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Impact of Antioxidant Irrigation on the Shear Bond Strength of
Orthodontic Brackets Post-dental Bleaching — An /n vitro Study
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Background: To evaluate the shear bond strength (SBS) and adhesive remnant index (ARI) of brackets bonded to enamel surfaces bleached with
various agents, and to assess the effect of antioxidant application on SBS and ARI scores following bleaching. Materials and Methods: One
hundred five teeth were divided into four groups: Group 1 (control), Group 2 (hydrogen peroxide [HP], Xtra Boost, Ultradent), Group 3 (light-
activated HP, Pola Office, SDI), and Group 4 (carbamide peroxide [CP], Opalescence, Ultradent). In all bleaching groups, 15 teeth were bonded
immediately after bleaching, whereas the remaining 15 teeth were treated with 10% sodium ascorbate before bonding. Following enamel pre-
treatment with transbond plus self-etching primer, brackets were bonded using transbond plus color changing adhesive (TPCC) adhesive. After
24 h, SBS was tested using a universal testing machine and ARI scores were recorded under a stereomicroscope. One-way analysis of variance
(ANOVA) and Dunnett’s post hoc test compared SBS, whereas Kruskal-Wallis ANOVA and Chi-square tests compared ARI. Results: SBS of
brackets decreased in all bleaching groups. No significant difference in SBS was found between antioxidant-treated groups and the control. The
control and CP groups had the highest ARI scores, whereas the 40% HP and 35% light-activated HP groups had the lowest ARI scores. Conclusion:
All groups showed reduced SBS for brackets bonded immediately after bleaching. Antioxidant treatment can increase SBS and restore bond
strength, making it a viable alternative to delayed bonding.
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applying sodium ascorbate before bonding reversed the
reduced dentin bond strength after hydrogen peroxide (HP)
bleaching.

INTRODUCTION

With rising demand for adult orthodontics, many patients are
dissatisfied not just with alignment but also with tooth color.

As dental bleaching becomes more common, many seeking
orthodontic treatment also opt for teeth whitening.[!!

Previous studies on the effect of bleaching gels with different
concentrations on orthodontic bracket bond strength have
shown mixed results. While some research found no significant
changes to enamel beyond normal variations, other studies
reported increased enamel porosity, mineral loss, altered
prismatic form, and reduced bond strength.!!

To address reduced bond strength after bleaching, delayed
bonding is commonly recommended, ranging from 24 h to
4 weeks. Other suggestions include removing the enamel’s
superficial layer, pre-treating with alcohol, and using
adhesives with organic solvents.’! Lai et al.¥ showed that
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If the antioxidant treatment of bleached enamel restores
composite resin bond strength, it could replace waiting and
avoid postponing bonding. This study aimed to compare the
effects of three bleaching protocols and antioxidant treatments
on the shear bond strength (SBS) of orthodontic brackets.
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MAaTeriALS AND METHODS

One hundred five freshly extracted human maxillary premolars
with intact, untreated buccal enamel, free of cracks, caries, or
restorations, were stored in normal saline at room temperature.
The saline was changed weekly to prevent bacterial growth,
ensuring no physical or chemical damage to the enamel before
testing.

Fifteen teeth were assigned to the first group, whereas the
remaining three groups had 30 teeth each, divided into
subgroups of 15. All teeth were mounted in colored auto-
polymerizing resin for differentiation (Table 1). Before enamel
pre-treatment with bleaching agents, the buccal surfaces were
cleaned and polished with pumice slurry and a rubber cup,
then rinsed with water and dried with compressed air for 30 s.
Except for Group 1, all teeth were treated with three different
bleaching agents according to the manufacturer’s instructions.

In Group 2, all teeth were bleached with 40% HP (Opalescence
Xtra Boost, Ultradent). A 1 mm thick layer of gel was applied
to the buccal surfaces for 15 min, then rinsed with water and
dried with air. This process was repeated twice daily for 3 days.

In Group 3, teeth were bleached with light-activated 35% HP
(Polo Office, SDI). After mixing the powder and liquid to form
a gel, it was applied in a 1 mm layer for 2 min. The gel was
then activated with blue light emitting diodes (420-440 nm)
for 3 min, cleaned with a compressed air-water syringe, and
the process was repeated immediately.

In Group 4, teeth were bleached with 10% carbamide peroxide
(CP) gel (Opalescence, Ultradent). A 1 mm thick layer was
applied to the buccal surfaces with a brush and left on for
6 h daily over 1 week. After each bleaching cycle, teeth were
thoroughly rinsed, dried with clean air, and stored in normal
saline until bonding.

In subgroups 2B, 3B, and 4B, after bleaching pre-treatment,
teeth were irrigated with 10% sodium ascorbate solution (Loba
Chemie Pvt Ltd) for 10 min at 1 mL/min under agitation.
They were then rinsed with distilled water for 30 s, dried, and
bonded. Stainless steel premolar brackets (MBT 0.022 inch
slot, Gemini series, 3M Unitek) were bonded using transbond
plus self-etching primer (TSEP, 3M Unitek). TSEP was applied
to the enamel for 5 s, distributed with slight air pressure, and
photopolymerized for 10 s. Transbond plus color changing

Table 1: Treatment regimens before bonding

Group  Color Treatment regimen

1 Clear Control

2A Dark blue HP bleach

2B Light blue HP bleach followed by anti-oxidant treatment

3A Dark green Light-activated HP bleach

3B Light green Light-activated bleach followed by
anti-oxidant treatment

4A Dark orange ~ CP bleach

4B Light orange  CP bleach followed by anti-oxidant treatment

adhesive was applied to the bracket base, seated on the tooth,
excess flash removed, and polymerized for 20 s.

After bonding, specimens were stored in distilled water at 37°C
for 24 h before SBS testing. A steel rod attached to a universal
testing machine (Autograph, Shimadzu®) applied an occluso-
gingival load to create shear force at the bracket-tooth interface.
Bond strength was measured at a crosshead speed of 0.5 mm/min,
and fracture load was recorded in megapascal (MPa).

After debonding, the buccal surfaces were examined under

a stereomicroscope at x10 magnification to assess residual

adhesive using the adhesive remnant index (ARI) scores

developed by Artun and Bergland.

0 — No adhesive remains on the tooth

1 — Less than half of the adhesive remains on the tooth

2 — More than half of the adhesive remains on the tooth

3 — All adhesive remains on the tooth, with a clear impression
of the bracket mesh.

Statistical Packages for the Social Sciences 17 software
was used to analyze SBS means with one-way analysis of
variance (ANOVA) and perform inter-group comparisons
using Dunnett’s post hoc test. The Chi-square test analyzed
ARI scores, whereas Kruskal-Wallis ANOVA with Bonferroni
correction assessed inter-group differences.

ResuLts

Table 2 shows the descriptive statistics (minimum, maximum,
mean, and standard deviation) for all study groups. Despite
visible differences, one-way ANOVA with a P=0.05 revealed
no statistical significance. Post hoc Dunnett test indicated a
significant difference only between the control group and the
in-office HP bleach group, with no significance found in other
bleached or antioxidant-treated groups.

Table 3 presents ARI descriptive statistics. Kruskal-Wallis
ANOVA with Bonferroni correction (P = 0.016) showed a
significant difference between the control group and groups 2A
and 3A. The Chi-square test also indicated significant
differences among the groups (P = 0.05) (Table 4).

Discussion

As adult orthodontic treatment demand rises, many patients
use HP-based bleaching agents to enhance tooth color.

Table 2: Descriptive statistics of SBS, P=0.085
Group n  Min Max

Means Standard deviation Dunnett

Group 1 15 6.63 18.61 9.39 3.70 A
Group 2A 15 3.83 10.66 6.63 1.85 B
Group2B 15 6.59 17.84 9.03 3.40 A
Group 3A 15 2.19 995 6.73 2.17 B
Group3B 15 4.64 1834 9.03 4.90 A
Group4A 15 4.56 14.08 7.72 2.25 A
Group4B 15 5.55 17.56  9.01 3.61 A

HP: Hydrogen peroxide, CP: Carbamide peroxide

SBS: Shear bond strength
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Table 3: Descriptive statistics of ARI scores and
comparison with Kruskal-Wallis ANOVA with Bonferroni
correction at 0.007

Groups n Mean SD P-value
Group 1 15 2.47 0.64 0.016 sig
Group 2A* 15 1.13 1.19
Group 2B 15 1.93 0.80
Group 3A* 15 1.33 1.11
Group 3B 15 1.87 0.99
Group 4A 15 1.73 1.03
Group 4B 15 2.00 0.76

ARI: Adhesive remnant index, ANOVA: Analysis of variance,
SD: Standard deviation

Table 4: Frequency distribution of ARI scores using
Chi-square test

Group ARI
0 (%) 1 (%) 2 (%) 3 (%)
Group 1 0 1 6 8
0.0 6.7 40.0 53.3
Group 2A 6 4 2 3
40.0 26.7 13.3 20.0
Group 2B 0 5 6 4
0.0 333 40.0 26.7
Group 3A 4 5 3 3
26.7 333 20.0 20.0
Group 3B 1 5 4 5
6.7 333 26.7 333
Group 4A 2 4 5 4
13.3 26.7 333 26.7
Group 4B 0 4 7 4
0.0 26.7 46.7 26.7

ARI: Adhesive remnant index

HP generates free radicals that break down dark-colored
molecules into lighter ones. External activation (light or heat)
speeds up this oxidation process, rapidly removing stains.?!
CP, a common ingredient in both professional and at-home
bleaching products, includes Carbopol to improve adhesion
and extend peroxide release in at home bleaching products.™
Bleaching before or after orthodontics may alter enamel surface
topography, potentially affecting adhesive bond strength.[®

Scougall-Vilchis et al.!” found that SBS in HP and CP groups
was lower compared to the control group after bleaching. Their
results were higher than in the present study, likely due to their
use of 10% CP instead of 15% and bovine incisors. Bishara
et al ®noted that 10% CP bleaching did not significantly impact
immediate bond strength over a week, despite reduced SBS.
In contrast, Miles et al.) reported a significant bond strength
reduction in ceramic brackets 72 h after using the same bleaching
agent and the debonding occurred at the bracket-resin interface,
attributing this to residual bleaching agent effects on enamel.

Spyrides et al.'" found that 35% HP, 35% CP, and 10% CP
bleaching reduced dentin bond strength, with the reduction

depending on the bleaching agent’s concentration. Similarly,
in the present study, 40% HP, 35% light-activated HP, and 15%
CP bleaches reduced bond strength to 6.63 MPa, 6.73 MPa,
and 7.72 MPa, respectively.

Since the minimum bond strength needed for orthodontic
forces is 6-8 MPa,!'! all groups in this study showed clinically
acceptable bond strengths. In contrast, Bishara et al.® reported
bond strengths below 6 MPa, likely due to using adhesive
pre-coated ceramic incisor brackets on molars and debonding
within 30 min of bonding.

Studies'>"! have linked physical changes after bleaching
such as mineral loss, increased porosity, and loss of prismatic
form to altered bond strength. Only two studies!®'? suggested
that these changes might affect adhesive retention due to
residual peroxide or related substances inhibiting composite
resin polymerization and reducing resin tags. They have
demonstrated that the reduction in SBS is transient and within
7 days to 6 weeks, peroxide ions get leached from enamel when
immersed in water.

Sung et al." found no significant bond strength decreases
with ethanol-based bonding agents, as the alcohol reduces
bleaching process inhibition. Similarly, ascorbic acid and its
salts are effective antioxidants against oxidative compounds.!'!
This study showed that treating bleached enamel with 10%
sodium ascorbate before bonding restored bond strength to
metal brackets, consistent with Lai et al.¥

In the control group, most bond failures occurred at the
bracket/adhesive interface, leaving adhesive on the tooth
surface. After bleaching, failures shifted to the adhesive/enamel
interface, with little or no adhesive remaining on the tooth.
Titley et al.' observed through a scanning electron microscope
that enamel surfaces often lacked resin, and any tags present
were fragmented, poorly defined, and less deeply penetrated,
which likely caused the shift in the failure site.

Consistent with these studies, SBS values were significantly
lower in all bleached groups compared to the control. Thus,
bleaching should be postponed until orthodontic treatment is
complete, or antioxidants such as ascorbate salts should be
used to neutralize bleaching agents and restore bond strength.
Given the limited literature, further research into factory-made
antioxidant agents is needed.

CoNCLUSION

1. Bleaching with different agents decreased the mean SBS
of orthodontic brackets to enamel, with the reduction
directly related to the concentration of HP used

2. A 10% sodium ascorbate antioxidant treatment restored
the lost SBS in bleached groups and can be a viable
alternative to delayed bonding

3.  The control group showed the highest ARI scores with
more adhesive remaining on the tooth, whereas the 40%
HP and 35% light-activated HP groups had the lowest ARI
scores, with minimal or no adhesive left.
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