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Article Info ABSTRACT

Article type: Objectives: Considering the increasing use of vital bleaching procedures and the
Original Article increased application of newly introduced resin-based materials for tooth
restoration, this study was designed to evaluate the effect of 15% carbamide
peroxide gel on the flexural strength of three resin-based restorative materials.
. . Materials and Methods: Three different types of restorative materials namely
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Beautifil Il giomer, Cention N, and Z250 micro-hybrid composite resin were
evaluated in this in vitro, experimental study. Twenty-four bar-shaped specimens
were prepared from each restorative material, totaling 72 specimens, and were
randomly assigned to two subgroups with and without bleaching procedure (n=12).
In the bleaching subgroups, 15% carbamide peroxide gel was applied on the
specimen surface 8 h a day for 14 days. The flexural strength of the specimens was
then measured. Two-way ANOVA was used to compare the flexural strength of the
specimens.
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carbamide peroxide gel. The three resin-based restorative materials exhibited
similar flexural strength values irrespective of the use or no use of 15% carbamide
peroxide gel.
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INTRODUCTION

Currently, vital tooth bleaching procedures
are one of the most popular esthetic
procedures in dentistry due to their rapid and
favorable outcomes and safety [1]. Various
materials and techniques are available for

vital bleaching procedures, which can be
carried out in the office, at home, or a
combination of both [2]. At-home tooth
bleaching technique is a popular treatment
modality among both patients and dentists
due to its excellent clinical efficacy, low cost,
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and safety [3]. Generally, this treatment relies
on the use of hydrogen peroxide or carbamide
peroxide. In this technique, unstable free
radicals released through the disintegration of
peroxide react with pigments or large
pigmented molecules, oxidizing these organic
compounds in the tooth structure, which
results in a change in the wavelength of the
light beams reflected from the tooth structure.
This ultimately makes the tooth appear lighter
in color [2,4].

Since the bleaching agents in the oral cavity
might contact the existing restorations, the
possible effects of bleaching agents on the
restorative materials has been an interesting
research topic [5]. Reports indicate that the
bleaching agents can change the properties of
restorative materials such as their color,
surface microhardness, surface roughness,
and flexural strength [3,5], through changes in
their chemical composition and morphological
structure [6]. The flexural strength is one of
the mechanical properties of restorative
materials, which might be related to their
clinical performance. The results of flexural
strength tests might, to some extent, predict
the behavior of restorative materials under
stresses resulting from the functional or
parafunctional forces [7]. Materials with low
flexural strength undergo deformation under
strong masticatory forces, resulting in
deterioration of the marginal seal of
restorations bonded to the tooth structure [6].
Some studies have evaluated the flexural
strength of restorative materials after
bleaching with bleaching agents and have
reported contradictory results, including a
reduction, no change, or increase in the
flexural strength of these materials [3,5-9].
The discrepancies between the results of
different studies might be attributed to
differences in the bleaching agents, their
concentrations and pH, the bleaching protocol
and its duration, the restorative materials
evaluated with different compositions, and the
ambient temperatures [5,8,9].

Giomers are a new group of composite
materials composed of pre-reacted glass-
ionomer fillers in a resin matrix; they have
some advantages, including the release of
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fluoride ions and recharging, similar to glass-
ionomers, in conjunction with other
properties of composite resins, such as
optimal esthetics, polishability, and tissue
compatibility [10,11]. A study reported that
the use of 15% carbamide peroxide increased
the surface roughness of giomer, with no
change in its color [12]. Another study showed
that the use of 40% hydrogen peroxide
increased the color change of giomer and
decreased its translucency [13]. Kimyai et al.
[14] revealed that the use of 15% and 45%
carbamide peroxide significantly decreased
the microhardness of giomer. Recently, a new
resin-based material was marketed, referred
to as Cention N. It is a tooth-colored
restorative  material and has been
recommended for direct restorations. It is self-
cured, but can selectively undergo a light-
curing process. Cention N has been classified
as an alkasit material and contains alkaline
fillers within a methacrylate resin matrix [15].
An in vitro study showed that this material
could prevent caries at the restoration
margins in class V cavities by releasing
calcium and fluoride ions [16]. It has been
reported that the flexural strength of Cention
N is comparable to that of nano-hybrid and
micro-hybrid composite resins [15].

On the other hand, 10%-16% carbamide
peroxide is one of the most commonly used
materials for at-home bleaching procedures
[3,14]. Since the effect of bleaching agents on
the mechanical properties of restorative
materials depends on the type of restorative
material [5], and since no study, to date, has
evaluated the effect of carbamide peroxide
bleaching agent on the flexural strength of
giomer and Cention N, the present in vitro
study was designed to evaluate the effect of
15% carbamide peroxide on the flexural
strength of giomer and Cention N in
comparison  with  Z250  micro-hybrid
composite resin.

MATERIALS AND METHODS

The present in vitro study was carried out on
24 bar-shaped specimens (measuring 25 mm
in length, 2 mm in width, and 2 mm in height)
[9] fabricated from the A2 shade of giomer
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(Beautifil II; Shofu Dental Corporation, Osaka,
Japan), Cention N (Ivoclar Vivadent AG,
Schaan, Liechtenstein) and Filtek Z250 (3M
ESPE Dental Products, St Paul, MN, USA)
restorative materials. The total number of
specimens was 72. The regional ethics
committee approved the protocol of the
present study (Ref. No. IR. TBZMED. VCR. REC.
1398.037). The sample size was determined to
be 11 in each group based on the results of a
pilot study on five specimens in each group
and also based on the results of two-way
ANOVA considering a=0.05, study power of
80%, and a difference of 8 units in the mean
flexural strength values. However, to increase
the validity of the results, 12 specimens were
included in each group (a total of 72
specimens).

A silicon mold was used to prepare the
specimens according to the manufacturers’
instructions. The test materials were applied
into the molds with a spatula and packed with
a condenser. A transparent matrix band
(Hawe Neos Dental, Bioggio, Switzerland) was
placed on each mold and pressed with a glass
slab to achieve a smooth and homogeneous
surface. The specimens underwent light
curing procedure for 40 s, using a light-curing
unit (Dentamerica, San Jose, CA, USA) with a
light intensity of 400 mW/cm?2. The tip of the
curing unit was positioned close to the surface
at a right angle (at 90°). It should be pointed
out that in the present study, the dual-cure
polymerization mode was selected for Cention
N. The specimens were retrieved from the
molds, light-cured again for 20 s from each
side for complete polymerization, and
incubated in distilled water at 37°C for 24
hours. Next, the specimen surfaces were
polished with medium, fine and superfine
polishing discs (Sof-Lex; 3M ESPE Dental
Products, St Paul, MN, USA). The polished
specimens were placed in an ultrasonic bath
containing distilled water for 1 min for
cleaning [5]. Finally, the specimens were
incubated in distilled water at 372C for one
week for optimal polymerization [17].

The specimens made from each restorative
material were randomly assigned to two
subgroups (n=12) with and without the
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bleaching procedure. In the non-bleaching
subgroups, the specimens did not undergo
bleaching and were stored in distilled water
at 37°C for 14 days [14]. In the bleaching
subgroups, the specimens underwent a
bleaching procedure with 15% carbamide
peroxide gel (Opalescence® PF; Ultradent
Products, South Jordan, UT, USA) for 8 h a day
for 14 days [14]. Adequate amount of the
bleaching agent was applied on the whole
surface of the specimens. The specimens
were rinsed with distilled water and
incubated in distilled water at 372C after each
bleaching process, until the next bleaching
procedure. Distilled water was refreshed
daily. The specimens were positioned on the
supports of a universal testing machine
(Hounsfield Test Equipment Model HSK-S;
Salfords, Redhill, Surrey, England) for the
flexural strength test. The strain was applied
at a rate of 1 mm/min until the fracture of
specimens. The flexural strength value (o)
was calculated in megapascals (MPa) using
the formula below [5]:

0=3FL/2BH2 where F is the fracture force in
Newtons, L is the distance between the
supports in millimeters (20 mm in this study),
B is the sample width in millimeters, and H is
the sample height also in millimeters [5].

The data were analyzed using SPSS version 16
(SPSS Inc., Chicago, IL, USA). The Kolmogorov-
Smirnov test was used to evaluate the
normality of the data. Two-way ANOVA was
used to evaluate the effects of type of resin-
based restorative material and exposure to the
bleaching agent on flexural strength.
Statistical significance was set at P<0.05.

RESULTS

Table 1 presents the descriptive statistics of
the flexural strength, and the results of
statistical comparisons between the study
groups and subgroups. Figure 1 shows the
error bar of the mean flexural strength values
of the study groups and subgroups.

The results of two-way ANOVA showed a
significant difference in the mean flexural
strength values between the bleaching and
non-bleaching  subgroups  (F16=103.93,
P<0.001).
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Table 1. Mean and standard deviation of flexural
strength (megapascals) of all study groups

2250 composite 41 09,1150 690441005
resin
Cention N 8993:900  69.92+1021

Beautifil Il giomer 8731746 63.45+6.80

*P<0.001 between bleached and non-bleached
specimens in all groups

Trestment

W to bleaching

Mean Flexural.St (Mpa)

Composite Cention N

Material

Eror bars: 95% C1

Fig. 1. Error-bar of the mean flexural strength of the
study groups and subgroups

The bleached subgroups showed significantly
lower flexural strength values than the non-
bleached subgroups. However, the mean
flexural strength of different restorative
materials was not significantly different
(F2,66=2.18, P=0.12). The interaction effect of
type of restorative material and exposure to
the bleaching agent on flexural strength of the
materials was not significant either
(F266=0.27, P=0.75).

DISCUSSION

Despite the increase in demand for tooth
bleaching procedures and the optimal
efficacy of this treatment modality for
lightening of tooth color, the effect of
different bleaching techniques on all the
properties of restorative materials has not
been completely elucidated [8].
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In the present study, a three-point bending
test was performed to determine the flexural
strength of the materials. Various
simultaneous and dynamic stresses exerted on
teeth during masticatory function are
evaluated by the flexural strength test [7].
According to previous studies, the three-point
bending test is associated with lower standard
deviation and variation coefficients and less
complex distribution of cracks in composite
resins than the biaxial bending test [18,6].

In the current study, 15% carbamide peroxide
gel was used 8 h a day for 2 weeks to mimic the
home bleaching technique [19]. The results of
this study showed that bleaching with 15%
carbamide peroxide significantly decreased
the flexural strength of giomer, micro-hybrid
composite resin, and Cention N restorative
materials. Meanwhile, the results of a study by
Yu et al. [8] indicated that bleaching with 40%
hydrogen peroxide significantly decreased the
flexural strength of compomer. Firoozmand et
al. [7] reported that bleaching with 35%
hydrogen peroxide significantly decreased the
flexural strength of composite resin,
compomer, and resin-modified glass-ionomer.
Yu et al. [5] showed that bleaching with 10%
carbamide peroxide significantly decreased
the flexural strength of compomer and glass-
ionomer.

Reduction in flexural strength after the
bleaching procedures might be attributed to
the effect of free radicals of the bleaching
agents on the resin portion of the tested
restorative  materials. It has been
demonstrated that free radicals are
responsible for the oxidation of unprotected
double bonds in the resin structure in both the
polymer network and at the resin-filler
interface [9]. Induction of the oxidative
cleavage of polymer chains [5], chemical
softening of the resin matrix, a decrease in the
microhardness of restorative materials
[14,20,21], gap formation [6], and porosities
on the surface of restorative materials [22]
have been reported after bleaching. The
effects of oxidizing agents present in the
bleaching agents on the resin matrix, followed
by water sorption in association with
complete or partial debonding of fillers, have
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been reported as reasons for a decrease in the
microhardness of resin-based materials after
the bleaching procedures [19]. Yu et al. [5]
attributed the decrease in the flexural strength
of restorative materials after bleaching to the
softening and reduction in the hardness of
materials.

According to the manufacturer’s brochure, the
resin components in Z250 composite resin
consist of bisphenol A-glycidyl methacrylate
(Bis-GMA), urethane dimethacrylate (UDMA)
and bisphenol A-ethoxylate dimethacrylate
(Bis-EMA). These components in giomer are
Bis-GMA and triethylene glycol dimethacry-
late. The resin structure of Cention N is devoid
of Bis-GMA and consists of UDMA and low-
viscosity dimethacrylates [15]. It has been
reported that Bis-GMA copolymer is more
susceptible to degradation and softening by
the bleaching agents compared with UDMA
[6,20]. Considering the absence of Bis-GMA in
Cention N, it probably has a higher rate of
dissolution of surface particles; however,
further studies are still required on this topic.
Contrary to the results of the present study,
two previous studies showed that bleaching
with 10% carbamide peroxide and 40%
hydrogen peroxide did not significantly
change the flexural strength of ceramics and
nano-hybrid, packable, micro-hybrid and
flowable composite resins [5,8]. The
differences in the dimensions of the specimens
might explain the differences in the results of
studies. In the present study, the specimens
measured 25 mm in length, according to ISO
4049 [9]. Some researchers have reported that
the dimensions of the specimens specified for
measuring the flexural strength by the ISO
4049 (25x2x2 mm3) are not clinically realistic,
and it is not possible to prepare such
specimens without any flaws. Therefore, the
size of specimens in their studies were smaller
(12x2x2 mm3) [5,8]. Another reason for the
differences in the results might be the use of
restorative = materials  with  different
compositions. It has been reported that the
effect of bleaching procedures on the
restorative materials is material-dependent,
and materials with different monomer
systems might exhibit different rates of
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susceptibility to bleaching agents [8]. In
addition, the silane-mediated bond between
the filler and resin, the conversion rate of the
resin matrix, and the filler content can affect
the mechanical properties of the materials [3].
A study showed that 16% carbamide peroxide
did not affect the flexural strength of four
different types of composite resins (Filtek
7100, Filtek Z350, Brilliant and Opallis) [3].
The differences in the dimensions of
specimens and the high filler content of Filtek
72100 (71% of the volume) compared with
other materials might explain the differences
in the results. A high filler content increases
the material’s hardness [3]. It appears that
high filler content increases the resistance to
bleaching agents and softening resulting from
the bleaching procedures. Differences in the
methodology of studies and the duration of
bleaching procedure might give rise to
differences in the results [8]. In the study by
Yu et al, [8] the flexural strength of Filtek Z250
micro-hybrid composite resin was not
significantly affected despite the use of a high
concentration of hydrogen peroxide (40%)
[8]. However, the use of 15% carbamide
peroxide in the present study significantly
decreased the flexural strength of Z250
composite resin. It appears that the difference
in the results of these two studies can be
explained by the shorter duration of the
bleaching procedure (a total of 80 min) in their
study. Although higher concentrations of the
bleaching agents are used for the in-office
bleaching procedures, the detrimental effect of
these procedures on the restorative
procedures might be similar or even less than
that of home bleaching procedures which
require longer durtaions of exposure [8]. A
study showed that bleaching with 16%
carbamide peroxide (4 h a day for 2 weeks) did
not affect the diametral tensile strength of
7250 composite resin, and it was reported that
the effect of carbamide peroxide was confined
to the material’s surface, resulting in only a
decrease in the microhardness of material
[20]. The reason for the difference between
the results of these two studies might be the
evaluation of the diametral tensile strength
instead of the flexural strength and the shorter
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duration of the bleaching procedure.

Evidence shows that the bleaching agents are
more reactive at higher ambient temperatures
and penetrate into deeper layers of restorative
materials to exert greater effects on the
mechanical properties of these materials [5].
In the present study, the laboratory
procedures were carried out at 372C, which
might be a reason for the significant effect of
15% carbamide peroxide on the flexural
strength of materials. In this context, another
study showed that bleaching with 10%
carbamide peroxide at 37°2C resulted in
surface roughening of four different types of
composite resins (Filtek Flow, Filtek Z250,
Filtek Z350 and Filtek P60), compomer and
conventional glass-ionomer; while at 259C,
surface softening was observed only in
compomer and the conventional glass-
ionomer [17]. Another finding of the present
study, irrespective of the conduction of
bleaching procedure, was the absence of a
significant difference in the flexural strength
between the three resin-based materials,
which might be due to an almost similar filler
content of these materials. According to the
manufacturers’ brochures, the filler content of
Filtek Z250, giomer and Cention N is 60%,
68.6% and 57.6%, respectively. It has been
demonstrated that the inorganic filler content
is directly correlated with the mechanical
properties of restorative materials [23]. A
study showed that the flexural strength of
Cention N is similar to that of micro-hybrid
and nano-hybrid composite resins [15].
Long-term studies are recommended to
evaluate the effect of bleaching agents with
different compositions, concentrations and pH
values under conditions similar to those of the
oral cavity on flexural strength of different
restorative materials. Considering the results
of the present study, it appears that dentists
should be aware of the possibility of some
changes in the properties of restorative
materials after bleaching procedures.
Furthermore, they should inform their
patients that the existing restorations might
require polishing or even replacement after
the bleaching procedures.
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CONCLUSION

Under the limitations of the present study, it was
concluded that 15% carbamide peroxide gel
decreased the flexural strength of a micro-
hybrid composite resin, giomer and Cention N.
There was no significant difference in the
flexural strength of resin-based restorative
materials, irrespective of the conduction of
bleaching procedure.
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