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Effect of Fluoride Solutions on the Shear Bond
Strength of Orthodontic Brackets
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The aim of this in vitro study was to evaluate the shear bond strength of brackets after pre-treatment with different fluoride solutions.
This study used 48 freshly extracted sound bovine incisors that were randomly assigned to 4 experimental groups (n=12). CG: (control)
without treatment; NF: 4 min application of neutral fluoride; APF: application of 1.23% acidulated phosphate fluoride (APF) for 4
min; and SFV: application of 5% sodium fluoride varnish for 6 h. For each group, after surface treatment, prophylaxis of enamel and
bracket bonding with Transbond XT composite resin (3M) were performed following the manufacturer’s specifications. The shear bond
strength was performed with a universal testing machine 24 h after fixing the brackets. The tooth surfaces were analyzed to verify the
adhesive remnant index (ARI). Data were analyzed statistically by ANOVA and Tukey’s test (0=0.05). There was statistically significant
difference among the groups (p<0.0001). CG and NF groups presented significantly higher bond strength than APF and SFV. There
was no significant difference between CG and NF or between APF and SFV (p>0.05). The analysis of ARI scores revealed that most
failures occurred at the enamel-resin interface. It may be concluded that the pre-treatment of enamel with 1.23% APF and 5% SFV

prior to fixing orthodontic brackets reduces shear bond strength values.
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INTRODUCTION

Fluoride is an important adjuvant in the prevention
and treatment of initial caries lesions and its use is
indicated in different phases of dental treatment. The
formation of white lesions of caries around orthodontic
brackets is identified as a common complication found
in patients with poor oral hygiene (1).

Fluoride gel and sodium fluoride varnish at
different concentrations can be used with efficacy and
safety for the remineralization of dental structure and
to prevent the development of initial caries lesions
(2-4). The presentation forms of fluoride in acidified
solutions increase the absorption to enamel surface,
resulting in greater benefits to the tooth (5). However,
sodium fluoride varnishes are able to promote a greater

cariostatic effect when compared with acidulated
phosphate fluoride gels (APF, 1.23%) (6), reducing
enamel demineralization adjacent to orthodontic
brackets (7). Among the available fluoride solutions,
different concentrations and formulations have different
effects on enamel (5,8).

In clinical orthodontics, it is essential to establish
areliable bond strength between enamel and orthodontic
appliances. Thus, in vitro studies demonstrate that
the use of prophylactic agents with different fluoride
concentrations do not significantly affect the adhesion
of orthodontic brackets (9,10).

However, studies are needed to evaluate the
influence of topical fluoride application on shear bond
strength because the mechanism of action of fluoride
is a chemical reaction of these solutions with the tooth
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structure. The cariostatic effect occurs due to the
formation of a calcium fluoride layer (CaF,) which
dissolves and releases ions by pH reduction to prevent
that the underlying enamel is reached (11). APF 1.23%
has a pH of 3.2-3.5, in which a low concentration of
hydrogen dissolves the enamel surface to form CaF,.
The application of APF induces fluoride deposition in
hydroxyapatite and formation of fluorapatite, which can
affect the bond strength (12).

Immediate fixing of orthodontic brackets after a
previous application of fluoride agents needs evaluation.
Choi etal. (13) recommend that in restorative procedures
etching of enamel should be done after 2 weeks of
treatment with APF. Scanning electron microscopy and
atomic force microscopy showed that pretreatment with
APF decreases the formation of microporosity in the
enamel of primary and permanent teeth.

Studies that evaluate the interference of the
application of topical fluoride solutions performed in the
same session in which occurs bonding of brackets are
still very scarce, since the majority of studies evaluate
the fluoride solutions incorporated into toothpastes,
dental materials or even the use of these solutions days
before bonding of orthodontic attachments (14).

The purpose of this study was to evaluate the shear
bond strength between orthodontic brackets and dental
enamel after the treatment with acidulated phosphate
fluoride, neutral fluoride and 5% sodium fluoride varnish
applied immediately prior to bonding procedures. The
null hypotheses tested were that there is no significant
difference in the bond strength of brackets after enamel
pretreatment with different fluoride solutions.

MATERIAL AND METHODS

A random sample of 48 freshly extracted bovine
incisors was selected. The teeth were frozen in distilled
water until use. This research project was approved by
the Ethics Comitte of Research and Animals of State
University of Maranhdo (UEMA), Brasil. The criteria
for tooth selection were: intact enamel, with no cracks
and no prior use of chemical agents such as thymol,
hydrogen peroxide, alcohol or formaldehyde.

The bovine roots were sectioned at the coronal
third with a carborundum disk and discarded. Then the
coronal pulp was excised with a dentin curette (Duflex
Lucas number 86; SSWhite, Rio de Janeiro, RJ, Brazil),
irrigated with distilled water, dried with short air blasts
and sealed with utility wax (Epoxiglass Ind, Diadema,

SP, Brazil) to avoid penetration of the acrylic resin
used for inclusion. After preparation, the crowns were
placed inside 25 x 20 mm PVC cylinders and embedded
in acrylic resin (Dental VIPI Ltda., Pirassununga, SP,
Brazil) with the buccal surface parallel to the cylinder.

The specimens were stored in artificial saliva for
24 h and randomly assigned to 4 groups (n=12). In CG
(control), the specimens were stored in distilled water for
24 h before bracket fixation. In the experimental groups,
enamel surface was treated prior to fixation of brackets
as follows: NF: 4 min application of aneutral fluoride gel
(Flugel; DFL Industria e Comércio S.A., Rio de Janeiro,
RJ, Brazil) on enamel prior to bracket fixation; APF:
application of a 1.23% acidulated phosphate fluoride
gel (Fluorsul; Idontosul, Porto Alegre, RS, Brazil) for
4 min (3); and SFV: application of 5% sodium fluoride
varnish (Duraphat; Colgate-Palmolive, Sdo Paulo, SP,
Brazil) for 6 h. After application of the fluoride solutions,
all specimens were washed in saliva.

Stainless steel orthodontic brackets for maxillary
central incisors with base 1.5 mm high x 4.0 mm
wide (Roth 0.022” x 0.030”; Kirium Abzil Indtstria
e Comércio Ltda., Sdo José do Rio Preto, SP, Brazil)
were fixed immediately after treatment of the specimens
with fluoride solutions. In the control group, although
not submitted to fluoride treatment, the orthodontic
brackets were fixed after a time interval equivalent to
the other groups.

Prior to the bonding of brackets, prophylaxis
of the buccal surface was performed using a Robson
brush and extra-fine water-based pumice paste without
fluoride for 10 s. On the buccal surface was applied 37%
phosphoric acid gel (FGM Dental Products, Joinville,
SC, Brazil) for 30 s, rinsing with water for the same
period and drying with compressed air. Afterwards, the
adhesive system Transbond™ XT Ligth Cure Adhesive
(3M Unitek Orthodontic Products, Monrovia, CA, USA)
was applied and light cured for 20 s with ta LED unit
(Optilight; Gnatus, Ribeirdo Preto, SP, Brazil) with
light intensity greater than 500 mW/cm?, measured by a
curing radiometer (Gnatus) and wavelength in the range
between 450 and 480 nm. The brackets were positioned
with Transbond™ XT composite resin and light-cured
for 20 s on each surface (distal and mesial). Maximum
pressure was used during bonding of the brackets,
standardizing the strength exerted and film thickness of
resin. Before polymerization, excesses were removed
with an explorer (Duflex; SS White, Rio de Janeiro,
RJ, Brazil). The procedures were performed by a single
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trained and calibrated operator.

The specimens were incubated in an incubator
at 37°C for 24 h. After this, shear bond strength was
performed using a universal testing machine with 50 kg
load applied on the buccal surface, close to the enamel/
adhesive interface ata 0.5 mm/min crosshead speed until
fracture of the specimens. The force required to remove
the attachments was measured in N and shear bond
strength in MPa. The bond strength results were obtained
with the aid of a computer program (TESC) connected
to the universal testing machine. After shearing, the
enamel surfaces were analyzed according to the scores
proposed by Artun and Bergland (15) (Table 1) in order
to determine the adhesive remnant index (ARI).

Data were analyzed by one-way ANOVA and
Tukey’s post hoc test (¢=0.05) using PASW Statistics
(version 18; SPSS Inc., Chicago, IL, USA) and GraphPad
Prism 5, 2007 (GraphPad Prism Inc., San Diego, CA,
USA).

RESULTS

The descriptive statistics for the bond strength in
the different experimental groups are presented in Table
2, as well as the minimum and maximum values in the
different groups. One-way ANOVA showed statistically
significant differences among the groups treated with
fluoride solutions (F=12.90, p=0.0001). CG and NF
groups had significantly higher bond strengths than the
other groups.

ARl analysis revealed a predominance of failures
at the enamel-resin interface (Table 3).

DISCUSSION

The null hypothesis was rejected because the
different fluoride solution applied on sound enamel
before bonding the brackets promoted a decrease in the

Table 2. Means (standard deviations), minimum and maximum
bond strength values.

In vitro studies assessing the interference of
topical use of fluoride solutions on the shear bond
strength of orthodontic devices refer to the use of fluoride
incorporated into prophylactic pastes (9,10) related to
restorative materials (14) or even on the enamel that
underwent severe changes in pH. However, there is alack
of studies that evaluate the effect of fluoride solutions
at high and low concentration on sound enamel, applied
prior to bonding the brackets.

Prophylaxis for 10 to 15 s with brushes prior to
bonding procedures, as performed in this study may be
able to reduce 10 um of enamel (16). This procedure
increases the surface energy, which favors the adhesion.
However, topical application of fluoride solutions may
decrease the surface energy, reducing the spreading
ability of the adhesive.

The application of fluoride solutions on sound
enamel is characterized as a preventive approach, as in
patients with poor oral hygiene, in which fluoride can
act as a preventive agent for reducing the incidence of
caries (17).

Fluoride promotes the formation of fluorapatite
in enamel, which is considered less soluble than
hydroxyapatite. Teeth with high fluoride concentrations
are generally considered more resistant to etching
and may require more conditioning time. Teeth with
fluorosis, however, show a decrease in the bond strength
of orthodontic brackets when compared with normal

Table 1. Adhesive remnant index (ARI).

Scores Adhesive Remnant Index

0 No adhesive remained on enamel

1 Less than 50% of the adhesive remained on enamel
2 More than 50% of the adhesive remained on enamel
3 All adhesive remained on enamel

Table 3. Distribution of adhesive remnant index (ARI).

ARI scores (%)
Group (n=12) Mean (sd) Max Min Group (n=12) ) 5 3
Control 13.80 (1.62)* 18.18 12.34 Control 4(33.2) 7(584) 1(84) 0
Neutral fluoride  11.42 (1.96)* 10.86 1.14 Neutral fluoride 8 (66.6) 3 (25) 1(8.4) 0
1.23% APF 8.68 (1.53)° 10.73 6.21 1.23% APF 10(832) 184 184 0
5% NaF varnish ~ 8.56 (3.78)" 15.41 4.57 5% NaF varnish 2 (16.6) 7(58.4) 1(84) 2(16.6)
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enamel (18). While some studies have shown that
fluoride or fluoridated dentifrices do not seem to affect
the bonding strength (19), the action of fluoride on the
enamel should be considered because previous studies
used different methodologies. It is also known that the
bond strength tests are performed after 7 and 10 days
of topical fluoride application, which would not change
the bonding strength of brackets (19).

Bonding of brackets immediately after topical
application of fluoride solutions was not found in the
literature. In the present study, significant differences in
bond strength were found when 1.23% APF and 5% SFV
were applied, but NF application showed no statistically
significant difference.

It is suggested that a mixture of phosphoric acid
with an APF gel minimizes the loss of enamel during the
acid attack, not necessarily compromising the adhesive
bond strength of the orthodontic bracket (20). However,
these findings are not unanimous in the literature, since
Mengetal. (21) found that APF application after etching
reduced the bond strength of brackets to enamel.

In this study, the resinous material adhesion was
found to be influenced by the type of fluoride solution.
Considering the benefits of the materials that release
fluoride, the resin-modified glass ionomer cements when
used without previous application of fluoride have higher
bond strength than when the fluoride solution is applied
before fixing the brackets. Evaluating the application
of self-etch or etch-and-rinse adhesives (19), it was
suggested that sodium fluoride varnish does not affect
significantly the bond strength of orthodontic brackets
when bonded after 10 days of storage in saliva. The
literature also reports that different brands of sodium
fluoride varnish may provide different results when
applied in the same experimental conditions (19).

With the exception of the control group, the values
obtained were below 12.41 MPa, which is suggested by
Bishara et al. (22) as being safe for enamel integrity.
Adhesive forces between 5.9 to 7.8 MPa are adequate
for the orthodontic practice (15). These results agree with
values reported in the literature as clinically acceptable,
since the mean values of fluoride-treated groups were
higher than those recommended by the first study,
whereas in the oral environment can be found bond
strengths lower than those found in vitro (23).

ARI analysis showed predominance of failures
at the enamel-resin interface in all groups, which is an
unfavorable condition, because the shear force stress
could increase the probability of damage on the structure

of'enamel during removal of orthodontic appliances (18).
Also Kimuraetal. (19), evaluating the effect of fluoride
varnish, reported failures predominantly at the enamel/
resin interface, which might be attributed to a deficiency
inthe penetration of the adhesive into the enamel. Based
onthe ARI analysis, it was not possible to relate decrease
of bond strength values with the ARI scores.
Considering the limitations of this study, it may
be concluded that the treatment of enamel with 1.23%
APF and 5% SFV prior to bonding of orthodontic
brackets reduced the shear bond strength, although the
values obtained are within the strength limits accepted
for most procedures performed in clinical orthodontics.

RESUMO

O objetivo deste estudo foi o de avaliar in vitro a resisténcia
adesiva de braquetes apds o pré-tratamento do esmalte com
diferentes solugdes fluoretadas. Foram utilizados 48 incisivos
bovinos higidos recém-extraidos que foram aleatoriamente
divididos em 4 grupos experimentais (n=12). CG (controle):
sem tratamento; FN: aplicagdo de fliior neutro por 4 min; FFA:
aplicacao de fltior fosfato acidulado (FFA) a 1,23% por 4 min; e
VFS: aplicag@o de verniz de fluoreto de sodio a 5% por 6 h. Apds
o tratamento dos grupos, foi realizada a profilaxia do esmalte e
os braquetes foram fixados utilizando o composito Transbond
XT (3M), seguindo as especificagdes do fabricante. A resisténcia
adesiva foi verificada através do teste de cisalhamento, realizado
na Maquina de Ensaio Universal DL-2000 24 h ap¢s a fixagdo
dos braquetes. As superficies dos dentes foram analisadas para
verificagdo do indice de adesivo remanescente (IAR). Por meio
dos testes estatisticos ANOVA e Tukey (0=5%), observou-se
diferenca estatisticamente significante entre os grupos estudados
(p<0,0001), sendo que GC e FN, apresentaram valores superiores
de resisténcia adesiva quando comparados aos grupos FFA e
VFS, porém GC-NF e FFA-VFS ndo apresentaram diferengas
estatisticas entre si (p>0,05). Aanalise dos escores do IAR revelou
que grande parte das falhas ocorreram na interface esmalte-resina.
Conclui-se que o tratamento do esmalte com FFA 1,23% e VFS
a 5%, previamente a fixa¢do de braquetes ortodonticos, reduziu
os valores de resisténcia adesiva ao cisalhamento.
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