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RESUMO

Objetivos: Analisar o efeito dos vernizes de NaF e TiF; na nanodureza (N) e
mobdulo de elasticidade (E) da superficie do esmalte ap6s um curto tempo de
exposicdo a bebida a base de cola, simulando a ingestdo de uma lata de
refrigerante, e também avaliar a espessura e topografia da camada protetora
formada, por meio de microscopio de forgca atbmica (AFM).

Métodos: Trinta blocos de esmalte humano (4x4 mm) foram divididos em 3 grupos
(n = 10): controle (sem verniz), verniz de NaF e verniz de TiF4. As amostras
permaneceram em saliva artificial durante 24 horas, e os vernizes foram aplicados
apenas uma vez. Apos 6h os espécimes foram submetidos a desafio erosivo (10
ciclos: 5s em bebida a base de cola/5s em saliva artificial). A espessura da
camada protetora formada e a topografia da superficie foram avaliadas por
microscopia oOptica e AFM. Os dados foram submetidos a ANOVA Two-Way,
Tukey e T- Student (a = 0,05).

Resultados: Houve diferenca estatistica dos valores de N e E (GPa), antes e ap0s
o desafio erosivo, apenas para os grupos controle e TiF4. ApOs o desafio erosivo
o grupo NaF mostrou estatisticamente maiores valores de N e E que 0s grupos
controle e TiF4. No entanto, os valores da espessura e profundidade da
indentagdo mostraram que os valores encontrados de N e E para o grupo TiF4
estavam relacionados com a camada protetora formada e ndo com o esmalte
erodido. Ambos os vernizes mostraram, por meio de AFM, a formacédo de uma
camada protetora globular, e a espessura da camada formada foi
significativamente maior para o grupo TiF4 que NaF.

O verniz de NaF foi capaz de proteger as propriedades nanomecanicas de
esmalte apos curto desafio erosivo e o verniz de TiF, apresentou formacdo de
camada protetora espessa e homogénea com propriedades nanomecanicas .
Conclusbes: O verniz de NaF foi capaz de proteger as propriedades
nanomecanicas de esmalte apos curto desafio erosivo e o verniz de TiF,
apresentou formacdo de camada protetora espessa e homogénea com

propriedades nanomecanicas.

Palavras-chave: Erosdo dentaria; modulo de elasticidade; fluoretos; microscopia

de forca atémica.
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ABSTRACT

Objectives: To analyze the effect of NaF and TiF, varnishes on nanohardness (N)
and elastic modulus (E) of enamel surface after very short exposure time to
simulation of drinking a can of soft drink; and evaluate the thickness and
topography of protective layer formed, by atomic force microscopy (AFM).
Methods: Thirty blocks of human enamel (4x4 mm) were divided into 3 groups
(n=10): control, NaF varnish and TiF, varnish. The specimens remained in artificial
saliva for 24h, and the varnishes were applied only once. After 6h, specimens
were submitted to erosive challenge (10 cycles: 5s in cola drink/5s in artificial
saliva). The thickness of protective layer formed and the surface topography were
evaluated by optical microscope and AFM. The data were subjected to Two-Way
ANOVA, Tukey and Student’s-t (a=0.05).

Results: The values shown for N and E (GPa) before and after erosive challenge
differed statistically, only for control and TiF4 groups. After the erosive challenge,
NaF group showed statistically higher values for N and E than those found for
control and TiF, groups. However, the thickness and depth of indentation values
showed that N and E values found for TiF,4 group were related to the protective
layer formed. By AFM, both varnishes showed globular protective layer formation,
and the thickness of layer was significantly higher for TiF, than NaF group.
Conclusions: NaF varnish was able to protect the nanomechanical properties of
enamel after short erosive challenge, and TiF, varnish showed a thick and

homogeneous protective layer formation with nanomechanical properties.

Keywords: tooth erosion; elastic modulus; fluorides; microscopy, atomic force



LISTA DE ABREVIATURAS E SIGLAS

NaF — Fluoreto de Sodio

TiF4 — Tetrafluoreto de Titanio

AFM — Microscopio de forca atdmica
N — Nanodureza

E — Mddulo de elasticidade

CaF;, — Fluoreto de célcio

H — dureza

Pmax - Pico de carga

A. - Area de contato

V - coeficiente de Poisson

Ei — Modulo de elasticidade/parametro do indentador

Vi — coeficiente de Poisson/parametro do indentador
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1. INTRODUCAO

Um declinio na prevaléncia de cérie dentéria em paises industrializados ou em

desenvolvimento tem sido observado nas Ultimas décadas ® 3% °*

, € paralelamente
a esta reducédo, outra lesdo causada pela desmineralizacdo da estrutura dentaria
tem recebido destaque: a eroséo dentaria *°.

Estudos recentes demonstram uma alta prevaléncia de eroséo dentaria " 2% 3
44 Bartlett et al. ” estudaram a prevaléncia de erosdo dentaria em uma amostra
de jovens adultos europeus com idades entre 18-35 anos e relataram que 57,1%
se enguadravam nos escores de 1 a 3 de BEWE (Basic Erosive Wear
Examination) que vai desde perda inicial da superficie até perda de superficie
maior que 50%. Murakami et al. *® avaliaram a prevaléncia de desgaste dentario
erosivo em 967 pré-escolares brasileiros, e constataram que estava presente em
51,6% das criancas. Na Noruega Sgvik et al. * relataram a uma prevaléncia de
eros&o dentaria de 59%. Isaksson ** observou a prevaléncia de erosdo dentaria,
constatando que 75% dos individuos estudados em uma coorte de 494 suecos de
20 anos de idade apresentavam erosao dentaria, sendo também encontrada uma
relacdo entre erosédo dentaria e estilo de vida e sobrepeso/obesidade.

A erosdo dentaria é definida como a perda de estrutura dentaria devido a
processos quimicos, decorrentes de exposicdo éacida, sem o envolvimento
bacteriano ' *°. Os fatores etiolégicos podem ser intrinsecos relacionados ao
acido gastrico em individuos que sdo acometidos por doenca gastrico esofagica,

11.28 & fatores extrinsecos advindos de

doencas metabdlicas e psicossomaticas
acidos provenientes da dieta e medicamentos, bem como &cidos de origem
ambiental/ocupacional no qual o individuo pode absorver substancias (liquidos ou
vapores acidos) como trabalhadores em industrias de producdo de baterias e
fertilizantes e atletas nadadores 2 % %°,

Atualmente, o fator extrinseco est4 ganhando importancia devido ao aumento

do consumo de bebidas acidas 2°

e a prevencao desta doenca depende,
principalmente, da restricdo do contato com alimentos ou bebidas que causam
erosdo, juntamente com aplicacdo tépica de flior . H&, no entanto, algumas
dificuldades relacionadas ao contato com ingestdo de alimentos ou bebidas
acidas devido a necessidade de colaboracdo do paciente. Além disso, em casos

de erosdo devido a fatores intrinsecos existe a dificuldade de controle das



doencas gastrico esofagicas *°. Assim, a aplicac&o tépica de fltior € uma maneira
simples e acessivel para proteger o esmalte frente a desmineralizagdo por acidos
12.

A acdo de fluoretos € principalmente atribuida a precipitacdo de glébulos de
fluoreto de célcio (CaF;) na superficie do esmalte dentario, o qual atua como uma
barreira fisica que dificulta o contato dos &cidos com o esmalte subjacente. Esta
precipitacdo de CaF, forma um reservatério mineral, o qual é “atacado” pelo
desafio erosivo, liberando ions que auxiliam no tamponamento dos acidos e na
remineralizacdo *> *'. A formacéo da camada de CaF, e seu efeito protetor contra
a desmineralizacdo dependem do pH, concentracdo de ions fluoreto, tipo de sal
do fluoreto e veiculo *°. As preparacdes de fluoretos mais acidas, assim como as
mais concentradas podem formar camadas mais espessas de CaF,, podendo
portanto, oferecer uma maior protecéo contra a erosdo dentaria >’

Pesquisas mostram que compostos a base de fluoreto de sédio, o qual é
comumente utilizado, previnem significativamente a progressdao da erosao

12, 22, 23

dentaria Entretanto, existem estudos que demonstram que outros

compostos fluoretados, como o tetrafluoreto de titanio (TiF4), podem apresentar
efeito protetor significativamente maior contra a erosdo dentaria que o fluoreto de
SédiO 17, 18, 30, 50, 51.

O TIF4 é um composto fluoretado que contém o ion metélico polivalente titanio
em sua constituicdo 3! 3* 34, Este fluoreto pode ser mais eficaz na prevencéo da
erosdo dentaria, devido a formacdo de uma cobertura &cido-resistente, na
superficie de esmalte, rica em titanio, bem como devido ao aumento de
incorporacéo de fluoreto e a incorporacéo de titanio na hidroxiapatita 2. Este
composto tem sido amplamente pesquisado, visto que suas formulacdes, seja na
forma de solugcéo ou de verniz, ttm mostrado efeitos promissores na prevencao
da erosdo dentaria 1019 3% °0. 51 pgorém, ainda ha controvérsia quanto & utilizacao
do TIF4, j& que em alguns estudos esse fluoreto ndo se mostrou efetivo contra a

32, 46, 47

erosao , provavelmente devido a diferencas metodoldgicas entre eles. No

2
3

estudo de Magalhdes et al. °“, por exemplo, o teste utilizado foi o0 de microdureza

diferentemente daqueles que apresentaram resultados promissores para 0 TiFy,

em que fizeram testes de perfilometria '® 3% ° interferometria " 8

19, 50

espectroscopia de absor¢do atbmica e andlise colorimétrica de liberacdo de

célcio °.



Wiegand et al. ®* observaram em seu estudo que a solucdo de TiF,; pode
diminuir a perda de calcio no esmalte e na dentina durante a erosédo, sendo que o
seu efeito a longo prazo é limitado e restrito a dentina. Dessa forma estes autores
sugeriram a realizacdo de novas investigacfes em que o veiculo fluoretado tenha
melhor capacidade de aderéncia a superficies dentais, tais como géis ou vernizes,
0 que poderia aumentar seu efeito protetor.

Magalhées et al. *°

, compararam in vitro o efeito do verniz experimental de
TiF4 a vernizes utilizados comercialmente a base de fluoreto de sédio, e a solucdo
de TiF4, sobre a erosdo em esmalte de dente bovino, e concluiram que, nas
condicbes do estudo, o verniz de TiF, reduziu a erosdo em esmalte bovino,
mostrando melhores resultados em relacéo aos dois vernizes de fluoreto de saodio.

Levy et al. %

analisaram in vitro o efeito dos vernizes e solucdes de TiF, e NaF
na protecdo contra a erosdo do esmalte dentario com e sem abrasdo. Estes
autores observaram que todos os vernizes fuoretados foram capazes de reduzir
significativamente a perda de esmalte, de modo que o verniz de TiF4 apresentou
0s menores valores de perda mineral. Foi concluido que o verniz de TiF,4 pode ter
um efeito promissor na reducdo da perda de esmalte sob condi¢cdes erosivas e
abrasivas in vitro.

Uma das formas de avaliacdo in vitro utilizada em estudos relacionados as
alteracdes sobre as propriedades mecanicas das estruturas dentarias € a técnica

de nanoindentacdo * & 8 10,

Nos estagios iniciais da erosdo, o teste de
nanoindentacao € capaz de medir pequenas alteracdes de estrutura fornecendo a
nanodureza e o médulo de elasticidade * # & 1014 26. 43 Eqta técnica permite a
aplicacao de pequenas forcas resultando em deformacdes na estrutura em escala
nanomeétrica. Além disso, muitos estudos associam o teste de nanoindentagao
juntamente com a analise em microscopia de forca atdbmica, o que possibilita
correlacionar as alteracbes mecanicas de ultraestrutura com a topografia de

SuperﬁCie 4, 10, 14, 26, 27, 43.

2 a dureza de um material ou estrutura fornece a

Segundo Anusavice
resisténcia dos mesmos a deformacéao plastica durante um ensaio de penetragéo,
que pode ser definido pela razdo entre a carga maxima de penetracéo e area da
impressao do indentador. Enquanto que o mdodulo de elasticidade corresponde a
razdo entre a tensdo e a deformacéo elastica da estrutura quando uma carga é

aplicada 2, de modo a fornecer a propriedade de rigidez do mesmo.

3



O modulo de elasticidade do esmalte dentario submetido a erosdo foi
investigado por Barbour et al. °, Barbour et al. ®, Beyer et al. ® e Lippert, Parker e
Jandt %°. Beyer et al. ® observaram reducao dos valores de nanodureza e médulo
de elasticidade em esmalte dentario humano submetido a diferentes soluces
acidas (&cido tartarico, maleico, lactico, ascoérbico, fosforico e citrico), bem como
Barbour et al. ®, que utilizaram solucdes de &cido citrico com diferentes valores de

pH pra produzir erosdo. Lippert, Parker e Jandt

investigaram um possivel
reendurecimento da superficie amolecida de esmalte por meio de solucdo
remineralizante com propriedades quimicas semelhantes as da saliva humana,
porém ndo foi observado aumento da nanodureza do esmalte apos a
remineralizacdo. Porém, ainda nado foi investigado o efeito da aplicacdo de
agentes fluoretados no médulo de elasticidade e nanodureza do esmalte dentéario
durante o desenvolvimento inicial da erosao.

Desta forma, o objetivo deste trabalho foi avaliar o efeito de vernizes
fluoretados contendo NaF e TiF4 nas propriedades nanomecanicas e de superficie

do esmalte dentario submetido a erosao.



2. CAPITULO 1

O manuscrito a seguir foi submetido para publicacdo no peridédico “Journal of

Dentistry” e encontra-se em analise.
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Effect of NaF and TiF, varnishes on nanomechanical properties of enamel
surface and protective layer after a short erosive challenge

Abstract

Objectives: To analyze the effect of NaF and TiF, varnishes on nanohardness (N)
and elastic modulus (E) of enamel surface after very short exposure time to
simulation of drinking a can of soft drink; and evaluate the thickness and
topography of protective layer formed, by atomic force microscopy (AFM).
Methods: Thirty blocks of human enamel (4x4 mm) were divided into 3 groups
(n=10): control, NaF varnish and TiF, varnish. The specimens remained in artificial
saliva for 24h, and the varnishes were applied only once. After 6h, specimens
were submitted to erosive challenge (10 cycles: 5s in cola drink/5s in artificial
saliva). The thickness of protective layer formed and the surface topography were
evaluated by optical microscope and AFM. The data were subjected to Two-Way
ANOVA, Tukey and Student’s-t (a=0.05).

Results: The values shown for N and E (GPa) before and after erosive challenge
differed statistically, only for control and TiF, groups. After the erosive challenge,
NaF group showed statistically higher values for N and E than those found for
control and TiF4 groups. However, the thickness and depth of indentation values
showed that N and E values found for TiF4 group were related to the protective
layer formed. By AFM, both varnishes showed globular protective layer formation,
and the thickness of layer was significantly higher for TiF, than NaF group.
Conclusions: NaF varnish was able to protect the nanomechanical properties of
enamel after short erosive challenge, and TiF, varnish showed a thick and

homogeneous protective layer formation with nanomechanical properties.

Clinical Significance: After very short erosive challenge the enamel surface
exhibited reduction in nanomechanical properties, and TiF, varnish showed
formation of a thick protective layer with mechanical resistance, which would be
able to protect it against erosion.



Introduction

The strategy to control or to prevent erosive demineralization of teeth
involves the topical application of conventional fluoride, such as sodium fluoride
(NaF).® The action of NaF fluoride is mainly attributed to precipitation of CaF,-like
material on the eroded dental surface forming a protective layer.™* The topical
application of highly concentrated NaF varnishes is often recommended to prevent
erosion® and these have demonstrated effective protection against dental erosion
due to their higher fluoride concentration and capacity to adhere to enamel.®®

As the anti-erosive effect of conventional fluorides requires a very intensive
fluoridation regime,® current studies have focused on fluoride compounds that
might have higher level of efficacy, for example, compounds containing polyvalent
metal ions such as titanium tetrafluoride (TiF4). The protective capacity of TiF, is
related to increased uptake of fluoride by acidic pH and the formation of a glaze-
like surface layer that might primarily act as an acid-resistant diffusion barrier.*®
Although some studies have shown that TiF,4 varnishes had an inhibitory effect on

dental erosion,* 1213 14,15

the results about its effect are still contradictory.
Several studies have investigated the effect of NaF and TiF, varnishes on
enamel erosion by experimental models of erosive challenge with a variety of daily

cycles performed in a period from 5 to 7 days * " 12 13

to simulate patients with
dental erosion. However, little attention has been given to the initial alterations in
the enamel structure caused by occasional soft drink consumption, such as
drinking a can of soft drink or a single intake of soft drink during a meal, which is a
very common habit in the world population. This fact is relevant because a very
short time of exposure to an acidic beverage may lead to the early stages of dental
erosion, which are characterized by softening of the enamel surface.*®

The initial changes in enamel caused by acidic beverages have been
measured by the nanoindentation test.'® % However, the effect of NaF and TiF,
varnishes on the nanomechanical properties of enamel after initial erosion and the
thickness and topography of the protective layer formed by both varnishes have
not been reported before. Therefore, the hypotheses tested were: 1) There was
difference between the effect of NaF and TiF, varnish application on the
nanohardness and elastic modulus of the enamel surface after a very short time of

exposure to cola beverage, by the nanoidentation test; 2) There was difference



between the thickness and topography of the protective layer formed by the two
varnishes on eroded enamel, when analyzed by atomic force microscopy (AFM).

Material and method
Specimen Preparation

After obtaining approval from the Research Ethics Committee, twenty-five
sound human third molars were selected for this study. Teeth were stored in 0.1%
thymol at 4°C and used within 1 month after extraction. From each tooth, two
enamel specimens (4 x 4 x 3 mm) were cut with a flexible diamond disc (7016, KG
Sorensen, Barueri, SP, Brazil) at low speed under water cooling, and fifty
specimens were obtained. They were embedded in acrylic resin (Vipi Flash —
Pirassununga, SP, Brazil) and the enamel surfaces were ground flat with SiC
paper discs (400, 600 and 1200 grit) and polished with 1pm alumina suspension
(Erios Corp., Séo Paulo, SP, Brazil). Afterwards, the specimens were cleaned in
an ultrasonic device (UltrasonicCleaner, model USC1400, Unique Ind. Com. Ltda,
Sédo Paulo, SP, Brazil) for 2 min and checked for the presence of cracks and
fractures using a microscope (Nikon 88286, Tokyo, Japan) at 40x magnification.
The baseline nanohardness of the enamel surface was determined and specimens
with 4.85 GPa + 20% of this value were selected 2! to standardize the initial
hardness. Specimens without the pre-determined values were discarded. Thirty
specimens were selected and allocated to three groups (n=10), according to
fluoride varnish application: 1. Control group — without agent application; 2. NaF
group — NaF varnish application (Duraphat, Colgate-Palmolive Ind. Com. Ltda,
Séo Bernardo, SP, Brazil) and 3.TiF4 group — experimental TiF4 varnish application
(FGM, Joinville, Santa Catarina, Brazil) (Tablel). Ten specimens were selected for

evaluation of thickness of the protective layer formed by varnish application.

Fluoride varnish application

The specimens were immersed in artificial saliva for 24 h to simulate
acquired enamel pellicle formation.?? After this, the varnish was applied to each
sample, according to each group. Each fluoride agent was individually inserted
into a 0.3 mL insulin syringe (BD Ultra-fine, Franklin Lakes, NJ, USA) to

standardize the amount of agent applied on the enamel surface.



For the NaF and TiF,4 groups, 20 uL of each fluoride varnish was applied on
the specimen surface and spread with microbrush. After this, the specimens were
immersed in artificial saliva for 6 h, for clinical simulation of the contact time of the
varnish with the tooth surface.'® * * After this period, the varnishes were carefully
removed from the surface using acetone and a scalpel blade, taking care to avoid
touching the enamel surface.** ** In the control group no product was applied and
specimens were immersed in artificial saliva for 6 h. The method of producing
artificial saliva used was similar to that of McKnight-Hanes and Whitford, ** but
without sorbitol (in g:L). The varnishes were applied only once before the erosive
challenge. ®*°

To evaluate the thickness of the protective layer formed by TiF, and NaF
varnishes, five specimens were prepared for each varnish group. The enamel
surface was divided into two equal parts: one half of the surface was covered with
2 layers of acid-resistance nail varnish (control surface - without varnish
application) and on the other half, fluoride varnish was applied according to each
group. After fluoride application, the nail varnish was removed with a scalpel blade

and the entire surface of the specimen was submitted to the erosive challenge.

Erosive challenge

The erosive challenge was based on simulating a short time of exposure to
a cola beverage (pH 2.6; coke, Porto Real, RJ, Brazil) according to Wongkhantee
et al.?*: the specimens were immersed in 32.5 mL of cola drink for 5 s at room
temperature, rinsed in deionized water and then immersed in 32.5 mL of artificial
saliva at room temperature for 5 s. This cycle was repeated 10 times. After this,
the specimens were stored in 100% humidity until the nanoindentation test was

performed.

Nanoindentation test

The nanohardness and the elastic modulus were evaluated by
ultramicrohardness testing (DUH-211S, Shimadzu, Kyoto, Japan) with a Berkovich
diamond indenter. A peak load of 5000 uN was used, with loading and unloading
rates of 311.3 pN/s and a holding segment of 10 s.'® In each readout, 5
indentations were made in the center of the enamel surface of each specimen, at

least 50 um apart, and their mean value was taken to represent the specimen
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nanohardness and elastic modulus. Measurements were taken at baseline and
after erosive challenge. All readouts were performed by the same examiner.

The method described by Oliver and Pharr® was used to calculate the
hardness (H) and elastic modulus of enamel (E), using the formulas:

H= Pmax/ Ac

1/E= (1 - VI)IE + (1 - VY)/E;
where Pnax IS peak load and Ac is the contact area, and E and v are Young’s
modulus and Poisson’s ratio for the specimen and E; and v; are the same
parameters for the indenter, respectively. Poisson’s ratio for enamel was assumed
to be 0.4.%°

The depth of indentation for each specimen after varnish application and
erosive challenge was given by ultramicrohardness software and it was
determined as Maximum Height (nm). The depth of indentation values were
compared with the thickness values of the protective layer formed by varnish
application to investigate whether the indentation was made in the enamel surface

or in the protective layer.

Optical Microscopy
Five specimens from each group were randomly selected for analysis of the
enamel surface after varnish application and erosive challenge, by Optical

Microscope (Axiotech), at 100x magnification.

Atomic Force Microscopy

Five randomized specimens of each group were analyzed using atomic
force microscopy (AFM; SPM-9600, Shimadzu, Kyoto, Japan). Each specimen
was fixed to the microscope holder on a stub (2 x 3 mm). The block surface
morphology was probed in “contact mode”. Imaging was performed with standard
geometry silicon nitride Micro-Cantilever (OMCL-TR, Olympus, Tokyo, Japan) and
probed with 0.15 N/m constant elastic and 24 KHz resonant frequency. Images 30
pum x 30 um with a resolution of 256 X 256 pixels and operating point of 1.5 V were
collected at a very low scan rate to obtain details of the enamel structure and to
avoid damaging the tip.

The specimens that were prepared to measure the thickness of the

protective layer formed by the two varnishes were analyzed using the same
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parameters as described above. After image capture, the Height Trace tool was
used. Four parallel lines were made on each specimen. Each outline started on
the control half (without fluoride application) and finished on the half to which the
fluoride varnish was applied. The difference in height of each line was recorded by
the Height Trace tool and the thickness of the protective layer was measured. The

mean thickness (nm) of the protective layer was obtained for each group.

Statistical analysis

Data analysis was performed with the GraphPad Instat version 2.0
(GraphPad software, La Jolla, USA) at a level of significance of a = 0.05. Since all
the variables tested satisfied the assumptions of equality and normal distribution
(Bartlett and Kolmogorov—Smirnov tests, respectively), Two-Way ANOVA and
Tukey tests were carried out for statistical comparisons of enamel nanohardness
and elastic modulus among the groups. To compare the baseline and after erosive
challenge nanohardness and elastic modulus values in the same group the paired-

T test was used.

Results

Mean values (+ sd) of enamel nanohardness, elastic modulus for each
group are reported in Table 2. There were no statistically significant differences
among groups for baseline values of nanohardness and elastic modulus (p=0.73
and p=0.81, respectively). After erosive challenge, there were significant
differences of nanohardness and elastic modulus values among groups (p=0.001).
The Control Group had intermediate values of nanohardness (3.4 + 0.4 GPa) and
elastic modulus (104.0 + 8.5 GPa) and the TiF, varnish group statistically showed
the lowest nanohardness (2.4 = 0.8 GPa) and elastic modulus (82.2 +14.3 GPa)
values (p=0.001). The NaF varnish group showed the highest nanohardness (4.4 +
0.5 GPa) and elastic modulus (121.7 + 15.3 GPa) values. The statistical
comparison before (baseline) and after erosion for each group showed that only
the Control and TiF, varnish groups showed significant differences for
nanohardness (p=0.001 and p=0.002, respectively) and elastic modulus values
(p=0.008 and p=0.001, respectively).

Figures 1, 2, and 3 show the AFM images after fluoride varnish application

and erosive challenge. Figure 1 showed areas of eroded enamel without a
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protective layer (Figs. 1A and 1B). The varnishes showed different surface
topographies. The NaF varnish group showed a surface interspersed with globular
deposits forming a non-homogeneous globular layer (Figs. 2A and 2B). The TiF,4
varnish group showed homogeneous globular deposition forming a protective layer
that completely hid the enamel surface (Figs. 3A and 3B).

Figure 4 shows the optical microscopy images after fluoride varnish
application and erosive challenge. Both varnishes formed protective layer on the
enamel surface (Fig 4B and 4C), however, the TiF4; varnish showed a more
homogeneous layer formation, completely covering the enamel surface (Fig. 4C).
The NaF varnish showed the formation of an interspersed protective layer on
enamel (Fig. 4B). The Control group showed no protective layer formation (Fig.
4A).

Mean thickness values (= sd) of the layer formed by the TiF4 varnish and
NaF varnish groups, and mean values (= sd) of maximum indentation height for
each group are reported in Table 3. The depth of indentation post-erosion was
significantly higher for the TiF, varnish group (296.9 + 49.2 nm), followed by
Control (237.5 = 19.7 nm) and NaF varnish groups (213.7 + 17.1). The protective
layer thickness of the TiF, varnish group also was significantly higher (953 + 55.7
nm) than that of the NaF varnish group (53.1 = 3.7 nm). Thus, the thickness of the
protective layer formed was higher than the indentation depth for the TiF, varnish
group. Figure 5 illustrates the measurement of thickness of the protective layer
formed by TiF, varnish application after the erosive challenge, analyzed by AFM.

Discussion

The nanomechanical properties of enamel surfaces subjected to initial
erosion after the application of remineralizing agents have not been extensively
investigated and only solutions with or without the addition of fluoride have been
tested.” 2" As fluoride varnish is recommended to prevent erosion,’ the innovative
approach of the present study was related to the effect of NaF and TiF, varnishes
on the nanomechanical properties of enamel surfaces after a short time of
exposure to a cola beverage.

The initial step in erosive dissolution, usually referred to as softening, is
diffusion of acid into the hard tissue, leading to loss of calcium and phosphate from

the outer few micrometers, and hence to a partly demineralized, weakened
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structure overlying sound tissue.*® If the exposure to acid is prolonged or repeated
at short intervals, the mineral loss continues and the outermost layer of softened
tissue is completely dissolved and irreversibly lost.*® The majority of studies have
investigated the effect of NaF and TiF4 varnishes on enamel erosion caused by
acidic beverages for a prolonged period of time.  ** ' 22 However, it was
demonstrated by nanoindentation test that there was significant enamel softening
after 30 s exposure to soft drink,?® thus making it clinically relevant to investigate
the effect of short times of exposure to acidic beverages on enamel surfaces.

The experimental model of erosive challenge used in the present study was
designed to simulate an individual drinking a can of soft drink (325 mL) with the
washing effect of saliva, by cyclic specimen immersion and time comparable with
that taken for the intake of a single drink, as was used by Wongkhantee et al.?*
and Panich and Poolthong #. Furthermore, the nanoindentation test has a limited
use for longer exposure times than the one evaluated in the present study.?® *°

The standardization of baseline nanohardness values (Table 2) made it
possible to establish nanomechanical comparisons among the groups after
treatment. The NaF varnish group was the only that showed no statistically
significant difference before and after erosive challenge (Table 2), demonstrating
that this varnish was effective in preventing the initial demineralization or softening
of enamel caused by a very short time of exposure to cola beverage. This
protective effect of NaF varnish has also been observed in previous studies,® ** %
and results from the formation of a CaF, layer that acts as a mineral reservoir. It
also behaves as a physical barrier that prevents the acid from coming into contact
with the underlying enamel, leading to decreased susceptibility to further enamel
dissolution.* ** AFM images (Fig. 2) showed globular deposits on the surface,
indicating formation of the CaF; layer, with a thickness of 53.1 + 3.7 nm even after
the erosive challenge (Table 3).

A significant decrease in nanohardness and elastic modulus values was
found for the Control and TiF, varnish groups after erosive challenge. As no
fluoride agent was used in the control group, no protective layer was formed
(Figs.1 and 4A) and there was a decrease in the nanomechanical properties of
enamel. This information is clinically relevant, because the erosive challenge used
simulated the intake of a can of soft drink (325 mL) and demonstrated that a very

short time of exposure to cola beverage was enough to cause alterations in the
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nanohardness and elastic modulus of enamel. This result emphasizes the
importance of prevention of dental erosion even in patients who have not yet
developed the disease, but are considered a risk group, such as those who

.* and Panich and Poolthong ?°

habitually consume soft drinks. Wongkhantee et a
also related the reduction in enamel microhardness values after using the same
erosive challenge.

Some factors have been shown to influence the efficacy of fluoride agents
against demineralization, mainly the composition of fluoride salt, fluoride
concentration and pH.* In the present study, TiF4 showed higher concentration of
fluoride (2.45%) and lower pH (3.4) in comparison with NaF (2.26% and 4.5,
respectively). From this aspect, one would expect a better effect of TiF; when
compared with NaF, not only because of the titanium, but also due to the high
concentration and low pH, which could increase the enamel fluoride uptake.
Although this study found lower nanohardness and elastic modulus values for the
TiF4 group, these results were not consistent with the optical and AFM images
(Figs. 3 and 4). AFM and optical images (Figs.3 and 4C) showed a homogeneous
globular deposition completely hiding the enamel surface, showing the protective
layer formed by TiF4 varnish application. This layer probably is the glaze-like
surface layer cited by others authors.’® ** The glaze-like layer is assumed to be
formed from a new compound (hydrated hydrogen titanium phosphate) or
organometallic complexes by substitution of calcium by titanium ions in the apatite
lattice.'® '* Magalhdes et al.” investigated the surface layer coating by TiF,
varnish, using scanning electron microscopy and confirmed the titanium deposits
with concentrations of 3.5 + 1.0% Ti and 2.0 £ 0.8% of fluoride. This layer can be

characterized as barrier acid-resistance diffusion, " ® 1!

which might have
prevented the reduction in nanomechanical properties of enamel.

Based on the contradictory results found between the nanomechanical test
and microscopic images, the authors investigated whether the indentation could
perhaps have been performed in the layer formed by TiF, varnish applied in this
group, and not in the eroded enamel surface. This premise was confirmed when
the average depth of indentation post-erosion (maximum height — Table 3) of TiF4
group was 296.9 = 49.2 nm and the thickness of the protective layer, by AFM
analysis (Fig 5), was 953 + 55.7 nm. Thus, the nanohardness and elastic modulus

values found post-erosion were those of the layer formed by TiF, varnish, and not
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related to the enamel surface treated. To author’s knowledge, this is thought to be
the first demonstration that the precipitates formed after the application of TiF,
produced a metal-rich layer that has a significantly higher level of nanomechanical
properties and thickness than the layer formed by NaF varnish (Table 3). The
nanohardness and elastic modulus values of the TiF, layer formed (2.4 £ 0.8 and
82.2 £14.3 GPa, respectively) were significant lower than eroded enamel values
(3.4 £ 0.4 and 104.0 + 8.5 GPa, respectively) (Table 2). However, these values
may be considered high, since the numerical difference between them was 1 GPa
for nanohardness and 21.8 GPa for elastic modulus. Based on this fact, it can be
suggested that in addition to the metal-rich layer perhaps being able to act as
barrier acid-resistance diffusion, it might also be able to support mechanical forces
and protect the enamel surface against erosion and abrasion.

Although the nanomechanical properties of enamel after TiF,; varnish
application could not be measured, AFM images (Figs. 3 and 5) showed the
formation of a homogeneous, thick and mechanically resistant layer on the
surface, indicating the protective effect of this varnish. The hypotheses tested in
this study were accepted and the potential of TiF, varnish for use as a
remineralizing agent is of special interest. However, maintenance of the
mechanical properties of the TiF, layer formed need to be investigated after
aggressive erosive challenge, and clinical studies are still necessary to evaluate its

protective effect against erosion.

Conclusion

The NaF varnish was able to protect the nanomechanical properties of
enamel surface and to create a protective layer after a very short time of exposure
to cola beverage. For TiF,4 varnish, the nanohardness and elastic modulus values
post-erosion were related to the homogeneous, thick, mechanically resistant layer

formed on surface, which demonstrated the protective effect of this varnish.
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Figure legends

30.00x30.00 [um] Z 0.00 - 63.81 [nm]

Figure 1 - AFM image of enamel surface after erosive challenge and no-varnish
application. (A) “Straches” lines caused by polish procedure. (B) Rough surface

without protection layer.

000

3000% 2000 [um] Z 000 - 10037 [nm]

Figure 2 - AFM image of enamel surface after NaF varnish application and erosive
challenge. (A) (=) Non-homogeneous globular deposits on surface. (B) Enamel

surface partially hidden by a layer of globular deposits (*).
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30.00%30.00 [um] Z 0.00 - 3791.19 [nm)]

Figure 3 - AFM image of enamel surface after TiF, varnish application and erosive

challenge. (A) (=) Homogeneous globular deposits on surface. (B) Enamel

surface completely hidden by a layer of globular deposits.

Figure 4 — Optical microscopy image (100x) of enamel surface after fluoride

varnishes application and erosive challenge. (A) control — no-varnish application.
(B) NaF varnish - surface with interspersed layer formation (*). (C) TiF4 varnish —

homogeneous layer formation on surface (*).
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Figure 5 - AFM image of TiF, varnish group specimen with surface divided on side

with varnish application + erosive challenge and side without varnish application +

erosive challenge. The image shows the Height Trace tool used to obtain the

values of thickness of layer formed.



Table 1. Composition of fluoride varnishes tested in the study.

Material Composition (batch number)
Duraphat 2.26% sodium fluoride, alcohol, natural
(Colgate-Palmolive, Ind. Com. Ltda, resins, wax, saccharine, flavor - pH 4.5
S&o Bernardo, SP, Brazil) (051001)
Experimental TiF4varnish 2.45% titanium tetrafluoride, ethanol,
(FGM, Joinville, SC, Brazil) synthetic resin and natural resin — pH 3.4
(200313)

Table 2. Mean values + standard deviation (GPa) of nanohardness and elastic

modulus before and after NaF and TiF, varnishes application and erosive

challenge.

Nanohardness Elastic modulus
Groups Baseline Post-erosion Baseline Post-erosion
(n=10)
Control 4.9+03%A" 34+04°8 124.2 + 1554 104.0+8.5"B
NaF 48+05%4 4.4+0524 127.4 + 10.3*A 121.7 + 15.324
TiF, 50+0.3 24 24+08P0°¢ 128.5+13.3 @A 82.2+14.3 "¢

* Same lowercase letters indicate that there was no significant difference between baseline and
post-erosive challenge values of each agent (paired-t- test, p>0.05).

** Same uppercase letters indicate that there was no significant difference among groups in each
experimental period (baseline and post-challenge) (Two-way ANOVA and Tukey test, p>0.05).

Table 3. Mean values * standard deviation (nm) of depth of indentation (maximum
height) and thickness of protective layer formed by NaF and TiF, varnishes

application after erosive challenge.

Groups Depth Indentation Thickness of
(n=5) (Maximum Height - nm) protective layer (nm)
Control 237.5+19.7*° o

NaF 213.7+17.1° 53.1+3.7°

TiF, 296.9+ 4924 953 + 255.7 #

* Same uppercase letters indicate that there was no significant difference among groups (Two-way
ANOVA and Tukey test, p>0.05).
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3. CONSIDERACOES GERAIS

De acordo com os resultados obtidos no Capitulo 1 foi constatado que o
consumo eventual de bebida a base de cola €& capaz de promover o
desenvolvimento inicial de erosdo do esmalte dentario, ressaltando dessa forma,
a importancia da prevencgdo da erosdo dentaria mesmo em pacientes que ainda
nao tenham desenvolvido a doenca, mas que se apresentem em um grupo de
risco, como aqueles que costumam consumir refrigerantes.

Para isso o presente estudo mostrou o efeito do verniz de NaF e do verniz
experimental de TiF4. O verniz de NaF foi capaz de preservar as propriedades
nanomecanicas do esmalte dentario quando da curta exposicdo a bebida a base
de cola, com a formacao e preservacao da camada de CaF,. Isso demonstra que
este verniz foi eficaz na prevencdo da desmineralizacao inicial ou amolecimento
do esmalte causado por um eventual consumo de bebida &cida.

Quanto ao efeito do verniz experimental de TiF,4, este mostrou a formacao de
uma camada protetora mais espessa e homogénea comparada a do verniz de
NaF, a tal ponto da andlise de propriedades nanomecénicas terem sido feitas
nesta camada e ndo no esmalte dentario.

Diante do exposto no presente estudo e em outras pesquisas 2+ > 3033,

em
relacdo aos efeitos promissores do verniz experimental de TiF,;, é de grande
relevancia clinica, para o tratamento da erosdo dentaria, que este verniz seja
incorporado no mercado, pois existem relatos demonstrando que a eficacia dos
vernizes fluoretados usados convencionalmente no tratamento da erosédo dentéaria
apresentam eficacia limitada, devido a possivel dissolucdo da camada de CaF,
formada por estes compostos em ambiente acido ' “. Entretanto para isso se faz
necessario a realizagdo de mais pesquisas que procurem investigar as
propriedades do verniz de TiF; quando armazenado por longos periodos de
tempo.

Outra questdo a ser investigada seria a citotoxicidade deste composto,
sabendo-se que essa citotoxicidade foi avaliada apenas para a solucdo de TiF,4
em um Unico estudo in vitro *?, no qual foi relatado um potencial citotéxico em
fibroblastos desse composto devido a dissolugcdo do TiF4 na agua resultar em
solugcdo altamente acida. Porém, foi sugerido que outras pesquisas fossem

desenvolvidas para tal comprovacao.
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Dessa forma o presente estudo sugere a aplicacao profissional do verniz a
base de NaF para a prevencdo da erosdo dentdria causada por eventuais
consumos de bebidas acidas, visto que entendemos que entre um eventual
consumo de bebida acida e outro, pode ocorrer desmineralizacdo, caso a saliva e
o flior presente no ambiente bucal ndo consigam restabelecer o pH favoravel
para remineralizacdo. O verniz de TiF, possui potencial para ser utilizado

24, 25, 30, 33’ porém

clinicamente na prevencao e tratamento da erosdo dentaria
novas pesquisas devem ser conduzidas, principalmente in situ e in vivo, com este
verniz para que o mesmo possa ser largamente utilizado clinicamente, como o

verniz de NaF.

24



4. CONCLUSAO

O verniz de NaF foi capaz de proteger as propriedades nanomecanicas de
superficie do esmalte e criar uma camada protetora, apés um curto tempo de
exposicdo a bebida a base de cola. Para o verniz de TiF4, os valores de
nanodureza e moédulo de elasticidade poés-erosdo foram relacionados com a

camada formada na superficie.
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APENDICE

METODOLOGIA

Preparo das amostras

Apoés obtencdo da aprovacdo do Comité de Etica da Universidade Federal
da Paraiba (UFPB) (Anexo 1), 25 terceiros molares higidos foram selecionados
para este estudo (Figura 1A). Os dentes coletados foram armazenados em
solucéo de timol a 0,1% por um periodo maximo de 1 més, e congelados a 4°C
até o momento de sua utilizagao.

Dois blocos de esmalte (4 x 4 x 3 mm) com area de 16 mm? foram obtidos
da superficie mais plana de cada dente utilizando disco diamantado dupla face
(7016, KG Sorensen —Barueri, SP, Brasil) em peca de mao do micromotor, sob
refrigeracdo (Figura 1B). Cinquenta corpos de prova foram confeccionados por
meio do embutimento de cada bloco de esmalte em resina acrilica
autopolimerizavel (Vipi Flash — Pirassununga, SP, Brasil). Para este fim, a
superficie externa do esmalte de cada bloco foi fixada em fita adesiva, aderida a
uma placa de vidro. Em seguida, cada bloco de esmalte foi envolto por um tubo
de PVC e aresina acrilica foi inserida no interior do mesmo (Figura 1C).

Os corpos de prova foram polidos serialmente em politriz (Arotec, Cotia,
SP, Brasil) com discos de lixa de carbeto de silicio de granulagédo 400, 600 e 1200
e suspensdo de alumina de 1um (Erios - Equipamentos Técnicos e Cientificos
Ltda, SP, Brasil), sob irrigacdo constante (Figura 1D). Em seguida, 0os corpos de
prova foram inseridos em ultrassom (Ultrassom Cleaner, modelo USC1400,
Unigue Ind. e Com. Ltda, Sdo Paulo) com &agua destilada por 2 minutos para
remocdo de impurezas, e foram inspecionadas em microscopio Optico (Nikon

88286, Tokyo, Japan) com aumento de 40x para avaliacdo de trincas e fraturas.
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Figura 1 — Imagem do preparo das amostras. (A) Terceiros molares higidos. (B)
Blocos de esmalte 4 x 4 x 3 mm. (C) Embutimento dos blocos de esmalte. (D)

Polimento em politriz.

Nanoindentacdo inicial

Na superficie de esmalte de cada corpo de prova (Figura 2A) foi realizada a
analise de nanodureza e médulo de elasticidade inicial. Cinco nanoindentacdes
no centro da superficie do esmalte de cada corpo de prova foi feito utilizando o
Ultramicrodurémetro (Shimadzu — DUH-211S, Kyoto, Japao), do laboratério de
Laboratério de Solidificacdo Réapida — Centro de tecnologia (CT)/UFPB (Figura
2B), com a ponta de diamante Berkovich, a qual possui uma geometria piramidal
de trés lados, com cada lado formando um angulo de 65,3° com um plano normal

a base da piramide. A carga de 5000 uN (5mN) e velocidade de carregamento de
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311,3uN/s foram utilizadas *. A média dos valores das cinco indentacdes foi
obtida e considerada como medida inicial.

O método descrito por Oliver e Pharr * foi utilizado para o célculo da
nanodureza (H) e do modulo de elasticidade do esmalte (E) por meio das
formulas:

H= PmadAc

Onde Pnax € 0 pico da carga e A. é a area de contato.

1/E= (1 -V?)/E + (1- vAIE;

Onde E e v sdo o modulo de elasticidade e coeficiente de Poisson da
amostra, e E;j e v; sdo os parametros do indentador, respectivamente. Coeficiente
de Poisson do esmalte foi de 0.4 **,

Baseado no estudo de Lippert, Parker e Jandt 2°, onde o valor médio de
nanodureza, para superficie de esmalte de dente permanente humano,
encontrado foi de 4,85 GPa, foram selecionadas apenas as amostras com valores

de nanodureza até 20% acima ou 20% abaixo desse valor.

Figura 2 — Teste de nanoindentacao. (A) corpo de prova. (B) Ultramicrodurémetro
(Shimadzu — DUH-211S, Kyoto, Jap&o).
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Tratamento com vernizes fluoretados

Foram selecionados 30 corpos de prova, e distribuidos aleatoriamente em
3 grupos (n=10), de acordo com a aplicacéo dos vernizes fluoretados (Tabela 1)
e Grupo 1: controle — sem aplicacéo de agente fluoretado.
e Grupo 2: Verniz Duraphat® (NaF, 2,26% F, pH 4,5, Colgate, S&o Bernardo,
SP, Brasil) (Figura 3A);
e Grupo 3: Verniz experimental de TiF,; (2,45%F, pH 3,4, FGM, Joinvile,
Santa Catarina, Brasil) (Figura 3B);

Tabela 1 - Composicao dos vernizes fluoretados testados neste estudo.

Material Composicao (numero do lote)
Duraphat(Colgate- Fluoreto de Sodio a 2,26%, alcool, resinas naturais, cera,
Palmolive, Ind. Com. sacarina, sabor - pH 4,5
Ltda, Sdo Paulo, (05 10 01)
Brasil)

Verniz experimental de Tetrafluoreto de titanio a 2,45%, etanol, resina sintética e
TiF4 (FGM, Joinville, resina natural — pH 3,4 (200313)
SC, Brasil)

Duraphat’ &

[ Corgate 4

hat@A il 1 ‘MA”,: IH

Figura 3 — Vernizes fluoretados. (A) Verniz Duraphat®.

(B) Verniz experimental de TiF,,
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Além das amostras distribuidas nos grupos, mais dez amostras foram
selecionadas para avaliagdo da espessura da camada protetora formada pela
aplicacao dos vernizes.

Os corpos de prova foram imersos em saliva artificial durante 24 horas
(Figura 4A) para simular a formac&o da pelicula adquirida do esmalte *°. Apés, em
cada amostra foi aplicado o verniz de acordo com cada grupo e seguindo as
recomendacdes dos fabricantes. Cada produto foi inserido individualmente em
seringa de insulina de 0,3 mL (BD Ultra-fine, Franklin Lakes, NJ, USA) para
padronizar a quantidade do agente aplicado na superficie de esmalte.

Nos grupos 2 e 3, 20pL dos vernizes fluoretados foram aplicados na
superficie da amostra e espalhados com microbrush (Figura 4B). Depois, foram
imersos em saliva artificial por 6 horas (Figura 4C), com o objetivo de simular
clinicamente o tempo de contato do verniz com a superficie dentaria 2% 3" 32, Apés
este periodo, os vernizes foram removidos cuidadosamente, com o auxilio de
lamina de bisturi (Figura 4D) e pelota de algoddo embebida em acetona (Figura
AE), evitando tocar na superficie de esmalte 2° %2, No grupo 1 (controle) nenhum
produto foi aplicado e as amostras foram imersas em saliva artificial até o periodo
de 6h. O método de producdo da saliva artificial utilizado foi similar ao de
McKnight-Hanes e Whitford 3*, porém excluindo o sorbitol (em g:L): 2 g de Metil-p-
hidroxibenzoato; 0,625 g de carboximetilcelulose de sdédio; 0,059 g de MgCl, -
6H,0; 0,166 g de CaCl,-2H,0; 0,804 g de K,HPO4; 0,326 g de KH,PO,4 ajustando
o pH para 6,75 com KOH. Os vernizes foram aplicados uma Unica vez antes do

desafio erosivo 2% %,
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Figura 4 — Tratamento com vernizes fluoretados. (A) Saliva artificial por 24 horas.
(B) Aplicacdo do verniz. (C) Saliva artificial por 6 horas. (D) e (E) Remogé&o do

verniz.

Para avaliacdo da espessura da camada protetora formada pelos vernizes
de TiF; e NaF, cinco amostras foram preparadas para cada grupo do verniz
(Figura 5A). A superficie do esmalte foi dividida em duas partes iguais: uma
metade da superficie foi coberta com duas camadas, acido-resistente, de esmalte
de unhas (superficie controle - sem aplicacdo de verniz) (Figura 5B) e na outra
metade foi aplicado o verniz fluoretado, tal como descrito, de acordo com cada
grupo (Figura 5C). Apés a aplicagdo de flior, o esmalte foi removido com uma
lamina de bisturi (Figura 5D), e toda a superficie do espécime foi submetida ao

desafio erosivo.
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Figura 5 — Preparo de amostras para avaliacdo da espessura da camada
protetora. (A) Amostra. (B) Cobertura com esmalte de unha. (C) Aplicacdo do

verniz fluoretado. (D) Remocao da camada de esmalte de unha.
Desafio erosivo

O desafio erosivo foi realizado para simular um curto tempo de exposi¢do a
refrigerante a base de cola (Coca cola®, pH 2,6, Coca-Cola Company, Porto Real,
RJ, Brasil) de acordo com Wongkhantee et al. “°: as amostras foram imersas em
32,5 mL de coca cola por 5 s em temperatura ambiente (25°C), lavadas em agua
deionizada e, em seguida, imersas em 32,5 mL de saliva artificial em temperatura
ambiente (25°C) por 5 s (Figura 6). Este ciclo foi repetido 10 vezes. As amostras

foram mantidas em 100% de umidade.
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32,5ml/ 5s
25°C deionizada 25°C

Figura 6 — Esquema do desafio erosivo utilizado

Nanoindentagéo final

Na area de superficie foram realizadas as medidas de nanodureza e
mobdulo de elasticidade final (ap6s desafio erosivo) como descrito no item de
“Nanoindentacgao inicial”.

A profundidade da indentacéo para cada amostra apés aplicacdo do verniz
e desafio erosivo foi dada pelo software do ultramicrodurdmetro e determinada
como altura maxima (nm). Os valores de profundidade da indentagdo foram
comparados com os valores de espessura da camada protetora formada pela
aplicacdo dos vernizes, para investigar se a endentacdo foi realizada sobre a

superficie de esmalte ou na camada protetora.
Microscopia Optica

Cinco espécimes de cada grupo foram selecionados aleatoriamente para
avaliar o aspecto da camada formada ap0s a aplicacdo do verniz e desafio

erosivo por meio de Microscopio Optico (Axiotech) (Figura 7), com um aumento
de 100x.
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Figura 7 — Microscopio Optico (Axiotech).

Microscopia de forca atbmica

A superficie de esmalte dos mesmos corpos de prova selecionados para
analise em microscopia Optica foi analisada em Microscépio de Forca Atdbmica
(Shimadzu — SPM-9600,Kyoto, Japao) (Figura 8), do Laboratério de Solidificacdo
Rapida — CT/UFPB. Cada espécime foi fixado ao suporte do microscopio sobre
um “stub” (2 x 3 mm). A morfologia da superficie foi analisada no “modo de
contato”. As imagens foram obtidas com a ponta de geometria padrdo de Micro-
cantilever com composi¢do de nitreto de silicio (OMCL -TR , Olympus, Toquio,
Japao) e utilizada com constante elastica de 0,15 N/m e 24 KHz de frequéncia.
Foram coletadas imagens de 30um x 30pum com resolucao de 256 X 256 pixels e
ponto de operagao de 1,5 V, em uma taxa de varredura muito baixa para obter
detalhes da estrutura do esmalte e para evitar que a ponta fosse danificada.

As amostras preparadas para medir a espessura da camada protetora
formada por ambos os vernizes foram analisadas utilizando os mesmos
parametros descritos. Apés a captura de imagem, foi utilizada a ferramenta
“Height Trace”. Quatro linhas paralelas foram feitas em cada espécime. Cada
esbogco comecou na metade controle (sem aplicagdo de flior) e terminou na
metade que foi aplicado o verniz fluoretado. A diferenca de altura de cada linha foi
registrada pela ferramenta “Height Trace” para obtencédo da espessura da camada

de protecdo. Foi feito uma média da espessura (nm) para cada grupo.
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Figura 8 - Microscépio de Forca Atbmica (Shimadzu).

Analise estatistica

Os dados foram analisados com o GraphPad Instat verséo 2.0 (software
GraphPad, La Jolla, USA) com nivel de significancia de a = 0,05. Todas as
variaveis testadas assumiram igualdade de variancia e distribuicdo normal (teste
Bartlett e Kolmogorov-Smirnov, respectivamente), os testes de Two-Way ANOVA
e Tukey foram realizados para comparacao estatistica de nanodureza e médulo
de elasticidade do esmalte entre os grupos. O teste T pareado foi usado para
comparar os valores de nanodureza e médulo de elasticidade, iniciais (sem
aplicacédo dos vernizes e eroséo) e finais (depois do desafio erosivo), dentro de

cada grupo.
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