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AbstrAct
Objective: The purpose of this study was to determine the effect of 10% carbamide peroxide and 

38% hydrogen peroxide bleaching agents on the shear bond strength of orthodontic brackets using 
self-etching primer systems.

Methods: Forty five freshly extracted human premolar teeth were randomly divided into 3 groups 
of 15 teeth each: control (group 1), 10% carbamide peroxide at-home bleached (group 2), and 38% 
hydrogen peroxide in-office bleached (group 3). Three weeks later, all brackets were bonded using a 
self-etching primer system. The shear bond strength of these brackets was measured and recorded 
in MPa. Adhesive remnant index (ARI) scores were determined after the brackets failed. Data were 
analyzed using Kruskal- Wallis test, pairwise comparisons were made using the Mann-Whitney U 
test and ARI scores were analyzed using a chi-square test at a significance level of P<.05.

Results: The shear bond strengths of group 1 (mean: 17.7 ± 9.7 MPa) were significantly higher 
(P<.05) than those of group 3 (mean: 9.9 ± 5.4 MPa). No significant differences were found between 
group 2 (mean: 12.3 ± 4.7) and either group 1 or group 3 (P>.05). ARI scores did not differ significantly 
among the 3 groups. 

Conclusions: The use of 10% carbamide peroxide bleaching does not significantly reduce shear 
bond strength values. In contrast, use of 38% hydrogen peroxide bleaching significantly reduces 
these values. (Eur J Dent 2013;7:55-60)
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One of the great esthetic problems in dentistry 
is tooth discoloration. It has many complex etio-
logic factors that are usually classified as being in-
trinsic, extrinsic, or internalized in nature.1,2 Today, 
patients can have tooth bleaching done in 2 ways: 
either in-office or at home bleaching. In-office vi-
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tal tooth bleaching has been used for many years 
in dentistry. Most tooth bleaching procedures are 
safe and well-accepted for the treatment of this 
esthetic problem, as they do not require any re-
duction in tooth structure.3-7

The first condition of orthodontic treatment 
is bonding the orthodontic brackets to tooth sur-
faces. However, this step is temporary, because 
the brackets are removed after active treatment,8 

and maintaining a sound, unblemished enamel 
surface after debonding is the clinician’s primary 
goal.9 Tooth-conserving and time-saving adhesive 
methods for retaining orthodontic attachments are 
replacing traditional methods. Thus, self-etching 
primers (SEPs) were introduced to improve the 
bonding procedures. In late 2000, a new SEP was 
developed particularly for orthodontic bonding.10,11 

Reports are controversial about the shear bond 
strengths of brackets after bleaching. Authors 
have generally reported that mean shear bond 
strength of orthodontic brackets with bleached 
enamel is significantly lower than that with un-
bleached enamel corresponding to the bleaching 
type or waiting period after the bleaching proce-
dure.3,12,13  However, others have reported no sig-
nificant differences in mean shear bond strength 
between bleached and unbleached teeth.14-16  To 
our knowledge, there have been no reports to date 
about SEP bond strengths for bleached enamel 
between bleaching types. Therefore, the aim of 
this present study was to determine the effect of 
in-office and at-home bleaching of the enamel 
on shear bond strength of orthodontic brackets 
bonded using a Self-etching Primer system and 
orthodontic composite.

MAtErIALs And MEtHods
Forty five non-carious premolars extracted 

with orthodontic indication were used in this study. 
The criteria for tooth selection included intact buc-
cal enamel; no pretreatment with chemical agents 
such as derivatives of peroxide, acid, alcohol, or 
any other form of bleaching; no cracks from for-
ceps; no caries; and no restorations. The teeth 
were stored in distilled water after extraction. 
The water was changed weekly to avoid bacterial 
growth. The sample was randomly divided into 3 
groups of 15 teeth. Each tooth was mounted verti-

cally in a self-cure acrylic so that the crown was 
exposed and the labial surfaces would be paral-
lel to the applied force during the shear test. The 
teeth were cleansed and polished with a pumice 
and water mixture for 10 seconds and rinsed with 
water.

Two protocols were used to imitate the bleach-
ing methods used by clinicians. At-home bleach-
ing was performed on 15 teeth using an Opales-
cence bleaching system (Ultradent, South Jordan, 
UT, and USA), containing 10% carbamide peroxide. 
The bleaching material was applied to the buccal 
surfaces using custom trays fabricated for each 
tooth specimen and left for 8 hours. The proce-
dure was repeated on 10 consecutive days, as rec-
ommended by the manufacturer. The teeth were 
stored in artificial saliva at 37°C between bleach-
ing cycles. The bleaching agent was changed every 
day after the bleaching cycle was completed. 

In-office bleaching was performed on 15 teeth 
using the Boost bleaching system (Ultradent, 
South Jordan, UT, USA), containing 38% hydrogen 
peroxide gel. The 15 teeth were air dried, and the 
Boost whitening gel was applied to their buccal 
surfaces directly from the syringe. This regimen 
is consistent with the manufacturer’s recommen-
dations. The bleaching agent was then rubbed off 
the buccal surface. Second and third cycles were 
repeated for another 15 minutes. After bleaching, 
the bleaching and control group teeth were stored 
for 3 weeks in artificial saliva at 37°C.14 

The control group consisted of 15 unbleached 
teeth.

Forty five stainless steel premolar stan-
dard edgewise brackets (790-010, Dentaurum, 
Pforzheim, Germany) with an average base sur-
face area of 10 mm2, were used in this study. 
Transbond Plus Self-etching Primer (TSEP) (3M 
Unitek, Monrovia, USA) was used for teeth sur-
face preparation according to the manufacturer’s 
instructions. After TSEP application, the brackets 
were bonded with Transbond XT light-cure adhe-
sive paste (3M Unitek, Monrovia, USA). First, the 
bracket was properly positioned on the sample. 
Second each bracket was subjected to 300 g of 
force, and the excess bonding resin was removed 
using a sharp scaler. The adhesive was then light-
cured for 20 seconds with a light-emitting diode 
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(Elipar Freelight 2, 3M ESPE, USA). This procedure 
was repeated for all samples.

Debonding procedure
The embedded samples were secured in a jig 

attached to the base plate of a universal testing 
machine (Elista TSTM 02500, Elista Corp, Istanbul, 
Turkey). A chisel-edge plunger was mounted in 
the movable crosshead of the testing machine to 
position the leading edge at the enamel/adhesive 
interface. A crosshead speed of 0.5 mm/min was 
used, and the maximum load required to debond 
the bracket was recorded. The force required to 
remove the brackets was measured in newtons 
(N), and the following formula was used to obtain 
the MPa value of the shear bond strength ‘1 MPa=1 
N/mm2’. 

Residual adhesive
All samples and brackets were examined un-

der 10 x magnification for the determination of the 
adhesive remnant index (ARI) scores after debond-
ing. Any adhesive remaining after the debonding 
procedure was assessed using the ARI4,14 and 
scored according to the ARI criteria. The ARI scale 
cosist of a 1-5 range; 5 indicated that no compos-
ite remained on the enamel; 4, less than 10% of 
the composite remained on the tooth; 3, more than 
10% but less than 90% remained on the tooth; 2, 
more than 90% of the composite remained; and 
1, all the composite remained on the tooth, along 
with the impression of the bracket base. The ARI 

scores were used as a more comprehensive means 
of defining the sites of bond failure between the 
enamel, adhesive, and bracket base.

Statistical methods
The shear bond strength data of the groups 

were subjected to normality testing. A non-para-
metric test (Kruskal–Wallis) was used to deter-
mine the significance between groups. The ARI 
scores were evaluated using chi-square analysis. 
The level of significance was established at P<.05 
for all of the statistical tests. A Mann-Whitney U 
test was performed to determine the differences 
between groups. All statistics were performed us-
ing SPSS version 13.0 (SPSS Inc, Chicago, Illinois, 
USA).

rEsuLts
The descriptive statistics for the shear bond 

strengths of the various groups are presented in 
Table 1. The Kruskal-Wallis test showed that there 
were statistically significant differences in shear 
bond strength among the 3 groups. The shear 
bond strength of the brackets in group 1 (control 
unbleached; mean, 17.7 ± 9.7 MPa) was signifi-
cantly higher (P<.05) than that in group 3 (office 
bleaching; mean, 9.9 ± 5.4 MPa). We found no sta-
tistically significant differences between groups 1 
and 2 or groups 2 and 3 (P>.05). 

The frequency distribution of the ARI scores 
is presented in Table 2. Chi-square comparison 
revealed no significant difference among groups 

  Bond Strength (MPa) Significance Post-Hoc Test

Groups Tested n Mean SD Range

P<.05*

I-II I-III II-III

Control (Unbleached) 15 17.7 9.7 12.3-23.1 NS * NS

Home Bleaching 15 12.3 4.7 9.7-15.0

Office Bleaching 15 9.9 5.4 6.0-12.9      

Table 1. The Result of the Kruskal–Wallis and Mann–Whitney U test comparing the shear bond strengths of the groups.

Table 2. Frequency of distribution of Adhesive Remnant Index (ARI) scores (%).

NS indicates nonsignificant; *P<.05.

Chi-square comparison revealed no significant differences between Groups  P>.05

The ARI scale has a range between 5 and 1; 5 indicates that no composite remained on the enamel; 4, less than 10% of the composite remained on the tooth; 3, more than 

10% but less than 90% remained on the tooth; 2, more than 90% of the composite remained; and 1, all the composite remained on the tooth, along with the impression of 

the bracket base. 

ARI Scores

Groups Tested 1 2 3 4 5 n

Control (Unbleached) 2 3 2 4 4 15

Home Bleaching 0 0 2 7 6 15

Office Bleaching 0 0 1 6 8 15
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(P>.05). There was a greater frequency of ARI 
scores of 4 and 5 in all groups, which indicated 
that the failures occurred mainly in the adhesive-
enamel interface.

dIscussIon  
Patients who visit an orthodontic clinic have 

esthetic concerns. Therefore, both tooth appear-
ance and color is important to them. A number 
of bleaching products and techniques are now 
available to patients via the clinicians and over 
the counter for use by consumers without profes-
sional supervision. These products differ in terms 
of agent, concentration, application frequency, 
product format, application mode, and light activa-
tion.17  Two types of bleaching are generally avail-
able to consumers: in office and at home. Some 
authors have investigated the effect of the 25-35% 
hydrogen peroxide used in the office bleaching 
agents12,14 on the shear bond strength of brackets 
bonded on the bleached enamel while others have 
investigated the 10% carbamide peroxide that is 
used in home bleaching agents.15,18,19

A number of investigators have observed 
changes in enamel surface topography after 
bleaching, including loss of prismatic form, de-
creased numbers of resin tags, and decreased 
bond strength.16,20  Although remarkable variations 
exist among the recommended post-bleaching 
time periods in different studies (24 hours to 4 
weeks), some considered that a delay of at least 
2 weeks is needed after bleaching for the tooth 
structure to regain its pre-bleaching adhesive 
properties.21-23  Uysal et al14 stored their samples 
in artificial saliva for 30 days and suggested that a 
bonding delay of a minimum of 2-3 weeks might 
be beneficial. In the experimental set up of the 
present study, the bleaching groups were stored 
in artificial saliva for 3 weeks before bonding to 
mimic the conditions of the oral cavity.

TSEP generates a more conservative etching 
pattern and less aggressive enamel demineraliza-
tion.24 Previous studies have deduced that the SEP 
system can successfully bond orthodontic brack-
ets as effectively as the total etching system.25,26  

However, the literature does not have sufficient in-
formation about the effect of bleaching treatments 
on the shear bond strength of orthodontic brackets 

bonded with TSEP and orthodontic composites.
Our study results indicated that there were no 

significant differences in shear bond strength be-
tween the control group (group 1) and the home 
bleaching group (group 2) or between the home 
bleaching group (group 2) and the office bleach-
ing group (group 3). However, the office-bleach-
ing group showed significantly lower shear bond 
strength values than those of the control group.

Many studies have reported controversial re-
sults concerning the effects of bleaching gels 
and bleaching types upon the bond strength of 
composite resins to enamel.3,7,9  Some studies of 
bracket bond strengths to bleached enamel sur-
faces investigated how much time should pass af-
ter bleaching before bonding can occur.3,14,15  Uysal 
et al14 reported that the immediate bond strength 
values were not adversely affected by use of a 35% 
hydrogen peroxide in-office bleaching system. 
However, Miles et al3 reported a significant reduc-
tion in bond strength of ceramic brackets after 
72 hours of bleaching with the same agent. Both 
groups recommended that a 2-3 week delay before 
bonding might be beneficial.

Some authors studied the effect of differ-
ent bleaching types on bracket bond strengths 
to bleached enamel surfaces.21,27  Bishara et al24 

reported that the bond strength values were not 
adversely affected by bleaching types (10% carb-
amide peroxide or 35% hydrogen peroxide). How-
ever, similar to the present results, Patusco et al25 

reported a significant reduction in bond strength 
after the use of 35% hydrogen peroxide in-office 
bleaching and reported that 10% carbamide perox-
ide did not significantly alter shear bond strength 
values. It is known that the in-office bleaching 
method most often uses 35-50% hydrogen per-
oxide, which is considered 7-16 times stronger 
than the agent used in at-home bleaching formu-
lations.28 Consistent with these previous expla-
nations, the results of our study demonstrated a 
statistically significant reduction in shear bond 
strength of brackets for teeth bonded after office 
bleaching compared with the control group. In of-
fice bleaching reduced shear bond strength values 
more than did at home bleaching. This result is 
probably due to the lower peroxide concentration 
(10%). 
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Adequate bond strength is a factor that contrib-
utes to the clinical success of orthodontic treat-
ment. Reynolds29 suggested that minimum bond 
strength of 5.9 to 7.8 MPa is adequate for most 
clinical orthodontic needs and routine clinical use. 
However, clinical conditions may significantly differ 
from those in an in vitro setting. All bond strength 
values of the composites used in this study were 
greater than this minimum requirement and fell 
within the clinically acceptable ranges.

Cacciafesta et al12 reported that failures oc-
curred at the enamel-adhesive interface by using 
ARI score comparisons. However, comparisons of 
the ARI scores in the current study indicated that 
there were no significant differences among the 3 
groups. There was a high frequency of ARI scores 
of 4 and 5 in groups 2 and 3, whereas there was 
a similar frequency among scores in group 1. The 
ARI scores from the bleached teeth showed that 
bond failure occurred at the resin-enamel inter-
face. This finding is in agreement with those re-
ported by Uysal et al14 and Torneck et al30. Failures 
in the bleached groups were mostly showed adhe-
sive characteristics.

Mouth conditions differ from in vitro condi-
tions because the oral cavity has complex varia-
tions in temperature, stresses, humidity, acidity, 
and plaque.31 As such, it is impossible to create a 
laboratory condition that fully represents the oral 
environment, but storage conditions and tempera-
ture variations can at least be emulated. Thermo-
cycling of the specimens was recommended for 
quality testing of the adhesive materials. Further 
studies on this subject may better correlate with 
clinical conditions.

concLusIon
Within the limitations of this study, the follow-

ing conclusions can be drawn:
Use of 10% carbamide peroxide at-home 

bleaching for 8 hours or use of 38% hydrogen per-
oxide in-office bleaching can effectively bleach 
teeth.

Use of 10% carbamide peroxide at-home 
bleaching does not significantly alter shear bond 
strength values, whereas use of 38% hydrogen 
peroxide in-office bleaching significantly reduces 
shear bond strength values.
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