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EVALUATION OF THREE METHODS OF SURFACE
TREATMENT FOR BONDING ORTHODONTIC METAL
BRACKETS TO RESIN COMPOSITE IN VITRO

Sherif H. Darwish!, Hassan |. Abdallah?, Mohamed I. Mowafy?
ABSTRACT :

Objective: The aim of this study is to compare shear bond
strength of orthodontic stainless steel brackets to resin composite
surfaces In wvitro using three different methods of surface
treatment. Materials and methods: 60 composite resin discs, 6 mm
in diameter and 2 mm in height, were prepared and aged by
immersion in water for 4 weeks. After ageing, the specimens were
randomly assigned to one of the following groups: (1) Control with
no surface treatment, (2) 99 per cent Acetone, (3) methyl
methacrylate monomer, (4) Diamond bur. The metal brackets were
bonded to composite surfaces by means of an orthodontic adhesive.
AUl specimens were stored in water for 1 weeR, Shear Bond
Strength values were tested using a universal testing machine at a
crosshead speed of 1 mm/minute, the brackets bases and
corresponding RC discs were examined under stereomicroscope at
10X magnification for adhesive remnant evaluation. Shear bond
strength values were analyzed using 1-way analysis of variance
(ANOVA)), Adhesive remnant index scores were analysed using
Chi-square test using Monte Carlo correction. Significance of the
obtained results was judged at the 5% level (P < 0.05). Results:
The results of 1-way ANOVA for SBS means showed no
statistical significant difference among the 4 groups (P = 0.564).
The result of Chi-square test for ARI scores between the four
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groups showed a statistically significant difference (MCp = 0.039).
Chi square comparisons of AR] scores showed statistically
significant difference only between group 1 (control) with groups 3
(P1= 0.003) and group 4 (P1= 0.046)

INTRODUCTION

In 1965 Newman! introduced bonding between an orthodontic
bracket and the enamel surface. Enamel is a reliable bonding substrate
owing to its high inorganic content which forms a retentive pattern by
acid etching.? Current orthodontic practice requires the orthodontist to be
able to bond not only enamel, but to a variety of restorative materials as
The number of adults seeking adjunctive and comprehensive orthodontic
treatment increased, most having a heavily restored dentition®*. In
addition, there are certain instances in which patients with anterior
restorations are more likely to present at orthodontic offices. These
patients would include those with severely-protruding maxillary incisors
that are at considerable risk of fracture and thus requiring restoration.® It
is not uncommon, therefore, to find situations in which orthodontic
brackets must be bonded to RC surfaces.

Composite restorations have posed a new challenge to both the
operative dentist and orthodontist. Many studies have shown that once the
RC has been contaminated, polished or aged, the bond strength of RC to
that surface is significantly reduced.®*® by 20 to 60 %.'! It must be
considered, however, that bonding orthodontic brackets is done for a long
term temporary procedure rather than a permanent bond as required in
operative dentistry.*? It has been suggested that bond strengths of 6-10
megapascals (MPa) are sufficient for orthodontic bonding.3*

IN general, the approaches suggested to improve bond strength to
such surfaces can be grouped into three broad categories: 1) mechanical
by either sandblasting®® or using a coarse diamond stone.'®, 2) chemical
by etching the surface or changing the surface affinity to the adhesive
materials by using a coupling agent, such as silane®’, or 3) combination.’®
Recently, Application of physical methods as gasiform ozone®® and laser®
have been also tested to boost the bond strength of brackets to resin
composite surfaces.
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previous studies support the use of mechanical methods as airborne
aluminum trioxide particle abrasion and roughening the composite
surface with a diamond bur as it achieves a greater bond strength to
composite surfaces than some chemical surface treatment as applying
phosphoric acid etching and hydro-fluoric acid etching as surface
treatments. However, at the expense of the surface integrity of the
restoration.!**>2!  Surface treatment with Acetone can achieve an
acceptable bond strength in composite repair?? and wetting resinous
surfaces with MMA monomer can achieve an acceptable SBS for
adding RC to PMMA resin,?**%° both materials can be tested as surface
treatments for bonding orthodontic brackets to RC surfaces.

The rationale of this study is to test other chemical methods of
surface treatment and compare them to mechanical methods. In an
attempt to achieve a durable bond strength during orthodontic treatment
without jeopardizing the surface integrity of composite restoration.

MATERIALS AND METHODS

Sample size calculation was done using a computer program (PS:
Power and Sample Size program)

Composite discs Fabrication

60 Restorative composite resin discs, 6 mm in diameter and 2 mm
thick were prepared from a hybrid-filled resin composite (Te-Econom
plus, Ivoclar-Vivadent, Schaan, Liechtenstein) in a custom made Teflon
mould. The first increment was placed and light cured for 20 seconds
then the second increment was placed. To create a smooth flat surface,
the composite was compressed with a glass slide and excess material
extruded. The composite was light polymerized with a light-emitting
diode device (LED) (LEDEXTMWL-070, Dentmate Technology Co.,
LTD. New Taipei City, Taiwan) at an intensity of 1000mW/cm? for 20
seconds through the glass plate at a 90 degree angle to the top of the
surface. Then, the glass slide was removed and the composite was light
polymerized for additional 10 seconds.
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Aging of the resin composite specimens in vitro

Specimens were aged by immersion in distilled water at room
temperature for 4 weeks.

Mounting the discs in cold cure acrylic resin

A custom made copper mould was used for mounting the RC discs
in cold cure acrylic resin. A hollow cap with a hole diameter 1 mm larger
than discs was used as a guide for placing the discs in the center of the
acrylic resin cylinders.

Composite surface treatment

The specimens were randomly divided into four groups of 15
specimens each according to the following surface treatment methods:

Group 1: Control with no surface treatment.

Group 2: 99% acetone solution (EI-Nasr Pharmaceutical Chemicals Co.,
Cairo, Egypt.) was used to coat the surface of the composite for
1 minute. The surface then was lightly dried with compressed
oil-free air.

Group 3: The disc surface was treated with cold-cured methyl-
methacrylate monomer (Acrostone cold cure, Acrostone, Cairo,
Egypt) for 3 minutes, the surface then was lightly dried with
compressed oil-free air.

Group 4: The discs surfaces were roughened at high speed with a 1 mm
round diamond bur (Horico, Berlin, Germany) normal grit with
grain size ~ 80-120 um under water cooling, the rotating bur
was passed over the composite surface three times.

Bonding procedure

The bracket bonding procedures was carried out by one investigator.
A thin layer of bonding agent (Ortho solo, Ormco, California, USA.) was
applied on the treated composite surface, then adhesive composite resin
paste (Gréngloo, Ormco, California, USA.) was placed on the bracket
base and the bracket was placed at the center of composite disc and
subjected to a 300g compressive force using a force gauge (Correx, Bern,
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Switzerland) for 10 seconds. Excess adhesive was removed using a sharp
scaler. Polymerization for 20 seconds from the occlusal side then 20 seconds
from the mesial side of the brackets using the LED curing light was
performed. Then, all specimens were stored in distilled water for 1 week.

Shear bond strength testing

Using a universal testing machine (Comten industries, Inc. Florida,
USA), an occluso-gingival load was applied to the bracket, producing a
shear force at the bracket-composite interface. Shear bond strengths was
measured at a crosshead speed of 1 mm/minute. The maximum load
necessary to debond the bracket was recorded in Newtons and converted
to megapascals (MPa) as a ratio of Newtons to surface area of the bracket
base. The surface area of the bracket was 11.97 as given by the
manufacturer.

Adhesive remnant examination

After debonding, the brackets bases and corresponding RC discs
were examined under stereomicroscope (Olympus SZ-CTV, japan) with
a color video camera (Panasonic, WV-CP230/G, Germany) at 10X
magnification. The area of adhesive remnants was calculated using micro
image processing (MIP) (Soft Imaging System SIS, analysis, Gmbh,
Germany) software. Afterwards, each disc was assessed using modified
adhesive remnant index (ARI)?® However, two new scores were added to
evaluate the cohesive failure within the restorative composite. The adhesive
remnant index scores were given based on the following criteria:

Score 1= All adhesive remained on RC surface with distinct impression
of the bracket mesh

Score 2 = More than 90% and less than 100% of adhesive remained on
the RC surface.

Score 3= More than 10% but less than 90% of the adhesive remained on
the RC surface.

Score 4= Less than 10% of adhesive remained on the RC surface.
Score 5= No adhesive remained of the RC surface.
Score 6= Complete cohesive fracture in the restorative composite. (Figure 1).
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Score 7= Minimal cohesive fracture of the restorative composite with all
the remaining adhesive left on the RC surface. (Figure 2).

Statistical analysis of data

Comparison between the SBS of different studied groups was
analyzed using F-test (1-way analysis of variance (ANOVA)). Adhesive
remnant index scores of different groups were compared using Chi-
square test with Monte Carlo correction. Significance of the obtained
results was judged at the 5% level (P < 0.05).

RESULTS
I. Shear bond strength

The results of 1-way ANOVA showed no statistical significant
difference among the 4 groups where P = 0.564. Descriptive analysis and
analytical statistics of SBS of the four groups is shown in (Table 1).

I1. Adhesive remnant index

The result of Chi-square test with Monte Carlo correction for ARI
scores between the four groups showed a statistically significant
difference (M®p = 0.039). Chi square comparisons of ARI scores showed
statistically significant difference only between group 1 (control) with
groups 3 (MMA monomer) (P1= 0.003) and group 4 (diamond bur) (P1=
0.046). Descriptive analysis and analytical statistics of ARI scores of the
four studied groups is shown in (Table 2).

Table (1): Descriptive analysis and analytical statistics of SBS of the four studied groups.

Group | n SBS in MegaPascals
Mean Standard | Minimum | Maximum | Median FandP
deviation value
1 15 10.30 4,62 4,05 18.50 10.18
2 |15 | 1141 482 |4.43 20.43 1050 F=0.687
P =0.564
3 15 11.04 4.25 5.90 20.14 10.10
4 15 12.65 459 5.57 20.89 11.55
F: F test (ANOVA)
[

Volume 48 — December 2015 60



Egyptian
Orthodontic Journal

Table (2): Descriptive and statistical comparison between the four studied groups
according to ARI score

ARI score

x2: Chi square test

MC: Monte Carlo test

p1: p value for comparing between group | and each other group
p2: p value for comparing between group 11 with group 111 and IV
ps: p value for comparing between group 11l and 1V

*: Statistically significant at p < 0.05

Figure 1: ARI score 6, complete cohesive fracture in the restorative composite.
(A) (Magnification X10).
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Figure 2: ARI score 7, minimal cohesive fracture of the restorative composite with all
the remaining adhesive left on the RC surface. (Magnification X10).

DISCUSSION

In the present study, The null hypothesis of this study was accepted
as no significant difference in SBS was found between any of the groups
with SBS of control group 10.30 + 4.62 MPa, with MMA monomer
11.41 £ 4.82 MPa, with acetone 11.04 + 4.25 MPa and with roughening
with a diamond bur 12.65 * 4.59 MPa. However, these values are
considered clinically acceptable by Newman?’ and Reynolds'®. This can
be attributed to factors including the surface treatment, use of bonding
agent, aging protocol

Surface treatment

In this study the control group yielded a clinically acceptable SBS.
This comes in acceptance with Newman et al.?® who reported no
significant difference in SBS of brackets bonded to natural teeth and RC.
The surface treatment applied to both groups was phosphoric acid which
was reported®?® not to affect the RC. Chunhacheevachaloke and Tyas™
also reported that there was no significant difference between SBS of
brackets bonded to unroughened and roughened RC surfaces. The results
of the present study, however, contradicts the results of other studies
showed significantly reduced SBS of control groups.?* This can be
explained by a high SBS of controls in the present study. The factors that
caused high SBS of the control group will be discussed in details later.

De Almeida et al.3! used MMA monomer as a surface treatment for
180 seconds followed by bonding agent for bonding metallic brackets to
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acrylic resin and reported a SBS of 9.67 MPa. this was explained by the
theory that application of MMA monomer can copolymerize with the
composite material as the polymerization process of MMA and Bis-GMA
follow a similar pattern of activation and cross-linking, because the
reactive methacrylate groups of the molecules are similar.?* MMA also
appears to induce swelling in the denture teeth and induce micro-
mechanical bond.? In this study, the aim of using MMA monomer was to
examine if wetting the RC surface with MMA monomer can affect the
RC surface in the same manner. However, this theory was rejected.

Balkenhol et al.* reported that repair liquids based on Bis-GMA/TEGDMA
mixed with acetone are best suited for conditioning the aged surfaces of
temporary crown and bridge materials. Acetone in the current study did
not provide an additional advantage in bonding orthodontic brackets to
RC surface. This agrees with Hamano et al.®*34 as the dentin bonding
agent was not mixed with acetone instead the acetone was applied
separately similar to Hamano et al.>

There was an agreement™213 that mechanical methods of surface
treatment provided a significant increase in bond strength in composite to
composite adhesion. According to Bayram et al.?!, AlOs; particle
abrasion and roughening with bur resulted in the highest SBS. On the
other hand, diamond bur group yielded a significantly reduced mean SBS
of (2.2 MPa, 25.3 N) in Viwattanatipa et al.?® study. According to SEM
photomicrographs®, the application of a diamond bur creates macro- and
micro-retentive areas. However, it damages the surface characteristics of
the restoration. In addition, patterns of roughening are different among
studies and cannot be standardized. It can even weaken el SBS? as it will
increase the thickness of bonding agent. In the present study roughening
with a diamond bur did not significantly increase the SBS.

Bishara, Ajlouni and Oonsombat® highlighted the importance of
bonding agent in bonding brackets to RC and reported that application
of primer and the type of primer are crucial factors in bonding to
RC surfaces. This can explain why, in this study, all the studied groups
had a high bond strength as bonding agent was applied in all groups.
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Aging protocol

In laboratory studies, aging of composite resins has been simulated
by storage in water®’, citric acid immersion®, or subjecting them to
thermocycling.® In this study, the choice of aging protocol was based on
Rinastiti et al.** and Anjum et al.** studies that showed that storage of
specimens in water for 4 weeks significantly reduce the bond strength of
repaired composite in comparison with control. However, the high
bond strength of control group suggests that water immersion for 4 weeks
was insufficient for aging the RC in comparison to thermo-cycling.
Demirtas et al.* recommended thermo-cycling for artificial ageing when
testing SBS of materials is intended.

Adhesive remnant index (ARI)

Unlike the SBS, which determines the strength of bond for the whole
adhesion complex at all interfaces, the ARI determines the site of failure
that provides information about the strength of bond at different
interfaces within the same sample.*? In general, when testing SBS the
failure occurs at the weakest interface. Previous studies!* reported
a high frequency of cohesive RC fracture and modified the ARI
accordingly. Also, in this study, 2 different patterns of cohesive failure
were found. Complete cohesive failure occurred in all studied groups
with the highest frequency of 60% in the control group and the result was
significant in comparison with the MMA monomer group and diamond
bur group. The weak adhesion at bracket\adhesive interface especially in
roughening with bur group can be explained by 3 factors : 1) the weak
micro-mechanical retention achieved by the mesh based brackets used in
the present study***® 2) The slight concavity in bracket base opposed to
the flat surface of RC discs 3) Bur roughening make grooves in RC
surface causing concavities and damage the surface structure. Last
2 factors increase thickness of the adhesive resin thus, weakens the bond
at bracket\adhesive interface. This can explain why in the current study,
the statistical analysis revealed insignificant difference in SBS while the
results of the ARI were statistically significant.
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CONCLUSION
Surface treatment with acetone, MMA monomer or roughening with

diamond bur does not affect the SBS of RC stored in water for 4 weeks.
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