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Effects of surface treatment of provisional crowns on
the shear bond strength of brackets
Josiane Xavier de Almeida1, Mauren Bitencourt Deprá1, Mariana Marquezan2, Luciana Borges Retamoso3, Orlando Tanaka4

Objective: To assess the adhesive resistance of metallic brackets bonded to temporary crowns made of acrylic resin
after different surface treatments.
Methods: 180 specimens were made of Duralay and randomly divided into 6 groups (n = 30) according to surface
treatment and bonding material: G1 – surface roughening with Soflex and bonding with Duralay; G2 – roughening
with aluminum oxide blasting and bonding with Duralay; G3 – application of monomer and bonding with Duralay;
G4 – roughening with Soflex and bonding with Transbond XT; G5 – roughening with aluminum oxide blasting and
bonding with Transbond XT and G6: application of monomer and bonding with Transbond. The results were statistically assessed by ANOVA/Games-Howell.
Results: The means (MPa) were: G1= 18.04, G2= 22.64, G3= 22.4, G4= 9.71, G5= 11.23, G6= 9.67. The Adhesive
Remnant Index (ARI) ranged between 2 and 3 on G1, G2 and G3 whereas in G4, G5 and G6 it ranged from 0 to 1,
showing that only the material affects the pattern of adhesive flaw.
Conclusion: The surface treatment and the material influenced adhesive resistance of brackets bonded to temporary
crowns. Roughening by aluminum blasting increased bond strength when compared to Soflex, in the group bonded with
Duralay. The bond strength of Duralay acrylic resin was superior to that of Transbond XT composite resin.
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use of sandpapers, the specimens were polished with
felt disc and calcium carbonate in a bench vise.
The 180 specimens were randomly divided into
6 groups (G1 to G6), according to the surface treatment and material used for bonding (Table 1).
G1 and G4 samples had their surface roughened
with coarse sandpaper disc (Soflex) during 2 minutes, rinsed with air/water blasting for 15 seconds and
dried with air blasting for another 15 seconds.
G2 and G5 samples had their surface roughened
with 45-µm aluminum oxide blasting during 45 seconds, rinsed with air/water blasting for 15 seconds
and dried with air blasting for another 15 seconds.
As for G3 and G6 samples, monomer was applied
to the surface of specimens central region. To this
end, monomer was dropped on a disposable brush
which remained in contact with the acrylic surface
for 5 seconds.
Thereafter, excess was removed with air blasting
and orthodontic bonding was performed by a single
operator, as follows.
On groups G1, G2 and G3, Duralay® acrylic resin (Reliance) was the material used for bonding. It
was inserted in the base of the brackets by means of
the brush technique, with accessories positioned and
subjected to 400 gF of pressure measured by a dynamometer (ETM). In order to maintain the proportion
recommended by the manufacturer, 1g of powder
was mixed with 0.5 ml of fluid in a Dappen dish. This
measure was used for the bonding of two specimens.
Excess was removed with the aid of a probe. After
bracket bonding, the specimens were immediately
stored in distilled water at 37oC for 24 hours.9,13
Conditioning was performed with phosphoric acid
at 37% (Dentalville, Joinville, Brazil) for 15 seconds on
the specimens of G4, G5 and G6. After that, the surfaces were rinsed with air/water blasting for 15 seconds

introduction
The technique of directly bonding orthodontic
appliances by means of acid conditioning and composite resin became universal in the 90s.8 Since then,
many researches have been developed with the aim of
verifying the resistance of metallic brackets on dental
enamel.2 Bonding in Orthodontics, although temporary, must be resistant enough to withstand orthodontic and occlusal forces.18
As a result of developments in technology regarding continuing education and communication
in orthodontics, there has been an increase in the
demand of adult patients seeking orthodontic treatment in the last few years, and it is not unusual to
find amalgam restorations, incrustations in gold, ceramic crowns and fixed prosthesis in these patients.20
Orthodontics is oftentimes an intermediate stage
to oral rehab. Thus, it becomes necessary to perform
bracket bonding in temporary crowns which are generally made of self-etching acrylic resin. Newman11
asserted that the materials and techniques available
are capable of effectively bonding accessories to the
surface of materials other than enamel.
According to Zachrisson,21 acrylic resin is recommended for bonding on acrylic surfaces because
its bonding strength is greater than that obtained
with other bonding agents.
Some works in the literature focus on bracket bonding on surfaces of gold, amalgam, resin
and porcelain, however, there are a few references
about bonding on acrylic resin present in temporary crowns.3,12 Therefore, this work aims at assessing bond strength between brackets and acrylic resin
after different surface treatments using two distinct
bonding materials.
MATERIAL AND MethodS
The specimens were made of self-etching acrylic
resin (Duralay/Reliance, Worth, USA). Polymethylmethacrylate and methylmethacrylate were mixed in
the proportions recommended by the manufacturer
(3 powder:1 fluid) in a glass recipient with lid until
the mixture reached the plastic phase. Afterwards,
resin was poured into standardized aluminum rings
(20 x 20 mm). With resin polymerization, the specimens were removed and regularized under refrigeration in 400, 600 and 1200 wet sandpaper. After the
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Table 1 - Division of groups according to surface preparation and bonding
resin.
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Group

Surface preparation

Bonding resin

G1

Soflex sandpaper disc

Duralay

G2

Aluminum oxide

Duralay

G3

Monomer

Duralay

G4

Soflex sandpaper

Transbond XT

G5

Aluminum oxide

Transbond XT

G6

Monomer

Transbond XT
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versal Testing Machine (EMIC DL500, São José dos
Pinhais, Paraná, Brazil) connected to a computer
(Fig 2). Strength value was obtained at the moment
of bond rupture. Then, it was recorded and converted into MPa by means of specific calculations.
Bond failure was observed by a single operator
through a stereomicroscope with magnification of 40X.
The Adhesive Remnant Index (ARI) was analyzed as
suggested by Årtun and Bergland,1 where 0 indicates
no adhesive remnant in the dental structure; 1, less than
half of remnant in the dental structure; 2, more than
a half of remnant in the dental structure and 3, all the
adhesive remnant adhered to the bracket base.

and dried with air blasting for another 15 seconds, followed by the application of Transbond adhesive (3M/
Unitek®). Transbond XT® (3M/Unitek®) light-activated resin was inserted in the base of the brackets (3M/
Unitek®) according to the manufacturer’s instructions.
It was positioned and subjected to 400 gF of pressure
measured by a dynamometer (ETM) (Fig 1). Excess was
removed with the aid of a probe and the resin was lightactivated for 40 seconds, 10 seconds in each face. Once
bracket bonding had been finished, the specimens were
stored in distilled water at 37oC for 24 hours.9,13
The specimens were subjected to shear test with
guillotine system at a speed of 0.5 mm/min in a Uni-

A

B

C

Figure 1 - Sequence of bonding, A) bonding material applied to the base of the bracket, B) pressure of 400 gF applied at the moment of bonding to standardize
the material thickness, C) specimen.

A
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Figure 2 - A) shear bond strength test, B) specimen positioned in the testing machine

B
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Results
Kolmogorov-Smirnov static test revealed that
variables related to bond strength presented normal
distribution, except for G1. Comparison of mean values was performed through two-way ANOVA.
The yielded results showed that the value of F
was statistically significant (p < 0.05) for the variables
“material” and “treatment”. Thus, Games-Howell
test of multiple comparison was used to identify the
differences, since the measures did not present homogeneous distribution (Levene test) (Table 2).
The Adhesive Remnant Index (ARI) in G1, G2
and G3 ranged between 2 and 3, whereas in G4, G5
and G6 it ranged between 0 and 1. As distribution
was not normal, Kruskal Wallis test was used. No
significant difference (p > 0.05) was found for surface treatment. Mann-Whitney U test showed significant difference (p < 0.05) with regard to the material used for bonding. Duralay had bond strength
increased (Table 3).
The Spearman coefficient of linear correlation was
0.5, which shows a regular correlation between bond
strength and ARI.

Discussion
After acid conditioning was discovered,3 the processes of adhesion to dental surfaces have improved. Adhering brackets to enamel or other structures depends on
some factors such as preparation of the surface, adhesive
and material used for bonding, among others.19
In this study, it was observed that pre-treating
the acrylic resin surface affects bond strength. In the
group in which the surface was roughened by aluminum oxide blasting, the adhesive resistance was
statistically superior (p < 0.05) to the surface treated with Soflex, when bonding was performed with
Duralay. It is probable that aluminum oxide was capable of creating deeper slots that caused the bonding material to adhere to the acrylic resin, making
the bond between bracket and bonding material the
weak link of the adhesive process.5
Surface preparation by chemical variation was performed in accordance with Cunningham and Benington8 and Takahashi et al,17 who recommended the use
of dichloromethane solvent to increase acrylic resin
bond strength. Thus, in this research, the prior application of monomer generated an adhesive resistance
similar to that obtained after roughening with Soflex,
a fact that disagrees with Spratley16 and Chung et al,7
who asserted that wetting the surface with monomer
alone would not increase adhesive resistance in denture base. Additionally, they indicated the necessity
of rugosities on the surface of prosthesis in order to
obtain an acceptable adhesive resistance. This difference is probably due to the level of strength to which
it will be subjected because, in previous works, the
prosthesis were subjected to masticatory loads, different from the present research in which the level of
applied strength was lower.
The surface treatment did not change the adhesive resistance when the composite resin was used as
bracket bonding material. This can be explained by
the short-term storage of the temporary crown made
of acrylic resin before bracket bonding. According
to Gegauff and Wilkerson,10 24 hours of storage is
not capable of altering the mechanical properties of
the acrylic, thus, resistance remains even with the
use of different surface preparations.
The adhesive resistance of brackets bonded to temporary materials must be strong enough to resist dental
movement without debonding the orthodontic acces-

Table 2 - Mean, standard deviation and p value for adhesive resistance of groups..
Group

Mean ± standard deviation

G1

18.04 ± 3.46

Statistics
A

G2

22.64 ± 4.04

B

G3

22.41 ± 3.95

A, B

G4

9.71 ± 2.11

C

G5

11.23 ± 2.75

C

G6

9.67 ± 1.95

C

Different letters indicate statistically significant difference for the Games-Howell test (p < 0.05).

Table 3 - Mean, standard deviation and p value for the Adhesive Remnant Index
(ARI) of groups.
Group

Mean ± standard deviation

Statistics

G1

2.84 ± 0.46

A

G2

2.94 ± 0.09

A

G3

2.70 ± 0.95

A

G4

0.71 ± 0.09

B

G5

0.03 ± 0.05

B

G6

0.77 ± 0.15

B

Different letters indicate statistically significant difference for Mann-Whitney
U test (p < 0.05).
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serted and reduction in the capacity of the monomer
in penetrating the matrix. Thus, resistance between
the temporary crown material and the resin inserted
in the base of the bracket is reduced in about 50%. 10
Reduction in adhesive resistance makes it difficult to remove the accessory without damaging
the temporary restoration because failure occurs in
the interface temporary crown/resin, a fact that is
confirmed by the Adhesive Remant Index, which
ranged between 0 and 1.
The outstanding differences obtained on ARI
showed an opposite pattern of debonding, which resulted in regular correlation between this index and the
adhesive resistance. Thus, it can be asserted that adhesive resistance increases with acrylic resin being used
as bonding material. As a consequence, the amount of
material on the temporary crown also increases, facilitating the preservation of the buccal surface. However,
the material will need to be mechanically removed by
the professional. Despite the differences found in shear
bond strength of brackets bonded to temporary crowns
made with acrylic resin, additional studies are warranted to further investigate this topic.

sory, and weak enough to be removed without damaging the surface after orthodontic treatment is finished.4
According to Reynolds15 and Whitlock et al18 clinically
acceptable adhesive resistance ranges between 5 and 8
MPa, which indicates that any surface treatment used
in this research can be clinically used. Moreover, acrylic or composite resin maintains bond strength above
the level accepted for clinical use.15,18
The present research obtained increase in the shear
bond strength when bracket bonding was performed
with acrylic resin. This can be explained by the fact
that no other material was used, since adhesive resistance increases when materials of similar chemical components are used,6 because material’s cohesive
power is substantially higher than adhesion strength
obtained by adding another bonding agent. Thus, the
results of the present study agree with Zachrisson21,22
who asserted that acrylic is the recommended bonding material for bonding performed in acrylic surfaces, regardless of the type of bracket. However, this increase in bond strength (18.04 to 22.64 MPa) favors
the integrity of the temporary crown surface, since
the adhesive remnant remains in the restoration. In
this situation, the ARI ranged between 2 and 3.
On the groups bonded with Transbond XT composite resin, the adhesive resistance was statistically
lower. This procedure is similar to repairs carried
out on acrylic prosthesis. When a relatively new
material has been just polymerized and polished, it
presents slightly over 50% of non-reactive methacrylate groups. However, as time goes by, there will
be less non-reactive methacrylate groups, which will
generate few crosslinks with the new material in-
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Conclusion
Both the surface treatment and material influenced bond strength of metallic brackets bonded to
temporary crowns made with self-etching acrylic
resin. Roughening performed with aluminum oxide blasting increased bond strength when compared
to Soflex, in the group bonded with Duralay. Bond
strength of Duralay acrylic resin was superior to that
of Transbond XT composite resin.
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