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Abstract Objective: To compare the translucency and masking of zirconia-reinforced lithium sil-

icate with lithium disilicate glass-ceramic and hybrid composite.

Materials and methods: One hundred and twenty disc-shaped specimens were fabricated using

Enamic, Celtra Duo, IPS E.max CAD, and Suprinity. Twelve groups were prepared according to

material type and thickness (0.5, 1.0, and 1.5 mm). The specimens were tested over five substrates:

composite resin-A3.5 shade (A3.5 control group), zirconia-A1 shade (ZR), nickel–chromium alloy

(NC), black (B), and white (W). A spectrophotometer operating at wavelengths from 360 to 750 nm

and a view-area size of 9.53 mm was used for color measurement.

Results: Mean color difference values (DΕ) were found to be lowest in Suprinity and highest in

IPS E.max. CAD. Color difference values were significantly related to substrate shade. The A3.5

substrate revealed the significantly lowest DΕ values of all the substrates (P = 0.05). Regarding

the translucency parameters for ceramics of different thicknesses, a significant difference was

observed among all groups except in Suprinity.

Conclusions: Different ceramic types with different thicknesses and substrate strongly affect

translucency and masking.
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Clinical significance: Fabricating durable aesthetic restorations that also meets patients’ expecta-

tions is among the most significant challenges in dentistry. With high demand for more natural

restorations, ceramics based on computer-aided design (CAD) and computer-aided manufacture

(CAM) became popular and exhibited excellent results. However, various factors such as abutment

shade, luting cement color, and ceramic type, thickness, and translucency may affect the prosthesis

shade. The objective of this study was to evaluate the effects of these factors on the final shades of

CAD/CAM-based ceramic restorations.

� 2020 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

As the global demand for cosmetic dental treatment has risen,
the variety of available ceramic material to achieve the most
aesthetically desirable outcomes has increased.

The term ‘‘ceramic” denotes a class of products prepared
from non-metallic, inorganic materials by firing and sintering
at high temperatures with highly pressurized gas. The term

‘‘porcelain” refers to a mixture of components such as kaolin,
quartz, and feldspar fired at high temperatures to achieve
coalescence.

Metal-free ceramic restorations were introduced in 1965

when McLean and Hughes used an aluminous porcelain inner
core (40–50% alumina crystals) in porcelain jacket crowns
(Juntavee and Attashu, 2018). However, the use of this mate-

rial (in its monolithic form) was restricted only to the anterior
teeth region, as it lacked sufficient mechanical properties and
lower flexural strength. Other drawbacks included the lack of

sufficient translucency, color mismatches, and patient con-
cerns. However, recently introduced monolithic lithium diox-
ide and zirconia prostheses supported by high-strength cores

be can be used in the posterior regions (metal or ceramic)
(Helvey, 2014) as well. Thus, to overcome the mechanical
and aesthetic drawbacks of conventional of dental ceramics,
a wide range of metal-free ceramics have been introduced using

various fabrication techniques, including computer-aided
design (CAD) and computer-aided manufacture (CAM) tech-
nology (Oh et al., 2018).

The first commercially available CAD/CAM system,
CEREC, was developed in the mid-1980s by Davidowitz and
Kotick (2011). Their machinable ceramic technique allowed

the production of full-contoured restorations as well as
single- or multiple-unit frameworks using a computer scanner,
designing unit, and a milling machine for the clinicians to fab-

ricate dental ceramic restoration in a single appointment (the
so-called ‘‘chairside” procedure) (Sannino et al., 2014).

With the evolution of CAD/CAM systems, contemporary
ceramic materials now possess enhanced aesthetics, have wear

rates similar to enamel, and are durable enough for fabricating
full crowns and bridges, providing durable, high-quality
restorations (Sannino et al., 2014).

All-ceramic restorations are attractive prosthodontic
options for clinicians due to their excellent biocompatibility,
life-like aesthetic properties and translucency, long-term color

stability, and high wear resistance (Conrad et al., 2007;
Ahmed, 2019) in addition to being excellent thermal and elec-
trical insulators. The chemical inertness of all-ceramic systems
is also an essential advantage, since they do not release toxic,

harmful compounds to neighboring tissues, thereby reducing
the risk of developing surface roughness and/or bacterial adhe-

sion. On the other hand, dental ceramics are inherently brittle
and may cause considerable wear of opposing dentition, lead-
ing to clinical failures of prostheses (Christensen, 1999;

Anusavice et al., 2003; Sadowsky, 2006). Despite the high cost
of all-ceramic restorations and the need for an experienced
dental ceramic technician and expensive milling machines,
the rising cost of precious metals used in metal-ceramic

restorations have made metal-free ceramic restorations com-
petitive with metal-ceramic restorations (Anusavice et al.,
2003; Sadowsky, 2006).

Ceramic crowns have been used for the last four decades to
overcome the aesthetic limitations of porcelain fused to metal
crowns. Ceramics are made from various materials with vari-

ous techniques, each combination of which exhibits unique
physical and behavioral properties. Historically, the first
metal-free crowns were resin-based, but these were soon aban-
doned because they lacked sufficient mechanical properties. In

dental practice, newer metal-free crowns are increasingly avail-
able using a wide range of available ceramic materials. Mono-
lithic alumina and zirconia are common, but sufficient data

from clinical and in vitro studies regarding these materials is
lacking (Minguez and Lyons, 2007; Zarone et al., 2011)

Many factors including but not limited to ceramic type,

number of firing cycles (Tabatabaei et al., 2019), thickness,
translucency, luting resin cement shade (Bacchi et al., 2019),
and supporting substrate color (Seyidaliyeva et al., 2020) all

play integral roles in determining the final shades of ceramic
crowns. Translucency is one of the most significant factors,
however (Zarone et al., 2011). The dominant color of natural
teeth is the consequence of the light reflected by dentin and

absorbed and scattered by enamel (Seghi et al., 1986;
Juntavee and Attashu, 2018). The shade of the underlying den-
tin determines the shade of the natural tooth due to the high

transparency of the enamel. The incisal and interproximal por-
tions of natural teeth show higher translucency due to their
lack of underlying dentin.

Many studies have used translucency parameters (TPs) and
contrast ratios to measure the translucency of dental porcelain
and the variation of thickness regarding white and black back-

grounds (Johnston et al., 1995; Liu et al., 2010). Crystals in
ceramic matrices tend to control the relative amount of light
absorbed, reflected, and transmitted owing to their chemical
nature, size, and number relative to the wavelength of the

source light (Heffernan et al., 2002). The higher the number
of crystals in a glassy matrix, the lower the translucency of
the ceramic. Zirconia dioxide has the highest opacity owing

to the absence of a glass matrix and a higher number of
crystals.

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Various properties of ceramics, such as translucency and
opalescence, play critical roles in achieving life-like aesthetics
when replacing natural dentition. Consequently, there has

been an immense upsurge worldwide in the use of all-ceramic
restorations for the aesthetic replacement of missing teeth
(Heffernan et al., 2002). Among all-ceramic crowns, zirconia

shows optimal physical and mechanical properties, making zir-
conia restoration clinically popular for full contour crowns,
fixed partial dentures, and implant abutments. However, the

translucency of zirconia remains a significant drawback, espe-
cially in replacing anterior teeth. Thus, the development of
more translucent zirconia is a goal in prosthetic dentistry. Fur-
thermore, supporting substrates that may shift colors, such as

cast metal cores and endodontically treated teeth, also play
roles in determining the final colors of ceramic restorations
(Vichi et al., 2011).

To mask discolored teeth, clinicians use less translucent
ceramic to mimic natural teeth’s appearance, a phenomenon
known as ‘‘masking ability.” The masking ability of restorative

materials is evaluated by measuring the color difference (DE)
in the CIELab color system, which uses spectrophotometry
that can detect even minute color change undetectable by the

naked eyes using color attributes of lightness (L*), red/green
value (a*), and yellow/blue value (b*).

This formula calculates DE to determine the differences
between colors (Tabatabaian et al., 2019):

½Ehab ¼ DL�½ �2 þ Da�½ �2 þ Db�½ �2
� �1=2

�;

where DE is close to zero for ideal masking ability.

More recently, developments in the fabrication and changes
in the microstructure of zirconia have generated zirconia
restorations with higher translucency, such as Suprinity (VITA
Zahnfabrik, Bad Sackingen, Germany), which is zirconia-

reinforced lithium silicate (ZLS) ceramic (approx. 10 wt%).
This material exhibits excellent durability and consistently
high load capacity owing to its structural characteristics, spe-

cial fine-grained fillers, and homogeneous matrix. It also exhi-
bits outstanding aesthetic properties, such as excellent
translucency, fluorescence, and opalescence (Sannino et al.,

2014). Another recently introduced ZLS material is Celtra
Duo (Dentsply, PA, US).

A significant color difference between the background and

the control requires greater ceramic thickness of ceramic for
ideal masking ability. The optimal thickness for A1 and A3.5
resin composite as well as zirconia (ZR) is 0.4 mm, while
0.8 mm is optimal for for nickel–chromium alloy (NC) and

more than 0.8 mm for black (B), and white (W).
Church (2016) compared four high-translucency monolithic

zirconia oxide materials to high-translucency lithium disilicate

glass-ceramic. At similar thicknesses, they found that lithium
disilicate was less translucent; on the other hand, highly
translucent zirconia was as translucent as lithium disilicate.

In another study, Choi and Razzoog (2013) found that the
concealing potential of zirconia had higher DE values on black
backgrounds than lighter, tooth-colored backgrounds. Wang
et al. (2013) concluded that zirconia was less sensitive to

changes in thickness than glass ceramics.
Suputtamongkol et al. (2013) concluded that the color of

the most commonly used background core structure affected

the final shade of zirconia-based restorations after measuring
DE and discovering minor variations in the color of zirconia
crowns. Hence, it appears that substrates are not entirely
masked by zirconia crowns.

Currently, few studies have evaluated the translucency and

masking potential of new zirconia-based dental restorations.
This study therefore aims to compare the translucency and
masking ability of ZLS to lithium disilicate glass-ceramic

and hybrid composites. The null hypotheses of this study are
the following: (1) There is no difference in the translucency
of the tested ceramic materials with different thicknesses and

backgrounds and (2) there is no difference in the color-
masking ability of the tested ceramic materials with different
thicknesses and backgrounds. The alternative hypotheses are
the following: (1) There is a difference in the degree of translu-

cency of the tested ceramic materials with different thicknesses
and backgrounds and (2) there is a difference in the color-
masking ability of the tested ceramic materials with different

thicknesses and backgrounds.

2. Materials and methods

Four ceramic materials were used to prepare 120 disc-shaped
specimens: (1) polymer-infiltrated ceramic (ENAMIC) (Vita
Zahnfabrik, Bad Saeckingen, Germany), (2) lithium disilicate

crystals embedded in a glassy matrix (IPS E.Max CAD) (Ivo-
clar Vivadent, Schaan, Liechtenstein), (3) Celtra Duo (Dents-
ply, PA, US), and (4) Suprinity (VITA Zahnfabrik, Bad

Sackingen, Germany). Each group consisted of 30 specimens,
which were further distributed into three subgroups (n = 10)
according to thickness (0.5, 1.0, and 1.5 mm), yielding a total
of 12 groups.

The specimens were tested over five substrates: A3.5 shade
composite resin (A3.5), A1 shade zirconia (ZR), nickel–chro-
mium alloy (NC), black (B), and white (W). A spectropho-

tometer (Ultrascan XE, HunterLab, Reston, VA, USA) was
used for color measurement at wavelengths from 360 to
750 nm and a view-area size of 9.53 mm.

2.1. Fabrication of ceramic specimens

An ISOMET 2000 precision saw was used to cut blocks into

10-mm diameter discs with the three thicknesses specified
above. IPS E.max CAD specimens were sintered following
the manufacturer’s instructions and then adjusted using an
adjustment and polishing kit (an Automata grinding and pol-

ishing unit) to achieve the desired thicknesses (±0.05 mm).
Specimens with excessively high or low thicknesses were not
selected for testing. Subsequently, the specimens were cleaned

with 98% ethyl alcohol and dried using compressed air.

2.2. Fabrication of backgrounds

Background discs were 10 mm in diameter and thickness. Con-
trol specimens for resin backgrounds were incrementally pre-
pared with multiple layers of a microhybrid composite resin

(Z250; 3 M ESPE) using a plastic mold. A Blue Phase G2 cur-
ing unit with an 800 mW/cm2 intensity was used to polymerize
resin increments for 40 s. All fabricated resin specimens were
then polished using 800-grit silicon carbide abrasive papers.

Using a designing software, a special cylindrical pattern
was applied to prepare ZR specimens to be milled from blanks
using a milling machine, liquated in an A2 shade liquid for
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10 s, and sintered at 1520 �C for 12 h. The same techniques
were used to mill white and black polytetrafluoroethylene
(PTFE) materials (Teflon; Omnia Plastica SpA) for fabricating

the W and B backgrounds. The acrylic resin mold (Duralay;
Reliance Dental Mgf Co.) was then cast in an NC alloy (Ver-
aBond V; Aalba Dent, Inc.) to prepare cast-metal back-

grounds and was subsequently polished using a base-metal
polishing kit (Coral Stones; Shofu Inc.). Specimens were
washed and rinsed in an ethanol solution and subsequently

air-dried.

2.3. Color measurements

A commercial polyvinyl siloxane (PVS) impression material
(ChromacloneTM PVS, Ultradent, UT, US) was adapted
around the spectrophotometer to reject surrounding light,
ensure optimal background seating, and replicate uniform test-

ing parameters for all groups. The specimens were then posi-
tioned on the backgrounds without an underlying medium,
and the CIELab values (L*, brightness; a*, red-green value;

and b*, yellow-blue value) of the specimens were measured
(Coloreye 7000A spectrophotometer). Three measurements
were made for each sample using each background. Color

change values were recorded and compared with the CIELab
values of each specimen on the selected background.

The equation used to measure DE was the following:

½DE�
ab ¼ DL�½ �2 þ Da�½ �2 þ Db�½ �2

� �1=2

�

To evaluate masking ability, threshold values for accept-
ability (DE = 5.5) and perceptibility (DE = 2.6) were assumed

in order. After measuring CIELab values, the TPs of the sam-
ples at different thicknesses were calculated using the following
equation:

TP ¼ L�
W � L�

B

� �2 þ a�W � a�B
� �2 þ b�W � b�B

� �2h i1=2

where TP refers to the translucency parameter and W and B
refer to the shade value of each specimen on white backing

and black backgrounds, respectively.

2.4. Statistical analysis

The obtained data were subjected to statistical analyses using
two-way analysis of variance (ANOVA) with Tukey’s post
hoc multiple comparison between groups. A P-value equal to
or less than 0.05 was deemed statistically significant. The soft-

ware utilized for statistical analysis was Statistical Package for
the Social Sciences (SPSS), version 20.0 (SPSS, International
Business Machines (IBM) Inc., Chicago, IL, US).

3. Results

Table 1 shows the DΕ values of each CAD/CAM ceramic and

substrate thickness.
Regarding masking ability, DΕ values were lowest in the

Suprinity (SUP) group and Enamic (ENA) group followed

by Celtra Duo (CEL) and were highest in the IPS E.Max
CAD(MAX) group (Figs. 1–4).

Substrate shade was significantly related to DΕ value. The
A3.5 substrate revealed the lowest color difference values,
while NC and zirconia were less likely to show color difference
values. On white and black, the values were close. The refer-
ence A3.5 substrate group presented significantly lower values

(P = 0.05).
The DΕ values among tested materials were the following

(Table 2):

(a) Between A3.5 and black: SUP< CEL< ENA<MAX
(b) Between A3.5 and white: SUP< ENA<CEL<MAX

(c) Between A3.5 and Nickel chromium:
SUP < ENA < CEL < MAX

(d) Between A3.5 and zirconia:
ENA < SUP < CEL < MAX

(e) TP: ENA < MAX < CEL < SUP

Regarding the TPs of ceramics with different thicknesses,

ENA, MAX, and CEL exhibited significant differences, while
no significant difference was observed for SUP (Table 3).

Higher TP was related to thinner material; a thickness of

0.5 mm showed significantly higher translucency than 1 mm
and 1.5 mm (Table 3).

Table 4 shows the TPs of different thicknesses by ceramic

type. There was significant difference between ENA and
SUP, followed by MAX and SUP, SUP and CEL, MAX
and CEL, and ENA and CEL, with no significant difference
between ENA and MAX.

4. Discussion

Color tends to strongly influence the appearances of dental

restorations. Surface roughness, glossiness, and translucency
also contribute to the overall aesthetics of dental prostheses
(O’Brien et al., 1984). The human eye easily detects slight

changes in color but is less capable of matching objects
(Douglas and Brewer, 1998). Consequently, shade matching
poses difficulties for dental technicians fabricating dental pros-

theses. The synchronization of ceramic shade with human
teeth is even more difficult due to light from underlying back-
ground color. Hence, alteration in the backgrounds and thick-

nesses of ceramics can alter final outcomes (Yeh et al., 1982).
The present study utilized white, black, NC, A3.5 shade

composite, and zirconia for backgrounds with varying speci-
men thicknesses. Various studies have evaluated the influence

exerted by ceramic thickness on translucency, and results gen-
erally show greater translucency with thinner ceramics. This
influence is more evident in high-glass ceramics (Yeh et al.,

1982).
Table 1 shows the DΕ value of each CAD/CAM ceramic

with different thicknesses and substrates. MAX specimens

with thicknesses of 0.5, 1, and 1.5 mm had the highest masking
ability among CEL, ENA, and Suprinity, demonstrating that
masking ability depends on ceramic thickness and
composition.

A3.5 shade composite background was selected to mimic
natural dentin color and was used as a control group. It turned
out that A3.5 was the best background material, followed by

zirconia, white, NC, and black. Not all ceramic types and
thicknesses effectively masked the black background. These
results agree with the findings of Shono and Nahedh (2012),

who showed that no tested ceramics could entirely conceal a
black background. However, color-masking ability was



Table 1 D E for Different CAD/CAM Ceramics and Thicknesses on Translucency and Color Masking of Different Substrates.

A3.5 Black P1 value White P2 value Nickel chromium P3 value Zirconia P4 value

Mean SD Mean SD Mean SD Mean SD Mean SD

ENA

0.5 mm 1.07 0.67 1.73 0.95 <0.001* 2.73 1.93 <0.001* 2.18 1.33 <0.001* 2.52 1.51 <0.001*

1 mm 0.72 0.81 0.78 0.92 0.550 1.31 1.00 <0.001* 0.96 1.03 0.002* 1.27 1.13 <0.001*

1.5 mm 0.50 0.38 1.47 0.59 <0.001* 1.26 0.58 <0.001* 0.62 0.42 0.027* 0.79 0.49 <0.001*

MAX

0.5 mm 0.70 0.31 1.12 0.71 <0.001* 1.08 0.64 0.001* 0.64 0.37 0.183 0.81 0.58 0.215

1 mm 0.73 0.50 0.77 0.43 0.429 1.30 0.58 <0.001* 0.89 0.44 0.038* 1.05 0.48 <0.001*

1.5 mm 0.46 0.32 0.45 0.35 0.776 0.81 0.58 0.001* 0.51 0.33 0.257 0.42 0.33 0.428

SUP

0.5 mm 1.39 1.21 2.59 2.73 0.001* 0.82 0.94 0.029* 3.11 3.71 0.003* 0.70 0.31 0.003*

1 mm 0.86 0.62 2.07 1.85 <0.001* 1.08 0.65 0.076 2.14 1.62 <0.001* 0.92 0.42 0.581

1.5 mm 4.48 2.72 3.47 2.55 <0.001* 3.01 2.04 <0.001* 1.57 0.88 <0.001* 1.63 1.04 <0.001*

CEL

0.5 mm 1.15 0.67 1.61 0.98 <0.001* 1.42 0.88 0.165 1.15 0.65 0.983 1.24 0.79 0.567

1 mm 1.37 0.69 1.34 0.73 0.598 1.02 0.68 0.001* 3.20 12.01 0.413 1.18 0.63 0.027*

1.5 mm 1.36 0.85 1.16 0.80 0.045* 1.02 0.69 <0.001* 1.06 0.76 0.002* 0.77 0.62 <0.001*

1 P value was calculated between A3.5 & Black.
2 P value was calculated between A3.5 & White.
3 P value was calculated between A3.5 & Nickel chromium.
4 P value was calculated between A3.5 & Zirconia.

Fig. 1 Mean DE of ENA for different backgrounds and

thicknesses.

Fig. 2 Mean DE of MAX for different backgrounds and

thicknesses.

Fig. 3 Mean DE of SUP for different backgrounds and

thicknesses.

Fig. 4 Mean DE of CEL for different backgrounds and

thicknesses.
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Table 2 D E for Different CAD/CAM Ceramics on Translucency and Color Masking of Different Substrates.

A3.5 Black P1 value White P2 value Nickel chromium P3 value Zirconia P4 value

Mean SD Mean SD Mean SD Mean SD Mean SD

ENA 0.77 0.68 1.33 0.92 <0.001* 1.77 1.46 <0.001* 1.26 1.20 <0.001* 1.53 1.33 <0.001*

MAX 0.63 0.40 0.78 0.59 0.002* 1.06 0.63 <0.001* 0.68 0.41 0.142 0.76 0.54 0.003*

SUP 2.24 2.36 2.71 2.45 0.013 1.63 1.66 <0.001* 2.28 2.45 0.915 1.08 0.78 <0.001*

CEL 1.29 0.74 1.37 0.85 0.213 1.15 0.77 0.078 1.07 0.66 <0.001* 1.06 0.71 0.002*

1 P value was calculated between A3.5 & Black.
2 P value was calculated between A3.5 & White.
3 P value was calculated between A3.5 &Nickel chromium.
4 P value was calculated between A3.5 &Zirconia.

Table 3 TP for Ceramic by different thickness.

0.5 mm 1 mm P1 value 1.5 mm P2 value P3 value

Mean SD Mean SD Mean SD

ENA 20.28 2.43 13.62 0.92 <0.001* 10.29 0.50 <0.001* <0.001*

MAX 21.33 1.73 13.35 0.59 <0.001* 10.28 0.42 <0.001* <0.001*

SUP 42.49 4.26 42.28 2.79 0.825 43.25 4.47 0.498 0.316

CEL 23.94 1.79 14.81 0.52 <0.001* 10.39 0.48 <0.001* <0.001*

1 P value was calculated between 0.5 mm & 1 mm.
2 P value was calculated between 0.5 mm & 1.5 mm.
3 P value was calculated between1 mm & 1.5 mm.

Table 4 TP for different thickness by Ceramic.

ENA MAX P1 value SUP P2 value CEL P3 value P4 value P5 value P6 value

Mean SD Mean SD Mean SD Mean SD

0.5 mm 20.28 2.43 21.33 1.73 0.059 42.49 4.26 <0.001* 23.94 1.79 <0.001* <0.001* <0.001* <0.001*

1 mm 13.62 0.92 13.35 0.59 0.182 42.28 2.79 <0.001* 14.81 0.52 <0.001* <0.001* <0.001* <0.001*

1.5 mm 10.29 0.50 10.28 0.42 0.936 43.25 4.47 <0.001* 10.39 0.48 0.442 <0.001* 0.358 <0.001*

1 P value was calculated between ENA & MAX.
2 P value was calculated between ENA & SUP.
3 P value was calculated between ENA & CEL.
4 P value was calculated between MAX & SUP.
5 P value was calculated between MAX & CEL.
6 P value was calculated between SUP & CEL
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enhanced when thickness was increased from 1.0 to 1.5 mm
(Shono and Alnahedh, 2012).

It is vital to consider the limitations of ceramics. First, dif-
ferent materials have different microstructures. Second, thicker
ceramic tends to mask better than thinner ceramic. Third, the

substrate color affects the final color outcome (Sethakamnerd,
2017).

Therefore, the colors of artificial teeth are essential factors

in ceramic selection. In clinical settings, non-discolored teeth
should be restored with more translucent ceramic, while tooth
discoloration or metal posts demand the use of opaquer mate-
rial. Minor changes in thickness should be advocated when
highly translucent ceramics are used for fabricating thin
restorations, since they enhance the aesthetic outcomes of final

restorations (Helvey, 2014).
Translucency, which a state of partial opacity, is the extent

to which an object prevents or allows any background color to

alter the final shade or color of prosthesis (Johnston et al.,
1995).

In our study, the TP value of SUP was significantly higher

than the other ceramics, CEL, ENA, and MAX. When thick-
ness increased from 0.5 to 1.5 mm, the translucency decreased.
SUP contained zirconia, which affected the translucency of the
material (Fig. 5). Also, no significant differences were observed



Fig. 5 Mean TP of ceramics by thickness.

Effects of CAD/CAM Ceramics Type and Thicknesses on Translucency and Color Masking of Different Substrates 767
between the TPs of SUP, while significant differences existed in
ENA, MAX, and CEL.

These findings agree with those of previous studies that
have reported strong correlations between thickness and

translucency. Wang et al. (2013) measured the TPs of zirconia
and glass-based ceramics at different thicknesses, indicating
that both materials and their thicknesses affect the translu-

cency of the ceramic restorations. For instance, the thickness
of monolithic zirconia tends to affect its final color, requiring
a minimum thickness of 0.9 mm to achieve acceptable aesthet-

ics (Tabatabaian et al., 2017).

5. Conclusions

Considering the limitations of this study, the following can be
concluded:

1. Translucency and masking abilities are affected by ceramic
material types and thicknesses.

2. Masking abilities are affected by background colors.
3. IPS E.MAX CAD exhibited the highest masking ability

and Suprinity the least.
4. The underlying black substrate was not totally masked by

any tested ceramic.

The masking ability of ceramics tends to improve with
greater thickness, while translucency improves with less

thickness.
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