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ABSTRACT
Objective: The objective of this in - vitro study was to evaluate the effect of different antioxidants in reversal of deleterious effect of bleaching on shear bond strength of composite resin to
bleached enamel.
Materials and methods: Seventy bovine incisors were used. The specimens were randomly
divided into seven groups (10 specimens each) as follow: Group 1: no bleaching treatment and no
antioxidant application. Group 2: bleaching only without antioxidant application and immediate
composite resin application after bleaching. Group 3: bleaching only without antioxidant application and delayed composite application (after 2 weeks) of storage. Group 4: bleaching and application of 10% Alpha-tocopherol. Group 5: bleaching and application of 6% cranberry extract.
Group 6: bleaching and application of 10% sodium ascorbate. Group 7: bleaching and application
of 10% green tea. 40% hydrogen peroxide (Opalescence Xtra Boost 40%, Ultradent, South Jourdan,
UT, USA) was used. Four antioxidant solutions were prepared. Composite resin Tetric N -Ceram
(IvoclarVivadent, Schaan, Liechtenstein) was used. The shear bond strength was measured using a
universal testing machine.
Results: one-way ANOVA test revealed significant differences in shear bond strength among
the tested groups (p<0.001). Bond strength significantly decreased after bleaching. There was no
significant difference in shear bond strength reversed using10% Alpha-tocopherol, 10% sodium
ascorbate and 10% green tea and delayed restoration. Whereas the difference was significant
between group 5(6% cranberry extract) and other antioxidants groups.
Conclusion: The results obtained from the use of antioxidants using (10% Alpha-tocopherol,
10% sodium ascorbate and 10% green tea extract) were approximately the same as the delayed
restoration.
KEYWORDS Antioxidants, bleached enamel, composite resins, shear bond strength.
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INTRODUCTION
Currently, there is an increased interest in
esthetic dentistry. Vital tooth bleaching had become
a prevalent practice, which was considered a safe,
widespread, unadventurous and accepted treatment
method for management of teeth discoloration (1).
Variable concentrations of carbamide peroxide or
hydrogen peroxide (HP) are often basic components
of bleaching agents (2).
Free radicals as nascent oxygen, per-hydroxyl,
superoxide anions and hydroxyl radicals are released
as a consequence of hydrogen peroxide decomposition. These resultant free radicals are characterized
by high reactivity. So, they extend to electron rich
areas of pigments present in the dental tissues. This
leads to decomposition of large pigmented molecules which are composed of conjugated double
bonds involving oxygen atoms, carbon and nitrogen
into smaller less pigmented ones (1, 3).
The outcome of bleaching treatment should be
well recognized by clinicians and correlated with
other dental managements, particularly adhesive
esthetic techniques such as orthodontic treatment,
composite bonding or laminate veneers, which may
be needed to restore the esthetic problems after
bleaching (4).
Decreased bond strength of composite restorations is considered as one of the major adverse effects of vital teeth bleaching procedures, because of
the existence of peroxide and free oxygen radicals.
Presence of free radicals interferes with composite
resin polymerization and inhibits the adhesive systems function (5, 6).
On the other hand, postponing the adhesive
procedure from 24 hours to four weeks after
bleaching treatment reestablishes the bond strength
similar to baseline standards before bleaching
treatment. Patients demand to complete all the
needed treatment processes as soon as possible (6).
In order to overcome the technical drawbacks
related to compromised bond strength after
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bleaching, different techniques were suggested.
These techniques included treating bleached
enamel with alcohol prior to restoration, removing
the superficial layer of enamel surface , and using
adhesives systems with organic solvent (7). Many
in-vitro studies showed that bonding procedures
of composite resin can be completed directly if
the procedure of bleaching is followed by using
antioxidants. Numerous antioxidants are available
which can reestablish the shear bond strength after
bleaching (8-12).
Alpha-tocopherol is a very active components of
vitamin E complex. It is a potent antioxidant present in the body of human in a lipid phase. Alphatocopherol has an important role as a protective
agent against free-radicals action. Free radicals appear in multiple conditions and diseases as aging,
different kinds of cancer, circulatory disorders, arthritis, atherosclerosis, cataract, dementia, and finally respiratory diseases persuaded by pollution (13,
14)
. Sodium ascorbate is a biocompatible material,
neutral and safe. Its antioxidant effect is observed
when applied as a 10% concentration solution with
a time of 10 minutes and it can converse decreased
the bond strength of composite resin to enamel after
bleaching (15).
Cranberry has bacterial anti-adhesive properties
and can help promote health of urinary tract,
gastrointestinal tract, and oral cavity. It has antiinflammatory properties that give cardiovascular
benefits. In addition; due to its high antioxidant
properties, cranberry extract can also protect skin
from aging (16). Cranberry is rich in anthocyanins,
procyanidins and other active ingredients with
obvious antioxidant functions. It has been used in
food and pharmaceutical industry for centuries.
Procyanidins can effectively remove free radicals,
inhibit lipid peroxidation with obvious antioxidant
functions (19).
Recently; other natural products can be used as
antioxidants like green tea. Camellia sinensis plant
is the natural source of green tea (17). It contains
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catechins or flavanols, such as gallocatechin (GC),
epicatechin (EC), epigallocatechin (EGC), epigallocatechin gallate (EGCG) and epicatechin gallate
(ECG) (18).
Green tea is one of the natural products. It is inexpensive and has a long shelf life. Currently, use of
extract of green tea has been investigated in dentistry. Many studies showed that the usage of green tea
has the advantage of decreasing erosion of dentin,
promoting anti-microbial effects and increasing values of enamel bonding strength following bleaching
procedure (20). Green tea catechins exhibited potent
and effective antioxidant action and was considered
as one of the effective options as antioxidant agent
following bleaching (21).
Shear bond test is done by connecting two materials via an adhesive agents. They are loaded in
shear till fracture happens. It was the most widely
used assessment (22).
The influence of the antioxidants on bleached
enamel has been studied only to a limited extent.
Bearing in mind the promising properties of
cranberry extract in dentistry, the current study was
taken on to assess the consequence of application
of Alpha-tocopherol, sodium ascorbate, cranberry
extract and green tea extract on the shear bond
strength of composite resin material to enamel after
bleaching procedure.
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pumiced and finally washed using running tap water.
Then, the cleaned teeth were stored in distilled water
at +4˚C till required for the experimental study, a
storage time not more than only one week. Since
the distilled water was changed daily. The roots of
the teeth were detached from the teeth crowns at
the 2 mm apically of cement - enamel junction by
a low-speed diamond saw (Isomet®, Buehler, Lake
Bluff, IL. USA) underneath profuse water spray.
The coronal pulp tissue was removed followed by
washing the canals in water. The cavity of pulp
chamber was occupied by a light body elastomeric
impression material (3M EXPRESS™ XT Light
body fast set refill blue, Germany) to prevent
diffusion of the self-curing acrylic monomer inside
the pulp chamber.
The crowns of the teeth were fixed in a self-cure
acrylic resin block (Acrostone, self-cure acrylic
resin, Egypt) where the labial surfaces faced up and
exposed for further treatment during the study. The
samples were preserved in cold water up until the
self-cured acrylic resin was thoroughly cured to
reduce the thermal action created by the process of
curing of the resin . The surface was ground using
600 grit silicon carbide paper under a constant flow
of water, to obtain flat enamel surfaces. Under
light microscope, the specimens were examined to
examine enamel surface and exclude any appearance
of dentine.

The null hypothesis was that there was no difference in the reversal of deleterious effect of bleaching on shear bond strength of composite resin to an
in – office bleached enamel after the application
of 10% sodium Ascorbate, 10% Alpha-tocopherol,
10% green tea and 6% cranberry solution and delayed restoration after 2 weeks.

The specimens were divided randomly into
seven groups (10 specimens each) as follows:

MATERIAL AND METHODS
Seventy bovine incisors were collected directly
after slaughter. The collected teeth were sound and
free from any developmental defects. Teeth cleaning
was done by removing any residual tissue, then

•

Group 1: no bleaching treatment and no antioxidant application

•

Group 2: bleaching only without antioxidant
application and immediate composite resin
application after bleaching

•

Group 3: bleaching only without antioxidant
application and delayed composite application
(after 2 weeks) of storage

•

Group 4: bleaching and application of 10%
Alpha-tocopherol
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•

Group 5: bleaching and application of 6%
cranberry extract

100ml of distilled water to make 10% green tea
extract solution.

•

Group 6: bleaching and application of 10%
sodium ascorbate

•

Group 7: bleaching and application of 10%
green tea extract

After preparation of antioxidant agents, all
solutions were refrigerated until included in the
study.

Bleaching procedures:
40% hydrogen peroxide (Opalescence Xtra
Boost 40%, Ultradent, South Jourdan, UT, USA)
was used by its application three times to the enamel
of labial surfaces of the specimens for 15 minutes
according to the manufacturer’s instructions. The
bleaching material was refreshed each 10 minutes.
After accomplishment, the specimens were rinsed
with water and air-dried.
Antioxidants preparation:
Four antioxidant solutions were prepared as
follows:
•

For preparation of 10% Alpha-tocopherol:
10g of alpha-tocopherol (Sigma Aldrich, Co.,
Egypt) were diluted in ethyl ethanol to make
10% solution.

•

For preparation of 10% sodium ascorbate, 10g
of sodium ascorbate powder (Sigma Aldrich,
Co., – Egypt) were dissolved in 50 ml of
distilled water and the volume of solution was
increased to 100ml [17].

•

Preparation of 6% cranberry extract: it was
prepared using 6 mg of cranberry extract in the
form of powder collected from the capsules
(cranberry EMA Pharm pharmaceuticals-Egypt)
then it was dissolved in 100 ml of distilled water
to make 6% cranberry extract.

•

10% solution of green tea extract was prepared
by dissolving 10mg of green tea powder
(Mepaco green tea multi treat 300mg – Arab
Company for Pharmaceuticals & Medicinal
Plants MEPACO-MEDIFOOD – Egypt) in

All antioxidant solutions were prepared in
Pharmacognosy Department, Faculty of Pharmacy,
Zagazig University, Egypt.
Antioxidants application:
Regarding specimens of groups 4,5 ,6 and 7;
antioxidant solutions were applied to the surface of
specimens using a micro-brush for a period of 10
minutes. Every one minute the solution of antioxidant
was refreshed to compensate the evaporation. Then
the surfaces of the specimens were rinsed using
running water and gently air-dried.
Bonding procedure and composite resin application:
37% phosphoric acid gel N-Etch (IvoclarVivadent,
Schaan, Liechtenstein) was applied for 20 seconds,
followed by rinsing for 30 seconds and then air
drying for 10 seconds. After that a thin layer of the
adhesive material Tetric N-Bond (IvoclarVivadent,
Schaan, Liechtenstein) was applied to the surface
of etched enamel, spread lightly using compressed
air and then light-cured for 10 seconds. By aiding
of split Teflon mold 3 mm in diameter and 4 mm
in height; a composite resin Tetric N- Ceram (IvoclarVivadent, Schaan, Liechtenstein) were placed
in two increments into split Teflon mold and light
cured for 20 seconds for each increment. So, the
composite restoration was attached to the labial surface of each crown.
Distilled water was used to immerse all the
specimens at room temperature for 24 hours to be
sure of complete polymerization. Measurement
of the shear bond strength was done using a
universal testing machine (Model LRX-plus; Lloyd
Instruments Ltd., Fareham, UK) at a crosshead speed
of 0.5 mm/minute (figure 1). The fractured surfaces
of the specimens were inspected and evaluated
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using scanning electron microscopy (SEM) (JEOL
JXA-840A scanning microscope, USA) (figure 2).
The examined surfaces were subjected to vacuum
in a sputter coater (SPI-MOUDULE-Sputter Coater,
West Chester, USA) to produce deposition of a thin
layer of gold, equivalent to 10_6 mm, to increase
the enamel surface reflectance.
The obtained shear bond strength values were
statistically analysed using SPSS version 20 using
ANOVA and Tukey,s test; where the level of
significance (P <0.001). The mode of failure was
categorized and divided into adhesive failure,
cohesive failure and mixed failure.

Fig. (1) Shear bond strength test using universal testing machine

Fig. (2) Scanning electron microscope

(847)

RESULTS
As shown in (table 1) & (figure 3) one-way
ANOVA test revealed significant differences in shear
bond strength among the tested groups (p<0.001).
The specimens were immediately restored after
bleaching by composite resin, exhibited the lowest
shear bond strength among all tested groups (8.469
± 0.366). On other hand; group (1) which had no
bleaching treatment and no antioxidant application
displayed the highest shear bond strength in
comparison to other tested groups (19.290± 0.247).
Intergroup comparison using TUKEY’S test
revealed significant difference between group
(1) and all other tested groups where (p<0.001).
Similarly, this was the same for group (2). The
difference was significant between group (2) and
all other tested groups. The difference in shear
bond strength between group (3) and group (5) was
significant whereas the difference between group
(3) and groups (4, 6, 7) was not significant as (P=
0.066), (P= 0.056) and (P=0.60) respectively.
Regarding group (4); the difference was
significant between this group used 10% Alphatocopherol and group (5) used 6% cranberry extract
after bleaching procedure. However, the difference
was not significant when compared with groups (6)
and (7) where (p=1.000). The difference between
group (5) and group (6) as well as between group
(5) and (7) was significant where (p<0.001). Finally;
the difference between group (6) and group (7) was
not significant (P = 1.000).
The fractured surface of de-bonded specimens
was examined using scanning electron microscope
to detect the mode of failure of the specimens as
shown in table 2. Group (1) exhibited 0 % adhesive
failure where other specimens showed 40 % cohesive
and 6% mixed type of failure. The adhesive type of
failure was noted in 60 % of samples of group (2)
where the specimens were restored by composite
material immediately after bleaching procedure.
In comparison to the failure of the specimens where
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antioxidants were applied after bleaching and before

and c) presented representative scanning electron

restoration, the predominant failures were recorded

failure. And the ratio of each type in each tested

restorative procedure as well as delayed composite
as cohesive and mixed failure. Figures 4 (a,b,

microscope images of different types of mode of
group shown in table 2.

TABLE (1) Mean and standard deviation of shear bond strength values (MPa).
Shear bond strength (Mpa)

Groups

Range

ANOVA

Mean

±

SD

Group 1

19

-

19.6

19.290

±

0.247

Group 2

8

-

9

8.469

±

0.366

Group 3

17.5

-

18.6

18.186

±

0.419

Group 4

16.5

-

18.2

17.601

±

0.582

Group 5

14.6

-

15.6

15.208

±

0.308

Group 6

16.42

-

18.22

17.587

±

0.673

Group 7

17.07

-

18.14

17.594

±

0.366

F

P-value

670.906

<0.001*

TUKEY’S Test
Group 1

Group 2

Group 3

Group 4

Group 5

Group 2

<0.001*

Group 3

<0.001*

<0.001*

Group 4

<0.001*

<0.001*

0.066

Group 5

<0.001*

<0.001*

<0.001*

<0.001*

Group 6

<0.001*

<0.001*

0.056

1.000

<0.001*

Group 7

<0.001*

<0.001*

0.060

1.000

<0.001*

Group 6

1.000

TABLE (2) The mode of failure (fracture surface

analysis) of all tested groups after the
shear bond strength test

Mode of failure

Adhesive

Cohesive

Group 1

0 (0%)

4 (4%)

6 (6%)

Group 2

6 (60%)

0 (0%)

4 (40%)

Group 3

1 (1%)

3 (3%)

6 (6%)

Group 4

1 (1%)

2 (2%)

7 (7%)

Group 5

3 (3%)

2 (2%)

5 (5%)

Group 6

2 (2%)

2 (2%)

6 (6%)

Group 7

2 (2%)

2 (2%)

6 (6%)

Group

Fig. (3) A bar chart indicates the means and SDs of shear bond
strength values (in MPa) of all tested groups

failure

failure

Mixed

REVERSAL OF DELETERIOUS EFFECT OF EXTRACORONAL IN- OFFICE BLEACHING

(849)

Fig. (4) Scanning electron microscope image of the mixed type of failure (a) Scanning electron microscope image of the adhesive
failure type. Honeycomb appearance of etched enamel without resin penetration, (b) Scanning electron microscope image
of the cohesive type of failure, (c) Scanning electron microscope image of the mixed type of failure.

DISCUSSION
Vital bleaching is considered one of the most
commonly used effective and conservative modalities of treatment options of discolored teeth. Several
studies have shown the effect of bleaching procedures, on hard tissues, and its impact on bonding
strength of adhesive restorative materials to the hard
tooth structure (23).
Free radical is a molecule that is characterized by
having one unpaired electron, providing it high reactivity. These molecules have the ability to react with the
electron-rich regions of the pigments inside the dental
structure, leading to break down of large pigmented
molecules into smaller, less pigmented ones (24).
The diminution in bond strength and the decrease of interaction between the adhesive system
and bleached hard teeth structure could be explained
by the presence of residual oxygen existence (25). It
inhibits polymerization reaction and leads to voids
formation at the surface of adhesion and decrease
the adaptation of resin material (26). Furthermore,
other significant influences are the reduction in calcium content which leads to diminution in microhardness of enamel as well as the changes in the
organic content of tooth structure (27). Moreover, the
presence of peroxide ions in the bleached enamel
leads to formation of resin-bleached enamel inter-

face which is characterized by its granular and porous nature with a bubbled look (25, 28). Antioxidant
agents have been used to inactivate the free radicals
(29)
. Preceding studies advocated that the subsurface
organic matrix of enamel may be changed via the
oxidizing consequence of hydrogen peroxide (30).
Lai et al., (31) reported that the changes occurred as a
result of bleaching were considered temporary and
reversible alterations of hard tooth structure. Because of the adverse effects of bleaching procedure
on bond strength of composite resin to enamel; the
recommendation was to postpone the restorative
procedure from one to two weeks (32). The delay in
restorative procedure permitted dispersion of the
free radicals from the hard tooth structure and the reoccurrence of the proper and efficient bond strength
and hybrid layer comparable to prebleached levels.
If the restoration with composite resin took place
directly after the bleaching procedure, the strength
of the bond and the nature of the hybrid layer at the
margin of restoration were markedly decreased (33).
Thus; in the current study, different types of antioxidants were used to improve the adversely affected
bond strength between bleached enamel and composite resin.
For in-vitro studies, different types of non-human
teeth have been used such as bovine, shark equine
and primate teeth. Bovine teeth are considered the
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most commonly used. Usage of bovine teeth has
many advantages as they can gain in large quantities
and they usually come in a good condition without
caries or other structural defects. In addition; bovine
teeth have a quite large surface area (34-36).
In the current study; bovine teeth were utilized to
measure the shear bond strength of bleached enamel
with composite resin. Use of bovine teeth is appropriate and acceptable because there was no significant differences in bond strength measurements between bovine and human teeth (37).
In the present study; shear bond strength was
used to determine the bonding of composite resin
to the bleached enamel. Shear bond strength is considered one of the popular and accurate methods. It
is also characterized by the simplicity of preparing
the samples and the ease of carrying out the test (38).
Group (1); where neither the bleaching nor the
antioxidant was used was considered the control
group. The shear bond strength in this group was
the highest among all tested groups with significant
difference. This result was expected and the reason
was that the enamel had all the characteristics that
qualify it to form efficient bonds with resinous material. Certainly, this result was compatible with a
lot of studies that compared bond strength between
bleached and non- bleached enamel. These studies
considered non-bleached enamel as a control group
and compared the bond strength of it with bleached
one even if antioxidants were used (39-44).
In contrast, other studies did not detect a
signiﬁcant difference between bleached and unbleached enamel as reported in an in-vivo study
carried by Leonard et al (45) who revealed that a 14day regimen of night guard vital bleaching (NGVB)
consuming a 10% carbamide peroxide had slight
outcome and effect on the enamel surface morphology. In addition; another study revealed there was
no significant effect of carbamide peroxide with
different concentrations on the enamel surface (46).
However, it was noted that most studies that did
not find a significant difference between bleached

Reham Mohamad Attia

and non-bleached enamel, considered only the difference of enamel surface morphology and did not
study the bond strength. This could explain the difference between these results and the outcome of
present study. Sung et al (47) concluded that the consequence of carbamide peroxide bleaching on bond
strength could depend upon the adhesive system
and the category of solvent in the adhesives (either
alcohol or acetone base). They concluded that alcohol-based bonding agent could diminish or exclude
the unfavorable possessions of residual oxygen
to the composite resin bonding. So, in the current
study, Tetric N-Bond was used where the solvent is
ethanol which was provided for easy application in
one layer of bonding and this excluded the effect of
alcohol in the results.
In the present study, the shear bond strength
recorded the lowest value when bleached enamel
was restored immediately with composite resin after bleaching without delay and the samples were
not treated with antioxidants. This finding was attributed to the inclusion of peroxide ions in enamel
as reported in many other studies (48). In addition;
the reason of reduced bond strength was not only
due to oxygen ions, but also due to the softening of
the hard tooth structure by bleaching material. The
mode of failure recorded in this group was adhesive failure. So, reduced bond strength was related
to reduced cohesive strength of the adhesive layer to
enamel (11, 31, 49-52).
Sharafeddin et al. (53) described that dentin and
the dentinal fluid could act as a reservoirs of oxygen
and peroxide. These reservoirs of gaseous or dissolved oxygen products may continue until removed
by micro-circulation of the pulp and external surface dispersal and diffusion. A greater surface diffusion would be expected based on a reduced pulpal
microcirculation. As a result of bleaching; peroxide
ions replaced hydroxyl radicals in the apatite lattice,
which led to formation of peroxide-apatite. Decomposition of peroxide ions could occur and replace
hydroxyl radical re-enter the apatite lattice, which
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led to removal of the changes resulted from integration of peroxide ions. So, in the present study,
that waiting period of two weeks led to improve
the shear bond strength between composite resin
and bleached enamel but the value did not reach the
same value of control group (unbleached enamel)
(54)
. The results of this study were in parallel with the
results of Cavalli et al (55) where the bond strengths
after the first two weeks of bleached enamel to composite resin, were less than that of untreated enamel. Whereas after a delay of three weeks, the bond
strength resumed to that of the non-bleached control
group. Regarding this point; the results of this study
were partially compatible with the findings of NariRatih and Widyastuti (25), where a waiting period
of two weeks produced enhancement of the bond
strength which was nearly a comparable value of
shear bond strength compared to the control nonbleached enamel.
Vitamin E is considered a collective name for
a group of powerful, chain-breaking, lipid solvable antioxidants. Vitamin E antioxidant activity is
attributed to tocopherols (α, β, γ, and δ) and four
tocotrienols (α, β, γ, and δ). Alpha-tocopherol is
abundantly found in nature and is responsible for
the reverse of symptoms related to Vitamin E deficiency in individuals (56). The action of Vitamin
E is on free radicals, which are considered as byproducts resulted from pollutants entered the body
and ordinary metabolism. These damaging chemical products lead to destruction of the cell body and
could lead to the tumors and cardiovascular disease
(57)
. 10% alpha-tocopherol was used in present study
as antioxidant and it significantly reversed the shear
bond strength, which decreased after bleaching with
no significant difference when compared with values of shear bond strength of group (3) (delayed
composite application). The existence of alcohol in
the structure of the 10% α-tocopherol solution prepared for the existing study can be considered one of
the reasons for improving the shear bond strength.
Moreover, vitamin E has a more oxidizing effect
and is more constant and stable than ascorbate due
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to its hydrophobicity. So, the current results came
in coincidence with various other studies (13, 14, 57,58).
Cranberries and their molecular components
have received more attention from researchers in
human health for its therapeutic effect on urinary
tract infections (UTIs) mainly by acting as a potential anti-adherent agent (59). Recently, attention is
being focused on cranberry extracts as a potential
therapeutic agent in various other areas of health,
including infectious diseases, cancer, and cardiovascular disease (60).
Cranberry extract was used as antioxidant for the
reversal of bond strength of bleached enamel as a
novel approach and on a small and limited scale. Application of 6% cranberry extract solution improved
the bond strength of bleached enamel as it was
higher than that of bleached enamel with significant
difference. Nevertheless, the shear bond strength
values were less than that recorded for other antioxidant materials as in group (3) with significant difference. The obtained results were compatible with
the study carried out by Eggula et al (61) where 10%
sodium ascorbate solution was found to be more effective than 6% cranberry extract solution but not
statistically significant. The divergence in results
related to the significant difference between sodium
ascorbate solution and cranberries extract solution,
may be attributed to the method of antioxidant application. In current study antioxidants were applied
using micro-brush, whereas in the Eggula et al study
the specimens were immersed in the solution of antioxidants.
Gupta et al (60) suggested that the high-molecular-weight cranberry extract was highly efficacious
in reducing the S. mutans counts in the oral environment. This feature may be encouraging to use it as
antioxidant with additional advantages.
One of the commonly and well-known antioxidant agents is sodium ascorbate. It is capable
of decreasing a diversity of oxidative compounds,
mainly free radicals. Sodium ascorbate is characterized by low toxicity and it is usually used as an
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antioxidant agent, in the food manufacturing. Ascorbic acid shows great antioxidant effect (25). Though,
its pH is about 1.8, which leads to unsuitable use of
it clinically. On the contrary; the acid sodium ascorbate has a pH of 7.4, and its antioxidant effect is
comparable to the ascorbic acid (62).

bond strength between resin composite and bleached
enamel to the level of non-bleached enamel. It was
clear that the difference in the results of that study
compared to the current study was due to the high
concentration of sodium ascorbate in addition to the
time of its application.

The antioxidant effect of sodium ascorbate leads
to counteract and converse the oxidizing action of
the bleaching procedure. Consequently, the changed
redox potential of the oxidized bonding substrate is
reestablished and adhesive system polymerization
takes place properly (63, 64).

Green tea extract can reverse the reduced shear
bond strength. In contrast to the expected result,
it recorded comparatively one of the highest shear
bond strength values among the used antioxidant
materials. The results came in coincide with the
previous study conducted by Sharafeddin et
al(69). In this in-vitro study, it was concluded that,
using green tea extract after bleaching exhibited
significant increasing outcome on the shear bond
strength of resin composite to the bleached enamel
after 38% hydrogen peroxide gel application.

The results of the current study support these
findings. Shear bond strength recorded in group (6)
where sodium ascorbate was used as antioxidant
improved markedly. The values of shear bond
strength showed significant difference compared to
unbleached enamels. On the other hand, there was no
significant difference between shear bond strength
and those of group (3) where composite application
delayed after bleaching (after 2 weeks) of storage.
The results were in agreement with preceding studies
(65-67)
. On the other hand, the results regarding this
group were not compatible with the study carried
out by Muraguchi et al (64) who stated that the
usage of ascorbic acid as antioxidant to bleached
enamel led to improvement of bond strength which
was equal to those of non–bleached enamel surface.
The dissimilarity may be attributed to the use of an
ascorbic acid solution 10 wt % in the preceding study,
while in the current study 10% sodium ascorbate
was used. An ascorbic acid solution possesses an
etching effect as it has an acidity about pH 2. So,
the bond strength may improve after bleaching due
to micromechanical retention to etched hard tooth
structures. On the other hand, Savadi et al., showed
that the cumulative effect of ascorbic acid and
bleached material may lead to increased retention
of pathogenic microorganisms in enamel surfaces.
Also; Coppla et al (68) found that the use of 35%
sodium ascorbate for twice, 5- and 10-minuts each,
was an effective method to retain the micro-shear

On the other hand, the results of existing study
were conflicting with Ozelin et al (70) where it was
concluded that the reversal of compromised bond
strength obtained by 10% green tea gel application
for 1 hour was not as 10 minutes of application as
applied in the current study.
In the current study, despite the obvious effects
of application of different antioxidant solutions
before bonding procedure which led to enhancement
of shear bond strength, its value was significantly
increased than the bleached enamel immediately
restored with composite. Reversal of shear bond
strength was comparable to delayed restoration
but lower than that of non-bleached enamel with
significant difference. This finding was compatible
with Nari-Ratih and Widyastuti (25) who stated
that none of the antioxidant agents had capability of
wholly and entirely counteracting and reversing the
damaging effects of bleaching treatment on bond
strength with composite resin.
The fractured surface of the specimens was
evaluated using scanning electron microscope and
the obtained findings were in agreements with
Kaya et al (71) and Nari-Ratih and Widyastuti (25).
The mode of failure of the specimens treated with
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antioxidants as well as specimens restored after two
weeks were mixed failure (adhesive and cohesive).
This finding proved that using antioxidants improved
the shear bond strength. The majority of failures of
group (2) which were immediately restored were
adhesive.

(853)

3.

Malpani S, Shiraguppi VL, Deosarkar B, Das M,
Nagargoje G, Gadge P. BLEACHING OF DISCOLORED
TEETH: A REVIEW. Journal of Interdisciplinary Dental
Sciences. 2019;8(1):15-22.

4.

Joiner A. The bleaching of teeth: a review of the literature.
Journal of dentistry. 2006;34(7):412-9.

5.

Under the limitations of the current study, it can
be concluded that:

Shah V, Patel M, Bhavsar B. An in vitro comparative
evaluation of various newer bonding agents on bond
strength of bleached enamel treated with an antioxidant.
IOSR-JDMS. 2018;17:50-3.

6.

1. There was a noteworthy decrease in shear bond
strength of composite resin to bleached enamel
immediately after the bleaching procedure.

Kılınç Hİ, Aslan T, Kılıç K, Er Ö, Kurt G. Effect of
delayed bonding and antioxidant application on the bond
strength to enamel after internal bleaching. Journal of
Prosthodontics. 2016;25(5):386-91.

7.

Niat AB, Yazdi FM, Koohestanian N. Effects of drying
agents on bond strength of etch-and-rinse adhesive
systems to enamel immediately after bleaching. Journal of
Adhesive Dentistry. 2012;14(6).

8.

Abraham S, Ghonmode WN, Saujanya K, Jaju N, Tambe
VH, Yawalikar PP. Effect of grape seed extracts on bond
strength of bleached enamel using fifth and seventh
generation bonding agents. Journal of international oral
health: JIOH. 2013;5(6):101.

9.

Bulut H, Turkun M, Kaya AD. Effect of an antioxidizing
agent on the shear bond strength of brackets bonded to
bleached human enamel. American Journal of Orthodontics
and Dentofacial Orthopedics. 2006;129(2):266-72.

CONCLUSIONS

2. A delay of two weeks significantly increased
bond strength of composite resin to bleached
enamel.
3. Shear bond strength of composite resin to
bleached enamel can be restored using 10%
Alpha-tocopherol, 10% green tea, 10% sodium
ascorbate and 6 % cranberry extract.
4. The results obtained from the use of antioxidants using (10% Alpha-tocopherol, 10% sodium ascorbate and 10% green tea extract) is
approximately the same as the delayed restoration, without the need to postpone the restorative procedure.
5. Improvement of shear bond strength created
by using 10% Alpha-tocopherol, 10% sodium
ascorbate and 10% green tea extract was
significantly more than that of 6% cranberry
extract.
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