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Abstract facilitate immediate restorative procedures. The present

Tooth bleaching is a widely accepted esthetic procedure
for the management of discolored teeth. However,
residual oxygen free radicals generated during bleaching
adversely affect the polymerization of adhesive resins,
resulting in reduced bond strength between composite
resin and enamel. The application of antioxidants has

been proposed to reverse the compromised bonding and

study aimed to evaluate and compare the shear bond
strength of composite resin to bleached enamel with and
without application of herbal antioxidants at two different
time intervals.

Thirty extracted human maxillary incisors were selected
and randomly divided into five groups comprising six

specimens each. Group | served as the bleached control,
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while Groups Il and Il received 10% grape seed extract
for 10 and 20 minutes respectively. Groups IV and V
received 10% green tea extract for 10 and 20 minutes
respectively. Bleaching was performed using 35%
(Ammdent

Ultrawhite). Following antioxidant treatment, the enamel

carbamide  peroxide bleaching  gel
surfaces were etched with 37% phosphoric acid and
bonded using Fusion Bond adhesive. Composite build-up
was carried out using Waldent nanofilled composite resin
with the aid of a standardized mould measuring 4 mm in
diameter and 3 mm in height. All specimens were stored
in distilled water for 24 hours and subjected to shear
bond strength testing using a universal testing machine.
Statistical analysis was performed using one-way
analysis of variance followed by Tukey’s post hoc test.
Group 11 exhibited the highest mean shear bond strength
(10.41 = 0.099 MPa), whereas Group | demonstrated the
lowest value (7.42 £ 0.07 MPa). Both antioxidants
significantly improved the bond strength when compared
with the bleached control group. Within the limitations of
this in vitro study, application of 10% grape seed extract
for 20 minutes produced the highest shear bond strength
and effectively reversed the reduction in bond strength
associated with bleaching procedures.

Keywords: Bleaching, Shear bond strength, Grape seed
extract, Green tea extract, Antioxidants, Composite resin,
Bleached enamel.

Introduction

Tooth discoloration is one of the most common esthetic
concerns encountered in contemporary dental practice.
With increasing patient awareness and demand for
esthetic treatment, tooth bleaching has become a popular
and conservative approach for the management of
intrinsic and extrinsic stains. *

Among the various bleaching agents available, carbamide

peroxide is widely used because of its efficacy and
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favorable safety profile. It decomposes into hydrogen
peroxide and urea, releasing reactive oxygen species that
oxidize chromogenic molecules present within enamel
and dentin, thereby producing a whitening effect. 2
Despite the advantages associated with bleaching
procedures, several studies have reported a reduction in
the bond strength of resin-based restorative materials to
bleached enamel. Residual oxygen and peroxide radicals
retained within the enamel interfere with resin infiltration
and inhibit polymerization of adhesive systems, resulting
in compromised bonding and reduced shear bond
strength. **

Conventionally, postponing adhesive procedures for one
to three weeks following bleaching has been
recommended to allow dissipation of residual oxygen
species and restoration of bond strength. However, this
delay may not always be clinically feasible when
immediate restorative treatment is required.®

Antioxidant therapy has emerged as an effective
approach for neutralizing residual free radicals and
restoring the altered redox potential of bleached enamel.
Various synthetic and naturally occurring antioxidants
have been investigated for their ability to reverse the
compromised bond strength associated with bleaching
procedures. ©

Recently, naturally derived antioxidants have gained
considerable attention because of their biocompatibility
and potent free radical scavenging activity. Grape seed
extract contains oligomeric proanthocyanidin complexes,
whereas green tea extract is rich in catechins and
polyphenolic compounds, both of which exhibit
significant antioxidant properties. ’

Although previous studies have demonstrated the

beneficial effects of these herbal antioxidants in

improving the bond strength of composite resin to <

bleached enamel, limited information is available m
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regarding their comparative efficacy when applied for
different durations. [8] Therefore, the present in vitro
study was undertaken to evaluate and compare the shear
bond strength of composite resin to bleached enamel with
and without application of herbal antioxidants at two
different time intervals.

Materials And Methods

Study Design

The present in vitro study was conducted to evaluate and
compare the shear bond strength of composite resin to
bleached enamel with and without application of herbal
antioxidants at two different time intervals.

Sample Selection

Thirty freshly extracted human maxillary incisors free
from caries, restorations, cracks, and developmental
defects were selected for the study. Soft tissue remnants
and calculus deposits were removed using an ultrasonic
scaler, and the teeth were stored in distilled water until
use.

Sample Preparation

The roots of the selected teeth were sectioned at the
cementoenamel junction using a diamond disc under
continuous water coolant. The crowns were embedded in
self-cure acrylic resin blocks with the labial surfaces
facing upward and parallel to the horizontal plane. The
labial enamel surfaces were polished with pumice slurry
and thoroughly rinsed with distilled water. The
specimens were randomly divided into five groups
comprising six samples each (n=6).

Group |

Bleaching only (Control)

Group 11

Bleaching + 10% Grape Seed Extract for 10 minutes
Group 111

Bleaching + 10% Grape Seed Extract for 20 minutes
Group IV
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Bleaching + 10% Green Tea Extract for 10 minutes
Group V

Bleaching + 10% Green Tea Extract for 20 minutes
Bleaching Procedure

All specimens were subjected to bleaching using 35%
carbamide peroxide bleaching gel (Ammdent UltraWhite;
Ammdent Dental Products Pvt. Ltd., Mohali, India). A
uniform layer of the bleaching gel was applied to the
labial enamel surfaces and allowed to remain undisturbed
for 30 minutes. Following bleaching, the specimens were
rinsed thoroughly with distilled water and gently air dried
before antioxidant application.

Preparation of Antioxidant Solutions

Ten percent grape seed extract solution was prepared by
dissolving 10 g of grape seed extract powder in 100 mL
of distilled water. Similarly, 10% green tea extract
solution was prepared by dissolving 10 g of green tea
extract powder in 100 mL of distilled water.

Antioxidant Application

Following bleaching, the antioxidant solutions were
applied to the enamel surfaces using a microbrush
according to their respective groups. Group Il and Group
Il received 10% grape seed extract for 10 and 20
minutes, respectively, whereas Group IV and Group V
received 10% green tea extract for 10 and 20 minutes,
respectively. Following antioxidant application, the
specimens were rinsed thoroughly with distilled water

and gently air dried.

Figure 1: Antioxidant application
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Bonding Procedure
The enamel surfaces were etched with 37% phosphoric
acid for 15 seconds, rinsed with water, and gently air

dried. Fusion Bond adhesive was applied uniformly to

the etched enamel surface and light cured for 20 seconds.

Figure 2: Etching and bonding agent application
Composite Build-up

Composite build-up was performed using Nano filled
composite resin (Waldent Innovations Pvt. Ltd., India). A
standardized mould measuring 4 mm x 3 mm was used to
obtain composite specimens of uniform dimensions. The
composite resin was packed into the mould and light
cured for 20 seconds.

Storage of Specimens

Following restoration, all specimens were stored in
distilled water at room temperature for 24 hours prior to
shear bond strength testing.

Shear Bond Strength Testing

Figure 3: Shear bond strength test using universal testing
machine
The specimens were mounted on a universal testing

machine, and shear force was applied at the enamel-
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composite interface until bond failure occurred. The
maximum load required to debond the composite was
recorded in Newtons (N), and the corresponding shear
bond strength values were calculated in megapascals
(MPa).

Statistical Analysis

The obtained data were tabulated and subjected to
statistical analysis using Statistical Package for Social
Sciences (SPSS) software version 20.0 (IBM Corp.,
Armonk, NY, USA).. One-way analysis of variance
(ANOVA) was used to compare the mean values among
the groups, followed by Tukey's post hoc test for
pairwise comparison. A p-value less than 0.05 was
considered statistically significant.

Results

One-way analysis of variance (ANOVA) revealed a
statistically significant difference among the groups for
both maximum force and shear bond strength (p<0.001).
Group I (Bleaching + 10% Grape Seed Extract for 20
minutes) exhibited the highest mean maximum force
(126.20 £ 2.25 N) and shear bond strength (10.41 + 0.099
MPa). Group | (Bleaching only) demonstrated the lowest
mean maximum force (93.59 £ 1.73 N) and shear bond
strength (7.42 £ 0.07 MPa). Group Il (Bleaching + 10%
Grape Seed Extract for 10 minutes) showed a mean
maximum force of 102.30 £ 1.07 N and a mean shear
bond strength of 8.23 £ 0.12 MPa. Group IV (Bleaching
+ 10% Green Tea Extract for 10 minutes) exhibited a
mean maximum force of 97.15 + 1.30 N and a mean
shear bond strength of 7.60 + 0.089 MPa, whereas Group
V (Bleaching + 10% Green Tea Extract for 20 minutes)
demonstrated a mean maximum force of 103.04 £ 0.57 N
and a mean shear bond strength of 8.21 + 0.073 MPa.
The mean maximum force and shear bond strength
values of all experimental groups are presented in Table
1.
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Table 1: Comparison of compressive stress and maximum load among all the groups

Groups Mean £SD

Maximum force Shear stress
Groupl 93.59+ 1.73 7.42+0.07
Group 2 102.30+1.07 8.23+0.12
Group 3 126.20+2.25 10.41+ 0.099
Group 4 97.15+ 1.30 7.6+£0.089
Group 5 103.04+ 0.57 8.21+0.073
Oneway anova P=<0.001* P=<0.001*

Intergroup comparison using Tukey's post hoc test
revealed statistically significant differences between
Group | and Group Il (p=0.000), Group | and Group I
(p=0.000), Group | and Group IV (p=0.016), and Group |
and Group V (p=0.000).

Similarly, statistically

significant differences were observed between Group 1l
and Group Il (p=0.000), Group Il and Group IV
(p=0.000), Group I and Group IV (p=0.000), Group Il
and Group V (p=0.000), and Group IV and Group V
(p=0.000).

Table 2: Comparison of mean difference of compressive stress in between different groups

Groups Mean difference Pvalue
Group 1 versus Group 2 -0.81667 0.000*
Group 1 versus Group 3 -3.00167 0.000*
Group 1 versus Group 4 -0.18333 0.016*
Group 1 versus Group 5 -0.79167 0.000*
Group 2 versus group 3 -2.18500 0.000*
Group 2 versus group 4 0.63333 0.000*
Group 2 versus group 5 0.02500 0.989(NS)
Group 3 versus group 4 2.81833 0.000*
Group 3 versus group 5 2.21000 0.000*
Group 4 versus group 5 -0.60833 0.000*

However, no statistically significant difference was
observed between Group Il and Group V (p=0.989),
indicating that both groups exhibited comparable shear
bond strength values.

The highest mean difference was observed between
Group | and Group 111 (-3.00167), followed by Group 11
and Group IV (2.81833), indicating superior bond

strength in specimens treated with 10% grape seed

©2026 1IDSIR, All Rights Reserved

extract for 20 minutes. The results suggest that increasing
the duration of antioxidant application enhanced the
shear bond strength values, with grape seed extract

exhibiting greater efficacy than green tea extract.
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Maximum force

126.2

103.04

Group1 Group 2 Group 3 Group 4 Group 5

Maximum force
Graph 1: Mean maximum force values among the

experimental groups

shear stress

Groupl Group 2

Group 3 Group 4 Group 5

Graph 2: Mean shear bond strength values.

Graph 1 illustrates the mean maximum force values
among the experimental groups, whereas Graph 2 depicts
the mean shear bond strength values. Both graphical
representations demonstrated that Group 111 exhibited the
highest values, while the bleached control group showed
the lowest values.

Discussion

The present in vitro study evaluated the effect of two
herbal antioxidants, grape seed extract and green tea
extract, applied at different time intervals on the shear
bond strength of composite resin to bleached enamel. The
results demonstrated statistically significant differences

among the experimental groups. Group 11, in which 10%

©2026 1IDSIR, All Rights Reserved

grape seed extract was applied for 20 minutes, exhibited
the highest shear bond strength, whereas the bleached
control group demonstrated the lowest bond strength
values.

The reduced bond strength observed in the control group
may be attributed to the presence of residual oxygen and
peroxide radicals entrapped within the enamel following
bleaching. These residual free radicals interfere with
resin infiltration and inhibit polymerization of adhesive
systems, thereby compromising adhesion and reducing
bond strength. Similar findings were reported by Titley et
al. and Dishman et al., who demonstrated a significant
reduction in bond strength immediately following
bleaching procedures. 3*

In the present study, application of both grape seed
extract and green tea extract significantly improved the
shear bond strength when compared with the bleached
control group. This increase in bond strength may be
attributed to the ability of antioxidants to neutralize
residual oxygen species and restore the altered redox
potential of enamel, thereby promoting complete
polymerization of resin-based restorative materials. Lai et
al. reported that antioxidant treatment -effectively
reversed compromised bonding in bleached enamel and
facilitated immediate restorative procedures.®

Among all the experimental groups, Group Il
demonstrated the highest shear bond strength values.
Grape seed extract contains oligomeric proanthocyanidin
complexes, which possess potent antioxidant activity and
exhibit remarkable free radical scavenging properties.
These compounds effectively neutralize residual oxygen
species and improve the polymerization efficiency of
adhesive resins. Similar observations were reported by
Vidhya et al., who demonstrated that grape seed extract
significantly improved the bond strength of composite

resin to bleached enamel. ’
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The duration of antioxidant application also influenced
the bond strength values. In the present study, increasing
the application time from 10 minutes to 20 minutes
resulted in higher shear bond strength values. This may
be attributed to prolonged interaction between
antioxidant molecules and residual oxygen radicals,
allowing more complete neutralization of free radicals
and thereby improving resin-enamel adhesion. Similar
findings were reported by Sasaki et al. and Bulut et al.,
who observed that antioxidant treatment significantly
restored bond strength after bleaching.  1°

Green tea extract also demonstrated a beneficial effect on
shear bond strength when compared with the control
group. Green tea contains catechins and polyphenolic
compounds, particularly epigallocatechin gallate, which
possess strong antioxidant properties. These compounds
are capable of scavenging free radicals and restoring the
bonding potential of bleached enamel. Sharafeddin et al.
and Berger et al. reported comparable findings and
concluded that green tea extract effectively improved the
bond strength of composite restorations to bleached
enamel. 8 12

Although both antioxidants were effective in improving
bond strength, grape seed extract demonstrated
comparatively higher values than green tea extract. This
superior performance may be attributed to the high
concentration of oligomeric proanthocyanidins present in
grape seed extract, which possess antioxidant activity
greater than vitamins C and E. Garcia et al. demonstrated
the potent antioxidant activity of natural antioxidants and
highlighted their ability to neutralize free radicals
effectively.!* Similar observations were reported by
Khamverdi et al. and Ghaleb et al., who demonstrated
superior bond strength values with natural antioxidant

agents following bleaching procedures. 3

©2026 1IDSIR, All Rights Reserved

From a clinical perspective, the use of herbal antioxidants

may facilitate immediate restorative procedures
following bleaching without the need for prolonged
waiting periods. Their biocompatibility, availability, and
cost-effectiveness make them attractive alternatives to
synthetic antioxidants.
The present study was conducted under in vitro
conditions and, therefore, certain limitations should be
considered. Factors such as thermal fluctuations, saliva,
masticatory stresses, and oral environmental conditions
could not be simulated. Furthermore, the relatively small
sample size limits direct extrapolation of the findings to
clinical situations. Elawsya et al. also emphasized the
need for long-term in vivo studies to validate the
effectiveness of natural antioxidants under clinical
conditions. *°
Further clinical studies with larger sample sizes and long-
term follow-up are recommended to substantiate the
findings of the present investigation.
Conclusion
Within the limitations of this in vitro study, it can be
concluded that bleaching with 35% carbamide peroxide
reduced the shear bond strength of composite resin to
enamel. Application of herbal antioxidants improved the
bond strength, with 10% grape seed extract applied for
20 minutes showing the highest shear bond strength.
Thus, natural antioxidants, particularly grape seed
extract, may be effective in reversing the adverse effects
of bleaching and facilitating immediate adhesive
restorative procedures.
References
1. Haywood VB, Heymann HO. Nightguard vital
bleaching. Quintessence Int. 1989;20(3):173-176.
2. Cavalli V, Reis AF, Giannini M, Ambrosano GM.

The effect of elapsed time following bleaching on

o)
N
N

()

[=T)]

[\
A,



Ch. Swathi, et al. International Journal of Dental Science and Innovative Research (IJDSIR)

10.

11.

enamel bond strength of resin composite. Oper Dent.
2001;26(6):597-602.

Titley KC, Torneck CD, Ruse ND. The effect of
carbamide peroxide gel on the shear bond strength of
a microfilled composite resin to bovine enamel. J
Dent Res. 1992;71(1):20-24.

Dishman MV, Covey DA, Baughan LW. The effects
of peroxide bleaching on composite-to-enamel bond
strength. Dent Mater. 1994;10(1):33-36.

Lai SCN, Tay FR, Cheung GSP, Mak YF, Carvalho
RM, Wei SHY, et al. Reversal of compromised
bonding in bleached enamel. J Dent Res.
2002;81(7):477-481.

Tarkin M, Kaya AD. Effect of 10% sodium
ascorbate on the shear bond strength of composite
resin to bleached bovine enamel. J Oral Rehabil.
2004;31(12):1184-1191.

Vidhya S, Srinivasulu S, Sujatha M, Mahalaxmi S.
Effect of grape seed extract on the bond strength of
bleached enamel. Oper Dent. 2011;36(4):433-438.
Sharafeddin F, Motamedi M, Modiri S. Effect of
immediate application of green tea extract on the
bond strength of composite resin to bleached enamel.
J Dent Biomater. 2016;3(3):283-290.

Sasaki RT, Flério FM, Basting RT. Effect of 10%
sodium ascorbate and delayed bonding on bond
strength to bleached enamel. J Adhes Dent.
2009;11(2):111-115.

Bulut H, Kaya AD, Turkun M. Influence of different
antioxidants on the shear bond strength of bleached
enamel. J Contemp Dent Pract. 2005;6(2):72-80.
Garcia EJ, Oldoni TLC, Alencar SM, Reis A,
Loguercio AD, Grande RHM. Antioxidant activity
by DPPH assay of potential solutions to be applied

on bleached teeth. Braz Dent J. 2012;23(1):22-27.

©2026 1IDSIR, All Rights Reserved

12.

13.

14.

15.

Berger SB, De Souza Carreira RP, Guiraldo RD,
Lopes MB, Pavan S, Giannini M, et al. Can green tea
be used to reverse compromised bond strength after
bleaching? Eur J Oral Sci. 2013;121(4):377-381.
Khamverdi Z, Khadem P, Soltanian A, Azizi M. In
vitro evaluation of the effect of herbal antioxidants
on bond strength of composite resin to bleached
enamel. J Conserv Dent. 2016;19(1):60-64.

Ghaleb M, Orsini G, Putignano A, Dabbagh S. Effect
of natural antioxidants on bond strength of composite
resin to bleached enamel. Int J Dent. 2017;2017:1-6.
Elawsya AA, El-Shehawy DI, NM.

Influence of natural antioxidants on the microshear

Zaghloul

bond strength of composite resin to bleached enamel.
Alex Dent J. 2018;43(1):52-57.

230

Page



