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ABSTRACT
Objective: The present study aimed to evaluate the effect of curing time and bleaching agents on microhybrid 

composite resin surface microhardness. 
Materials and methods: A total of 180 microhybrid composite resin disks were divided into two groups in 

terms of curing time: 40 s, 60 s. Then, each group was divided into three subgroups: control (distilled water), 
home bleaching (15% carbamide peroxide) and office bleaching (40% hydrogen peroxide). Surface microhardness 
of the samples was determined by using Vickers hardness test both at baseline and after the completion of the tests. 
Two-way ANOVA and Tukey HSD tests were used to analyze and compare microhardness changes between 
groups. Statistical significance was defined at P<0.05.

Results: Based on the two-way ANOVA, curing time, bleaching method, and cumulative effect of these 
two variables significantly affected composite resin microhardness (P<0.001). Tukey HSD tests showed that 
microhardness had significantly decreased in the bleaching groups, with the highest decrease when the office 
bleaching method was used (P<0.001). The samples cured for 40 s exhibited lower microhardness than those cured 
for 60 s and had an increased reduction in microhardness after bleaching (P<0.001). 

Conclusion: Application of both bleaching methods decreased the surface hardness of microhybrid composite resin. 
An increase in the curing time was associated with a decrease in adverse effects of bleaching agents on microhardness.
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INTRODUCTION 

Tooth bleaching is one of the most com-
mon esthetic procedures in dentistry. 
Bleaching agents effectively remove 
stains and discolorations from tooth 
surfaces. These agents can be used in 

the office or at home, by the patient (1). Blea-
ching agents are primarily based on hydrogen 
peroxide (HP) or its derivatives such as carb-
amide peroxide (CP) and bleach the teeth 
through the release of peroxide free radicals. 
These radicals combine with internal and exter-
nal pigments of the teeth and remove them 
through an oxidative reaction (2).

Tooth-colored restorative materials, especial-
ly composite resins, comprise an important as-
pect of modern dentistry. Composite resins are 
more susceptible to chemical changes than me-
tallic restorative materials and neutral ceramics 
due to their organic matrix. One of the problems 
associated with the use of bleaching agents is 
that they can damage the surface of composite 
resin restorations, resulting in bacterial adhesion 
(3). The final effect of these chemical agents on 
composite resins depends on the type and resis-
tance of the resin matrix, composite resin filler 
content, the bleaching gel, and the duration of 
their application (4). Different studies have re-
ported contradictory results on the effect of 
bleaching agents on composite resin surface mi-
crohardness, with some reporting a decrease in 
composite resin surface microhardness after the 
use of these agents (5–7). However, some other 
studies have not reported any changes in the 
composite resin surface microhardness after ap-
plying bleaching agents (8–11). 

Composite resin surface microhardness de-
pends on the mechanical properties of the mate-
rial and its disintegration. Various factors related 
to composite resin composition, including the 
monomer type, size and filler content, can affect 
their mechanical properties (12, 13). Composite 
resin surface microhardness might be affected by 
the curing time. Adequate curing time leads to 
the formation of adequate polymeric chains, 
bringing about better properties, including mi-
crohardness and compressive strength (14, 15).

Considering the effects of various factors, an 
increase in surface microhardness and an 
improvement in the physical properties of 
compo site resins through an increase in curing 

time might improve its clinical longevity and 
resistance against chemical agents, including 
blea ching agents. Since no research has been 
carried out on this topic so far, the present study 
aimed to evaluate the effect of two bleaching 
techniques and two curing times on the surface 
microhardness of microhybrid composite 
resin. q 

MATERIALS AND METHODS

The study protocol was approved by the Ethics 
Committee of Tabriz University of Medical 

Science (Ir.Tbzmed.rec.1395.527).

Preparation of resin samples

Amelogen Plus (Ultradent, South Jordan, USA) 
microhybrid composite resin with A3 shade was 
used in the present study. A total of 180 disk-
shaped composite resin samples (2 mm in 
thickness and 8 mm in diameter) were prepared 
using a round matrix. The circular mold was 
placed on a glass slab; after placing the compo-
site resin material within the mold, a Mylar trans-
parent matrix band was pressed on the mold to 
achieve a smooth surface on the composite resin 
and prevent the formation of an oxygen-inhibi-
ted layer. Then, the composite resin samples 
were light-cured through the Mylar matrix with-
out any distance, using a quartz tungsten halo-
gen (QTH) light-curing unit (Astralis 7, Ivoclar 
Vivadent FL 9494Schaan, Liechtenstein) at a 
right angle to the surface and a light intensity of 
500 mW/cm2 in terms of the following curing 
times: 

1. A curing time of 40 seconds (n=90)
2. A curing time of 60 seconds (n=90)
The light-curing unit’s power density was re-

peatedly checked during the tests with a radio-
meter (Demetron, Kerr, USA). The inferior sur-
face of the samples was marked to make a 
distinction between this side and the surface on 
which the tests were carried out. The samples 
were polished with medium to superfine poli-
shing disks (Sof-Lex TM, 3M ESPE, St. Paul, USA) 
according to the manufacturer’s instructions, fol-
lowed by rinsing with distilled water and clea-
ning in an ultrasonic device for two minutes to 
remove all the debris. The prepared samples 
were stored in distilled water at 37˚C for 
24 hours.

Microhardness of Microhybrid coMposite resin
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Bleaching procedures

The samples were divided into three subgroups 
(one control group and two test group) (n=30) to 
carry out the bleaching procedures for two 
weeks according to the manufacturer’s instruc-
tions:

a. Control group; two weeks of storage in 
distilled water at ambient temperature; 

b. At-home bleaching with 15% carbamide 
peroxide (15% Opalescence PF; Ultradent, 
South Jordan, USA), four hours a day for 
two weeks;

c. In-office bleaching with 40% hydrogen 
peroxide (40% Opalescence Boost, Ultradent, 
South Jordan, USA), three times during the study, 
20 minutes each time, at one-week intervals.

The bleaching agent was applied to the com-
posite surface with a thickness of 1 mm (mea-
sured with a scaled periodontal probe) so that it 
covered the material surface completely. After 
each bleaching procedure, the samples were ir-
rigated with distilled water and stored in distilled 
water at ambient temperature until the next pro-
cedure. In all groups, fresh distilled water was 
used every day. 

Evaluation of surface microhardness

The surface microhardness of all samples was 
determined at baseline (24 hours after polyme-
rization) and after the tests, in both the control 
and test groups, using a Vickers hardness testing 
machine (UHL Co., Germany) with a Vickers in-
denter with a 100-gr force and a dwell time of 
15 seconds. To this end, the composite resin 
disks were dried with a piece of gauze, and their 
upper surface was placed under the indenter; 
three indentations were produced in each sam-
ple ≥1 mm way from the disk margins and other 
indentations. The microhardness values at all the 
three points were measured by determining the 
diameter of the indented rhombus using the fol-
lowing formula: VH=1.854 F/d2 (16). Finally, 
the mean of the three points was reported as the 
surface microhardness of each composite resin 
sample.

Statistical analysis

SPSS 20 was used to compare the surface micro-
hardness values of the groups. Two-way ANOVA 
was used to compare the differences in the 

means before and after intervention in the con-
trol, home, and office bleaching groups and the 
40- and 60-second light-curing groups. Tukey 
HSD tests were used for the two-by-two com-
parisons of the groups. Normal distribution of 
data was analyzed with Kolmogorov-Smirnov 
test and Levene’s test was used to evaluate ho-
mogeneity of variances among the groups. Statis-
tical significance was set at P<0.05. q 

RESULTS

Table 1 summarizes the means and standard 
deviations (SD) of surface microhardness 

changes after bleaching intervention on the 
composite resin groups with 40-second and 
60-second curing times. According to the results 
of two-way ANOVA, the effects of curing time, 
type of bleaching agent, and their cumulative ef-
fect on microhardness were significant 
[(F=191.03, P<0.001), (F=780.25, p<0.001) 
and (F=67.83, p<0.001) respectively]; the mi-
crohardness change patterns were not the same 
before and after bleaching in the composite resin 
groups with 40-second and 60-second curing 
times in terms of bleaching agent type.

According to Tukey HSD test results for 
two-by-two comparisons of the changes in mean 
microhardness values in terms of curing time, the 
samples cured for 40 seconds exhibited less mi-
crohardness than those cured for 60 seconds, 
and the decrease in microhardness was more 
marked than that in the 60-second group 
(P<0.001). Two-by-two comparisons of micro-
hardness changes between the bleached surfa-
ces showed that the highest decrease was related 
to office bleaching (P<0.001). q

Microhardness of Microhybrid coMposite resin
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DISCUSSION

Since surface microhardness is one of the most 
important physical properties of composite 

resins, affecting their surface resistance to abra-
sion and scratch, the present study evaluated the 
effects of two bleaching techniques (at-home: 
15% CP; in-office 40% HP) and curing time 
(40 seconds and 60 seconds) on the surface mi-
crohardness of microhybrid composite resin.

According to the results of the present study, 
both in-office and at-home bleaching techniques 
resulted in a significant decrease in composite 
resin surface microhardness, which is consistent 
with the results of a study by Kamangar et al, 
who reported a decrease in composite rein sur-
face microhardness after bleaching with 15% CP 
and 40% HP (17). In a study by Taher et al, 15% 
CP for home bleaching resulted in composite 
resin surface softening (18).

Carbamide peroxide disintegrates into 
1/3 hydrogen peroxide and 2/3 urea in contact 
with water (19). Hydrogen peroxide produces 
free radicals, resulting in the separation of poly-
mer chains and breakage of double bonds in the 
composite resin structure, which might be rela-
ted to a decrease in surface microhardness. Also, 
free radicals affect the resin–filler interface and 
lead to microcracks (11).

In the present study, the use of in-office 
bleaching with 40% HP resulted in a greater de-
crease in the surface microhardness of compo-
site resins compared to at-home bleaching with 
15% CP, which might be explained by an in-
crease in the disintegration of composite resin 
material by the higher concentration of HP in the 
in-office bleaching technique (20, 21). In con-
trast to the present study, Polydora et al reported 
that home bleaching with 15% CP (22) and of-
fice bleaching with 38% HP (23) did not affect 
the surface microhardness of composite resins. 
Yu et al reported that the surface microhardness 
of composite resins was not affected by 15% CP 
(24). In a study by Yikilgan et al, 10% CP in a 
home bleaching technique resulted in a decrease 
in composite resin surface microhardness, while 
45% CP in the office bleaching technique did 
not affect it, which was attributed to the 
long-term application of bleaching agents in the 
home bleaching technique than the in-office 
bleaching technique; this might have a detri-
mental effect on composite resin surface (25).

The discrepancies in various study results 
might be attributed to differences in methodolo-
gies and materials used. The effect of the blea-
ching agents on the surface characteristics of 
composite resins depends on the type of blea-
ching agents, their application time, and the sub-
strate (23). Since the bleaching agents affect the 
resin matrix, composite resins with a higher vo-
lume of the matrix are more susceptible to the 
adverse effects of bleaching agents (23).

Another finding of the present study was the 
higher microhardness of composite resins cured 
at a longer time (60 seconds) than composite re-
sins cured for the time recommended by the 
manufacturer (40 seconds). Besides, there was a 
smaller decrease in surface microhardness after 
the bleaching process of composite resins cured 
for 60 seconds compared to those cured for 
40 seconds. Consistent with the present study, a 
study by Farahat et al showed that an increase in 
curing time from 20 to 40 seconds with an LED 
light-curing unit at 1 000 mW/cm2 light intensity 
increased the conversion rate and microhard-
ness of composite resins (26). Also, in a study by 
Lima et al, an increase in curing time from 20 to 
40 seconds with an LED light-curing unit at 
800 mW/cm2 intensity increased the microhard-
ness of composite resins on the superior and in-
ferior surfaces of the samples (27). Another study 
showed that, under clinical conditions, the radi-
ant energy released to the inferior surface of 
composite resin was less than the recommended 
values, which was affected by the thickness and 
type of composite resin and the curing condi-
tions. Therefore, under clinical conditions, most 
composite resins achieve 80% of their micro-
hardness. An increase in curing time might result 
in higher radiant energy and at an adequate level 
(28). Based on previous studies, there is a linear 
relationship between the surface hardness of 
composite resins and the conversion rate. An in-
crease in curing time increases the photons irra-
diated on the composite resin, increasing poly-
merization rate and an improvement in the 
material’s physical properties (29,30), which 
might affect the resistance of the resin matrix to 
bleaching agents in composite resins cured for a 
longer time. One of the concerns associated with 
an increase in curing time is an increase in tooth 
temperature. However, this increase in tempera-
ture is at an acceptable level and lower with 
low-intensity light-curing units (28). 

Microhardness of Microhybrid coMposite resin
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In contrast to the present study, Borges et al 
reported no differences in the microhardness of 
low-viscosity composite resins cured for different 
times (10, 20, 30, 40, 50, and 60 seconds) with 
an LED light-curing unit at 1 264 mW/cm2 inten-
sity (31). Also, in a study by Ozduman et al, dif-
ferent curing times (10, 20, and 30 seconds) did 
not lead to changes in the microhardness of the 
inferior surface relative to the superior surface of 
composite resin samples (32). Various factors, in-
cluding the size and composition of fillers and 
monomers in composite resins, the type and 
light intensity of the light-curing unit, and the du-
ration of curing, affect monomer conversion rate 
and composite resin microhardness (33). A com-
bination of these factors might explain the diffe-
rences in results of different studies. It appears 
that the effect of increasing the curing time on 
improving microhardness is more prominent in 
light-curing units with a lower intensity of radia-
tion. In the present study, a QTH light-curing 
unit with a light intensity of 500 mW/cm2 was 
used to cure the composite resin samples. 

Considering the results of the present in vitro 
study, an increase in microhardness and physical 
properties of composite resins by increasing the 
curing time might improve their clinical longevity 
in the face of chemical agents, including tooth 

bleaching agents. Even at low concentrations, 
bleaching agents might adversely affect compo-
site resin surfaces if used for a long time. Since it 
is difficult to extend these findings to clinical 
conditions and it is difficult to carry out many 
procedures ideally in the oral cavity, it is sugges-
ted that studies be carried out under conditions 
very similar to the clinical conditions to evaluate 
the effects of different curing times with different 
light-curing units on different composite resin 
materials. q

CONCLUSION

Under the limitations of the present study, it 
might be concluded that: 1) as a result of 

using at-home (15% CP) and in-office (40% HP) 
bleaching agents, the surface microhardness of 
microhybrid composite resin decreased to va-
rying extents, depending on the method of 
bleaching; 2) an increase in the curing time of 
microhybrid composite resin increased its sur-
face microhardness and resistance and, to a les-
ser extent, led to a decrease in microhardness 
after bleaching. q
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