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ABSTRACT

INTRODUCTION: Color stability of dental restorations is a major factor in achieving successful aesthetic outcomes.
OBJECTIVES: The aim of the study was to evaluate the effect of resin cement and different composite resin back-
ground shades on the change of color of resin matrix ceramics (RMCs).

MATERIAL AND METHODS: Three different RMCs were used in this study, including Vita Enamic (EN), GC
Cerasmart (CS), and Lava Ultimate (LU). Ten specimens of each RMC with a dimension of 12 x 14 x 1 mm were
prepared from CAD-CAM blocks, and 3 specimens from each RMC with a dimension of 12 x 14 x 4 mm were
prepared as control group. Color measurements were performed on 3 different shaded (A1, A2, and A3) com-
posite resin backgrounds. To evaluate the effect of resin cement, color differences between RMC specimens with
and without resin cement were calculated. Data were analyzed by using two-way ANOVA and one-way ANOVA
tests, with a = 0.05.

REsULTS: In the groups with A2 and A3 shaded composite resin backgrounds, the highest color change values
were observed in the EN group (p < 0.05). For all RMC materials, the highest color change values were observed
in the specimens with A1 background (p < 0.05). The lowest color change after cementation was observed in
the CS group (p < 0.05).

ConcLusIoNs: Composite resin background shades significantly affected the color of RMC materials. Color
changes after cementation were above clinically acceptable level in all groups of specimens.
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of a restoration similar to natural teeth are crucial for
long-term success as well as mechanical properties [3].

INTRODUCTION

Demands for esthetic restorations are gradually in-
creasing [1]. Although, several computer-aided design
and computer-aided manufacturing (CAD-CAM) sys-
tems combining esthetics and strength to handle differ-
ent clinical situations are currently on the market, it is
still a great challenge for clinicians to produce natural-
looking restorations [1, 2]. Moreover, optical properties

Glass-ceramics are considered to be ideal restorative
materials, with their advantages including enamel-like
optical features, wear resistance, biocompatibility, and
esthetics [4, 5]. However, some glass-ceramics are prone
to fracture and can cause wear of antagonist dentition
[6, 7]. CAD-CAM resin matrix ceramics (RMCs), deve-
loped as an alternative to CAD-CAM glass-ceramic re-
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storative materials, integrate the characteristics of poly-
mers and ceramics [8]. RMCs have the advantages
of elasticity modulus close to dentin, easier milling, and
wear resistance [9, 10]. Additionally, these materials can
be repaired intra-orally [8], and cause minimal abrasion
of antagonist teeth [11]. RMCs have mechanical prop-
erties between ceramics and composite resin, and have
higher strength than ceramics under compressive load-
ing [12-14].

OBJECTIVES

The final optical characteristic of a restoration de-
pends on several factors, such as chemical composition
[15], translucency [16], thickness, layering of the ceramic
system used [17], and optical behavior of the luting
agent [18]. Additionally, Raptis et al. [19] reported that
the underlying structure primarily influences final ap-
pearance of ceramic restorations. Previously published
studies have investigated the effect of resin cement as
well as substrate color on optical properties of glass-
ceramic restorations [17, 18, 20-24]. However, the influ-
ence of composite resin background shades and resin ce-
ment on the optical properties of RMC materials remains
unclear. Therefore, the aim of the study was to evalu-
ate the effect of dual-cure self-adhesive resin cement
and composite resin background shades on the change
of color of RMCs. The first null hypothesis of the study
was that composite resin background shades would have
no effect on the color change of RMCs, and the second
null hypothesis of the study was that resin cement would
have no effect on the color change of RMCs.

MATERIAL AND METHODS

Three different commercially available RMCs were
used in this study, including Vita Enamic (EN; Vita

TABLE 1. Overview of the materials used in the study

Zahnfabrik, Bad Sickingen, Germany), GC Cerasmart
(CS; GC Corp., Tokyo, Japan), and Lava Ultimate
(LU; 3M ESPE, St. Paul, Minnesota, USA) (Table 1).
Ten specimens of each RMC with a dimension of
12 x 14 x 1 mm were prepared from CAD-CAM blocks
using a precision cutting machine (Micracut 201; Met-
kon Instruments Inc., Bursa, Turkey). The sample size
of the groups was determined according to a study con-
ducted by Sonza et al. [25]. In addition, 3 specimens
from each RMC with a dimension of 12 x 14 X 4 mm
were prepared as a control group, and L*, a*, and b* val-
ues of the control groups were measured with a spec-
trophotometer (VITA Easyshade® Advance 4.0; VITA
Zahnfabrik H. Rauter GmbH & Co0.KG., Bad Séickin-
gen, Germany) under a standardized condition (D65
illumination and neutral grey background, L* = 71.6,
a* = 0.04, and b* = 0.05) (EN: L* = 76.47, a* = -1.20,
and b*=17.37;LU: L*=79.2,a*=-1.7,and b* = 18.17;
CS:L*=73.43,a* = -0.7, and b* = 13.13). Outer surfac-
es of the specimens were polished according to man-
ufacturers’ instructions (Vita Enamic, Vita Enamic
Polishing Set, Vita Zahnfabrik, Bad Séckingen, Germa-
ny; GC Cerasmart, Dia Polisher, GC Dental Products
Europe, Leuven, Belgium; Lava Ultimate Sof-Lex, 3M
ESPE, St. Paul, Minnesota, USA), and no treatment
was applied to inner surfaces of the specimens. Final
dimensions of the specimens were determined with
a digital caliper (Digital Micrometer IP65, Mitutoyo
Europe GmbH, Neuss, Germany).

Thirty-three composite resin (Clearfil Majesty Es-
thetic; Kuraray Noritake Dental Inc., Okayama, Japan)
specimens with different shades (A2:31, Al:1, and
A3:1) were served as backgrounds for color measure-
ments. Specimens with a dimension of 12 x 14 x 3 mm
were prepared using a standardized Teflon mold and
light-polymerized for 40 seconds on each side accord-
ing to manufacturer’s recommendations using a LED

Material Type Composition Manufacturer Shade LOT
Vita Enamic Polymer-infiltrated hybrid 86 wt% feldspathic ceramic enriched with |  Vita Zahnfabrik, | 2M2-HTEM-14 | 78540
(EN group) ceramic (glass ceramicinaresin | AL0O,, 14 wt% polymer (UDMA, TEGDMA) Bad Sdckingen,
interpenetrating matrix) Germany
CeraSmart™270 Force absorbing hybrid ceramic | Bis-MEPP, nano-particle-filled resin (UDMA, |  GC Corp., Tokyo, A2HT 14 1906056
(CS group) DMA), 71 wt% silica and barium glass filler Japan
Lava Ultimate Resin nano-ceramic 80 wt% nano-ceramic, 20 wt% resin 3M ESPE, St. Paul, A2HT 14 N554516
(LU group) (Bis-GMA, UDMA, Bis-EMA, TEGDMA) MN, USA
Clearfil Majesty™ Composite resin Transparent organic fillers, radiopaque Kuraray Noritake Al 6E0076
Esthetic micro-fillers, and high refractive index Dental Inc., A2 440171
matrix (filler contents: 78 wt% and 66% vol) | Okayama, Japan A3 7E0144
G-CEM LinkAce™ Dual-cure self-adhesive resin HEMA-free, fluoro-alumino-silicate glass GC Corp., Tokyo, A2 1808031
cement (60-70%), urethane dimethacrylate Japan
(12-17%), dimethacrylate (12-17%), silicon
dioxide (3-8%), initiator, inhibitor, pigment
J Stoma 2021, 74, 3 161
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polymerization unit (Radii; SDI Limited, Victoria, Aus-
tralia). A holding tip was used to standardize the dis-
tance between LED polymerization unit and specimens.
Then, bonding surfaces of the specimens were polished
with wet 800-grit silicon carbide papers (Buehler; Lake
Bluff, IL, USA) and ultrasonically cleaned for 10 min.
Final thicknesses of the specimens were determined
with a digital caliper. The specimens were stored in
distilled water for 24 hours at 37°C. To evaluate the ef-
fect of a background shade, the RMC specimens were
placed on differently shaded backgrounds (Al:1, A2:1,
and A3:1), and color measurements were performed.
Optical continuity between the specimens and back-
grounds were achieved by using one thin drop glycer-
in solution, and color measurements were done using
a spectrophotometer under a standardized condition,
as previously stated. Three measurements were per-
formed from each specimen, and the spectrophotom-
eter was calibrated after every measurement accord-
ing to manufacturer’s instructions. Color differences
between the specimens with different backgrounds,
and control group for each RMC were calculated with
CIEDE2000 (2 :1: 1) formula [26] as stated below:

(s s Gos S (s)

To evaluate the effect of resin cement, the RMC
specimens were placed on an A2 shaded backgrounds
(n = 30), and color measurements were performed be-
fore cementation without drop of glycerin solution.
Then, the specimens were cemented using an A2 shad-
ed resin cement (G-CEM LinkAce™; GC Corp., Tokyo,
Japan) according to manufacturer’s instructions.
A Teflon mold was used to create a standardized 0.1 mm
cement thickness. After cementation, the specimens
were stored in distilled water for 24 hours at 37°C, and
then, color measurements were performed. Color dif-
ferences between the cemented and non-cemented
specimens were calculated using CIEDE2000 (2 : 1 : 1)

formula. Color difference values were compared only
with the 50 : 50% acceptability thresholds (AT) for
CIEDE2000 (2 : 1: 1) as 1.78 units [26].

CIEDE _
2000

STATISTICAL ANALYSIS

Statistical software (SPSS 19; SPSS, IBM, Chica-
go, USA) was used to analyze the data. Normality
of the data was assessed using Shapiro-Wilk test, while
Levene’s test was used to evaluate homogeneity. The ef-
tect of the background on RMCs color change was eval-
uated with two-way ANOVA test and post-hoc Tukey’s
test with Bonferroni corrections. The effect of cement on
color change of the RMCs was evaluated using one-way
ANOVA and post-hoc Tukey’s comparison test. Signifi-
cance level was set as 0.05.

RESULTS

According to the statistical analysis conducted, ma-
terial and background factors had significant effects on
the color change values, and the interaction between ma-
terial and background factors was also found to be sig-
nificant (p < 0.05). The mean (+ SD) color change values
of the groups are shown in Table 2. In most of the groups
with different shaded composite resin backgrounds,
the highest color change values were observed in the EN
group (Table 2). For the LU and EN groups, the high-
est color change was observed in the specimens with Al
background, and no significant difference was found
between the specimens with A2 and A3 backgrounds
(p > 0.05) (Table 2). For the CS group, the lowest color
change values were observed in the specimens with A3
background, while the highest color change occurred in
the specimens with Al background (p < 0.05) (Table 2).
Only color change values for the CS and LU groups
specimens with A3 background were clinically accept-
able (Figure 1).

The color changes after cementation were above
clinically acceptable level for all the groups (Figure 1).
Statistically significant differences were observed among
color change values of the groups after the cementation
(p < 0.05). The lowest color change after cementation
was observed in the CS group (p < 0.05), while no signif-
icant difference was determined between the LU and EN
groups (p > 0.05) (Table 2).

DISCUSSION

In the present study, different composite resin back-
ground shades and resin cement significantly affect-
ed color change of the RMCs. Therefore, the first null
hypothesis of the study that composite resin background
shades would have no effect on the color change of
RMCs, and the second null hypothesis of the study that

TABLE 2. Comparison of mean (+ SD) color change
values for the study groups

A1 A2 A3
Background
EN 2.92 (£0.12)"2 270 (£0.16)" | 2.52(£0.06)*
G 2.99 (£0.23)* 2.18 (£ 0.28)8 143 (£0.22)%
L 2.55(£0.31)8 1.83 (£0.25)* 1.75(£0.29)%
EN 2.69 (£ 0.03)*
G 1.98 (+0.35)
] 2.89 (+0.30)*

Values are presented in mean + SD.

EN - Vita Enamic, CS - Cerasmart 270, LU - Lava Ultimate.

*Different superscript uppercase letters in columns and lower case in rows indicate
statistical significance (p < 0.05).
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FIGURE 1. Mean color change (AE0O) values with 95%
confidence intervals for the groups and acceptability
thresholds (AT:1.78) for CIEDE2000 (2: 1: 1) formula

resin cement would have no effect on the color change
of RMCs, were both rejected.

Different color difference formulas have been used
in dental research [15, 27, 28], and in a recent study by
Paravina et al. [28], CIEDE2000 color difference for-
mula has been recommended. Additionally, a variety
of thresholds have been reported in previous studies to
evaluate color change values for restorative materials
[26, 28, 29]. In the present study, color change values
were calculated with CIEDE2000 (2 : 1 : 1) formula, as
recommended in a study by Perez et al. [26].

Previous studies have demonstrated that the final col-
or of restorations was primarily influenced by the thick-
ness of restorative materials [1, 18, 20, 23, 24]. Although,
the thickness of ceramic restorations should be at least
2 mm to avoid being affected by underlying structure
[21], most minimally invasive restorations, e.g., laminate
veneers, are less than 2 mm thick. Azer et al. [22] exam-
ined differently shaded (transparent and opaque) ceram-
ic laminate veneer specimens of 0.5 mm in thickness,
and A3 and C4 shaded composite resin backgrounds.
In agreement with the present study results, the authors
concluded that the examined shade of ceramic laminate
veneer was significantly affected when the color of sup-
porting background was changed [22]. Comlekoglu et al.
[24] evaluated multilayered glass-ceramic specimens with
2 thicknesses (0.55 and 0.8 mm) using A1 and A3.5 shad-
ed resin backgrounds, two resin cement colors (dark and
light), and one resin cement control group (translucent).
The authors indicated critical thickness of 0.80 mm for ce-
ramic veneers to mask background color [24]. In the pres-
ent study, in order to evaluate the color change affected
by the underlying structure, the thickness of the RMC

specimens was determined as 1 mm, according to previ-
ous studies [10, 24, 30-32].

The optical properties of dental materials may be
influenced by composition and microstructure [13]. In
the present study, the color change values depended on
the color difference between each of the backgrounds
and their control group with a 4-mm thickness. Color
measurements of the control specimens showed that
the investigated RMC materials had different L*, a*, and
b* color coordinates, despite being designated to A2 HT
color. The lowest color changes were observed in the GC
specimens with A3 background, while the highest col-
or changes were noted in all RMC specimens with Al
background. The results of the present study can be
interpreted in consideration of the optical properties
of RMC materials tested and the differences in bright-
ness of the background shades, which are deemed
the most noticeable esthetic errors [33]. The color
change values for the CS and LU specimens with A3
backgrounds only were clinically acceptable. Achiev-
ing clinically acceptable values with A3 background
rather than A2 background could be related to a lower
brightness of A3 shaded background and microstruc-
ture of the composite resin background that contained
organic filler with high transparency and refractive in-
dex matrix. Additionally, the spectrophotometer used in
this study that measured spectral reflectance of the color
of specimens [34] could be more susceptible to measure
the color of backgrounds with higher brightness. Fur-
thermore, Lee et al. [35] reported that color coordinates
of similar shaded restorative materials differ by brands
and types. Thus, in agreement with Lee et al. [35],
the disparity of similar shades of different brands of re-
storative materials can also attribute to the differences
within the investigated groups of specimens. Similar to
the present study, Onéral et al. [36] examined optical
properties of RMC materials. But contrary to the results
of the present research, the authors reported lowest col-
or change values for EN, which was considered related
to translucency of the examined RMC blocks. However,
this study differs from the present one regarding translu-
cency characteristics of tested RMC blocks and method-
ology applied [36]. Opposite to the results of the present
study, Chaiyabutr et al. [23] concluded that changing
substrate color from lighter to darker, results in an in-
crease of color change values. It should be noted that
the study by Chaiyabutr et al. [23] also differed from
the present study regarding study design and materials
tested.

Several investigations preferred resin cements ap-
proximately 0.1 mm in thickness for evaluating stress
distribution in veneer restorations [37] and optical
properties of resin luting cement [38, 39]. According
to previous research [37-39], the thickness of the ce-
ment was determined as 0.1 mm in the present study.
In an agreement with previous studies [38, 39], the re-
sults of the present research revealed that 0.1 mm thick
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cement layer significantly affected the change of color
(p < 0.05). Color change values after the cementation
were above clinically acceptable levels in all the investi-
gated groups. The lowest color change after the cemen-
tation was observed in the CS group. This result could be
explained by differences in translucency and color pa-
rameters of the materials and cement used in the present
study. However, previous studies [40, 41] reported clos-
er translucency parameter values for high translucency
(HT) RMC materials of 1 mm in thickness. Therefore,
the lowest color change in the CS group may be relat-
ed to the shade matching and similar color parameters
of the CS specimens as well as the cement used, which
were all produced by the same manufacturer.

The esthetic appearance can be affected by a chemical
composition and color of resin cement. One of the limi-
tations of the present study was that only 1 type (dual-
cure) and 1 shade (A2) cement were used to evalu-
ate the color changes after the cementation. Moreover,
the lack of simulated oral environment for in vitro stud-
ies was another limitation for the present study. There-
fore, the effect of cement shade and polymerization type
on the color changes for RMC materials should be val-
idated by further research using different cement shade
variations and polymerization techniques.

CONCLUSIONS

Within the limitations of this in vitro study, changing
the background color from a lighter (A1) to darker (A3)
resulted in a decreased color change values for the tested
resin matrix ceramic materials. The color changes after
the cementation were above clinically acceptable level in
all the investigated groups of specimens, while the GC
group demonstrated the lowest color change.
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