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Original Article

carbamide peroxide due to its superior characteristics 
as an external bleaching agent, i.e. it is effective, works 
quickly, and has relatively few side effects while 
achieving desirable results when used to treat tooth 
discoloration.[2] Therefore, 10% carbamide peroxide 
was chosen as the bleaching agent in this study. 
However, 10% carbamide peroxide does have some 
controversial side effects. Numerous studies have 
shown that the marginal sealing of composite resin 
restorations decreased whether the fillings were 
done before or after bleaching using 10% carbamide 
peroxide.[3-5] Also, bleaching may harm the dental 
pulp, resulting in pulpal reactions such as increased 
tooth hypersensitivity.[6] As we know, the active 

INTRODUCTION

External tooth bleaching is a conservative and 
well-accepted technique[1] for whitening teeth with 
surface and intrinsic staining, which is opening up 
new avenues and becoming much more prevalent in 
esthetic dentistry. The idea is that using this technique 
can effectively make stained teeth whiter through 
direct application of bleaching agents. Bleaching 
agents contain peroxide, which bleaches the enamel 
to change the color of the teeth. To date, various 
bleaching agents, in different concentrations, have 
been used in dental clinics to treat tooth discoloration; 
however, the most commonly used one is 10% 
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mechanism of bleaching agents mainly depends on 
a complex oxidation reaction, which releases oxygen 
and other free radicals. The oxygen and free radicals 
establish their primary mechanism of action in tooth 
bleaching by penetrating through the porosities of the 
enamel prism to the dentin.[7] Increased microleakage 
of composite resin restorations placed after bleaching 
may be due to the presence of residual peroxide and 
residual oxygen that inhibits resin polymerization[8] by 
interfering with the adhesion of restorative materials.

Several methods have been proposed to decrease 
microleakage due to bleaching, including removal 
of the superfi cial enamel layer, pretreatment of the 
bleached enamel with alcohol, use of adhesives 
containing organic solvents, cleansing of the cavity with 
antioxidants, and a post-bleaching period ranging from 
24 h to 3 weeks.[6] It has been shown that removal of the 
superfi cial enamel layer is ineffective because bonding 
weakens both superfi cially and internally.[6] One method 
that is recommended clinically is to delay bonding until 
2-3 weeks after bleaching.[9,10] Studies have shown that 
residual peroxide and oxygen slowly dissipate with 
time, eventually eliminating any reduction in composite 
resin bond strength associated with the bleaching, but 
this is time consuming for practitioners and patients.

Several antioxidant agents have been introduced, such as 
sodium ascorbate, ascorbic acid, butylhydroxyanisole, 
catalase, ethanol, acetone, glutathione, peroxide, 
α-tocopherol, and sodium bicarbonate, in order to 
better control restoration microleakage;[11-14] however, 
only a few of them were found to be effective. We 
hypothesized that treating bleached enamel with an 
antioxidant before bonding might reverse the increase 
in microleakage and might be a viable alternative 
to delayed restoration after bleaching. Recently, a 
biocompatible and neutral antioxidant, 10% sodium 
ascorbate, was shown to be able to remove the residual 
peroxide and oxygen, so that compromised bonding 
to bleached tooth structures, such as dentin or enamel, 
could be reversed.[15-17] Furthermore, Moosavi et al.[5] 
demonstrated that the addition of surfactant (0.2% 
Tween® 80) to a sodium ascorbate formulation could 
signifi cantly reduce the microleakage after nonvital 
bleaching. To our knowledge, only one study[18] has 
investigated the use of catalase in improving the 
composite–resin bond strength after tooth bleaching. 
In another study,[19] it was reported that catalase 
could be used as an adjunct to effectively eliminate 
residual hydrogen peroxide from the pulp chamber 
and the surrounding periodontal tissues following 
intracoronal bleaching of nonvital teeth. In the present 

study, we examine the effect of catalase on improving 
adhesion between composite resin and externally 
bleached teeth and on reduction of microleakage after 
external tooth bleaching.

The aim of this study is to investigate the effects 
of three antioxidants (sodium ascorbate, sodium 
ascorbate combined with a surfactant, and catalase) 
on the microleakage of composite resin restorations 
after external tooth bleaching with 10% carbamide 
peroxide.

MATERIALS AND METHODS

Sample collection
The Ethics Committee of Ninth People’s Hospital, 
Medical College, Shanghai Jiao Tong University, 
China approved this study. Informed consent was 
obtained from all the study participants. Sixty intact 
premolars that had been freshly extracted from 
healthy orthodontic patients were used. Teeth with 
caries, hypoplastic areas, or cracks and teeth that 
had a history of treatment were excluded. After 
extraction, the soft tissues, dental calculus, and stains 
were immediately removed from selected surfaces of 
the teeth. Teeth were then stored in normal saline at 
4°C for further use. The saline containing the selected 
teeth was changed every week for 1 month in order 
to avoid bacterial growth.

Experimental groups
The stored teeth were randomly divided into fi ve 
experimental groups (n = 10 per group) after bleaching 
with 10% carbamide peroxide. An unbleached 
group (n = 10) was used as the control group. Prior to 
bleaching, tooth surfaces were polished with oil- and 
fl uoride-free fi ne pumice and water using a brush and 
a slow-speed hand-piece. All tooth surfaces were then 
rinsed and dried with an air syringe.

Group 1 (Unbleached or control group)
Group 1 teeth underwent cavity preparation and 
restoration fi lling and were not bleached. Unbleached 
teeth were immersed in artifi cial saliva, which was 
composed of 1 g sodium carboxymethylcellulose, 4.3 g 
xylitol, 0.1 g potassium chloride, 0.1 g sodium chloride, 
0.02 mg sodium fl uoride, 5 mg calcium chloride, 5 mg 
magnesium chloride, 5 mg calcium chloride, 40 mg 
potassium phosphate, 1 mg potassium thiocyanate, and 
100 g distilled deionized water,[20] at 37°C for 10 days. 
Artifi cial saliva was changed daily. Box-shaped class V 
cavities were made on the buccal surface, around the 
cementoenamel junction, using a round diamond bur in 
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a high-speed hand-piece under air and water-cooling. 
Occlusal margins and gingival margins of the prepared 
cavities were located in the enamel and the root, 
respectively. The prepared cavities were approximately 
2 mm in height, 3 mm in the mesio-distal direction, 
and 2 mm in depth. Adper Easy One self-etching 
bonding agent (3M/ESPE, St Paul, MN, USA) was 
used for bonding of the composite resin, according 
to the manufacturer’s instructions. This was spread 
gently with air for 5 s and then cured for 10 s using a 
pen-style, high-power LED curing light (DENTSPLY, 
Milford, DE, USA) with an intensity exceeding 950 
mW cm.[2] Following this, composite resin (Filtek 
Z350, shade A3, 3M/ESPE) was placed into cavities 
and polymerized in 1.5-2-mm-thick layers for 20 s. 
The composite resin was then fi nished by bur, and 
the teeth were preserved at 37°C in normal saline that 
was changed daily. The same operator carried out all 
standard procedures.

Group 2 (Immediate restoration group)
In group 2, the teeth were fi rst bleached by the following 
method and then immediately fi lled with composite 
resin. The bleaching procedure is briefl y described as 
follows. The teeth were placed with the occlusal edges 
positioned downward in a plastic holder containing 
10% carbamide peroxide (Opalescence; Ultradent 
Products, South Jordan, UT, USA) for 8 h a day for 
10 days. An effective bleaching component of 10% 
carbamide peroxide is 3% hydrogen peroxide. After 
completion of each daily bleaching procedure, the teeth 
were rinsed with fl owing water and then washed using 
a soft toothbrush in order to remove the remaining 
bleaching gel. The bleached teeth were stored in fresh 
artifi cial saliva at 37°C between treatments. After the 
fi nal bleaching, washing, and overnight storage in saliva, 
the cavities were immediately prepared and restored in 
the bleached teeth as described above for group 1.

Group 3 (Delayed fi lling group)
In group 3, the teeth were bleached as described above 
and then, after the fi nal washing, immersed in artifi cial 
saliva at 37°C. After 3 weeks, cavities were prepared and 
composite resin restorations were placed as in group 1.

Group 4 (Sodium ascorbate treated group)
In group 4, the teeth were bleached and the cavity 
prepared immediately as described above for group 2. 
Cavities were then treated with 10% sodium ascorbate 
using a cotton pellet prior to fi lling with composite 
resin. Briefl y, 10% sodium ascorbate was smeared 
on the bonding surface for 10 s using a cotton pellet 
that was then placed into the cavity for 1 min. After 

removal of the cotton pellet, the cavity was rinsed with 
distilled water for 2 min and dried gently with air to 
prepare it for composite resin restoration.

Group 5 (Sodium ascorbate combined with surfactant 
treated group)
After bleaching, a novel antioxidant agent composed 
of 10% sodium ascorbate and 0.2% Tween 80 was 
applied to cavities in the bleached teeth, as described 
above for group 4. The samples were restored as 
described in group 1.

Group 6 (Catalase-treated group)
The cotton pellet was soaked with 10 mg/ml catalase. 
The remaining procedures were the same as those 
performed in group 4.

Microleakage test
After restoration, all teeth were immersed in distilled 
water at 37°C for 24 h and then thermocycled from 
5°C to 55°C for 2000 cycles using a 45 s dwell time at 
each temperature. After thermocycling, the specimens 
were laid aside and dried at room temperature for 
24 h. All surfaces of the teeth, except for a 1-mm zone 
surrounding the restorations’ margins, were covered 
with three coats of nail polish and modeling wax to 
provide an impermeable barrier to the test fl uid (dye). 
Each layer of the nail polish was 1 mm in thickness. 
The root apices were sealed with three layers of nail 
polish and modeling wax. The specimens were then 
immersed in 2% methylene blue for 24 h at 37°C. After 
staining, the teeth were washed with tap water and the 
nail polish and modeling wax were removed with a 
scalpel. The teeth were sectioned longitudinally, from 
buccal to lingual, through the center of the restorations, 
using a low-speed diamond saw under water-cooling.

Scoring microleakage
The microleakage was assessed by two calibrated 
examiners, who were blind to the treatment groups, 
using a stereomicroscope (SteREO Discovery.V12; 
Zeiss, Oberkochen, Germany) at 50 × magnifi cation. 
Two sections were assessed from each tooth near the 
longitudinal midline of the restoration. Each examiner 
independently judged the depth of the stain according 
to standard ranking as shown below. Independent 
consensus was obtained for each sample from each 
of the examiners.

Microleakage scores: [8]

0 = No leakage
1 = Dye penetration occurred up to half of the cavity 

wall depth
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2 = Dye penetration greater than half of the cavity wall 
depth

3 = Dye penetration involving the base of the cavity.

The occlusal wall and the gingival wall were scored 
separately.

Statistical analysis
The Kruskal–Wallis test was used to assess differences 
in microleakage among the different groups. Pair-wise 
comparisons between groups were performed using 
the Mann–Whitney test. Statistical signifi cance was 
defi ned as P < 0.05.

RESULTS

Representative photographic images of microleakage 
made under a stereomicroscope (×50) for each of the six 
groups are shown in Figure 1a-f. Microleakage scores 
for groups 1-6 are shown in Table 1.

The results of the Kruskal–Wallis test demonstrated 
a statistically signifi cant difference in microleakage 
among groups (P < 0.01). Differences were observed for 
both the occlusal as well as the gingival wall [Table 1].

Bleaching with 10% carbamide peroxide 
(groups 2-6) signifi cantly increased microleakage 
values of restorations compared to the unbleached 
group (group 1). The unbleached group 1 displayed 
the least amount of microleakage, while the group 
in which the filling was done immediately after 
bleaching (group 2) showed the greatest amount of 
microleakage [Table 1 and Figure 2].

The delayed fi lling group 3 and the sodium ascorbate 
treated group 4 also had a large amount of microleakage 
that was similar to that in group 2 where the fi lling 
was done immediately after bleaching. There was no 
signifi cant difference between the delayed fi lling and 
sodium ascorbate treated groups (P > 0.05).

Microleakage in group 5 treated with sodium ascorbate 
combined with surfactant, and also in the catalase-treated 
group 6, was signifi cantly (P < 0.05) lower compared 
to group 2 in which the fi lling was done immediately 
after bleaching. However, microleakage in these two 
groups was still signifi cantly greater (P < 0.05) than in 
the unbleached group.

DISCUSSION

A large number of studies on the interactions between 
bleaching agents and the bond strength of composite 
resins to enamel have shown that there is a signifi cant 
decrease in the bond strength when the composite 
resin is bonded to bleached enamel compared with 
unbleached enamel.[3-7,13,14,16-18] However, to date, there 
have been relatively few studies on the increase in 
the microleakage of composite resin restorations 
after tooth bleaching,[15] especially external tooth 
bleaching. Therefore, the aim of this study was to 
investigative the effects of three antioxidants on 
the microleakage of composite resin restorations 
after external tooth bleaching with 10% carbamide 
peroxide. Our results showed that bleaching with 
10% carbamide peroxide (groups 2-6) signifi cantly 
increased the microleakage values of restorations 
compared to the unbleached group (group 1). This 

Figure 1: Photographs of six groups under a stereomicroscope (×50): (a) unbleached group (group 1); (b) group in which the fi lling was done 
immediately after bleaching (group 2); (c) delayed fi lling group (group 3); (d) sodium ascorbate treated group (group 4); (e) sodium ascorbate 
combined with surfactant treated group (group 5); (f) catalase-treated group (group 6)

a

d

b

e

c

f
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may be due to the presence of residual peroxide and 
oxygen, which has been shown to interfere with resin 
attachment and inhibit resin polymerization.[6-8] The 
appearance of the hybrid layer in bleached enamel 
is less regular and distinct than that in unbleached 
enamel, and these enamel irregularities may also play 
a role in the increased microleakage.[21,22]

Bulut et al. reported that the residual oxygen left after 
bleaching may be removed from the enamel surface 
during the immersion process.[17] In a subsequent 
study,[23] they showed that immersion of specimens 
in artifi cial saliva for 2 weeks could improve the 
bond strength of composite resin to enamel after 
bleaching. This fi nding was not supported by the 
results of our current study, where the delayed 
fi lling group accumulated microleakage that was 
not signifi cantly different from microleakage in the 
immediate restoration group.

In this study, we found signifi cant differences when 
comparing microleakage in the bleached control group to 
that of groups that had antioxidant treatments (groups 5 
and 6). As in previous studies,[5-8,12,16,17] these results 

suggest that antioxidants play an important role in 
decreasing microleakage when restorations are done 
immediately after bleaching. Moreover, in our study, 
except for the unbleached group, the lowest microleakage 
values were observed in samples treated with new 
antioxidants, such as sodium ascorbate combined with 
Tween 80 (group 5), or with catalase (group 6). Ascorbic 
acid and its salts are well-known antioxidants that can 
reduce a variety of oxidative compounds, especially free 
radicals.[15,17,24] Moreover, ascorbic acid (Vitamin C) and 
its salts are non-toxic and have been widely used in the 
food industry. Thus, they have no adverse biological 
effects or clinical hazards[15] when used in the oral cavity. 
Lai et al.[25] suggested that sodium ascorbate allowed 
free radical polymerization of the adhesive to proceed 
without premature termination by restoring the altered 
redox potential of the oxidized bonding substrate and 
eventually reversing the compromised bonding.

Sodium ascorbate was used in solution form in the 
present study and in previous studies. However, 
sodium ascorbate solution is more difficult for 
practitioners and patients to manipulate than the 
hydrogel form. The hydrogel form of sodium 
ascorbate can be placed in the bleaching tray before 
bonding. This is less expensive due to the shorter chair 
time needed. Some studies have shown that there is 
no signifi cant difference in microleakage between 
the two forms of sodium ascorbate (hydrogel and 
solution),[14] but other studies have reported that the 
hydrogel form is better.[26] There have been few studies 
researching sodium ascorbate hydrogel, and it could 
be a novel research area for future development of a 
factory-made antioxidant.

Notably, there were no signifi cant differences found 
in microleakage between the group treated with 
only sodium ascorbate (group 4) and the delayed 
fi lling group (group 3). One reason may be that the 
application time of the antioxidants was too short. In 
a study carried out by Bulut et al.,[17] sodium ascorbate 
solution was used for 10 min in order to neutralize the 
oxidizing effect of carbamide peroxide. Meanwhile, 
Lai et al.[15] used sodium ascorbate solution for 3 h and 
suggested that sodium ascorbate should be used for at 
least one-third of the amount of time that the oxidizing 
bleaching agent was applied (e.g. bleaching gel was 
generally applied for 8 h a day). However, it is time 
consuming and impractical to apply the antioxidants 
for this proposed length of time prior to composite 
resin restoration. As an example, the sodium ascorbate 
hydrogel would need to be placed in the bleaching 
tray for 3 h by the patients themselves before bonding. 

Table 1: Edge microleakage degree among the 
different groups
Group Sample (n)  Occlusal wall  Gingival wall

0 1 2 3 0 1 2 3
1 20 4 9 7 0 17 3 0 0
2 20 0 0 6 14 2 3 6 9
3 20 0 1 8 11 3 3 4 10
4 20 0 1 10 9 4 3 9 4
5 20 0 6 5 9 5 6 7 2
6 20 0 7 4 9 11 7 2 0

Figure 2: Mean values of microleakage in the test groups. Group 1 
displayed the least amount of microleakage, and showed signifi cant 
differences with groups 2-6 (*P < 0.01), Group 2 showed the greatest 
amount of microleakage, groups 3 and 4 behaved similar to group 2 
(not signifi cantly different), while the microleakage in groups 5 and 
6 decreased signifi cantly (#P < 0.05) compared to group 2 *: P < 0.01 
compared to group 1, #: P < 0.05 compared to group 2
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In the present study, the antioxidants were used in 
group 4 for only 1 min in order to correspond with 
the catalase group. As with a previous study, the 
sodium ascorbate, by itself, had no signifi cant effect on 
microleakage. Thus, in future studies, the application 
time will be extended to 10 min.

Moosavi et al.[5] proposed that a bleached surface in 
the access cavity may reduce the surface tension and 
contact angle, as well as the cohesive force between the 
sodium ascorbate molecules after treatment with 10% 
sodium ascorbate gel in combination with 0.2% Tween 
80. There may be two reasons for this. First, 0.2% Tween 
80 is a nonionic surfactant that can allow the antioxidant 
agent to easily penetrate the dentin, improving the 
effi cacy in the dentinal tubules and enamel.[5] Second, 
0.2% Tween 80’s detergent effect on the surface can 
improve the sealing of composite resin by increasing 
the free surface energy of the tooth.[5] Accordingly, the 
3-h length of time for antioxidant treatment could be 
decreased when the antioxidant is combined with this 
surfactant, and this was supported by our study. Our 
results showed that when sodium ascorbate combined 
with 0.2% Tween 80 was used for 1 min on the cavity, 
microleakage decreased signifi cantly.

Rotstein et al.[19] reported that catalase can effectively 
eliminate residual hydrogen peroxide when used as an 
adjunct following intracoronal bleaching of nonvital 
teeth. Kum et al.[18] also found that pretreatment of 
a bleached surface with catalase prior to bonding 
significantly improved the composite–enamel 
bond strength. Similarly, our results suggested that 
catalase should be recommended for clinical use 
since it signifi cantly reversed the adverse effects of 
peroxide and oxygen on microleakage associated 
with composite resin restorations after external 
tooth bleaching, and it was effective after a short 
application time. However, further studies need to 
be done to optimize the effi cacy of catalase for this 
purpose.

Studies on the effects of other antioxidant agents 
for neutralizing the adverse effects of bleaching 
materials on composite resin restorations have 
not been done. Two other antioxidants, 10% 
ascorbic acid and VitE, have displayed high 
antioxidant activity among the substances tested 
by DPPH (1,1-diphenyl-2-picrylhydrazine) guided 
fractionation assay.[27] However, 10% ascorbic acid 
is inappropriate for clinical use due to its very low 
pH value (about 1.8). It is diffi cult to store it for a 
long period of time because the solution gradually 

oxidizes over time during storage to become less 
reductive. VitE, a lipid-soluble antioxidant (pH 6.8), 
has recently been shown to have good antioxidant 
activity in dentin and enamel, similar to ascorbic 
acid.[13] This may be due to the presence of alcohol in 
the composition of the VitE, as previous studies have 
reported that applying alcohol to the bleached enamel 
increases the bond strength, although not to the level 
of the non-bleached teeth.[17] This hypothesis needs to 
be tested further.

The depth of dye penetration at the interface between 
the wall of the cavities and the restorations is adopted 
as a criterion by most studies on microleakage, 
but ordinally ranked observational data is only 
semi-quantitative and incorporates subjective 
variability. Further studies are needed in which the 
depth of the dye penetration in the cavity is measured 
directly on all specimens using a stereomicroscope, 
thus providing continuous data and more precision.

In studying microleakage caused by bleaching agents, 
the scanning electron microscope (SEM) may be 
useful to observe the ultrastructure of specimens 
with microleakage. Several authors have used SEM 
and reported that increased porosity of enamel is 
manifested by an over-etched appearance with loss 
of prismatic structure.[28] In the study of Türkün 
and Kaya, the interface between resin and bleached 
enamel, observed on SEM, displayed a granular and 
porous aspect with a bubbly appearance that may 
have been the result of oxidized peroxide that was 
trapped in the subsurface layer of the enamel.[7]

In the future, teeth that have been treated with our 
experimental antioxidant formulation should be 
assessed for their microstructure and bond strength 
characteristics. Further, it should be determined whether 
the higher microleakage rates that were observed 
in vitro subsequent to bleaching translate to signifi cant 
deterioration of restorations in actual clinical situations 
and whether this deterioration can be reduced in the 
clinic using an effective antioxidant formulation. In 
addition, determining the minimum time required for 
antioxidant treatment after external tooth bleaching will 
be necessary. Therefore, further studies are needed to 
better understand these issues and address practical 
concerns in terms of clinical applications.

CONCLUSIONS

Microleakage increased signifi cantly after external 
bleaching with 10% carbamide peroxide, and 
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decreased when the bleached teeth were treated 
with sodium ascorbate combined with Tween 80, 
or with catalase. Catalase was more effective at 
decreasing microleakage, while delayed fi lling or 
treatment with sodium ascorbate alone did not 
effectively decrease the microleakage of composite 
resin restorations.
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