REVISTADE ODONTOLO GIA pA UNESP

Original Article | a ‘ @

© 2018 - ISSN 1807-2577

Influence of topical fluoride on shear bond strength
of orthodontic brackets and enamel white spot
lesions formation

Influéncia do fluor toépico na resisténcia ao cisalhamento de braquetes
ortodénticos e na formacéo de lesbes de manchas brancas no esmalte

Marcelle Dantas MONTENARO? (@, Heloisa Cristina VALDRIGHI** @, Max José Pimenta LIMA® @,
Elisangela de Jesus CAMPOS® @, Milton SANTAMARIA-JR®*

2FHO — Fundagdo Herminio Ometto, Centro Universitario, Programa de Pés-graduagdo em Ortodontia, Araras, SP,
Brasil.

®UFBA — Universidade Federal da Bahia, Instituto de Ciéncias da Saude, Departamento de Bioquimica e Biofisica,
Salvador, BA, Brasil.

How to cite: Montenaro MD, Valdrighi HC, Lima MJP, Campos EJ, Santamaria-Jr M. Influence of topical fluoride on shear bond
strength of orthodontic brackets and enamel white spot lesions formation. Rev Odontol UNESP. 2021;50:20210038.
https://doi.org/10.1590/1807-2577.03821

Resumo

7

Introdugao: O flior é considerado um elemento chave no processo de remineralizacdo do esmalte
dentario. Objetivo: Este estudo teve como objetivo avaliar a influéncia da solucdo tépica de fluoreto de
s6dio (NaF) na resisténcia ao cisalhamento da colagem de barquetes ortodonticos durante a formacgao de
lesdes de manchas brancas. Material e método: Sessenta dentes bovinos foram divididos em trés grupos
(n=20). Grupo 1 (Controle) - Cisalhamento imediato; Grupo 2 - Cisalhamento ap6s ciclagem de pH; Grupo
3 - Cisalhamento apés ciclagem de pH e tratamento com solu¢do de 0,4% de NaF (Ortho Gard, Colgate-
Palmolive®). Os Grupos 2 e 3 sofreram ciclagem de pH com solugdes de desmineralizacdo e
remineralizagio em pH de 4,3 e 7,0 respectivamente, com ciclos de desmineralizacdo (6 horas) e
remineralizacdo (17 horas), durante 15 dias. Os corpos de prova foram submetidos ao teste de resisténcia
de unido ao cisalhamento e remanescente adesivo (IRA). Espécimes de cada grupo (n=3) foram analisados
qualitativamente por microscopia eletronica de varredura (MEV). O teste de Kruskal-Wallis foi utilizado
para avaliar a resisténcia ao cisalhamento e o teste exato de Fisher para avaliagdo do IRA, adotando nivel
de significincia de 5%. Resultado: Os resultados ndo encontraram diferenca significativa entre os trés
grupos quanto a forca de cisalhamento (p=0,2679). Diferenca significativa foi encontrada no IRA (p = 0,0199). A
frequéncia de IRA 1 foi de 55% no grupo 1, 90% no grupo 2 e 80% no grupo 3. A anélise em MEV mostrou
diferenca entre o esmalte e a area de colagem submetida ao cisalhamento. Grupo 2 apresentou alteragao
estrutural na superficie do esmalte adjacente a area de colagem, e o Grupo 3 apresentou esmalte com
caracteristica semelhante ao do Grupo 1 na area que foi submetida a ciclagem de pH e NaF. Conclusao:
Concluiu-se que nio houve influéncia do flior na resisténcia ao cisalhamento de braquetes. O uso de
solucoes fluoretadas, ainda que em baixa concentracdo, preveniu o aparecimento de areas
desmineralizadas e lesdes de manchas brancas.

Descritores: Desmineraliza¢do dental; fluoreto de sddio; resisténcia ao cisalhamento; odontologia;
ortodontia.

Abstract

Introduction: Fluoride is considered a key element in the remineralization process of tooth enamel.
Objective: To evaluate the influence of a topical solution of sodium fluoride (NaF) on the shear bond
strength of orthodontic brackets and white spot lesions formation. Material and method: Sixty bovine
teeth were divided into three groups (n=20). Group 1 (Control): shear bond strength; Group 2: shear bond
strength after pH cycling; Group 3: shear bond strength after pH cycling and treatment with 0.04% NaF
solution. Groups 2 and 3 underwent pH cycling with demineralizing (6hs) and remineralizing (17hs)
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solutions at pH of 4.3 and 7.0 respectively for 15 days. The specimens were submitted to the shear bond
strength and the Adhesive Remnant Index was verified (ARI). The specimens of each group (n=3) were
qualitatively analyzed by means of Scanning Electron Microscopy (SEM). Kruskal-Wallis test assessed the
shear bond strength and Fisher's exact test evaluated ARI, with significance level of 5%. Result: There was
no significant difference among the three groups in shear bond strength (p=0.2679). Significant difference
was found in ARI (p=0.0199). The frequency of ARI 1 was 55% in group 1, 90% in group 2, and 80% in
group 3. SEM showed difference between the enamel and bonding. Group 2 showed structural change of
the enamel surface, adjacent to the bond area; and group 3 showed enamel with characteristics similar to
those of group 1. Conclusion: It was concluded that there was no NaF influence on the bracket shear bond
strength and even in low concentrations it prevented the development of areas of demineralization of
white spot lesions.

Descriptors: Tooth demineralization; sodium fluoride; shear bond strength; dentistry; orthodontics.

INTRODUCTION

One of the main aims in Dentistry is to diagnose and perform noninvasive treatment of non-
cavitated caries lesions, in an endeavor to prevent progression of the disease and preserve the
integrity of healthy dental substrate. Non-invasive management of non-cavitated caries lesions
involves various strategies of demineralized lesion control by using remineralizing agents or
sealing them with resin materials®.

The appearance of white spot lesions during orthodontic treatment is highly prevalent2.
Tooth enamel demineralization around the orthodontic brackets is mainly associated with
bacterial plaque retention, culminating in a reduction in oral pH of the biofilm and consequent
loss of mineral tooth structure, especially in patients who have inadequate oral hygiene habits3-
5. The decline in oral hygiene, which frequently accompanies orthodontic treatment, may lead to
increased risk for developing caries lesions®.

Dental caries is one of the most common childhood diseases. White spot lesions are the first
visible evidence of cariogenic activity on the tooth tissue surface, caused by demineralization
due to the action of bacterial products arising from dental biofilm when there is imbalance
between the demineralization and remineralization cycles?. Enamel lesions have an aspect as an
opaque white spot. The lesion area has many porous and appears opaque, white and the opacity
increases with air drying8. If they are not remineralized, they develop into cavitations. These
lesions generally occur in areas with food stagnation, bacterial biofilm retention; they are
difficult to clean, and so are the orthodontic appliances?-9.

White spot lesions have the potential to develop as early as 4 weeks into orthodontic
treatment?0. They may lead to enamel cavitation if they are not remineralized with the purpose
of paralyzing this process. The use of fluoride home-care products with low-concentration in a
high-frequency is recommended during the dynamics of tooth remineralization to prevent
cavity formation3. Therefore, it is important implementing preventive procedures to prevent the
loss of dental structures. Fluoride is considered an important element in disease prevention in
oral health on account of its prophylaxis of caries, introduced in soluble form. The fluorine ion is
chemically fixed on both the mineral and organic enamel and dentin substance?®. Its efficacy in
the combat of dental caries has been proved, by means of topical application of different
vehicles containing this ion%2.

Remineralization is a process in which the tooth receives calcium and phosphate ions arising in the
oral medium for filling the spaces present as a result of enamel demineralization. Fluoride is
considered a key element in this process, but its capacity for promoting remineralization is limited by
the availability of calcium and phosphate ions!. Fluoridated solutions are indicated for patients who
are undergoing orthodontic treatment. When in low concentrations, these solutions can able to
drastically reduce the risk of toxicity and even so, maintain the benefit of preventing demineralization
of the teeth in oral medium?!! without interfering in the bond strength of the orthodontic appliances!2.

Therefore, the aim of this in vitro study was to evaluate the influence of a topical solution of
0.04% sodium fluoride on the shear bond strength and white spot lesions formation in the
process of enamel demineralization associated with orthodontic brackets.
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MATERIAL AND METHOD

Sample and De-remineralizing Solutions

The study was approved by the Research Ethics Committee (040/2019).The research sample
consisted of sixty bovine (incisor) teeth stored in a 0.01% Thymol solution and Kkept
refrigerated until they were used. The test specimens were randomly divided into three groups
(n=20). Group 1 (Control): shear bond strength; group 2: shear bond strength after pH cycling;
and group 3: shear bond strength after pH cycling and sodium fluoride treatment.

The demineralization and remineralizing solutions were prepared according to the
methodology of Toda, Featherstonel2 (2008) for pH cycling. The demineralizing solution had
pH 4.3 and the remineralizing solution, pH 7.0. The 0.04% NaF solution was acquired from
Ortho Gard (Colgate-Palmolive, New York, USA).

Orthodontic Bracket Bonding and Area of Analysis

The methodology used for preparing the test specimens was carried out according to
loannidis et al.13. Sixty bovine teeth were fixed and adapted to a cutting machine (model ELSAW,
ElQuip™, S3o Paulo, SP, Brazil) with a diamond coated disc (model ER04003 HC 4 x 0.012 x 1/2,
ERIOS™, Sao Paulo, SP, Brazil), and were sectioned, separating the crown and roots from the teeth. The
crowns were sectioned in the vestibular-lingual direction to obtain 60 fragments measuring 8mm x
8mm. They were flattened by means of a metallographic polishing machine PL VO60 (Biopdi, Sao
Carlos, SP, Brazil) to standardize the surfaces. The sample calculation was performed based on the
effect sizes found in the literature!#15 and ISO/TS 1140516 recommendations for this study design. The
sample size of 60 teeth, 20 in each group, provided 80% test power ($=0.20) to detect large effects
(f=0.41) for shear bond strength and w=0.48 for ARI, with a significance level of 5% («=0.05).

The vestibular surface of each test specimen was polished with silicon carbide water paper
abrasive discs used consecutively, grit size of 180, 400 and 600 (3M do Brasil Ltda., Sumaré, SP, Brazil),
in order to expose the same enamel area for bracket bond314-16, The flattest portion of the vestibular
surface of each crown was maintained as parallel as possible, without exposing the dentin, fixed in
orthophthalic resin (Equifibras, Salvador, BA, Brazil), polishing and placed in an ultrasonic bath L-200
(Schuster™ Ltda) for 10 minutes to remove possible polishing residues.

The area that was submitted to treatment was delimited with adhesive Silver Tape (3M, Brazil)
with 6.5 mm in diameter. The orthodontic bonding was performed, which still left a free area at the
margin of this bracket of 1mm, where topical fluoride application was made, and subsequent pH
cycling was performed. The area beyond this circumference was isolated with impermeable nail
varnish813,

The sample were submitted to acid attack (37% phosphoric acid) for 15 seconds, washed for
30 seconds, and dried with jet of air for 20 seconds, in accordance with the manufacturer’s
instructions. A thin, uniform layer of the primer Transbond XT (3M Unitek, Monrovia, USA) was
applied on the tooth surface, with a microbrush. A syringe was used to apply a small quantity of
Adhesive Transbond XT (3M Unitek, Monrovia, USA) on the bracket base (3M Unitek, Monrovia, USA).

Roth standard metal orthodontic bracket, slot 0.022” (Morelli Roth Max, Sorocaba, Sdo Paulo,
Brazil) for maxillary central incisors, was positioned on the tooth surface and excess of adhesive was
removed from around the bracket base. The surfaces were light cured at a distance of 5 mm for
10 seconds on each bracket side, with light intensity of >500 mW /cm? (Dabi Atlante™, Ribeirdo Preto,
Brazil), according to the manufacturer’s instructions (3M™, Minessota, USA)4.

The pH Cycling and Topical Fluoride Treatment

The pH cycling process occurred after preparing the test specimens and performing bonding
of the orthodontic appliances. The demineralization and remineralizing solution (de-rem) was
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used for immersing the test specimens for 15 days of pH cycling. The de-rem solutions had a pH
of 4.3 and pH 7.0 respectively; the specimens were submitted to cycles of demineralization (6 hours)
and remineralization (17 hours)1217. During pH cycling, the three groups were stored in
individual receptacles and kept in an oven at 37 2C. Group 1 was kept in distilled water at pH 7.0.

The topical fluoride treatment (Group 3) was performed with 0.04% Ortho-Gard sodium
fluoride solution by immersion, using 10ml in each specimen for 60 seconds, during 15 days,
interspersed with the de-rem process, simulating topical applications daily mouth washes, as
recommended by the manufacturer (Colgate-Palmolive, New York, USA)?2.

Mechanical Shear Bond Strength Test and Measurement of Adhesive Remnant
Index

The shear bond strength test was performed in a universal test machine EMIC (model DL
2000, Sao José dos Pinhais, Parand, Brazil), using an adapter to position the test specimens, with
the parallel downward direction to the surface at the base of the brackets. The speed of 0.5
mm/min was maintained until rupture occurred between the bracket and test specimen, with
force recorded in Newtons (N) and converted into MegaPascal (MPa), according to the area of
the bracket1415,

The teeth were submitted to evaluation of the adhesive remnant index (ARI). The vestibular
surface of each test specimen was evaluated under a stereoscopic lens (Carl Zeiss, Gottingen,
Germany) in order to quantify the Remaining Adhesive Index (ARI) as recommended by Artun,
Berglandi8. The ARI scores were obtained by means of the following list: 0= no quantity of
material adhered to the enamel surface; 1= less than 50% of material adhered to the enamel
surface; 2= over 50% of material adhered to the enamel surface, and 3= 100% of material
adhered to the enamel surface.

Analysis by Scanning Electron Microscopy

The Scanning Electron Microscopy (SEM) procedure was performed with a TESCAN
microscope, model VEJA 3 LMU with secondary electron detector. Three test specimens were
randomly selected from each group, totaling nine test specimens that were qualitatively
analyzed. In the test, a tension of fifteen kilovolts (15Kv) and 500x of magnification of the
images was used, which corresponded to tooth/bond area interfacel®.

Statistical Analysis

The distribution of the shear bond strength data (MPa) did not meet the assumptions of the
analysis of variance (ANOVA). Therefore, the data were submitted to nonparametric Kruskal-
Wallis statistical analysis. The variable Adhesive Remnant Index (ARI) was analyzed using the

Exact Fisher test. All the analyses were performed using the software R (R Core Team, 2018), with
significance of 5%.

RESULT

Shear Bond Strength and Adhesive Remnant Index
Table 1 presents the median, minimum and maximum values of shear bond strength (MPa),

according to the group. It was possible to observe that no significant differences were found among the
three groups (p = 0.2679).
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Table 1. Median (minimum — maximum) of shear bond strength (MPa), according to the group

Groups Shear bond strength (MPa)
Group 1 - Control 6.86 (2.00 - 19.52)
Group 2 - Without sodium fluoride 5.90 (0.95 - 21.52)
Group 3 - With sodium fluoride 9.29 (0.95 - 23.43)

p-valor = 0.2679, Kruskal-Wallis test

Significant association (p=0.0199) was found in ARI and the groups (Table 2 and Figure 1). When
evaluating the AR, 55.0% of the specimens in the group 1 had ARI=0. This value was equal to 90% in
the group 2 with pH cycling without sodium fluoride; and 80% in the group 3 submitted to pH cycling,
with 0.04% sodium fluoride solution.

Furthermore, relative to ARI=3 (100% of material adhered), 15% of the test specimens of the
group 1 were observed to show this behavior. Whereas, 10.0% showed ARI=3 in the group 2 without
the addition of sodium fluoride; and 0.0% in the group 3 with sodium fluoride. When ARI=0 and IRA=1
were evaluated together; that is, less than 50% of material adhered, the group 1 was noted to show
75% of the test specimens with ARI < 1. This percentage was 90.0% in group without fluoride and
100.0% in group with fluoride.

Table 2. Frequency (number and percentage) of Adhesive Remnant Index (ARI), according to the group

Adhesive Remnant Index (ARI)

Groups

0 1 2 3
Group 1 - Control 11 (55.0%) 4 (20.0%) 2 (10.0%) 3 (15.0%)
Group 2 - Without sodium fluoride 18 (90.0%) 0 (0.0%) 0 (0.0%) 2 (10.0%)
Group 3 - With sodium fluoride 16 (80.0%) 4 (20.0%) 0 (0.0%) 0 (0.0%)

p-value = 0.0199, Exact Fisher test.

1000

Control

Percentage (%)

Without sodium fluoride

1, .

Control Without sodium fluoride With sodium fluoride
With sodium fluoride
Adhesive Remnant Index Do 0 1 @2 W 3 G

*p-value = 0.0199

Figure 1. Photomicrograph of region of bracket base (A, B and C) and bovine enamel (D, E and F) under
stereoscopic lens (7x) shear bond strength test for verification of Adhesive Remnant Index (ARI). Graph
shows ARI Score Classifications (G).

Scanning Electronic Microscopy

Group 1 (Figure 2A) showed the difference between the free enamel and bracket bonding
area. There was a structural change (demineralization) in acid etching area of tooth enamel
surface (# area). This could be seen in the images obtained in the region of the interface
between the free enamel and bonding area.

Group 2 (Figure 2B), which was submitted to pH cycling, showed a demineralization on
enamel surface to an even greater extent. The image shows that pH cycling attained levels that
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were sufficiently high to form cavitated lesions in the enamel (# area) adjacent to the
orthodontic bracket bonding area (* area). Fluoride topic in group 3 (Figure 2C) was capable of
remineralizing the enamel surfaces (# area), in which the enamel in this group was shown to be
similar to that of the group 1.

In summary, the images obtained by SEM showed significant difference between the area of

enamel that was submitted to pH cycling (# area) in group 2, and the area of enamel under
bonded bracket (*area).

B R i L i

i e A L [ ] ] et 8

BEM A 100 8 Bty SlitwE B A B0 6 Dtmy i
g e vt

Figure 2. Photomicrograph of area of interface between enamel and area of bracket bonding to test
specimens examined by SEM (500x). (A) group 1. (B) group 2. (C) group 3. # area of free enamel. * area of
enamel under bonded bracket.

DISCUSSION

Dental caries continues to be a public health problem!. Orthodontic treatment with fixed
appliances has been associated with adverse effects on the teeth and adjacent structures, among
these, the appearance of incipient caries lesions?0. The present study sought to evaluate the in
vitro effect of the structural change (demineralization) of enamel surface around the brackets
after variations in pH. This effect is a current concern of orthodontists, due to the high
prevalence of the appearance of white spot lesions around brackets, a fact that could
compromise the final esthetic result of treatment and frustrates patient expectation. The
purpose of the presence of fluoride is to prevent the loss of mineral structure into the oral
environment. The cariostatic effect occurs due to the formation of a calcium fluoride layer
(CaF3) which dissolves and releases ions by pH reduction to prevent that the underlying enamel
is reached?!. Furthermore, the influence of fluoride on the shear bond strength of orthodontic
resins under cariogenic challenge is not well knowns. The usual concentration of 1450ppm
found in toothpastes has been insufficient to have a mechanical influence on the shear
strength?2, The present study we used a 0.04% NaF topic fluoride and the null hypothesis that
this fluoride would not have any influence on the shear bond strength was also confirmed.

In the literature, there are not clear guidelines about shear strength limits, but in fact a good
orthodontic biomaterial should allow good adhesion in order to sustain masticatory forces, with
minimum bond strength of 5-10 MPa. Additionally, adhesion forces should not be too strong in
order to avoid substrate loss after debonding (40-50 MPa). Therefore, the ideal orthodontic
biomaterial should have shear bond strength included in the interval of 5-50 MPa, even if these
limits are mostly theoretical?23.

When the adhesive remnant index was evaluated, the bond mechanism was found to
undergo influence of the de-rem process. In this study, the presence of adhesive on enamel was
the highest in group 1, and the fluoride solution treatment after pH cycling, did not improve the
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quality of bonding orthodontic brackets to the treated enamel surface>. The apatite of enamel
undergoes fewer substitutions of mineral than bone and dentin, and was expected that the
incorporation of fluoride could improve the physical properties of enamel on the shear
strength24,

Orthodontic appliances lead to physical changes in the microbial environment. The increase
in proliferation of the facultative bacterial population, including Streptococcus mutans, leads to a
reduction in pH, which could lead to the development of white spot lesions, and eventually,
cavitated caries lesions that extend into dentin®10, For the induction of caries, the dynamics of
pH cycling by immersion in de-rem solutions is the closest in vitro method for simulating the
development of these lesions in vivo. In addition, in those circumstances, fluorides play an
important role in caries inhibition, due to the proximity of areas with biofilm accumulation and
SEM is a good method for evaluating the dynamics of the physico-chemical states of de-rem
behavior of enamel after exposure to acidic solutions and fluorides?>.

In the present study, the images obtained by SEM clearly illustrated that the enamel surface
in bonding area, in groups induced by the pH cycling, was capable of maintaining itself almost
intact without other auxiliary means of remineralization, such as saliva or water supply, or even
fluoridated agents. Even more, the SEM records of the group 3 tooth/bonding area interface
remained similar to those of group 1, which proved the importance of fluoride in preventing the
appearance of active white spot lesions, and consequently in the maintenance of integrity of the
orthodontic patient’s oral health26.27,

[t is important to note that the prevention of white spot lesions during orthodontic treatment
with brackets must be carried out with the correct use of a toothbrush and dental floss28. In
addition, patients with low levels of oral hygiene need to be submitted to periodic professional
prophylaxis2®. This is an in vitro study and should be interpreted with caution, however, it
demonstrated that the de-rem condition can influence the quality of brackets bonding; and
fluoride, even in low concentration, does not interfere in mechanical strength.

Topical fluoride solutions in low concentrations can be safer for patients, particularly
youngsters, because they reduce possible risks of intoxication by ingestionll. The absence of
direct influence of fluoride on the shear bond strength may suggest new studies in this area to
develop techniques for preventing the appearance of white spot lesions in patients who make
use of orthodontic brackets.

CONCLUSION

Sodium fluoride (0.04% NaF) did not influence the mechanical shear bond strength, and
even in low concentrations was prevented the development of new areas of demineralization of
white spot lesions.
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