
UNIVERSIDADE ESTADUAL DE CAMPINAS 
 

FACULDADE DE ODONTOLOGIA DE PIRACICABA 
 
 
 
 

LARISSA CAROLINY DE BRITO BENEDITO 
 
 
 
 
 
 
 
 
 
 

POTENCIAL ANTICÁRIE DE UMA ESPUMA FLUORETADA 
 
 
 

ANTICARIES POTENTIAL OF A FLUORIDE FOAM 
 
 
 
 
 
 
 
 
 
 
 
 
 

Piracicaba – SP 

2022 



LARISSA CAROLINY DE BRITO BENEDITO 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

POTENCIAL ANTICÁRIE DE UMA ESPUMA FLUORETADA 

ANTICARIES POTENTIAL OF A FLUORIDE FOAM 

 
 
 

Dissertação apresentada à Faculdade de Odontologia de 
Piracicaba da Universidade Estadual de Campinas como 
parte dos requisitos exigidos para a obtenção do título de 
Mestra em Odontologia, na Área de Concentração em 
Cariologia. 

 
Dissertation presented to the Piracicaba Dental School of 
the University of Campinas in partial fulfillment of the 
requirements for the degree of Master in Dentistry, in the 
Cariology area. 

 
Orientador: Prof. Dr. Jaime Aparecido Cury 

 
 

ESTE EXEMPLAR CORRESPONDE À VERSÃO FINAL DA 

DISSERTAÇÃO DEFENDIDA PELA ALUNA LARISSA 

CAROLINY DE BRITO BENEDITO, E ORIENTADA PELO 

PROF. DR. JAIME APARECIDO CURY. 

 
 
 
 

Piracicaba 

2022 



Ficha catalográfica
Universidade Estadual de Campinas

Biblioteca da Faculdade de Odontologia de Piracicaba
Marilene Girello - CRB 8/6159

    
  Benedito, Larissa Caroliny de Brito, 1997-  
 B434p BenPotencial anticárie de uma espuma fluoretada / Larissa Caroliny de Brito

Benedito. – Piracicaba, SP : [s.n.], 2022.
 

   
  BenOrientador: Jaime Aparecido Cury.
  BenDissertação (mestrado) – Universidade Estadual de Campinas, Faculdade

de Odontologia de Piracicaba.
 

    
  Ben1. Flúor. 2. Cárie dentária. 3. Fluoreto de cálcio. 4. Fluoreto de sódio. 5.

Esmalte dentário. I. Cury, Jaime Aparecido, 1947-. II. Universidade Estadual de
Campinas. Faculdade de Odontologia de Piracicaba. III. Título.

 

Informações Complementares

Título em outro idioma: Anticaries potential of a fluoride foam
Palavras-chave em inglês:
Fluorine
Dental caries
Calcium fluoride
Sodium fluoride
Dental enamel
Área de concentração: Cariologia
Titulação: Mestra em Odontologia
Banca examinadora:
Jaime Aparecido Cury [Orientador]
Lucianne Cople Maia de Faria
Vanessa Cavalli Gobbo
Data de defesa: 23-11-2022
Programa de Pós-Graduação: Odontologia

Identificação e informações acadêmicas do(a) aluno(a)
- ORCID do autor: https://orcid.org/0000-0002-4596-6605
- Currículo Lattes do autor: http://lattes.cnpq.br/5114545535226220  

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org


 

 

 

 
UNIVERSIDADE ESTADUAL DE CAMPINAS 

Faculdade de Odontologia de Piracicaba 

 
 
 
 

A Comissão Julgadora dos trabalhos de Defesa de Dissertação de Mestrado, em sessão 

pública realizada em 23 de novembro de 2022, considerou a candidata LARISSA 

CAROLINY DE BRITO BENEDITO aprovada. 

 
 
 

PROF. DR. JAIME APARECIDO CURY 
 
 

PROFª. DRª. LUCIANNE COPLE MAIA DE FARIA 

PROFª. DRª. VANESSA CAVALLI GOBBO 

 
 

A Ata da defesa, assinada pelos membros da Comissão Examinadora, consta no 
SIGA/Sistemade Fluxo de Dissertação/Tese e na Secretaria do Programa da Unidade. 



 

Dedicatória 
 
 
 

Á Deus que sempre me sustentou e me deu forças para seguir meus sonhos. Á minha mãe, 

Lucilene Brito, que sempre acreditou no meu potencial, me apoiou e esteve ao meu lado, mesmo 

nos momentos mais difíceis, assim como pela forma que me educou e permitiu que eu fosse 

livre para seguir os meus sonhos. Ao meu pai, Silvio Benedito, que sempre me apoiou e 

permitiu que eu seguisse meus sonhos. Á minha irmã, Bianca Benedito, que sempre zelou e 

cuidou de mim, permitindo que eu sonhasse mais alto. Ao meu namorado, Leandro Peres, que 

sempre esteve ao meu lado, me dando força e me acolhendo em momentos difíceis. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

“Não fui eu que ordenei a você? Seja forte e 

corajoso! Não se apavore nem desanime, pois 

o Senhor, o seu Deus, estará com você por 

onde você andar” 

Josué 1:9 



 

Agradecimentos 

À Universidade Estadual de Campinas – UNICAMP, na pessoa do Magnífico Reitor Prof. 

Dr. Antonio José de Almeida Meirelles e à Faculdade de Odontologia de Piracicaba – 

FOP/UNICAMP, na pessoa do seu diretor, Prof. Dr. Flávio Henrique Baggio Aguiar. 

 
Ao Prof. Dr. Valentim Adelino Ricardo Barão, coordenador dos Cursos de Pós-Graduação 

da Faculdade de Odontologia de Piracicaba da Universidade Estadual de Campinas e a equipe 

da Coordenadoria de Pós-Graduação. 

 
Ao Prof. Dr. Antônio Pedro Ricomini Filho, coordenador do Programa de Pós-Graduação 

em Odontologia, da Faculdade de Odontologia de Piracicaba, da Universidade Estadual de 

Campinas. 

 
O presente trabalho foi realizado com apoio da Coordenação de Aperfeiçoamento de Pessoal 

de Nivel Superior – Brasil (CAPES) – Código de financiamento 001. 

 
O presente trabalho foi realizado com apoio do Conselho Nacional de Desenvolvimento 

Científico e Tecnológico (CNPq) – Código de financiamento 132608/2020-0. 

 
Ao Prof. Dr. Jaime Aparecido Cury, meu orientador durante o mestrado. Muito obrigada por 

todos os ensinamentos, incentivo, por seu tempo e atenção durante esses anos. Obrigada 

também por acreditar no meu potencial para a realização desse trabalho. O senhor é exemplo 

de ética, dedicação e trabalho. 

 
À Profa. Dra. Altair Antonina Del Bel Cury pelos ensinamentos e discussões durante as aulas 

e encontros. Agradeço também por ter generosamente ajudado no processo de tradução do 

artigo. A senhora é exemplo de dedicação e ética. 

 
À Profa. Dra. Cinthia Pereira Machado Tabchoury pelos ensinamentos, discussões e por 

sempre estar disposta a ajudar e auxiliar. Agradeço por todos os conselhos que a senhora me 

deu em dias difíceis e por acreditar no meu potencial. Agradeço também por todas as 

contribuições e considerações realizadas no exame de qualificação. A senhora é exemplo de 

responsabilidade, dedicação, organização e como ensinar aos seus alunos. 



 

Ao Prof. Dr. Antônio Pedro Ricomini Filho pelos ensinamentos, conversas e discussões. 

Também agradeço por sua prontidão em ajudar. Agradeço também por todas as contribuições 

e considerações realizadas no exame de qualificação. O senhor é exemplo de profissional, 

responsabilidade e dedicação. 

 
Ao Sr. Alfredo José da Silva, técnico do Laboratório de Bioquímica, pela ajuda e disposição 

sempre que necessário. 

 
Aos colegas do Programa de Pós-graduação em Odontologia da Faculdade de Odontologia de 

Piracicaba, Astrid Valdivia-Tápia, Bárbara Assunção, Camila Coelho, Deborah Rocha, 

Kamilla França, Leonardo Pagotto, Matheus Gonçalves e Robson Souza, por todo 

companheirismo, ajuda, apoio em dias difíceis e risadas que tornaram o caminhar mais leve. 

 
Á minha mãe, Lucilene Brito, por ter me educado com excelência e ter que ajudado a chegar 

até esse dia, sem você, nada seria possível, você é o meu maior exemplo. Ao meu pai, Silvio 

Benedito, por ter me ensinado valores e compartilhado conhecimento, por ter permitido que eu 

estudasse e chegasse aonde estou. 

 
Aos meus avós maternos, Luiz e Lurdes, por terem auxiliado na minha criação e por sempre 

vibrarem e torcerem pelo meu sucesso. Aos meus avós paternos, Pedro e Cirsa, por todo 

carinho e apoio. Ao Renato por toda ajuda e carinho. À minha tia e meus primos, Lucicleide, 

Nicolas e Mirella, por sempre vibrarem e torcerem pela minha felicidade. Por fim, a todos os 

meus familiares que sempre torceram, rezaram e ficaram felizes por cada conquista minha. 

 
À minha irmã, Bianca Benedito, por ser meu apoio e luz, você é a minha pessoa no mundo. 

 
 

Ao Leandro, por ser minha paz, meu equilíbrio e por apoiar cada passo que eu escolho para a 

minha vida. 

 
Aos meus amigos, Rafael, Gabrielly, Renan, Júlia, Priscila, Bárbara, por todo apoio e por 

sempre torcerem pela minha felicidade. E ao meu cunhado e amigo, Vinicius, por todo apoio, 

por vibrar pelas minhas conquistas e estar disposto a me ajudar em todas as ocasiões. 

Muito Obrigada! 



 

Resumo 

Como não há forte evidência científica que a aplicação profissional de fluoreto (APF) na forma 

de espuma fluoretada é eficaz para controlar cárie e os produtos são geralmente lançados no 

mercado sem uma avaliação mínima do seu potencial anticárie, o objetivo deste estudo foi 

avaliar o potencial anticárie da espuma Flúor Care® (FGM, Joinville, SC, Brasil,12300 ppm F, 

acidulado), utilizando como controle positivo o produto Flúor gel® (DFL, Rio de Janeiro, RJ, 

Brazil, 12300 ppm F, acidulado). Foi avaliado se a espuma tinha uma concentração necessária 

de fluoreto e se este foi capaz de reagir com o esmalte, formando produtos de reação implicados 

com o mecanismo de ação do fluoreto no controle de cárie. A concentração de fluoreto nos 

produtos foi avaliada pela técnica direta utilizando eletrodo íon-específico para fluoreto (EIE- 

F) e estava de acordo com o declarado pelos fabricantes. O estudo foi conduzido em duas etapas: 

Primeiro foi feita uma padronização de fatores que poderiam interferir com o efeito do fluoreto 

aplicado e em seguida foi feita a comparação da reatividade da espuma e gel com o esmalte 

hígido e cariado. Foram padronizados (n=5/variável) os fatores: i) Aplicar na superfície do 

esmalte seca ou úmida; ii) agitação ou não do produto durante a aplicação; iii) tempo de agitação 

durante a aplicação (1, 2 ou 4 min) e iiii) tempo de lavagem (15, 30 ou 60 s) com água purificada 

após a aplicação. As variáveis foram estudas a partir da formação do tipo-CaF2 (“CaF2”) no 

esmalte com lesão de cárie induzida e foram analisadas estatisticamente de forma independente 

para espuma e gel. A única variável que se mostrou significante (p<0,05) foi agitação durante 

a aplicação, com aumento da concentração de flúor formado na forma de “CaF2” de 50,9 para 

307,4 µg F/cm² quando a espuma foi agitada durante aplicação. A comparação reatividade da 

espuma com o gel foi feita com esmalte hígido e com lesão de cárie induzida. Foram utilizados 

blocos (n=10/grupo) de esmalte bovino hígido e com lesão de cárie induzida (cariados) 

utilizando superfície úmida do esmalte, aplicação por 2 min com agitação e lavagem por 60 s. 

Foram determinadas no esmalte as concentrações de fluoreto total (FT) e dos seus subprodutos, 

o “CaF2” e tipo-fluorapatita (FAp). FT e FAp foram extraídos do esmalte com ácido e “CaF2” 

com álcali, sendo as análises feitas com EIE-F, utilizando metodologias padronizadas. Os 

resultados de FT, “CaF2” e FAp formados foram expressos em µg F/cm² e a diferença entre os 

tratamentos para cada variável foi analisada por ANOVA seguida pelo teste de Tukey (5%), de 

forma independente para o esmalte hígido e cariado. A espuma fluoretada não diferiu do F-gel 

(p>0,05) quanto à formação de FT e “CaF2”, seja no esmalte hígido ou cariado. Em relação à 

FAp formada a espuma não diferiu do F-gel (p>0,05) para o esmalte cariado, mas a 

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



 

acidulada avaliada só terá o mesmo potencial anticárie que o F-gel, em termos de formação de 

produtos de reação no esmalte, se ela for agitada durante a aplicação. 

 
Palavras-chaves: Flúor. Cárie dentária. Fluoreto de Cálcio. Fluoreto de Sódio. Esmalte dentário. 



 

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 Flúor Care® foam (FGM, Joinville, SC, Brazil,12300 ppm 

F, acidulado)using the product Flúor 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 CaF2-like ("CaF2") 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 “CaF2” 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, “CaF2” and fluorapatite-like (FAp) were determined in 

enamel. TF and FAp were extracted from the enamel with acid and “CaF2” with alkali, and the 

analyzes were performed with ISE-F, using standardized methodologies. The results of TF, 

“CaF2” and FAp formed were expressed in µg F/cm² 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 “CaF2” 

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. 
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1 INTRODUÇÃO 

 
1 Os produtos de alta concentração de fluoreto são mundialmente utilizados por meio 

2 da aplicação profissional de fluoreto (APF) como tratamento complementar em indivíduos de 

3 alto risco de cárie. O benefício dessa aplicação na prevenção de lesões de cárie é bem 

4 estabelecido com base em evidências (Marinho, 2009). 

5 Vários veículos têm sido usados para a APF como gel, verniz e espuma, com 

6 concentrações de fluoreto variando de 9.000 a 54.500 ppm F. A espuma fluoretada surgiu por 

7 volta dos anos 90, quando havia uma discussão sobre a ingestão de fluoreto após APF utilizando 

8 gel (LeCompte e Whitford, 1982). Então, na 63ª Sessão Geral da Associação Internacional de 

9 Pesquisa Odontológica, algumas recomendações sobre APF foram estabelecidas (LeCompte, 

10 1987). Uma alternativa para diminuir a quantidade de fluoreto que os pacientes eram 

11 submetidos foi veicular o fluoreto na forma de espuma tendo mesma concentração de fluoreto 

12 que o gel. Deste modo, devido ao alto volume uma quantidade (mg) menor de fluoreto seria 

13 aplicada na moldeira pela espuma que do gel, aumentando a segurança da aplicação. Entretanto, 

14 seria necessário avaliar se a espuma teria o mesmo potencial anticárie que o F-gel para ser 

15 utilizada como alternativa. 

16 A eficácia anticárie da APF depende da reatividade do fluoreto com o esmalte 

17 dental (White et al., 1990). Durante a aplicação há uma reação química entre o fluoreto e o 

18 esmalte, formando dois produtos de reação. Um produto solúvel em álcali e outro insolúvel em 

19 álcali, somente solubilizado por ácidos, esses produtos são classificados como fluoreto 

20 fracamente ligado (ou “CaF2”) e firmemente ligado ao esmalte (ou FAp), respectivamente. O 
21 “CaF2” é o produto de maior formação no substrato (Arends et al., 1983) e o mais relevante em 
22 termos de eficácia anticárie (Tenuta et al., 2008). Entretanto, essa a formação de fluoreto é 

23 dependente de alguns fatores. 

24 Os dois principais fatores são a concentração de fluoreto e o pH do produto, sendo 

25 diretamente proporcional à concentração, e inversamente proporcional ao pH (Saxegaard e 

26 Rölla, 1988). Tem sido mostrado que a espuma fluoretada possui a mesma reatividade com o 

27 esmalte hígido que o F-gel (Whitford et al., 1995; Hayacibara et al, 2004) e seria de esperar 

28 resultado semelhante no esmalte com lesão de cárie. Estudos estão presentes na literatura com 

29 o intuito de demonstrar a eficácia anticárie da espuma em relação ao F-gel, entretanto não há 

30 uma padronização no modo de aplicação para avaliar a importância da superfície do esmalte 

31 estar seca quando da aplicação, assim como o efeito da agitação durante a aplicação. A 
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1 comparação da espuma neutra com o F-gel neutro em termos de formação de “CaF2” e FAp no 
2 esmalte após aplicação por 1 min foi estudada (Delbem et al., 2010) e não houve diferença 

3 significativa entre os produtos. Do mesmo modo, a importância do tempo de lavagem do 

4 esmalte após a aplicação não tem sido avaliada de forma sistemática. Em acréscimo, embora a 

5 eficácia anticárie da espuma já tenha sido avaliada clinicamente ainda não há forte evidência 

6 para sua recomendação (Benson et al., 2019). 

7 O efeito do tempo de aplicação do F-gel está bem descrito na literatura (Delbem e 

8 Cury, 2002; Villena et al., 2009; Calvo et al., 2012), entretanto para a espuma ainda não há 

9 validação. O efeito da lavagem do substrato após o tratamento com F-gel também é bem 

10 estabelecido (Delbem et al., 2005), mas não há consenso para a espuma. Ainda assim, uma 

11 variável importante é a forma de aplicação do produto. A moldeira surgiu pela demanda de 

12 aplicação de um produto fluoretado em Saúde pública, assim seria possível realizar APF em 

13 várias crianças ao mesmo tempo. Entretanto até o presente momento não é de nosso 

14 conhecimento que algum trabalho tenha sido realizado analisando a aplicação da espuma sem 

15 ou com agitação. 

16 Sendo assim, existe a necessidade de padronização dessas variáveis ao analisar uma 

17 espuma fluoretada. É comum novos produtos para aplicação profissional de fluoreto serem 

18 lançados no mercado e usados sem nenhuma avaliação mínima seja necessária. A avaliação da 

19 reatividade pode ser feita usando esmalte hígido ou com lesão de cárie (cariado), simulando 

20 respectivamente o efeito “preventivo” e “terapêutico” do fluoreto. Isso porque a formação de 

21 reservatórios de fluoreto na forma de “CaF2” promoverá a liberação lenta de fluoreto para o 
22 meio, interferindo com o processo de perda e ganho mineral (Tenuta et al., 2008). 

23 Assim, o objetivo do presente trabalho foi avaliar o potencial anticárie da espuma 

24 fluoretada em comparação com o F-gel, em termos da reatividade com o esmalte hígido e com 

25 lesão de cárie, utilizando protocolo padronizado levando em consideração as variáveis acima 

26 descritas. A hipótese operacional elaborada para este estudo foi que a espuma, por ter 

27 concentração de fluoreto e pH semelhante ao F-gel, teria a princípio o mesmo potencial 

28 anticárie em termos de produtos de reação formados no esmalte. 
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SUMMARY 

1 Foam has been used worldwide as a vehicle for the professional application of fluoride and 

2 hypothetically should have the same anticaries potential as conventional fluoride gel (F-gel) in 

3 terms of the formation of reaction products with enamel. Thus, the ability of Flúor Care® foam 

4 (FGM, Joinville, SC, Brazil, 12300 ppm F, acidulated) to react with enamel was evaluated in 

5 comparison with Flúor gel® (DFL, Rio de Janeiro, RJ, Brazil 12300 ppm F, acidulated). Slabs 

6 (n=10/group) of sound enamel and with caries lesion were used, in which the concentrations of 

7 total fluoride (TF), and loosely (CaF2) and firmly (FAp) bound types were determined. The 
8 importance of agitation during application was previously tested. The determinations were 

9 made with fluoride ion-specific electrode and the results were expressed in μg F/cm² of the 

10 treated enamel area. The difference among treatments was analyzed by ANOVA and Tukey 

11 (5%), independently for sound and carious enamel. The agitation of the products during 

12 application significantly increased the reactivity of the foam (p<0.05), but not that of the gel 

13 (p>0.05). The foam did not differ from F-gel (p>0.05) concerning the formation of TF and 

14 "CaF2" in sound or carious enamel. In terms of FAp, the foam did not differ from F-gel (p>0.05) 
15 in the carious enamel, but the concentration in the sound was lower (p<0.05). The results 

16 suggest that in order for this commercial fluoride foam tested to have the same anticaries 

17 potential as the control F-gel used, it needs to be agitated during application, what raises a 

18 question about other brands. 

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

1 The professional fluoride application (PFA) for controlling dental caries has been 

2 used for over 50 years, using products of high fluoride concentrations (9,000 to 54,500 ppm F). 

3 In the past, aqueous solution of NaF at 2% was used, but currently, commercially available PFA 

4 products are formulated in gel, foam and varnish form. These different formulations were 

5 developed and launched on the market for some reason. Particularly, in the case of fluoridated 

6 foam, it was created as a safer alternative than PFA gel (F-gel) to reduce fluoride intake by 

7 children (1,2). In addition to the safety factor in the clinical recommendation of the various 

8 vehicles for PFA, the anticaries potential of these commercial products should be evaluated and 

9 tested before commercialization (3). The effect of pre-procedures, as well as those during and 

10 after the application of products, should be systematically evaluated. 

11 The potential of the anticaries efficacy of vehicles for PFA can be estimated in the 

12 laboratory by the reactivity of fluoride with dental enamel, whether sound (to estimate the 

13 "preventive" effect) or with caries lesion (carious, to assess the "therapeutic" effect). Due to the 

14 high concentration of fluoride that is applied to enamel, the result is the formation of a high 

15 concentration of chemical reaction product. The total fluoride (TF) formed can be differentiated 

16 into two reaction by-products (4), one type is calcium fluoride ("CaF2") and the other type 
17 fluorapatite (FAp). These can be differentiated because the "CaF2" is soluble in alkali, being 
18 extracted first with KOH, and the FAp, being insoluble, is then extracted with acid (5). In 

19 addition, "CaF2" formed in enamel in a greater quantity than FAp (4), has been considered, in 
20 terms of the anticaries potential, as the most important by-product (5). Given the importance of 

21 the chemical reaction with enamel in the formation of reaction products, the effect of drying or 

22 not the dental surface before application, agitation and time during application and washing or 

23 not washing the tooth after the application has to be evaluated. However, the factors that 

24 interfere with the reactivity of fluoride with enamel have been extensively evaluated for gel (6, 

25 among others) and varnish (7, among others), but not for the anticaries potential of foam. In 

26 addition, the mechanism by which the reactivity of the fluoride of the varnish with the enamel 

27 occurs differs from the gel and foam (8). Gel and foam, besides presenting the same fluoride 

28 concentration and pH, are comparable in terms of reaction mechanism with enamel. In addition, 

29 the anticaries efficacy of F-gel is evidence-based (9) and thus it can be used as a positive control 

30 for the anticaries potential of foam. 

31 Therefore, Wei and Hattab (1) compared the reactivity of acidulated foam with the 

32 gel when applied in vitro to the enamel for 4 min at room temperature and 100% humidity. 

33 After application, the dental surfaces were washed with water for 30 s, followed by washing 
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1 with deionized water for 1 min. The authors did not observe a statistically significant difference 

2 between foam and gel in the TF concentration found at 5 μm from the enamel surface, however, 

3 the foam was less reactive at higher depths. Whitford et al. (10) compared in vivo the difference 

4 between foam and F-gel in terms of reactivity with enamel. The applications were made for 4 

5 min with trays and the products did not differ in terms of TF concentrations formed. Hayacibara 

6 et al. (11) found no statistical difference between acidulated foam and F-gel in the formation of 

7 "CaF2" in sound enamel. Applications were made with swabs for 4 min, however there are no 
8 details if there was agitation of the products during the application. More recently, Delbem et 

9 al. (12) compared foam with neutral F-gel in terms of the formation of "CaF2" and FAp in 
10 enamel after application for 1 min and found no significant difference between the products. 

11 This research showed that washing the enamel with water shortly after application does not 

12 reduce the concentration of products formed by the application of foam as of gel, corroborating 

13 a previous study done with F-gel (13). 

14 As reported above, although studies have been made to evaluate the anticaries 

15 potential of fluoridated foam, none of the studies mentioned was systematized to evaluate the 

16 importance of the enamel surface being dry at the time of application, as well as the effect of 

17 agitation during application. Furthermore, it is also not known if the foam would not form the 

18 same concentration of reaction products in enamel in 1 min as in 4 min. Likewise, the 

19 importance of enamel water rinsing time after application has not been systematically 

20 evaluated. In addition, although the anticaries efficacy of foam has already been clinically 

21 evaluated, there is still no strong evidence for its recommendation (14). 

22 Thus, the present study aimed to assess the anticaries potential of fluoridated foam 

23 compared to F-gel, in terms of reactivity with enamel sound and with caries lesion, using a 

24 standardized protocol considering the abovementioned variables. We hypothesized that foam 

25 with fluoride concentration and pH similar to F-gel, would have equivalent anticaries potential 

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

MATERIALS AND METHODS 

Experimental design 

27 This study evaluated whether acidulated fluoridated foam would have the same 

28 anticaries potential as fluoride gel (F-gel). Three bottles of Flúor Care® foam (FGM, 12300 

29 ppm F, acidulated) were purchased at different places of sale. As a positive control, acidulated 

30 Flúor gel® from DFL (12300 ppm F) was purchased and used. All products were within the 

31 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 CaF2 

9 ("CaF2") 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. 

 
 

 
11 

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

13 protocol 
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1 In the second step (Figure 2), slabs (n=10/group) of bovine sound enamel and with 

2 induced caries lesions were stratified between the treatments with foam and F-gel, based on 

3 surface hardness. The slabs were sectioned in half; one half of each slab was treated with foam 

4 or F-gel for 2 min under agitation and the other was used as a negative control (baseline), 

5 characterizing a paired design. The concentrations of total fluoride (TF), in the form of "CaF2" 
6 and fluorapatite type (FAp) were determined in the treated and control halves of each slab. The 

7 results found in the treated hemi-slabs were subtracted from the controls and expressed in μg 

8 F/cm². The results of the standardization and the final reactivity were analyzed by ANOVA 

9 followed by the Tukey test (5%), independently for the sound and carious enamel, and for TF, 

10 "CaF2" and FAp formed. 
 
 

 

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

12 F-gel in the formation of TF, "CaF2" and FAp in the sound and carious enamel. 
 

13 The hypothesis of this study was that foam, because of similar fluoride 

14 concentration and pH to F-gel, would have the same anticaries potential in terms of reaction 

15 products formed in sound or carious enamel. 
 
 
16 Determination of fluoride and pH of foams and gel 
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1 Of each bottle, an amount of 100.0 mg (±0.01) was weighed in duplicate, which 

2 was dissolved in ultrapure water and the final volume was completed to 100 mL. Duplicates of 

3 1.0 mL of each extract were buffered with equal volume of TISAB II (1.0 M acetate buffer, pH 

4 5.0, containing 1 M NaCl and 0.4% CDTA) and fluoride concentration was determined with 

5 ISE-F, as described in the "fluoride analysis" section. The pH was estimated with indicator 

6 paper (MQuant®, Merck KGaA, Darmstadt, Germany; lot number: HC178067) (±0.5 pH 

7 units). 
 
 

8 Preparation of enamel slabs and induction of caries lesion 

9 Enamel slabs (4x4x2 mm) were obtained from  bovine incisor teeth and their 

10 surfaces were flattened and polished (15). Surface hardness (SH) was determined and 200 slabs 

11 with SH of 331.9±17.3 kg/mm2 (mean±SD) were selected. One hundred and sixty slabs were 

12 immersed (2 mL of solution per mm² of enamel surface area) in 0.1 M acetate buffer pH 5.0 

13 containing 1.28 mM Ca, 0.74 mM Pi and 0.03 μg F/mL, for 12 h at 37°C, to induce subsurface 

14 caries lesion (16). SH was again determined and 90 slabs with hardness of 9.6±4.8 Kg/mm² 

15 were selected for the standardization of foam and F-gel application conditions and for the final 

16 reactivity test comparing these professional application products. To standardize the 

17 methodology of application of the products (Figure 1), 50 carious slabs were longitudinally 

18 sectioned, resulting in 100 slabs (2x4x2 mm) that were distributed in a stratified way, based on 

19 their surface hardness, for the standardization variables (n=5/variable). For the analyses of TF, 

20 "CaF2" and FAp (Figure 2), the remaining 40 demineralized slabs and 40 sound slabs were 
21 stratified between treatments (n=10/group), also based on their surface hardness. The length 

22 and width of the hemi-slabs were determined with a digital caliper (± 0.01 mm) to calculate the 

23 enamel area that was exposed to the treatments. All other surfaces of the hemi-slabs, except for 

24 the enamel surface, were then protected with wax 7. 
 
 
25 Standardization of the methodology of application of products 

26 For standardization, carious enamel slabs were used, and the effect of the variables 

27 studied was estimated in terms of the concentration of fluoride type "CaF2" formed in enamel. 
28 The flowchart in Figure 1 illustrates the evaluated parameters, the details of which are described 

29 below: 
 
 
30 i) Importance of enamel surface being dry 
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1 Twenty slabs were distributed in 4 groups of 5 to evaluate the importance of the dry 

2 enamel surface for the chemical reaction of fluoride from F-gel or foam with enamel (Figure 

3 1). Drying was done for 15 s with air jet. Enamel moistening was done by distributing 3 drops 

4 of 1 μL of ultrapure water across the surface of each slab right before applying the products. A 

5 quantity of foam or gel (~0.4 g/slab) was placed on the enamel surface of each slab using one 

6 cotton swab per application. The products were not stirred and after 1 min the slabs were washed 

7 for 15 s with ultrapure water jets. 
 
 

8 (ii) agitation or not of the product during application 

9 Twenty slabs were distributed in 4 groups of 5 to evaluate the effect of foam and F- 

10 gel agitation on fluoride reaction with enamel (Figure 1). The surface of the enamel of each 

11 slab was moistened as already described. With the aid of a cotton swab, approximately 0.4 g of 

12 foam or gel was deposited on the enamel surface. The agitation was made for 1 min with the 

13 swab itself, performing circular movements every second. After 1 min of agitation or not, the 

14 slabs were washed for 15 s with ultrapure water jets. 

15 iii) Agitation time during application 

16 Thirty slabs were distributed in 6 groups of 5 to evaluate the effect of agitation time 

17 of F-gel or foam applied on the fluoride reaction with enamel (Figure 1). The approximate 

18 amount of 0.4 g of foam or gel was applied on the surface of the moistened enamel of each 

19 block, with a cotton swab. Agitation was done for 1, 2 or 4 min and the slabs were washed for 

20 15 s with ultrapure water jets. 
 
 
21 iv) Duration of water rinsing after application 

22 Thirty slabs were distributed in 6 groups of 5 to evaluate the effect of the duration 

23 of water rinsing after application of F-gel or foam, either in terms of removal of the applied 

24 products or on the reduction of the concentration of reaction products formed in enamel (Figure 

25 1). The application was made as described in the previous item, fixing the agitation time in 2 

26 min. The rinsing times tested were 15, 30 and 60 s. The fluoride analysis protocol of type "CaF2" 
27 formed in enamel is described in the session "Determination of "CaF2" and FAp formed". 

 

28 Reactivity of foam and gel with enamel 

29 The flowchart in Figure 2 illustrates the procedures performed, the details of which 

30 are described below: The enamel surface was moistened and with the aid of a cotton swab, 

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

2 control hemi-slabs were treated with ultrapure water. 
 
 

3 Determination of total fluoride (TF) formed in enamel 

4 The TF formed in the enamel was extracted with acid by the serial removal of 

5 3 layers of enamel, as previously described (13). Each slab was individually placed in a first 

6 test tube, to which 0.25 mL of 0.5 M HCl was added, and after 15 s under agitation the slab was 

7 removed, washed for 30 s with ultrapure water and transferred to another tube. This extraction 

8 was repeated using two more tubes, but by the times of 30 and 60 s of agitation. To extracts, 

9 0.25 mL of TISAB II (containing 0.5 M NaOH) was added and fluoride in these solutions was 

10 determined with ISE-F as described in the session "Fluoride analysis". The amounts (μg) of 

11 fluoride found in each extract were summed, the value divided by the treated enamel area, and 

12 the result was expressed in μg F/cm2. The result found in the enamel of the treated hemi-slab 

13 was subtracted from the existing one found in the respective control hemi-slab, and thus the net 

14 result is TF formed by the treatment done. 

15 Determination of "CaF2" and FAp formed in enamel 
16 As illustrated in Figure 2, the concentrations of "CaF2" and FAp formed were 
17 sequentially determined in the enamel of the same slab, first extracting with alkali the loosely 

18 bound fluoride, CaF2 type ("CaF2"), followed by extraction with acid of the firmly bound 
19 fluoride residual, not soluble in alkali, a previously described methodology (5). 

20 Each enamel slab was placed in a test tube, to which 0.25 mL of 1 M KOH was 

21 added. The slab was removed, washed and transferred to another tube for acid extraction and 

22 determination of FAp concentration, according to the methodology described for TF. 

23 Fluoride concentration in alkaline and acid extracts was determined with ISE-F, as 

24 described in the "Fluoride analysis" section. The amount (μg) of fluoride found in the alkaline 

25 extract was divided by the area of the treated enamel, and the result was expressed in μg F type 

26 "CaF2" per enamel area (μg F/cm2). The FAp concentration was also expressed in μg F/cm2, as 
27 described for TF. The result found in the enamel of each treated hemi-slab was subtracted from 

28 the existing one found in the respective hemi-control slab, and thus the net result represents 

29 "CaF2" and FAp formed by the treatment made. 
 

30 Fluoride analysis with ion specific electrode 
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1 All determinations were made with ISE-F Orion 96-09 (Thermo Scientific Orion, 

2 Boston, MA, USA) coupled to a VersaStar (Thermo Scientific Orion) ion analyzer, calibrated 

3 according to each determination made, as described: 

4 To determine the fluoride concentration in foams and gel, the equipment was 

5 calibrated with standards containing 0.5 to 16 μg F/mL and TISAB II at 50%. For the 

6 determination of "CaF2", calibration was performed with standards containing 0.03 to 16 μg 
7 F/mL, 0.5 M KOH and TISAB II (containing 0.5 M HCL) at 50% (v/v). For the determination 

8 of TF and FAp, calibration was performed with standards containing 0.03 to 16 μg F/mL, 0.25 

9 M HCl and TISAB II (0.5 M NaOH) at 50% (v/v). All fluoride standards were prepared with 

10 NaF 99.99% (Sigma-Aldrich, lot 215309, St Louis, MO, USA). The linear regression 

11 coefficient between the fluoride concentrations of the standards and the respective mV values 

12 were calculated using the Excel spreadsheet® (Microsoft Corporation., Chicago. USA). The r2 

13 values of all curves were at least 0.999. The accuracy of the calibration curves was verified with 

14 a standard Orion fluoride solution 940907 (Thermo Fisher Scientific Inc.) and the percentage 

15 of variation between the found and the expected ranged from -0.71 to 2.0%. 

16 The mV values of the sample readings were converted to fluoride concentration 

17 using the same Excel worksheet® as the calibration. The results of fluoride concentration found 

18 in the foam and gel used were the amount of fluoride by weight (mg F/kg). The liquid 

19 concentrations of fluoride-formed enamel (TF, "CaF2" and FAp) were expressed as the amount 
20 of fluoride per treated area (μg F/cm²). 

 
 
21 Statistical analysis 

22 The Shapiro-Wilk test evaluated the normality of the error distribution. The 

23 concentrations of TF, "CaF2" and FAp were analyzed by ANOVA followed by the Tukey test. 
24 The standardization data of the methodology were independently analyzed for foam and gel. 

25 The comparison between foam and gel in terms of TF, "CaF2" and FAp formed in enamel were 
26 made independently for the sound and the carious enamel. All analyses were performed by the 

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

29 The fluoride concentration in the two products was similar to that reported by the 

30 manufacturers, 12,193 and 12,167 μg F/g, respectively for foam and gel. It was also confirmed 

31 that the products were acidified (pH ~3.5 for both products). 
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1 Figure 3 shows that, among the variables tested that could interfere with fluoride 

2 reactivity with enamel, product agitation during application (Figure 3B) was the only relevant 

3 variable. When foam was agitated during application, the reactivity increased from 50.9 to 

4 307.4 μg F/cm² and the difference was statistically significant; for gel, the effect of agitation 

5 was not statistically significant (p>0.05). 
 

6 Figure 3 - Concentration (μg F/cm²) of type "CaF2" found in enamel (mean±SD;n=5) by the 
7 reaction with the foam and F-gel used, according to the tested variables: (A) Dry or wet enamel; 

8 (B) agitation during application; (C) agitation time and (D) rinsing time. Distinct letters denote 

9 statistically significant differences between the variables (p<0.05), independently, for foam 

10 (uppercase letters) and gel (lowercase). 
 
 
11 Figure 4 shows that the foam did not differ from the F-gel in relation to the 

12 formation of TF (Figure 4A) and “CaF2” (Figure 4B), either in reactivity with sound or carious 
13 enamel (p>0.05). In terms of FAp formed (Figure 4C), the foam did not differ from the F-gel 

14 for carious enamel (p>0.05), but the concentration in sound was lower (p<0.05). 
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1 Figure 4 – Concentration (μg F/cm²) of TF (A), "CaF2" (B) and FAp (C) formed in sound and 
2 carious enamel (mean;SD;n=10) after treatments with the foam or gel used. Distinct letters 

3 denote statistically significant differences between foam and gel (p<0.05), independently, for 

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

5 DISCUSSION 

6 The data obtained supported the hypothesis of this study, in the sense that the foam 

7 having the same pH and the same fluoride concentration would have the same anticaries 

8 potential as F-gel in terms of reactivity with dental enamel. However, this premise is only valid 

9 if the foam is agitated during its application on the surface of the enamel and to the best of our 

10 knowledge the finding is being reported for the first time. In addition, the effect of factors 

11 involved in the pre-, during and post-application, whether foam or F-gel in enamel, have never 

12 been systematically evaluated as done in the standardization of the reactivity methodology used 

13 in the present study. 

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

15 caries lesion and to evaluate the effect of the variables studied by the concentration of "CaF2" 
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1 formed by two reasons. First all because "CaF2" is considered the reaction byproduct formed in 
2 enamel responsible for the anticaries mechanism of action of fluoride for professional use 

3 (5,17). Secondly, because greater "CaF2" concentration is formed in the carious enamel than in 
4 the sound (18), increasing the sensitivity of finding small difference of the effect of factors 

5 under study. The first factor evaluated in the present study was the importance of the enamel 

6 surface being dry before fluoride application. Our results showed (Figure 3A) that there was no 

7 significant difference in the formation of "CaF2" in wet or dry enamel, either by the application 
8 of foam or F-gel. The importance of being dry enamel before professional fluoride application 

9 has clinical implication and has been recommended in the past when aqueous solution of NaF 

10 2% was used for direct application on dental surfaces (19). At the present, gel, foam and varnish 

11 have been used as vehicles for professional fluoride application and the relevance of the dental 

12 surface being dry has to be discussed for each case. For varnish application, the surface should 

13 be dry to allow the adhesion of the varnish on the applied surface and the subsequent time- 

14 dependent fluoride reactivity (7,8,20,21). However, the relevance of this factor for the reactivity 

15 of foam and gel fluoride is totally distinct. Unlike varnish, both foam and gel are products of 

16 immediate reaction of fluoride with enamel and the understanding of how the chemical reaction 

17 occurs should be considered (4) in the present discussion. The reactivity of fluoride with enamel 

18 depends directly on the fluoride concentration of the applied product and the availability of 

19 calcium from enamel (22). The fluoride concentrations of both foam and gel are maintained 

20 during the reaction with enamel because they are applied to the teeth with trays, not having 

21 during the reaction dilution by saliva, different from what occurs with application of NaF 

22 solution at 2%. Thus, the most important factor to be considered is the availability of calcium 

23 for the chemical reaction. During the reaction, the aqueous liquid medium is important not only 

24 to provide calcium from the tooth to the hydration layer of the enamel, as for the fluoride of the 

25 product to be in ionic form, react with calcium and form "CaF2". Both foam and gel are aqueous 
26 media, what means that fluoride is in its free ionic form and calcium is naturally present in the 

27 hydration layer of enamel (23). The limiting factor in the reaction is the amount of calcium that 

28 is increased by the acid pH of the foam and gel applied. Thus, the result found of the non-effect 

29 of drying the enamel surface in terms of reactivity of the fluoride of the applied foam or gel is 

30 explainable. 

31 The second factor evaluated was the importance of product agitation during 

32 application. It was decided to moisten the enamel surface because during the clinical application 

33 of the foam using a tray, there will always be a film of saliva on the teeth (24), even if they 

34 were "dried" with air jet. The results found (Figure 3B) showed that agitation was fundamental 
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1 to increase the reactivity of foam  fluoride, but not  that of gel. To our knowledge, this 

2 information has never been reported before, for which there must be an explanation. The most 

3 likely explanation of the difference between foam and gel is physical and non-chemical in 

4 nature, as discussed in the previous paragraph. In both foam and gel, fluoride is in free ionic 

5 form to react with the enamel, but the air bubbles present in the foam limit the interaction of 

6 fluoride with the enamel surface. Thus, the agitation of the foam during application should 

7 increase the surface of contact with enamel, enhancing its reactivity. The result found may have 

8 clinical relevance regarding the anticaries potential of fluoridated foam in terms of formed 

9 reaction products. Foam has been applied with double trays and the only clinical 

10 recommendation is that the patient should be occluding (10). Most likely, reactivity will depend 

11 on the patient's behavior in terms of occlusal movements during application and should be 

12 further evaluated. On the other hand, the need for agitation was observed for this specific 

13 commercial brand of foam. 

14 Although agitation has been shown to be important only for the reactivity of foam 

15 fluoride, it was also done during the application of the gel when evaluating the effect of the 

16 agitation time factor. Reasonable clinical times of application (1, 2 and 4 min) were simulated, 

17 and our results showed that the effect of reactivity was not time dependent (Figure 3C), either 

18 for foam or gel. This result was already known for F-gel from studies done in vitro (25) and in 

19 situ (6,26). The absence of effect of time is explainable because the chemical reaction between 

20 fluoride and enamel is self-limiting, mainly because the products used were acidic. The reaction 

21 is instantaneous but is limited by the amount of calcium for the reaction, not the fluoride, which 

22 is in excess either in the foam as in the gel. As the diffusion of acid to remove more calcium 

23 from the inside of the enamel is self-limited, the reactivity reaction reaches equilibrium in a 

24 short time. It should be emphasized the clinical relevance of the present data, because if the 

25 time of application of the foam could be reduced from 4 to 1 min (27, among others) without 

26 impairing the anticaries efficacy of foam application, its safety in terms of fluoride intake during 

27 application would increase. 

28 Regarding the standardization test of the importance of time of rinsing enamel with 

29 water after product application, this issue should be discussed from either an experimental point 

30 of view as well as its clinical relevance. Our results showed (Figure 3D) that the enamel, with 

31 the products applied on it, can be rinsed with water for up to 1 min, without reducing the effect 

32 of fluoride reactivity. This result is important in the laboratory to avoid further contamination 

33 in the fluoride analysis. Thus, residuals of foam or gel adhered to the enamel surface would be 

34 washed away. This result is also of clinical relevance and was already known for F-gel that 
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1 rinsing enamel with waterjet does not reduce the concentration of reaction products formed 

2 (13), which is also valid for foam (12). The greatest concern would be the dissolution of the 

3 weakly bound fluoride formed, but in addition to pure CaF2 being a low solubility salt in water 
4 (1.5 mg), the solubility of the "CaF2" formed is even lower (28). Thus, washing the teeth with 
5 water jets after applying fluoridated foam would increase the safety of fluoride intake from the 

6 foam that is adhered not only to the teeth but also throughout the oral cavity. In summary, the 

7 results of the present study (Figure 4, A, B) clearly showed that in terms of reactivity, acidulated 

8 foam has the same anticaries potential as acidic F-gel, however it needs to be shaken during 

9 application (Figure 3B). The equivalence of the anticaries potential was compared with F-gel, 

10 not only by the similarity of clinical application, but also by the fact that the anticaries efficacy 

11 of acidulate F-gel is based on evidence (9). This equivalence was estimated by the formation of 

12 "CaF2" (Figure 4B), the reaction byproduct considered responsible for the anticaries effect of 
13 fluoride and professional use (5). It has also been demonstrated that this equivalence with F-gel 

14 is valid for sound enamel and with caries lesion (Figure 4 B). Thus, it is expected that the foam 

15 would have the same anticaries efficacy, from a preventive point of view to interfere with the 

16 development of caries when applied in sound enamel, as therapeutic in the inhibition/reversal 

17 of pre-existing caries lesion in enamel. In addition, the results of "CaF2" formed (Figure 4 B) 
18 were equivalent to those of TF (Figure 4A), suggesting that the determination of TF can be 

19 made instead of "CaF2" to estimate the anticaries potential of professional fluoride. The 
20 advantage of determining TF rather than "CaF2" is that it would determine how deep in the 
21 enamel surface the chemical reaction occurred. In the present work, this was made, and the 

22 reactivity extended up to 100 μm from the anatomical surface of the enamel but did not 

23 differentiate the F-gel foam (data not shown). 

24 This laboratory study, which evaluated the anticaries potential of foam used for 

25 professional fluoride application, was done not only in conditions simulating the clinical use of 

26 fluoride but also compared with F-gel, used as positive control because there is evidence of its 

27 anticaries efficacy, however it has limitations. Thus, the importance of foam agitation during 

28 application should be clinically evaluated with the use of trays and not swabs agitation, because 

29 the application of foam is usually not done individually on an isolated dental surface. However, 

30 the need for agitation was observed for the commercial FGM product analyzed and thus other 

31 foam trademarks should be tested to rule out that this is not an inherent problem of the product 

32 used. In addition, the anticaries potential of the foam was estimated by the concentration of 

33 reaction products formed in enamel. Although there are high correlations between "CaF2" 
34 formed in enamel, release of fluoride ion to biofilm fluid and consequent reduction of enamel 
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1 demineralization submitted to the cariogenic challenge, further studies need to be done for this 

2 evaluation. 

3 In conclusion, the results suggest that fluoridated and acidulated foam, if agitated 

4 during application, would have in terms of reactivity with enamel, an anticaries potential 

5 equivalent to that of acidulated F-gel. 
 
 

RESUMO 

6 A espuma tem sido utilizada mundialmente como veículo para aplicação profissional de 

7 fluoreto e hipoteticamente deveria ter o mesmo potencial anticárie que o gel fluoretado 

8 convencional (F-gel) em termos de formação de produtos de reação com o esmalte. Assim, a 

9 capacidade da espuma Flúor Care® (FGM, Joinville, SC, Brasil, 12300 ppm F, acidulada) de 

10 reagir com o esmalte foi avaliada em comparação com o Flúor gel® (DFL, Rio de Janeiro, RJ, 

11 Brasil 12300 ppm F, acidulado). Foram utilizados blocos (n=10/grupo) de esmalte hígido e com 

12 lesão de cárie, nos quais foram determinadas as concentrações de flúor total (FT), e os tipos de 

13 flúor fracamente (CaF2) e firmemente (FAp) ligados ao esmalte. A importância da agitação 
14 durante a aplicação foi previamente testada. As determinações foram feitas com eletrodo íon 

15 específico para fluoreto e os resultados foram expressos em μg F/cm² da área tratada do esmalte. 

16 A diferença entre os tratamentos foi analisada por ANOVA e Tukey (5%), independentemente 

17 para esmalte hígido e cariado. A agitação dos produtos durante a aplicação aumentou 

18 significativamente a reatividade da espuma (p<0,05), mas não a do gel (p>0,05). A espuma não 

19 diferiu do F-gel (p>0,05) quanto à formação de FT e "CaF2" no esmalte hígido ou cariado. Em 
20 relação à FAp, a espuma não diferiu do F-gel (p>0,05) no esmalte cariado, mas a concentração 

21 no hígido foi menor (p<0,05). Os resultados sugerem que para que esta espuma fluoretada 

22 comercial testada tenha o mesmo potencial anticárie que o F-gel controle utilizado, ela precisa 

23 ser agitada durante a aplicação, o que levanta dúvidas sobre outras marcas. 
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3 CONCLUSÃO 
 

Conclui-se que para a espuma fluoretada comercial testada ter o mesmo potencial 

anticárie que o F-gel controle utilizado, ela precisa ser agitada durante a aplicação, o que 

levantou questão para duas novas pesquisas. A primeira é avaliar se outras espumas comerciais 

também precisam serem agitadas durante a aplicação e a segunda é se durante a aplicação 

clínica usando moldeiras a agitação do ato de ocluir pelo paciente é suficiente para aumentar a 

reatividade da espuma comercial testada no presente trabalho. 
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