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Abstract
Objective  To compare the translucency and contrast ratio of 13 different resin based restorative materials and to 
evaluate the effect of 2 different bleaching methods on the translucency and contrast ratio of these materials.

Methods  In this study, a total of 260 samples were prepared, 20 from each of 13 different dimethacrylate-based 
restorative materials. Then, each material group was divided into 4 subgroups. While two different bleaching methods 
(home and office) were applied to two of these groups, the other two groups were created as separate control groups 
for each bleaching group. After the bleaching process, Translucency Parameters (TP) and Contrast Ratio (CR) were 
calculated with a spectrophotometer. The data obtained were analyzed using two-way ANOVA and Tukey post-hoc 
tests (p < 0.05).

Results  When the bleaching groups were compared in terms of the differences between the TP values ​​in general, 
it was seen that the TP values ​​decreased in all groups, but this decrease was least in Opalescence PF. In terms of 
materials, the greatest change in TP and CR values ​​was seen in composite materials, while the least change was seen 
in hybrid CAD/CAM materials.

Conclusions  Within the limitations of this in vitro study, the effect of bleaching agents on the translucency and 
contrast ratio of restorative materials depends on the material used and the bleaching method applied. Composite-
based materials have been found to be more risky in terms of bleaching. For this reason, the clinician should take this 
into consideration, especially when performing office bleaching on teeth with restorations.
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Introduction
Restorative dentistry aims to recreate natural tooth struc-
tures both functionally and esthetically. The structural 
and optical compatibility of the restoration within the 
tooth structure and with adjacent teeth is a critical fac-
tor for the patient’s acceptance and satisfaction with den-
tal esthetic treatment. Resins composite are frequently 
used in modern dentistry thanks to their esthetic prop-
erties [1]. Current developments in dental resins com-
posite have mainly focused on the mechanical properties 
of materials, improvement of wear resistance, polymer-
ization shrinkage and color stability in order to obtain 
long-lasting restorations [2, 3]. With the advent of Com-
puter Aided Design and Computer Aided Manufacturing 
(CAD/CAM) technology in dentistry, esthetic materi-
als suitable for CAD/CAM processing have increased 
significantly in recent years [4, 5]. The most important 
disadvantages of composite resins are polymerization 
shrinkage, pores, inhomogeneity and color change [2]. To 
overcome these disadvantages, resin-containing ceramics 
that allow the use of CAD/CAM have been produced by 
adding resin to ceramics [4, 5].

Vital bleaching is a widely used clinical procedure to 
improve the esthetic appearance of teeth and remove 
pigmentation and stains due to internal and external 
factors [6]. At home and in-office tooth bleaching tech-
niques can be applied to solve the discoloration problem 
on teeth [6, 7]. Performed under professional supervision 
in a dental office, the in-office bleaching technique typi-
cally uses high concentrations of hydrogen peroxide (HP) 
as the active ingredient. Home type bleaching technique 
is a method that patients can apply themselves or under 
the supervision of a dentist. Agents used in this method 
often contain carbamide peroxide (CP) or HP at lower 
concentrations. While office type bleaching has advan-
tages such as not requiring a personal apparatus, giving 
good results in a short time, having few side effects due to 
being under the control of a physician, being applicable 
to even a single tooth and not requiring patient coopera-
tion, it also has disadvantages such as using high concen-
trations of agents and being costly. Home type bleaching 
treatment has advantages such as using low concentra-
tions of peroxide, ease of application, having few side 
effects and being costly, but it has disadvantages such as 
long treatment period, changes in soft tissues and being 
dependent on the patient’s application. Bleaching agents 
provide their bleaching effect by easily diffusing the low 
molecular weight HP in their structure into enamel and 
dentin and oxidizing the pigments there [6, 7]. While the 
agents are applied to the teeth during the bleaching pro-
cess, it is important to know the effect of these agents on 
the materials, as the filling materials on the teeth are also 
exposed to these agents. Since a wide range of materials 
are used in the mouth, from composite resin to ceramics, 

the effectiveness levels of these agents may vary depend-
ing on the material [8, 9].

Apart from the mechanical properties of restorations, 
an important measure of their clinical success is their 
ability to closely mimic the optical properties of natural 
teeth. Making a restoration that fully meets the patient’s 
expectations requires the clinician to know the optical 
properties of the materials very well. Translucency has 
an important role in mimicking the optical properties 
of enamel and dentin [10]. Translucency is the state in 
which a material transmits light and the background is 
visible. Different methods can be used to calculate trans-
lucency, including Contrast Ratio (CR) and Translucency 
Parameter (TP). CR is defined as the ratio of the reflec-
tance of a specimen placed over a black backing to that 
over a white one of known reflectance, and it is defined 
as an estimate of opacity [11]. TP is a value obtained by 
measuring the color difference of a material of a certain 
thickness on black and white backgrounds [12–14]. The 
use of spectrophotometers is recommended for translu-
cency evaluations [1, 13, 15]. TP is a reliable method to 
evaluate translucency, and several studies have investi-
gated the TP values of resin composites and dental por-
celain [1, 13, 16–19].

There are various studies investigating the effect of 
bleaching agents on restorative materials [8, 9, 20]. Stud-
ies generally examine the effects of bleaching on the 
mechanical properties of restorative materials. How-
ever, in the literature, the effect of in-office and at-home 
bleaching on the TP of restorative materials with dif-
ferent structures containing resin is limited. The aim of 
this study is to compare the translucency of 13 different 
resin-containing restorative materials and to evaluate the 
effect of 2 different bleaching systems (Office and Home 
bleaching) on the TP and CR of these materials.
Null hypotheses of the study:

1.	 Bleaching procedures do not affect the TP and CR of 
restorative materials.

2.	 There is no difference between materials in terms of 
TP and CR changes after bleaching.

Materials and methods
In this study, the effect of two different bleaching meth-
ods on the translucency of 13 different dimethacrylate 
resin-based materials was examined. Information about 
the materials used and their contents was shown in 
Table 1.

Sample size determination
As a result of the power analysis performed using the 
G*Power 3.1.9.4 program (Heinrich-Heine Dusseldorf 
University, Dusseldorf, Germany), it was determined 
that the total number of samples for 13 groups should be 
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minimum 248 with a test power of 0.95, an effect size of 
0.32 and a error of 0.05. In this case, it is sufficient to have 
9 samples in each subgroup. This study was conducted on 
a total of 260 samples, 10 samples in each subgroup.

Sample preparation
Restorative materials in A2 color were filled into molds 
with dimensions of 5 × 5 × 2  mm. The materials, with 
mylar strip (Hawe Transparent Strip, Kerr Hawe, Biog-
gio, Switzerland) placed on the bottom and top, were 
compressed between two microscope glasses and all 
polymerization processes were based on the manu-
facturer’s instructions. Except for glasiosite materials, 
polymerization was achieved using an LED light device 
(Elipar Freelight II, 3  M Oral Care, St. Paul, MN, USA, 
light intensity: 1200 mW/cm2, wavelength 430–480 nm). 
Admira materials were polymerized for 40  s, and other 
materials for 20 s. Glasiosite materials were polymerized 
for 40 s with a halogen light device (Hilux 200 / Benlioğlu 
Dental, Istanbul, Turkey, 450 mW/cm2). The power of the 
light source was checked before polymerization for every 
five samples. The light intensity of the light curing unit 
was checked using a radiometer (Hilux UltraPlus Cur-
ing Units, Benlioglu Dental, Istanbul, Turkey). After the 
preparation of the composite samples, CAD/CAM blocks 
of the same dimensions were prepared using an IsoMet 
Diamond Wafering Blades (Buehler, Lake Bluff, IL, USA) 
cutting device under water cooling. A total of 260 sam-
ples were prepared from 13 restorative materials (n = 20). 
The samples polished with medium, fine and superfine 
aluminum oxide discs (Sof-Lex, 3 M ESPE, St. Paul, MN, 
USA) and then the samples were stored in distilled water 
for 24 h.

Bleaching process
Each group of samples obtained from restorative mate-
rials was divided into 4 subgroups. Two of these groups 
were created for Office (Opalescence Boost %40 Ultra-
dent Products INC, South Jordan, Utah, USA) and home 
(Opalescence PF %16 Ultradent Products INC, South 
Jordan, Utah, USA) bleaching. In the other two groups, 
a separate control group was created for each bleaching 
method, since the samples were exposed to the agents for 
different periods of time in accordance with the manu-
facturer’s recommendations.

Bleaching agents were applied to the materials accord-
ing to the manufacturer’s instructions. Accordingly, the 
office type agent (40% hydrogen peroxide) was applied 
to the sample surfaces in 2 periods of 20 min, while the 
home type agent (16% carbamide peroxide) was applied 
for 4  h every day for 14 days. Following the bleaching 
process, the samples were washed, dried and transferred 
to glass tubes containing 1  ml of ethanol/water each. 
While bleaching agents were applied in both bleaching 

methods, samples in the control groups were removed 
from ethanol and kept in a dark and dry environment 
in parallel with the exposure time of the experimen-
tal groups to the bleaching agent. Thus, the continued 
release of monomer in the samples in the control group 
was prevented while the bleaching agents were applied. 
After the applications, all samples were put back into eth-
anol. After the bleaching process was completed, translu-
cency measurements were repeated for all samples.

Translucency parameter (TP) and contrast ratio (CR) 
analysis
L, a and b values of all samples were obtained on both 
white and black backgrounds using a spectrophotometer 
(SpectroShade Micro device; Medical High Technologies, 
Milan, Italy) before and after the bleaching process. The 
device was calibrated before measurements and mea-
surements were made three times for each sample. The 
average of the obtained values was taken and Translu-
cency Parameters (TP) values were obtained according to 
the formula below: [21, 22]

TP = [(LB* - LW*) 2 + (aB*- aW*) 2 + (bB*- bW*) 2] ½.
LB, aB and bB values represent the CIE L* a* b* values 

of the samples measured on a black background, and LW, 
aW and bW values represent the CIE L* a* b* values mea-
sured on a white background. Higher TP values represent 
greater translucency.

The L* coordinates values measured on white and black 
background were used to calculate the luminance from 
Color Space CIEXYZ, as follows: [11]

	
Y =

(
L + 16

116

)3

× Yn

Y values of the specimens recorded on white (Yw) and 
black (Yb) backgrounds were used to calculate Contrast 
Ratio (CR) as follows: [11]

	
CR = YB

YW

Statistical analysis
The data obtained were analyzed using the SPSS 20 (IBM, 
Chicago, IL, USA) statistical package program. First, the 
distribution and variance homogeneity of the data were 
analyzed by using Kolmogorov-Smirnov and Levene’s 
tests. Two-way ANOVA and Tukey post-hoc tests were 
applied for intergroup comparisons for bleaching method 
and materials. In comparing the TP and CR values of 
restorative materials before and after bleaching, the 
analysis was made by taking into account the difference 
between these two applications. The statistical signifi-
cance level was taken as p < 0.05.
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Results
The results of two-way analysis of variance for the data 
obtained for TP are given in Table  2. Considering the 
results obtained from the analysis, all interactions 
between groups were found to be statistically significant 
(p < 0.05). When the differences in TP values for each 
material before and after bleaching were compared, it 
was found that TP values mostly decreased (Table  3). 
This difference was statistically significant only in the 
Beautifil II, Filtek Bulk Fill Posterior, Filtek Bulk Fill 
Flowable and Lava Ultimate groups (p < 0.05). When the 
bleaching groups were generally compared in terms of 
differences in TP values, it was determined that TP val-
ues decreased in all groups, but this decrease was the 
least in Opalescence PF, and there was no significant dif-
ference between the other groups (p > 0.05). The findings 
obtained from the general comparison of the differences 
in TP values in terms of materials are given in Fig. 1. It 
was found that the materials with the highest decrease 
in TP values were composite-based materials, followed 
by indirect composite and hybrid CAD/CAM materials. 
Table 4 shows the L*, a*, b* values ​​obtained from restor-
ative materials before and after bleaching. A minimal 
increase was detected in the L* values, but a decrease was 
mostly detected in the b* values.

The results of two-way analysis of variance for the 
data obtained for CR are given in Table  5. Considering 
the results obtained from the analysis, all interactions 
between groups were found to be statistically significant 
(p < 0.05). When the differences in CR values for each 
material before and after bleaching were compared, it 
was found that CR values mostly increased (Table 6). This 
difference was statistically significant only in the Beau-
tifil II, Filtek Bulk Fill Posterior, Filtek Bulk Fill Flowable 
and Cerasmart groups (p < 0.05). The findings obtained 
from the general comparison of the differences between 
CR values ​​in terms of materials are given in Fig. 2. It was 
found that the materials with the greatest increase in CR 
values ​​were composite-based materials, followed by indi-
rect composite and hybrid CAD/CAM materials.

Discussion
As a result of esthetic demands, restorations in the 
mouth may also be exposed to agents during the bleach-
ing process, which has become a frequently applied pro-
cedure. During the bleaching process, agents affect the 
optical properties of restorative materials, which are 

important for esthetics [9, 23, 24]. Since natural teeth are 
translucent, maintaining the transparency of restorative 
materials is an important criterion. Therefore, this study 
aimed to investigate the effect of different bleaching pro-
cedures on the translucency and contrast ratio of resin-
containing restorative materials. In the present study, it 
was observed that the translucency and opacity values ​​
of the tested materials with the translucency calculation 
method (TP) and contrast ratio (CR) varied in a wide 
range and there were significant differences in terms of 
TP and CR values ​​between both bleaching methods and 
materials (p < 0.05). While the bleaching process caused 
an increase in the CR values ​​of the materials, it caused 
a decrease in the TP values. It was found that Opales-
cence PF caused a less decrease in TP values ​​compared 
to the office group. It was reported that the materials 
that caused the most change in TP and CR values ​​were 
composite materials. As a result, both hypotheses were 
rejected.

It has been reported in the literature that L* and b* 
values ​​are more decisive than other parameters in deter-
mining translucency, that translucency is mainly affected 
by changes in brightness, and that the yellow-blue coor-
dinate (CIE b*) also plays an important role [17]. The 
decrease in TP values ​​in most of our samples may be 
due to the materials becoming opaque after bleaching. 
In the present study, an increase in the CR values of the 
materials was detected. The increase in CR values also 
favors the opacity of the materials. Higher CR values and 
lower TP values correspond to more opaque materials, 
whereas lower CR and higher TP correspond to materi-
als with higher translucency. The CR ranges from 0 to 1, 
with 0 indicating a completely transparent material and 
1 indicating complete opacity [11]. It has been shown 
that bleaching causes surface dissolution in materials. 
In addition to the bleaching effect, it has been reported 
that small pores on the surface caused by matrix dissolu-
tion in the materials and differences in optical properties 
between air and water may have increased the reflection 
on the surface, which may have led to a partial increase in 
L* values ​​as in the present study [25]. The decrease in b* 
values ​​can also be associated with a decrease in yellowish 
color along with a tendency towards opacification.

Natural teeth have a translucent structure and restor-
ative materials are expected to have translucent prop-
erties similar to natural teeth. For this reason, it is 
important not only for the material to be translucent 
but also to preserve the translucency of the material. It 
is known that bleaching affects the physical properties of 
restorative materials. Previous studies have reported that 
the effect of bleaching treatment on restorative materials 
depends on the concentration of the bleach, the exposure 
time, and the amount of resin matrix of the restorative 
materials [20, 25–27]. The results of the present study 

Table 2  Results of two-way ANOVA for TP
Source SS df MS F p
Materials 182.591 12 15.216 6.661 0.000*
Bleaching 41.225 3 13.742 6.016 0.001*
Materials * Bleaching 179.262 36 4.980 2.180 0.000*
SS: Sum of squares, MS: mean of squares, *p < 0.05 significant
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Table 3  TP (mean ± standard deviation) values of the groups and statistical comparison results
Materials Bleaching Groups Before Bleaching

(TP1)
After Bleaching
(TP2)

TP1-TP2

Fuji II LC OB 9.22 ± 1.44 6.44 ± 0.52 2.78 ± 1.33a

OBC 9.85 ± 1.63 9.5 ± 2.26 0.35 ± 3.1a

OPF 9.22 ± 1.44 7.28 ± 0.79 1.94 ± 1.92a

OPFC 9.85 ± 1.63 8.19 ± 0.94 1.66 ± 1.66a

Glasiosite OB 16.23 ± 0.78 14.58 ± 0.82 1.65 ± 1.45a

OBC 16.33 ± 0.33 15.22 ± 0.73 1.11 ± 0.85a

OPF 16.23 ± 0.78 15.66 ± 1.08 0.58 ± 1.36a

OPFC 16.33 ± 0.33 15.53 ± 0.8 0.8 ± 0.87a

Beautifil II OB 13.15 ± 1.11 11.08 ± 1.25 2.08 ± 2.24ab

OBC 14.83 ± 0.73 11.35 ± 1.3 3.48 ± 1.7b

OPF 13.15 ± 1.11 13.18 ± 1.18 -0.02 ± 1.78a

OPFC 14.83 ± 0.73 11.93 ± 0.84 2.9 ± 1.41ab

Clearfil Majesty Posterior OB 14.06 ± 0.83 12.74 ± 1.14 1.33 ± 0.64a

OBC 14.02 ± 0.62 11.44 ± 0.43 2.58 ± 0.57a

OPF 14.06 ± 0.83 12.44 ± 0.65 1.62 ± 1.47a

OPFC 14.02 ± 0.62 11.8 ± 0.24 2.22 ± 0.5a

Clearfil Majesty Esthetic OB 13.87 ± 0.78 11.03 ± 0.49 2.85 ± 1.16a

OBC 13.79 ± 0.51 10.63 ± 1.12 3.16 ± 1.29a

OPF 13.87 ± 0.78 12.27 ± 1.3 1.6 ± 1.33a

OPFC 13.79 ± 0.51 10.54 ± 0.9 3.25 ± 1.34a

Filtek Bulk Fill Posterior OB 18.25 ± 0.43 16.45 ± 0.23 1.8 ± 0.62b

Restorative OBC 18.48 ± 0.64 17.03 ± 0.93 1.45 ± 1.46ab

OPF 18.25 ± 0.43 18.29 ± 0.48 -0.04 ± 0.23a

OPFC 18.48 ± 0.64 17.5 ± 1.14 0.98 ± 1.05ab

Filtek Bulk Fill Flowable OB 19.64 ± 0.54 17.45 ± 1.69 2.19 ± 1.34b

OBC 20.51 ± 0.66 16.98 ± 1.1 3.53 ± 1.04b

OPF 19.64 ± 0.54 20.26 ± 1.55 -0.62 ± 1.43a

OPFC 20.51 ± 0.66 19.07 ± 1.24 1.44 ± 1.7ab

Admira OB 14.86 ± 0.78 13.27 ± 1.09 1.59 ± 1.82a

OBC 14.86 ± 0.88 13.53 ± 0.84 1.33 ± 1.17a

OPF 14.86 ± 0.78 14.58 ± 1.2 0.28 ± 0.98a

OPFC 14.86 ± 0.88 12.83 ± 0.9 2.03 ± 1.18a

GrandioSO OB 12.2 ± 0.6 11.91 ± 0.86 0.3 ± 1.07a

OBC 12.66 ± 1.1 11.83 ± 0.48 0.83 ± 1.32a

OPF 12.2 ± 0.6 12.43 ± 1.12 -0.23 ± 0.92a

OPFC 12.66 ± 1.1 11.75 ± 0.98 0.92 ± 0.83a

Lava Ultimate OB 13.87 ± 0.7 15.24 ± 0.46 -1.37 ± 0.81a

OBC 15.16 ± 1.14 13.83 ± 0.9 1.33 ± 1.75b

OPF 13.87 ± 0.7 14.6 ± 0.95 -0.73 ± 1.45ab

OPFC 15.16 ± 1.14 13.93 ± 0.52 1.23 ± 1.54b

Cerasmart OB 17.74 ± 1.2 15.44 ± 1.23 2.3 ± 1.02a

OBC 16.26 ± 1.76 15.66 ± 2.64 0.6 ± 3.67a

OPF 17.74 ± 1.2 13.94 ± 1.16 3.79 ± 1.83a

OPFC 16.26 ± 1.76 16.45 ± 1.86 -0.19 ± 2.11a

Grandio Blocs OB 14.09 ± 0.84 14.16 ± 0.93 -0.07 ± 1.48a

OBC 14.27 ± 0.58 14.29 ± 0.86 -0.02 ± 0.98a

OPF 14.09 ± 0.84 15.55 ± 2.6 -1.46 ± 3.1a

OPFC 14.27 ± 0.58 13.85 ± 1.48 0.42 ± 1.5a

Vita Enamic OB 8.65 ± 0.56 8.19 ± 0.47 0.46 ± 0.85a

OBC 8.51 ± 0.48 8.3 ± 0.72 0.22 ± 0.88a

OPF 8.65 ± 0.56 8.56 ± 1 0.09 ± 1.23a

OPFC 8.51 ± 0.48 8.24 ± 0.68 0.28 ± 1.12a

OB: Opalescence Boost. OBC: Opalescence Boost Control. OPF: Opalescence PF. OPFC: Opalescence PF Control. Lower case letters show the comparison results of 
bleaching groups for each material (one-way ANOVA, Tukey post-hoc test). Different letters indicate statistical significance
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revealed that different bleaching methods have different 
effects on the translucency of resin-containing materi-
als. Previous studies have shown that bleaching agents 
increase the surface roughness and reduce the translu-
cency of resin composites [8, 26]. In the present study, 
bleaching agents containing 16% carbamide peroxide and 
40% hydrogen peroxide were used and a decrease in TP 
values was observed. After home bleaching, 16% carb-
amide peroxide decomposes into 5.8% hydrogen perox-
ide, urea, ammonia and carbon dioxide [28]. Yılmaz et al. 
[29] found that bleaching with 10% carbamide peroxide 
did not affect the translucency of resin composites. In the 
present study, it was found that office bleaching caused a 
greater decrease in TP values than home bleaching.

In studies examining the effects of bleaching on restor-
ative materials, it has been reported that hydrogen per-
oxide may interact with carbon-carbon single or double 
bonds in the materials and cause deterioration in the 
polymer structure of the composite [12, 17]. It has been 
reported that as a result of the deterioration in the struc-
ture of the composite, solvents can penetrate the struc-
ture of the material and the diffusion of the monomers 
contained in the composite will also increase [12, 20].

The aqueous environment to which the materials are 
exposed in the mouth is an environment between water 
and more aggressive solutions such as ethanol, methanol 
and acetonitrile. A 75% ethanol-water solution was used 

to mimic this environment in vitro. The United States 
Federal Drug Administration has also reported that a 
75% ethanol-water solution can be used to mimic the oral 
environment [30]. Based on this, 75% ethanol-water solu-
tion was used as the storage solution in the present study. 
The fact that office bleaching caused a greater decrease in 
translucency in the present study may be due to the fact 
that office bleaching disrupts the structure of the materi-
als more due to its high content of HP and, as a result, the 
material absorbs more ethanol.

Translucency also depends on thickness, and in this 
study, a thickness of 2 mm was used because restorative 
materials are clinically applied at a thickness of 2 mm. A 
higher value for TP represents greater translucency; if the 
material is completely opaque, the TP value is zero [31]. 
TP has been used in several studies to evaluate the trans-
lucency of restorative materials [1, 11, 13, 21, 22, 32–34].

The fact that the polymerization depth of light-cured 
composites is limited to 2 mm and that layered applica-
tion takes time is a significant disadvantage today. Bulk-
fill composites produced to eliminate this disadvantage 
can be applied in thick layers due to improving photo-
initiator dynamics and increasing translucency proper-
ties [35]. This can be explained by the fact that bulk fill 
composite materials were found to be the most trans-
lucent material among composite materials in the pres-
ent study. Günal and Ulusoy [36] reported TP (CIELAB) 

Fig. 1  The findings obtained from the general comparison of the differences in TP values in terms of materials
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values of 18.64 and 17.93 for Cerasmart and Lava Ulti-
mate samples, respectively, similar to the findings of the 
present study. Günal Abduljalil et al. [37] reported that 
Cerasmart is the most translucent material compared 
to Voco Grandio, Brilliant Crios and Lava Ultimate. 
Cerasmart’s higher TP value may be due to its lack of 
opacifying compounds and its composition of aluminum 
barium silicate particles embedded in a polymer network 
that increases light transmission [38]. As the crystal con-
tent increases, material durability increases. However, 
this also causes increased opacity [11]. In the present 
study, the reason why VITA Enamic has lower translu-
cency than other resin-ceramic hybrid materials may be 
related to its Al2O3 content (about 23% by weight).

As a result of the present study, the largest decrease in 
TP values was found in the composite materials. Several 
common monomers found in the composite resin matrix 
have hydrophilic properties and can often cause discol-
oration due to excess water absorption. It has also been 
reported in the literature that the presence of low TEG-
DMA content may limit water uptake and consequently 
color changes caused by the absorption of the staining 
solution [39]. TEGDMA content of composite materi-
als may have caused more fluid uptake and decreased 
translucency. The decrease in TP after bleaching was 
statistically significant in the Beautifil II, Filtek Bulk Fill 
Posterior, Filtek Bulk Fill Flowable and Lava Ultimate 
groups (p < 0.05). Beautifil II (Giomer) is a hybrid aes-
thetic restorative material based on pre-reacted glass ion-
omer “PRG” technology, using pre-reacted glass ionomer 
cements as fillers [40]. This significant decrease in the TP 
value of Beautifil II may be due to its nano-hybrid gyo-
mer filler content.

The production of Ormocers is based on hydrolysis 
and polycondensation reactions (sol-gel processing) to 
form a molecule with a long-chain inorganic silica back-
bone and lateral organic chains [41]. It is claimed that 
Ormocer-containing composites exhibit higher conver-
sion, minimum polymerization shrinkage, color stability, 
toughness and increased surface hardness as a result of 
the formation of a more highly cross-linked polymer net-
work. Another advantage of Ormocer is that the amount 
of free unreacted monomers in the polymer network 
decreases with the increase in the number of chemical 
bonds between methacrylate groups [42]. In this case, 
our expectation was that the translucency change would 
be less than the composites after bleaching, depending 
on the structure of the material. However, in this study, 
when the resin composites and Ormocer values ​​were 
examined, no statistically significant difference was found 
between the initial and post-bleaching TP and CR values.

In the present study, it was found that the change in 
TP and CR was less in hybrid ceramic groups than in 
composite groups. During the production of ceramic M
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materials in an industrial environment, subjecting them 
to processes such as ceramic powder sintering, resin 
composite polymerization, etc. minimizes the defects 
in the structure of the material and makes the material 
more homogeneous and durable [43]. It also has a high 
reducing capacity by producing peroxides, free radicals 
and oxides [44]. Peroxides have been reported to induce 
oxidative cleavage of polymer chains [45]. Tight polymer 
chains limit the effect of peroxide. If a material contains 
tight cross-links formed by high molecular weight poly-
mer molecules, more time will be required for the bleach 
to diffuse into the material [46]. The differences observed 
between resin matrix ceramics and composite resin 
groups may be related to the structures of the materials 
and the production technique.

As a result, the translucency of materials is affected 
by both the structure of the material and the bleaching 
method applied. There are limited studies in the litera-
ture examining the changes in translucency as a result of 
bleaching of materials. This study is important in terms 
of simultaneously examining a wide range of materials 
used for restorative purposes and comparing the results.

The limitation of this study is that since it was studied 
in vitro, the thermal, mechanical and chemical effects 
that the restorative material is exposed to in the mouth 
cannot be reflected exactly on the material. Studies on 
materials are generally conducted in vitro, tending to 
focus on material properties and procedures. Although 
this has contributed to the development process of mate-
rials, it should not be forgotten that in vivo studies and 
evaluation of follow-up procedures can provide valuable 
information to the literature.

Conclusion
Within the limitations of this in vitro study, the effect of 
bleaching agents on the translucency and contrast ratio 
of restorative materials depends on the material used 
and the bleaching method. Home bleaching method 
carries less risk in terms of affecting the translucency of 
the materials. The clinician should take this into con-
sideration in bleaching applications and be more careful 
when using office type bleaching. In addition, it has been 
determined that the translucency properties of hybrid 
ceramics are the materials least affected by the bleaching 
process. The use of hybrid ceramics may be preferred in 
the selection of materials for restoration in the clinic.

Table 5  Results of two-way ANOVA for CR
Source SS df MS F p
Materials 0.183 12 0.016 12.395 0.000*
Bleaching 0.027 3 0.009 6.921 0.000*
Materials * Bleaching 0.146 36 0.004 3.131 0.000*
SS: Sum of squares, MS: mean of squares, CR: Contrast Ratio, *p < 0.05 significant
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Table 6  CR (mean ± standard deviation) values of the groups and statistical comparison results
Materials Bleaching Groups Before Bleaching

(CR1)
After Bleaching
(CR2)

CR1-CR2

Fuji II LC OB 0,77 ± 0,4 0,85 ± 0,01 -0,08 ± 0,03a

OBC 0,76 ± 0,4 0,76 ± 0,06 -0,01 ± 0,08a

OPF 0,77 ± 0,4 0,82 ± 0,02 -0,05 ± 0,05a

OPFC 0,76 ± 0,4 0,8 ± 0,03 -0,04 ± 0,04a

Glasiosite OB 0,62 ± 0,02 0,66 ± 0,03 -0,04 ± 0,04a

OBC 0,61 ± 0,01 0,65 ± 0,01 -0,03 ± 0,02a

OPF 0,62 ± 0,02 0,63 ± 0,03 -0,01 ± 0,03a

OPFC 0,61 ± 0,01 0,64 ± 0,01 -0,03 ± 0,01a

Beautifil II OB 0,72 ± 0,04 0,77 ± 0,03 -0,06 ± 0,07ab

OBC 0,67 ± 0,02 0,77 ± 0,03 -0,1 ± 0,04a

OPF 0,72 ± 0,04 0,72 ± 0,02 0 ± 0,05b

OPFC 0,67 ± 0,02 0,74 ± 0,03 -0,07 ± 0,04ab

Clearfil Majesty Posterior OB 0,68 ± 0,02 0,74 ± 0,03 -0,06 ± 0,02a

OBC 0,68 ± 0,01 0,76 ± 0 -0,08 ± 0,01a

OPF 0,68 ± 0,02 0,73 ± 0,02 -0,05 ± 0,03a

OPFC 0,68 ± 0,01 0,75 ± 0,01 -0,07 ± 0,02a

Clearfil Majesty Esthetic OB 0,68 ± 0,02 0,77 ± 0,01 -0,08 ± 0,03a

OBC 0,69 ± 0,1 0,78 ± 0,03 -0,09 ± 0,03a

OPF 0,68 ± 0,02 0,73 ± 0,04 -0,05 ± 0,04a

OPFC 0,69 ± 0,01 0,78 ± 0,02 -0,09 ± 0,02a

Filtek Bulk Fill Posterior OB 0,56 ± 0,01 0,61 ± 0,01 -0,04 ± 0,01a

Restorative OBC 0,56 ± 0,01 0,6 ± 0,02 -0,04 ± 0,03ab

OPF 0,56 ± 0,01 0,57 ± 0,01 0 ± 0,01b

OPFC 0,56 ± 0,01 0,59 ± 0,2 -0,03 ± 0,02ab

Filtek Bulk Fill Flowable OB 0,54 ± 0,01 0,61 ± 0,03 -0,07 ± 0,03a

OBC 0,52 ± 0,01 0,62 ± 0,03 -0,09 ± 0,03a

OPF 0,54 ± 0,01 0,54 ± 0,03 0 ± 0,03b

OPFC 0,52 ± 0,01 0,57 ± 0,03 -0,05 ± 0,03a

Admira OB 0,65 ± 0,02 0,7 ± 0,03 -0,05 ± 0,05a

OBC 0,66 ± 0,03 0,71 ± 0,03 -0,05 ± 0,02a

OPF 0,65 ± 0,02 0,67 ± 0,02 -0,02 ± 0,02a

OPFC 0,66 ± 0,03 0,71 ± 0,01 -0,05 ± 0,03a

GrandioSO OB 0,72 ± 0,01 0,74 ± 0,03 -0,02 ± 0,03a

OBC 0,71 ± 0,02 0,73 ± 0,02 -0,03 ± 0,03a

OPF 0,72 ± 0,01 0,72 ± 0,03 0 ± 0,02a

OPFC 0,71 ± 0,02 0,73 ± 0,03 -0,02 ± 0,02a

Lava Ultimate OB 0,68 ± 0,01 0,66 ± 0,01 0,02 ± 0,02a

OBC 0,66 ± 0,02 0,69 ± 0,02 -0,02 ± 0,04a

OPF 0,68 ± 0,01 0,67 ± 0,02 0,01 ± 0,03a

OPFC 0,66 ± 0,02 0,68 ± 0,01 -0,2 ± 0,03a

Cerasmart OB 0,57 ± 0,03 0,64 ± 0,03 -0,06 ± 0,03ab

OBC 0,61 ± 0,04 0,63 ± 0,06 -0,01 ± 0,08b

OPF 0,57 ± 0,03 0,71 ± 0,02 -0,13 ± 0,04a

OPFC 0,61 ± 0,04 0,61 ± 0,05 0 ± 0,05b

Grandio Blocs OB 0,71 ± 0,01 0,7 ± 0,02 0,01 ± 0,02a

OBC 0,7 ± 0,01 0,7 ± 0,01 0 ± 0,02a

OPF 0,71 ± 0,01 0,63 ± 0,06 0,08 ± 0,07a

OPFC 0,7 ± 0,01 0,71 ± 0,03 0 ± 0,03a

Vita Enamic OB 0,8 ± 0,02 0,8 ± 0,01 -0,01 ± 0,02a

OBC 0,8 ± 0,01 0,8 ± 0,01 0 ± 0,02a

OPF 0,8 ± 0,02 0,79 ± 0,03 0 ± 0,03a

OPFC 0,8 ± 0,01 0,8 ± 0,02 0 ± 0,03a

OB: Opalescence Boost. OBC: Opalescence Boost Control. OPF: Opalescence PF. OPFC: Opalescence PF Control. Lower case letters show the comparison results of 
bleaching groups for each material (one-way ANOVA, Tukey post-hoc test). Different letters indicate statistical significance
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