 2):e71-e77.

PUBMED | CROSSREF

Bagis B, Turgut S. Optical properties of current ceramics systems for laminate veneers. ] Dent
2013;41(Supplement 3):e24-e30.

PUBMED | CROSSREF

Lee YK. Translucency of human teeth and dental restorative materials and its clinical relevance. ] Biomed
Opt 2015;20:045002.

PUBMED | CROSSREF

Ongiil D, Sermet B, Balkaya MC. Visual and instrumental evaluation of color match ability of 2 shade
guides on a ceramic system. J Prosthet Dent 2012;108:9-14.

PUBMED | CROSSREF

Vichi A, Louca C, Corciolani G, Ferrari M. Color related to ceramic and zirconia restorations: a review.
Dent Mater 2011;27:97-108.
PUBMED | CROSSREF

Dede DO, Sahin O, Ozdemir OS, Yilmaz B, Celik E, Kéroglu A. Influence of the color of composite resin
foundation and luting cement on the final color of lithium disilicate ceramic systems. J Prosthet Dent
2017;117:138-143.

PUBMED | CROSSREF

Skyllouriotis AL, Yamamoto HL, Nathanson D. Masking properties of ceramics for veneer restorations. J
Prosthet Dent 2017;118:517-523.
PUBMED | CROSSREF

Basso GR, Kodama AB, Pimentel AH, Kaizer MR, Bona AD, Moraes RR, Boscato N. Masking colored
substrates using monolithic and bilayer CAD-CAM ceramic structures. Oper Dent 2017;42:387-395.
PUBMED | CROSSREF

Chu FC, Chow TW, Chai J. Contrast ratios and masking ability of three types of ceramic veneers. J Prosthet
Dent 2007;98:359-364.

PUBMED | CROSSREF

Vichi A, Ferrari M, Davidson CL. Influence of ceramic and cement thickness on the masking of various
types of opaque posts. ] Prosthet Dent 2000;83:412-417.
PUBMED | CROSSREF

Kim SJ, Son HH, Cho BH, Lee IB, Um CM. Translucency and masking ability of various opaque-shade
composite resins. ] Dent 2009;37:102-107.

PUBMED | CROSSREF

Pande N, Kolarkar MS. Spectrophotometric evaluation of shade reproduction of pressable all-ceramic
system on un-stained and stained tooth: an in vitro study. ] Indian Prosthodont Soc 2016;16:63-69.
PUBMED | CROSSREF

https://doi.org/10.5395/rde.2020.45.e41 7/7


http://www.ncbi.nlm.nih.gov/pubmed/25840891
https://doi.org/10.1016/j.jpor.2015.03.001
http://www.ncbi.nlm.nih.gov/pubmed/27460330
https://doi.org/10.1016/j.prosdent.2016.04.003
http://www.ncbi.nlm.nih.gov/pubmed/16473086
https://doi.org/10.1016/j.prosdent.2005.12.001
http://www.ncbi.nlm.nih.gov/pubmed/20732382
https://doi.org/10.1016/j.jdent.2010.08.007
http://www.ncbi.nlm.nih.gov/pubmed/23201410
https://doi.org/10.1016/j.jdent.2012.11.013
http://www.ncbi.nlm.nih.gov/pubmed/25875626
https://doi.org/10.1117/1.JBO.20.4.045002
http://www.ncbi.nlm.nih.gov/pubmed/22765984
https://doi.org/10.1016/S0022-3913(12)60102-4
http://www.ncbi.nlm.nih.gov/pubmed/21122905
https://doi.org/10.1016/j.dental.2010.10.018
http://www.ncbi.nlm.nih.gov/pubmed/27622787
https://doi.org/10.1016/j.prosdent.2016.05.016
http://www.ncbi.nlm.nih.gov/pubmed/28341059
https://doi.org/10.1016/j.prosdent.2016.12.003
http://www.ncbi.nlm.nih.gov/pubmed/28402734
https://doi.org/10.2341/16-247-L
http://www.ncbi.nlm.nih.gov/pubmed/18021824
https://doi.org/10.1016/S0022-3913(07)60120-6
http://www.ncbi.nlm.nih.gov/pubmed/10756290
https://doi.org/10.1016/S0022-3913(00)70035-7
http://www.ncbi.nlm.nih.gov/pubmed/19028004
https://doi.org/10.1016/j.jdent.2008.10.002
http://www.ncbi.nlm.nih.gov/pubmed/27134430
https://doi.org/10.4103/0972-4052.175711
https://rde.ac

	Shade reproduction and the ability of lithium disilicate ceramics to mask dark substrates
	INTRODUCTION
	MATERIALS AND METHODS
	Preparation of specimen
	Preparation of substrate
	Color measurements
	Data analysis

	RESULTS
	DISCUSSION
	CONCLUSIONS
	REFERENCES


