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Comparison of shear bond strength of orthodontics 

brackets on composite resin restorations 

with different surface treatments
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Introduction: Orthodontic patients frequently present composite resin restorations, however there are few stud-
ies that evaluate the best way for orthodontic bonding in this situation. Objective: The objective of this work was 
to evaluate the bond strength of orthodontic brackets in resin restorations with surface treatment. Methods: Fifty 
one bovine lower incisors were randomly divided into three groups. On the control group (CG) the brackets were 
bonded to dental enamel; on experimental groups, brackets were bonded to resin restoration with diamond drill 
treatment (EGT) and with no treatment (EGN). The teeth were placed in PVC tubes with autopolymerized acrylic 
resin. The shear test was performed in EMIC universal testing machine. The groups were submitted to ANOVA 
analysis of variance with Tukey post test to verify the statistical difference between groups (α = 0.05). Results: CG 
(6.62 MPa) and EGT (6.82 MPa) groups presented similar results, while EGN (5.07 MPa) obtained statistically 
lower results (p < 0.05). Conclusion: Therefore, it is concluded that the best technique for bonding of orthodontic 
brackets on composite resin restorations is the performance of surface detritions.
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Introdução: frequentemente, os pacientes ortodônticos apresentam restaurações de resina composta; no entanto, 
existem poucos estudos que avaliam a melhor forma de colagem ortodôntica nessa situação. Objetivo: o objetivo do 
presente trabalho foi avaliar a força adesiva de braquetes ortodônticos em restaurações resinosas com tratamento de su-
perfície. Métodos: foram utilizados 51 incisivos inferiores bovinos divididos aleatoriamente em três grupos. No grupo 
controle (GC), os braquetes foram colados em esmalte dentário; nos grupos experimentais com tratamento (GCT) e 
sem tratamento (GST), os braquetes foram colados em restauração de resina previamente realizada, diferenciando-se 
pelo tratamento de superfície com broca diamantada. Os dentes foram incluídos em tubos de PVC com resina acrílica 
autopolimerizável. O ensaio de cisalhamento foi executado em máquina universal de ensaios Emic. Os grupos foram 
submetidos à ANOVA com pós-teste de Tukey para verificação da diferença estatística entre os grupos (α = 0,05). 
Resultados: GC (6,62MPa) e GCT (6,82MPa) apresentaram resultados semelhantes, enquanto o GST (5,07MPa) 
obteve resultados estatisticamente menores (p < 0,05). Conclusão: conclui-se que a melhor técnica de colagem de 
braquetes ortodônticos em restaurações de resina composta é a de realização de desgaste sobre a superfície.

Palavras-chave: Resistência ao cisalhamento. Desgaste de restauração dentária. Colagem dentária.
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INTRODUction
The direct bonding of brackets became a conven-

tional protocol after innumerable studies that proved 
its effectiveness, especially regarding the debonding 
(shear).1-6 According to literature, appliances bond-
ed to the enamel must have shear bond strength be-
tween 6 and 8 MPa2,5,7 in order to achieve the clinical 
needs that support orthodontic and occlusion forces.8 
On the other hand, they must not present exceeding 
bond strength that may cause enamel cracks or frac-
tures during debonding of appliances. Other authors 
mentioned variations of 20 MPa as highest acceptable 
bond strength.9,10 

Today, it is observed considerable increase of adults 
seeking orthodontic treatment, due to greater number 
of professional orthodontists, great valorization of es-
thetics, access to affordable dental materials and aware-
ness of the necessity of orthodontic therapy. It is quite 
common to find in this group of patients, or even in 
younger patients, restorations of amalgam, composite 
resins or ceramics. Authors assert that recent progress 
on materials and techniques indicate that it is possible 
an effective direct bonding of orthodontic appliances 
on the surface of these materials.11,12 

In relation to the amalgam surface, studies show 
that the bond strength is inferior to the obtained on 
enamel,12,13 however the creation of mechanical reten-
tion with aluminium oxide blasting on the surface13,14, 
roughening with diamond tip or confection of wholes 
with spheric drill ¼ increases the bond strength of 
the orthodontic material to the restorative material.14 
Other works15 show that for porcelain restorations the 
best results were observed when it was applied phos-
phoric acid at 37% for 60 seconds for cleaning, fol-
lowed by application of silane, adhesive system and 
adhesive resin. On the other hand, others affirm the 
necessity of hydrofluoric acid application, posteriorly 
using silane specific for porcelain.3,11,15 

Authors3,12,14 assert that the bonding of brackets 
on surfaces restored with composite resin is similar 
to technique recommended for amalgam and por-
celain, however, it were not found enough studies 
for such affirmation. Therefore, the objective of this 
work was to evaluate the bond strength on teeth with 
composite resin restorations under different surface 
treatments, as well as to correlate these results with 
the adhesive remnant index (ARI).

MATERIAL AND METHODS
Sample

Fifty one bovine lower incisors were stored in 
Timol 0.1% and refrigerated at 5°C, for assemblage 
of specimens. The specimens were randomly divid-
ed into three groups: Control group (CG) (brackets 
bonded to dental enamel) and experimental groups 
with and without surface treatment, EGT and EGN, 
respectively. Brackets were bonded to resin restora-
tion previously performed).

Assemblage of specimens
Initially, it was performed the polishing of the 

dental enamel with water sandpaper of silicon carbide 
(granulation 1200) making the surface free of rough-
ness. The teeth were embedded in PVC tubes with 
autopolymerized acrylic resin JET (Clássico Artigos 
Odontológicos - Campo Limpo Paulista, Brazil). The 
vestibular face of each tooth was positioned perpen-
dicular to the base of the PVC tube with assistance 
of an acrylic set-square. After placing teeth into the 
tubes, samples were stored for 24 hours for the com-
plete resin polymerization (Fig 1). 

To limit the area to be restored on experimental 
groups, it were performed cavities of 0.5-1 mm deep 
with diamond spheric drill 3018HL (Microdont - 
São Paulo, Brazil) on the middle third of the dental 
crown. The size of the groove for restoration corre-
sponds to a larger area than the base of the bracket to 
be bonded (16 mm2). Then, the cavities were restored 
following orientations from the manufacturer of 4 
Seasons composite resin (thin particles for restorations 
highly esthetical, Ivoclar Vivadent - Schaan, Liech-
tenstein) and using adhesive Adper Single Bond  2 
(3M ESPE - St. Paul, USA). The specimens were im-
mersed in recipient with artificial saliva for one week. 
Posteriorly, finishing with drill for composite resin 
3195F (KG Sorensen - São Paulo, Brazil) and polishing 
with Enhance tips, Poligloss paste and sanding discs 
(TDV - Pomerode, Brazil) were performed. 

For the group with treatment (EGT) superficial 
detrition of composite resin restoration through ap-
plication in one way of the diamond milling cutter 
2200 (Microdont - São Paulo, Brazil) was performed, 
without any type of groove, for increase of mechani-
cal retention. The specimens were immersed again in 
recipient with artificial saliva at 37°C.
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Bonding of brackets
The specimens from the three groups were 

cleansed through prophylaxis with pumice and wa-
ter for 10 seconds using low rotation micromotor 
and rubber cup. Then the specimens were rinsed and 
dried with air for 10 seconds. The bonding of brack-
ets was done by standardized 200 gf pressure with as-
sistance of a tensiometer. 

The groups received direct bonding of brackets 
Edgewise Standard Slim, for upper central incisors of 
dimensions 0.022 x 0.030-in (Dental Morelli, Soro-
caba, Brazil). The specimens received acid condition-
ing (orthophosphoric) at 37%, adhesive Transbond XT 
Light Cure Adhesive Primer (3M Unitek - Monrovia, 
USA) and resin Transbond XT (3M Unitek - Monro-
via, USA), according to manufacturer’s instructions. 

The exceeding orthodontic resin was removed 
with explorer previously to the polymerization per-
formed for 30 seconds with the device Ultraled (Dabi 
Atlante - Ribeirão Preto, Brazil). After the bonding 
of brackets, the specimens were stored in distilled wa-
ter at 37°C, during 7 days for posterior shear test.

Shear test
The shear test was performed in EMIC DL 10.000 

(São José dos Pinhais, Brazil) machine with speed of 
1 mm/minute and load cells of 10 kN. The results 
of maximum force were recorded by the software 
Mtesc, version 1.01 (EMIC). The data were obtained 
in Megapascal (MPa).

Adhesive remnant index
After performing the shear test, the interface 

enamel-resin was examined in stereoscopic micro-
scope Carl Zeiss (Göttingen, Germany), binocular 
model KL 1500 LCD with attached photographic 
camera Pixelink, on magnification of 16X to de-
termine the amount of remnant resin (Fig 2). This 
was classified according to Adhesive remnant index 
which score ranges from 0 to 3 being: 

»	 0 - indicative of absence of remnant composite; 
»	 1 - less than a half of composite remained; 
»	 2 - more than a half of composite remained, and
»	 3 - all the composite remained adhered to the 

dental enamel.

Statistical analysis
The statistical analysis was performed on SPSS 

program version 16.0 (Statistical Package for Social 
Sciences; SPSS Inc., Chicago, IL, USA). Initially, it 
was done descriptive analysis of the groups, as well 
as verification of normality by Shapiro-Wilk test 
and intraexaminer agreement by weighted Kappa 
test for Adhesive remnant index. 

The groups were submitted to analysis of vari-
ance (one-way ANOVA) with Tukey post test for 
verification of statistical difference. 

Finally, it was done the Spearman correlation, 
given the regular distribution of groups, between 
ARI and the bond strength. The confidence interval 
was of 95% (p < 0.05).

 
RESULTS

The descriptive analysis showed variability quite 
low, mean and standard deviation 6.44 ± 1.28; 
7.01  ±  1.61; and 5.06 ± 1.35 MPa for groups CG, 
EGT and EGN, respectively (Table 1). After veri-
fication of normality of groups, it was applied the 
analysis of variance for one criteria (Table 2), results 
showed statistically significant difference, and Tukey 
post test was applied for elucidation of which groups 
were different (Table 3). 

Table 4 describes the groups according to adhesive 
remnant index and Spearman correlation coefficient 
for each group in study. For intraexaminer calibra-
tion, 17 specimens were used, the weighted Kappa 
measure of agreement presented value of r = 0.843 
with statistical significance (p < 0.001).

Figure 1 - Photograph of specimen showing vestibular face perpendicular 
to the ground.
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Table 3 - Tukey post test evidencing differences between groups (2x2).

** = p < 0.01.

Group 
Mean

difference
Q Significance

Difference 

of CI 95%

CG vs EGT -2.034 0.5762 N.S. -14.12 to 10.05

CG vs EGN 15.81 4.479 ** 3.720 to 27.89

EGT vs EGN 17.84 5.055 ** 5.754 to 29.93

Table 4 - Values for each value of Adhesive Remnant Index (ARI) and Spear-
man correlation with shear bond strength of studied groups.

Group

ARI values

0 1 2 3
r p

n % n % n % n %

EGN 7 41.17 5 29.41 4 23.52 1 5.88 0.713 0.001

EGT 0 0.0 4 23.52 6 35.29 7 41.17 0.936 0.000

CG 0 0.0 2 11.76 10 58.82 5 29.41 0.816 0.000

Figure 2 - ARI scores: 0 (A); 1 (B); 2 (C); 3 (D) 
evaluated under stereoscopic magnifying glass 
with magnification of 16X.

A

C

B

D

Group n
Mini-

mum

Maxi-

mum
Mean ± SD

Coefficient 

of variation

Standard 

error

CG 17 3.74 9.18 6.62 1.28 19.37 0.31

EGT 17 4.56 9.88 6.82 1.61 23.69 0.39

EGN 17 3.10 7.68 5.07 1.35 26.66 0.32

Table 1 - Descriptive analysis of three groups according to shear strength (MPa).

Table 2 - Analysis of variance (ANOVA one-way) comparing the shear strength 
between the three groups.

Number of groups F R2 p

3 7.658 0.2419 0.0013

DISCUSSION
This work found similar results for groups CG (6.62 

MPa) and EGT (6.82 MPa) and statistically superior to 
EGN (5.07) (Tables 1 to 3). These values of CG and 
EGT are considered acceptable for clinical use. How-
ever, the values for EGN may be questionable, given 
that the results from this group are found out of the 
range of recommended bond strength (6-8 MPa).2,5,7 

The orthodontic resin used in this study was 
Primer Transbond XT (3M Unitek, Monrovia, 
USA), basically composed of Triethylene glycol di-
methacrylate (Bis-GMA), silica, silane, N-dimethyl 
benzocaine, hexafluoride phosphate. This composi-
tion is very similar to the composites used for orth-
odontic bonding of other manufacturers, except the 
composites chemically activated that presents Ben-
zoyl peroxide as catalyst. 

These components are the same present in compos-
ite resins for anterior and posterior teeth. The differ-
ence between orthodontic bonding resins and restor-
atives resins is the percentage of each component and 
the size of inorganic particles (about 8 μm for orth-
odontic resins). The orthodontic resins present greater 
fluidity than restorative composites, and larger amount 
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in cases of partial fracture of restoration or removal of 
superficial layer due to unsatisfactory coloration and 
substitution for a more esthetic one.16 

In this regard, studies about resin restoration re-
pair17,18 prove that surface treatments with alumini-
um jet and superficial detrition with diamond drills 
present bond strength superior to surfaces with no 
treatment, as confirmed on the present study. These 
works also show through scanning electron micros-
copy the mechanic imbrication of these composites.18 
Besides, such justification is added to the result of 
Spearman correlation (Table 4) for the adhesive rem-
nant index, that showed larger amount of orthodontic 
resin on the resinous restorations of groups EGT and 
CG while for EGN, most of the orthodontic resin 
remained on the base of the bracket. 

Clinically some patients can refuse the resin res-
toration detrition with diamond drill claiming the 
necessity of restore it at the end of the treatment. 
However it is valid to say that at the end of the orth-
odontic treatment, after the debonding of brackets, it 
will be necessary the removal of remnant orthodontic 
resin adhered to the restoration, possibly leading to 
unwanted detrition of this surface.

 
CONCLUSIONS

It is concluded that the surface treatment with di-
amond drills on resin restoration for bonding of orth-
odontic brackets provides bond strength similar to 
the bonding direct on the enamel. The ARI showed 
the lack of interaction between the resin restoration 
without surface treatment and the orthodontic resin.

of organic matrix, while restorative resins need more 
esthetic and excellent mechanical properties, larger 
amount of inorganic load and less fluidity.16 

The inappropriate bond strength for EGN can be 
explained by the absence of chemical interaction. In 
this situation, it is found a superficial layer of compos-
ite resin non reactive due the inexistence of free resin-
ous monomer for chemical bonding.17 This situation 
with free and reactive monomers would occur when 
bonding of orthodontic brackets is done right after fin-
ishing the composite resin restoration on the tooth to 
be restored without contact with oral fluids. However, 
this situation is quite rare in orthodontic practice. Be-
sides, it is concluded that the conditioning of resinous 
surface with phosphoric acid at 37% for 30 seconds 
was not capable to produce any roughness on these 
surfaces that would allow mechanic imbrication. 

Some professionals apply hydrofluoric acid, used 
on the bonding of brackets in ceramic surfaces, for 
the bonding on composite resin restorations. How-
ever, this procedure is not justified from the point of 
view of provision of roughness on the resin surface, 
because the hydrofluoric acid is specific for ceramic 
surfaces (vitreous), different from resinous.2,12 Actu-
ally, it would be necessary the study of another acid 
that is able to condition the plastic surface of resins. 

Because orthodontic and restorative resins have 
similar compositions, the method for bonding of 
orthodontic appliances on teeth with previous com-
posite resin restorations is the same as the procedure 
of repair of restorative resins. The repair occurs when 
a composite resin restoration is done over another, as 
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