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Aim: To evaluate, in vitro, the effect of adhesive and bonding 
materials on the shear bond strength (SBS) of metallic bra-
ckets bonded to bovine teeth. Methods: Bovine teeth were 
embedded with acrylic resin, etched with 35% phosphoric 
acid for 20 s, rinsed, dried for 20 s and divided into 8 groups 
(n=20), according to the bonding materials and adhesive: 
Groups 1 and 5 – Transbond XT; Groups 2 and 6 – Fill Magic; 
Groups 3 and 7 – Biofix; and, Groups 4 and 8 – Orthocem. 
One layer of adhesive 3 M Unitek (Group 1), and one layer of 
Single Bond Universal Adhesive (Groups 2, 3 and 4) were ap-
plied and light-cured with LED for 10 s. Brackets were bon-
ded to the buccal surface with four bonding materials and 
light-cured with LED for 40 s. SBS was carried out after 24 h 
and thermocycling (7,000 cycles - 5°/55 °C). Data were sub-
mitted to two way ANOVA and Tukey’s post hoc test (α=0.05). 
The Adhesive Remaining Index (ARI) was evaluated at 8×. 
Results: The adhesive was effective in increasing the SBS for 
all bonding materials (p<0.05). Significant difference (p<0.05) 
on the SBS was observed between bonding materials with or 
without adhesive. The ARI showed a predominance of scores 
0 for all groups. Conclusions: The adhesive improved signifi-
cantly the SBS of the brackets to teeth. Different SBS values 
occurred among the bonding materials. ARI index showed 
predominance of score 0 for all groups.
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Introduction

The bracket bonding in teeth for mounting orthodontic appliances was one of the 
most significant advances in orthodontics. The bonding system has been based 
on the acid-etching technique1. The acid etching allowed improvement in the bond 
between the bracket and the tooth, enabling the perfectioning of direct fixation tech-
niques of orthodontic appliances to teeth, with the advantage of technical simplifi-
cation, reduced chair time, more comfort to the patient, better appearance, and less 
aggression to periodontal tissues2. 

After the acid etching of enamel, bonding systems have been used to promote increa-
sed durability and longevity for orthodontic brackets. The bonding procedure is based 
on clinical adhesive steps, as etch-and-rinse, self-etching, and self-adhesive3,4. Con-
ventional adhesive associates pretreatment of the tooth with an etched-and-rinse or 
self-etching adhesive. The adhesive penetrates the etched enamel, in order to incre-
ase the bond strength between the tooth and the composite resin5.

The light-activated composite resins are used to attach orthodontic brackets to the 
teeth6. The composite resins are densely loaded with reinforcing filler particles for 
strength and wear resistance7. The advantage of light-activated composite resins is 
that the clinician has time to place the brackets in the position, may remove excess 
material before the light activation8, and support adequately the loads applied during 
orthodontic treatment resulting from chewing9. However, failures with composite 
resins can occur and has been attribute to humidity contamination10 or incomplete 
polymerization when considering the light exposure time or limited depth polymeriza-
tion11, which changes with the light penetration into the material12. 

Recently, some composites resins have been applied for orthodontic use by many 
clinicians immediately after acid etching of enamel without adhesive. According to 
the manufacturers’ instructions, the number of steps during bonding is reduced, 
decreased chair time for patients and less contamination during bonding procedu-
res. However, a study showed that the adhesive promoted a significant effect on the 
SBS13. However, the literature is still not conclusive regarding the use of adhesive and 
bonding materials on the bond strength between orthodontic brackets and teeth.

Therefore, the aim of this study was to evaluate the effects of adhesive and bonding 
materials on the SBS of metallic brackets bonded to bovine teeth. The hypotheses 
tested were as follows: 1) The adhesive application would not influence the SBS; 2) no 
significant difference would occur between the bonding materials.

Material and methods 

Preparation of the specimens and light-curing procedures

Bovine mandibular incisors teeth were embedded in rigid polyvinyl chloride tubes 
(Tigre, Joinvile, SC, Brazil) with autopolymerizing acrylic resin (Classico Dental Pro-
ducts, Sao Paulo, SP, Brazil). The buccal surface of the teeth were parallel to the tube 
height, with the cementoenamel junction located approximately 3 mm above the 
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acrylic resin. The buccal surface of the teeth was cleaned with pumice-water slurry 
(S.S. White, Petropolis, RJ, Brazil) using a rubber cup (KG Sorensen, Cotia, SP, Brazil) 
for 20 s, rinsed with air-water spray for 20 s and dried with air for 20 s. The rubber cup 
was replaced after each five teeth. 

The middle third of the buccal surface of the one hundred sixty bovine incisors were 
etched using 35% phosphoric acid gel (Ultrandent, South Jordan, UT, USA) for 20 s, 
rinsed with air-water spray for 20 s and dried with air for 20 s. After, the teeth were divi-
ded into 8 groups (n=20) according to bonding materials and adhesive: Groups 1 and 
5 – Transbond XT (3M Unitek, Morovia, Califórnia – USA); Groups 2 and 6 – Fill Magic 
(Vigodent, Rio de Janeiro, RJ, BR); Groups 3 and 7 – Biofix (Biodinamics, Ibipora- PR, 
BR); and, Groups 4 and 8 – Orthocem (FGM Orthodontics Products, Joinville, SC,BR). 

One layer of a light cured adhesive primer (3M Unitek, Monrovia, CA, USA – Group 
1) and one layer of Single Bond Universal Adhesive (3M ESPE, St. Paul, MN, USA – 
Groups 2, 3 and 4) were applied on the etched area of buccal surface of the teeth 
and exposed a blue LED (Radii-cal, SDI Limited, Bayswater, Victoria, Australian) for 
20s with an irradiance of 1,200 mW/cm2 measured by Curing Radiometer Model 100 
(Demetron Research Corporation, Danbury, CT). Stainless steel standard premolar 
brackets (Abzil, 3M do Brazil, Sao Jose do Rio Preto, SP, Brazil) were positioned and 
firmly bonded of each tooth with Transbond XT (3M Unitek), Fill Magic (Vigodent), 
Biofix (Biodinamica) or Orthocem (FGM) light-cured bonding materials, following the 
manufacturers’ instructions. Excess bonding resin was removed with microbrush. 
Light-activation was carried out with four exposures on each side of the bracket with 
total exposure time of 40 s, using a blue LED (Radii-cal).

Storage and Bonding Testing

After the bonding procedures, all samples were stored in deionized water at 37 °C for 
24 h. Twenty brackets were bonded in each group, totalizing 160 bonded brackets. 
After this period, all samples were subjected to a thermal cycles regimen in a thermal 
cycling (MSCT 3; Marnucci ME, Sao Carlos, SP, Brazil) with deionized water between 
5 °C and 55 °C (dwell time of 30 s) and transfer time of 10 s between baths.

Shear Bond Strength Testing 

After thermal cycling, a mounting jig was used to align the tooth-bracket interface 
parallel to the testing device and SBS was performed in a universal mechanical tes-
ting machine (Model 4411; Instron, Canton, MA, USA) with a knife-edged rod at a 
crosshead speed of 1.0 mm/min until failure. The SBS data were calculated in MPa 
and submitted to two-way ANOVA and Tukey’s post hoc test (α=0.05).

Failure Analysis

After debonding, the bracket and tooth surfaces were observed under optical micros-
copy (Olympus Corp, Tokyo, Japan) at 8× magnification. The Adhesive Remaining 
Index (ARI) was used to classify the failure modes14 as follows: Score 0: indicated 
that no bonding resin remained on the tooth; Score 1: indicated that less than half of 
the bonding resin remained on the tooth; Score 2: indicated that more than half the 
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bonding resin remained on the tooth; and Score 3: indicated that all bonding resin 
remained on the tooth, with a clear impression of the bracket mesh.

Results
Table 1 shows the mean values of SBS. Significant differences between the bon-
ding materials (p<0.00001) and adhesive (p<0.00001) were detected. The interaction 
between bonding materials and adhesive factors (p<0.0003) were also significant. 
The use of adhesive had a significant effect on SBS for all bonding materials. 

The Transbond XT showed SBS statistically higher than the other bonding materials 
(p<0.05), and the Orthocem had the lowest SBS values (p<0.05) when adhesive was 
used. For the group without adhesive, the Transbond XT showed SBS statistically 
higher than Fill Magic, Biofix and Orthocem (p<0.05). No statistically difference was 
found among Fill Magic, Biofix and Orthocem (p>0.05)

Figure 1 shows the results for ARI. A predominance of score 0 was observed for all groups.

Table 1. Mean shear bond strength values (SD) in MPa.

Bonding Material
Adhesive

With Without

Transbond XT 10.3 (1.2) a,A 6.9 (1.3) a,B

Fill Magic 9.0 (0.8) b,A 5.0 (1.0) b,B

Biofix 8.3 (1.4) bc,A 4.3 (0.7) b,B

Orthocem 7.8 (1.3) c,A 4.2 (0.8) b,B

Different capital letters in each row indicate significant difference for adhesive, and different small letters in 
each column indicate significant difference for bonding materials (p<0.05). 

Figure 1. ARI scores after debonding of brackets.
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Discussion
The first hypothesis, which stated that the adhesive application do not influence the SBS 
was rejected. The results showed that significant differences were shown between the 
groups with adhesive and without adhesive. These results are in line with previous study, 
which also found significant differences between the groups with and without adhesives13. 
However, a recent study showed that brackets fixed without adhesive presented a debon-
ding rate after 12 months similar to that of brackets fixed with adhesive15,16. Other study 
showed that the penetration of the liquids into narrow capillaries, such as microporosities 
of etched enamel was influenced by properties of the liquid, such as viscosity and the sur-
face free energy of the capillary wall17. Besides, viscosity of composite resin is a parameter 
that can influence the penetration of restorative resins into enamel conditioned18. 

In the current study, the data showed significant differences between the bonding 
materials (p<0.0001). Then, the second hypothesis was rejected. The Transbond XT 
produced significantly higher SBS than another bonding material for both conditions 
with or without application of the adhesive. These findings are in agreement with pre-
vious studies, which also found significant differences between these bonding mate-
rials, when brackets were bonded to enamel surface13,19,20. However, other study sho-
wed that when the adhesive was not applied, SBS of bonding materials did not differ 
among themselves, except for Transbond Supreme LV that showed SBS values signi-
ficantly higher than other bonding materials13. Although Transbond XT has a high filler 
concentration (77 wt%), it showed SBS values of 6.9 MPa adequate for clinical use. 
Previous studies showed that the filler concentration may clinically influence the vis-
cosity of bonding materials21, but the higher viscosity can not limit the free flow of the 
resin into the enamel pores and the formation of resin tags22. Other studies showed 
that flowable resins can flow easily into an etched enamel structure adequately and 
onto a bracket base without need of an intermediate bonding resin, thus an enhance in 
the level of mechanical properties are expected13. Depth of resin penetration into ena-
mel decreases slightly with increasing viscosity23. Others studies showed that, when 
applied to acid-enamel, there are no significant differences between low-viscosity and 
high-viscosity resins in terms of adaptation and depth of penetration24.

Bond strength values between 6 to 8 MPa are adequate for orthodontic applications in oral 
environment25. In this study, SBS values lower than 6 MPa were obtained for Fill Magic, 
Biofix and Orthocem bonding materials where adhesive was not applied. Although the 
manufacturers of Fill Magic, Biofix and Orthocem bonding resins do not recommend the 
use of adhesives, the results of this study showed that the adhesive is necessary to obtain 
adequate SBS values. Thus, care should be taken by clinicians when adhesive is not used 
especially when the Fill Magic, Biofix or Orthocem are used because these bonding resins 
have not been acceptable clinically SBS to resist forces during orthodontic treatment.

The ARI values indicated a predominance of failures with score 0 when no bonding resin 
on the ceramic surface was observed. This may be clinically advantageous because 
there is less bonding resin to remove from the bovine teeth after bracket debonding26.

It may be concluded that the SBS values for bonding materials were influenced by the 
adhesives application. Different SBS values occurred among the bonding materials.  
The IRA index showed predominance of score 0 for all groups.
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