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This study evaluated the effect of antioxidant agents on microtensile bond strengths (UTBS) of composite
to bleached enamel. Fifteen freshly extracted human third molars were selected and randomly assigned to
6 groups (n = 5): (NB) enamel not bleached, (B) bleached enamel, (BR7) bleached enamel and restored 7 days
later, (BSA) bleached enamel+sodium ascorbate, (BMC) bleached enamel+malvidin chloride, (BPC) bleached
enamel+pelargonidin chloride. The groups were bleached with 38% hydrogen peroxide (HP - Opalescence
Xtra Boost) and restored with Single Bond+Filtek Z350. The specimens were thermocycled and submitted to a
microtensile load at 1 mm/min crosshead speed. The data were evaluated by ANOVA and Tukey test at 5% of
significance. The mean and standard-deviation for all groups were: NB: 30.95(x11.97)a; BSA: 30.34(+8.73)a,
BPC: 22.81(6.00)b, BR7: 21.41(x6.12)b, B: 14.10(x4.45)c, BMC: 13.25(£6.02)c. Sodium ascorbate reversed
the bond strengths to enamel immediately after bleaching.
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1. Introduction

The bond strength of adhesive restorations to teeth structures
is reduced after bleaching procedures'?, due to the presence of
residual peroxide, which interferes with the resin polymerization®.
A restorative procedure is impossible to perform immediately after
bleaching, due to the decrease in bond strength of composite to
bleached enamel.

The recommended post bleaching waiting period for bonding
procedures varies from 24 hours to 4 weeks'*°. This period is
important for stabilization of dental color in order to obtain better
aesthetics results while the selection of the color of composite resin to
be used. However, this waiting period makes it impossible to perform
restorative procedures immediately after the bleaching. Thus, further
research is necessary to identify possible techniques that may reduce
this post bleaching waiting period.

Several methods have been proposed to reverse the compromised
bond strength after bleaching, such as removal of superficial layer
of enamel®, treatment of the bleached enamel with alcohol before
the restoration’, use of adhesives containing organic solvents®’, and
application of antioxidant agents>>!%!1,

Various enzymatic agents such as, catalase' and peroxidase; and
non-enzymatic agents such as, sodium ascorbate!*>!?, flavonoids'?
and vitamin E' have been found to have antioxidant properties.
Sodium ascorbate is water soluble and can eliminate free radicals in
biological systems and prevent the acidic effect"!. The flavonoids
containing the highest antioxidant properties are anthocyanins
(cyanidin, malvidin, and pelargonidin)'?, which are present in fruits
and vegetables. However, there is no study in the literature describing
the effect of these non-enzymatic agents on the bond strength of
adhesive restorations to bleached enamel.

*e-mail: anacarolinabotta@hotmail.com

Thus, the aim of this study was to evaluate the effect of different
antioxidant agents on the microtensile bond strengths of composite
restorations to enamel bleached with 38% hydrogen peroxide.
The null hypothesis was that the bond strength of the composite
restorations to enamel bleached with 38% hydrogen peroxide was not
affected by the application of different antioxidant agents.

2. Material and Methods

2.1. Tooth preparation

Fifteen freshly extracted human third molars were used in this
study after Ethic Research Committee approval from Sdo José dos
Campos School of Dentistry, Sdo Paulo State University (UNESP),
Brazil.

All teeth were cleaned with a rubber cup and pumice, stored in
1% chloramine T solution at 4 °C for 7 days and distilled water at
-18 °C until use.

The teeth were sectioned 2.0 mm below of cemento-enamel
junction with a precision low-speed diamond saw (KG Sorensen/
Rio de Janeiro, RJ, Brazil). Two rectangular enamel specimens of
8.0 x 4.0 x 3 mm? from the middle third of mesial and distal surface
of each tooth were obtained.

The specimens were randomly assigned into six experimental
groups (n = 5) according to: bleaching (present or absent); antioxidant
agents used (sodium ascorbate, malvidin chloride, pelargonidin
chloride); and restorative procedures (immediate or 7 days later) as
described in Table 1.
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Table 1. Experimental groups.

Groups Description
No bleaching + 7 days delay for restorative
NB
procedures (control)

B Bleaching + immediate restorative procedures
BR7 Bleaching + 7 days delay for restorative procedures
BSA Bleaching + sodium ascorbate + immediate

restorative procedures

Bleaching + malvidin chloride + immediate
BMC .

restorative procedures
BPC Bleaching + pelargonidin chloride + immediate

restorative procedures

2.2. Artificial saliva immersion

All groups were immersed in 250 mL of artificial saliva solution
at 37 °C for 7 days, which was changed twice daily during this period.
After that, the specimens were washed with an air/water syringe for
30 seconds.

The artificial saliva solution (Byoformula, Sdo José dos Campos,
SP, Brazil) consisted of 1 g sodium carboxymethylcellulose, 4.3 g
xylitol, 0.1 g potassium chloride, 5 mg calcium chloride, 40 mg
potassium phosphate, 1mg potassium thiocyanate and 100 g distilled
deionized water at pH 7.

2.3. Bleaching procedures

The specimens of B, BR7, BSA, BMC and BPC groups were
bleached with 38% hydrogen peroxide (Opalescence Xtra Boost,
Ultradent Products Inc., South Jordan, Utah, USA) with three
applications of 15 minutes each, without light activation following
the manufacturer’s instructions. The bleaching gel was mixed each
5 minutes using a microbrush. After each application, the specimens
were washed with an air/water spray for thirty seconds and blot-dried.
All specimens were rinsed with distilled water for 1 minute' after
the bleaching procedures.

The BR7 group was immersed in artificial saliva at 37 °C for
7 days after bleaching.

2.4. Application of antioxidant agents

Three different antioxidant agents (sodium ascorbate, malvidin
chloride, and pelargonidin chloride) were applied to the specimens
of BSA, BMC and BPC groups immediately after the bleaching
procedure.

The I-ascorbic acid sodium salt (C;H, NaO, Sigma-Aldrich Brazil
Ltda., Sao Paulo, SP, Brazil) in crystalline form and molecular weight
of 198.11 was used to produce the 10% sodium ascorbate solution.
The malvidin chloride solution was prepared with 200 pg malvidin
chloride (C,,H ClO,, molecular weight of 366.75, Sigma-Aldrich
Brazil Ltda., Sdo Paulo, SP, Brazil) per ml distilled water'®. The
same proportion was used with pelargonidin chloride (C,H, CIO,,
molecular weight of 306.70, Sigma-Aldrich Brazil Ltda., Sdo Paulo,
SP, Brazil) to create the antioxidant solution.

The specimens were immersed and irrigated with antioxidant
solutions for 10 minutes at a flow rate of 1 mL/min. After the
antioxidant treatment was performed, the specimens were washed
with distilled water for 30 seconds.
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2.5. Restorative procedures

The NB group was restored 7 days after immersion in artificial
saliva solution at 37 °C. The BR7 group was restored after bleaching
and immersion in artificial saliva for 7 days. All the other groups were
restored immediately after bleaching (B group) and application of
antioxidant agents (BSA, BMC and BPC groups).

All specimens were etched with 35% phosphoric acid
(Scotchbond Etchant, 3M Dental Products, St. Paul, MN, USA) for
30 seconds, washed and blot-dried. An ethanol- and water-based
adhesive (Adper Single Bond Plus, 3M ESPE, St. Paul, MN, USA)
was then applied for 15 seconds and light cured for 10 seconds,
according to manufacturer’s instructions. For each specimen, a
composite buildup (Filtek Z350, 3M ESPE, St. Paul, MN, USA) was
made with a Teflon matrix and each 2 mm increment was light-cured
for 20 seconds (Curing Light XL 3000; 3M ESPE/ St. Paul, MN,
USA). The restored specimens were stored in artificial saliva at 37 °C
for 24 hours and thermocycled for 5000 cycles at 5 °C and 55 °C
with 30 seconds dwell time'”.

2.6. Microtensile bond strengths

All specimens were sectioned parallel to the adhesive interface to
obtain slabs with a thickness of 0.8 + 0.2 mm. Each slab was attached
to a phenolic ring and a second set of sections of 0.8 + 0.2 mm thick,
were obtained perpendicular to the adhesive interface. Specimens
were tested individually by attaching them to a microtensile jig using
cyanoacrylate glue (Zapit; Dental Ventures of America, Inc, Corona,
CA). The sticks were then subjected to a microtensile load test using
a universal testing machine (DL-1000, EMIC, Sao José dos Pinhais,
PR, Brazil) with 10 kg load cell at 1 mm/min crosshead speed. An
absolute digital caliper (Mitutoyo Corp, Kanogawa, Japan) with an
accuracy of 0.001 mm was used to measure the sides of the bonding
interface and calculate the bonding area in mm?. The microtensile
bond strengths were obtained in MPa.

The failures were observed with a stereoscopic loupe (Zeiss: West
Germany — type 475200/9901, 10x) and classified as adhesive (A),
cohesive enamel (CE), cohesive resin (CR) or mixed (M).

The data were tested using a 1-way ANOVA statistical analysis
and Tukey test, at a 5% significance level.

3. Results

There was a statically significant difference among the
experimental groups (p = 0.0000). According to the Tukey test,
the highest bond strength values were found with the NB and BSA
groups. Groups B and BMC demonstrated the lowest bond strength
values, statically different from the BR7 and BPC groups (Table 2).

The adhesive failure was found to be prevalent (83 to 100%) in
all groups tested (Table 3).

4. Discussion

The microtensile test is effective for analysis of the bond
strength of restorative materials and tooth structure. One of the main
advantages of this test is the possibility of determining the location
of the fracture, obtaining several specimens of a single material, and
evaluation of bond strength in small areas.

The reduced bond strength of composite resin to bleached enamel
may be caused by multifactorial events'3?’. The bleaching reaction
promotes the release of oxygen which decreases the bond strength. The
enamel acts as a reservoir for residual oxygen, which makes difficult
its release immediately after bleaching. Therefore, morphological
changes such as the increase of porosity and loss of prismatic form are
observed in the bleached enamel?*. The mineral content of enamel
is reduced and resin tags observed are less defined and fragmented*.
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Table 2. Mean bond strength values (MPa) and standard deviation of the
experimental groups (Means followed by different capital letter in column
are significantly different).

Groups Mean Standard Homogeneous
(MPa) deviation groups

NB 30.95 11.97 A
B 14.10 4.45 C
BR7 21.41 6.12 B
BSA 30.34 8.73 A
BMC 13.25 6.02 C
BPC 22.81 6.00 B

Table 3. Distribution of types of the failures for each experimental group.

Groups CR CE A M
NB 0 2 16 0
B 0 0 18 0
BR7 0 0 16 2
BSA 0 2 15 1
BMC 0 0 18 0
BPC 0 0 16 2

The application of antioxidant agents after bleaching has been
recommended as a way to reduce the waiting period between
bleaching and restorative procedures by eliminating the reactive
oxygen from the dental substrate!'*!7. Some anthocyanins of the
flavonoids class such as malvidin and pelargonidin are present in fruits
and vegetables, and have high antioxidant properties'. The malvidin
is a non-enzymatic agent present in the cherries, strawberries, red
grapes, teas, and fruits with dark pigments. The pelargonidin has also
antioxidant properties and it is found present in radishes, strawberries,
tamarinds, and flowers (geraniums and dark grape skins)*. However,
the effect of these antioxidant agents on bond strength of bleached
enamel is unknown.

The null hypothesis of this study was rejected because it was
found that different antioxidant agents affect the bond strength of
enamel immediately after bleaching. Other research!!”»2 studies
have found that the 10% sodium ascorbate in fact reverted the
reduced bond strength to bleached enamel. The application of this
antioxidant agent for 10 minutes promoted higher bond strength than
the immersion of the enamel in artificial saliva for 1 week. Therefore,
the sodium ascorbate may be an alternative to delayed bonding, since
it promotes the complete reversal of bond strength immediately after
bleaching. Ascorbic acid and its sodium salt are antioxidants with
the capacity to reduce oxidative compounds, especially free radicals.
Sodium ascorbate allows free-radical polymerization of the adhesive
resin to proceed without premature termination. This is made possible
by restoring the altered redox potential of the oxidized bonding
substrate thus reversing the compromised bonding?.

The use of pelargonidin after bleaching increased the bond
strength to enamel. The same result was obtained with a delaying
bonding for 1 week. According to Volp et al.”, flavonoid antioxidants,
such as pelargonidin that have a higher number of hydroxyl groups in
the positions 4, 5 and 6 have been found to have higher antioxidant
effectiveness. In this study, it was observed that pelargonidin does
in fact have an antioxidant effect but it was not able to completely
reverse the reduced bond strength of composite to bleached enamel
as the same as it has been observed with unbleached enamel.
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The malvidin antioxidant agent did not restore the reduced bond
strength of composite resin to bleached enamel. Additionally, the
application of malvidin resulted in statistically lower bond strength
than the pelargonidin chloride, but it was similar to bleached enamel.
Although, malvidin has hydroxylation in compound rings with one
OH-group in the B ring (4’-OH)¥, this antioxidant agent was not
able to eliminate the reactive oxygen present in the dental substrate
after bleaching.

In this study, we observed that 10% sodium ascorbate is an
effective antioxidant agent, because it can totally reverse the bond
strength to enamel after bleaching. The pelargonidin antioxidant
agent should be used with precaution, since it promotes lower bond
strength than that of unbleached enamel. The malvidin antioxidant
agent has not been proven to reverse the bond strength of composite
to enamel after the bleaching procedure. However, the concentration
of 200 um/mL to the pelagornidin and malvidin agents, was the same
used by Zhang et al.'®, who reported tumor cell proliferation inhibitory
activity by pelagornidin and malvidin anthocyanidins at this level of
concentration. Further evaluation of malvidin and pelargonidin at
different concentration levels is necessary for the purpose of reversing
the reduction in bond strength of composite to bleached enamel.

Therefore, further research should be conducted to observe the
antioxidant capacity of flavonoids on the dental substrate immediately
after the bleaching procedure.

5. Conclusions

1. Bleaching with 38% hydrogen peroxide reduced the bond
strength of composite to enamel.

2. The application of pelargonidin and delaying bonding for
1 week after bleaching increased the bond strength to bleached
enamel.

3. Sodium ascorbate was the only antioxidant agent able to reverse
the bond strength to enamel immediately after bleaching.
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