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Resumo
Como nao ha forte evidéncia cientifica que a aplicagdo profissional de fluoreto (APF) na forma
de espuma fluoretada ¢ eficaz para controlar carie e os produtos sdo geralmente lancados no
mercado sem uma avaliagdo minima do seu potencial anticarie, o objetivo deste estudo foi
avaliar o potencial anticarie da espuma Fltior Care® (FGM, Joinville, SC, Brasil,12300 ppm F,
acidulado), utilizando como controle positivo o produto Fltior gel® (DFL, Rio de Janeiro, RJ,
Brazil, 12300 ppm F, acidulado). Foi avaliado se a espuma tinha uma concentra¢ao necessaria
de fluoreto e se este foi capaz de reagir com o esmalte, formando produtos de reagao implicados
com o mecanismo de agdo do fluoreto no controle de carie. A concentracdo de fluoreto nos
produtos foi avaliada pela técnica direta utilizando eletrodo ion-especifico para fluoreto (EIE-
F) e estava de acordo com o declarado pelos fabricantes. O estudo foi conduzido em duas etapas:
Primeiro foi feita uma padronizagao de fatores que poderiam interferir com o efeito do fluoreto
aplicado e em seguida foi feita a comparacdo da reatividade da espuma e gel com o esmalte
higido e cariado. Foram padronizados (n=5/varidvel) os fatores: i) Aplicar na superficie do
esmalte seca ou Umida; ii) agitagdo ou nao do produto durante a aplicacdo; iii) tempo de agitagao
durante a aplicacdo (1, 2 ou 4 min) e iiii) tempo de lavagem (15, 30 ou 60 s) com 4gua purificada
apos a aplicagdo. As varidveis foram estudas a partir da formagao do tipo-CaF; (“CaF2”) no
esmalte com lesdo de cérie induzida e foram analisadas estatisticamente de forma independente
para espuma e gel. A unica variavel que se mostrou significante (p<0,05) foi agitacao durante
a aplicagdo, com aumento da concentragdo de fltior formado na forma de “CaF>” de 50,9 para
307,4 ng F/cm? quando a espuma foi agitada durante aplicagdo. A comparagado reatividade da
espuma com o gel foi feita com esmalte higido e com lesdo de cérie induzida. Foram utilizados
blocos (n=10/grupo) de esmalte bovino higido e com lesdo de carie induzida (cariados)
utilizando superficie imida do esmalte, aplicagcdo por 2 min com agitagdo e lavagem por 60 s.
Foram determinadas no esmalte as concentragdes de fluoreto total (FT) e dos seus subprodutos,
o “CaF»” e tipo-fluorapatita (FAp). FT e FAp foram extraidos do esmalte com acido e “CaF,”
com alcali, sendo as andlises feitas com EIE-F, utilizando metodologias padronizadas. Os
resultados de FT, “CaF>” e FAp formados foram expressos em pug F/cm? e a diferenga entre os
tratamentos para cada variavel foi analisada por ANOV A seguida pelo teste de Tukey (5%), de
forma independente para o esmalte higido e cariado. A espuma fluoretada nao diferiu do F-gel
(p>0,05) quanto a formagao de FT e “CaF,”, seja no esmalte higido ou cariado. Em relagdo a
FAp formada a espuma nado diferiu do F-gel (p>0,05) para o esmalte cariado, mas a

concentragdo no higido foi menor (p<0,05). Os resultados sugerem que a espuma fluoretada



acidulada avaliada so6 tera o mesmo potencial anticarie que o F-gel, em termos de formagao de

produtos de reacao no esmalte, se ela for agitada durante a aplicacao.

Palavras-chaves: Fluor. Carie dentaria. Fluoreto de Calcio. Fluoreto de Sddio. Esmalte dentario.



ABSTRACT
As there is no strong scientific evidence that professional application of fluoride (APF) in the
form of fluoride foam is effective in controlling caries and products are generally launched on
the market without a minimal assessment of their anticaries potential, the aim of this study was
to assess the potential anticaries of Flior Care® foam (FGM, Joinville, SC, Brazil, 12300 ppm
F, acidulado)using the product Fltior gel® (DFL, Rio de Janeiro, RJ, Brazil, 12300 ppm F,
acidulado) as a positive control. It was evaluated whether the foam had a necessary
concentration of fluoride and whether it was able to react with the enamel, forming reaction
products implicated in the mechanism of action of fluoride in caries control. The concentration
of fluoride in the products was evaluated by the direct technique using an ion-specific electrode
for fluoride (ISE-F). and was in accordance with what was declared by the manufacturers. The
study was developed in standardization of the factors that could interfere with the effect of
fluoride application and comparison of foam and gel reactivity with sound and decayed enamel.
The factors standardized (n=>5/variable) were: i) Apply on dry or wet enamel surface; ii)
agitation or not of the product during application; iii) agitation time during application (1, 2 or
4 min) and iii) washing time (15, 30 or 60 s) with purified water after application. The variables
were studied from CaF»-like ("CaF,") formation in caries-induced enamel and were analyzed
statistically independent for foam and gel. A single variable was significant (p<0,05) that was
agitation during application, with an increase in fluoride formation in the form of “CaF,” from
50.9 to 307.4 when the foam was agitated during application. The foam reactivity comparison
with the gel was made with sound enamel and with induced caries lesion. Slabs (n=10/group)
of sound bovine enamel and with induced caries lesion (caries) were used using wet enamel
surface, application for 2 min with agitation and washing for 60 s. The concentrations of total
fluoride (TF) and its by-products, “CaF,” and fluorapatite-like (FAp) were determined in
enamel. TF and FAp were extracted from the enamel with acid and “CaF>” with alkali, and the
analyzes were performed with ISE-F, using standardized methodologies. The results of TF,
“CaF,” and FAp formed were expressed in pg F/cm? and the difference between treatments for
each variable was analyzed by ANOVA followed by Tukey's test (5%), independently for sound
and carious enamel. Fluoride foam did not differ from F-gel (p>0.05) in terms of TF and “CaF;”
formation, whether in sound or carious enamel. Regarding the FAp formed, the foam did not
differ from the F-gel (p>0.05) for carious like-lesion enamel, but the concentration in sound
was lower (p<0.05). The results suggest that the acidulated fluoride foam evaluated will only
have the same anticaries potential as the F-gel, in terms of the formation of reaction products

in the enamel, if it is agitated during application.



Keywords: Fluorine. Dental Caries. Calcium fluoride. Sodium fluoride. Dental enamel
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1 INTRODUCAO

Os produtos de alta concentracao de fluoreto sao mundialmente utilizados por meio
da aplicacao profissional de fluoreto (APF) como tratamento complementar em individuos de
alto risco de carie. O beneficio dessa aplicagdo na prevengdo de lesdes de carie ¢ bem
estabelecido com base em evidéncias (Marinho, 2009).

Viarios veiculos tém sido usados para a APF como gel, verniz e espuma, com
concentracgdes de fluoreto variando de 9.000 a 54.500 ppm F. A espuma fluoretada surgiu por
volta dos anos 90, quando havia uma discussao sobre a ingestao de fluoreto apos APF utilizando
gel (LeCompte e Whitford, 1982). Entdo, na 63* Sessdo Geral da Associacdo Internacional de
Pesquisa Odontoldgica, algumas recomendacdes sobre APF foram estabelecidas (LeCompte,
1987). Uma alternativa para diminuir a quantidade de fluoreto que os pacientes eram
submetidos foi veicular o fluoreto na forma de espuma tendo mesma concentragao de fluoreto
que o gel. Deste modo, devido ao alto volume uma quantidade (mg) menor de fluoreto seria
aplicada na moldeira pela espuma que do gel, aumentando a seguranca da aplicagdo. Entretanto,
seria necessario avaliar se a espuma teria o0 mesmo potencial anticarie que o F-gel para ser
utilizada como alternativa.

A eficacia anticarie da APF depende da reatividade do fluoreto com o esmalte
dental (White et al., 1990). Durante a aplicagdo hd uma reacdo quimica entre o fluoreto e o
esmalte, formando dois produtos de reagdo. Um produto soliivel em alcali e outro insoliivel em
alcali, somente solubilizado por acidos, esses produtos sdo classificados como fluoreto
fracamente ligado (ou “CaF,”) e firmemente ligado ao esmalte (ou FAp), respectivamente. O
“CaF,” ¢ o produto de maior formacao no substrato (Arends et al., 1983) e o mais relevante em
termos de eficacia anticarie (Tenuta et al., 2008). Entretanto, essa a formacao de fluoreto ¢
dependente de alguns fatores.

Os dois principais fatores sao a concentragdo de fluoreto e o pH do produto, sendo
diretamente proporcional a concentracdo, e inversamente proporcional ao pH (Saxegaard e
Rolla, 1988). Tem sido mostrado que a espuma fluoretada possui a mesma reatividade com o
esmalte higido que o F-gel (Whitford et al., 1995; Hayacibara et al, 2004) e seria de esperar
resultado semelhante no esmalte com lesdao de carie. Estudos estao presentes na literatura com
o intuito de demonstrar a eficacia anticarie da espuma em relacdo ao F-gel, entretanto ndo ha
uma padronizagdo no modo de aplicagdo para avaliar a importancia da superficie do esmalte

estar seca quando da aplicagdo, assim como o efeito da agitacdo durante a aplicacdo. A
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comparacao da espuma neutra com o F-gel neutro em termos de formacgao de “CaF>” e FAp no
esmalte ap6s aplicagdo por 1 min foi estudada (Delbem et al., 2010) e ndo houve diferenca
significativa entre os produtos. Do mesmo modo, a importancia do tempo de lavagem do
esmalte apos a aplicacdao ndo tem sido avaliada de forma sistematica. Em acréscimo, embora a
eficdcia anticdrie da espuma ja tenha sido avaliada clinicamente ainda ndo ha forte evidéncia
para sua recomendacao (Benson et al., 2019).

O efeito do tempo de aplicagdo do F-gel estd bem descrito na literatura (Delbem e
Cury, 2002; Villena et al., 2009; Calvo et al., 2012), entretanto para a espuma ainda ndo ha
validagdo. O efeito da lavagem do substrato apos o tratamento com F-gel também ¢ bem
estabelecido (Delbem et al., 2005), mas nao ha consenso para a espuma. Ainda assim, uma
variavel importante ¢ a forma de aplicagdo do produto. A moldeira surgiu pela demanda de
aplicagdo de um produto fluoretado em Saude publica, assim seria possivel realizar APF em
varias criancas a0 mesmo tempo. Entretanto até o presente momento nao ¢ de nosso
conhecimento que algum trabalho tenha sido realizado analisando a aplicacdo da espuma sem
ou com agitacao.

Sendo assim, existe a necessidade de padronizacdo dessas variaveis ao analisar uma
espuma fluoretada. E comum novos produtos para aplicagdo profissional de fluoreto serem
lancados no mercado e usados sem nenhuma avaliacdo minima seja necessaria. A avaliacao da
reatividade pode ser feita usando esmalte higido ou com lesdo de carie (cariado), simulando
respectivamente o efeito “preventivo” e “terapéutico” do fluoreto. Isso porque a formacao de
reservatorios de fluoreto na forma de “CaF»” promovera a liberagao lenta de fluoreto para o
meio, interferindo com o processo de perda e ganho mineral (Tenuta et al., 2008).

Assim, o objetivo do presente trabalho foi avaliar o potencial anticarie da espuma
fluoretada em comparag@o com o F-gel, em termos da reatividade com o esmalte higido e com
lesdo de carie, utilizando protocolo padronizado levando em consideragdo as varidveis acima
descritas. A hipdtese operacional elaborada para este estudo foi que a espuma, por ter
concentragdo de fluoreto e pH semelhante ao F-gel, teria a principio o mesmo potencial

anticarie em termos de produtos de reacao formados no esmalte.
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SUMMARY

Foam has been used worldwide as a vehicle for the professional application of fluoride and
hypothetically should have the same anticaries potential as conventional fluoride gel (F-gel) in
terms of the formation of reaction products with enamel. Thus, the ability of Fluor Care® foam
(FGM, Joinville, SC, Brazil, 12300 ppm F, acidulated) to react with enamel was evaluated in
comparison with Flaor gel® (DFL, Rio de Janeiro, RJ, Brazil 12300 ppm F, acidulated). Slabs
(n=10/group) of sound enamel and with caries lesion were used, in which the concentrations of
total fluoride (TF), and loosely (CaF») and firmly (FAp) bound types were determined. The
importance of agitation during application was previously tested. The determinations were
made with fluoride ion-specific electrode and the results were expressed in pug F/cm? of the
treated enamel area. The difference among treatments was analyzed by ANOVA and Tukey
(5%), independently for sound and carious enamel. The agitation of the products during
application significantly increased the reactivity of the foam (p<0.05), but not that of the gel
(p>0.05). The foam did not differ from F-gel (p>0.05) concerning the formation of TF and
"CaF>" in sound or carious enamel. In terms of FAp, the foam did not differ from F-gel (p>0.05)
in the carious enamel, but the concentration in the sound was lower (p<0.05). The results
suggest that in order for this commercial fluoride foam tested to have the same anticaries
potential as the control F-gel used, it needs to be agitated during application, what raises a
question about other brands.

Keywords: fluoride, calcium fluoride, sodium fluoride, topical fluoride, tooth enamel



O 0 9 N N B~ W N =

W W W W D NN NN NN NN = = = e = e e e e
W D = O O 0 NN N R WD =, O O 0 N R W N = O

18

INTRODUCTION

The professional fluoride application (PFA) for controlling dental caries has been
used for over 50 years, using products of high fluoride concentrations (9,000 to 54,500 ppm F).
In the past, aqueous solution of NaF at 2% was used, but currently, commercially available PFA
products are formulated in gel, foam and varnish form. These different formulations were
developed and launched on the market for some reason. Particularly, in the case of fluoridated
foam, it was created as a safer alternative than PFA gel (F-gel) to reduce fluoride intake by
children (1,2). In addition to the safety factor in the clinical recommendation of the various
vehicles for PFA, the anticaries potential of these commercial products should be evaluated and
tested before commercialization (3). The effect of pre-procedures, as well as those during and
after the application of products, should be systematically evaluated.

The potential of the anticaries efficacy of vehicles for PFA can be estimated in the
laboratory by the reactivity of fluoride with dental enamel, whether sound (to estimate the
"preventive" effect) or with caries lesion (carious, to assess the "therapeutic" effect). Due to the
high concentration of fluoride that is applied to enamel, the result is the formation of a high
concentration of chemical reaction product. The total fluoride (TF) formed can be differentiated
into two reaction by-products (4), one type is calcium fluoride ("CaF;") and the other type
fluorapatite (FAp). These can be differentiated because the "CaF," is soluble in alkali, being
extracted first with KOH, and the FAp, being insoluble, is then extracted with acid (5). In
addition, "CaF," formed in enamel in a greater quantity than FAp (4), has been considered, in
terms of the anticaries potential, as the most important by-product (5). Given the importance of
the chemical reaction with enamel in the formation of reaction products, the effect of drying or
not the dental surface before application, agitation and time during application and washing or
not washing the tooth after the application has to be evaluated. However, the factors that
interfere with the reactivity of fluoride with enamel have been extensively evaluated for gel (6,
among others) and varnish (7, among others), but not for the anticaries potential of foam. In
addition, the mechanism by which the reactivity of the fluoride of the varnish with the enamel
occurs differs from the gel and foam (8). Gel and foam, besides presenting the same fluoride
concentration and pH, are comparable in terms of reaction mechanism with enamel. In addition,
the anticaries efficacy of F-gel is evidence-based (9) and thus it can be used as a positive control
for the anticaries potential of foam.

Therefore, Wei and Hattab (1) compared the reactivity of acidulated foam with the
gel when applied in vitro to the enamel for 4 min at room temperature and 100% humidity.

After application, the dental surfaces were washed with water for 30 s, followed by washing
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with deionized water for 1 min. The authors did not observe a statistically significant difference
between foam and gel in the TF concentration found at 5 um from the enamel surface, however,
the foam was less reactive at higher depths. Whitford et al. (10) compared in vivo the difference
between foam and F-gel in terms of reactivity with enamel. The applications were made for 4
min with trays and the products did not differ in terms of TF concentrations formed. Hayacibara
et al. (11) found no statistical difference between acidulated foam and F-gel in the formation of
"CaF>" in sound enamel. Applications were made with swabs for 4 min, however there are no
details if there was agitation of the products during the application. More recently, Delbem et
al. (12) compared foam with neutral F-gel in terms of the formation of "CaF," and FAp in
enamel after application for 1 min and found no significant difference between the products.
This research showed that washing the enamel with water shortly after application does not
reduce the concentration of products formed by the application of foam as of gel, corroborating
a previous study done with F-gel (13).

As reported above, although studies have been made to evaluate the anticaries
potential of fluoridated foam, none of the studies mentioned was systematized to evaluate the
importance of the enamel surface being dry at the time of application, as well as the effect of
agitation during application. Furthermore, it is also not known if the foam would not form the
same concentration of reaction products in enamel in 1 min as in 4 min. Likewise, the
importance of enamel water rinsing time after application has not been systematically
evaluated. In addition, although the anticaries efficacy of foam has already been clinically
evaluated, there is still no strong evidence for its recommendation (14).

Thus, the present study aimed to assess the anticaries potential of fluoridated foam
compared to F-gel, in terms of reactivity with enamel sound and with caries lesion, using a
standardized protocol considering the abovementioned variables. We hypothesized that foam
with fluoride concentration and pH similar to F-gel, would have equivalent anticaries potential

compared with F-gel in terms of reaction products formed in enamel.

MATERIALS AND METHODS
Experimental design

This study evaluated whether acidulated fluoridated foam would have the same
anticaries potential as fluoride gel (F-gel). Three bottles of Flior Care® foam (FGM, 12300
ppm F, acidulated) were purchased at different places of sale. As a positive control, acidulated
Fltior gel® from DFL (12300 ppm F) was purchased and used. All products were within the

shelf life declared on the packaging. The fluoride concentration in the products was determined
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1 by the direct technique with ion-specific electrode for fluoride (ISE-F). As the concentrations
2 found were in accordance with the expected, one bottle of foam was randomly chosen for the
3 reactivity test with the enamel.
4 An in vitro, randomized, treatment-related and paired study was conducted in
5 relation to reactivity products formed in sound enamel and with caries lesions. The experiment
6  was conducted in two steps. In the first (Figure 1), enamel slabs with induced caries lesion
7  (n=5/variable) were used. The slabs were treated with foam or F-gel, being evaluated the
8 importance of the following parameters in terms of the concentration of fluoride type CaF:
9 ("CaF:") formed: i) being the surface of dry enamel; (ii) agitation during application; iii)
10  duration of agitation and iv) the rinsing time of the slab after application.
[ 50 enamel slabs (4xdx2 mm) |
l Caries induction
Longitudinal section of slabs
| 100 enamel slabs with caries like-lesion (4x2x2 mm) l
[
Enamel Surface Condition Agitation during application Time of agitation Washing time
I I
N=|20 N=|20 N=|30 N=I3o
Stratified randomization Stratified randomization Stratified randomization Stratified ralmdomizaﬁon
n=5lgroup n=5/group n=Slgroup n=s/group
2 group x 12 group Z gro:p = Izgf?up 3 group | 3 group 3 group | 3 group
Foam Gel | Foam  Gel Foam | Gel F [ Gel |
Enamel Dry || Enamel Dry w't:,';:tm !wn‘l:;t:mr treatment for | | treatment for was::::m, wash :,”5‘
or \i\’e‘ | or WTt | agitation | | agitation 7‘ (1,2 °rl,4 min | | 1-21‘:'"4 min | 30o0r60s 300r60s |
| Treatment for 1 min without agitation Treatment application for 1 min without or with agitation | | Treatment for 1, 2 or 4 min with agitation Treatment for 2 min with agitation
Rinsing with water for 15 s Rinsing with water for 15 s Rinsing with waterfor15 s Rinsing with water for 15, 30 or 60 s
Alkaline extraction
Neutralization and buffering
| Analysis of extracts with F-ISE |
T
Mg Flem?
as “CaF,”
11

12 Figure 1 - Flowchart of the experimental design for the standardization of the reactivity

13 protocol
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In the second step (Figure 2), slabs (n=10/group) of bovine sound enamel and with
induced caries lesions were stratified between the treatments with foam and F-gel, based on
surface hardness. The slabs were sectioned in half; one half of each slab was treated with foam
or F-gel for 2 min under agitation and the other was used as a negative control (baseline),
characterizing a paired design. The concentrations of total fluoride (TF), in the form of "CaF>"
and fluorapatite type (FAp) were determined in the treated and control halves of each slab. The
results found in the treated hemi-slabs were subtracted from the controls and expressed in pg
F/cm?. The results of the standardization and the final reactivity were analyzed by ANOVA
followed by the Tukey test (5%), independently for the sound and carious enamel, and for TF,
"CaF>" and FAp formed.

Sound or caries like-lesion enamel slabs
40 slabs (4x4x2 mm)
Stratified randomization
n=10/group
| N— {— I ; | I
Foam F-gel Foam F-gel |
Group | Group Group | Group

I Section |Secﬁon | Section I Section

Control Treatment Control Treatment Control Treatment Control Treatment
hemi-slabs hemi-slabs hemi-slabs hemi-slabs hemi-slabs hemi-slabs hemi-slabs hemi-slabs

! \ ! i ! , !

Foam ap;.)lication Gel appllicaﬂon Foam application Gel apr;.i.ication
| agitation for 2 min ] agitation for 2 min_ agitation for 2 min agitation for 2 min ‘

N A 4 Y A
!

Concentration of total fluoride (TF) formed | | Fluoride concentration formed as “CaF,” and FAp_|

!

i axtrachion | Slabs - Alkaline extraction

Neutralization and buffering
1 Alkaline Extract Residual slabs

Fluoride Analysis with F-ISE

| Neutralization and buffering | Acid extraction
Neutralization and buffering

ug Flcm? Fluoride Analysis with F-ISE

v
Fluoride Analysis with F-ISE

ug Ficm? pg Ficm?

Figure 2 — Flowchart of the experimental design to compare the reactivity of the foam with the

F-gel in the formation of TF, "CaF>" and FAp in the sound and carious enamel.
The hypothesis of this study was that foam, because of similar fluoride
concentration and pH to F-gel, would have the same anticaries potential in terms of reaction

products formed in sound or carious enamel.

Determination of fluoride and pH of foams and gel
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Of each bottle, an amount of 100.0 mg (+0.01) was weighed in duplicate, which
was dissolved in ultrapure water and the final volume was completed to 100 mL. Duplicates of
1.0 mL of each extract were buffered with equal volume of TISAB II (1.0 M acetate buffer, pH
5.0, containing 1 M NaCl and 0.4% CDTA) and fluoride concentration was determined with
ISE-F, as described in the "fluoride analysis" section. The pH was estimated with indicator
paper (MQuant®, Merck KGaA, Darmstadt, Germany; lot number: HC178067) (0.5 pH

units).

Preparation of enamel slabs and induction of caries lesion

Enamel slabs (4x4x2 mm) were obtained from bovine incisor teeth and their
surfaces were flattened and polished (15). Surface hardness (SH) was determined and 200 slabs
with SH of 331.9+17.3 kg/mm? (mean+SD) were selected. One hundred and sixty slabs were
immersed (2 mL of solution per mm? of enamel surface area) in 0.1 M acetate buffer pH 5.0
containing 1.28 mM Ca, 0.74 mM Pi and 0.03 ug F/mL, for 12 h at 37°C, to induce subsurface
caries lesion (16). SH was again determined and 90 slabs with hardness of 9.6+4.8 Kg/mm?
were selected for the standardization of foam and F-gel application conditions and for the final
reactivity test comparing these professional application products. To standardize the
methodology of application of the products (Figure 1), 50 carious slabs were longitudinally
sectioned, resulting in 100 slabs (2x4x2 mm) that were distributed in a stratified way, based on
their surface hardness, for the standardization variables (n=5/variable). For the analyses of TF,
"CaF;" and FAp (Figure 2), the remaining 40 demineralized slabs and 40 sound slabs were
stratified between treatments (n=10/group), also based on their surface hardness. The length
and width of the hemi-slabs were determined with a digital caliper (= 0.01 mm) to calculate the
enamel area that was exposed to the treatments. All other surfaces of the hemi-slabs, except for

the enamel surface, were then protected with wax 7.

Standardization of the methodology of application of products

For standardization, carious enamel slabs were used, and the effect of the variables
studied was estimated in terms of the concentration of fluoride type "CaF>" formed in enamel.
The flowchart in Figure 1 illustrates the evaluated parameters, the details of which are described

below:

i) Importance of enamel surface being dry



~N N kW

Co

10
11
12
13
14
15
16
17
18
19
20

21
22
23
24
25
26
27

28
29
30
31

23

Twenty slabs were distributed in 4 groups of 5 to evaluate the importance of the dry
enamel surface for the chemical reaction of fluoride from F-gel or foam with enamel (Figure
1). Drying was done for 15 s with air jet. Enamel moistening was done by distributing 3 drops
of 1 uL of ultrapure water across the surface of each slab right before applying the products. A
quantity of foam or gel (~0.4 g/slab) was placed on the enamel surface of each slab using one
cotton swab per application. The products were not stirred and after 1 min the slabs were washed

for 15 s with ultrapure water jets.

(ii) agitation or not of the product during application

Twenty slabs were distributed in 4 groups of 5 to evaluate the effect of foam and F-
gel agitation on fluoride reaction with enamel (Figure 1). The surface of the enamel of each
slab was moistened as already described. With the aid of a cotton swab, approximately 0.4 g of
foam or gel was deposited on the enamel surface. The agitation was made for 1 min with the
swab itself, performing circular movements every second. After 1 min of agitation or not, the
slabs were washed for 15 s with ultrapure water jets.
iii) Agitation time during application

Thirty slabs were distributed in 6 groups of 5 to evaluate the effect of agitation time
of F-gel or foam applied on the fluoride reaction with enamel (Figure 1). The approximate
amount of 0.4 g of foam or gel was applied on the surface of the moistened enamel of each
block, with a cotton swab. Agitation was done for 1, 2 or 4 min and the slabs were washed for

15 s with ultrapure water jets.

iv) Duration of water rinsing after application

Thirty slabs were distributed in 6 groups of 5 to evaluate the effect of the duration
of water rinsing after application of F-gel or foam, either in terms of removal of the applied
products or on the reduction of the concentration of reaction products formed in enamel (Figure
1). The application was made as described in the previous item, fixing the agitation time in 2
min. The rinsing times tested were 15, 30 and 60 s. The fluoride analysis protocol of type "CaF>"

formed in enamel is described in the session "Determination of "CaF," and FAp formed".

Reactivity of foam and gel with enamel
The flowchart in Figure 2 illustrates the procedures performed, the details of which
are described below: The enamel surface was moistened and with the aid of a cotton swab,

approximately 0.4 g amount of foam or F-gel was applied. The applied products were agitated
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for 2 min with circular movements and then washed for 60 s with ultrapure water jets. The

control hemi-slabs were treated with ultrapure water.

Determination of total fluoride (TF) formed in enamel

The TF formed in the enamel was extracted with acid by the serial removal of
3 layers of enamel, as previously described (13). Each slab was individually placed in a first
test tube, to which 0.25 mL of 0.5 M HCI was added, and after 15 s under agitation the slab was
removed, washed for 30 s with ultrapure water and transferred to another tube. This extraction
was repeated using two more tubes, but by the times of 30 and 60 s of agitation. To extracts,
0.25 mL of TISAB II (containing 0.5 M NaOH) was added and fluoride in these solutions was
determined with ISE-F as described in the session "Fluoride analysis". The amounts (ng) of
fluoride found in each extract were summed, the value divided by the treated enamel area, and
the result was expressed in pug F/cm?. The result found in the enamel of the treated hemi-slab
was subtracted from the existing one found in the respective control hemi-slab, and thus the net
result is TF formed by the treatment done.

Determination of ""CaF:" and FAp formed in enamel

As illustrated in Figure 2, the concentrations of "CaF>" and FAp formed were
sequentially determined in the enamel of the same slab, first extracting with alkali the loosely
bound fluoride, CaF; type ("CaF,"), followed by extraction with acid of the firmly bound
fluoride residual, not soluble in alkali, a previously described methodology (5).

Each enamel slab was placed in a test tube, to which 0.25 mL of 1 M KOH was
added. The slab was removed, washed and transferred to another tube for acid extraction and
determination of FAp concentration, according to the methodology described for TF.

Fluoride concentration in alkaline and acid extracts was determined with ISE-F, as
described in the "Fluoride analysis" section. The amount (pg) of fluoride found in the alkaline
extract was divided by the area of the treated enamel, and the result was expressed in pg F type

"CaF," per enamel area (ug F/cm?). The FAp concentration was also expressed in pg F/cm?, as

described for TF. The result found in the enamel of each treated hemi-slab was subtracted from
the existing one found in the respective hemi-control slab, and thus the net result represents

"CaF;" and FAp formed by the treatment made.

Fluoride analysis with ion specific electrode
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All determinations were made with ISE-F Orion 96-09 (Thermo Scientific Orion,
Boston, MA, USA) coupled to a VersaStar (Thermo Scientific Orion) ion analyzer, calibrated
according to each determination made, as described:

To determine the fluoride concentration in foams and gel, the equipment was
calibrated with standards containing 0.5 to 16 pg F/mL and TISAB II at 50%. For the
determination of "CaF,", calibration was performed with standards containing 0.03 to 16 pg
F/mL, 0.5 M KOH and TISAB II (containing 0.5 M HCL) at 50% (v/v). For the determination
of TF and FAp, calibration was performed with standards containing 0.03 to 16 ug F/mL, 0.25
M HCI and TISAB II (0.5 M NaOH) at 50% (v/v). All fluoride standards were prepared with
NaF 99.99% (Sigma-Aldrich, lot 215309, St Louis, MO, USA). The linear regression
coefficient between the fluoride concentrations of the standards and the respective mV values
were calculated using the Excel spreadsheet® (Microsoft Corporation., Chicago. USA). The 12
values of all curves were at least 0.999. The accuracy of the calibration curves was verified with
a standard Orion fluoride solution 940907 (Thermo Fisher Scientific Inc.) and the percentage
of variation between the found and the expected ranged from -0.71 to 2.0%.

The mV values of the sample readings were converted to fluoride concentration
using the same Excel worksheet® as the calibration. The results of fluoride concentration found
in the foam and gel used were the amount of fluoride by weight (mg F/kg). The liquid
concentrations of fluoride-formed enamel (TF, "CaF>" and FAp) were expressed as the amount

of fluoride per treated area (ug F/cm?).

Statistical analysis

The Shapiro-Wilk test evaluated the normality of the error distribution. The
concentrations of TF, "CaF>" and FAp were analyzed by ANOVA followed by the Tukey test.
The standardization data of the methodology were independently analyzed for foam and gel.
The comparison between foam and gel in terms of TF, "CaF;" and FAp formed in enamel were
made independently for the sound and the carious enamel. All analyses were performed by the

SPSS Statistics 26.0 application (IBM Corporation, New York, USA).

RESULTS
The fluoride concentration in the two products was similar to that reported by the
manufacturers, 12,193 and 12,167 g F/g, respectively for foam and gel. It was also confirmed

that the products were acidified (pH ~3.5 for both products).
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Figure 3 shows that, among the variables tested that could interfere with fluoride
reactivity with enamel, product agitation during application (Figure 3B) was the only relevant
variable. When foam was agitated during application, the reactivity increased from 50.9 to
307.4 pg F/cm? and the difference was statistically significant; for gel, the effect of agitation

was not statistically significant (p>0.05).

B
300 mm Dry surface 400+ B mm Without agitation
a
mm Wet surface = With agitation
300
T 200 . a 2
2 :
w T 200-
2 o
= 100 5
100
0~ 0-
Foam Gel Foam Gel
* - n=4 (lost slab)
c D * _n=4 (outlier)
400+ 400 A a
B 1min A A i[ a Il 15s
B 2 min 300- I UP = 30s
1 4 min E [ 60s
2 200-
=]
)
100
0- T T
Foam Gel Foam Gel

* - n=4 (lost slabs)

Figure 3 - Concentration (ug F/cm?) of type "CaF," found in enamel (mean+SD;n=5) by the
reaction with the foam and F-gel used, according to the tested variables: (A) Dry or wet enamel;
(B) agitation during application; (C) agitation time and (D) rinsing time. Distinct letters denote
statistically significant differences between the variables (p<0.05), independently, for foam

(uppercase letters) and gel (lowercase).

Figure 4 shows that the foam did not differ from the F-gel in relation to the
formation of TF (Figure 4A) and “CaF,” (Figure 4B), either in reactivity with sound or carious
enamel (p>0.05). In terms of FAp formed (Figure 4C), the foam did not differ from the F-gel

for carious enamel (p>0.05), but the concentration in sound was lower (p<0.05).



F-N VS I V]

O 0 9 O W

10
11
12
13
14
15

27

SOUND CARIES LIKE-LESION
* - n=9 (Outliers)

B c
400 100
BN Foam a @ = Foam a
H Gel - B
300- 80 Gel
E T 60- a
Q (S]
L 200+ o
g g 407
100
20
A A A B
0- 0 —
SOUND CARIES LIKE-LESION SOUND CARIES LIKE-LESION

Figure 4 — Concentration (ug F/cm?) of TF (A), "CaF>" (B) and FAp (C) formed in sound and
carious enamel (mean;SD;n=10) after treatments with the foam or gel used. Distinct letters
denote statistically significant differences between foam and gel (p<0.05), independently, for

sound enamel (uppercase letters) and carious (lowercase).

DISCUSSION

The data obtained supported the hypothesis of this study, in the sense that the foam
having the same pH and the same fluoride concentration would have the same anticaries
potential as F-gel in terms of reactivity with dental enamel. However, this premise is only valid
if the foam is agitated during its application on the surface of the enamel and to the best of our
knowledge the finding is being reported for the first time. In addition, the effect of factors
involved in the pre-, during and post-application, whether foam or F-gel in enamel, have never
been systematically evaluated as done in the standardization of the reactivity methodology used
in the present study.

For the standardization of the reactivity methodology, we chose to use enamel with

caries lesion and to evaluate the effect of the variables studied by the concentration of "CaF,"
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formed by two reasons. First all because "CaF»>" is considered the reaction byproduct formed in
enamel responsible for the anticaries mechanism of action of fluoride for professional use
(5,17). Secondly, because greater "CaF>" concentration is formed in the carious enamel than in
the sound (18), increasing the sensitivity of finding small difference of the effect of factors
under study. The first factor evaluated in the present study was the importance of the enamel
surface being dry before fluoride application. Our results showed (Figure 3A) that there was no
significant difference in the formation of "CaF>" in wet or dry enamel, either by the application
of foam or F-gel. The importance of being dry enamel before professional fluoride application
has clinical implication and has been recommended in the past when aqueous solution of NaF
2% was used for direct application on dental surfaces (19). At the present, gel, foam and varnish
have been used as vehicles for professional fluoride application and the relevance of the dental
surface being dry has to be discussed for each case. For varnish application, the surface should
be dry to allow the adhesion of the varnish on the applied surface and the subsequent time-
dependent fluoride reactivity (7,8,20,21). However, the relevance of this factor for the reactivity
of foam and gel fluoride is totally distinct. Unlike varnish, both foam and gel are products of
immediate reaction of fluoride with enamel and the understanding of how the chemical reaction
occurs should be considered (4) in the present discussion. The reactivity of fluoride with enamel
depends directly on the fluoride concentration of the applied product and the availability of
calcium from enamel (22). The fluoride concentrations of both foam and gel are maintained
during the reaction with enamel because they are applied to the teeth with trays, not having
during the reaction dilution by saliva, different from what occurs with application of NaF
solution at 2%. Thus, the most important factor to be considered is the availability of calcium
for the chemical reaction. During the reaction, the aqueous liquid medium is important not only
to provide calcium from the tooth to the hydration layer of the enamel, as for the fluoride of the
product to be in ionic form, react with calcium and form "CaF>". Both foam and gel are aqueous
media, what means that fluoride is in its free ionic form and calcium is naturally present in the
hydration layer of enamel (23). The limiting factor in the reaction is the amount of calcium that
is increased by the acid pH of the foam and gel applied. Thus, the result found of the non-effect
of drying the enamel surface in terms of reactivity of the fluoride of the applied foam or gel is
explainable.
The second factor evaluated was the importance of product agitation during

application. It was decided to moisten the enamel surface because during the clinical application
of the foam using a tray, there will always be a film of saliva on the teeth (24), even if they

were "dried" with air jet. The results found (Figure 3B) showed that agitation was fundamental
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to increase the reactivity of foam fluoride, but not that of gel. To our knowledge, this
information has never been reported before, for which there must be an explanation. The most
likely explanation of the difference between foam and gel is physical and non-chemical in
nature, as discussed in the previous paragraph. In both foam and gel, fluoride is in free ionic
form to react with the enamel, but the air bubbles present in the foam limit the interaction of
fluoride with the enamel surface. Thus, the agitation of the foam during application should
increase the surface of contact with enamel, enhancing its reactivity. The result found may have
clinical relevance regarding the anticaries potential of fluoridated foam in terms of formed
reaction products. Foam has been applied with double trays and the only clinical
recommendation is that the patient should be occluding (10). Most likely, reactivity will depend
on the patient's behavior in terms of occlusal movements during application and should be
further evaluated. On the other hand, the need for agitation was observed for this specific
commercial brand of foam.

Although agitation has been shown to be important only for the reactivity of foam
fluoride, it was also done during the application of the gel when evaluating the effect of the
agitation time factor. Reasonable clinical times of application (1, 2 and 4 min) were simulated,
and our results showed that the effect of reactivity was not time dependent (Figure 3C), either
for foam or gel. This result was already known for F-gel from studies done in vitro (25) and in
situ (6,26). The absence of effect of time is explainable because the chemical reaction between
fluoride and enamel is self-limiting, mainly because the products used were acidic. The reaction
1s instantaneous but is limited by the amount of calcium for the reaction, not the fluoride, which
is in excess either in the foam as in the gel. As the diffusion of acid to remove more calcium
from the inside of the enamel is self-limited, the reactivity reaction reaches equilibrium in a
short time. It should be emphasized the clinical relevance of the present data, because if the
time of application of the foam could be reduced from 4 to 1 min (27, among others) without
impairing the anticaries efficacy of foam application, its safety in terms of fluoride intake during
application would increase.

Regarding the standardization test of the importance of time of rinsing enamel with
water after product application, this issue should be discussed from either an experimental point
of view as well as its clinical relevance. Our results showed (Figure 3D) that the enamel, with
the products applied on it, can be rinsed with water for up to 1 min, without reducing the effect
of fluoride reactivity. This result is important in the laboratory to avoid further contamination
in the fluoride analysis. Thus, residuals of foam or gel adhered to the enamel surface would be

washed away. This result is also of clinical relevance and was already known for F-gel that
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rinsing enamel with waterjet does not reduce the concentration of reaction products formed
(13), which is also valid for foam (12). The greatest concern would be the dissolution of the
weakly bound fluoride formed, but in addition to pure CaF> being a low solubility salt in water
(1.5 mg), the solubility of the "CaF>" formed is even lower (28). Thus, washing the teeth with
water jets after applying fluoridated foam would increase the safety of fluoride intake from the
foam that is adhered not only to the teeth but also throughout the oral cavity. In summary, the
results of the present study (Figure 4, A, B) clearly showed that in terms of reactivity, acidulated
foam has the same anticaries potential as acidic F-gel, however it needs to be shaken during
application (Figure 3B). The equivalence of the anticaries potential was compared with F-gel,
not only by the similarity of clinical application, but also by the fact that the anticaries efficacy
of acidulate F-gel is based on evidence (9). This equivalence was estimated by the formation of
"CaF>" (Figure 4B), the reaction byproduct considered responsible for the anticaries effect of
fluoride and professional use (5). It has also been demonstrated that this equivalence with F-gel
is valid for sound enamel and with caries lesion (Figure 4 B). Thus, it is expected that the foam
would have the same anticaries efficacy, from a preventive point of view to interfere with the
development of caries when applied in sound enamel, as therapeutic in the inhibition/reversal
of pre-existing caries lesion in enamel. In addition, the results of "CaF;" formed (Figure 4 B)
were equivalent to those of TF (Figure 4A), suggesting that the determination of TF can be
made instead of "CaF>" to estimate the anticaries potential of professional fluoride. The
advantage of determining TF rather than "CaF>" is that it would determine how deep in the
enamel surface the chemical reaction occurred. In the present work, this was made, and the
reactivity extended up to 100 um from the anatomical surface of the enamel but did not
differentiate the F-gel foam (data not shown).

This laboratory study, which evaluated the anticaries potential of foam used for
professional fluoride application, was done not only in conditions simulating the clinical use of
fluoride but also compared with F-gel, used as positive control because there is evidence of its
anticaries efficacy, however it has limitations. Thus, the importance of foam agitation during
application should be clinically evaluated with the use of trays and not swabs agitation, because
the application of foam is usually not done individually on an isolated dental surface. However,
the need for agitation was observed for the commercial FGM product analyzed and thus other
foam trademarks should be tested to rule out that this is not an inherent problem of the product
used. In addition, the anticaries potential of the foam was estimated by the concentration of
reaction products formed in enamel. Although there are high correlations between "CaF>"

formed in enamel, release of fluoride ion to biofilm fluid and consequent reduction of enamel
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demineralization submitted to the cariogenic challenge, further studies need to be done for this
evaluation.

In conclusion, the results suggest that fluoridated and acidulated foam, if agitated
during application, would have in terms of reactivity with enamel, an anticaries potential

equivalent to that of acidulated F-gel.

RESUMO

A espuma tem sido utilizada mundialmente como veiculo para aplicacdo profissional de
fluoreto e hipoteticamente deveria ter o mesmo potencial anticarie que o gel fluoretado
convencional (F-gel) em termos de formagao de produtos de reagdo com o esmalte. Assim, a
capacidade da espuma Fltior Care® (FGM, Joinville, SC, Brasil, 12300 ppm F, acidulada) de
reagir com o esmalte foi avaliada em comparagio com o Fltior gel® (DFL, Rio de Janeiro, RJ,
Brasil 12300 ppm F, acidulado). Foram utilizados blocos (n=10/grupo) de esmalte higido e com
lesdo de carie, nos quais foram determinadas as concentragdes de fluor total (FT), e os tipos de
fltor fracamente (CaF) e firmemente (FAp) ligados ao esmalte. A importancia da agitacao
durante a aplicacao foi previamente testada. As determinagdes foram feitas com eletrodo ion
especifico para fluoreto e os resultados foram expressos em pg F/cm? da area tratada do esmalte.
A diferenca entre os tratamentos foi analisada por ANOVA e Tukey (5%), independentemente
para esmalte higido e cariado. A agitagdo dos produtos durante a aplicacdo aumentou
significativamente a reatividade da espuma (p<0,05), mas ndo a do gel (p>0,05). A espuma ndo
diferiu do F-gel (p>0,05) quanto a formacao de FT e "CaF>" no esmalte higido ou cariado. Em
relacdo a FAp, a espuma nao diferiu do F-gel (p>0,05) no esmalte cariado, mas a concentracao
no higido foi menor (p<0,05). Os resultados sugerem que para que esta espuma fluoretada
comercial testada tenha o mesmo potencial anticarie que o F-gel controle utilizado, ela precisa

ser agitada durante a aplicagdo, o que levanta dividas sobre outras marcas.
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3 CONCLUSAO

Conclui-se que para a espuma fluoretada comercial testada ter o mesmo potencial
anticarie que o F-gel controle utilizado, ela precisa ser agitada durante a aplicagdo, o que
levantou questao para duas novas pesquisas. A primeira ¢ avaliar se outras espumas comerciais
também precisam serem agitadas durante a aplicacdo e a segunda ¢ se durante a aplicagdo
clinica usando moldeiras a agitacao do ato de ocluir pelo paciente ¢ suficiente para aumentar a

reatividade da espuma comercial testada no presente trabalho.
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