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 he purpose of the present study was to evaluate the shear bond strength to enamel and the adhesive remnant index (ARI)
of both metallic and polycarbonate brackets bonded under different conditions. Ninety bovine permanent mandibular incisors
were embedded in acrylic resin using PVC rings as molds and assigned to 6 groups (n=15). In Groups 1 (control) and 3, metallic
and polycarbonate orthodontic brackets were, respectively, bonded to the enamel surfaces using Transbond XT composite
according to the manufacturer’s recommendations. In Groups 2 and 4, both types of brackets were bonded to enamel with
Transbond XT composite, but XT primer was replaced by the OrthoPrimer agent. In Groups 5 and 6, the polycarbonate bracket
bases were sandblasted with 50-µm aluminum-oxide particle stream and bonded to the enamel surfaces prepared under the
same conditions described in Groups 3 and 4, respectively. After bonding, the specimens were stored in distilled water at 37oC
for 24 hours and then submitted to shear bond strength test at a crosshead speed of 0.5 mm/min. The results (MPa) showed no
statistically significant difference between Groups 4 and 6 (p>0.05). Likewise, no statistically significant differences (p>0.05)
were found among Groups 1, 2, and 5, although their results were significantly lower than those of Groups 4 and 6 (p<0.05).
Group 3 had statistically significant lower bond strength than Groups 2, 4, and 6, but no statistically significant differences
were found on comparison to Groups 1 and 5. A larger number of fractures at the bracket/composite interface were evidenced
by the ARI scores. OrthoPrimer bonding agent yielded higher bond strength in the groups using either conventional or
sandblasted polycarbonate brackets, which was not observed in the groups using metallic brackets.

Uniterms: Shear strength; Dental bonding; Orthodontic brackets.

INTRODUCTION

The great technological advance occurred in the last
years has brought a number of benefits to Dentistry and
particularly to Orthodontics. Research-based findings have
constantly led to the development of new materials and
techniques that are aimed at simplifying the clinical
procedures.

Several studies involving different dental areas have
been carried out since the development of the enamel acid
conditioning technique by Buonocore4 (1955). In
Orthodontics, in particular, Newman17 (1965) was the first
author to test the bonding of plastic attachments

(polycarbonate brackets) to the buccal surfaces of the teeth
and to divulge such a technique.

Several authors1,10,11 have used different materials and
adhesive techniques with the objective of improving the
bonding durability and developing more suitable
orthodontic attachments. Different types of cements, epoxy
and acrylic resins as well as different types of orthodontic
brackets are currently available.

In 1965, Newman17 reported that plastic brackets were
not resistant enough, being easily fractured or distorted.
Other authors8,18,19,29,30 have studied adhesive materials and
different types of brackets commonly used in Orthodontics
in order to increase their adhesiveness to the enamel surface.
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One of the methods of increasing bracket bonding involves
application of a primer to their surface21. Other method
involves aluminum-oxide sandblasting of the bracket base
for increasing the bond strength20,26,27.

The purpose of this study was to assess the bond
strength to enamel of metallic brackets, conventional
polycarbonate brackets and polycarbonate brackets with
aluminum-oxide sandblasted bases, bonded with Transbond
XT composite and using two different bonding agents: XT
Primer and OrthoPrimer.

MATERIAL AND METHODS

Ninety bovine mandibular incisors were selected,
adequately cleansed and stored in 10% formaldehyde
solution at approximately 6 oC.

A acrylic resin (JET; Clássico, São Paulo, SP, Brazil) was
used for embedding the teeth in PVC rigid rings (Tigre,
Joinville, SC, Brazil) in such a way that only their crowns
were left exposed. The buccal surfaces of these crowns were
positioned perpendicular to the shearing die’s base by using
a glass square placed at 90o angle in order to enable the
proper conduction of the mechanical test. After gypsum
setting, all sets were stored in distilled water under
refrigeration.

Before bonding the brackets, the buccal surfaces of all
teeth were submitted to rubber cup (Viking KG Sorensen,
Barueri, SP, Brazil) prophylaxis using an extra-fine pumice
(S.S. White, Juiz de Fora, MG, Brazil) and water slurry for 15
seconds. Next, the specimens were thoroughly washed with
air/water spray for 15 seconds and air-dried for the same
length of time. At every five prophylaxis, the rubber cup
was replaced in order to keep the standardization. After
prophylaxis, the enamel surfaces were etched with 37%
phosphoric acid (Dentsply, Petrópolis, RJ, Brazil) during 15
seconds, washed and dried for the same length of time. The
acid-etched specimens were randomly assigned to 6 groups
(n = 15), as follows:

Group 1: application of XT Primer; application of
Transbond XT composite to the metallic bracket (Morelli,
Sorocaba, SP, Brazil) base; positioning; and excess removal.

Group 2: application of Morelli OrthoPrimer; application
of Transbond XT composite to the metallic bracket base;
positioning; and excess removal.

Group 3: application of XT Primer; application of
Transbond XT composite to the polycarbonate bracket
(Composite, Morelli, Sorocaba, Brazil) base; positioning;
and excess removal.

Group 4: application of Morelli OrthoPrimer; application
of Transbond XT composite to the polycarbonate bracket
base; positioning; and excess removal.

Group 5: sandblasting of the polycarbonate bracket base
with 50-µm aluminum oxide particle stream at a distance of 5
cm for 10 seconds; application of XT Primer and Transbond
XT composite to the sandblasted polycarbonate bracket
base; positioning, and excess removal.

Group 6: Sandblasting of the polycarbonate bracket base

with 50-µm aluminum oxide particle stream at a distance of 5
cm for 10 seconds; application of Morelli OrthoPrimer and
Transbond XT composite to the sandblasted polycarbonate
bracket base; positioning, and excess removal.

The main components of the tested adhesive systems
are: XT Primer: TEG-DMA, and Bis-GMA; OrthoPrimer:
Bis-GMA, TEG-DMA, HEMA 2, DMPT, camphorquinone
and stabilizers.

The bonding process of all brackets involved light curing
using a XL 1500 halogen light-curing unit (3M/ESPE, St.
Paul, MN, USA) at a distance of 1 mm from the bracket base
for 40 seconds, that is, 10 seconds for mesial, distal, incisal
and gingival surfaces. Light intensity (550m W/cm2) was
checked at each light-curing cycle with a radiometer
(Demetron, Danbury, CT, USA).

A surface base area of 14.02 mm2 was obtained for the
groups treated with either the metallic or the polycarbonate
brackets. After completion of the bonding procedures, the
specimens were stored in distilled water at 37oC for 24 hours.
The shear bond strength test was performed by using an
Instron machine (Instron Corporation, Canton, MA, USA)
at a crosshead speed of 0.5 mm/min using a chisel-shaped
nib. The shear bond strength means obtained in kgf were
converted to N and then divided by the bracket base area to
obtain values in MPa. The debonded buccal surface of each
specimen was evaluated with a stereoscopic magnifying
glass (Carl Zeiss, Goettingen, Germany) at 8X magnification
and the adhesive remnant index (ARI) was quantified
according to the criteria established by Artun and Bergland2

(1984), that is, 0 = no adhesive left on tooth, 1 = less than
half of the adhesive left on tooth, 2 = more than half of the
adhesive left on tooth, and 3 = all the adhesive left on tooth.

Shear bond strength means were analyzed statistically
by one-way ANOVA and Tukey’s test for multiple
comparisons. Kruskal-Wallis test was used for assessing
the ARI scores. Significance level was set at 5%.

RESULTS

Shear bond strength means and standard deviations of
all groups are given on Table 1.

Groups 4 and 6 had higher shear bond strength means

Groups Means (Standard deviations)

6 24.32 (3.0)a

4 22.00 (5.2)a

2 15.25 (3.0)b

1 13.45 (3.5)bc

5 13.22 (4.3)bc

3 10.86 (3.4)c

TABLE 1- Shear bond strength means (in MPa) for all

groups, presented from the highest to the lowest

Equal letters = no statistically significant difference
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than those of the other groups (p<0.05), although no
statistically significant differences were found between them
(p>0.05). Additionally, no statistically significant differences
(p>0.05) were found between Groups 1, 2, and 5. On the
other hand, Group 3 had statistically significant lower shear
bond strength than Groups 2, 4, and 6, but did not differ
significantly, from Groups 1 and 5.

No statistically significant differences (p>0.05) were
found between the groups according to the ARI evaluation
(Table 2).

Group 6 showed the highest shear bond strength means,
which was supported by the types of fracture observed in
the polycarbonate brackets after debonding.

DISCUSSION

In Orthodontics, the acid etching technique introduced
by Buonocore4 (1955) fostered the development of
orthodontic brackets and clinical attachment of them to the
enamel surface directly using adhesive restorative
composites, which both eliminates the use of orthodontic
bands and simplifies the clinical steps. Bonding of brackets
to enamel surface using composites is currently a well-
accepted and well-established procedure in Orthodontics
and the efficacy of this technique has been widely
documented3,11.

However, in order to satisfy both the orthodontist and
the patient, the dental industry has been incessantly
developing esthetic orthodontic attachments as well as
bonding materials capable of withstanding the orthodontic
and masticatory forces.

Bracket debonding resulting from factors, such as failure
in the bonding technique, low retentiveness of certain
bracket bases, masticatory forces7 and reduced size of the
bracket base for esthetic reasons9

,
 are common shortcomings

in clinical orthodontics, and might delay treatment
completion and increase the costs relative to the
maintenance of fixed orthodontic appliances. With the
objective of minimizing these problems, several solutions
have been proposed such as aluminum-oxide
sandblasting7,9,12,15,20,25-27 and primer application8,18.

The present study assessed the shear bond strength of
metallic brackets, conventional polycarbonate brackets and
polycarbonate brackets with sandblasted bases, all bonded

using two different bonding agents for preparation of the
enamel surfaces, namely, XT Primer and OrthoPrimer.

Comparing the bond strength of the groups in which
OrthoPrimer was used, it was observed an increased
adhesiveness regarding the metallic brackets. Such increase
is in accordance with the findings of previous studies3,21,24,
which investigated the bond strength and effectiveness of
a primer for bracket attachment.

The best results for OrthoPrimer were obtained when
this agent was applied for bonding polycarbonate brackets.
These brackets do not present good shear bond strength
when composites other than those based on methyl
methacrylate are used, thus resulting in failure at the bracket/
composite interface, as observed in Group 3. In Group 4, on
the other hand, the use of OrthoPrimer (based on methyl
methacrylate) increased considerably the adhesion of the
polycarbonate brackets to the composite without interfering
with the bond strength of either composite to enamel or
composite to metallic bracket (Groups 1 and 2).

The results were found to be statistically different in the
groups whose brackets were sandblasted with aluminum-
oxide particle stream, which is consistent with the findings
of other studies13-15,23,28. On the other hand, our results
disagree with those reported by Hanson, et al.5 (1983), Julien6

(1994) and Newman16(1973), who did not find any statistically
significant differences. Although the bond strength at
bracket/composite interface was not significantly increased
by bracket base sandblasting, this treatment did not affect
negatively the bonding quality at all.

In the groups where either conventional or sandblasted
polycarbonate brackets were bonded to enamel surfaces
with OrthoPrimer (Groups 4 and 6, respectively), no
statistically significant differences were found, which
demonstrates that the bond strength was not increased by
sandblasting.

In Group 6 (sandblasted polycarbonate brackets), more
specifically, the fractures observed on the tie-wings of the
brackets after shear bond strength testing were likely due
to the high adhesive scores of these specimens and the
structural weakness of the material as well. Deformation on
sandblasted polycarbonate bracket bases was also found
by Bishara, et al.3 (1975), who evaluated the performance of
two adhesive systems for bonding this type of bracket.

It should be emphasized, however, that all types of
surface treatments accomplished in the present study proved
to be clinically valuable because all treatment protocols
resulted in bond strength means of at least 6 to 8 MPa,
proposed by Reynolds and Frauhofer22 (1976) as being
necessary for withstanding the masticatory forces.

ARI assessment revealed no statistically significant
differences among the groups, although Groups 4, 5, and 6
showed lower mean ARI scores than those of Groups 1, 2,
and 3. This probably was due to the changes in the
polycarbonate bracket bases, which promoted an increased
retention of the material to the bracket. However, most
failures occurred at the bracket/composite interface, as
demonstrated by the presence of adhesive remnants on the
enamel surface.

Group 1 2.0a

Group 2 2.4a

Group 3 2.0a

Group 4 1.8a

Group 5 1.1a

Group 6 1.8a

TABLE 2- Mean values for Adhesive Remnant Index (ARI)

and statistical comparison

Equal letters = no statistically significant difference
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CONCLUSIONS

1. Metallic and polycarbonate brackets showed clinically
acceptable shear bond strengths; 2. Replacement of XT
Primer by OrthoPrimer in the groups using metallic brackets
did not influence the bond strength; 3. Application of the
OrthoPrimer bonding agent increased the bond strength of
the sandblasted polycarbonate bracket bases to enamel; 4.
OrthoPrimer yielded higher bond strength of the sandblasted
polycarbonate bracket bases to enamel, which made
debonding more difficult and caused fractures on the tie-
wings of the brackets.
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