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ABSTRACT 
EFFECT OF OVER THE COUNTER WHITENING ON THE SHEAR BOND STRENGTH OF 

ORTHODONTIC BRACKETS: 
AN IN-VITRO STUDY 

Brian Hohlen, DDS 

Introduction: The purpose of this study was to determine the effect of two over-the-counter enamel 

bleaching products on the shear bond strength of orthodontic brackets bonded to human premolar 

teeth with composite resin.  Objectives: To assess: 1) The effects of over-the-counter white strip 

enamel bleaching and 2-Step whitening toothpaste application on the shear bond strength of 

orthodontic brackets 2) The effects of a 7 day post-bleaching latent period on the shear bond strength 

of orthodontic brackets 3) The amount of bleaching that occurs and its correlation to in-vitro shear 

bond strength of orthodontic brackets, and 4) The differences in amount of adhesive remaining on the 

enamel of the unbleached and bleached groups after debdonding. Methods: Two protocols were 

used to test 60 human premolars. Teeth were randomly divided into two groups, I and II (n=30 per 

group) and then further divided into 4 subgroups A, B, C, D (n=15 per group). In the over-the-

counter white strip bleaching group (n= 30), Crest 3D WHITE™ LUXE Professional Effects 
Whitestrips (Proctor & Gamble, Greensboro, NC) which contains 6.5% hydrogen peroxide, was 

applied to the teeth daily for 14 days for 30 minutes each day.  Teeth in the over-the-counter 

whitening dentifrice group (n=30) were treated with Crest 3D WHITE™ BRILLIANCE 2-Step 

Toothpaste (Proctor & Gamble, Greensboro, NC) which contains Sodium Fluoride (Step 1) and 3% 

hydrogen peroxide gel (Step 2) that was brushed onto the teeth daily for 14 days for 10 seconds per 

tooth.  After bleaching, subgroups A and C were stored in artificial saliva at 37 Co for 7 days before 

bonding.  Subgoups B and D were stored in saliva at 37o C for 24 hours before bonding.  All groups 

were bonded by one investigator and debonded on the same day using shear forces by another 

investigator. The Kruskal-Wallis test for nonparametric means was used to determine whether 

significant differences existed between the subgroups and an unbleached control group (n= 15). 

Spectrophotometric color measurements were recorded pre and post-bleaching and adhesive remnant 

index findings were recorded after debonding. Results: The mean ± SD shear bond strength for the 

control group was 9.59 ± 3.32 MPa.  Means for the white strip bleaching groups were 10.35 ± 3.6 

MPa and 11.69 ± 4.33 MPa for the 7-day and 24-hour delayed bonding periods, respectively.  Means 

for the whitening dentifrice groups were 11.01 ± 4.31 MPa and 10.83 ± 3.79 MPa for the 7-day and 

24-hour delayed bonding periods, respectively.  The mean spectrophotometric color change (∆E) for 

the control group was 4.67 ± 2.55.  Means for the white strip bleaching groups were ∆E = 12.43 ± 
3.81 and 11.54 ± 3.28 for the 7-day and 24-hour delayed bonding periods, respectively.  Means for 

the whitening dentifrice groups were ∆E = 4.77 ± 2.39 and 7.41 ± 3.54 for the 7-day and 24-hour 

delayed bonding periods, respectively. The Kruskal-Wallis test demonstrates there are no statistically 

significant differences among the groups (p=0.650).  The Pearson Correlation Coefficient analysis 

indicates there are no statistically significant correlations between color change and shear bond 

strength among the groups (p = 0.448).  The Pearson’s Chi-squared value indicates that there are no 

statistically significant differences among the groups in respect to adhesive remaining on enamel (p = 

0.731). 

Conclusions: There is a significant difference in the amount of whitening achieved by over-the-

counter hydrogen peroxide based white strips compared to dentifrice bleaching agents; however, no 

significant effect on shear bond strength of orthodontic brackets bonded to enamel occurs after 

bleaching with white strips and dentifrice bleaching agents at 24-hours and 7-days after bleaching. 
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CHAPTER I 

INTRODUCTION 

BACKGROUND 

The appearance of a person’s smile is becoming increasingly more important. Much of the 

desire for a perfect white smile is generated by today’s media. People are being consistently 

bombarded with repeat messaging portraying beautiful white smiles, so it is no surprise that 

patients are seeking efficient and cost-effective methods to improve their smile. After all, a 

bright, healthy smile does create a positive self-image which exudes confidence, producing an 

aura of overall health to others.(1, 2) 

In today’s world of cosmetic dentistry, dental bleaching has become the most popular esthetic 

treatment.  Tooth whitening is simply defined as any process that lightens the color of a tooth. 

In the United States, 34% of the adult population reports they are currently dissatisfied with 

their tooth color.(3) Previously, patients wanting to improve the discoloration of their teeth 

were limited to in-office whitening of non-vital teeth. In the past decade, there has been a 

substantial increase in the use of peroxide-based agents in combination with heat or light to 

speed up and/or increase the effectiveness of whitening.  Despite many questions being 

unanswered regarding the physical and biological effects, high concentrations of hydrogen 

peroxide are being used on hard tooth structures while aiming to protect the soft tissues. 

Today patients have various options when it comes to attaining a brighter smile. 

Numerous over-the-counter bleaching options are available to consumers including whitening 

toothpastes, whitening strips and night time gels. In general, at-home bleaching kits for night. 
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time use contain 5-15% carbamide peroxide as the active bleaching agent, whereas shorter 

duration daytime kits may contain 5-25% concentrations of hydrogen peroxide.(1, 2, 4-8) 

HISTORY OF TOOTH BLEACHING 

The actual procedure of bleaching teeth dates back to over 125 years ago.  A procedure 

involving oxalic acid to improve tooth discoloration was reported to be first used in 1877.(9) In 

1989, Haywood and Heymann originally introduced the vital nightguard bleaching (NGVB) 

technique. This technique which used carbamide peroxide as the main bleaching agent, has 

proven to be an effective and predictable method to improve tooth shade, yet it has undergone 

many modifications and improvements. (10) In the past 30 years, bleaching agents and other 

whitening products have become more accessible to dental professionals and their patients, as 

well as to the general population.(4) 

According to Blankenau & Haywood(7, 11), the major distinction between over-the-counter 

systems versus dentist prescribed home applied systems is the examination and professional 

diagnosis that allows for proper identification of the etiology and appropriate treatment 

protocol. Most at-home bleaching kits contain low concentrations of carbamide peroxide, 

ranging from 5-30%.  Early whitening kits originally marketed as at-home or over-the-counter 

products typically consisted of 10% carbamide peroxide as the bleaching agent. Ten percent 

carbamide peroxide is made up of 3% hydrogen peroxide and 7% urea. (1, 2, 4, 7, 12) A smaller 

number of whitening products contain hydrogen peroxide as the main bleaching agent as 

research on its mechanism of action is somewhat limited.(1, 11) 

In addition to whitening kits, many other products such as toothpastes and mouth rinses are 

also marketed and sold as whitening products. However, on average, most whitening 
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toothpastes are only capable of lightening the color of teeth by one to two shades. Typically, 

whitening toothpastes do not contain sodium hypochlorite (bleach), but rather, differing 

concentrations of carbamide peroxide or hydrogen peroxide. The mechanism of action of these 

toothpastes is more so dependent on the increased amount of detergents and abrasive 

particles rather than the low concentrations of peroxides present to lighten tooth color. (2) 

MECHANISM OF ACTION 

As mentioned, there are many different systems for whitening teeth and each modality 

demonstrates its own mechanism of action. There are two basic methods to accomplish tooth 

whitening.  The first is by the physical removal of surface stains while the second method 

involves a chemical reaction to lighten tooth color.  In terms of a chemical reaction, bleaching 

refers to the chemical degradation of chromogens, or darker shades. In today’s whitening 

products, the two most common active ingredients in are hydrogen peroxide and carbamide 

peroxide. Carbamide peroxide (hydrogen peroxide + urea) is a stable material until it contacts 

water, where at which point it will break down to release hydrogen peroxide. Therefore, the 

chemistry involved in vital tooth bleaching is referring to the reaction of hydrogen peroxide 

with tooth structures, chromogens, or both.(2) 

In 1998, the American Dental Association described the kinetics cycle which determines the 

safety and effectiveness of home bleaching. Numerous studies have reported on the kinetics 

of carbamide peroxide, but evidence regarding hydrogen peroxide bleaching agents is lacking in 

the literature. It is well known that enamel and dentin are highly permeable to fluids by way of 

the interprismatic spaces present in enamel. Research published in 1997 described a recovery 
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of one half of the hydrogen peroxide after a 30 minute application of 10% hydrogen 

peroxide.(1) This causes us to ask, what happens to rest of the hydrogen peroxide? Bowles and 

Ugwuneri(13) were the first to demonstrate that hydrogen peroxide penetrates into the dental 

pulp soon after its application to enamel. Studies have shown that several variables facilitate 

the diffusion and penetration of hydrogen molecules from the outer tooth surface into the pulp 

cavity. Some examples of these variables include increased concentrations of hydrogen 

peroxide, heat and/or light activation, restoration margin and surface defects, and young teeth 

with larger dentin tubule openings. (13, 14) 

SIGNIFICIANCE OF THE PROBLEM 

There is a growing concern in the orthodontic and general dentistry communities alike, as more 

and more over-the-counter whitening products become available to consumers. Dental 

professionals are presented with many new products each year and questions arise regarding 

interactions of these products with various dental materials.  

Questions have been brought to the attention of many orthodontists, dentists and even 

patients regarding the risks of whitening on dental tissues. In vitro studies have reported risks 

to include tooth erosion, sensitivity, increased susceptibility to demineralization and pulpal 

damage.(15) These are all viable concerns and as dental professionals it leads us to ask 

ourselves, how are each of these whitening products removing discoloration and is it safe? 

What effects will these products have on the dentition, dental materials surfaces and their 

respective bond strength?  What are the recommendations regarding dental treatment 

following bleaching?  Should we observe a latency period in which we wait to bond composite 
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to a recently bleached tooth? If so, how long? Discovering the answers to these questions can 

prove critical to provide safe and effective treatment to our patients. 

Knowing that most over-the-counter bleaching products contain carbamide peroxide or 

hydrogen peroxide, more specifically, we must ask ourselves what are the effects of bleaching 

agents containing these products on the shear bond strength of orthodontic brackets? 

Researchers have speculated that bleaching enamel causes a decrease in resin tags suggesting 

polymerization inhibition occurs post bleaching.(16) Yet others have performed electron 

microscopy on enamel surfaces post bleaching and reported that 10% carbamide peroxide had 

minimal effects on the surface morphology of enamel. (10) 

To our knowledge, there have been no reports to date about over-the-counter bleaching agents 

containing hydrogen peroxide and whitening toothpastes and their respective effects on shear 

bond strength of orthodontic brackets. Therefore, the aim of this present study was to 

determine the effect of at-home application of Crest White Strips and Crest Whitening 

toothpaste on bleaching of enamel and its effects on the shear bond strength of orthodontic 

brackets. 

Two questions should remain at the forefront as we consider the mechanism of action of 

hydrogen peroxide in tooth bleaching: 

1) What effect does the hydrogen peroxide bleaching agent have on enamel surfaces? 

2) What if any effect do these surface changes have on the bond strength of orthodontic 

brackets? 

5 



 

 

 

    

    

      

        

        

        

      

        

        

          

     

        

 

  

           

         

      

           

        

        

OBJECTIVES 

The objectives of this study were to determine the following: 1) If over-the-counter enamel 

bleaching strips and whitening toothpaste affect the in-vitro bond strength of orthodontic 

brackets? 2) If over-the-counter enamel bleaching toothpaste has an affect the in-vitro bond 

strength of orthodontic brackets? 3) If a latent period of 7 days post bleaching affects the in-

vitro bond strength of orthodontic brackets? 4) If the amount of bleaching that occurs affects 

the in-vitro shear bond strength of orthodontic brackets? 

The purpose of this study was to determine the effect of over-the-counter and at-home 

bleaching of the enamel on the shear bond strength of orthodontic brackets at two-time 

intervals post bleaching. More precisely, to evaluate the effect of bracket bond strength 

considering an elapsed time point of 24 hours versus one-week (168 hours) post whitening. 

Again, contradictory evidence exists regarding this question and to our knowledge, no studies 

to date have considered these same products and factors. 

RESEARCH HYPOTHESES (ALTERNATIVE): 

1. There is a difference in the in-vitro bond strength between teeth that are bleached with 

whitening strips and tooth paste prior to orthodontic bracket bonding and teeth that 

are not bleached prior to bracket bonding. 

2. There is a difference in the in-vitro bond strength between teeth that are bonded with 

orthodontic brackets 24-hours after bleaching with white strips or tooth paste and those 

that were bonded one week after bleaching with white strips or toothpaste. 
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3. There is a decrease in the shear bond strength of teeth bonded with orthodontic 

brackets relative to the amount of increased spectrophotometric color change 

(bleaching) that occurred. 

4. There is a decrease in the amount of adhesive remaining on the enamel compared to 

the amount of adhesive remaining on the bracket pad after debonding the bleached 

samples. 

PREDICTION 

Our prediction is that immediate orthodontic bonding post bleaching application will cause 

shear bond strengths to be reduced. We predict that allowing a time period of 7 days between 

enamel bleaching and orthodontic bonding will improve the shear bond strength of orthodontic 

brackets. 
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Chapter II 

REVIEW OF LITERATURE 

EFFECTS OF BLEACHING ON ENAMEL 

As previously discussed, many different bleaching modalities exist and each demonstrates its 

own unique mechanism of action and method of application. As we consider the effects of the 

two bleaching methods, physical removal of stains and chemical degradation of chromogens, 

we must consider what effect these modalities have on enamel. Most over-the-counter 

bleaching agents are composed of either hydrogen peroxide or carbamide peroxide agents. It is 

the chemistry involved between these vital tooth bleaching agents and enamel structure that 

causes us to further investigate the effects of bleaching on enamel. 

Based on the current literature available, it is controversial if a latent period after bleaching 

ought to be recognized before orthodontic bonding, thus allowing enamel surfaces to 

remineralize and affording a more adequate resin bonding. There also remains a controversy 

on the exact method of how dental bleaching agents work and the morphological and structural 

effects that occur to enamel surfaces. (17, 18) 

Lewinstein et al demonstrated that the microhardness of enamel and dentin are negatively 

affected by exposing enamel to 30% hydrogen peroxide for 5 minutes and 15 minutes, 

respectively. However, treatment with a mixture of 30% hydrogen peroxide and sodium 

perborate had no effect on either the enamel or dentin. Lewinstein et al suggest that limited 

use of high concentrations of hydrogen peroxide should be used due to their deleterious effects 

on enamel and dentin while combinations with sodium perborate appear to be gentler 

bleaching agents. (19) An additional Lewinstein study in 2004 demonstrated similar results, 
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indicating “in-office” bleaching techniques alter the microhardness of enamel and dentin more 

than the at-home bleaching techniques. However, he found that the dental microhardness 

occurring from both in-office and at-home whitening were able to be adequately restored by 

way of a low-concentration fluoride mouth rinse following whitening.(20) 

Ernst et al suggested minimal to no morphologic changes occur to enamel while exposing 

enamel surfaces to bleaching agents containing 10% carbamide or 30% hydrogen peroxide in 

vitro.  In this study 10 freshly extracted (periodontally involved), non-carious virgin human 

maxillary incisors were used.  Each tooth was separated into 6 specimens, four of which were 

exposed to different bleaching agents. The bleaching agents included were as follows: 

Opalescence 10% carbamide peroxide; HiLite 30% hydrogen peroxide and an undeclared 

powder; 30% hydrogen peroxide; and 30% hydrogen peroxide plus sodium perborate (1:1 

ratio).  The remaining two specimens were treated as a positive and negative control. One was 

untreated while the other was treated with 37% phosphoric acid to demonstrate an aggressive 

whitening treatment. All specimens were then viewed using scanning electron microscopy. 

Ernst’s findings indicated that the specimens exposed to the bleaching agents revealed minor to 

no alterations to surface enamel as compared to the control group. However, severe 

alterations were found in the enamel treated with phosphoric acid. (17) 

Turkun et al. conducted an in-vivo study demonstrating that surface alteration of enamel 

caused by bleaching with 10% carbamide peroxide products was reversed within 3 months 

following treatment.(21) Josey et al. revealed that bleaching results in a loss of enamel’s 

mineral content present 24 hours after bleaching and these low mineral levels were sustained 

throughout a 12 weeks storage period in artificial saliva. (22) Using transmission electron 

9 



 

 

     

      

        

             

       

         

       

        

           

     

      

     

            

      

         

            

      

          

        

      

      

        

microscopy, Lai et al. were able to reveal an extensive difference in the etching patterns 

present on bleached versus unbleached enamel.(23) 

According to Mielczarek et al., hydrogen peroxide treatments must be formulated at pH’s 

below 4 to remain stable.  This leads many to believe that the combination of low pH and high 

peroxide levels potentiate modifications to hard tissues during and following treatment. (24) 

The oxidizing effect of hydrogen peroxide is suggested to cause an alteration to the subsurface 

enamel organic matrix. Although this alteration occurs within 24 hours of initial bleaching, itis 

believed to have no effect on the surface hardness and it is possible that the alteration is not 

permanent. (25) Speculations have been made as to why and how this process is temporary, 

but Zhao et al. state that the peroxide ions may have temporarily displaced the hydroxyl 

radicals that make up the hydroxyapatite lattice found enamel. (26) According to Ruse and 

coworkers, an increase in nitrogen concentration was present when bovine enamel was 

immersed in hydrogen peroxide for a period of 60 minutes. They concluded that a reduction in 

bond strength from induced from peroxide based bleaching was not due to an elemental 

compositional changes occurring to enamel structure. (27) 

One factor that may have failed to have been considered for many of these in vitro studies is 

the relative re-mineralizing effects of human saliva. Carbamide peroxide breaks down into 

urea, hydrogen peroxide and eventually water and oxygen; saliva is a key component and acts 

as a protective solution for buffering these commonly applied bleaching agents. Matis’s in vitro 

study demonstrated that the rate of carbamide peroxide degradation may not be as rapid as 

previously thought. Thus, the potential effects of carbamide peroxide on the tooth surface may 

be increased due to its slower degradation rate. (28, 29) Research demonstrates that porosities 

10 



 

 

       

    

          

     

       

        

      

        

      

         

       

     

      

         

        

            

         

        

             

         

         

      

and surface alterations in enamel are improved over time due to the mineral compositions 

derived from saliva.(30) 

According to Haywood and Bishara, the major difference between over-the-counter bleaching 

agents and in-office whitening agents is the presence of Carbopol (carboxy polymethylene 

polymer).  Carbopol acts to increase viscosity, thus increasing contact time and slow the release 

of oxygen from carbamide peroxide. Studies show that adding carbopol to carbamide peroxide 

preparations potentiates the possibility for a maximal oxygen release time up to 10 hours. (4, 

31) Thickening agents such as carbopol may be the differentiating factor in what could cause a 

decrease in shear bond strength of orthodontic brackets post dental bleaching with products 

containing whitening gels. This leads researchers to ask the following question. How long do 

these thickening gel agents remain adhered to enamel structures post-bleaching? 

Recently, it has been discovered that carbamide peroxide bleaching agents have a cariostatic 

effect. As carbamide peroxide is broken down into urea and hydrogen peroxide, urea acts as an 

agent to increase salivary pH. An increase in salivary pH by carbamide peroxide’s breakdown 

also dissipates fears that acidic bleaching agents may contribute to enamel erosion. The critical 

pH at which enamel and dentin begin to dissolve is 5.2 to 5.7 and 6 to 6.5, respectively. 

Although this is true for carbamide peroxide agents, it fails to prove the same for agents 

containing only hydrogen peroxide as there is no urea present to elevate the pH when HP is 

broken down. It is important to keep in mind Mielczarek et al., determined hydrogen peroxide 

treatments must be formulated at pH’s below 4 to remain stable. (24) Thus hydrogen peroxide 

based agents have a pH level (<4) that begins to dissolve enamel (5.2-5.7) and these agents 

would not necessarily have the same cariostatic benefits.(31) 
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There is some evidence of the use of an antioxidant agent immediately after bleaching to 

increase the composite resin bond strength to enamel.  In a study by Lai et al., reports showed 

that bond strengths post bleaching were decreased, but bleaching treatment followed by 

application of sodium ascorbate led to bond strengths with normal values.  They concluded that 

an application of 10% sodium ascorbate to enamel and dentin after bleaching will restore the 

bond strength to normal values.(23, 32) An additional study by Kaya et al. demonstrated that 

for maximum effectiveness, an antioxidant gel should be applied to enamel for no less than 60 

minutes. Kaya et al. were able to show a direct correlation between the amount of time the 

antioxidant was present and the bond strength to enamel.(33) 

EFFECT OF BLEACHING ON ORTHODONTIC BOND STRENGTH 

According to Reynolds, an orthodontic bracket must be able to tolerate loads of up to 5.9 to 7.8 

MPa to be clinically stable. (34) In 1993, Bishara et al demonstrated that the use of 10% 

carbamide peroxide had no significant effect on the shear bond strength of orthodontic 

brackets in vitro. The initial study included 40 extracted premolars that were divided into two 

groups each treated for one week: 

1. 20 teeth were bleached with 10% carbamide peroxide and changed every 8 hours 

2. 20 unbleached teeth changed into fresh distilled water every 8 hours 

All teeth were bonded as per manufacture instructions using metal brackets (GAC International 

Inc., Central Islip, N.Y.) and stored in distilled water for 48 hours prior to debonding with an 

Instron testing machine with a crosshead speed of 0.5 cm/min using a 500 kg load cell (Instron 

Corp. Canton, MA). Although this study concluded there are no significant differences in shear 
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bond strengths between the groups, Bishara still recommended postponing the bleaching until 

after orthodontic treatment as it may aid in providing the maximal bleaching effect after all 

teeth are correctly aligned. 

In 1994 Miles et al.(35) demonstrated that patients should wait at least one week after using 

whitening products containing carbamide peroxide before having orthodontic brackets bonded.  

This in vitro study used 60 human premolars (20 control, 20 group I teeth with bleach only, 20 

group II teeth with bleach + water). Groups II and III were bleached for 72 hours with a 10% 

carbamide peroxide gel from Rembrandt Lighten Denmat Products in Santa Maria, California. 

3M pre-pasted ceramic brackets were used to ensure uniformity. Group three was then soaked 

in distilled water for 1 week prior to bonding. All bonded teeth were subjected to shear bond 

forces from a modified Transcend series 2000 debonding instrument (Unitek Corp., Monrovia, 

California). The results indicated that there is a significant difference in bond strength between 

those teeth bonded immediately after bleaching and those bonded one week after placement 

in distilled water. However, it is important to note that in most cases, they concluded that 

debonding occurs at the bracket and composite resin interface rather than at the enamel and 

resin interface. 

Contradictory evidence stems from the results of a study by Homewood et al., which reported 

that carbamide peroxide has no adverse effect on the shear bond strength of orthodontic 

brackets bonded to bleached human premolar teeth.(36) Additionally, Ajlouni et al. found no 

significant differences when comparing a control group to groups bleached with 10% carbamide 

peroxide and 25% hydrogen peroxide. (37) 
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Uysal et al. established that 35% hydrogen peroxide bleach has no net reduction in bond 

strength of orthodontic brackets. In this study sixty human premolars were split into three 

groups of 20 teeth as follows: 1) control 2) bleached with 35% hydrogen peroxide and bonded 

immediately thereafter 3) bleached with 35% hydrogen peroxide and immersed in artificial 

saliva for 30 days before bonding. After debonding with a universal testing machine (model 

500, Testometric, Rochdale, United Kingdom) all teeth were scored using the Adhesive 

Remnant Index (ARI).  This index allowed Uysal to conclude that the bleached groups had shear 

bond failure occur within the resin or at the resin and enamel interface; whereas the 

unbleached group had failures occur primarily at the bracket and resin interface.(8) 

In 2009, Patusco et al.(18) discovered that the using 10% carbamide peroxide bleach has no 

significant effect on shear bond strength. However, using 35% hydrogen peroxide bleach 

reduces the shear bond strength and decreases the total amount of composite resin remnant 

remaining on the enamel surface after bracket debonding. Forty-five extracted human 

premolars were used and split into three groups of 15. Group one was a control group, group 

two was bleached with 10% carbamide peroxide and group three was bleached with 35% 

hydrogen peroxide. All tests were done in-vitro and bleach was applied per manufacturer 

instructions. The carbamide peroxide group was bleached for 14 days and the hydrogen 

peroxide group was bleached four times. Each group was soaked in distilled water at room 

temperature for 24 hours before bonding and an additional 24 hours prior to debonding tests. 

A universal testing machine (DL 2000) was used with a crosshead speed of 0.5mm/minute and a 

50-kg load cell. Additionally, the Adhesive Remnant Index (ARI) allowed Patusco to evaluate 

the amount of adhesive remaining on the tooth surface after debonding. Patcusco concluded 
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that it is acceptable to orthodontically bond a patient 24 hours after use of 10% at-home 

carbamide peroxide bleach, but not after 35% in office hydrogen peroxide bleaching.(18) 

Akin et al. similarly reported on the effects of tooth bleaching with 10% carbamide peroxide 

and 38% hydrogen peroxide on the shear bond strength or orthodontic brackets using self-

etching primer systems. This study utilized self-etching primers to draw a consistent the 

conclusion, reporting that there is no significant effect on shear bond strength after using 10% 

carbamide peroxide, but there is a significant reduction in bond strength after using 38% 

hydrogen peroxide bleaching.(38) Bulut et al found that bleaching with 10% carbamide 

peroxide immediately before bonding reduces the bond strength of orthodontic brackets; 

however, he recommends treating the bleached enamel with sodium ascorbate or waiting a 

period of one week to reverse the decrease.(39) 

In 2005, Bishara et al. conducted another study evaluating the effect of 10% carbamide 

peroxide and 25% hydrogen peroxide on the shear bond strength of orthodontic brackets. This 

study used 75 extracted human premolars with were divided into two equal groups of 30 teeth 

and one control group of 15 teeth. Group one had Opalescence bleach 10% carbamide peroxide 

(Ultradent, South Jordan, UT) applied and left on each tooth for six hours per day for two 

weeks. Group two was bleached two times with in-office Zoom! Bleaching system (Discus 

Dental, Culver City, CA) and subjected to a LED light for 20 minutes at each treatment. The 

teeth from each bleaching group were then randomly divided into two equal groups of 15 teeth 

and assigned to a 7-day or 14-day artificial saliva soak at 37°C. All teeth were consistently 

bonded as per manufacturer instructions and subjected to shear debonding forces using a test 

machine (model 1445, Zwick Gm bH, Ulm, Germany) with a crosshead speed of 5mm/minute. 

15 



 

 

         

          

        

         

       

 

     

       

       

         

     

         

       

             

           

           

          

      

     

          

           

     

Bishara and coworkers concluded that a latency period of seven or 14 days post bleaching with 

either an in-office or at-home bleach did not significantly alter the shear bond strength of 

orthodontic brackets to enamel. However, they did recommend that due to the large 

discrepancy in shear bond strength at one-week post in-office bleaching, orthodontist should 

observe a two week latency period before bonding patients with fixed orthodontic 

appliances.(4) 

INTRODUCTION OF ANTIOXIDANT AGENTS TO REVERSE BLEACHING EFFECTS 

Other studies have also introduced alternatives to help overcome the concerns with 

orthodontic bonding immediately after vital tooth bleaching procedures. Lai et al found an 

effect method to reverse compromised bond strengths after dental bleaching was performed 

by the application or treatment with anti-oxidant agents such as 10% sodium ascorbate. 

Sodium ascorbate is able to neutralize the oxidizing effect of carbamide peroxide, thus 

reversing the effects of bleaching.(23) Sodium ascorbate is essentially a mineral salt found in 

most Vitamin C supplements and it is also marketed and sold as a non-acidic form of Vitamin C. 

In 2015, Yadav et al. conducted an in vitro experiment that concluded the reduction in shear 

bond strength observed after bleaching with 35% hydrogen peroxide can be reversed with an 

application of the 10% sodium ascorbate, 10% tocopherol acetate or 10% retinol acetate. He 

recommended immediate bonding after application or treatment with an antioxidant as 

mentioned above as being a viable way to reverse the decreased bond strengths observed after 

bleaching with 35% hydrogen peroxide.(40) According to Mullins, Vitamin C is recognized as a 

non-toxic food industry supplement and it has the potential to be incorporated into an intraoral 

gel product to be applied immediately prior to bonding.(28) 
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Again, the objectives of this study were to 1) determine if over-the-counter enamel whitening 

strips and whitening toothpaste affect the in vitro bond strength of orthodontic brackets, 2) 

determine if a latent period post whitening affects the in vitro bond strength of orthodontic 

brackets, 3) determine if the amount of bleaching that occurs affects the in-vitro shear bond 

strength of orthodontic brackets. 
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CHAPTER III 

MATERIALS AND METHODS 

Study Design: 

This in-vitro study was presented to the Institutional Review Board of State University of New 

York at Buffalo. Upon approval (IRB ID: STUDY00001584), 85 human premolars were collected 

for the study. 

Inclusion/Exclusion Criteria: 

Tables 1 and 2 list the inclusion and exclusion criteria. 

Table 1: Inclusion Criteria 

1. Human premolar teeth extracted between June 1, 2017 – October 31, 2017 

2. Any age, gender and ethnic group 

3. Maxillary or mandibular 1st or 2nd premolar teeth 

4. Virgin enamel 

5. Sound, healthy buccal enamel surface 

Table 2: Exclusion Criteria 

1. Visible caries 

2. Restoration present or endodontically treated teeth 

3. Teeth subject to storage chemicals or agents (i.e.: bleach) 

4. Fractured or cracked teeth 

5. Enamel malformation/decalcification or hypocalcification visibly present 
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STUDY PROCEDURES: 

All teeth were collected from dental offices in the greater Buffalo, New York area. Collection of 

teeth occurred from June of 2017 through October of 2017. Teeth were stored in 0.5% 

Chloramine-T, Trihydrate (Batch # 0000071525) for 1 week and then distilled water for 2 

months prior to experimentation. 

All teeth were reduced to flat buccal enamel surfaces (see Figure 2 and 3), embedded in acrylic 

cylinders and the exposed enamel was polished in sequence with 200, 400, and 600 grit 

sandpaper. All 3M Unitek products (3M Unitek Monrovia, CA) were used including 3M Unitek 

37% phosphoric acid etch gel (LOT#: N893671), 3M Unitek Transbond MIP (LOT #: N862799), air 

dried, and 3M Unitek Victory Twin series brackets bonded (LOT #: II2KF) and cured using a VALO 

Orthodontic Curing light (VALO Ortho V26415, Ultradent Products, Inc. Jordan, UT). A 

radiometer was used to test the VALO LED curing light immediately before bonding procedures 

(repeated three times) and a sufficient average reading of 780 mW/cm2 was recorded to ensure 

proper curing of all dental bonding materials. 

EXPERIMENTAL GROUPS 

Eighty-five extracted human premolar teeth were randomly selected and marked on the outer 

portion of the acrylic cylinder with a carbide bur by numbering one through 85. Immediately 

after an initial numbering, all teeth were again randomly selected and divided into five 

subgroups (A, B, C, D, and E) each containing 17 teeth. The experimental groups will be as 

follows: 
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GROUP A: 17 premolar teeth to be bleached with Crest Whitening strips and stored in 

artificial saliva for one week, then immediately bonded with an orthodontic bracket 

GROUP B: 17 premolar teeth to be bleached with Crest Whitening strips and stored in 

saliva for 24 hours, then immediately bonded with an orthodontic bracket 

GROUP C: 17 premolar teeth to be brushed with Crest 3D Whitening toothpastes and 

stored in artificial saliva for one week, then immediately bonded with an orthodontic 

bracket 

GROUP D: 17 premolar teeth to be brushed with Crest 3D Whitening toothpastes and 

stored for 24 hours in artificial saliva, then immediately bonded with an orthodontic 

bracket 

GROUP E: 17 premolar teeth that will soak in artificial saliva for 2 weeks as a control 

group 

All groups were removed from distilled water and polished with 200, 400 and 600 grit 

sandpaper before being thoroughly rinsed and dried.  Two investigators examined the polished 

enamel surfaces to ensure no dentin exposures were detected before bleaching protocols 

began. All tooth whitening procedures were started at specified time intervals for each 

experimental group (A-E) such that all groups completed their post-bleaching saliva bath on a 

coincident end date (see Figure 1). 
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Start Day 1 WEEK1 Day7 WEEK2 End Day 14 WEEK3 Final Day 21 

End Day 14 

~ Start Day 6 Day 15 End Day 15 

~ Groups A&B: White Strip bleaching l---------------11------------1-------i 

~ Groups C&O: Toothpaste bleaching 

■ Group E: Control 
Start Day 7 D Artificial Saliva at 37°C 

Figure 1: Experiment timeline 

Hereafter, all teeth were bonded with orthodontic brackets on the same day that shear debond 

tests were completed (day 21).  All study procedures and measurements were conducted by 

two calibrated investigators (B.H. and P.G.). Following whitening procedures, Groups A and C 

were soaked in saliva at 37C for 1 week and Groups B and D were soaked in saliva for 24 hours 

before bracket the bonding protocol was initiated.  Control Group E, was soaked in saliva for 2 

weeks prior to bonding at 37C.  Groups A and C started on day one and Groups B, D, and E 

lagged behind by 6 days, such that all specimens were bonded and debonded on day 21.  

All samples were divided by group and were stored face down on top of a sterile mesh to 

ensure constant contact of saliva with the enamel surface. The control group saliva bath was 

agitated each day to ensure each specimen was in contact with saliva. Saliva baths were 

changed every 72 hours in attempt to minimize bacterial growth at 37C.  Each specimen was 

randomly selected for bonding and bonding order was recorded so that following a 30-minute 

intermission, all specimens were debonded in a consistent order.  This experimental set up 

21 



 

 

       

         

  

     

          

       

          

       

           

           

        

    
    

  
 

       

           

       

allowed for bonding and shear bond strength testing procedures to be conducted consistently 

in a single work flow in attempt to minimize any variables. 

BLEACHING PROCEDURES 

Standardized protocols were used to simulate two common at home bleaching products used 

by patients in today’s orthodontic practices. White strip bleaching was conducted on 34 teeth 

using Crest 3D WHITE™ LUXE Professional Effects Whitestrips which contains 6.5% hydrogen 

peroxide.(41) In Groups A and B, the whitening strips were applied to the exposed enamel 

surfaces for 30 minutes per day for 14 consecutive days, as recommended by the manufacturer. 

All teeth were stored in artificial saliva at 37C between each new white strip application. 

Group A commenced whitening procedures six days before Group B to allow both groups to be 

tested on the same day following their one week and 24-hour saliva baths, respectively. 

Figures 2 and 3. Fig 2: Example of an in-vitro experimental group in the process of bleaching. Fig 3: 
Example of an applied white strip covering the enamel surface. 

The second protocol utilized over-the-counter Crest 3D WHITE™ BRILLIANCE 2-Step 

Toothpaste applied to 34 teeth. Step-one served as a “deep cleansing dentifrice” consisting of 

0.454% stannous fluoride toothpaste and Step-2 is a “whitening finisher” containing a 3% 
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hydrogen peroxide whitening gel.(42) All teeth in groups C and D were brushed with Step 1 

deep cleansing toothpaste for 10 seconds and then wiped clean with a cloth before applying 

Step 2 whitening finisher and brushing for an additional 10 seconds. Exposed enamel surfaces 

were then wiped clean and rinsed with copious amounts of distilled water. All teeth were then 

returned to the saliva bath post whitening product application and stored for 24 hours at 37C 

until the next application. Two experimenters were calibrated for brushing pressure and 

technique using an electronic gram scale to conduct the toothpaste application portion of the 

experiment. The two experimenters rotated brushing every other day to minimize variation in 

technique and/or application pressure. The Control Group consisted of 17 unbleached teeth 

that were soaked at 37C for 2 weeks (same time period as whitening application). After 

bleaching, each group was returned to an artificial saliva bath at 37C and stored until the next 

whitening application. All saliva baths for bleached and unbleached teeth were changed every 

other day during the testing period in attempt to minimize bacterial growth. 

On day 21, two teeth from each of the five experimental groups (10 samples total) were 

randomly removed and set aside for scanning electron microscopy tests to evaluate the enamel 

surfaces post-whitening. These SEM images were captured after bonding and debonding test 

procedures were completed. Two samples from each group were selected due to limitations in 

total sample size and to allow for an extra specimen should SEM preparation fail with the 

initial/first sample. There were 15 samples remaining for each experimental group, creating a 

total of 75 teeth for statistical analysis. 
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BONDING PROCEDURES 

All teeth including the control group finished soaking in saliva at the same time and bonding 

procedures commenced one week (Groups A & C) and 24-hours (Groups B & D) after the final 

whitening applications, respectively. A prophy cup polish was performed on all samples to 

remove any biofilm that may have adhered to the enamel surface during the 3-week whitening 

period.  All 75 remaining samples were combined into a large saliva bath and thoroughly mixed 

into one large group. Teeth were then randomly selected from the pool of 75 samples and 

bonding procedures were initiated. All teeth were rinsed with copious amounts of distilled 

water, rinsed and air dried.  Bonding procedures began using 3M Unitek 37% phosphoric acid 

etch gel (LOT#: N893671) for 20 seconds followed by a thorough water rinse and 5 second air 

dry. A thin layer of 3M Unitek Transbond MIP (LOT #: N862799) was applied with a microbrush, 

air dried, and light cured using a VALO Orthodontic Curing light (Ultradent Products, Inc. Jordan, 

UT). 

Immediately following orthodontic bracket bonding, all specimens were returned to a fresh 

saliva bath for a 30-minute soak to simulate intraoral environment before bracket debonding 

tests were initiated. The bonding order of all teeth was recorded to ensure that all brackets 

were debonded in the same order. This allowed simulation of a 30-minute intraoral time 

period where patients had initial arch wires inserted and tied into the brackets. 

Seventy-five identical pre-pasted 3M Unitek Victory Twin series mandibular incisor brackets 

(LOT #: II2KF) were bonded following manufacturer recommendations and seated firmly to the 

tooth surface and applied with a uniform 300g force by way of a vertical mount, single rod jig.  

The average surface area of each 3M Unitek Victory Twin bracket was 12.78 mm2. All excess 
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composite was removed from the margins of the bracket and enamel interface with a sharp 

explorer and all brackets were cured using a VALO Orthodontic Curing light (Ultradent Products, 

Inc. Jordan, UT) for 5 seconds from the incisal, gingival, mesial and distal to attain 20 seconds 

total. 

Figure 4, 5 and 6.  Fig 4 &5: Example of 300 g force application jig to seat bracket evenly and firmly on 
enamel surface. Fig 6: Light curing under compressive force at 780 mW/cm2 

STUDY OUTCOMES 

SHEAR BOND STRENGTH (SDS) 

Upon removal of each specimen from the saliva bath, shear bond strength testing was 

performed 30 minutes after bonding procedures. Investigator 2 (P.G.) was trained by an 

experienced lab technician to operate the Instron testing machine for debonding procedures. 

Five samples were prepared and utilized for debond testing set-up and training.  An 

occlusogingival load was applied via the Instron Shear test machine (Model 33R4204, Norwood, 
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MA, United States) with a flattened chisel end of a steel rod attached to the crosshead of the 

machine. This flattened chisel end allowed for the debond force to be reproducibly applied to 

the bracket-tooth interface. All measurements were electronically recorded on a computer 

connected with the test machine and the results of each shear test were measured in 

megapascals (MPa). The machine was set at a standard crosshead speed of 5 mm/min. 

All bonding procedures were completed by the first investigator (B.H.) to ensure procedural 

consistency. All debonding procedures were completed by a trained second investigaor (P.G.) to 

ensure procedural consistency and to standardize a 30 minute span between bonding and 

shear debond testing.  

Figures 7 and 8.  Fig 7: Experimental example of bracket debonding jig demonstrating repoducible and 
consistant debonding technique. Fig 8: Example of debonding chisel flush with bracket and specimen 
interface. 
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COLORIMETRY PROCEDURES 

A Spectrophotometric Color Measurement was completed using the VITA System 3D-Master 

VITA Easyshade digital recorder (Figure 9 and 10) prior to any bleaching procedures to record 

a baseline color measurement. This same system was again used after the final bleaching was 

completed for each group to determine the change in color (∆E). This system was utilized to 

note the spectrum of color changes that occurred as a result of dental bleaching procedures. 

The CIE-L*a*b* system was utilized to record lightness (L*), green-red chromacity (a*) and 

blue-yellow chromacity (b*). (43) The color difference (E) was calculated using the following 

formula: 

E= ((L*)2 + (a*)2 + (b*)2)1/2 

(43) 

Figure 9: Vita Easyshade Recorder Figure 10: Spectrophotometric Color Graph 

SEM Qualitative analysis: 

Scanning electron micrographs were obtained on one specimen from each of the four 

subgroups and the unbleached control group (5 specimens total).  Figure 11 column one shows 

images visible at X200 and column two at X1000 magnifications. Group A represents the white 
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strip group with a 1-week delay. Group B represents the white strip group with 24-hour delay. 

Group C represents the tooth paste group with a 1-week delay. Group D represents the tooth 

paste group with 24-hour delay. Group E represents the unbleached control group. 

Adhesive Remnant Index analysis: The adhesive resin remaining on the enamel and/or bracket 

pad was assessed and scored using the original adhesive remnant index (ARI) scale. The ARI 

scores were utilized to demonstrate a method of determining bond failure sites with respect to 

the amount of adhesive on the enamel. The ARI scale has a range between 0 and 3: A score of 

0 indicating that no composite resin remained on the enamel surface; a score of 1 indicating 

that less than 50% of adhesive remained on the enamel; a score of 2 indicating that more than 

50% of the adhesive remained on the enamel; and a score of 3 indicating that 100% of adhesive 

remained on the enamel.  

STATISTICAL ANALYSIS 

The sample size included seventy-five extracted human premolar teeth that were collected and 

randomly divided into two experimental groups and one control group. Descriptive statistics 

were conducted to identify the distribution of the data. Descriptive statistics including the 

mean, standard deviation, and minimum and maximum values were calculated for each test 

group. The primary statistical procedure was the analysis of variance (ANOVA) to test for 

differences among the experimental groups for Shear Bond Strength and for change in 

Colorimetry. The ANOVA's were preceded by tests of Normality using the Shapiro-Wilk test and 

homogeneity of variance using the Levene test. In a case where the requirements of Normality 

and homogeneity were not met, the ANOVA would be replaced by the Kruskal-Wallis 

nonparametric independent samples test. If a statistically significant difference was found 

28 



 

 

     

         

      

        

        

          

           

    

         

     

  

among the groups, the Tukey post hoc multiple comparison procedure was performed to 

determine which groups were different.  If a Kruskal-Wallis test was indicated, then the post 

hoc multiple comparison tests would be pairwise Mann-Whitney tests. To determine if there 

was a relationship between changes in color and shear bond strength, a Pearson Correlation 

Coefficient analysis was performed. To determine if there was any significant difference in the 

Adhesive Remnant Index among the groups, a Chi-squared analysis was performed. All test will 

be performed using a significance level of p = 0.05. Assessment of intra-examiner 

reproducibility in colorimetry assessment was evaluated by the Intraclass Correlation 

Coefficient (ICC) of six specimens using the difference in delta E from the before bleaching 

shade to the shade following bleaching procedures. 
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CHAPTER IV 

RESULTS AND DISCUSSION 

RESULTS 

Intra-examiner reproducibility (ICC) for colorimetry was 0.845 which was significantly greater 

than zero (p-value is 0.008) and indicates a high degree of reproducibility. An excellent ICC is 

0.9 and above so a high level of confidence is attained indicating these tests were reproducible. 

A pilot study was conducted using five unbleached specimens to confirm bonding and 

debonding protocols were properly established and shear bond strengths were found to be 

within acceptable ranges when compared to previous studies. Since reproducibility testing 

cannot be performed on the same bonded and debonded sample, comparisons to previous 

studies were utilized to ensure compatibility. 

Table 3: Pilot Test Shear Bond Strength 

Pilot Test Shear Bond 
Strength [MPa] 

Samples MPa 

1 7.4 

2 10.1 

3 8.2 

4 7.2 

5 8.1 

Mean 8.2 

RESULTS OF IN VITRO SHEAR BOND STRENGTH 

Results for the shear bond strength measurements are presented on Table 4. As seen on Graph 

1, the means were similar for each group ranging from 9.59 for Group E to 11.69 for Group B.  

The standard deviations appear similar and the Levene test fails to reject the assumption of 
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1-wk delay 24-hr delay 1-wk delay 

non-homogeneity (p = 0.553). However, the Shapiro-Wilk tests indicated that the requirement 

of Normality may be in question for Groups A (p < 0.029), D (p < 0.026) & E (p < 0.036). The 

Kruskil-Wallis test was then used for assessment of differences among the groups. 

Table 4: Descriptive statistics for Shear Bond Strength 

Descriptive statistics for Shear Bond Strength 

Standard 
Group N Mean Minimum Maximum Median 

Deviation* 

A 15 10.35 3.60 6 15.4 9.8 

B 15 11.69 4.33 6.2 19.8 10.5 

C 15 11.01 4.31 3.5 20.3 10.6 

D 15 10.83 3.79 6.1 15.7 10 

E 15 9.59 3.32 5.7 16 8.7 

Total 75 10.69 3.85 3.5 20.3 10 
A= White Strips with 1 week bonding delay B= White strips with 1-day bonding delay 
C= Tooth Paste with 1 week bonding delay D= Tooth Paste with 1 week bonding delay 

E= Control 
*Based on Levene’s test of equality of error variances, there’s no evidence of a lack of homogeneity among groups. P = 0.553 

Graph 1: Trends of Shear Bond Strength 

COMPARISONS OF SHEAR 
BOND STRENGTH 11.69 

11.01 10.83 
10.35 

9.59 

M
P

a 

B C D A E 

WS= White strip TP= Toothpaste 24-hr= 1-day bonding delay 1-wk = 1-week bonding delay 
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Groups A through E had medians that were slightly less than their means indicating the 

distribution was slightly skewed to the right. Groups B and C demonstrated wide ranges (13.8 

and 16.8, respectively) compared to groups A, D, and E. Levene’s Test of Equality of Error 

Variances shows no significant differences among the standard deviations, thus demonstrating 

homogeneity amongst the groups. 

The result of the Shapiro-Wilk Test of Normality was that there is problem with this assumption 

for Groups A, D and E (p=0.029, 0.026, 0.036 respectively) but not with Groups B and C 

(p=0.169 and 0.907 respectively). Therefore, the non-parametric Kruskal Wallis test was used. 

The Kruskal-Wallis test demonstrates there were no statistically significant differences 

(p=0.650) among the groups. Should statistically significant differences had been observed, 

pairwise comparisons would have been utilized to identify the differences. According to these 

aforementioned findings, the alternative hypothesis cannot be accepted. 

COLOR DIFFERENCES AMONG THE GROUPS USING COLORIOMETRY 

Results for delta E (color change) are presented on Table 5 where 17 samples were tested 

per group (85 total). As seen on the table, the means range from a minimum of 4.67 for group 

E to a maximum of 12.43 for group A. The result of the Levene test indicates that the 

assumption of homogeneity of variance cannot be rejected (p =0.194) and the Shapiro-Wilk 

tests do not indicate a problem for the requirement of Normality for any of the groups A, B, C, 

D, or E (p>0.05 for all groups). Therefore, an ANOVA test was used to determine if statistically 

significant differences exist among the groups followed by Tukey’s Honestly Significant 

Difference (HSD) post hoc multiple comparison procedure. 
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Table 5: Spectrophotometric Color Change (∆E) 

Spectrophotometric Color Change (∆E) 

Standard 
Group N Mean 

Deviation* 
Minimum Maximum Median 

A 17 12.43 3.81 5.46 18.78 14.33 

B 17 11.54 3.28 6.61 17.53 12.06 

C 17 4.77 2.39 1.22 9.94 4.46 

D 16† 7.41 3.54 2.01 15.94 7.26 

E 17 4.67 2.55 1.36 9.29 4.3 

Total 84 8.17 4.53 1.22 18.78 7.26 

A= White Strips with 1-week bonding delay B= White strips with 1-day bonding delay 
C= Tooth Paste with 1-week bonding delay D= Tooth Paste with 1-week bonding delay 

E= Control 

* Based on Levene’s test of equality of error variances, there is no evidence of a lack of homogeneity 
among the groups. P = 0.194 
†One outlier from group D was excluded due to having an extreme measurement value 

The result of the ANOVA (Table 6) was that there were statistically significant differences 

among the mean color changes (p < 0.0001). The post hoc Tukey test for pairwise comparisons 

of the groups was used. The results of the Tukey HSD post hoc multiple comparison procedure 

were that the experimental outcomes for change in color fall into one of two groups. The first 

group consists of groups A and B, where a relatively large change in color was 

observed, while the second group presented with relatively small changes in color. This second 

group consists of observations from groups C, D and E. These small changes were likely due to a 

lessened effect of the different bleaching material used on groups C and D and the unbleached 

group E as compared to groups A and B. Graphs 2 and 3 seen below demonstrate these 

findings. As seen on Graph 2, groups A and B appear similar with respect to the median and the 

box. Groups C & E also appear similar with respect to the median and the box. Although group 

D looks different from the other groups it seems more similar to C and E than to A and B based 

on the median. This was congruent with results from the post hoc Tukey procedure. 
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Graphs 2 and 3 similarly display groups A and B appearing similar as well as groups C, D and E 

appearing similar with respect to their means. When considering the bonding delay (saliva 

soak) Groups A and B demonstrate a decreasing colorimetry trend and the opposite trend was 

found for Groups C and D.  Although the mean for Group D is visibly different that Group C and 

E, the mean appears related to Groups C and E.  Group D had recorded some elevated 

colorimetry readings and while Group C and E present with very similar means. It is possible 

there was an effect from the saliva which may have reduced whitening effect of group C to be 

more like group E after an additional 6 days in saliva (compared to 1 day for group D). This same 

trend may not have been recognized in the white strips groups, A and B. 

Table 6: Results of ANOVA for ∆E 

Source 
Type III Sum 
of Squares 

df Mean Square F Sig. 

Corrected 
Model 

915.764a 4 228.94 22.95 P < .000 

Intercept 5594.47 1 5594.47 560.79 P < .000 

Group 915.76 4 228.94 22.95 P < .000 

Error 788.11 79 9.98 

Total 7313.98 84 

Corrected 
Total 

1703.87 83 

a. R Squared = .537 (Adjusted R Squared = .514 Dependent Variable: ∆E 

Table 7: Correlation of Shear Bond Strength and ∆E 

Pearson Sig. (2-
Group* 

Correlation tailed) 

A 0.058 0.837 

B 0.074 0.793 

C -0.162 0.564 

D -0.162 0.58 

E 0.475 0.074 

Total 0.089 0.448 
*N= 15 per group P < 0.05 
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D= TP 1-week bonding delay E= Control 

35 



 

 

     

       

           

          

         

         

        

         

  

       

 
 

                            

 

• 

• • • • 
• 

• • 

SBS ~E 

As seen in Table 7, the results of the Pearson Correlation Coefficient analysis indicate there are 

no statistically significant intragroup correlations between color change and shear bond 

strength for groups A through E. The Total Pearson Correlation (p = 0.448) indicates that there 

are also no statistically significant intergroup correlations between all groups. 

Graph 3 provides a visual representation of the lack of correlation between shear bond strength 

and colorimetry change. Comparing white strips Groups A and B to tooth paste Groups C and 

D, there is a trend demonstrating that as bleaching decreases, the bond strength increases; 

however, these changes are not statistically significant as indicated by the Pearson Correlation 

Coefficient analysis. 

Graph 4: Shear Bond Strength and Colorimetry 

Shear Bond Strength (SBS)  and 
Colorimetry(∆ E) 

14.00 12.43 
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WS= White strip TP= Toothpaste 24-hr= 1-day bonding delay 1-wk = 1-week bonding delay 
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FIGURE11: SEM X 200 MAGNIFICATION X 1000 MAGNIFICATION 

Group A 
White Strips 

Group B 
White Strips 

Group C 
Tooth Paste Group C 

Group D 
Tooth Paste 

Group E 
Unbleached Control 

37 



 

 

        

  
 

 
    

 

       

        

      

       

      

       
    
  

  
  

 

          

       

      

          

        

      

        

       

 

 

 

 

 

 

 

 

 

Table 8: ARI Group Percentages 
Adhesive Remnant Index 

Total 
0 1 2 3 

A 13.3% 6.7% 80.0% 100.0% 

B 6.7% 93.3% 100.0% 

Group C 13.3% 6.7% 6.7% 73.3% 100.0% 

D 13.3% 6.7% 80.0% 100.0% 

E 6.7% 6.7% 13.3% 73.3% 100.0% 

Total 6.7% 5.3% 8.0% 80.0% 100.0% 

0 – No adhesive remained on the enamel 
1 – Less than 50% of adhesive remained on the enamel 
2- More than 50% of adhesive remained on the enamel 
3- All adhesive remained on the enamel 

As seen in Table 8, the results of the Adhesive Remnant Index (ARI) indicate that the vast 

majority (80%) of samples had all adhesive remaining on enamel. There appears to be no 

difference in the amount of remaining adhesive among the groups. For the control group (E), 

the proportion of cases without adhesive remaining on the enamel was 6.7%. For groups B & 

D, the proportion was 0%, while for groups A and C it was 13.3%.  Groups B and D showed no 

decrease while groups A and C showed a decrease that was twice the control.  However, the 

decrease was not statistically significant, p = 0.731, based on the Pearson Chi-square statistic of 

8.667 with 12 degrees of freedom. 
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DISCUSSION 

IN-VITRO BLEACHING 

With numerous over-the-counter bleaching products now available to consumers, 

dental patients are free to implement a bleaching regimen unsupervised by their dental 

professional. Inevitably, some patients employ these bleaching regimens immediately before 

beginning a scheduled orthodontic treatment. With new over-the-counter bleaching products 

coming to market each year, clinicians are concerned with the effects of these agents on the 

enamel and dental bonding materials. 

In the recent past, researchers have been investigating the implications of enamel 

bleaching on the bond strength of resin composite to tooth structure. Many investigators have 

discovered that bleaching alters the superficial structure and microhardness of enamel, altering 

the prismatic form and leading to fewer resin tags and decreased bond strength.(19, 22, 23) 

while others observed no deleterious effects to the enamel surfaces. (24) Some investigators 

have recommended resin bonding procedures be delayed for 2 or 3 weeks post-bleaching (4, 

44-46), yet numerous others did not observe significant variations in bond strengths of 

bleached versus unbleached enamel. (4, 5, 8) 

IN OFFICE BLEACHING 

There is undoubtedly a controversy in the literature as to whether clinicians should 

recommend a delay or not after in-office enamel bleaching with high concentrations of 

hydrogen peroxide (>25%) and if so, how long should this delay period last. There is also a 

controversy as to which products and the amount of bleaching agent present that contributes 
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to variations in enamel structure and bond strengths.  Bishara et al. (4) found that in-office 25% 

ZOOM! bleaching did not significantly alter the shear bond strength of orthodontic brackets to 

enamel when comparing bonding after 7-day and 14-day latency periods. Uysal et al (8) 

established that 35% hydrogen peroxide bleach has no net reduction in bond strength of 

orthodontic brackets. Ernst et al. (17) research supports Uysal et al. as they determined that 

30% hydrogen peroxide in-vitro causes minimal to no morphologic changes to enamel On the 

other hand, Patusco et al. (18) discovered using 35% hydrogen peroxide bleach reduces the 

shear bond strength and recommends not bonding orthodontic brackets on a patient 24 hours 

after using in office whitening. Akin et al. (38) similarly reported there is a significant reduction 

in bond strength after using 38% hydrogen peroxide bleaching. Lewinstein’s study in 2004 (20) 

demonstrated similar results, noting in-office bleaching techniques alter the microhardness of 

enamel and dentin more than at home bleaching techniques, yet this microhardness can be 

adequately restored by using low-concentration fluoride mouth rinse after bleaching. 

OVER-THE-COUNTER BLEACHING 

Alternatively, clinicians want to know how over-the-counter or “at-home” bleaching 

products affect enamel composition and enamel bond strengths. Most research has been 

conducted on over-the-counter carbamide peroxide-based products and to our knowledge no 

investigation has been completed on products containing low levels of hydrogen peroxide. Akin 

et al. (38) reported that there is no significant effect on shear bond strength after bleaching 

enamel with 10% carbamide peroxide. This is supported by Patusco et al., (18) who concluded 

that it is acceptable to perform orthodontic bonding on a patient 24 hours after the use of 10% 

at-home carbamide peroxide bleach. Bulut et al found opposing evidence that bleaching with 
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10% carbamide peroxide immediately before bonding reduces the bond strength of orthodontic 

brackets; however, he recommends treating the bleached enamel with sodium ascorbate or 

waiting a period of one week to reverse the decrease.(39) Interestingly, Bishara et al. (4) found 

that 10% carbamide peroxide did not significantly alter the shear bond strength of orthodontic 

brackets to enamel at 7-days or 14-days post bleaching; however, a statement is made that 

orthodontists can bond between one and two weeks post bleaching although it may be prudent 

for a clinician to wait at least 2 weeks before bonding brackets. Similarly, Miles et al.(35) 

demonstrated that patients should wait at least one week after using whitening products 

containing 10% carbamide peroxide before having orthodontic brackets bonded as they found a 

significant difference in bond strength between those teeth bonded immediately after 

bleaching and those bonded one week. 

SHEAR BOND STRENGTH 

Previous studies have focused on differential shear bond strengths at 1-week and 2-

week intervals, whereas our study aimed to determine if there a significant difference in shear 

bond strength between a 24-hour delay and a 1-week delay in bonding orthodontic brackets. 

To our knowledge, no previous studies have been conducted testing the following over-the-

counter products: Crest 3D WHITE™ LUXE Professional Effects Whitestrips and Crest 3D 

WHITE™ BRILLIANCE 2-Step Toothpaste containing hydrogen peroxide concentrations of 6.5% 

and 3%, respectively. Most dentifrices are known to cause no changes in the enamel surface 

morphology as the mechanism of action of these toothpastes is more so dependent on the 

increased amount of detergents and abrasive particles rather than the low concentrations of 

peroxides present to lighten tooth color. (47) We were interested in discovering if the hydrogen 
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peroxide agent in white strips and 2-Step toothpaste would cause a noticeable alteration in 

enamel bleaching and surface morphology, thus a decrease in shear bond strength. 

When assessing the mean shear bond strengths of all groups A through E, it was determined 

there was no statistically significant difference at P < .05. Group E, our control, was unbleached 

and soaked in artificial saliva at 37C for a 2-week period to simulate the intraoral conditions. 

Groups A and B were bleached with 6.5% hydrogen peroxide containing white strips for 1 hour 

each day for 2 weeks before Group A observed a 7-day delay and Group B a 1-day delay prior to 

bracket bonding/debonding. While Group A and B appear clinically to demonstrate a greater 

mean shear bond strength than the control (9.59), the difference was not statistically significant. 

Groups C and D were both brushed with a new, soft-bristled toothbrush each day for 15 

seconds using both steps of the 2-Step toothpaste for two weeks. Group C incurred a 7-day 

bonding delay and Group D incurred a 24-hour bonding delay.  As compared to the control 

mean of 9.59 MPa, Group C and D also appear clinically to demonstrate a greater mean shear 

bond strength yet the difference was not statistically significant. 

For shear bond strength, an analysis of variance (ANOVA) procedure was used to 

determine if differences exist among 5 treatment groups (factors) with an average of 

5 megapascals considered clinically relevant. There is a power of 70% of detecting this 

difference among 5 groups with 8 teeth per group (total 40 teeth), a power of 80% 

with 10 teeth per group (total 50 teeth) and a power of 90% with 13 teeth per group 

(total 65 per group.) Thus, our study had a power of >90% with 17 samples in each group. In 

light of the non-significant results for shear bond strength, a post-hoc power calculation was 

performed.  Considering 5.0 megapascals (MPa) to be significant, our largest observed 
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difference in means between groups B and E was 2.11 MPa. It would require an experiment 

with 565 teeth (113 teeth per group) to have 90% power of rejecting the null hypothesis. A 

smaller experiment with 355 teeth (71 teeth per group) would have 70% power. The smaller 

differences observed among the groups would require larger experiments for the same power. 

Contrary to our findings, in 1993 Bishara et al. (5) results indicated that their unbleached 

control groups had a higher shear bond strength numbers than the bleached groups (12.3 MPa 

and 10.2 MPa, respectively). However, their control group of 20 teeth was stored in distilled 

water rather than artificial saliva statistically significant difference was recognized between our 

bleaching groups and control groups. This is congruent with the findings of Akin et al. (38), 

Bishara et al.(4), and Patusco et al. (18) who each demonstrated no statistical difference 

between the bleached group (10% carbamide peroxide) and the unbleached group. It is 

possible that bleaching with 6.5% hydrogen peroxide white strips and 3% gel toothpaste 

resulted in the same outcomes as bleaching with 10% carbamide peroxide.  This may be due to 

the low concentrations of hydrogen peroxide present in both materials, as 10% carbamide 

peroxide breaks down into 3% hydrogen peroxide and 7% urea. 

Again in 2005, a similar study by Bishara et al. did not recognize statistically significant 

differences in shear bond strengths between enamel bleached with carbamide peroxide and 

enamel that was unbleached.(4) They used at-home 10% carbamide peroxide and in-office 25% 

hydrogen peroxide bleaching and produced findings (although not significant) that indicate a 

tendency for increased bond strengths after postponing bleaching procedures for 2 weeks. 

Our results were similar though our recommendations differ from Bishara’s. Our investigation 

demonstrates that it is acceptable to bond orthodontic brackets to teeth bleached one day 
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previously using over-the-counter hydrogen peroxide without recognizing any significant effects 

in bond strength. 

Artificial saliva was selected as our storage medium based on the most current bracket 

shear bond strength studies in the literature. In an attempt to provide a similar method of 

specimen storage, we elected to use artificial saliva (versus distilled water) at 37oC to provide 

parallelism with previous studies and ultimately, to improve the comparability of our results 

with other studies. Our study indicates that the samples exposed to artificial saliva at 37C for 

longer time periods had a tendency to have lower shear bond strengths than our bleached 

samples. Said differently, longer exposure to our artificial saliva seems to have created some 

sort of negative effect on the bonding strength of orthodontic brackets. It is important to note 

that our findings parallel the findings reported by Spyrides et al. (44) where storage in artificial 

saliva affected the control group, thus reducing its bond strength to 53% of the original. They 

found significant differences in the effects of immediate dentin bonding post bleaching, but 

were unable to explain the decrease in bond strength found in their control group soaked in 

artificial saliva. It is possible that the artificial saliva used as a storage medium contains 

components that form a “protective barrier” over the enamel surface, causing a decrease in 

microporosities and resin tags during bonding, thus decreasing bond strengths. Again, this is 

only an assumption and warrants further investigation. 

This causes us to ask the following questions: Why are the bleached samples presenting 

with higher bond strengths as compared to the unbleached samples? Are there other 

confounding variables that are in effect during the 1-week or 1-day delay in bonding? Are there 

effects of altering the virgin enamel surface to a flattened enamel surface?  Were there any 
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processes or agents used during experimentation that may have altered the enamel surface? 

What effect does the artificial saliva have on the enamel surface and/or shear bond strengths? 

To answer these questions, an exhaustive literature search was conducted to attempt to 

find more information to explain our findings. According to Pus et al. (48) the use of a rubber 

prophy cup or bristle brush has been shown to abrade the surface enamel to depths of 5.0 µm 

and 10.7 µm , respectively. It is possible that abrasive action of our prophy cup may have been 

enough to reduce the bleaching effects of hydrogen peroxide on the enamel surface to 

insignificant levels, thus upsetting our findings. A recent study by Zeczkowski et al. (49) suggests 

that the inconsistencies in outcomes found in enamel bleaching studies such as ours, can be 

directly related to the limitations of these studies and in fact, the storage mediums and 

conditions do not accurately reflect the true clinical situation.  Furthermore, Zeczkowski et al. 

(49) suggest the clinical situation can best be achieved using an “in situ “ storage medium which 

is essentially an intermediate stage between laboratory experimentation and clinical trials 

reproducing clinical conditions and conducting follow up analysis outside of the mouth. Ionta 

et al. (50) found that although various formulations of artificial saliva are able to partially 

remineralize enamel, a lack of storage medium standardization impairs the comparison and 

application of various study results. 

Another factor that may compromise artificial saliva’s ability to create remineralization 

after bleaching is the presence of carboxymethylcellulose which is added to some formulations 

to increase its viscosity. Thus, the increased artificial saliva viscosity promoted by 

carboxymethylcellulose can decrease the rate of diffusion of minerals into the tooth structure. 

(50, 51) 
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Yet another important consideration involving shear bond testing procedures includes 

the universal machine crosshead speed.  Based on previous studies, we chose to use the 

standard crosshead speed of 5.0 millimeters per minute.(4) According to Lindemuth, shear 

bond strength of composite resin to enamel is essentially unaffected by the variation in 

universal testing machine crosshead speed. (52) 

In order for an orthodontic bracket to be clinically successful, Reynolds(53) determined 

it’s bond strength range should fall within or above the range of 5.9 – 7.5 MPa. In our study, 

Groups A, B, C, D and E (control) all fall within this range, therefore, bonding after any of these 

bleaching procedures or time points should maintain acceptable clinical success levels. In 2009, 

Mullins et al.(28) determined that brackets bonded to recently bleached teeth (10% carbamide 

peroxide) have an increased chance of bond failure in both in vitro and in vivo studies. 

Although all of their samples were within the ranges of clinically successful bond strengths 

determined by Reynolds(53), they determined a significant variation in bracket success.  

Despite Reynolds findings, Mullins’ in-vivo study concluded that there should be a two-week 

period between bleaching and bonding procedures if no anti-oxidant agents are used. 

SPECTROPHOTMETRIC COLOR CHANGE 

When assessing the mean spectrophotometric color change (∆E), there were statistically 

significant differences among the mean color changes where P < .0001. According to Johnston 

et al., (43) clinically significant differences are represented by mean changes of ∆E >3.7. As 

seen in table 5, Group A (6.5% hydrogen peroxide white strips, 1-week bonding delay) 

demonstrated the highest ∆E color change equal to 12.43 when compared to the control ∆E 

mean of 4.67. Group B was bleached similarly to Group A, but was exposed to artificial saliva 

46 



 

 

           

       

          

          

          

       

      

        

     

    

     

       

           

       

         

  

     

          

        

         

         

           

for 24 hours prior to bonding.  The mean color change (∆E) for Group B was equal to 11.54. 

Since there is no statistically significant differences between Groups A and B (white strip 

groups), they can be grouped together as a single subgroup for purposes of colorimetry. 

Groups C, D and E (toothpaste and control groups) also do not demonstrate statistically 

significant differences (∆E = 4.77, 7.41, 4.67) so they too can be considered another subgroup 

for purposes of colorimetry comparisons. Said differently, both groups bleached with white 

strips, regardless of a 1-day or 7-day soak in saliva, demonstrate much larger changes as 

compared to both toothpaste groups and the control group. 

Our findings are comparable to the results of Terezhalmy et al. (47) who demonstrated 

that whitening dentifrices remove surface stains by way of detergents and abrasive particles, 

and little to no bleaching of the enamel results from the low concentrations of peroxides 

present. The study reported that basically stain reduction with a whitening dentifrice is 

comparable to that seen after a dental prophylaxis. According to Zeczkowski et al.(49) the use 

of artificial saliva as a storage medium in enamel bleaching experiments reported the lowest 

values of change in brightness when compared to purified water, natural saliva, and in situ 

storage mediums. 

Interestingly, all groups receiving whitening product as well as our control group (∆E= 4.67) 

showed clinically significant changes in ∆E (>3.7). Color changes for groups A through D were 

expected, but why was there a color change for our unbleached control Group E? Further 

evaluation of Group E (control) indicated a trend representing a gradual increase in the ∆E 

calculations up to 9.29 with no “jumps” to indicate an outlier. Interestingly, all remaining 

groups demonstrated this same trend. In evaluating the equation for ∆E, it is important to 
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mention that the possibility to get a decrease in color (negative change in ∆E) is not possible 

due to squaring the changes in *L, *a, and *b.  This implies that any kind of variation in 

measurement from pre-bleaching to post-bleaching will appear as a lighter shade. Only if our 

measurements had been identical for *L, *a, and *b would one get a zero change in ∆E; 

otherwise, ∆E is always greater than zero. Our assumption is that a random error or a natural 

inherent variation was present during at the time of measurement. 

ADHESIVE REMNANT INDEX 

Our findings are contradictory to Uysal et al., (8) who found statistically significant outcomes 

when evaluating the amount of adhesive remaining on enamel after bleaching.  Using a 

modified adhesive remnant index with a scoring system of 1 to 5, they found that their 

unbleached group's failures were predominately at the bracket/adhesive interface, whereas the 

bleached groups (35% hydrogen peroxide) either showed intra-adhesive cohesive failures, or 

failed at the adhesive/enamel interface.  Our findings indicate that there were no statistically 

significant differences among the unbleached control and the bleached groups using over-the-

counter white strips and toothpaste with 6.5% and 3% hydrogen peroxide, respectively. 

SCANNING ELECTRON MICROSCOPY 

Ten samples were randomly selected (two samples from each group A-E) to be used for 

Scanning electron Microscopy following the completion of the bonding and shear debonding 

procedures. No major findings or conclusions can be drawn from the visualization of surface 

enamel from when comparing x200 and x1000 magnifications of groups A, B, C or D as 

compared to control group E. This finding is supported by other studies who researched the 

effects of over-the-counter 10% carbamide peroxide on the enamel surface. Ernst et al. (17) 
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suggested minimal to no morphologic changes occur to enamel while exposing enamel surfaces 

to bleaching agents containing 10% carbamide. Ernst’s findings indicated that the specimens 

exposed to the bleaching agents revealed minor to no alterations to surface enamel as 

compared to the control group. It is possible our findings are related to the surface roughness 

that is present after sanding the samples with 200, 400 and 600 grit sandpaper, but this is only 

an assumption and warrants further investigation. 

However, other studies were able to demonstrate significant visual findings using 

electron microscopy. Using transmission electron microscopy, Lai et al. were able to reveal an 

extensive difference in the etching patterns present on bleached versus unbleached enamel. 

(23) Bishara et al. (4) demonstrated there is a visual difference in the uniform “honeycombed” 

appearance of bleached enamel as compared to the enamel morphology of unbleached 

enamel. His findings were even more pronounced, revealing an alteration in the uniform 

“honeycombed” appearance after in-office bleaching and etching with 37% phosphoric acid 

etch.  Although Bishara found visual evidence of the effects of in-office (25% hydrogen 

peroxide) and at-home bleach (10% carbamide peroxide), the findings did not indicate 

significant differences between the shear bond strengths of bleached and non-bleached teeth 

after 1 and 2 week bonding latencies. 

RESEARCH IMPLICATIONS FOR CLINICAL PRACTICE 

This investigation demonstrates that bonding orthodontic brackets to recently bleached 

teeth with over-the-counter hydrogen peroxide based bleaching strips and dentifrice does not 

reduce bond strength.  Therefore, bonding orthodontic brackets can be done after bleaching 

without the need to observe a latent period between bleaching and bonding. 
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STUDY LIMITATIONS 

Several inherent limitations can be ascertained from this study. With an initial goal to 

limit confounders and standardize all samples and procedures, teeth were prepared to a flat 

enamel surface for bleaching and bonding procedures. In retrospect, this caused a roughened 

enamel surface that may have had an effect on bond strengths and also made comparisons of 

scanning electron micrographs unremarkable. As compared to previous studies, it is unknown 

which storage mediums formulations for artificial saliva were used, thus making comparisons of 

result more challenging. Additionally, it may have been beneficial to use the same bonding 

agents and bracket systems for congruency and comparison purposes. 

FUTURE CONSIDERATIONS AND FOLLOW UP STUDIES 

Future studies may consider investigating new over-the-counter whitening systems 

utilizing ultra-violet light that may interfere with orthodontic bracket bond strength. What 

effect does the over-the-counter ultraviolet light whitening system have on enamel surface and 

hydrogen peroxide penetration?  Future studies considering the effects of bleaching on 

orthodontic bracket bond strength may find it useful to consider the use of a standardized 

artificial saliva or use of an in-situ storage medium. More studies could be conducted on the 

effects of artificial saliva to determine its effect on bond strength. Additionally, taking into 

account the Adhesive Remnant Index may aid in determining if bleaching increases the 

debonding of resin from enamel or if debonding is occurring between the resin and bracket pad 

interface, thus delineating more conclusive evidence of the effects of bleaching on bond 

strengths. 

50 



 

 

 

 

        

          

            

     

     

    

    

           

       

      

           

         

            

 

     

       

     

            

       

 

           

       

      

 

 

CHAPTER V 

CONCLUSION 

Within the limitations of this study, the following conclusions can be drawn: 

The use of these over-the-counter bleaching products does not statistically significantly alter 

the shear bond strength of orthodontic brackets. With the use of these hydrogen peroxide 

based over-the-counter bleaching products, there are no significant differences in shear bond 

strengths of orthodontic brackets bonded 24-hours after bleaching or bonded after recognizing 

a 7-day delay in bonding. 

The null hypothesis cannot be rejected; therefore, we conclude that: 

1. There is no significant difference in the in-vitro bond strength between teeth that are 

bleached with 1) white strips and 2) tooth paste prior to orthodontic bracket bonding 

and those that are not bleached prior to bracket bonding. 

2. There is no significant difference in the in-vitro bond strength between teeth that are 

bonded with orthodontic brackets 24-hours after bleaching with white strips or tooth 

paste and those that were bonded one week after bleaching with white strips or tooth 

paste. 

3. There is no significant difference in the spectrophotometric color change between teeth 

bleached with tooth paste and teeth that are not bleached; however, there is a 

significant difference in the spectrophotometric color change between teeth bleached 

with white strips as compared to those bleached with tooth paste and teeth that are not 

bleached (controls). The amount of bleaching that occurs has no impact on shear bond 

strength. 

4. There is no significant difference in amount of adhesive remaining on the enamel after 

debonding the bleached samples compared to the amount remaining on the 

enamel after debonding the non-bleached samples 
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