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Introduction

Tooth-bleaching has become increasingly popular and plays a piv-
otal role in esthetic dentistry [1, 2]. The mechanism of  bleaching 
involves oxidation of  organic pigments in the teeth to simpler 
molecules with the release of  free radicals such as oxygen [3]. 
Knowledge of  interactions between tooth-bleaching and adhesive 
restorations is critical for the successful esthetic rehabilitation of  
the teeth [4]. The micro structural changes in enamel and den-
tin, induced by high concentration of  bleaching agents have been 
studied [5]. Piemjai et al, concluded that bleached teeth with 38% 
hydrogen peroxide does not reliably bond with self  etch or total 

etch adhesives and acts as a communication channel for external 
stimuli reaching the pulp [6].

Shear bond strength of  composite resin restorations that were 
bonded to tooth surfaces immediately after bleaching was signifi-
cantly lower than those of  non-bleached tooth surfaces due to 
presence of  residual peroxide, which interfered with the resin at-
tachment and inhibited the resin monomers polymerization [7, 
8]. Cavalli et al, stated that the enamel bond strength of  bleached 
enamel returns to normal after 3 weeks [9]. 

Delayed bonding along with antioxidants helps in improving the 
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shear bond strength of  bleached enamel with composite resin and 
resin modified glass ionomer [10]. Unlu et al, concluded from his 
study that composite resin bonding to bleached enamel should be 
delayed for 24 hours for 10% carbamide peroxide and 1 week for 
35% hydrogen peroxide [11]. Reversal of  the compromised bond 
strength of  bleached enamel have been studied using antioxidants 
such as grape seed extract, cranberry extract[12], sodium bicarbo-
nate, sodium ascorbate[13, 14], pine bark extract solution, pome-
granate extract [15]. Immediate bonding would avoid multiple 
visits as well as prevent microleakage during inter appointments. 

Bamboo salt has been studied for its anti-cancer, anti-oxidant, an-
ti-inflammatory and anti-microbial effects [16]. The main ingredi-
ent of  bamboo salt is sodium chloride salt and processed at high 
temperatures using normal salt, bamboo, pine tree wood, pine 
resin, and yellow soil. Manufacturers claim that dentifrices con-
taining bamboo salt can reduce plaque and gingivitis [17], whiten 
teeth, strengthen tooth enamel, and decrease mineral loss [18].

Choi et al. conducted a study to evaluate the laboratory remin-
eralisation effects of  a dentifrice with bamboo salt and NaF on 
artificial caries-like enamel lesions, at both the surface and deep 
areas. The authors concluded that there was a significant increase 
in the level of  the surface hardness and decreased mineral loss 
and decreased lesion depth of  the artificial caries-like enamel le-
sions [19].

Recently, Kumar et al studied that 6.5% proanthocyanidin and 
25% Bamboo salt were capable of  reversing the compromised 
Push out bond strength of  AH Plus sealer to sodium hypochlorite 
treated dentin [20, 21].

The aim of  this study was to comparatively evaluate the effect of  
5% proanthocyanidin solution, 25% bamboo salt solution, 10% 
Sodium ascorbate solution on improving the shear bond strength 
of  bleached enamel and etched enamel surfaces. The effect of  
25% bamboo salt solution on etched enamel surfaces was also 
evaluated.

Material and Methods

Sample preparation

Thirty teeth extracted for periodontal reasons with single roots 
and canals were collected and stored in distilled water until use. 
Only intact teeth without fracture and dental caries were included 
for the study. The tooth specimens were divided into six groups 
containing five specimens each. Their roots were embedded in 
an acrylic resin block, keeping only the coronal portion exposed. 

Preparation of  anti oxidant solutions

Preparation of  10% Sodium ascorbatesolution(SA)

About 10 g of  Sodium ascorbate was dissolved in 100 ml of  dis-
tilled water to make 10% SA solution.

Preparation of  25% bamboo salt solution (BS).

About 25 g of  BS was dissolved in 100 ml of  distilled water to 
make 25% BS solution.

Preparation of  5% proanthocyanidin solution (PA).

About 5 g of  PA in the form of  powder was dissolved in 100 ml 
of  distilled water to make 5% PA solution.

Experimental study groups (Table 1)

Group-1: Normal tooth (n=5) The enamel surfaces were treated 
with 37% phosphoric acid (Total Etch etching gel, IvoclarVi-
vadent, Schaan, Liechtenstein) for 15 seconds, rinsed with water 
for 20 seconds, gently air dried to avoid collagen fibril damage and 
bonded with Adper Single Bond (3M ESPE, Dental Products, 
St Paul, MN, USA) and light cured for 20 s using a Coltolux 50( 
Coltene, Whaldent, USA) with intensity of  480 mW/cm-2. This 
process was followed by composite build-up of  2 mm diameter 
and 4 mm height (Filtek Z350, 3M ESPE, Dental Products).

Group-2: (n=5) The teeth were bleached with Opalescence Xtra 
Boost (38% hydrogen peroxide gel, Ultradent Products, Inc, 
South Jordan, UT) for 10 minutes according to manufacturer’s 
instructions. The bleaching was completely rinsed off  with water. 
After bleaching the surfaces were treated with 37% phosphoric 
acid and bonded with Adper Single Bond and composite build 
up done.

Group-3: (n=5) Immediately after bleaching and rinsing, the 
enamel surfaces of  teeth were treated with 10% sodium ascor-
bate solution for 10 minutes and rinsed. 37% phosphoric acid was 
used to etch the tooth surfaces. Bonding was done using Adper 
Single bond and composite build up done.

Group-4: (n=5) Immediately after bleaching and rinsing, the 
enamel surfaces of  teeth were treated with 25% Bamboo salt so-
lution for 10 minutes and rinsed. 37% phosphoric acid was used 
to etch the tooth surfaces. Bonding was done using Adper Single 
bond and composite build up done.

Group-5: (n=5) After bleaching and rinsing, the enamel surfaces 
of  teeth were treated with 5% proanthocyanidin solution for 10 
minutes and rinsed. 37% phosphoric acid was used to etch the 
tooth surfaces. Bonding was done using Adper Single bond and 
composite build up done.

Group-6: (n=5) The surfaces were etched with 37% phosphoric 
acid and treated with 25% bamboo salt. No bleaching was done.

All specimens were stored in distilled water for 24 hours before 
shear bond strength testing was performed in a universal testing 
machine (Instron) with a 50 kg load cell, at a speed of  1.0 mm/
min. The chisel was positioned parallel to the surface of  the tooth 
interface. The results obtained were converted to megapascals 
(MPa) by dividing the debonding force (in Newton) by the bracket 
base area (10.64 mm2). The SBS was calculated at a crosshead 
speed of  1 mm/min in shear mode until fracture occurred.

Results and Discussion

Results were expressed as mean ± SD (Table 2). Statistical signifi-
cance was determined by one-way analysis of  variance (ANOVA) 
using SPSS software (version 22.0)and post hoc least-significant 
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difference test was carried out. P values less than 0.05 were con-
sidered significant. 

The mean shear bond strength values were compared in all the 
groups and there was a statistically significant difference pre-
sent among the groups (p<0.05). The shear bond strength val-
ues were significantly higher in unbleached teeth (Group 1) fol-
lowed by 25% bamboo salt in the unbleached group (Group 6). 
Among the bleached groups, highest shear bond strength was 
observed with 25% bamboo salt (Group 4) followed by 5% 
proanthocyanidin(Group 5), 10% sodium ascorbate(Group 3). 
The bleached group without the use of  antioxidants(Group 2) 
had the least shear bond strength among all the groups ( Figure 1).

Bleaching with hydrogen peroxide results information of  free 
radicals on the enamel surface, such as nascent oxygen, hydroxyl 
radical, per hydroxyl and superoxide anions [10]. Hydroxyl radi-
cals in apatite lattice are substituted by peroxide ions - forma-
tion of  peroxide - apatite [22, 23]. The reduced bond strength of  
bleached enamel has been related to the presence of  residual free 
radicals and surface alterations in the enamel composition and 
structure following the bleaching treatment [7]. The residual oxy-
gen in the interprismatic spaces interferes with resin infiltration 
and inhibits resin polymerization [5]. 

Morphological and compositional changes in enamel include po-
rosity, loss of  enamel prismatic form, loss of  calcium, and chang-

es in organic substances that weakens the adhesive interface and 
reduces bond strength [3]. Hence bonding procedures are per-
formed after a waiting period of  1-3 weeks[2].

Remineralising agents containing fluoride, bioactive glass, CPP- 
ACP ( Caseinphosphopeptide- Amorphous calcium phosphate), 
probiotics might help in reducing post operative sensitivity fol-
lowing bleaching [24, 26]. Adhesion of  composites plays a vital 
role in clinical success of  the restoration avoiding microleage, 
discoloration or post operative sensitivity [27]. Incases of  trau-
matic injuries, chances for developing a lesion due to necrosis 
would require root canal treatment with intracanal medication 
[28, 32]. Proper case history about the etiology of  discoloration 
would pave the way to accurate diagnosis and treatment planning 
[33, 34]. Effective pain management is very important for clini-
cal success [35]. Incases of  pulp therapy, concentrated growth 
factors improved the chances of  maintaining pulp vitality [36]. 
Antioxidants and laser irradiation, neutralize the free radicals and 
enhance the micro retention of  resin tags in enamel thus revers-
ing the reduced bond strength between the composite resin and 
bleached enamel [37, 38].

Lai et al stated that there was 25% reduction in bond strength 
of  enamel when bleached with carbamide peroxide solution [39]. 
Application of  10% sodium ascorbate and one week delay pro-
moted good bond strength of  composite resin and resin modified 
glass ionomer cement to bleached enamel [10]. Tam et al observed 

Table 1- Study design.

Study 
groups Treatment Antioxidant Etchant Immediate 

Bonding

Immediate 
composite 
restoration

Group 1 None None 37% phosphoric acid
(Total Etch Etching Gel)

Adper single 
bond (3M ESPE)

Filtek Z350 
(3M ESPE)

Group 2 38% hydrogen peroxide
(Opalescence Xtra Boost) None 37% phosphoric acid

(Total Etch Etching Gel)
Adper single 

bond (3M ESPE)
Filtek Z350 
(3M ESPE)

Group 3 38% hydrogen peroxide
(Opalescence Xtra Boost) 10% sodium ascorbate 37% phosphoric acid 

(Total Etch Etching Gel)
Adper single 

bond (3M ESPE)
Filtek Z350 
(3M ESPE)

Group 4 38% hydrogen peroxide
(Opalescence Xtra Boost) 25% Bamboo salt 37% phosphoric acid 

(Total Etch Etching Gel)
Adper single 

bond (3M ESPE)
Filtek Z350 
(3M ESPE)

Group 5 38% hydrogen peroxide
(Opalescence Xtra Boost) 5% proanthocyanidine 37% phosphoric acid 

(Total Etch Etching Gel)
Adper single 

bond (3M ESPE)
Filtek Z350 
(3M ESPE)

Group 6 37% phosphoric acid
(Total Etch Etching Gel) 25% Bamboo salt none none none

Table 2- Shear bond strength values of  all the groups.

GROUPS Mean N Std. Deviation
Control 52.4200 5 1.80000

38%H202 22.7280 5 1.65660
Bleach + 10% SA 38.0200 5 1.28953
Bleach + 25% BS 33.3200 5 1.00556
Bleach + 5% PA 44.0460 5 0.37173

25% BS 47.3560 5 0.64825
Total 39.6483 30 9.98476

SA- Sodium ascorbate; BS-Bamboo salt; PA-Proanthocyanidin; H202- Hydrogen peroxide.
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that 10% carbamide peroxide decreased the flexural strength, 
flexural modulus and fracture resistance of  bovine dentin [40]. 
Micro Computerized topographical studies on bleached enamel 
using 10% carbamide peroxide has shown demineralisation up to 
a depth of  50 µm [41]. Microleakage studies proved that tooth 
bleaching did not damage the tooth restorative interface in com-
posite restorations [42, 43].

Mukka et al studied the shear bond strength of  bleached enamel 
to composite resin after subjecting them to herbal irrigants name-
ly 5% pine bark extract, 5% grape seed extract, 5% pomegranate 
extract. The strength of  unbleached enamel was better followed 
by 5% pine extract [15, 44]. Free radical polymerization of  adhe-
sive occurs with sodium ascorbate, that reinforces the compro-
mised bonding of  adhesive restorations. Use of  grape seed ex-
tract as an antioxidant yielded greater enamel bond strength than 
that of  10% sodium ascorbate which might be attributed to the 
specificity of  proanthocyanidins for hydroxyl free radicals and su-
peroxide radicals [45]. Immediate bonding of  composite resin to 
bleached teeth was possible after application of  sodium ascorbate 
hydrogel [46].

Feiz et al, did a systematic review on the effect of  antioxidants in 
improving the bond strength of  bleached enamel. The concluding 
remarks were as follows

Use of  antioxidant can be adopted as a technique for improving 
shear bond strength of  bleached teeth.

Delaying the adhesive bonding for at least 7 days after bleaching 
can result in almost the same shear bond strength as that obtained 
after antioxidant treatment [47]. 

Various in vitro studies have studied the effect of  antioxidants in 
improving the bond strength of  bleached enamel in bovine teeth 
[40]. The use of  human teeth would result in more appropriate 
clinically applicable results as in our study. 

The use of  Bamboo salt in improving bond strength has been 
tried for the first time for bleached teeth. Also the results have 
been compared to the other commonly used anti oxidants such 
as proanthocyanidine and sodium ascorbate. In our study, the 
strengthening effect of  bamboo salt on etched enamel surfaces 
have also been tried. 

The limitations of  the study include a smaller sample size. Also 
further research on the aspect of  antioxidant and re mineralising 
potential of  bamboo salt must be undertaken to provide more 
clear clinical translation of  placement of  adhesive restorations 
immediately after bleaching procedures.

Conclusion

The antioxidants significantly improved the shear bond strength 
of  the bleached enamel surfaces. The shear bond strength of  un-
bleached controls was the highest. Of  the bleached groups, the 
shear bond strength of  teeth treated with 25% Bamboo salt had 
higher bond strength followed by 5% proanthocyanidin and 10% 
sodium ascorbate. Single visit adhesive restorations reduces the 
number of  appointments and microleakage with use of  interme-
diary restorations are also avoided.

Clinical Significance

Bleaching agents in higher concentrations or when used for pro-
longed durations, have been studied to cause surface alterations 
in both enamel and dentin. They have the potential to release 
free radicals that inhibits the bonding of  adhesive restorations. 
Literature suggests a waiting period of  1 to 3 weeks for placing 
composite restorations post bleaching. This increases the patient’s 
appointments and the clinician is also not sure about the reliability 
of  bonding of  the adhesive restorations placed.

The clinician has a dilemma of  when to recall the patient for per-
manent restoration to achieve good bond strength. The use of  an-
tioxidants have shown good results in reversing the compromised 
bond strength of  bleached teeth and would allow for efficient 
bonding of  bleached teeth. Also bamboo salt has shown to influ-
ence the strength of  etched enamel. More research is needed to 
confirm its mechanism of  action.
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