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Influence of topical fluoride application on mechanical properties of

orthodontic bonding materials under pH cycling

Tatiana Kelly da Silva Fidalgoa; Matheus Melo Pithonb; Rogerio Lacerda do Santosc;
Nashalie Andrade de Alencara; Aline Corrêa Abrahãod; Lucianne Cople Maiae

ABSTRACT
Objective: To evaluate in vitro the influence of topical fluoride application on the mechanical
properties of orthodontic cements containing fluoride under pH cycling conditions.
Materials and Methods: Edgewise brackets for maxillary central incisors were bonded to 192
bovine incisors using Transbond XT (G1), Transbond Plus Color Change (G2), and Fuji Ortho LC
(G3) (n 5 64 for each group). The specimens of each group were subdivided (n 5 16) into different
subgroups. Subgroup A received no topical fluoride application during pH cycling, while the
experimental subgroups received topical fluoride treatments as follows: B, application three times
per day of fluoride dentifrice (1450 ppm F); C, application one time per day of fluoride mouth rinse
(250 ppm F); and D, combination of fluoride dentifrice and fluoride mouth rinse. After 14 days of pH
cycling, the shear bond strength and Adhesive Remnant Index were evaluated statistically.
Results: Polarized light microscopy showed that pH cycling induced mineral loss in all specimens.
The topical application of fluoride did not have an influence on shear bond strength, although the
association of fluoride dentifrice and mouth rinse increased the shear bond strength of the resinous
cement without fluoride (P , .01). Regarding the Adhesive Remnant Index, no statistical
differences were found within the groups G1 (P 5 .23), G2 (P 5 .47), and G3 (P 5 .74).
Conclusion: Topical fluoride treatments improved the shear bond strength of resinous cement,
regardless of the material’s fluoride-releasing capacity, and reached the adhesive fractures. (Angle
Orthod. 2012;82:1071–1077.)

KEY WORDS: pH cycling; Topical fluoride application; Composite resins; Shear bond strength;
Tooth demineralization

INTRODUCTION

In orthodontic practice, white spot lesions are ob-
served with relative frequency around orthodontic appli-
ances, especially when oral hygiene is poor.1–4 White
spot lesions can become noticeable around brackets
within 1 month of placement, although the formation of
caries usually takes at least 6 months.5 Prevention of
demineralization during orthodontic treatment is one of
the greatest challenges faced by clinicians, despite
modern advances in caries prevention.1

Caries lesions adjacent to brackets can be reduced
or even eliminated when fluoride compounds are
used.6 However, the use of such compounds depends
on patient compliance, which is often inadequate.7

Therefore, preventive measures that do not depend on
an individual’s compliance have been developed to
solve this problem, such as bonding dental materials
with fluoride-releasing properties,8,9 which excrete an
additional source of fluoride near the brackets.3,10

Fluoride-releasing materials present a ‘‘burst effect’’
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pattern of fluoride release, with the largest amount of
fluoride being released within the first few days of
testing, followed by a rapid decline to much lower
levels as a result of the small amount of incorporated
fluoride.11 Thus, for more efficient caries control in
orthodontic patients, the combined use of fluoride-
releasing materials and external sources of fluoride
has been recommended.12

Orthodontic glass-ionomer cements present a high-
er caries-preventive effect12 but low mechanical
resistance.13,14 For this reason, resin-based materials,
which feature improved mechanical properties, that
incorporate fluoride-releasing properties have been
developed, although these materials present a less
pronounced caries-preventive effect than glass iono-
mers. Many in vitro studies have highlighted the white
spot–preventive effect of fluoride,3,15 although it is
important to evaluate the properties of bonding
materials under conditions that simulate the oral
environment. Thus, we tested two main initial hypoth-
eses: external fluoride sources in conditions that
simulate oral environment/pH cycling regimens will
(1) increase the caries-preventive effect of orthodontic
resins and (2) improve mechanical properties, shear
bond strength, and Adhesive Remnant Index (ARI)
scores.

MATERIALS AND METHODS

Sample Preparation

One hundred ninety-two bovine incisors were
randomly divided into three groups depending on
bonding material (n 5 64; Table 1) and sectioned
along the cementoenamel junction. Next, the crowns
were submerged in acrylic resin, with the buccal
surface facing a glass plate. A series of silicon carbide
abrasive papers (grit sizes 180, 400, and 600; 3M, Rio
de Janeiro, RJ, Brazil) was used to remove excess

resin and expose the bonding area. After this, the
coronal portion was submitted to prophylaxis with
rubber cups (KG Sorensen, Rio de Janeiro, RJ, Brazil)
at low speed for 5 seconds. Samples were washed in
deionized water for 15 seconds and dried using an oil-
free air jet for 15 seconds.

Maxillary central incisor brackets (Edgewise Sys-
tem, Morelli, Sorocaba, São Paulo, Brazil) were
bonded in the most central area of the middle third of
the buccal surface of the bovine incisors with one of
three different orthodontic bonding materials (Table 1):
Transbond XT (G1, 3M Unitek, Monrovia, Calif),
Transbond Plus Color Change (G2, 3M Unitek), or
Fuji Ortho LC (G3, GC Corporation, Tokyo, Japan).
The materials were used according to the manufac-
turers’ instructions (Table 2). The samples were stored
in deionized water at room temperature for one day.

pH Cycling Protocol (Cariogenic Challenge)

The samples of each resin group (n 5 64) were
divided into four treatment groups (n 5 16) (Table 1)
24 hours after bonding. During pH cycling, the dentifrice
groups (G1B, G2B, G3B) were submitted to fluoride
dentifrice slurry (1450 ppm F, Colgate-Palmolive Ind. e
Com. Ltda, São Paulo, SP, Brazil). The dentifrice slurry
consisted of dentifrice and deionized water (proportion
1:3) and was applied three times a day. The mouth rinse
groups (G1C, G2C, G3C) were submitted to once-daily
rinsing for 1 minute with 300 mL of fluoridated mouth
rinse (250 ppm F, Oral B, Procter & Gamble do Brasil,
São Paulo, SP, Brazil). The concomitant dentifrice/
mouth rinse treatment (G1D, G2D, G3D) used the
fluoride dentifrice slurry (250 ppm F, Oral B, Procter &
Gamble do Brasil) three times per day, and the last
application was followed by an application of 300 mL of
mouth rinse (250 ppm F, Oral B, Procter & Gamble do
Brasil) for 1 minute. The treatments were conducted
under mechanical agitation using an orbital shaker (Bio

Table 1. Division of Samples Within the Transbond XT (G1; n 5 64), Transbond Plus Color Change (G2; n 5 64), and Fuji Ortho LC (G3; n 5

64) Groups

Group (n 5 16) Orthodontic Fluoride Resin Treatments

G1A (control group) Transbond XT pH cycling*

G1B (experimental group) Transbond XT Dentifrice

G1C (experimental group) Transbond XT Mouth rinse

G1D (experimental group) Transbond XT Dentifrice + mouth rinse

G2A (control group) Transbond Plus pH cycling*

G2B (experimental group) Transbond Plus Dentifrice

G2C (experimental group) Transbond Plus Mouth rinse

G2D (experimental group) Transbond Plus Dentifrice + mouth rinse

G3A (control group) Fuji Ortho LC pH cycling*

G3B (experimental group) Fuji Ortho LC Dentifrice

G3C (experimental group) Fuji Ortho LC Mouth rinse

G3D (experimental group) Fuji Ortho LC Dentifrice + mouth rinse

* Submitted to pH cycling only. A slurry of dentifrice/deionized water (1:3) was applied three times a day. The mouth rinse was applied one time

a day.
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PSU-20i, Grant Instruments, Hillsborough, NJ) during
treatment, and each application was followed by
washing in deionized water.

The negative control groups (G1A, G2A, and G3A)
were submitted to pH cycling only, while the experi-
mental groups alternated between pH cycling and the
described fluoride treatments. The pH cycling consist-
ed of artificial remineralizing in neutral saliva
(1.54 mmol/L calcium, 1.54 mmol/L phosphate,
20 mmol/L acetic acid, and 0.308 g ammonium
acetate, adjusted to pH 7.0 with potassium hydroxide;
VETEC, Rio de Janeiro, RJ, Brazil)16 and demineral-
izing saliva (3 mmol/L calcium, 3 mmol/L phosphate,
50 mL/L acetic acid, and 0.308 g ammonium acetate
with the pH adjusted to 4.5 with sodium hydroxide;
VETEC).17

To induce a strong cariogenic challenge, the
specimens were kept in demineralizing saliva for
22 hours consecutively, and after being washed with
deionized water, they were kept in contact with
remineralizing saliva for 2 hours to complete a 24-
hour cycle. During the pH cycle period, the specimens
were kept in an incubator (Fanem Ltda, São Paulo,
SP, Brazil), at a constant temperature of 37uC to
simulate the oral environment. These dynamics were
reproduced for a period of 14 days, during which the
artificial saliva (neutral and acid) was changed every
2 days.

After pH cycling, shear bond strength tests, and
ARI evaluation, one longitudinal section of approxi-
mately 100 mm was selected from each tooth to
examine the pattern of demineralization from each
group for the visual images. The sections were
immersed in water and examined by polarized light
microscopy (under 103 magnification); photomicro-
graphs were obtained.18,19

Shear Bond Strength Measurement

Shear bond strength tests were performed in a
universal testing machine (EMIC, São José dos
Pinhais, SP, Brazil) at a constant speed of 0.5 mm/min.
The force required to dislodge the bracket was
recorded in Newtons (N) and converted into mega-
pascals (MPa) as a ratio of Newtons to the bracket
surface area (MPa 5 N/mm2).

Adhesive Remnant Index Evaluation

The brackets and enamel surfaces were analyzed
by one trained examiner (intraexaminer kappa 5 0.92).
An optical microscope (Eclipse E600, Nikon, Melville,
NY) was used at 43 magnification, with ARI scores
given according to Artun and Bergland.20

Statistical Analysis

The results of shear bond strength testing were
analyzed with the statistical software program SPSS
16.0 (SPSS Inc, Chicago, Ill) and submitted to analysis
of variance and the Tukey test. Evaluation of ARI
scores was carried out using the Kruskal-Wallis and
Mann-Whitney tests. All statistical tests were per-
formed with a confidence interval of 95% (P , .05).

RESULTS

Cariogenic Challenge Assessment

The cariogenic challenge was able to induce white
spot lesions around orthodontic brackets (Table 3).
Figure 1 shows the patterns of demineralization under
polarized light microscopy. The control group showed
a microscopic pattern of enamel loss, and the mouth
rinse group presented low visual mineral loss. The
dentifrice and the dentifrice/mouth rinse groups

Table 2. Application Procedures and Lot Numbers of the Tested Materials

Material Application Procedure Lot Number

Transbond XT Acid etching: The enamel surface was etched with 37% phosphoric acid

gel for 30 seconds and then washed.

#6 CP

Bonding: Transbond XT was applied to the bracket base, excess adhesive was

removed from the teeth with a probe, and each bracket was light cured with a

light-emitting diode (850 Mw/cm2) for 40 seconds (10 seconds on each side).

Transbond Plus Acid etching and adhesive preparation: The one-step primer Transbond Plus

Self-Etching Primer (TPSEP) was mixed and activated. After TPSEP was applied,

brackets were bonded with Transbond Plus. Activated TPSEP was brushed onto

the enamel surface for 3 to 5 seconds by rubbing with the applicator.

#261899D

Bonding: The composite Transbond Plus was applied to the bracket base, excess

adhesive was removed from the teeth with a probe, and each bracket was light cured

with a light-emitting diode (850 Mw/cm2) for 40 seconds (10 seconds on each side).

Fuji Ortho LC Acid etching: The enamel surface was etched with 37% phosphoric acid gel

for 30 seconds and then washed.

#251271

Bonding: Fuji Ortho LC was mixed (powder and liquid, 1:1) and applied to the bracket base,

excess adhesive was removed from the teeth with a probe, and each bracket was light cured

with a light-emitting diode (850 Mw/cm2) for 40 seconds (10 seconds on each side).
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showed demineralization, but microscopic mineral loss
was reduced.

Shear Bond Strength

Table 4 summarizes the results of the shear bond
strength testing. The results showed that G1 (Trans-
bond XT) presented higher shear bond strength than
G2 (Transbond Plus Color Change) and G3 (Fuji Ortho
LC) in all evaluated conditions. In the control group (pH
cycling only), a statistical difference (P 5 .03) was
found between Transbond XT (G1A; 10.07 6

3.04 MPa) and Fuji Ortho LC (G3A; 5.40 6

3.44 MPa); a statistically significant difference was
also found between Transbond Plus Color Change
(G2A; 9.73 6 3.31 MPa) and Fuji Ortho LC (P , .01).

There was no statistical difference between Transbond
XT and Transbond Plus Color Change with the same
treatment (P 5 .99).

When the shear bond strength of samples submitted
to the dentifrice protocol was evaluated, Transbond XT
presented a statistically significantly higher (P , .01)
shear bond strength (G1B; 13.08 6 3.83 MPa) in
comparison to Transbond Plus Color Change (G2B;
7.53 6 4.17 MPa) and Fuji Ortho LC (G3B; 5.40 6

3.36 MPa).
The fluoride mouth rinse did not influence the shear

bond strength of the materials (P . .05); Transbond
XT (G1C; 11.57 6 4.91 MPa), Transbond Plus Color
Change (C2C; 8.07 6 2.05 MPa), and Fuji Ortho LC
(G3C; 8.20 6 2.24 MPa) showed similar behavior
under the applied conditions. However, treatment with
fluoride dentifrice and mouth rinse during pH cycling
increased the shear bond strength (P 5 .03) of
resinous cement without fluoride (Transbond XT,
G1D; 12.69 6 4.25 MPa) in comparison to Transbond
Plus Color Change (G2D; 6.80 6 2.10 MPa), a
resinous material with fluoride-releasing capacity.

Adhesive Remnant Index

The results of ARI measurement are summarized in
Table 5. All GI specimens presented with large
amounts of resin adhering to the bracket (score 1),
while G2 and G3 presented with greater amounts that
had adhered to the enamel (score 2). No statistical
difference was found within the groups G1 (P 5 .23),

Table 3. White Spot Characterization*

Group Brightness Loss Visual Mineral Loss

G1A +++ +++
G1B + 2

G1C ++ ++
G1D + 2

G2A +++ +++
G2B ++ +
G2C + 2

G2D + 2

G3A +++ +++
G3B + 2

G3C ++ +
G3D + 2

* 2 indicates absent; +, low; ++, moderate; and +++, high.

Figure 1. Artificial enamel caries formation adjacent to bonding area. Specimens were immersed in water and photographed using polarized light

microscopy under 103 magnification. The photomicrography shows representatives images of each group. (A,B) Control group showing enamel

loss pattern. (C) Dentifrice/dentifrice and mouth rinse pattern of demineralization with no visual mineral loss. (D) Mouth rinse pattern of

demineralization presenting low visual mineral loss.
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G2 (P 5 .47), and G3 (P 5 .74). Likewise, no statistical
differences were found among the different materials
(P . .05).

DISCUSSION

The mechanical properties of orthodontic materials
are generally overlooked in the literature, and such
studies are not usually conducted under a simulated
cariogenic challenge.2,21–23 The high prevalence of
white spot lesions around orthodontic appliances3

has aroused interest in mechanical property studies
that mimic the adverse conditions of the oral environ-
ment.12,24 It is important to highlight that high shear
bond strength is indispensable in keeping orthodontic
brackets adhered to the enamel surface during
orthodontic treatment. Consequently, it is essential to
evaluate mechanical properties in conditions that
simulate the oral environment of patients, which
possesses a high susceptibility for the formation of
white spot lesions. Thus, a unique feature of the
present research is the use of artificial saliva, via
demineralizing/remineralizing solutions with different
pHs, to simulate the oral environment.

The incorporation of fluoride in dental tissue reduces
enamel solubility in acidic environments. This property
is based on the capacity of fluoride to be incorporated
into a crystalline lattice of the hydroxyapatite of hard
dental tissues, resulting in a mineral phase that is less
soluble and more acid resistant.25 When the samples
were immersed in a solution with a pH that dissolves
fluoridated hydroxyapatite, white spot lesions formed
around the orthodontic brackets bonded with Trans-
bond XT; fewer lesions were seen around brackets
adhered with Transbond Plus Color Change and Fuji
Ortho LC owing to the presence of fluoride in these
compounds. Nevertheless, the influence of the dynamic

of fluoride on the shear bond strength of orthodontic
resins under cariogenic challenge is not well known.

In the present study, all evaluated materials
presented with satisfactory bond strength. The litera-
ture reports that the ideal bond strength to resist
orthodontic forces varies from 2.86 to 7.59 MPa.26 All
bonding materials, when submitted to cariogenic
challenge, presented shear bond strength values
capable of resisting orthodontic forces, varying from
5.40 to 13.08 MPa. Transbond XT presented higher
shear bond strength in comparison to Transbond Plus
Color Change and Fuji Ortho LC under all conditions
studied. In the groups submitted to fluoride dentifrice,
Transbond XT showed statistically significantly higher
shear bond strength in comparison to Transbond Plus
Color Change and Fuji Ortho LC. However, it is
possible that this is an inherent characteristic of these
materials and that the treatment did not influence the
results, since the same behavior was noted during
cariogenic challenge. With respect to the control
groups, evaluating only material properties, it is
possible to conclude that Transbond XT presented
shear bond strength that was similar to that of
Transbond Plus Color Change (P . .05). Fuji Ortho
LC presented with lower shear bond strength values
vs the resinous materials; this can be explained by the
reduced shear bond strength of glass-ionomer ce-
ments.13,14 Regarding the treatments, Transbond XT,
a resinous material without fluoride, showed in-
creased bond strength (although not statistically
significant) following the application of fluoride denti-
frice and mouth rinse during pH cycling. It is
suggested that remineralization in the presence of
an external source of fluoride produces fluoride
hydroxyapatite that is more resistant than hydroxyap-
atite. For this reason this group showed the highest
increase in shear bond strength values in comparison
with the orthodontic cements containing fluoride.

Table 4. Shear Bond Strength Values (MPa) of Different

Orthodontic Bond Materials Submitted to High Cariogenic Challenge

Group

Bond Strength

(Mean 6 SD)g Significance

G1A 10.07 6 3.04 a*

G1B 13.08 6 3.83 b*

G1C 11.57 6 4.91 c*

G1D 12.69 6 4.25 d*

G2A 9.73 6 3.31 e*

G2B 7.53 6 4.17 bcd

G2C 8.07 6 2.05 bd

G2D 6.80 6 2.10 bcd

G3A 5.40 6 3.44 abcdef

G3B 5.40 6 3.36 abdef

G3C 8.20 6 2.24 bcd

G3D 10.07 6 2.62 f*

abcdef Equal letters indicate statistically significant differences (*)

with the other groups (analysis of variance and Tukey test); P , .05.
g SD indicates standard deviation.

Table 5. Adhesive Remnant Index (ARI) of Different Orthodontic

Bonding Materials and Treatments*

Group Score 0 (%) Score 1 (%) Score 2 (%) Score 3 (%)

G1A 18.75 43.75 12.50 25.00

G1B 37.50 37.50 18.75 6.25

G1C 25.00 43.75 6.25 25.00

G1D 31.25 25.00 18.75 25.00

G2A 0.00 56.25 43.75 0.00

G2B 25.00 25.00 50.00 0.00

G2C 25.00 18.75 43.75 0.00

G2D 43.75 25.00 25.00 6.25

G3A 0.00 6.25 56.25 37.50

G3B 6.25 43.75 37.50 12.50

G3C 6.25 12.50 68.75 12.50

G3D 6.25 31.25 62.50 0.00

* Kruskal-Wallis and Mann-Whitney tests; P , .05. No statistical

differences were found within and among groups (P . .05).
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The present study corroborates the findings of
Passalini et al.,12,24 who found that orthodontic bonding
materials containing fluoride were able to prevent
enamel demineralization under cariogenic challenge
without interfering with bond strength. However, the
literature shows that fluoride-releasing materials pres-
ent a ‘‘burst effect’’ pattern of fluoride release, with the
largest amount of fluoride being released within the first
few days of testing, followed by a rapid decline to much
lower levels.11 For this reason, in the current study, only
external sources of fluoride were evaluated.

Maintenance of an unblemished enamel surface
after removal of brackets is required after orthodontic
treatment. Bracket failure at the bracket/adhesive
interface presents advantages, since it leaves the
enamel surface relatively intact. In the current study,
Transbond XT presented higher shear bond strength
values. In addition, Transbond XT also presented
higher percentages of ARI scores of 0 in comparison to
Transbond Plus Color Change and Fuji Ortho LC
under all conditions evaluated. For all bonding mate-
rials evaluated, the specimens submitted to both
fluoride treatments showed increased ARI scores of
0 when compared to the specimens that were
submitted to pH cycling only.

It is worth emphasizing that, despite the cariogenic
challenge, all bonding materials reached an ARI score
of 0 in most specimens of all bonding materials,
showing that the adverse oral conditions interfered
negatively with the adhesive quality of the material. In
addition, the fluoride treatment was not able to reduce
the number of samples with a score of 0. When
brackets fail at the enamel/adhesive interface, less
residual adhesive remains, but the enamel surface
may be damaged if cohesive fracture occurs.27

Based on the results of the present study, it is
possible to conclude that, with consideration to the
high cariogenic challenge endured by the specimens,
all tested topical treatments were not able to prevent
mineral loss, but they were able to reduce it. In
addition, the bonding material should be chosen for
specific patient conditions. In normal cases, Trans-
bond XT should be used because of its high shear
bond strength. On the other hand, in patients with high
susceptibility to white spots, fluoride-containing bond-
ing materials should be used, even though they have a
lower shear bond strength.

CONCLUSIONS

Based on the methods applied in the present study,
it was shown that:

N Transbond XT presented with better shear bond
strength but a poorer ARI in comparison to Trans-
bond Plus Color Change and Fuji Ortho LC.

N Fluoride treatments did not influence shear bond
strength but reached the fractures at the enamel/
adhesive interface.

ACKNOWLEDGMENT

The authors thank Conselho Nacional de Desenvolvimento
Cientı́fico e Tecnológico (CNPq) and Fundação de Amparo à
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