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Effects of surface treatment and artificial aging on the shear bond strength

of orthodontic brackets bonded to four different provisional restorations

Youssef S. Al Jabbaria; Sara M. Al Taweelb; Mohammed Al Rifaiyb; Mohammed Q. Alqahtanib;
Theodoros Koutsoukisc; Spiros Zinelisd

ABSTRACT
Objective: To evaluate the combined effects of material type, surface treatment, and
thermocycling on the bond strength of orthodontic brackets to materials used for the fabrication
of provisional crowns.
Materials and Methods: Four materials were included in this study (ProTemp, Trim Plus, Trim II,
and Superpont C+B). Sixty cylindrical specimens (1 3 3 cm) were prepared from each material and
equally divided into three groups. The first group was ground with silica carbide paper, the second
was polished with pumice, and the last group was sandblasted with 50-mm aluminum oxide
particles. Stainless-steel maxillary central incisor brackets (Victory Series, 3M) were bonded to the
provisional material specimens with Transbond XT light-cured composite resin, and half of the
specimens from each group were thermocycled 500 times in 5uC and 55uC water baths. Then the
brackets were debonded with shear testing, and the results were statistically analyzed by three-
way analysis of variance and Tukey’s multiple-comparison tests at a 5 0.05. Adhesive Remnant
Index (ARI) was also identified.
Results: Before and after thermocycling, ProTemp materials showed the highest shear bond
strength with orthodontic brackets (10.3 and 13.1 MPa, respectively). The statistical analysis
indicated an interaction among the three independent variables (P , .05) and statistically
significant differences in bond strength among provisional materials (P , .001), surface treatments
(P , .001), and thermocycling (P , .05). According to the ARI, most groups demonstrated
adhesive failure.
Conclusions: The provisional material type, surface treatment, and artificial aging have a
significant effect on bond strength. Sandblasting treatment exerts a beneficial effect on shear bond
strength. (Angle Orthod. 2014;84:649–655.)

KEY WORDS: Provisional materials; Orthodontic brackets; Adhesives; Shear bond strength;
Thermocycling

INTRODUCTION

The adult dentition is usually characterized by
previous and ongoing restorative procedures, and in
many cases, orthodontic procedures must be modified
and performed in conjunction with other dental
interventions. As a result, orthodontists frequently
bond brackets onto provisional crowns for adjunctive
or comprehensive orthodontic treatment.

Many factors influence material selection in the
fabrication of provisional restorations, including phys-
ical, mechanical, and handling properties as well as
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biocompatibility.1 However, as in the case of natural
teeth, the bonded brackets should have sufficient bond
strength to withstand orthodontic forces. A weak bond
of the brackets to provisional materials will lead to a
high failure rate, with adverse consequences on the
cost and efficiency of orthodontic therapy as well as on
patient comfort. Many factors influence the strength of
the bond between the bracket and provisional mate-
rials, including the type of provisional material,2–5 the
adhesive material,6,7 the time of storage following
bonding,8 and thermocycling.9

Various studies2–5 have addressed the combinations
of different types of provisional restorations, different
adhesives, and different methods of treating provision-
al surfaces prior to bracket bonding. However, the
combined effect of thermocycling with different types
of provisional materials and surface treatments has not
yet been tested. Therefore, the aim of this study was
to evaluate the effects of the three aforementioned
independent parameters on the bond strength of
orthodontic brackets to provisional materials.

MATERIALS AND METHODS

Specimen Preparation

Four different commonly used provisional material
types were used in this study (Table 1). Sixty
cylindrical specimens (diameter, 1 cm; height, 2 cm)
were prepared from each material (n 5 240). For the
chemically cured provisional material resin, the spec-
imens were constructed in a machined metal mold with
internal concavity dimensions of 1 cm (diameter) and

2 cm (height) (Figure 1a). The materials were mixed
according to the manufacturer’s instructions; the molds
were filled and allowed to set at room temperature. To
standardize the heat-activated provisional material
resin, a wax pattern was obtained (diameter, 1 cm;
height, 2 cm) from the machined metal mold. The wax
pattern was then invested in dental stone within a
conventional denture flask. After the stone had set, the
wax was boiled out, and the provisional resin material
was mixed, packed, and heat-processed according to
the manufacturer’s instructions.

The 60 specimens of each material were divided
equally into three groups (n 5 20) (Table 2). Each
group was subjected to three different surface treat-
ments, as follows.

Surface grinding. The specimen surfaces were
ground with silica carbide paper up to a 600-grit size
in a grinding/polishing machine (Polo250/3; Jean
Wirtz, Düsseldorf, Germany).

Treatment with pumice. The specimen surfaces
were ground as described above and were additionally
polished with a pumice polishing paste (Buehler
Micropolish II, Lake Bluff, Ill), first with a 1-mm and
then with a 0.05-mm particle size, until a shiny, mirror-
like surface was achieved.

Treatment with sandblasting. The specimen surfac-
es were ground and polished as described above and
were additionally sandblasted with 50-mm alumina
grains for 10 seconds from a distance of 10 mm by
the application of 0.55 MPa of propulsion pressure
(Microetcher ER, Danville Engineering Inc, Danville,
Calif).

Table 1. Brand Names, Manufacturers, and Chemical Compositions of the Materials and the Adhesive Media Included in the Present Study

Brand Name Manufacturer Compositiona

ProTemp 4 3M ESPE, St Paul, Minn Bis-acrylic resin composite

Base paste: Bisphenol A polyethylene glycol diether dimethacrylate

(BisEMA6) 50%–60%, silane-treated amorphous silica 20%–30%,

polyurethane methacrylate 10%–20%, silane-treated silica 5%–10%

Catalyst paste: Ethanol 70%–80%, silane-treated silica ,10%,

benzyl-phenyl-barbituric acid ,10%

Trim Plus Harry J. Bosworth, Skokie, Ill Poly (methyl methacrylate (PMMA)

Powder: particulates NOC, dialkyl phthalate, cadmium pigments, iron

oxides, titanium oxide

Liquid: methyl methacrylate monomer, dimethyl-p-toluidine

Trim II Harry J. Bosworth, Skokie, Ill Phenylethylmalonamide (PEMA)

Powder: particulates NOC, benzoyl peroxide, cadmium pigments,

TiO2, mineral pigments

Liquid: isobutyl methacrylate, dibutyl phthalate, dimethyl-p-toluidine

Superpont C+B Spofadental, Markova, Czech Republic PMMA

Hydro-pneumatically curing crown and bridge resin for direct

modeling of acrylic veneered crowns and bridges, acrylic jacket

crowns, temporary crowns, and bridges

3M Unitek Transbond

XT Light Cure Adhesive

3M ESPE, St Paul, Minn Bis-acrylic resin composite

Bisphenol glycidyl methacrylate (Bis-GMA) 10%–20%, 2-hydro-

xyethyl ether 5%–10%, silane-treated quartz 70%–80%, silane-

treated silica ,2%, diphenyliodonium hexafluorophosphate ,0.2

a Information provided by manufacturers.
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Bracket Bonding Procedure

Stainless-steel maxillary central incisor brackets
(Victory Series, 3M Unitek, Monrovia, Calif) were
bonded to the provisional material specimens with a
light-cured composite resin (Transbond XT; 3M Unitek)
by the same clinician. The surface of the provisional
material was etched with 37% phosphoric acid for
30 seconds, then rinsed with water spray for 20 seconds
and dried with oil-free compressed air for 20 seconds.
During the bonding, a constant 5-N force was applied to
the top surface of the bracket to obtain a uniform
adhesive layer thickness. Any excess adhesive was
removed and the adhesive was light-cured by means of
an Ortholux XT Visible light-curing unit (3M Unitek) for
10 seconds on the mesial and distal sides (5 seconds
on each side), according to the manufacturer’s instruc-
tions. Following preparation, samples were stored in
distilled water at 37uC 6 2uC for 24 hours.

Thermocycling

The three groups of each material were divided
equally into two subgroups (Table 2), one of which was
subjected to a thermocycling procedure applying 500
cycles of alternating 5uC and 55uC water baths. The
specimens were incubated for 30 seconds in cold or
hot water, with a 5-second interval between succes-
sive immersions, employing a thermocycling machine

(THE-1100, SD Mechatronik, Feldkirchen-Westerham,
Germany).

Bracket Debonding Procedure

The specimens were shear loaded (Figure 1c)
glycidyl methacrylate at the bracket-specimen inter-
face at a crosshead speed of 1 mm/min to fracture
mounted on a universal testing machine (Instron
8500R, High Wycombe, Bucks, UK). Then the surface
of each specimen was examined under a light
microscope at 253 magnification to assess the remain-
ing Adhesive Remnant Index (ARI).

Statistical Analysis

The bond strength data were analyzed by three-way
analysis of variance (ANOVA), with material, surface
treatment, and thermocycling as discriminating variables,
and with a Tukey’s multiple-comparison test at a 5 0.05.

RESULTS

The results of shear bond testing and the outcome of
statistical analysis are schematically illustrated in
Figure 2. There was an interaction among the three
independent variables of material type, surface treat-
ment, and thermocycling (P , .05). An ANOVA showed
statistically significant differences in bond strength
among the provisional materials (P , .001), surface
treatments (P , .001), and thermocycling (P , .05).

In the nonthermocycling condition, ProTemp
showed significantly higher bond strength (P , .05)
than did the other provisional materials, regardless of
the surface treatment, apart from Trim II and Super-
pont C+B in the sandblasting group. No significant
differences were found among Trim Plus, Trim II, and
Superpont C+B in the ground and pumiced groups. In
the thermocycling category, Trim Plus and Superpont
showed zero values in the ground and pumiced groups,

Table 2. Grouping and Number of Specimens for Each

Material Tested

Four Different Materials (n 5 240)

Each Material (n 5 60) Bracket Bonding

Grinding (n 5 20) No thermocycling (n 5 10)

Thermocycling (n 5 10)

Pumice (n 5 20) No thermocycling (n 5 10)

Thermocycling (n 5 10)

Sandblasting (n 5 20) No thermocycling (n 5 10)

Thermocycling (n 5 10)

Figure 1. (a) The metallic mold used for the production of the specimens. (b) The cylindrical specimens with the bonded bracket. (c) Mounted

specimen ready to be tested in shear loading.
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but no differences were observed among the three
materials in the sandblasting group (P . .05). Again,
ProTemp showed significantly higher values after
thermocycling.

Surface treatments influenced the shear bond
strength of the four types of provisional materials. In
the nonthermocycling group (Figure 2) for ProTemp
and Trim Plus, the ground groups exhibited statistically
significant differences (P , .05) relative to the pumiced
and sandblasting groups, whereas for Trim II and
Superpont, the sandblasted surface treatment demon-
strated significant differences (P , .05) in shear bond
strength relative to the ground and pumiced groups. In
contrast, with thermocycling (Figure 2), the sandblast-
ed groups demonstrated significantly higher mean
shear bond strengths than did the other surface
treatment groups, regardless of material type. One
interesting result was the total debonding of orthodon-
tic brackets after thermocycling for Trim Plus and
Superpont in the ground and pumiced groups. The
obtained ARI scores are presented in Table 3.

DISCUSSION

The results of this study showed that the indepen-
dent variables tested showed significant interactions;

that is, they had a synergistic effect on bond strength
(P , .05). The tested materials were chosen because
each belongs to a different category of contemporary
materials used for the production of provisional
restorations (Table 1). The pumiced group is repre-
sentative of the clinical practice in which the restoration
surfaces are cleaned and polished before bonding.
The ground group with rougher surfaces may repre-
sent a clinically worn provisional restoration that was
not polished before bracket bonding although worn
surfaces may have a vast range of surface roughness.
The sandblasting is readily used chairside before
bonding of orthodontic brackets. Storage in water for
24 hours and 500 cycles of water thermocycling are
recommended by ISO 11405:200310 to identify mate-
rials that can sufficiently sustain the wet environment.
In this study, a crosshead speed of 1 mm/min was
selected, although previous studies have reported
speeds ranging from 0.5 to 5 mm/min.11 In any case,
these ranges of crosshead speeds lack relevance to
clinical conditions,12,13 in which even 200 mm/min is
considered to be lower than the intraoral condition.

Ideally, the bond strength of brackets to provisional
material should be sufficiently strong to prevent
bracket debonding during the treatment; however,
the bracket should still be able to be easily removed

Figure 2. Mean bond strengths (table with data) and standard deviations of all groups tested. Dotted lines with rectangular ends show groups

without statistically significant differences among the surface treatments. Dotted lines ending with circles represent groups without statistically

significant differences before and after thermocycling. The same capital letter illustrates groups without differences among materials with the

same surface treatment and before thermocycling, and numbers indicate groups without significant differences among materials with the same

surface treatment and after thermocycling (P . .05).
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without harm to the tooth surface. It is widely reported
in relevant literature14,15 that the minimum adequate
bond strength should be between 6 and 8 MPa.
However, this ‘‘threshold strength’’ approach has been
criticized in that it overlooks the intraoral degradation
of adhesive resin12,13 caused by fatigue,16 temperature
and pH variations,17 and microbial degradation.18

Additionally, previous studies19,20 have shown that in
vivo–aged bond strengths are significantly lower than
the strength of artificially aged laboratory-tested
bonds. In any case, the Bis-acryl (ProTemp) material
exhibited a bond strength superior to that of the other
provisional material types3,4 in the ground and pumiced
groups, which agrees with results from previous
studies.2 Therefore, the use of a Bis-acrylic composite
is recommended for provisional restorations in cases
in which orthodontic treatment is needed. The superior
bond strength of the Bis-acrylic composite may be
attributed to the presence of bifunctional acrylates,
which cross-link to provide advanced mechanical
strength and increased resistance to weakening in
the presence of water.21,22 Conversely, this mechanism
is not applicable for the other materials, which may
explain their inferior bond strength.22

In addition to the combination of materials, bond
strength also depends on the surface treatment
applied. The surfaces that were well polished with
pumice did not provide any source of mechanical

bonding, and thus only chemical bonding is possible.
Although the ground surfaces did provide a few
valleys, the results of this study are not conclusive,
since ProTemp and Trim Plus showed increased bond
strength, whereas the ground and pumiced groups
showed no significant differences for Trim II and
Superpont. This finding may imply that the two
independent variables have a synergistic effect on
bond strength, as shown by the statistical analysis;
thus, further research is required. Sandblasting in-
creased the bond strength in all groups except for
ProTemp, which indicates that this type of surface
roughening, with small valleys and protruding peaks,
provides beneficial mechanical interlocking.

Thermocycling had a detrimental effect on poly
(methyl methacrylate) PMMA materials (Trim Plus and
Superpont) in the ground and pumiced groups,
whereas ProTemp and Trim II remained unaffected.
This finding may imply that PMMA materials are more
prone to water softening during artificial aging.23

Another detrimental mechanism that may be implicat-
ed in this degradation is the generation of thermal
stresses. Although the coefficient of thermal expansion
(CTE) of ProTemp and Transbond XT has not been
previously determined, it was anticipated, based on
their chemical compositions (Table 1), that ProTemp and
Transbond XT would have CTE values of approximately
48 and 23 (31026/uC at 0uC–60uC), respectively,24

Table 3. Distribution of Adhesive Remnant Index (ARI) Scores for All Groups Tested

Material Thermocycling Surface Treatment

ARI Scores, %a

0 1 2 3

ProTemp No Grinding 90 10

Pumice 100

Sandblasting 100

Yes Grinding 80 20

Pumice 100

Sandblasting 90 10

Trim Plus No Grinding 100

Pumice 100

Sandblasting 90 10

Yes Grinding 100

Pumice 100

Sandblasting 10 90

Trim II No Grinding 80 20

Pumice 10 90

Sandblasting 20 80

Yes Grinding 100

Pumice 90 10

Sandblasting 20 80

Superpont C+B No Grinding 70 30

Pumice 80 20

Sandblasting 10 70 20

Yes Grinding 90 10

Pumice 100

Sandblasting 10 80 10

a 0 5 No adhesive left on the specimen, 1 5 less than half of the adhesive left on the specimen, 2 5 more than half of the adhesive left on the

specimen, and 3 5 all adhesive left on the specimen, with a distinct impression of the bracket mesh.
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whereas for PMMA, the CTE should be 70 3 1026/uC.25

Based on these data, the deformation of PMMA-based
materials can be calculated to be approximately 200% of
the deformation of the adhesive (Transbond XT) within
the thermocycling temperature range (5uC–55uC),
whereas for the ProTemp, this value decreased by
approximately half (106%), which indicates that the
PMMA adhesive interfaces underwent higher thermal
stresses during thermocycling. Therefore, the use of a
different adhesive with a higher CTE than that of
Transbond XT may solve this problem. The bond
strengths of Trim II and Superpont in the sandblasted
groups remained unaffected by thermocycling, which
implies that sandblasting has a beneficial effect on
preserving initial bond strength values. In contrast,
ProTemp and Trim Plus demonstrated increased bond
strength in the sandblasted groups after thermocycling,
which was unexpected. This finding may be attributed to
the increased mobility of radicals, which would be
expected to lead to additional polymerization during
heating in the thermocycling procedure. However, this
explanation requires further experimental testing.

A significant clinical demand is the maintenance of a
sound, unblemished enamel surface at the end of
orthodontic treatment, after bracket removal; there-
fore, the type of debonding (cohesive adhesive) is
important. In the case of bracket debonding at the
bracket-adhesive interface, the enamel surface re-
mains relatively intact, although extensive chair time is
needed for successful removal of residual adhesive.
The latter concern is eliminated when the brackets fail
at the adhesive-tooth interface, but the enamel surface
can still deteriorate when brackets fail in this way.
Although ARI was initially introduced to describe this
clinical situation,26 it was extensively used later in the
dental literature to characterize the fracture mode. This
method has initial limitations, since it is impossible to
characterize reliably the fracture mode of a system
with two interfaces (enamel-adhesive and adhesive-
bracket) with a simple and questionable classification
of four different classes (0 to 3). It is difficult to accept
that 0.1% is classified in class 1 along with 50%, and at
the same time, 0.1% is different from class 0. In
addition, a score of 3 has been used to describe
adhesive fracture between the bracket and adhesive
resin (all adhesive left on the specimen surface with a
distinct impression of the bracket mesh4), and in other
cases, this score has been used to describe the
cohesive fracture of the adhesive resin (all adhesive
remaining on tooth surface and resin imprint visible on
the bracket base27). Another missing class includes
situations in which part of the resin has the imprint of
bracket mesh and the rest of the fracture is at the
adhesive-tooth interface. Recently, an alternative
scoring method9 has been developed that includes

six classes, but the aforementioned limitations remain.
Nevertheless, it is logical to assume that for the
materials tested in this study, the situation after clinical
debonding is better described by the groups that
underwent thermocycling. Therefore, ProTemp in
polished and sandblasted surfaces will need more
time to be cleaned than in the ground group. The same
is true for the rest of the materials in the sandblasted
group, as the fracture site moves from the provisional
material-adhesive interface (scores 0 and 1) to the
adhesive-bracket interface (score 2 and 3), which
implies that the mechanically inferior site of the system
is located within the resin or at the adhesive resin-
bracket interface rather than at the provisional mate-
rial-adhesive interface.

Clinically, the fabrication of a provisional crown from
Bis-acrylic composite would be a better choice, since it
may minimize the incidence of bracket dislodgement
during orthodontic treatment. Furthermore, a Bis-acryl
composite material is widely preferred because of its
superior handling characteristics, including ease of
manipulation, ease of repair with a composite resin,
low polymerization shrinkage, reduced porosity, and
color stability.28 If other provisional material types that
are non–resin-based are used, or when a highly polished
provisional crown is received from a dental laboratory,
the clinician is advised to sandblast the bracket bonding
site before referring patients to their orthodontists.

CONCLUSIONS

N The shear bond strength of orthodontic brackets to
provisional materials depends on the material type,
surface treatment, and artificial aging and their
synergistic effect.

N Provisional surfaces that are subjected to grinding or
pumice treatment cannot withstand clinically accept-
able orthodontic forces, except for Bis-acrylic com-
posite resin.

N Sandblasting has a beneficial effect on bond
strength.
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