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ABS TRACT  
 

 

BACKGROUND 

Nowadays, teeth whitening has become an important procedure in dental practice. 

According to results of previous studies, the bond strength values of bonded 

restorations are decreased when the teeth have been whitened with an office or 

home bleaching technique. The aim of this in-vitro study is to explore the effect of 

antioxidant implementation on enamel after whitening on the shear bond strength 

to enamel surface. 

 

METHODS 

The buccal enamel surfaces of 100 extracted teeth were divided non randomly into 

two groups for bonding with Single Bond [Group A] (3M ESPE) or Clearfil SE                  

[Group B] (Kuraray). Each group was then divided into five random subgroups: 1. 

the negative control group (NC) received no whitening treatment [Group A1 and 

Group B1]; 2. whitened with 15% carbamide peroxide and that received no 

antioxidant agents [Group A2 and Group B2]; 3. whitened with 15% carbamide 

peroxide and implemented 10% sodium ascorbate (SA) [Group A3 and Group B3]; 

4. whitened with 35% hydrogen peroxide and that received no antioxidant agents 

[Group A4 and Group B4]; 5. whitened with 35% hydrogen peroxide and 

implemented 10% sodium ascorbate [Group A5 and Group B5]. After the 

restorations were done with a composite (Clearfil ST, Kuraray), they were shear-

tested until failure. Two-way analysis of variance (ANOVA) test and Tukey's 

multiple comparisons test were used to check shear bond strength data at a 

significance level of p= 0.05. 

 

RESULTS 

Shear bond strength values of used bonding systems immediately after bleaching to 

whitened enamel, were significantly lower than those of non-whitened enamel 

(p<0.05). No statistically significant differences in shear bond strengths were found 

for two adhesive systems, when the antioxidant implemented groups were 

compared with the non-whitened group (Control) (p>0.05). Thus, the enamel bond 

strengths of the bonding systems were reversed following sodium ascorbate 

treatment. 

 

CONCLUSIONS 

It was concluded that the antioxidant sodium ascorbate application could fully 

neutralize the destructive actions of whitening agents on shear bond strength. 
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BACK GRO UND  
 

 

 

Nowadays the popularity of teeth whitening in dental 

practice has increased.1 Internal and external whitening 

procedures may be done using 3–35% Hydrogen peroxide 

solutions and hydrogen peroxide releasing agents like 

sodium perborate or carbamide peroxide.2 Generally, in office 

tooth whitening are made with high concentration of 

hydrogen peroxide agents (25%-35%) accompanied by heat 

source and a rubber dam to protect the gingival tissues.3 

Haywood and Heymann4 applied carbamide peroxide (CP) 

agent to patient for home whitening. Since that time, many 

manufacturers have introduced different types of at-home 

whitening systems using different concentration of CP such 

10%, 15% -16%, or 20%- 22% for whitening agent.5,6 

Patients' increasing interest in whiter teeth requires 

clinicians to learn more about appropriate whitening 

solutions and treatment options. Kugel et al.7 Suggested the 

consecutive usage of in-office and at-home whitening systems 

to bleach teeth because the consecutive usage improves the 

impact of teeth whitening. However, patients are generally 

interested in other esthetic dental treatments after they have 

whitened their teeth.8 

According to results of previous studies the bond strength 

values of bonded restorations are affected when the teeth 

have been whitened with the usage of hydrogen peroxide 

(HP) or carbamide peroxide (CP) when bonding is performed 

immediately after a whitening treatment.9-11 Same way, 

previous studies find out that the bond strength values of 

bonded restorations is decreased when the teeth have been 

whitened using hydrogen peroxide (HP) or carbamide 

peroxide (CP) whitening agents.10,12-17 

Josey et al. have shown that night-guard vital whitening 

agents cause a significant disrupt in the surface texture of the 

whitened enamel.18 They considered that whitening resulted 

in deformations of enamel prisms on the enamel surface, 

similar to etched enamel. Dishman et al.19, observed that 

usage of 25% hydrogen peroxide for in-office whitening, 

causes a reduction in the number of resin tags and 

recommended that whitening leads polymerization 

restriction, which could decrease bond strength. Whitening 

agents caused to the decreased bond strengths of whitened 

enamel and dentin because of free oxygen radicals, the result 

of the oxidative process.20,21 Similarly, Lai et al.17 

recommended that the decrease in bond strength between 

bonding systems and enamel could be because of the 

remaining oxygen in the enamel structure after whitening, 

which affects polymerization of adhesive monomers. 

Various methods to prevent clinical problems associated 

with decreased bond strength after whitening have been 

proposed, like the taking out of affected superficial layers of 

the teeth,22 application the alcohol on whitened enamel 

surface,21  and usage of different adhesives including organic 

solvents.23, 24 

Turkun et al.25 Studied on the effects of two in home 

whitening agent containing 10% carbamide peroxide on the 

enamel surface. They showed that, these peroxide agents 

were the reason of the changes in enamel-surface 

morphology immediately after whitening, and level of this 

surface modification were attached to the brand of the 

whitening agent and the application period. However, these 

changes in enamel-surface could come back to almost normal 

within 3 months. According to Spyrides et al.26 three 

whitening regimens (35% HP, 35% CP, and 10% CP) 

decreases the bond strengths on dentin when the bonding 

agent applied on whitened teeth immediately after whitening. 

Spyrides et al.26 Van Der Vyver et al.27 and Cavalli et al.28 

Studied on the bond strength of composites to whitened 

dentin and they come to a decision that, for reversing the 

deleterious effect of whitening, bonding procedures should 

be postponement for minimum 2 weeks after whitening. The 

time required for bonding procedures after whitening period 

varies from 24 hours to 2 weeks. Nevertheless, the usage of 

anti-oxidant agents on whitened enamel before the bonding 

process has been shown to reverse the deleterious effect. In a 

study by Lai et al.29 the antioxidant sodium ascorbate when is 

applied to the dentin surface of the teeth before bonding has 

been shown to be reversed the decreasing effect of whitening 

on the bond strength of composite resin which occurs after 

whitening procedures. In another study, Lai et al.17 Found 

that, sodium ascorbate when employed on enamel surface 

after whitening and before bonding procedures, could 

reverse the shear bond strength values to the control level. 

The aim of this in-vitro study is to explore the effect of 

antioxidant implementation on enamel after whitening with 

CP and HP on the shear bond strength of two different dental 

adhesives to enamel surface. The null hypothesis tested was 

that the adhesion of different dental adhesives to enamel 

would not be affected by the applied antioxidant treatment 

after whitening with CP or HP. 

 

 
 

ME TH OD S  
 

 

This was a non-randomized controlled in-vitro study 

performed in Research Laboratory of Selcuk University 

Faculty of Dentistry. Freshly extracted one hundred, sound, 

human mandibular incisors were gathered and placed in 

0.1% thymol solution. The teeth were cleaned and washed 

with tap water before the study. Roots were removed from 

the crowns at the cemento-enamel junction and embedded in 

standardized 15x18x29 mm polyethylene molds bearing self-

curing resin with the buccal surfaces uncovered; after that 

stored in distilled water at 4°C until needed. Then each batch 

of hundred teeth were assigned a number and were non 

randomly divided into 10 groups of 10 teeth each: eight 

experiment and two control groups. Sample size estimated by 

statistical power calculator program (Gpower, v. 3.1.9.4, F. 

Faul, University of Kiel, Germany). Post-hoc power calculation 

revealed that a power of 0,99 could be obtained with this 

sample size (Parameters: shear bond strenght (SBS), total 

sample size 100, number of groups 10, statistics based on F-

test, effect size calculated by mean SBS values = 0.8). 

 

Distribution of Teeth 

The buccal enamel surfaces of 100 extracted human 

mandibular incisors were first divided non randomly into 

two groups for bonding with Single Bond [Group A] (n=50) 

(3M ESPE) or Clearfil SE [Group B] (n=50) (Kuraray).Then, 

each group was divided into five nonrandom subgroups; 1. 

The negative control group (NC) received no whitening 

treatment [Group A1 and Group B1] (n=10 for each groups); 

samples in the control group were not whitened but were 

kept in artificial saliva for 1 week before the bonding 
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procedure; 2. specimens that were whitened with 15% CP 

and that received no antioxidant agents [Group A2 and Group 

B2] (n=10 for each groups); 3. specimens that were whitened 

with 15% CP and treated with 10% sodium ascorbate (SA) 

[Group A3 and Group B3] (n=10 for each groups); 4. 

specimens that were whitened with 35% hydrogen peroxide 

gel for 30 minutes and that received no antioxidant 

agents[Group A4 and Group B4] (n=10 for each groups); 5. 

specimens that were whitened with 35% hydrogen peroxide 

gel for 30 minutes and treated with 10% sodium 

ascorbate[Group A5 and Group B5] (n=10 for each groups) 

(Table 2). 

 

Whitening Procedure 

Just before whitening, the enamel surface of the samples was 

polished with wet 600- grit silicon carbide abrasive paper for 

60 seconds to create a flat enamel surface. Then, the surface 

was polished with a slow-speed handpiece using a brush with 

a pumice and water, then rinsed again, Afterward, the 

predetermined procedures for each experimental group were 

followed. The experimental groups Group A2, Group A3, 

Group B2, and Group B3 were whitened with at-home 

whitening gel 15% CP (Opalescence, Ultradent, USA). 

Whitening agent was applied on the enamel surfaces of the 

specimens for 8 hours a day, according to the manufacturer’s 

instructions. After that whitening process, samples were 

washed with water and air-dried for 30 seconds. The 

whitened samples were kept in 250 ml of artificial saliva for 

the rest of the day. The procedure was repeated every day for 

a week. 

Group A4, Group A5, Group B4, and Group B5 were 

whitened with 35% HP. 35% HP at-office whitening gel 

(Opalescence Extra, Ultradent, USA) was applied to the 

enamel surfaces of the embedded teeth according to the 

manufacturer’s instructions. The whitening procedures 

involved 3 applications of 10 minutes each. The whitening gel 

was light-activated 4 times for 40 seconds each with a 

photocuring unit (Monitex Blue Lex GT1200, Taipei, Taiwan) 

for each application. The gel was agitated with a dental brush 

to remove bubbles in gel after light activations. After the 

whitening process, the samples were washed with water for 

10 minutes to remove residual whitening gel. 

 

Application of Antioxidant 

In antioxidant groups (Group B3, Group A3, Group A5, Group 

B5), after the whitening, 10% sodium ascorbate (Acros 

Organics, Geel, Belgium) was implemented on the enamel 

surface of the samples at a flow rate of 1 ml per minute for 10 

minutes. Then, the enamel surfaces of the samples were 

rinsed with distilled water for 30 seconds. 

 

Bonding Procedure 

Control (Group A1 and Group B1), immediate bonding (Group 

A2, Group B2, Group A4, Group B4) and antioxidant groups 

(Group B3, Group A3, Group A5, Group B5) were divided into 

two groups for bonding with Single Bond 2 (Group A) (3M 

ESPE, USA) or Clearfil SE (Group B) (Kuraray, Japan) (n =10 

each). The composition of the adhesive systems and bonding 

procedures showed in Table 1. Each tooth was placed into a 

special Teflon mold (Ultradent Product, Inc., Utah, USA) with 

a standardized central hole (3 mm in diameter) to restore  

with the composite (Clearfil ST, Kuraray, Japan). Two 

increments of a composite resin were placed into the 

aperture of the Teflon mold, and then each increment were 

cured for 40 seconds with photocuring unit. The composite 

cylinder blocks were additionally cured for 40 seconds from 

different sides, after the removing Teflon mold, to provide the 

maximum polymerization of the composite resin. After 

polymerization, each sample was placed in a special device 

that was fitted on the universal testing machine (Elista, 

Istanbul, Turkey). The direction of the plunger was adjusted 

parallel to the flat enamel surface and the crosshead speed 

was set at 1 mm per minute. The load continuously recorded 

by a software system and was monitored at failure (Elista, 

Tensile test systems, Istanbul, Turkey). Fracture analysis of 

the attached enamel surface was conducted with a 

stereomicroscope (Olympus Co, Tokyo, Japan) at 16x 

magnification. 

Statistical analysis of this in vitro study was performed 

with a SPSS 15.0 software system (SPSS Inc., Chicago, USA). 

Two-way analysis of variance (ANOVA) test was used to 

compare the mean shear bond strength data obtained from 

the groups. Then, Tukey’s test was used for multiple 

comparisons between means, to determine significant 

differences with a significance level set at p<0.05. 

 

 
 

 

RES ULT S  
 

 

 

The mean shear bond strengths data in MPa for all groups are 

shown in Table 2. The two-way analysis of variance indicated 

significant differences in shear bond strengths values among 

the groups (P <0.05). The composite restorations were made 

with both two adhesive systems immediately after the 

whitening showed significantly lower shear bond strengths 

values then those of composite restorations made on non-

whitened enamel (p<0.05). No statistically significant 

differences in mean shear bond strengths values were found 

for two adhesive systems, when the antioxidant-treated 

groups were compared with the non-whitened group 

(Control) (p>0.05). The Table 2 compares the mean shear 

bond strengths values of the different composite restorations 

groups. The shear bond strengths values of both two adhesive 

systems decreased after whitening but reversed after sodium 

ascorbate application. This showed that antioxidant 

treatment has a statistically significant effect at reversing the 

shear bond strength values of two adhesive systems to 

whitened enamel. 

 
Adhesive 
Systems 

Principal Ingredients Steps of Applications 

Clearfil SE 
Bond  

Primer 

Hydrophilic aliphatic dimethacrylate, 
MDP, phosphoric acid acrylate, water, 

stabilisers 

Apply primer, leave for 20s, 
air-dry 

Bond 
HEMA, Bis-GMA, MDP, Hydrophobic 

aliphatic dimethacrylate, colloidal silica, 
initiators and stabilisers 

Apply Bond, air-thin, light-
cure for 10s. 

Single  
Bond 2 

Bis-GMA, BPDM, HEMA, Dimethacrylates, 
Ethanol, spherical silica particles, water, 

Etch 15s, wash acid gel, air-
dry for 2-3 seconds, apply 

Bond, air-thin and light-cure 
for 10s. 

Table 1. Chemical Compositions and Bonding Procedures of the                                      
Dentine Bonding Systems 

Bis-GMA: Bisphenol-Glycidyl-Methacrylate; HEMA: 2-Hydroxyethyl Methacrylate; 

BPDM: Biphenyl Dimethacrylate; MDP: 10-Methacryloxdecyl Dihydrogen 

Phosphate. 
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DI SCU S SI ON  
 

 

This in-vitro study investigated the effects of antioxidant 

treatment after whitening with CP and HP on the shear bond 

strength of two different dental adhesives. Based on the 

results of this in-vitro study, and due to significant effects of 

the antioxidant treatment on the results, the null hypothesis 

was rejected. 

In the present study, it was observed that whitening 

procedures with both 15% CP and 35% HP resulted in a 

significant decrease of bond strength values on enamel in 

both bonding systems (Table 2). There have been many 

studies that have been reporting a reduced bond strength of 

composite resin to CP-whitened enamel when compared with 

non-whitened enamel.10,11,16,18,22,24,30 The results of our in-

vitro study revealed a significant reduction in the shear bond 

strength values of both two bonding systems when the 

restoration is done immediately after 15% CP whitening. In a 

study by Bulut et al.30 Showed that 10% CP whitening 

decreased the shear bond strength of brackets when bonded 

immediately after whitening. In a study of Turkun and Kaya11, 

on the shear bond strength of bonding composites to 

whitened bovine enamel surfaces with different 

concentrations of (10%, 16% and 22%) CP showed that all 

three concentrations reduced the bond strength values. The 

higher concentration of whitening agent caused a more 

significant reduction in shear bond strength than the lower 

concentration.11 Therewithal, there are many studies 

reporting decreased in the bond strength of composite to 

whitened enamel with HP.29,31 

A number of reasons have been suggested to explain the 

reduction in enamel bond strength resulting from the 

whitening procedures. Whitening agents release free radicals 

when they are applied to the enamel surface.32 The peroxide 

free radical is any molecule that has one unpaired electron, 

giving it high reactivity.32 These free radicals are capable of to 

react with the electron-rich regions of the pigmented 

molecules inside the dental structure, and could break down 

large pigmented molecules into smaller, less pigmented 

ones.29 Residual free radicals present inside the tooth 

structure may affect the polymerization process of the 

bonding resin materials and inhibits the adhesion to the tooth 

structure.12,19,23,33 

Oxygen which develops on the enamel surface from the 

whitening agent prevents resin polymerization or interferes 

with resin penetration into the etched enamel.11,19,33 Potocnik 

et al.34 Examined the changes in the lower surface of the 

enamel layer after using 10% carbamide peroxide with 

scanning electron microscopy and local changes similar to 

initial caries demineralization were observed. They also 

reported that the calcium and phosphorus ratio was reduced, 

however these reduce were not has a clinically meaningful 

acceptance.34 Loss of calcium leads to a decrease in 

microhardness of the enamel surface and alterations in the 

inorganic substance may also be a factor for reducing the 

bond strengths.34-36 Several electron microscopic studies 

observed that the resin tags in whitened enamel were short, 

poorly defined, structurally incomplete, and, in some areas, 

completely absent.12,19,37 Torneck et al.38 Reported that 

alterations in resin quality after whitening with 35% HP were 

because of the presence of residual free oxygen radicals or 

oxygen -related compounds at or near the enamel surface. 

Therewithal dentin and dentinal fluid can act as a oxygen 

reservoir.39 

Previous studies have shown that 10% sodium ascorbate 

treatment is effective in increasing decreased bonding 

strength by whitening agent.11,17,29,40 Vitamin C and its salts 

are nontoxic and can be used safely intra-orally.17,29 In our in 

vitro this study, the sodium ascorbate application to the 

whitened enamel increased the shear bond strength values. 

For the study by Lai et al.17 10% sodium ascorbate have to be 

applied at whitened enamel surface for at least one-third of 

the whitening time or near that time, otherwise may not be 

enough for clinical application. In more recent studies, 

application for 10 minutes of antioxidant was tested, which is 

the same as in our in-vitro study, and appear to be more 

suitable for clinical conditions.11,30,32 In this study, the teeth 

were whitened for a total of 30 minutes with 35% HP Office-

whitening gel, and sodium ascorbate applied for 10 minutes. 

Sodium ascorbate was applied to the CP home whitening gel 

group for the same length of time. In the present study, it was 

observed that the application of 10% antioxidant-agent 

treatment resulted in greater bond strength means (Table 2). 

Our results agree with previous studies that have shown that 

the decreased shear bond strength of bonded composite resin 

to whitened enamel was fully restored by antioxidant 

application to the whitened enamel. 
 

 
 

 

CONC LU S ION S  
 

 

 

Whitening with 35% HP or 15% CP immediately before a 

bonding procedure decreases the shear strength of composite 

resin to whitened enamel bond. The treatment of the 

whitened enamel with an antioxidant such as 10% sodium 

ascorbate restores the bond strength of both adhesive 

systems. If restoration has to be completed immediately after 

whitening, anti-oxidant application is an alternative to 

postpone the restoration. Further studies are needed to 

decide the required application times for efficient 

neutralizing using high concentrations of antioxidant agents. 
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