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Introduction: The purpose of this study was to investigate the effects of 15% carbamide perox-
ide, orange juice, and Cola on the microhardness of composite resin restoration material.

Materials and Methods: In this in vitro study, forty disk-shaped composite samples were
prepared and randomly classified into four groups (n=10); the artificial saliva (control), bleaching
agent (15% carbamide peroxide), orange juice, and Cola. Vickers microhardness was measured on
the surface of the samples before and after immersion for 6 and 48 hours.

Results: The microhardness values of the 15 % carbamide peroxide, Orange juice and Cola
groups were significantly lower after 48 hours compared to the artificial saliva group (P=0.003,
P=0.002, P=0.001, respectively). However, these differences were not statistically significant after
6 hours of immersion (P=0.068). When comparing the microhardness values of these groups over
time, as expected, these measures significantly decreased, except for the 15 % carbamide peroxide
group in which the mean microhardness value did not significantly decrease from baseline after 6
hours immersion (P=0.106). However, there was a significant difference after 48 hours compared
to baseline and 6 hours immersion (P=0.001, P=0.004).

Conclusion: This suggests that 15 % carbamide peroxide gel can be employed as a bleaching
agent in cases with composite restorations for a limited amount of time without significant deteri-
oration of the microhardness.
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Introduction

omposite resin is the leading choice of res-

toration in many countries. Due to its possi-

bility of minimally invasive dental treatment,
tooth-colored restoration, and high levels of physical,
mechanical, and aesthetic properties, the demand for
composite resin is high [1]. Despite the continuous pro-
gressions in resin composites’ structure, a concern re-
mains about their chemical and enzymatic degradation
in the oral environment [2,3]. Beverages such as juices,
coffee, tea, and wine, smoking, and bleaching proce-
dures can potentially cause softening and increased
surface roughness to resin composites, depending on
the resin composite and the bleaching agent used [3,4].

The durability and longevity of the esthetic restor-
ative materials are necessary for correctly selecting the
material in the oral environment [5]. Ozkanoglu et al.
concluded that the hardness of restorative materials
such as direct composites, high viscosity glass ionomer
cement, and indirect composite resin could be nega-
tively affected by some beverages (distilled water, black
tea, coffee, and Cola), especially coffee and Cola [6].
Wongkhantee et al. showed that Cola, Orange juice,
and sports drinks significantly reduced the hardness
of enamel, dentin, micro-filled composite, and res-
in-modified glass ionomer. By contrast, immersion in
yogurt and tom yam soup did not reduce the hardness
of any samples [7]. Bandeira de Andrade et al. demon-
strated that the nano-filled resin composite specimens
immersed in red wine and coffee provided lower mi-
crohardness values than those immersed in distilled
water [3].

Tooth bleaching can be used to enhance the esthet-
ics of discolored dental composites. Bleaching products
contain peroxides that act as powerful oxidizing agents,
generating free radicals that break chromophores into
smaller compounds [8]. This might enhance the esthet-
ic outcome of dental composites but also have a detri-
mental effect on surface roughness, color stability, and
translucency, according to the used protocol: either
in-office bleaching, home bleaching, or a combination
of both [8-12]. Attia et al. affirmed that the bleaching
procedures significantly affect surface roughness, not
micro-hardness [13], whereas others showed increas-
ing hardness or lack of changes after exposure to carba-
mide peroxide [14]. Alaghehmand et al. described that
20% fluoridated carbamide peroxide gel increased the
microhardness of four restorative materials and that
22% non-fluoridated carbamide peroxide decreased
the microhardness [15].
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Microhardness is a strong indicator of the clinical
deterioration of dental materials. It also correlates to
the strength and rigidity of restorative materials [16].
Various factors affect the microhardness of resin com-
posite, the organic matrix’s composition, and filler
particles’ type and shape [17]. The contrasting results
of some studies regarding the effects of certain bever-
ages and new bleaching agents on the microhardness
of composite resin materials underscore the need for
further research on this topic. The present study, which
evaluates and compares the effects of 15% carbamide
peroxide, orange juice, and Cola on the microhardness
of Amaris resin composite, is a step towards addressing
this need.

Materials and Methods

Study design

This was an in vitro study conducted at the Zahedan
School of Dentistry following approval by the Insti-
tutional Review Board (IR.ZAUMS.Rec.1393.6551).
Forty disk-shaped Amaris composite samples resin
(Translucent natural, Voco Cuxhaven, Brochure Co,
Germany) with a diameter of 6.0mm and a thickness
of 2.0mm were prepared using a silicone matrix mold
(Elite HD, Zhermack BadiaPolesine, Italy). The lower
surface of the mold was covered with a glass slab and
a polyester strip, after which the resin composite was
inserted into the mold in increments. A polyester strip
and a glass slab were placed over the specimens to flat-
ten their surfaces and ensure a smooth mirror surface
on each specimen. Each side of a specimen was light
cured for 40 seconds using a halogen light (Coltolux
75, Coltene Whaledent, Inc., USA) with an intensity
of 450mW/cm’. The intensity of the halogen light was
verified with a radiometric device (Coltene Whaledent,
Inc., USA). All specimens were stored in distilled water
at 37°C for 24 hrs. The specimens were then random-
ly divided into four groups: Artificial saliva (control),
Bleaching agent (15% carbamide peroxide), Orange
juice and Cola. The control group was stored in 20mL
of artificial saliva at 37°C. Artificial saliva was com-
posed according to a study by Suryakumari et al. [18].
The Bleaching agent group was exposed to 15% carba-
mide peroxide gel (Opalescence PE Ultradent Prod-
ucts. Inc, South Jordan, UT, USA) (pH=7). According
to the manufacturer’s instructions, the bleaching agent
was inserted on top of the specimens at a thickness of
1.0mm. The specimens of orange juice and Cola groups
were immersed in 20mL of 100% natural noncarbonat-
ed orange juice (Sunich; Ali Fard Co., Iran) and 20 mL
Cola (Behnoush Co., Iran) at 37°C. The pH of orange
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juice and Cola was measured using a digital pH meter
before immersion; the pH readings were around 3.7
and 3.3, respectively. To maintain the initial pH level of
the experimental substances, they were refreshed daily.

Variables

After each immersion, samples were rinsed with dis-
tilled water for 1 min, brushed with a soft toothbrush
and dried. The baseline surface hardness was deter-
mined using a Vickers hardness testing machine (Bue-
hler/Mxt-al, USA) with a diamond Vickers indenter.
100 g was applied to the center of the upper surface for
a 10-second dwell time. Three microhardness indenta-
tions located 1 mm from one another were measured,
after which the average indentation was recorded. This
measure was repeated at 6 and 48 hours after immer-

sion.
Statistical Analysis

Data were analyzed using SPSS version 28 software.
Mean and standard deviation (SD) were used for re-
porting descriptive summaries. Data were subjected
to one-way ANOVA to compare the microhardness
between the groups and repeated measure ANOVA to
compare the microhardness of each group at different
time points, and in cases of significant results, a post-
hoc pairwise comparison test was performed to indi-
cate which pair had a significant difference. P<0.05 was
considered statistically significant.

Results

According to Table 1, the one-way ANOVA re-
vealed no significant differences between the mean
microhardness values of the four groups before im-
mersion (P=0.279) and after six hours of immersion
(P=0.068). However, these differences were significant

after 48 hours (P=0.001). The results of the post-hoc
pairwise comparison of the microhardness values of
the four groups after 48 hours of immersion are pre-
sented in Table 2. Notably, the differences were signif-
icant between the microhardness values of the speci-
mens immersed in artificial saliva and 15% carbamide
peroxide (P=0.003), artificial saliva and orange juice
(P=0.002), and artificial saliva and Cola (P=0.001), but
not significant between 15% carbamide peroxide and
orange juice (P=0.958), carbamide peroxide and Cola
(P=0.252), orange juice and Cola (P=0.274). Therefore,
the control group had significantly higher microhard-
ness values after 48 hours compared to the 15% car-
bamide peroxide, Orange juice and Cola groups. Re-
peated measures ANOVA was performed to compare
the microhardness of intragroup specimens at different
time points.

The findings indicated that the differences among
the microhardness values of each group at different
time points were significant in all the groups except
for the artificial saliva (control) group (Table 1). The
results of the post-hoc test are presented in Table 3.
Accordingly, the microhardness values of the Orange
juice and Cola groups were significantly decreased
from baseline to 6 hours and from 6 hours to 48 hours
after immersion. For the 15 % carbamide peroxide
group, there was no significant difference between the
microhardness values at baseline (before immersion)
and after 6 hours of immersion (P=0.106). However,
a significant decrease in the microhardness values was
observed after 48 hours of immersion.

Table 1. Mean and standard deviations of microhardness values in the studied groups at different time points.

Groups Microhardness Microhardness Microhardness P value”
before test after 6 hours after 48 hours
(Mean+SD) (Mean+SD) (Mean+SD)
Carbamide peroxide 56.0+3.6 54.8+4.3 47.5+5.5 P<0.007*
(15%)

Orange juice 58.1+2.6 52.9+4.1 47.4+3.8 P<0.0001*
Cola 57.3+3.7 50.3+2.5 45.4+3.5 P<0.0001*

Control 55.2+4.0 54.3+4.5 53.5+3.2 P=0.144

P value * P=0.279 P=0.068 P=0.001* -

* Significant results: o0 One-way ANOVA test; B Repeated Measure ANOVA.

o
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Table 2. Post-hoc pairwise comparison of the microhardness

values of the four groups after 48 hours of immersion.

Groups P value
Carbamide peroxide (15%) Orange juice P=0.958
Cola P=0.252
Control P=0.003"
Orange juice Cola P=0.274
Control P=0.002'
Cola Control P=0.0001*

* Significant results.

Table 3. Post-hoc pairwise comparison of the microhardness of 15%Carbamide peroxide, Orange juice and Cola

groups at different time points.

Time 15% Carbamide peroxide Orange juice Cola
Before test After 6 hours P=0.106 P=0.004* P=0.0001*%
After 48 hours P=0.001* P=0.0001* P=0.0001*
After 6 hours After 48 hours P=0.004* P=0.0001* P=0.0001*
* Significant results.
Discussion absorption and material disintegration. Conversely, the

The results indicated that the microhardness values
of the 15 % carbamide peroxide, Orange juice and Cola
groups were significantly lower after 48 hours com-
pared to the artificial saliva group. However, these dif-
ferences were not statistically significant after 6 hours
of immersion. When comparing the microhardness
values of 15 % carbamide peroxide, Orange juice and
Cola groups over time, as expected, these measures
significantly decreased, except for the 15 % carbamide
peroxide group, in which the mean microhardness val-
ue did not significantly decrease from baseline after 6
hours of immersion. However, there was a significant
difference after 48 hours compared to baseline and 6
hours immersion.

Declining surface microhardness values result in
poor wear resistance and a propensity for scratching,
which may further compromise the longevity of the
restoration [2]. Results showed that the composites’
microhardness values decreased after 6 and 48 hours
of immersion in the artificial saliva, but the decrease
was not significant. These findings agree with Yap et
al. and Ratto de Moraes et al. [19,20]. The hardness of
the specimens in the current work increased after one
day of immersion in distilled water, potentially causing
additional crosslink reactions and completing the po-
lymerization process in the resin matrix [21]. The high
organic matrix of the micro-hybrid materials may be
the reason for their increased susceptibility to water
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hydrophobic matrix of the resin composite materials
may have prevented water absorption, thus contribut-
ing to the microhardness of the materials [21]. A Com-
parison of the microhardness values of the composites
immersed in 15% carbamide peroxide showed a signif-
icant decrease from 6 hours to 48 hours of immersion.
This result is consistent with those derived by Bristo
et al. [22], Prabhakar et al. [23], Hatanaka et al. [24],
Malkondu et al. (for some materials) [25], Zuryati et
al. [26], and Alqahatani et al. [27]. In the bleaching
process, carbamide peroxide is broken down into hy-
drogen peroxide and urea, which hydrogen peroxide
generates per hydroxyl free radical.

These free radicals exhibit oxidizing potential and
may affect a composite matrix, filler, or both. However,
since the filler is often glass or ceramic, free radicals
exert a mild effect on them; by contrast, a resin ma-
trix (Bis-GMA or UDMA) may suffer from chemical
degradation and reduce the hardness of composites
through solubility [14]. In our study, the mean micro-
hardness value of the 15% carbamide peroxide group
did not significantly decrease from baseline after 6
hours of immersion. The presence of 1.1% fluoride
and 3% potassium nitrate in the composition of our
bleaching agent and its pH level (pH=7) attenuated the
deteriorating effects of the bleaching agent on the com-
posite’s microhardness. This suggests that 15% carbam-
ide peroxide gel can be utilized as a bleaching agent in
cases with composite restorations for a limited amount
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of time without significant deterioration of microhard-
ness. However, further investigation is required under
conditions similar to the oral environment. Aparecido
Fernandes et al. [11], Taib et al. [14], and Yap et al.
[19] found that the hardness of samples did not change
when exposed to bleaching agents. Malkondu et al. ob-
served a significant increase in the microhardness of
Filtek Supreme XT after Opalescence PF was used; this
increase was attributed to continuing polymerization
[25]. Studies have generated inconsistent results for the
following reasons: the differences in types of restoration
materials [15,27], the duration of use of the bleaching
agents [20], the types and concentrations of bleaching
agents [19], the kind of thickener [12], the pH levels
of the bleaching agent [19,21], the types of hardness
tests and loading amounts and durations [21,25], the
composition of the composite resin [28] and employ-
ment of polished or unpolished composite resins [29].
In the present study, the microhardness of the compos-
ite samples immersed in orange juice and Cola signifi-
cantly decreased after 6 and 48 hours of immersion.
These results are similar to those of Wongkhantee et al.
[7], NarsimhaVanga [30], Yanikoglu et al. [21], Hash-
emi Kamangar et al. [31], and Tanthanuch et al. [32].

Orange juice contains citric acid, and Cola contains
phosphoric acid. The acidic compounds in these bever-
ages influence composite properties, including surface
hardness, through the hydrolytic breakdown of filler-
silane bond particles or the hydrolytic degradation of
filler materials [32]. Organic acids soften the Bis-GMA
in a polymer’s structure [7]. In addition, the remaining
CO2 bubbles in fresh beverages reduce the microhard-
ness [31]. The effects of these beverages on the proper-
ties of composite materials depend on various factors,
such as the type and duration of composite polishing
technique, the temperature, acidic composition, and
pH levels of the beverage [21,32], the duration of im-
mersion and material dependence [6,32]. Clinically, the
effects of the substances used in this work are depen-
dent on the conditions of the oral environment, which
cannot be replicated in vitro. Dental pellicles and oral
hygiene habits can increase or decrease the effects of
beverages [5,21]. The confounding effects of these con-
ditions were not investigated in this study.

Conclusion

Despite the limitations of this in vitro study, the results
indicated that:

The microhardness values of the 15 % carbamide per-
oxide, Orange juice and Cola groups were significantly
lower after 48 hours compared to the artificial saliva
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group. However, these differences were not statistically
significant after 6 hours of immersion. When compar-
ing the microhardness values of 15 % carbamide per-
oxide, Orange juice and Cola groups over time, as ex-
pected, these measures significantly decreased, except
for the 15 % carbamide peroxide group, in which the
mean microhardness value did not significantly de-
crease from baseline after 6 hours of immersion. How-
ever, there was a significant difference after 48 hours
compared to baseline and 6 hours of immersion. This
suggests that 15 % carbamide peroxide gel can be em-
ployed as a bleaching agent in cases with composite
restorations for a limited amount of time without sig-
nificant deterioration of the microhardness. However,
further investigation is required in this field.
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