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Resumo

Embora o efeito de fluor fosfato acidulado em gel (FFA-gel) na redugédo da carie
dental em dentes permanentes esteja baseado em evidéncia, prévio estudo in situ
realizado sob baixo desafio cariogénico sugere que a aplicagdo profissional de
FFA-gel por 4 minutos ndo promove maior resisténcia a desmineralizagdo ao
esmalte permanente do que 1 minuto, porém sob maior desafio cariogénico o
resultado poderia ser diferente. Além disso, apesar dos dentes deciduos serem
mais susceptiveis ha carie do que os permanentes nao ha estudos na literatura
que comparem o tempo de aplicacdo de FFA-gel no esmalte deciduo. Desta
forma, foi realizado um estudo in situ com o objetivo de avaliar o efeito do tempo
de 1 e 4 minutos de aplicacdo profissional de FFA 1,23% F em gel na
desmineralizacdo de esmalte deciduo e permanente, assim como na formacéao e
retencao de F no esmalte e a concentracao de F no biofilme dental formado, numa
condicdo de acumulo de biofilme dental e alta freqiéncia de exposicdo a
sacarose. Em trés fases experimentais, 16 voluntarios adultos utilizaram
dispositivo palatino, no qual foram fixados 4 blocos de esmalte deciduo de um lado
e 4 de permanente do outro. No inicio da primeira fase, os voluntarios foram
divididos aleatoriamente pelo tratamento que iriam iniciar o estudo: Controle
negativo: nenhum tratamento; FFA-1 min: aplicagdo de FFA por 1 minuto,
realizada no primeiro dia de cada fase experimental; FFA-4 min: aplicagdo de FFA
por 4 minutos, sendo que ao final dos cruzamentos todos os voluntarios foram
submetidos a todos os tratamentos. Adicionalmente, um bloco deciduo e um
permanente foram fixados, com cera, na regido anterior do dispositivo para
determinacao de fluor (F) tipo fluoreto de calcio (“CaF,”) formado no esmalte e,
ap6s 30 minutos, uma tela plastica foi fixada no dispositivo de acrilico sobre os
outros blocos dentais. Durante as fases experimentais, solugdo de sacarose a
20% foi gotejada extraoralmente sobre os blocos 8x/dia e os voluntarios utilizaram
dentifricio nao fluoretado. Apds 14 dias do inicio de cada fase, o biofilme formado
foi coletado e analisado quanto a concentragdo de F no fluido e na parte sélida.
Nos blocos de esmalte foi determinado o “CaF,” retido e a perda mineral foi
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avaliada pela dureza do esmalte dental seccionado transversalmente. Aplicacao
de FFA-gel reduziu a desmineralizagcdo em ambos os substratos dentais (p<0,05),
independente do tempo de aplicagdo (p>0,05). A concentragdo de “CaF,” formado
e retido foi significativamente maior nos grupos que receberam aplicagdo de FFA-
gel (p<0,05), porém sem diferenca entre os tempos de aplicacdo (p>0,05) tanto
para esmalte deciduo quanto para o permanente. Os resultados do presente
estudo sugerem que, mesmo sob um alto desafio cariogénico, um menor tempo de
aplicacédo profissional de FFA-gel, isto é, 1 minuto, apresenta o mesmo efeito
anticarie que o tempo de 4 minutos, tanto para o esmalte deciduo quanto para o

permanente.

Palavras-chave: fluoreto de fosfato acidulado, dente deciduo, desmineralizacao,

biofilme dental, esmalte dentario, fltor, testes de dureza



Abstract

Although the effect of acidulated phosphate fluoride gel (APF-gel) on caries
reduction in permanent teeth is based on evidence, previous in situ study,
conducted under low cariogenic challenge suggests that the professional
application of APF-gel for 4 minutes does not promote greater resistance to
demineralization for permanent enamel than 1 minute, however under higher
cariogenic challenge the result could be different. Moreover, although deciduous
teeth are more susceptible to caries than permanent ones, there are no studies in
the literature that compare the application time of APF in deciduous enamel. Thus,
an in situ study was conducted with the aim of evaluating the effect of application
time for 1 and 4 minutes of professional APF gel with 1.23% F on demineralization
of deciduous and permanent enamel, as well as on F formed and retained on
enamel and F concentration of dental biofilm formed, in a condition of dental biofilm
accumulation and high frequency of sucrose exposure. In three experimental
phases, 16 adult volunteers wore palatal appliances, containing 4 deciduous
enamel slabs in one side and 4 permanent ones in the other side. At the beginning
of the first phase, the volunteers were randomly assigned by the treatment they
would start the study: Negative control: no treatment; APF-1 min: APF application
for 1 min, performed on the first day of each experimental phase; APF-4 min: APF
application for 4 min, and at the end of the experimental phases all volunteers had
been submitted to all treatments. Additionally, a deciduous and a permanent slab
were fixed with wax in anterior position on appliance for determination of fluorine
(F) as calcium fluoride (“CaF;”) formed on enamel and, after 30 minutes, a plastic
mesh was fixed in the acrylic appliance over the other dental slabs. During the
experimental phases, 20% sucrose solution was dripped extraorally over the slabs
8 x/day and the volunteers used non-fluoridated dentifrice. After 14 days of the
beginning of each phase, dental biofilm formed was collected and analyzed with
regard to F concentration in the fluid and the solids. On the slabs was determined

“CaFy” retained on enamel and mineral loss was evaluated by enamel cross-
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sectional hardness. APF-gel application reduced demineralization in both dental
substrates (p<0.05), independent of the application time (p>0.05). The
concentration of “CaF,” formed and retained was significantly higher in the groups
treated with APF-gel (p<0.05), however without difference between the application
periods (p>0.05) either for deciduous or permanent enamel. The results of the
present study suggest that, even under a high cariogenic challenge, a shorter time
of professional application of APF-gel, that is, 1 min, presented the same anticaries
effect as the time of 4 minutes, either in deciduous or permanent enamel.

Key words: acidulated phosphate fluoride, tooth, deciduous, demineralization,
dental biofilm, enamel, fluoride, hardness tests
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Introducao

A carie €& uma doenca resultante de sucessivos eventos de
desmineralizagdo, causados pela acdo de acidos produzidos por bactérias
presentes no biofilme dental, apds exposi¢ao a carboidratos fermentaveis (Marsh,
2009). Esta doenca pode ser controlada com o auxilio do fluoreto (F), por meio de
uso coletivo, individual ou profissional de acordo com as necessidades individuais.
Assim, medidas como, a fluoretagdo da agua de abastecimento e uso de
dentifricio fluoretado estéo relacionados a reducdo de carie para grande parte da
populagdo (Cury et al., 2004). Porém, para alguns grupos especificos com alto
risco e atividade de carie, se faz necessario a complementacdo com uso
profissional de F (Dgaard et al,1994) e a aplicacao tépica de fluor fosfato
acidulado (FFA) contendo 1,23% de F € um método utilizado no controle da
progressdo da carie, sendo seu efeito claramente reconhecido (Marinho et al.,
2004; 2008).

O fluoreto, quando presente no meio bucal em concentragdo maior que 100
ppm de F, interfere no processo de cérie inibindo a desmineralizacdo e ativando a
remineralizacdo (ten Cate, 1997). A aplicacado profissional de FFA promove a
formacao de reservatérios tipo fluoreto de calcio (“CaF.”") que disponibilizam o ion
F para o meio (Tenuta et al, 2008). Durante o consumo de carboidratos
fermentaveis as bactérias, presentes no biofilme dental, produzem acidos que
causam um decréscimo do pH na interface dente/biofilme. Se o pH estiver entre
4,5 e 55 ocorrera a dissolugdo do mineral do dente (hidroxiapatita-HA), na
presenga de F no meio bucal, em especial no biofilme,ele ira interferir no processo
de desmineralizacdo ocorrendo a preciptacdo de fluorapatita (FA). Na auséncia
dos desafios cariogénicos, o acido presente é diluido e neutralizado e quando pH
for igual ou maior que 5,5, o F presente ativa a remineralizagdo (Cury & Tenuta,
2009).

Os produtos com maiores concentracdes de F formam mais “CaF,” e o pH
acido disponibiliza o célcio presente no mineral do dente para reagdo com o ion F

(Delbem & Cury, 2002). O efeito preventivo da aplicacao profissional de F esta
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relacionado principalmente com os produtos de reacdo formados no esmalte
(CaF») durante o tratamento e sua liberagédo apos aplicacao (Tenuta et al., 2008).

Os procedimentos clinicos realizados antes e apds a aplicagao de FFA
foram adotados pela Academia Americana de Odontopediatria (AAPD - American
Academy of Pediatric Dentistry) em 1967 e alguns deles como a necessidade de
profilaxia prévia (Ripa et al., 1984; Hawkins et al., 2003) e o procedimento de lavar
a boca (Delbem et al., 2005) ou beber agua (Lopes et al., 2008) apds a aplicagao
topica tém sido questionados. O tempo de aplicacdo do FFA também tem sido
discutido e a sugestdo é que seja realizada por 4 minutos (American Dental
Association Council on Scientific Affairs, 2006; AAPD, 2011).

Os resultados encontrados na literatura, em relacao ao tempo de aplicagao,
sdo conflitantes: alguns estudos mostraram diferencas entre 1 e 4 minutos de
aplicacéo (Wefel & Wei, 1979; Wei & Hattab, 1988; Wei et al., 1988), enquanto
outros nao observaram qualquer diferenga (Peixoto & Silva, 1992; Hebling et al.,
1995; Mendes et al, 1996). Entretanto, a maioria destes estudos focou
principalmente na incorporacdo de F pelo esmalte, apesar de ndo existir uma clara
e direta relagdo entre F no esmalte e resisténcia a desmineralizacdo (Delbem &
Cury, 2002). Ainda, estudos in vitro mostraram que 4 minutos de aplicacao de FFA
ndo deixaram o esmalte mais resistente a desmineralizacdo do que 1 minuto
(Garcia-Godoy et al., 1995; Delbem & Cury, 2002), apesar de ter ocorrido maior
incorporacgao de fluor (Delbem & Cury, 2002).

Um estudo in situ, investigou o efeito da aplicagao tépica de gel de FFA
contendo 1,23% F na formacéo e retencédo de F no esmalte dental e na inibicdo da
desmineralizacdo e também néo observou diferenca estatisticamente significante
entre 1 e 4 minutos de aplicagéao (Villena et al., 2009). Entretanto neste estudo, os
blocos de esmalte de terceiros molares permanentes foram expostos a sacarose
apenas 3x/dia. Assim, é possivel que sob condicbes de maior freqiiéncia de
exposicao a sacarose os resultados encontrados possam ser diferentes.

Os dentes deciduos tém em sua composicdo mais carbonato que os
permanentes, o que pode contribuir para a progressao mais rapida da lesao de
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caries no esmalte deciduo do que no permanente (Sgnju-Clasen & Ruyter, 1997).
Adicionalmente, ha poucos estudos na literatura com este tipo de substrato
(Marinho et al, 2002).

Um menor tempo clinico de aplicagdo, sem comprometimento do beneficio
anticarie do FFA, favoreceria o atendimento na saudde publica e em especial na
clinica de odontopediatria, aumentando a colaboragédo do paciente e diminuindo o
risco de toxicidade aguda pelo uso de produto de alta concentragdo de fluoreto.
Desta forma, o presente trabalho tem como objetivo avaliar in situ, o efeito do
tempo da aplicacao profissional de FFA 1,23% de F em gel, por 1 ou 4 minutos, na
desmineralizacdo de esmalte deciduo e permanente higidos, assim como na
formacao e retencdo de F no esmalte e na composicdo bioquimica do biofilme
dental formado, numa condicdo de acumulo de biofiime e alta freqiéncia de

exposicao a sacarose.



O presente estudo estd apresentado no formato alternativo de dissertacdo de
acordo com as normas estabelecidas pela deliberacdo 002/06 da Comisséo
Central de P6s-Graduacao da Universidade Estadual de Campinas (Anexo 1). O
artigo intitulado “Time of APF-gel application on formation and retention of
“CaF,” on enamel of deciduous and permanent teeth and on

demineralization” foi submetido ao periédico “Caries Research” (Anexo 3).
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ABSTRACT

Although the effect of acidulated phosphate fluoride gel (APF-gel) on caries
reduction in permanent teeth is based on evidence, the relevance of the clinical
time of application is still under debate; also, the effect of 4-min or 1-min
application has not been evaluated in deciduous enamel. In a blind, crossover, in
situ study of 3-leg of 14 days each, 16 adult volunteers wore palatal appliances
containing 4 permanent and 4 deciduous enamel slabs. In the beginning of each
phase, the slabs were submitted to one of the following treatments: no APF
application (negative control); APF-gel (1.23% F) application for 1 min or 4 min.
Biofilm accumulation on slab surface was allowed and the slabs were subjected
8x/day to 20% sucrose, simulating a high cariogenic challenge condition. On the
15" day of each phase, the biofims were collected for fluoride determination in
fluid and biofilm solids. On enamel of the slabs, fluoride retained as “CaF,” was
determined and demineralization was assessed by cross-sectional hardness.
Fluoride as “CaF,”, formed by APF-gel application, was determined in extra
enamel slabs. APF-gel reduced demineralization in both enamel teeth (p<0.05),
but the difference between 1 and 4-min was not statistically different (p>0.05).
“CaF,” formed and retained on deciduous and permanent enamel was significantly
higher in APF-gel groups (p<0.05), but no significant difference was found between
1 and 4 min (p>0.05). The findings suggest that 1 min of APF-gel application
provides the same anticaries effect than 4 min, either for permanent or deciduous

enamel.



INTRODUCTION

There is clear evidence of the caries-inhibiting effect of acidulated fluoride
gel [Marinho et al., 2002], but the relevance of the recommended pre- and post
application procedures has been questioned [Delbem et al., 2005; Villena et al.,
2009]. Among these clinical procedures, the application time of professional
acidulated phosphate fluoride gel (APF-gel) has been studied in vitro and in situ.

The findings of in vitro studies, evaluating the effect of application time on
fluoride uptake by permanent enamel, are conflicting and while some studies show
that 4 min is more effective than 1 min of application [Wefel and Wei, 1979; Wei
and Hattab, 1988; Wei et al., 1988], others did not find statistically significant
difference [Peixoto and Silva, 1992; Hebling et al., 1995, Mendes et al., 1996]. The
in vitro data based on F uptake, suggesting that 1 min of APF-gel application could
be as effective as 4 min, was supported by two studies showing that 4 min does
not lead the enamel more resistant to demineralization than 1 min [Garcia-Godoy
et al., 1995; Delbem and Cury, 2002]. However, even using validated models, in
vitro studies have limitations and it is very difficult to simulate the real life.

In situ studies have been considered as intermediate between in vitro and in
vivo studies, because they allow the control of some clinical variables related to the
development of caries [Zero, 1995]. Using an in situ model that has been widely
used for different purposes on cariology [Paes Leme et al., 2006, as review], no
statistically significant difference between APF-gel application for 1 or 4 min was
shown, either on F uptake and its retention, or on reduction of demineralization
[Villena et al., 2009]. However, in this study, the enamel slabs were exposed to
sucrose at a frequency of 3 times a day, and it is possible that under a higher
frequency of sucrose exposure [Cury et al., 2010] the longer time of application
could be more effective. Also, in this study enamel slabs from human permanent
teeth were used and deciduous enamel is considered more caries-susceptible than
permanent one [Senju-Clasen and Ruyter, 1997]. Moreover, according to Marinho
et al. [2002], there is little information in the literature concerning the caries-
inhibiting effect of APF-gel on deciduous dentition and in addition there are no
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studies evaluating the effect of application time. Also, the retention of calcium
fluoride-like products (“CaF,”) formed on enamel by professional F application is

desirable [Tenuta et al., 2008], but there is no study with deciduous teeth.

Therefore, this study aims to evaluate in situ the effect of 1 or 4 min of APF-
gel application on F uptake by deciduous and permanent enamel, its retention and
the consequence on demineralization under high cariogenic challenge induced by
a high frequency of sucrose exposure and biofilm accumulation.

MATERIALS AND METHODS

Volunteers and Ethical Issues

Sixteen volunteers (18-40 years of age), who fulfilled the inclusion criteria (normal
stimulated salivary flow rate (> 0.7 ml/min), good general and oral health, ability to
comply with the experimental protocol, no antibiotic use during the 2 months prior
to the study, not using a fixed or removable orthodontic device), were selected to
take part in the study that was approved by the Research and Ethics Committee of
Piracicaba Dental School (protocol n°. 095/2009). They signed an informed, written
consent (resolution no. 196 of the National Health Council, Health Ministry,
Brasilia, DF, 10/03/1996).

Experimental design

A blind, crossover in situ study was conducted in 3 experimental phases of 14 days
each (fig. 1), during which 16 volunteers wore acrylic palatal appliances containing
4 deciduous and 4 permanent enamel slabs on each side of the appliance. Using a
computer generated randomization list, the volunteers were randomly assigned to
one of the following treatments done in each phase (fig. 1): no treatment of the
slabs (negative control group), application of APF-gel to the slabs for 1 min (APF 1
min) and APF-gel application for 4 min (APF 4 min). Application of APF-gel for 1 or
4 min was performed at the 1% day of the experimental phase. Extra slabs, one
deciduous and one permanent, placed at an anterior part of the appliance were

removed immediately after application for determination of “CaF,” formed.
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During each phase, the 8 enamel slabs were extra-orally exposed to 20% sucrose
solution eight times per day, biofilm was allowed to accumulate on the slabs and
the volunteers used non-fluoridated dentifrice. At the end of each phase, the biofilm
formed on all deciduous and permanent enamel slabs was collected separately for
F analysis in the fluid and the solids. On two enamel slabs, “CaF,” retained was
determined and demineralization was assessed in the other two by cross-sectional
hardness. After a washout period of at least 7 days, new slabs were placed in the
appliance for the next experimental phase. After the three phases, all volunteers
were submitted to all the treatments. For the statistical analysis, the volunteer was
considered as an experimental block (n=16). The sample size was determined on
the basis of our previous findings using the same experimental protocol [Paes
Leme et al., 2004; Villena et al., 2009; Vale et al., 2011] with a statistical power
higher than 90% for the variables demineralization and “CaF,”. This study was
blind only with respect to the examiners, who analyzed previously coded samples

to ensure blindness.

Preparation of enamel slabs and palatal appliance

Sound exfoliated human deciduous and pre-molar teeth extracted for orthodontic
reasons were selected for the study. They were stored in formaldehyde solution
[White, 1987] for at least one month and enamel slabs (3 x 3 x 2 mm) were
obtained from the middle third of them. The enamel surface of the slabs was not
polished or flattened, 240 deciduous and permanent slabs were randomly divided
into the groups of treatment and were sterilized by ethylene oxide. An acrylic resin
intraoral palatal appliance, containing eight cavities measuring 4 x 4 x 3 mm (four
at each side of the appliance), was made for each volunteer to set the slabs. In
these cavities, new enamel slabs were placed for each phase of the study. In
addition, one extra deciduous and one permanent enamel slab were fixed with wax
in the anterior part of the appliance [Villena et al., 2009] to evaluate “CaF,” formed

by APF application.



Treatments

To provide a cariogenic challenge, the volunteers dripped 20% sucrose solution
extra-orally onto each slab 8x/day [Cury et al., 1997]. On the 1% day of the
respective phase, APF-gel (1.23% F, pH = 3.6-3.9, DFL®, Petropolis, RJ, Brazil)
was applied with a cotton swab during 1 or 4 min to the slabs placed in the
appliances into the volunteers’ mouths and also to the volunteers’ teeth. The
excess gel on the slab surfaces was removed with cotton swabs, the volunteers
expectorated for 30 s and the extra slabs fixed at the anterior position were
removed to evaluate “CaF,” formed. Thirty minutes later [Paes Leme et al., 2004] a
plastic mesh was fixed to the appliance over the slabs, to protect the enamel slab
surfaces from mechanical attrition, leaving a 1 mm space for accumulation of
dental biofilm [Hara et al., 2003 for details]. During these 30 min the volunteers did
not eat or drink anything. In the negative control group, the appliances with the
slabs were kept in the mouth during 4 min, the exira slabs were removed and the
plastic mesh was fixed as already described. During the pre-experimental and
washout periods, and during the 14 days of cariogenic challenge, volunteers
brushed their teeth and the appliance, except for the area containing the slabs,
with non-fluoride dentifrice. The volunteers drank and consumed foods prepared
with optimally fluoridated water (0.6-0.8 mg F/I for the region) and no restrictions
were made with regard to their diet, considering the crossover design of this study,

but they were instructed to avoid F-rich food containing bioavailable F, such as tea.

Biofilm Collection and F Analysis in the Fluid and Solids

On the 15™ day of each experimental phase, 10 h after the last exposure to
sucrose solution, in fasting condition, the biofilm formed on all deciduous and
permanent slabs was collected separately with a plastic spatula, immediately
placed inside a mineral oil-filled plastic tip pipette adapted to a centrifuge tube and
weighed (£ 10 ug). The biofilm fluid was separated from the biofilm solids [Vogel et
al., 1997] and its concentration determined [Tenuta et al., 2006]. After fluid
extraction, biofilm solids were treated with 0.5 M HCI (0.1 ml per 10 mg of biofilm
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wet weight) for acid soluble F extraction [Cury et al., 1997]. Samples were agitated
for 3 h at room temperature, centrifuged, and the supernatant buffered with TISAB
Il (containing 20 g NaOH/I). The F concentration in the acid extract was measured
using an ion-selective electrode Orion 96-09 and an ion analyzer Orion EA-940,
with the standards containing HClI and NaOH in the same proportion as the
samples.

Enamel demineralization assessment

After biofilm collection, 2 slabs of deciduous and 2 of permanent teeth were
collected, longitudinally sectioned, embedded in acrylic resin and the cut surface
was exposed and polished. Cross-sectional hardness was measured in the
polished area using a Knoop indenter with a 25-g load for 5 s and a Future-Tech
FM microhardness tester coupled to software FM-ARS 900 [Cury et al., 2000].
Three rows of 13 indentations each were made from the outer enamel surface, the
first six spaced 10 um from previous one and the last ones 20 um. The mean
values (kg/mm?) at all measuring points of each distance from the surface were
then averaged and the area of hardness loss versus lesion depth (AS) was
calculated by numerical integration using the trapezoidal rule by the difference
between the area under the curve (kg/mm? x um) of the sound enamel minus the
area of the demineralized one [Cury et al., 2010]. The results of the 2 slabs of
deciduous and permanent enamel for each volunteer in each treatment were
averaged.

According to a pilot study conducted, the use of enamel surface hardness
assessment as indicator of demineralization was discarded due to artifacts on
deciduous enamel surface provoked by the dissolution of “CaF,;” formed by APF-
gel application [Paes Leme et al., 2003].

Determination of “CaF,” formed and retained on enamel

“CaF2” retained in the other 2 slabs of deciduous and permanent teeth after the 14

days of cariogenic challenge and that formed on the extra slabs immediately after
11



APF-gel application was determined [Caslavska et al., 1975]. The area of enamel
surface was measured with a digital caliber (£ 0.001 mm), and all the slab surfaces
were protected with wax, except for the enamel surface. Each slab was individually
immersed in 1.0 M KOH (0.5 mL per slab) for 24 h, F extracted was determined
with ion selective electrode and the results expressed in pg F/cm? [Moi et al.,
2008]. The results of F retained in the 2 enamel slabs of deciduous and permanent
teeth were averaged.

Statistical analysis

The data for deciduous and permanent enamel were independently analyzed. All
data were analyzed by ANOVA followed by Tukey’s test, with the volunteers
considered as statistical blocks. The normality of errors distribution and the degree
of non-constant variance were checked for each response variable using the
SAS/LAB package (SAS software, version 9.0; SAS Institute, Cary, NC, USA).
Data were transformed [Box et al., 2005] as suggested by the software and is
described in the tables. F formed in enamel and that retained after the in situ
experiment was compared by f test. SAS software was used for all analyses, and
the significance limit was set at 5%.

RESULTS

Concentration of CaFo—like material (“CaF.”) formed on deciduous and permanent
enamel after APF-gel application was statistically higher (p<0.05) in both groups
treated with APF-gel than the negative control group (Tables 1 and 2), however no
significant difference was observed between the time of application (p>0.05). Also,
“CaF,” retained on deciduous and permanent enamel at the end of the in situ
phase for the groups treated with APF-gel application for 1 min and 4 min
presented significantly higher values than the negative control group (p<0.05), but
the effect of time of APF-gel application was not significant (p>0.05).

The results of enamel demineralization (Tables 1 and 2) evaluated by area of
hardness loss (AS) showed that the groups treated with APF-gel had a statistically

12



lower (p<0.05) demineralization than the negative control group, but the difference
between them was not significant (p>0.05), either for deciduous or permanent
enamel teeth.

The results of F concentration in biofilm fluid and solids formed on enamel surface
of deciduous and permanent slabs (Tables 1 and 2) were higher for the biofilms
formed on enamel of groups treated with APF-gel compared with the non-treated,

but the differences were not consistently significant (p>0.05).

DISCUSSION

There is clear evidence of the anti-caries effect of professional topical application
of APF-gel [Marinho et al., 2004; Marinho, 2008], but it has been recommended
that the time of application should be further evaluated [ADA Council on Scientific
Affairs, 2006].

The present in situ study, conducted under high cariogenic challenge, gives
support to in vitro and in situ studies previously done [Peixoto and Silva, 1992;
Garcia-Godoy et al., 1995; Hebling et al., 1995; Mendes et al., 1996; Delbem and
Cury, 2002; Villena et al., 2009], suggesting that the application of APF-gel for 4-
min does not render enamel of permanent teeth more resistant to caries. The
results for permanent teeth (Table 2) were also found for deciduous teeth (Table 1)
and these data are more relevant, because the literature lacks of studies with
deciduous teeth and the reduction of the clinical time for APF-gel application in
children is very important considering the difficulties to offer the best treatment for
this age of patient.

The findings suggesting that 1 min of APF-gel application would be as effective as
4 min to control enamel demineralization either on permanent and deciduous
enamel were supported by the data of “CaF,” formed on enamel immediately after
the application and those retained after 14 days of a high cariogenic challenge
(Tables 1 and 2). Therefore, APF-gel application for 1 or 4 min was able not only to
form high concentration of “CaF,”, either in deciduous or permanent teeth, as after
14 days the concentration is still high compared with the control, but the difference
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between 1 and 4 min was not significant. The data about permanent teeth are in
agreement with the literature [Peixoto and Silva, 1992; Garcia-Godoy et al., 1995;
Hebling et al., 1995; Mendes et al., 1996; Delbem and Cury, 2002; Villena et al.,
2009] and for the first time the same is shown for deciduous.

The coherence between the data of enamel demineralization and “CaF,” formed
and retained on enamel either of permanent and deciduous teeth should have also
been found for the data about F in biofilm, as it has been accepted that this product
formed on enamel acts as a F reservoir [Ralla, 1988], releasing F to environment
to interfere with the caries process [Tenuta et al., 2008]. In fact, higher values of F
were found in the biofilm fluid and solids in the groups treated with APF-gel
compared with the control (Tables 1 and 2), but the differences were not
consistently significant. The absence of significance can be explained by the
variability on the analysis as the power of the study to detect differences between
the treatments was based on enamel demineralization as the main response
variable. In our previous studies, a statistically significant association between
APF-gel application and F concentration in biofilm solids [Paes Leme et al., 2004]
and in the fluid [Vale et al., 2011] was observed with lower number of volunteers
but the variability was also lower, showing the trend of the present data. Also, in
these previous studies the statistical analysis followed a factorial design, which
could explain the level of significance found.

In summary, the overall findings strongly suggest that the time of APF-gel
application could be reduced from 4 to 1 min without jeopardizing its anticaries
effect, either for permanent or deciduous teeth, but this in situ study should be

complemented by clinical trials.
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Table 1: Results for deciduous slabs according to the treatment groups (mean+SD; n=16)

Enamel Analyses

Dental biofilm Analyses

Treatment
AS? “CaFy” (ug F/cm?) - -
groups ’ F in fluid (uM) F in solids (umol/g)
(kg/mm*® x pm) Formed Retained
Negative control 12097.8 +5069.9”* 0.29+0.15%  0.34+0.14 "% 9.93+8.42 4 0.04 +0.03 *
APF-gel’ 1 min  4438.0 +2965.5% 21.86+8.81% 2.67+355" 10.56 +9.10 A 0.36+1.09 A
APF-gel 4 min 3652.3+23446% 26.86+894% 389+351°" 26.90 + 46.28 A 0.45+0.92 A

Distinct capital letters show statistically significant differences among treatment groups for each variable (p<0.05).

4 AS — carious lesion area
® APF-gel — acidulated phosphate fluoride gel application

For statistical analysis data for AS were log-transformed; data for “CaF,” were decimal transformed (0.3); data for F biofilm fluid were

transformed to the inverse; and F in biofilm solids was transformed to the inverse square root.

The data in this table are the original.
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Table 2: Results for permanent slabs according to the treatment groups (mean+SD; n=16)

Enamel Analyses Dental biofilm Analyses
Treatment
AS? “CaFy” (ug F/cm?) o . .
groups » F in fluid (uM) F in solids(umol/g)
(kg/mm? x pm) Formed Retained
Negative control 12076.2+6352.9* 0.31+0.16* 0.52+0.52" 9.87+10.33 % 0.03+0.03 4
APF-gel’ 1 min  3740.3+1964.98% 2199+1092% 155+0.938 14.22 +17.42 %8 0.29+0.84 A
APF-gel 4min  4407.8 +1586.2% 29.20+11.58% 343+394°B 2216 +25.42°" 0.39+0.914

Distinct capital letters show statistically significant differences among treatment groups for each variable (p<0.05).

4 AS — carious lesion area
® APF-gel — acidulated phosphate fluoride gel application
For statistical analysis data for AS were log-transformed; data for calcium fluoride (CaF,) were decimal transformed (0.3); data for F biofilm

fluid were transformed to the inverse; and F in biofilm solids was transformed to the inverse square root.
The data in this table are the original.
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CONSIDERACOES GERAIS

A aplicacao topica de FFA é um método efetivo no controle da doenga carie
(Marinho et al., 2004). Embora haja no mercado produtos com a sugestao de
aplicacao profissional de FFA 1,23% F por 1 minuto ndo h& evidéncias cientificas
para tal e a recomendacao dada € que a aplicacao seja feita por 4 minutos (ADA,
2006).

Estudos in situ sdo uma alternativa para avaliar o efeito do F frente a
desmineralizagdo, pois mimetizam as condi¢gdes bucais como fluxo salivar,
microbiota e temperatura sendo possivel padronizar a exposicao a sacarose € ao
F utilizando grupo controle negativo (sem aplicacao), fator ndo aplicavel a estudo
clinico por razbes éticas (Altenburger et al, 2009). Como mostrado pelos
resultados encontrados no presente estudo.

Assim, o presente trabalho mostrou que, em condicbes de alto desafio
cariogénico, a aplicacao topica profissional de FFA 1,23% F por 1 minuto foi capaz
de evitar a desmineralizacdo de esmalte deciduo e permanente da mesma forma
que a aplicacdo por 4 minutos. Os resultados contribuem para a pratica clinica,
diminuindo o tempo de atendimento e consequentemente o custo além do risco de

intoxicag&o aguda, especialmente na odontopediatria.
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CONCLUSAO

Os resultados sugerem que, a aplicacao profissional de FFA 1,23% em gel
por 1 minuto, mesmo sob um alto desafio cariogénico, é capaz de promover efeito
anti carie semelhante a 4 minutos, tanto em esmalte deciduo quanto em esmalte

permanente.
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APENDICE 1 - Delineamento experimental cruzado

O presente estudo in situ foi realizado em trés fases experimentais de 14 dias
cada. Dezesseis voluntarios foram aleatorizados para determinar a qual
tratamento seria submetido na primeira fase e seguiram o cruzamento mostrado
abaixo. Ao final do experimento, todos os voluntarios foram submetidos a todos os

tratamentos.

VOLUNTARIOS  FASE 1 FASE 2 FASE 3

A B CDEF Controle
G.v H) I/ J, K S 1 MIN
L,M,N,O,P 4 MIN
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APENDICE 2 - Esquema do dispositivo palatino

Esquema ilustrativo do dispositivo palatino confeccionado em resina acrilica para
os voluntarios, contendo quatro blocos de esmalte deciduo de um lado e quatro
blocos de esmalte permanente do outro. O lado de cada substrato foi determinado
por meio de aleatorizacdo para cada voluntario no inicio do experimento e mantido
em todas as fases.

Uma tela plastica foi fixada no acrilico, 1 mm acima dos blocos, para permitir o

acumulo de biofilme (Hara et al.,2003).
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APENDICE 3 - Fotos da coleta do biofilme e separa¢ao do fluido
| ISOCKRRIT Py~ .

No 15° dia de cada fase experimental, o dispositivo era entregue pelos voluntarios
para a coleta do biofilme dental formado.

Fluxograma da coleta do biofilme e extracao do fluido

21000 g, 4°C, 5 min

Microscopio

Estroma Fluido

Oleo mineral

Apds coletado com auxilio de uma espatula, o biofilme dental foi inserido em uma
ponteira com O6leo mineral a fim de evitar evaporagdo do fluido, pesado e
centrifugado. Na ponteira, sob microscépio, 3 fases podiam ser observadas: parte
sélida do biofilme (estroma), fluido do biofilme e 6leo mineral. O fluido foi removido
com o auxilio de uma micropipeta de vidro e armazenado sob 6leo mineral para

posterior analise da concentracdo de F.
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APENDICE 4 - Esquema de microanélise de fltior no fluido do biofilme

Microscope

Micro reference
" electrode  \jineral oil

Micro samples

Inverted
F electrode

Com o auxilio de microscépio, as amostras foram colocadas na superficie do
cristal do eletrodo ion especifico de F invertido e diluidas com TISAB Il (10:1), sob
6leo mineral. O microeletrodo de referéncia era posicionado em contato com as
amostras, fechando o circuito e permitindo a determinagdo da concentracdo de

fluoreto por meio de um potenciémetro.
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APENDICE 5 - Esquema da extracdo e dosagem de fllior na parte sélida do
biofilme

BIOFILME

CENTRIFUGACAO

0,1 mL de HCI 0,5 M titulado/10 mg de biofilme
3 horas temperatura ambiente em agitacao
0,1 mL de TISAB (20 g NaOH/L)/10 mg de biofilme

CENTRIFUGACAO

N\

PRECIPITADO SOBRENADANTE

Determinacao da
CONCENTRAGCAO
DE FLUORETO

Afericdo da concentragcdo de F com auxilio do potenciémetro conectado ao
eletrodo especifico para ion F.
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ANEXO 1 - Deliberacao da defesa em formato alternativo

INFORMAGAO CCPG/002/06°

Tendo em vista a necessidade de revisdo da reguiamentagdo das normas sobre o formato e a
impressdo das dissertagoes de mestrado e teses de doutorado e com base no entendimento exarado
no Parecer PG n® 1985/96, que lrata da possibilidade do formato alternativo ao ja estabelecido, a
CCPG resolve:

Artigo 1? - O formato padrdo das dissertagdes e teses de mestrado e doutorado da UNICAMP
deverao obrigatoriamente conter:

I Capa com formalo Gnico ou em formalo allernalivo que deveréa conter informagoes relalivas ao
nivel (mestrado ou doutorado) e a Unidade de defesa, fazendo referéncia a Universidade
Estadual de Campinas, sendo o projeto grafico das capas definido pela PRPG.

Il. Primeira folha interna dando visibilidade a Universidade, a Unidade de defesa. ao nome do
autor, ao titulo do trabalho, ao nimero de volumes (quando heouver mais de um), ao nivel
(mestrado ou doutorado), a drea de concentragdo, ao nome do orientador e co-orientador, ao
local (cidade) e ao ano de deposito. No seu verso deve constar a ficha catalografica.

Ill. Folha de aprovagao, dando visibilidade & Comissao Julgadora com as respectivas assinaturas.

iV. Resumo em porlugués e em inglés (ambos com no maximo 500 palavras).

V. Sumario.

VI. Corpo da dissertagao ou tese dividido em topicos estruturados de modo caracteristico a area
de conhecimento.

VIl Referéncias, formatadas segundo normas de referenciamento definidas peia CPG da Unidade
ou por critério do orientador.

Vill. Todas as paginas deverdo, obrigatoriamente, ser numeradas, inclusive paginas iniciais,
divisbes de capitulos, encartes, anexos, etc... As paginas iniciais poderao ser numeradas
ulilizando-se algarismos romanos em sua forma minGscula.

IX. Todas as paginas com numeragao "impar" serao impressas como "frente” e todas as paginas
€Om numeracgao “par” serdo impressas como "verso”.

§ 19 - A critério do autor e do orientador poderao ser incluidos: dedicatoria; agradecimento; epigrafe;
lista de: ilustragbes, tabelas, abreviaturas e siglas, simbolos; glossario; apéndice; anexos.

§ 2% - A dissertagao ou lese devera ser apresentada na lingua portuguesa, com excegao da
possibilidade permifida no artigo 2°desta Informagao.

§ 3% - As dissertacbes e teses cujo contetdo versar sobre pesquisa envolvendo seres humanos,
animais ou biosseguranca, deverao apresentar anexos os respeclivos documenlos de aprovagéo.

Artigo 22 - A critério do orientador e com aprovacéo da CPG da Unidade, os capitulos e os apéndices
poderao conter copias de artigos de autoria ou de co-autoria do candidato, ja publicados ou
submetidos para publicagdo em revistas cientificas ou anais de congressos sujeilos a arbitragem,
escrilos no idioma exigido pelo veiculo de divulgacgio.
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§ unico - O orientador e o candidato deverao verificar junto as editoras a possibilidade de inclusdo dos
artigos na dissertagao ou tese, em atendimenlo a legislagdo que rege o direito autoral, obtendo, se
necessaria, a compelente aulorizagao, deverdo assinar declaragao de que nao estao infringindo o
direito autoral transferido a editora.

Artigo 3% - Dependendo da area do conhecimento, a critério do orientador e com aprovacao da CPG
da Unidade, a disserlacdo ou tese podera ser apresentada em formato alternativo, desde que
observados os incisos |, II, lil IV, V e Vii do artigo 12

Artigo 4° - Para impressao, na grafica da Unicamp, dos exemplares definitivos de dissertacdes e
teses defendidas, deverao ser adotados 0s seguintes procedimentos:

§ 1° - A solicitagdc para impressao dos exemplares de dissertagoes e teses podera ser encaminhada
a grafica da Unicamp pelas Unidades, que se responsabilizarao pelo pagamento correspondente.

§ 2? - Um original da dissertagao ou tese, em versdo definitiva, impresso em folha tamanho carta, em
uma so face, deve ser encaminhado a grafica da Unicamp acompanhado do formulario “Requisigao de
Servigos Graficos", onde conste o nimero de exemplares solicitados.

§ 3% - A gréfica da Unicamp imprimira os exemplares soliciltados com capa padriao. Os exemplares
solicitados serao encaminhados a Unidade em, no maximo, cinco dias uteis.

§ 4° - No formulario "Requisicdo de Servigos Graficos" deverdo estar indicadas as paginas cuja
reproducdo deva ser feita no padrao “cores" ou “foto”, ficando entendido que as demais paginas
devam ser reproduzidas no padrdo preto/branco comum.

§ 5% - As dissertagoes e teses serdo reproduzidas no padrio frente e verso, excecao feita as paginas
iniciais e divisbes de capitulos; dissertagoes e teses com até 100 paginas serao reproduzidas no
padréo apenas frente, excecao feita & pagina que contém a ficha catalografica.

§ 67 - As paginas fornecidas para inser¢ao deverdo ser impressas em sua forma definitiva, ou seja,
apenas frente ou frente/verso.

§ 7¢ - O custo, em reais, de cada exemplar produzido pela grafica sera definido pela Administragio
Superior da Universidade.

Artigo 5¢ - E obrigatoria a entrega de dois exemplares para homologagao.

Artigo 62 - Esta Informagdo entrara em vigor na data de sua publicagio, ficando revogadas as
disposigdes em contrario, principalmente as Informagdes CCPG 001 e 002/98 e CCPG/001/00.

Campinas, 13 de setembro de 2006

Profa. Dra. Teresa Dib Zambon Atvars

Presidente
Comissao Central de Pos-Graduagéo
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ANEXO 2 - Certificado do comité de ética

COMITE DE ETICA EM PESQUISA &
FACULDADE DE ODONTOLOGIA DE PIRACICABA v

UNIVERSIDADE ESTADUAL DE CAMPINAS

CERTIFICADO

0O Comité de Etica em Pesquisa da FOP-UNICAMP certifica que o projeto de pesquisa "Efeito do tempo de aplicacio de
fliior fosfato acidulado na desmineralizagio do esmalte dental in situ”, protocolo n® 095/2009, dos pesquisadores
Cinthia Pereira Machado Tabchoury, Altair Antoninha Del Bel Cury, Ana Flvia Bissoto Calvo, Jalme Aparecido Cury e Livia
Marla Andalé Tenuta, satisfaz as exigéncias do Conselho Macional de Satide - Ministéric da Satde para as pesguisas em
seres humanos e fol aprovado por este comité em 12/08/2009.

The Ethics Committee in Research of the School of Dentistry of Piracicaba - State University of Campinas, certify that the
project "Effect of application time of acidulated phosphate fluoride on dental enamel demineralization in situ”,
register number 095/2009, of Cinthia Pereira Machado Tabchoury, Altair Antoninka Del Bel Cury, Ana Flavia Bissato Calve,
Jaime Aparecido Cury and Livia Maria Andald Tenuta, comply with the recommendations of the National Health Councll -
Ministry of Health of Brazil for research in human subjects and therefore was approved by this committee at

i
Prof. Dr. Pablo Agustin Vargas Prof. Dr. Jacks Jorge Junlor
Secretérlo Coordenador
CEP/FOP/UNICAMP CEP/FOPJUNICAMP

Hata: O iHluia 40 protacok Bpsiacs como Iomocko palos pesquisadarss, s quaiqisr sdiglo
Heatieai: Tha itk of he projsrt sppasrs &s provigsd by the sulhare, withoul edling
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ANEXO 3 — Comprovante de submissao do artigo

Dear Prof. Dr.

Thankyou for submitting your manuscript entitled "Time of APF-gel
application on formation and retention of "CaF2” on enamel of deciducusand
permanentteeth and on demineralization” to "Caries Research"; the
submission numberis: 2484. Your submission will now be checked by the
editorial office, and you will receive a confirmation mail fromthe

editorial office soon. This step will also activate your personal user-id
andpassword, enablingyou to login to the systam to check the status of

your manuscript.

Editorial Office
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ANEXO 4 - Orientac6es aos voluntarios

1. O dispositivo intrabucal deve ser utilizado durante todo o dia e a noite, sendo removido
da boca apenas durante as refeicdes ou quando vocé for comer ou beber alguma
coisa.

2. Quando estiver fora da boca, em nhenhum momento o dispositivo deve ser deixado

a seco. Guarde-o no porta-aparelho, com uma gaze umedecida em agua.

3. Procure evitar que o dispositivo fique fora da boca por um periodo prolongado,

restringindo-se ao tempo necessario para a alimentacao.
4. Utilize apenas o dentifricio fornecido.
5. Realize a higiene bucal normalmente, 3 vezes ao dia (veja abaixo — Escovacgio).

6. Nao utilize produtos para bochecho ou outros agentes topicos de qualquer natureza
na cavidade bucal durante a fase experimental.

7. Nao beba cha preto e cha verde durante o experimento, pois eles contém grande
quantidade de fluor.

8. Quando a pasta estiver acabando, entre em contato com a pesquisadora responsavel
para que seja reposta.

Gotejamento da solucao de sacarose a 20%

1. Seu aparelho possui 8 blocos, 4 de cada lado.

2. Uma gota da solugédo de sacarose devera ser aplicada sobre cada bloco, como seu
aparelho possui 8 blocos, vocé gotejara 8 gotas.

3. O gotejamento da sacarose nos blocos deve ser realizado nos horarios fixados na

caixa do aparelho

4. Para gotejar a solucdo, remova o dispositivo da boca, seque levemente com gaze a
regido da tela e goteje uma gota da solugéo sobre cada bloco, evitando tocar a ponta
do conta-gotas no dispositivo para ndo contaminar a solugado. Aguarde 5 minutos e
entdo recoloque o aparelho na boca.
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5. Se o primeiro gotejamento do dia ndao puder ser realizado as 8 horas, goteje no horario
possivel e mantenha todos os outros gotejamentos. E importante manter o total de
gotejamentos prescrito na caixa do aparelho!

6. Sempre que gotejar a sacarose, aguarde 5 min, nem mais, nem menos, e retorne o
aparelho para a boca. Nao goteje a solucao e deixe por mais de 5 minutos sem
colocar o dispositivo na boca.

7. O objetivo é que ocorra a formacado de grande quantidade de biofilme sob a tela

plastica; nao tente remover o biofilme!

ESCOVACAO:
1. Utilize somente a pasta de dente fornecida pelo pesquisador.

2. Realize a escovagao dos seus dentes 3 vezes ao dia (nem mais, nem menos) apos
as principais refeicdes, preferencialmente nos horarios: 7:30, 12:30, e 20:00 h.

Modo de escovagao:
1. Retire o aparelho da boca.
2. Escove seus dentes e enxagtie a boca do modo como esta habituado.

3. Cologue mais creme dental na escova e escove o dispositivo, iniciando pela parte
gue entra em contato com o palato.

4. Na parte onde esta a tela plastica, ndo escove a regiao da tela, para ndo remover
o biofilme que esta se formando. Escove na regidao entre as telas e passe a
espuma do creme dental sobre a tela, com a lateral da escova de dente.

5. Enxéagule o dispositivo, tomando cuidado para que os jatos de agua da torneira ndo
atinjam a tela plastica de forma direta.

— As solucoes deverao ser trocadas toda segunda, quarta e sexta-feira.
Solicitamos que vocé venha ao laboratério buscar a nova solucao nesses dias.
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