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Abstract: The purpose of this study was to compare the shear bond strength (SBS) and the adhesive remnant index 

(ARI) after Accelerated Artificial Aging (AAA) of metal orthodontic brackets bonded with self-polymerizing (Concise 
Ortodôntico - CS, 3M Unitek) and light activated (Transbond Plus Color Change - TPCC, 3M Unitek) composites to 
enamel after different surface treatments. Methodology: 60 human premolars were separated into 5 groups (n=12): 

Group I - 37% phosphoric acid (PA Dental Gel, Dentsply) and CS; Group II – PA + Primer and CS; Group III - PA and 
TPCC; Group IV - PA + XT Primer (3M Unitek) and TPCC; and Group V – Transbond Plus Self Etching Primer - SEP 
(3M Unitek) and TPCC. Twenty-four hours after bracket bonding, half of the specimens from each group were submitted 

to AAA for 960 hours. The samples were submitted to the shear bond strength (SBS) test in a universal test machine 
(0.5mm/min). ARI was evaluated under a loupe (10X) and quantified using a score (0-3). Data were submitted to 2-way 
ANOVA and Bonferroni’s test ( =5%). Results: Group II without AAA showed the highest mean value of SBS (p<0.05) in 

comparison with Groups III and V, which showed the lowest mean of SBS, when comparing the adhesive systems used. 
All groups without AAA presented a greater frequency of score 3, regarding the ARI. There was an increase in the 
frequency of scores 1 and 2 when specimens were submitted to AAA, Conclusion: AAA did not influence the SBS of 

brackets, but reduced the area of ARI. 
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INTRODUCTION 

Previously, fixed orthodontic appliances were 

placed on all the patients teeth, which resulted in work 

intensive procedures, a great deal of time spent on 

clinical consultations, discomfort to the patient, 

unfavorable esthetics, and interdental spaces 

remaining after the appliance was removed [1].  

After 1965, with the use of enamel acid etching 

before the restorative material [2], the bands were 

replaced by orthodontic accessories fixed directly onto 

enamel by means an adhesive material [3-5]. The cost 

reduction this technique provided, allied to the 

development of new bracket base designs, made it 

easier for professionals to apply orthodontic 

mechanics, and for patients who were apt to undergo 

orthodontic treatment to have greater access to this 

treatment [6].  

Direct bonding of the accessory to the tooth allows 

greater biofilm control, greater control of gingival 

inflammation, less enamel decalcification, and better 

esthetics. In addition, this technique allows caries 

lesions to be detected more easily, eliminating tooth 

separation and diminishing the time of clinical 

attendance [1, 7-8]. 
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Nowadays, composites are the materials most used 

for bonding orthodontic accessories to the teeth [6, 9]. 

They may be self-polymerizing, or light-activated, and 

in order to allow and adequate bond of the accessory 

to the tooth, they require surface treatment so that 

bond failures do not occur.  

It is known that accelerated artificial aging (AAA) is 

an agent causing the degradation of composites [10-

13]. However, in the literature there are no reports of 

studies that have analyzed the strength of the 

bracket/tooth bond after aging, to verify its longevity 

and integrity throughout orthodontic treatment. This 

knowledge is important to enable better correlation of in 

vitro with in vivo situations present in the oral cavity, in 

spite of knowing the limitations of any in vitro study.  

Thus, the aim of this study was to evaluate in vitro 

the shear bond strength (SBS) and the adhesive 

remaining index (ARI) after AAA of metal orthodontic 

brackets bonded with self-polymerizing and light-

activated composites with different enamel surface 

treatments. The null hypothesis tested was that there is 

no difference in the shear bond strength, regardless of 

the type of composite used and surface treatment 

studied.  

MATERIALS AND METHODS

1. Teeth Selection 

Sixty recently extracted healthy human maxillary 

first premolars are selected, with approval from the 
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Research Ethics Committee (Process No. 

2010.1.1136.58.7). The teeth presented an intact 

enamel surface, without alteration due to chemical or 

mechanical agents. The teeth were cleaned, immersed 

in a 0.1% Thymol solution for 7 days for disinfection. 

After, they were washed in running water and stored in 

distilled water at 6 C until sample preparation.  

The teeth were embedded in PVC rings (20mm high 

x 20mm diameter), using self-polymerizing acrylic resin 

(Vipi Flash, Vipi, Pirassununga, SP, Brazil), so that 

they were centralized with the vestibular surface 

perpendicular to the horizontal plane. This surface was 

cleaned by means of prophylaxis with Pumice stone 

(SS White, Petrópolis, RJ, Brazil) at low speed (MRS 

400, Dabi Atlante, Ribeirão Preto, SP, Brazil) using a 

rubber cup (Microdont Micro Usinagem, São Paulo, 

SP, Brazil) for every 5 teeth. After this, the teeth were 

randomly separated into 5 groups (n=12) according to 

the type of enamel surface treatment and composites 

used for bracket bonding (Table 1). 

2. Bracket Bonding 

Sixty metal brackets were used of the Standard 

Edgewise Slot 22” (Morelli Ortodontia, Sorocaba, SP, 

Brazil) type, with a total base area of 12.9mm
2
, which 

were bonded to the vestibular enamel surface of the 

teeth, according to the following groups: 

Group 1 

Enamel acid etching for 60 seconds, washing with 

water for 30 seconds, drying with jet of air, placement 

of composite and fixation on teeth. 

Group 2 

Enamel acid etching as performed in Group 1 + 

primer and adhesive of which the composite kit was 

composed. After polymerizing the adhesive system, the 

brackets were bonded. 

Group 3 

Enamel treatment same as performed in Group 1 + 

placement of light activated composite + Light 

activation (FlashLite 1401, Discus Dental - Culver City, 

CA, USA) for 10 seconds, in accordance with the 

manufacturer’s instructions. 

Group 4 

Enamel treatment same as performed in Group 1 + 

XT Primer + light activation (FlashLite 1401, Discus 

Dental) for 10 seconds, in accordance with the 

manufacturer’s instructions + bracket fixation in the 

same way as performed in Group 3. 

Group 5 

Application, for 3 seconds, of the self-etching 

adhesive system Transbond Plus Self Etching Primer 

(TPSEP), with circular movements + application of the 

adhesive agent + light jet of air for 2 seconds + bracket 

fixation in the same way as performed in Groups 3 and 

4. 

Bracket fixation was performed with orthodontic 

forceps (Morelli Ortodontia, Sorocaba, SP, Brazil) 

following the long axis and at 3.5mm from the 

vestibular cuspid (Estrela de Boone, Morelli Ortodontia, 

Sorocaba, SP, Brazil). The bracket was pressed onto 

the tooth with the aid of a Gillmore needle (450g) for 5 

seconds, to standardize the force and time used. The 

excess composite was removed from the extremities of 

the bracket. After polymerizing the composites, the 

samples were immersed in distilled water and stored at 

37°C for 24 hours.  

3. Accelerated Artificial Aging (AAA) 

Half of the samples of each group (n=6) were 

submitted to AAA for non-metal C-UV (Comexim 

Matérias Primas Ltda, São Paulo, SP, Brazil). This 

system simulates the nature forces, predicting the 

Table 1: Groups Analyzed in the Study 

Groups Composite Surface Treatment 

1 Concise Orthodontic (3M Unitek, Monrovia, CA, USA) 37% phosphoric acid (3M Unitek, Monrovia, CA, USA) 

2 Concise Orthodontic 
37% phosphoric acid + primer + chemically polymerized 

adhesive (Concise Orthodontic) 

3 
Transbond Plus Color Change  

(3M Unitek, Monrovia, CA, USA) 
37% phosphoric acid  

(Acid Gel, Villevie, Joinville, SC, Brazil) 

4 Transbond Plus Color Change 
37% phosphoric acid + XT Primer + Transbond XT,  

(3M Unitek, Monrovia, CA, USA) 

5 Transbond Plus Color Change 
Transbond Plus Self Etching Primer  

(3M Unitek, Monrovia, CA, USA) 
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relative durability of materials exposed to ultraviolet 

light sources (UV-B), with radiation of 280/320nm as 

occurs in nature.  

The aging program established for this study was 4 

hours of exposure to UV-B at 50°C and 4 hours of 

condensation at 50°C, up to the total of 960 hours, 

which corresponds to 2 years of clinical use of the 

material [14].  

The other half of the samples, which were not 

submitted to AAA, was considered their respective 

control groups. 

4. Shear Test 

The shear test was performed in a universal test 

machine (DL 200, EMIC, São José dos Pinhais, PR, 

Brazil) at a crosshead speed of 0.5mm/min. Each 

sample was positioned on the machine’s basis and the 

load was applied by a chisel at the bracket/enamel 

interface and parallel to the long axis of the tooth 

(Figure 1). The force necessary to bracket debonding 

was registered in kilograms.force (kgf) and converted 

into Megapascals (MPa).  

 

Figure 1: Chisel extremity positioned at the bracket/enamel 
interface during the SBS test. 

5. Statistical Analysis 

The shear bond strength values (SBS) were 

statistically compared by 2-way ANOVA (factors: 1- 

AAA; 2- enamel surface treatments / composites), and 

Bonferroni test at a significance level of 5%, using 

GraphPad Prism 4.0® software.  

6. Adhesive Remnant Index (ARI) 

After the shear bond strength test the teeth were 

examined under a loupe (Lupa ICEL TL 1106, Manaus, 

AM, Brazil) at 10x magnification, to quantify the ARI to 

enamel [15]: 

0:  Without adhesive on the surface; 

1:  Less than half of the surface with adhesive; 

2:  Over half of the surface with adhesive; 

3:  The entire enamel surface with adhesive 

remnant, with distinct impression of the bracket 

mesh on the adhesive. 

After data verification, the distribution of the 

frequency of ARI was calculated in percentage in the 

samples with and without AAA. 

7. Fracture Patterns 

The fracture patterns were classified as cohesive 

and adhesive. Cohesive (Figure 2) when there was 

adhesive remnant on the tooth and the bracket 

surfaces after removing the bracket. The adhesive 

pattern was sub-divided into two situations: 

material/bracket adhesive (Figure 3), when the 

 

Figure 2: An example of cohesive failure pattern. 

 

 

Figure 3: Adhesive failure pattern: material/bracket adhesive. 
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adhesive remnant remained on the enamel surface; 

and material/tooth adhesive (Figure 4), when the 

enamel surface presented no adhesive remnant; that is 

to say, the adhesive remained adhered to the bracket. 

RESULTS 

There was no statistically significant difference 

between the Groups with and without AAA (p>0.05). 

When comparing the adhesive systems used, Group 2 

without AAA showed the highest mean of SBS, a 

statistically significant result (p<0.05) in comparison 

with Groups 3 and 5, which showed the lowest mean of 

SBS (Table 2).  

Table 2: Comparison of Means (MPa) (Standard 
Deviation) of Shear Bond Strength without and 
with AAA (2-way ANOVA, Bonferroni Test) 

 Without AAA With AAA 

Group 1 18.33 (7.43) AB 16.25 (5.94) A 

Group 2 23.37 (6.34) A 18.17 (3.08) A 

Group 3 10.73 (3.84) B 10.48 (2.76) A 

Group 4 15.01 (2.94) AB 16.47 (6.06) A 

Group 5 9.89 (4.68) B 10.31 (5.93) A 

Different letters in the column indicate statistically significant differences 
(p<0.05). There was no statistically significant difference between the Groups 
with and without AAA (p>0.05). 

 

The frequency distribution of ARI may be seen in 

Table 3. Score 3 was the most prevalent in all groups, 

with exception of Group 3 with AAA, which presented 

ARI 1 and 2 (50%). Only one sample in Group 1 (17%) 

presented ARI zero. This score was not found in the 

other groups. Without AAA, all groups presented a 

frequency equal to or higher than 50% in Score 3. With 

EAA, there was a reduction in the frequency of this 

score, with increase in the frequency of scores 1 and 2.  

The Fracture Pattern distributions without AAA and 

with AAA may be seen in Figures 5 and 6. The majority 

of the samples in Group 3 presented a cohesive 

pattern, both with and without AAA, differently from the 

samples in Group 4, which presented prevalence of the 

material/bracket adhesive pattern without AAA and 

enamel fracture with AAA.  

The samples in Group 5, without AAA presented 

equal prevalence for the three types of failures. After 

AAA, the prevalent fracture pattern of the samples was 

cohesive.  

DISCUSSION 

The aim of this study was to evaluate the SBS and 

ARI after AAA of metal orthodontic brackets bonded 

with self-polymerizing and light-activated composites, 

after different surface treatments. The results indicated 

that AAA was not a determinant factor for the reduction 

in tooth/bracket bond strength, irrespective of the type 

of composite and surface treatment used. There was a 

reduction in bond strength according to the type of 

composite and adhesive system used. Therefore, the 

null hypothesis tested could be only partially accepted. 

All the groups presented higher SBS than the 

minimum force necessary to bear the normal 

orthodontic force (6 to 8 MPa) [16]. This force should 

be sufficiently high to resist accidental bracket 

debonding, but also low enough to allow bracket 

removal at finishing the treatment, without causing 

damage or excessive forces on the enamel [17].  

The lower pH of the self-etching adhesive systems 

[18, 19] in comparison with prior acid etching may have 

been the reason for these results. In addition, there 

may have been less penetration of the primer in dry 

conditions, because this was an in vitro study. As the 

primer is hydrophilic, differently from the other systems 

  

Figure 4: Adhesive failure pattern: material/tooth adhesive (the enamel surface presented no adhesive remnant; the adhesive 
remained adhered to the bracket). 
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studied, there would be less penetration of the 

infiltrated resin, which would produce lower bond 

strength [20-22].  

Moreover, acid etching before primer application 

allows good wetting and resin penetration into the 

enamel surface [23]. Etching allows a uniform 

demineralization, making the surface more receptive to 

the adhesive agent [24].  

The hydrophilic nature of the self-etching primer 

may also contribute to the reduction of strength at the 

bond interface, due to the greater water sorption of 

these materials [24], resulting in a higher rate of 

Table 3: Distribution of Frequency of ARI (%) on the Samples without and with AAA 

 Without AAA With AAA 

 0 1 2 3 0 1 2 3 

G1 17% 0% 0% 83% 0% 0% 33% 67% 

G2 0% 17% 0% 83% 0% 33% 0% 67% 

G3 0% 17% 33% 50% 0% 50% 50% 0% 

G4 0% 0% 17% 83% 0% 33% 0% 67% 

G5 0% 33% 0% 67% 0% 33% 67% 0% 

 

Figure 5: Percentage distribution of failure patterns for samples without AAA. 

 

 

Figure 6: Percentage distribution of failure patterns for samples with AAA. 
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bracket debonding [25]. The water is capable of 

penetrating between the polymeric chains, diminishing 

the binding forces of van der Waals forces, reducing 

the mechanical properties of the composite [26, 27].
 

However, as the results presented by the self-etching 

system are still within the desired minimum, its 

advantage would be the reduction in the number of 

clinical steps for bracket bonding [28], which would be 

reflected in productivity. 

The ARI allowed one to visualize the type of bond 

strength that the tooth/bracket bond presented, 

whether it was adhesive or cohesive. In the case of 

material/bracket adhesive fracture, it could result from 

little penetration of the primer due to the reduced 

enamel demineralization [24], which could lead to less 

difficulty in removing the remnant material from the 

enamel surface [29]. 

The type of bracket failures depends on various 

factors, among them the cohesive strength of the 

adhesive, morphology of the bracket base, and the 

bond strength values achieved with the use of adhesive 

systems [19, 30], due to the smaller quantity of residual 

adhesive on the enamel surface with the self-etching 

adhesives used [31]. 

There was a high incidence of enamel fracture, and 

this may be justified by the high bond strength values 

found in all the groups, well above the accepted levels 

[16].  

AAA was not decisive for the significant reduction in 

bond strength of the brackets, for any of the groups, 

therefore as far as aging is concerned; this allowed the 

null hypothesis to be accepted. In spite of the 

degradation that UV light causes on composites [12, 

13], its action was not significant, probably due to the 

small amount of composite used, the high bond 

strength values initially achieved, and protection of the 

composite provided by the bracket base.  

The results of this research are most relevant to the 

knowledge of the bracket/tooth bond with new adhesive 

systems on the dental market. Composites are 

materials that are very subject to color alteration [10], 

particularly when submitted to AAA [11, 32]. Therefore, 

the use of adhesive systems associated with these 

composite may allow the formation of tags that may 

have their color altered and make them visible after 

bracket debonding. Thus, further studies are 

suggested, which allow verification of tooth color 

stability after using these materials, submitted to AAA. 

CONCLUSION 

• AAA had no influence on the SBS of the bracket 

to the enamel, irrespective of the type of 

composite and surface treatment studied; 

• Bracket bonded with self-polymerizing composite 

presented higher SBS than those bonded with 

light-activated composite, irrespective of the type 

of adhesive system, except when the 2-step 

adhesive system was used, without AAA;  

• AAA led to a smaller area of ARI on the enamel 

surface; 

• After debonding, brackets bonded to the enamel 

surface with the 2-step adhesive system 

presented a higher ARI, similar to that of the self-

polymerizing composite, when compared with 

the brackets bonded with the light-activated 

composite. 
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