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RESUMO 

RODRIGUES, Gabriella Fernandes. Eficácia do diamino fluoreto de prata em 

paralisar lesões de cárie em dentina: ensaios laboratorial e clínico controlado e 

randomizado. Rio de Janeiro, 2020. Dissertação (Mestrado em Odontologia – Área 

de concentração: Odontopediatria) – Faculdade de Odontologia, Universidade Federal 

do Rio de Janeiro, Rio de Janeiro, 2020. 

Este estudo objetivou: (1) investigar a eficácia in vitro do diamino fluoreto de prata 

(DFP) em paralisar lesões de cárie em dentina após diferentes concentrações e 

tempos de aplicação; (2) comparar o impacto do DFP e do tratamento restaurador 

atraumático (TRA) na qualidade de vida relacionada à saúde bucal (QVRSB) de pré-

escolares; e (3) avaliar a eficácia do DFP  comparado ao TRA, em paralisar lesões de 

cárie, por meio de um ensaio clínico controlado e randomizado após 2 anos de 

acompanhamento. Para o objetivo 1, blocos de dentina (n=42) foram fixados em 

placas de poliestireno. Um inóculo bacteriano misto (1,5x108 UFC/mL) foi adicionado 

ao meio de cultura com sacarose 5%, contido nas placas, que foram incubadas para 

a formação de biofilme. As amostras foram escaneadas em micro CT (M1) e tratadas 

com DFP de acordo com os grupos (n=6): DFP 30%, aplicação imediata; DFP 30%, 

1’; DFP 30%, 3’; DFP 38%, aplicação  imediata; DFP 38%, 1’; DFP 38%, 3‘. Um grupo 

controle, sem tratamento, também foi preparado. Após o escaneamento (M2), os 

blocos foram submetidos a um desafio cariogênico (21 dias) e novamente escaneados 

(M3). O pH do meio de cultura e a profundidade das lesões inter e intra grupos foram 

comparados pelos testes de Kruskal-Wallis e Wilcoxon. Para os objetivos 2 e 3, pré-

escolares com ao menos uma lesão de cárie ativa na oclusal de seus molares 

decíduos foram randomicamente alocados em dois grupos: DFP e TRA. Os índices 

ceo-d/CPO-DICDAS foram usados para detecção da presença e atividade de cárie. O 

B-ECOHIS foi usado para avaliar a QVRSB antes (M1), 15 dias (M2) e 3 meses (M3) 

após os tratamentos. O sucesso clínico foi avaliado após 6, 12, 18 e 24 meses. Foram 

ainda avaliados: tempo do procedimento, efeitos adversos/percepção estética e 

ansiedade. No estudo in vitro, em M1 e M2, não houve diferença na profundidade das 

lesões entre os grupos (p>0,05). Em M3, o DFP 38% apresentou menor pH do biofilme 

e os grupos que receberam aplicação por 1’ e 3’, em ambas as concentrações, não 

apresentaram aumento na profundidade da lesão em relação ao M1. DFP e TRA não 

diferiram quanto ao B-ECOHIS total, CIS e FIS em M2 e M3 e o B-ECOHIS total 



 

 

diminuiu de M1 para M2 e M3 em ambos os grupos (p<0,05). Após 2 anos, não houve 

diferença entre os tratamentos quanto à paralisação da cárie (p=0,072) e o tempo de 

tratamento para o DFP foi menor (p<0,001). Não houve diferença entre os grupos 

quanto aos efeitos adversos/percepção estética observados pelo operador (p=0,816) 

e pelos pais (p=1,000). A ansiedade não mudou após os tratamentos (p=0,583). 

Assim, o tempo mínimo de aplicação do DFP 30% para paralisar lesões de cárie foi 

de 1’, enquanto o 38% paralisou com aplicação imediata, in vitro. Tanto o DFP quanto 

TRA melhoraram a QVRSB dos pré-escolares, sem diferença entre eles. Ainda, o DFP 

mostrou-se semelhante ao TRA na paralisação de cárie, ansiedade e efeitos 

adversos, requerendo menor tempo de cadeira. 

Palavras-chaves: Dentina, Microtomografia por RX, Dente Decíduo, Cárie Dentária, 

Cariostáticos, Tratamento Dentário Restaurador Atraumático, Cimento de Ionômero 

de Vidro, Qualidade de Vida. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

ABSTRACT 

RODRIGUES, Gabriella Fernandes. Eficácia do diamino fluoreto de prata em 

paralisar lesões de cárie em dentina: ensaios laboratorial e clínico controlado e 

randomizado. Rio de Janeiro, 2020. Dissertação (Mestrado em Odontologia – Área 

de concentração: Odontopediatria) – Faculdade de Odontologia, Universidade Federal 

do Rio de Janeiro, Rio de Janeiro, 2020. 

This study aimed to: (1) investigate the in vitro efficacy of silver diamine fluoride (SDF) 

in arresting dentin caries lesions after different concentrations and application times; 

(2) compare the impact of SDF and atraumatic restorative treatment (ART) on the oral 

health-related quality of life (QHRQoL) in preschoolers; and (3) to evaluate the 

effectiveness of SDF compared to ART, in arresting caries lesions, through a controlled 

randomized clinical trial after 2 years of follow-up. For objective 1, dentin blocks (n=42) 

were fixed in polystyrene plates. A mixed bacterial inoculum (1.5x108 CFU/mL) was 

added to the culture medium with 5% sucrose, in the plates; that were incubated for 

biofilm formation. The samples were scanned on micro CT (M1) and treated with SDF 

according to the groups (n=6): SDF 30%, immediate application; SDF 30%, 1’; SDF 

30%, 3’; SDF 38%, immediate application; SDF 38%, 1’; SDF 38%, 3’. A control group, 

without treatment, was also prepared. After scanning (M2), the blocks were submitted 

to a cariogenic challenge (21 days) and scanned again (M3). The pH of the culture 

medium and the depth of lesions between and within the groups were compared using 

the Kruskal-Wallis and Wilcoxon tests. For objectives 2 and 3, preschoolers with at 

least one active caries lesion on the occlusal surface of their primary molars were 

randomly allocated into two groups: SDF and ART. The indexes dmft/DMFT and 

ICDAS were used to detect the presence and activity of caries. B-ECOHIS was used 

to assess the QHRQoL of children before (M1), 15 days (M2) and 3 months (M3) after 

treatments. Clinical success was assessed after 6, 12, 18 and 24 months. Were also 

evaluated: time of the procedure, adverse effects/aesthetic perception and the child's 

anxiety. In the in vitro study, in M1 and M2, there was no difference in the depth of the 

lesions between the groups (p>0.05). In M3, SDF 38% had a lower pH of the biofilm 

and the groups that received application for 1’ and 3’, in both concentrations, did not 

present an increase in the depth of the lesion in relation to M1. SDF and ART did not 

differ in total B-ECOHIS, CIS and FIS in M2 and M3; and the total B-ECOHIS 

decreased from M1 to M2 and M3 for both groups (p<0.05). After 2 years, there was 



 

 

no difference between treatments regarding caries arrest (p=0.072) and the treatment 

time for SDF was shorter (p<0.001). There was no difference regarding the adverse 

effects/aesthetic perception observed by the operator (p=0.816) and reported by the 

parents (p=1.000), according to the groups. Anxiety did not change either before or 

after treatments (p=0.583). Thus, the minimum time of application of SDF 30% to arrest 

dentin caries was 1’, while SDF 38% arrested with immediate application, in vitro. Both 

SDF and ART improved the QHRQoL of preschoolers, with no difference between 

them. Still, SDF was similar to ART in arresting caries, anxiety and adverse effects, 

requiring less chair time.  

Keywords: Dentin, X-Ray Microtomography, Dental Caries, Cariostatic Agents, Dental 

Atraumatic Restorative Treatment, Glass Ionomer Cements, Quality of Life.  
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1   INTRODUÇÃO 

A cárie dentária é a doença crônica infantil mais frequente no mundo (WHO, 

2003; BENJAMIN et al., 2010; OZDEMIR, 2013), sendo mais prevalente e grave nas 

populações mais desfavorecidas (DARMAWIKARTA et al, 2014), uma vez que 

tratamentos restauradores nem sempre estão disponíveis devido à dificuldade de 

acesso aos cuidados dentários necessários e limitados recursos financeiros para tal 

(CRAIG et al., 2012). Ainda, a cárie na primeira infância (CPI) é definida como uma 

condição que afeta crianças com menos de 71 meses de vida que tenham pelo menos 

um dente decíduo cariado, restaurado ou perdido devido a cárie (ceo-d) (AAPD, 2008). 

Segundo o último levantamento da Pesquisa Nacional de Saúde Oral, no Brasil, 53,4% 

das crianças, aos 5 anos de idade, apresentam pelo menos um dente decíduo cariado, 

perdido ou obturado (SB Brasil, 2012). Assim, de acordo com Cabral et al. (2017) os 

primeiros anos de vida são considerados de maior risco para o desenvolvimento da 

cárie dentária, de modo que crianças mais jovens com cárie também são mais 

propensas a ter essa mesma condição em sua dentição permanente (ANTUNES et 

al., 2006). Além disso, estudos (SILVER et al., 1987; PLONKA et al., 2013) mostram 

que a taxa de desenvolvimento de cárie em dentes decíduos é maior do que em 

dentes permanentes.  

Quando o devido tratamento não ocorre, a lesão de cárie pode progredir 

rapidamente, resultando em dor e infecção, afetando a qualidade de vida relacionada 

à saúde bucal da criança (QVRSB) (DO & SPENCER, 2007), levando à perturbação 

do sono, à dificuldade em conseguir brincar, se alimentar, ir para escola 

(THIKKURISSY et al., 2012) e pode, até mesmo, causar impactos psicológicos 

(SOUZA et al., 2018). Em acréscimo, Dabiri et al. (2016) relataram que a dor 

decorrente da lesão de cárie pode causar um distúrbio no funcionamento básico, no 

crescimento e desenvolvimento da criança. No que se refere a crianças pré-escolares, 

a prevalência de dor de dente varia de, aproximadamente, 7 a 22% (NUTTALL et al., 

2006; MOURA-LEITE et al., 2011; BOEIRA et al., 2012; ORTIZ et al., 2014; 

CLEMENTINO et al., 2015; FERREIRA-JÚNIOR et al., 2015), podendo ser 

considerada um problema de saúde pública, devido ao seu impacto tanto nas 

crianças, como de suas famílias. 

Sendo assim, a cárie dentária tem sido associada ao impacto negativo na 

qualidade de vida relacionada à saúde bucal (ABANTO et al., 2011; WONG et al., 

2011; LEE et al., 2011; LEAL et al., 2012; GOMES et al., 2014; GUEDES et al., 2014; 
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CHAFFEE et al., 2017), que é o impacto que a saúde ou doença bucal tem no 

funcionamento diário de um indivíduo, bem-estar ou qualidade de vida (SISCHO & 

BRODER, 2011), considerando, ainda, aspectos subjetivos como felicidade, bem-

estar social e emocional (CANCIO et al., 2018). Dentre os instrumentos usados para 

avaliar a QVRSB, o Early Childhood Oral Health Impact Scale (ECOHIS), é o mais 

apropriado para determinar o impacto dos problemas bucais na vida de crianças pré-

escolares (ZAROR et al., 2019). Tal instrumento foi desenvolvido em 2007 na sua 

versão original, em inglês, (PAHEL et al., 2007) e validado para o português para uso 

no Brasil, sendo denominado de B-ECOHIS (TESCH, OLIVEIRA & LEÃO, 2008; 

SCARPELLI et al., 2011). 

Dentre as maiores barreiras para crianças aceitarem e tolerarem o tratamento 

odontológico estão o medo e a ansiedade (JAMALI et al., 2018). Tais fatores são 

esperados, quando em níveis baixos, sendo consistentes com o desenvolvimento 

normal (KLINGBERG & BROBERG, 2007). No entanto, a ansiedade excessiva pode 

causar maior percepção da dor pela criança e reduzir a motivação da mesma em 

retornar e participar dos tratamentos dentários necessários (SMITH & HEATON, 

2003). Segundo De Menezes Abreu et al. (2011), o melhor instrumento para se avaliar 

o grau de ansiedade em crianças jovens é uma escala que contenha imagens. Dentre 

essas, a escala de imagens faciais validada por Buchanan & Niven (2002), apresenta 

cinco imagens de rostos que variam desde muito feliz até muito infeliz para que as 

crianças possam escolher e classificar sua ansiedade naquele momento, sendo de 

fácil compreensão até para crianças muito pequenas.  

Uma opção para aumentar o acesso ao tratamento restaurador das lesões de 

cárie é o uso do Tratamento Restaurador Atraumático (TRA). Esta, é uma abordagem 

minimamente invasiva, que visa a remoção de tecido cariado com o auxílio de 

instrumentos manuais (FRENCKEN et al., 1996) e sem a necessidade de anestesia 

local (ARROW & KLOBAS, 2015), tendo como material de escolha o cimento de 

ionômero de vidro (CIV), segundo recomendação da Organização Mundial de Saúde 

(WHO, 1994). Além disso, possui a vantagem de poder ser empregado em locais sem 

eletricidade e água corrente (FRENCKEN et al., 2012). Tal procedimento é 

considerado eficaz no tratamento da CPI (FAUSTINO-SILVA & FIGUEIREDO, 2019). 

No entanto, outras estratégias ainda mais simples de serem aplicadas e com menor 

custo financeiro vem sendo estudadas para o tratamento da cárie dentária, 
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principalmente em locais de difícil acesso e nas populações mais desfavorecidas 

economicamente (MIJAN et al., 2014). 

Dentre essas estratégias, têm se destacado o Diamino Fluoreto de Prata (DFP), 

um agente cariostático tópico e eficaz no controle de lesões com envolvimento da 

dentina (GAO et al., 2016). Estudos afirmam que a aplicação tópica de DFP é simples, 

de baixo custo e um método não invasivo no manejo da cárie (CHU et al., 2008). Chu 

et al. (2002) mostraram que uma única aplicação de Diamino Fluoreto de Prata (DFP) 

a 38% possui maior eficácia na paralisação de cárie do que a aplicação de verniz 

fluoretado (NaF 5%) com intervalos de 3 meses. Uma outra característica desse 

produto é que ele causa um escurecimento da lesão de cárie, de modo que as crianças 

e os responsáveis devem ser alertados antes da aplicação do mesmo (CHEN et al., 

2018). No entanto, por mais que essa seja uma desvantagem devido à estética, 

estudos mostram que a maioria dos responsáveis se sentem satisfeitos em relação a 

aparência dos dentes de suas crianças após o tratamento com DFP (DUANGTHIP et 

al., 2018; MAGNO et al., 2019), principalmente quando o tratamento é realizado nos 

dentes posteriores (CRYSTAL et al., 2017). Além disso, como sua aplicação não 

requer equipamentos dentários, o DFP tem a vantagem de poder ser usado fora do 

ambiente clínico (DOS SANTOS et al., 2012).   

Em relação aos possíveis efeitos adversos do DFP, os mais comumente 

relatados na literatura são a irritação gengival (CASTILLO et al., 2011; DOS SANTOS 

et al., 2012) e manchamento transitório (ZHI et al., 2012; DUANGTHIP et al., 2016; 

FUNG et al., 2018). Não foram encontrados relatos de problemas graves referentes à 

toxicidade sistêmica, como vômito e náusea após o tratamento (DUANGTHIP et al., 

2017). Em acréscimo, o DFP pode ser considerado um tratamento seguro, uma vez 

que uma única gota desse produto (25 μ), contendo 9,5 mg de DFP, é o suficiente 

para tratar até cinco dentes de um mesmo paciente, diminuindo as chances de uma 

possível toxicidade, já que a dose letal, administrada por via oral, corresponde a 520 

mg/kg (HORST et al., 2016). 

O DFP apresenta um intenso efeito antibacteriano no biofilme cariogênico (CHU 

et al., 2012, MEI et al., 2013a, MEI et al., 2013b) e possui um potencial efeito inibitório 

da atividade da matriz de metaloproteinases (MEI et al., 2012) e cisteína catepsina 

(MEI et al., 2014a), paralisando as lesões. Um estudo realizado por Liu et al. (2012) 

revelou que o DFP aumenta a densidade mineral das lesões de cárie em esmalte, e 

Chu et al. em 2008, também afirmaram que a microdureza das lesões de cárie em 
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dentina é aumentada após tratamento com o DFP. Além disso, segundo Mei et al. 

(2018), a prata (Ag) presente no DFP, que é antibacteriana, interage com os íons 

fluoreto, inibindo a atividade das enzimas do colágeno e evitando, consequentemente, 

que haja a degradação do colágeno. Apesar disso, ainda não foi completamente 

esclarecido o mecanismo pelo qual o DFP exerce sua ação na paralisação das lesões 

de cárie.  

Desse modo, o DFP é o único material dentário disponível que é capaz de 

associar a remineralização das estruturas dentárias, proporcionada pelo fluoreto de 

sódio, com o efeito antibacteriano sobre a cárie, através do nitrato de prata (MEI et al., 

2014b; CHIBINSKI et al., 2017). Entretanto, apesar de apresentar um protocolo de 

aplicação simples (AAPD, 2017) e capacidade de paralisar as lesões de cárie (CHU 

et al., 2002, LLODRA et al., 2005), não há um consenso a respeito do tempo de 

aplicação do DFP (AAPD, 2017). Existem autores que preconizam sua aplicação por 

1 (AAPD, 2017; DUANGTHIP et al., 2016) ou 3 minutos (LLODRA et al., 2005), ou até 

mesmo imediata (HORST et al., 2016). Além disso, esse agente cariostático é utilizado 

e mais estudado na concentração de 38% (MEI et al., 2013b); porém, tal concentração 

não está disponível no mercado brasileiro; sendo a apresentação comercial de 30% a 

de maior concentração disponível. Dos Santos et al. (2012) compararam o tratamento 

da cárie dentária com cimento de ionômero de vidro e com DFP à 30%, em crianças 

de 5-6 anos, e concluíram que o uso do DFP nessa concentração pode ser um método 

de escolha para paralisar a cárie em populações pobres no mundo, mudando o 

paradigma de selar ou obturar as cavidades para reduzir lesões de cárie ativas. Uma 

concentração menor, 12%, também está disponível comercialmente, mas estudos 

clínicos demonstraram que nessa concentração o DFP não é tão efetivo como o 38% 

na paralisação de lesões de cárie dentária entre crianças (YEE et al., 2009; ZHI et al., 

2012).  De maneira que, a elaboração de novos estudos para observar qual o menor 

tempo necessário para que o DFP 30% e 38% provoquem a paralisação de lesões de 

cárie em dentina, torna-se relevante.   

Ainda, considerando que o DFP 30% é a maior concentração do produto 

disponível no mercado brasileiro e, que há apenas um estudo clínico controlado e 

randomizado realizado no Brasil que usa tal concentração, em crianças com idade 

superior a 5 anos, sendo o CIV o material de escolha no grupo controle, justifica-se a 

necessidade de novos ensaios clínicos, tendo como grupo controle o TRA. Vale 

também ressaltar a importância de ser avaliar o impacto do tratamento na qualidade 
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de vida relacionada à saúde bucal de qualquer criança e sua família, uma vez que a 

avaliação da QVRSB pode ajudar a mostrar a real necessidade de tratamento, 

priorizar os cuidados e avaliar os resultados das estratégias terapêuticas adotadas em 

uma população. 
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2   PROPOSIÇÃO  

2.1 Objetivo Geral  

Identificar e comparar in vitro o efeito do tempo e da concentração do diamino 

fluoreto de prata na paralisação de lesões de cárie em dentina, bem como avaliar in 

vivo, por meio de um ensaio clínico controlado e randomizado, a qualidade de vida 

relacionada à saúde bucal de pré-escolares antes e após os tratamentos com DFP e 

TRA e a eficácia do DFP em relação ao TRA, na paralisação de lesões de cárie. 

2.2 Objetivos Específicos  

➔ Artigo 1 

• Comprovar a formação das lesões de cárie em dentina por meio da avaliação 

do percentual de perda de dureza superficial e da profundidade das lesões 

formadas, utilizando a técnica do micro-CT; 

• Após tratamento das lesões de cárie formadas in vitro com DFP, identificar e 

comparar: o padrão de deposição da prata na superfície da dentina cariada; e 

a profundidade das lesões de cárie, considerando as diferentes concentrações 

e tempos de aplicação do produto;  

• Identificar e comparar o grau de paralisação das lesões de cárie em blocos de 

dentina bovina e a atividade metabólica do biofilme, considerando as diferentes 

concentrações e tempos de aplicação do DFP, após serem submetidos a um 

desafio cariogênico, por 21 dias.  

➔ Artigo 2  

Avaliar e comparar o impacto do uso do DFP e do TRA na qualidade de vida 

relacionada à saúde bucal de pré-escolares e suas famílias antes e após o 

tratamento de lesões de cárie em dentina. 

➔ Artigo 3 

• Observar clinicamente, durante um período de acompanhamento de 2 anos, a 

paralisação de lesões de cárie ativa envolvendo dentina, na face oclusal de 

molares decíduos, após tratamento com DFP e TRA; 

• Comparar o tempo de consulta requerido pelos dois tipos tratamentos;  

• Investigar os possíveis efeitos adversos decorrentes dos tratamentos;  

• Avaliar a percepção estética dos responsáveis após os tratamentos;  
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• Comparar, por meio de uma imagem de escalas faciais, a ansiedade das 

crianças antes e imediatamente após os tratamentos. 
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3   DELINEAMENTO DA PESQUISA  

O presente estudo compreende uma pesquisa translacional do tipo 

experimental que consiste em um estudo in vitro, caracterizado pela randomização e 

presença de grupo controle, realizado no Laboratório Multidisciplinar de Pesquisas da 

Faculdade de Odontologia da Universidade Federal do Rio de Janeiro (FO/UFRJ) e, 

conta ainda, com um ensaio clínico controlado randomizado, cego, de grupos 

paralelos, para avaliar a eficácia do DFP 30%, comparado ao TRA, em paralisar 

lesões de cárie em dentina localizadas na superfície oclusal de molares decíduos, 

durante um período de 2 anos de acompanhamento.  

Em relação ao ensaio clínico, o mesmo foi realizado conforme as normas do 

CONSORT (Anexo A), somente tendo início, na Faculdade de Odontologia da 

Universidade Federal do Rio de Janeiro (UFRJ), após aprovação do Comitê de Ética 

em Pesquisa (CEP) do Hospital Universitário Clementino Fraga Filho da Universidade 

Federal do Rio de Janeiro (HUCFF-UFRJ), sob nº de protocolo 56374216.2.0000.5257 

e parecer 2.582.593 (Anexo B). O período de recrutamento dos participantes da 

pesquisa (2 a 5 anos de idade) foi de junho de 2016 a dezembro de 2018. O estudo 

foi registrado no Registro Brasileiro de Ensaios Clínicos (ReBEC) e no 

ClinicalTrials.gov, sob os números UTN: U1111-1193-9649 e NCT03063307, 

respectivamente. As assinaturas dos responsáveis, após esclarecimentos sobre a 

pesquisa e seus riscos, referentes ao Termo de Consentimento Livre e Esclarecido 

(TCLE) (Apêndice A) foram obtidas. O Termo de Assentimento foi dispensado pelo 

CEP, devido à idade das crianças participantes da pesquisa.  

Para facilitar a compreensão, primeiramente será descrita a metodologia do 

estudo in vitro e, em seguida, do ensaio clínico, separadamente. 

 

3.1 ESTUDO IN VITRO  

3.1.1 Cálculo Amostral  

O tamanho da amostra foi calculado no programa Bioestat 5.3 (AYRES et al., 

2007), usando-se como base o artigo de Zhao et al. (2017). Assim, a diferença de 

profundidade da lesão entre o grupo submetido ao tratamento com DFP e o grupo 

tratado com água, mensurada através de Micro-CT, foi utilizada como parâmetro de 

estimativa. Portanto, adotando-se um poder do estudo de 95% e um erro padrão de 
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1%, uma amostra de 4 blocos por grupo seria necessária. No entanto, considerando 

uma perda de 30% durante os ensaios, cada grupo de estudo, incluindo o controle, foi 

constituído por 6 blocos, totalizando uma amostra final de 42 blocos de dentes 

bovinos.  

3.1.2 Preparo dos dentes   

Incisivos bovinos hígidos (n=40) foram selecionados aleatoriamente e 

armazenados em solução de timol à 2% sob refrigeração (4°C) até serem utilizados. 

Cada elemento dentário foi cortado paralelamente ao longo eixo do dente, formando 

tiras, e, posteriormente, estas tiras foram cortadas originando fragmentos de 4x4mm, 

usando dois discos de diamante de 300 µm de espessura em uma máquina de corte 

(Isomet, Buehler, Lake Bluff, IL, EUA), com um espaçador de 4mm em ambos os 

cortes. Esses blocos dentários de 4x4mm foram colados, individualmente, em um 

corpo de prova, com auxílio de uma cera pegajosa, sendo a porção experimental 

contendo dentina exposta, e a porção com esmalte coberta pela cera. Foram então 

submetidos ao polimento em uma polidora (APL4, Arotec, Cotia, SP) com lixa de papel 

(Silicon Carbide 1200/4000) para realização da análise de microdureza inicial.  

3.1.3 Análise da microdureza superficial inicial e seleção dos blocos de 

dentina 

No total, 120 blocos (4x4x2mm) de dentina polidos, resultantes do corte de 40 

incisivos bovinos, foram analisados no microdurômetro para análise da microdureza 

superficial inicial (Micromet 5104; Buehler, Mitutoyo Corporation, Tokyo, Japan). Os 

valores de microdureza (KHNb) de superfície foram determinados pela média de três 

indentações – afastadas 100μm umas das outras – feitas no centro do espécime com 

o uso de um indentador  Knoop, com uma carga de 10g e um tempo de permanência 

de 5 segundos (2100 HT, Wilson Instruments, Norwood, MA, USA), conforme descrito 

por Hara et al.  (2006). Quarenta e dois blocos de dentina com dureza média de 46,34 

± 3,04 KNH foram selecionados para a fase experimental, sendo esta faixa de valores 

compatível com a dureza da dentina hígida bovina (HARA et al., 2006). Os blocos 

foram fixados em quatro placas de cultura de poliestireno de 24 poços (TPP, Zellkultur 

Testplatte 24F), com auxílio de cera pegajosa, que também foi aplicada na superfície 

externa dos blocos para assegurar que o biofilme formado entrasse em contato 
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apenas com a superfície experimental da amostra (dentina). As placas foram 

esterilizadas sob luz UV durante 40 minutos antes de receber o inóculo microbiano 

(BERTOLINI et al., 2014). 

3.1.4 Preparo do inóculo para formação da cárie dentária 

Para o preparo do inóculo foram utilizadas as seguintes cepas bacterianas 

ATCC: Streptococcus mutans (ATCC 25175); Streptococcus Sanguinis (ATCC 

10556), Streptococcus Salivarius (ATCC 7073) e Lactobacillus Casei (ATCC 393). 

Essas cepas foram reativadas a partir de suas culturas originais em meio Agar BHI 

(Brains-Heart Infusion, Difco, Sparks, EUA) por 48 horas a 37°C, com 5% de CO2. 

Inicialmente, as amostras bacterianas citadas foram avaliadas quanto ao grau de 

pureza. Em seguida, colônias bacterianas isoladas foram selecionadas e transferidas 

para 25mL de solução de BHI até atingir uma densidade ótica (DO) de 0,08 a 0,13. A 

leitura foi realizada com auxílio de um espectofotômetro (Biospectro SP-220 UV-VIS 

spectrophotometer, Equipar Ltda., Curitiba, Brazil), utilizando-se uma absorbância de 

625nm, o que correspondeu aproximadamente a um inóculo de cada espécie de 

1,5x108 unidades formadoras de colônias por mililitro (UFC/mL), equivalente à escala 

0,5 de McFarland (MCFARLAND, 1907).  

Cada amostra bacteriana foi armazenada em um tubo Falcon, totalizando 4 

tubos. Um mililitro (1 mL) de cada inóculo foi transferido para um único tubo de maior 

calibre, resultando, após homogeneização, em um inóculo misto com concentração 

de 1,5x108 UFC/mL. 

3.1.5 Formação de cárie em dentina nos blocos preparados  

O modelo de indução de lesões cariosas artificiais utilizado já foi previamente 

descrito na metodologia proposta por Antonio et al. (2011) modificada por Soares et 

al. (2015). Após a esterilização, em cada poço da placa de poliestireno (TPP, Zellkultur 

Testplatte 24F) contendo um bloco dentário foi adicionado meio de cultura BHI, 

acrescido de sacarose 5%, suficiente para cobrir completamente o fragmento 

(1000µl/poço). Em seguida, foi adicionado o inóculo bacteriano misto (20µl/poço), 

resultando em uma concentração final de 3x106 CFU/mL. O sistema placa/blocos foi 

incubado em microaerofilia por 7 dias a 37°C. Trocas do meio de cultura foram 

realizadas a cada 24h (PIRES et al., 2018), a fim de manter as células viáveis para 
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formação de um biofilme cariogênico maduro capaz de desmineralizar o tecido 

dentário. 

3.1.6 Acidogenicidade do biofilme misto formado sobre os blocos 

dentários 

O pH do meio de cultura em que o biofilme permaneceu depositado sobre cada 

bloco dentário foi aferido após o 7º dia do experimento, no final do período de 

formação da cárie, a fim de observar a ação metabólica do biofilme maduro. As 

medições de pH foram realizadas com auxílio de um eletrodo (Orion 9690) conectado 

a um pHmetro (Orion Star Series, Thermo Fisher Scientific®, Waltham, USA). Assim, 

o meio de cultura foi removido de cada poço, de acordo com a alocação dos blocos 

dentários na placa de poliestireno; de modo que a cada dois poços, 2 mL de meio de 

cultura eram inseridos em tubos graduados, totalizando 3 tubos por grupo e vinte e 

um no total, uma vez que o experimento possui 7 grupos, incluindo o controle. O pH 

médio de 4,88 ± 0,12 confirmou a alta atividade das bactérias (provável fase 

exponencial) à produção de ácidos, presente ainda após o sétimo dia do experimento.   

3.1.7 Análise da microdureza superficial final 

A análise da microdureza final foi realizada seguindo os mesmos parâmetros 

da análise de microdureza inicial (Knoop type indenter with 10 g load, for 5 s). Os 42 

blocos de dentina, após formação das lesões de cárie artificiais e antes de receberem 

o tratamento, foram vortexados para remoção do biofilme, secos com gaze e 

novamente colados em corpos de prova a fim de serem analisados no microdurômetro 

para análise da microdureza final (Micromet 5104; Buehler, Mitutoyo Corporation, 

Tokyo, Japan). Os blocos também tiveram seus valores de microdureza (KHN) de 

superfície determinados pela média de três indentações – afastadas 100μm umas das 

outras – e 150μm equidistantes das identações iniciais. A porcentagem de perda de 

dureza superficial foi utilizada para medir quantitativamente a desmineralização dos 

blocos de dentina. Este parâmetro foi obtido em função da diferença entre a dureza 

inicial e final da superfície (CURY et al., 2000). 

3.1.8 Análise por Microtomografia (Micro-CT)  
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Cada fragmento foi escaneado em um microtomógrafo de alta energia (modelo 

1173, Bruker, Kontich, Belgium) utilizando-se os seguintes parâmetros: 70kV, 104µA, 

7,08µm de resolução, tempo de exposição de 1000ms, passo de rotação de 0,5° em 

360°, média de quadros de 5 e movimentos aleatórios de 20. As projeções, após 

aquisição, foram então reconstruídas em cortes transversais através de um software 

apropriado (nRecon, Bruker), também utilizando-se parâmetros selecionados 

(correção de artefatos de anel 10, correção de endurecimento do feixe de 50% e 

padronização dos limites de contraste entre 0 e 0,08). As imagens dos cortes 

transversais foram salvas em tons de cinza (8-bit) com formato BMP.  

O escaneamento dos fragmentos dentários foi realizado após a formação de 

cárie (M1), imediatamente após os tratamentos com DFP (M2) e após os 21 dias (M3) 

(MILGROM et al., 2018) de alto desafio cariogênico, seguindo os mesmos parâmetros 

de aquisição e reconstrução.  

3.1.9 Tratamento da cárie dentária formada nos blocos de dentina  

Após o escaneamento, os blocos dentários permaneceram em ambiente úmido 

durante todo o seu transporte até o momento do tratamento. 

Cada fragmento foi tratado de acordo com os seguintes grupos (n=6):   

DFP 30%, aplicação com remoção imediata - a lesão em dentina foi tratada 

com DFP (30%, Cariestop-Biodinâmica, Brasil) aplicado imediatamente; ou seja, com 

auxílio de um microbrush  (Kg Brush Fine – KG Sorensen) o DFP foi passado em toda 

a lesão e, imediatamente após, o excesso foi removido com bolinha de algodão e a 

cavidade foi lavada com auxílio de uma pipeta utilizando-se para esse fim 2000µL de 

água Mili-Q;  

 DFP 30%, 1 minuto - a lesão em dentina foi tratada com DFP (30%, Cariestop-

Biodinâmica, Brasil) aplicado por 1 minuto; ou seja, com auxílio de um microbrush (Kg 

Brush Fine – KG Sorensen) o DFP foi  passado em toda a lesão e, após aguardar o 

período de 1 minuto, o excesso foi removido com bolinha de algodão e a cavidade 

então lavada com auxílio de uma pipeta utilizando-se para esse fim 2000µL de água 

Mili-Q;  

DFP 30%, 3 minutos - a lesão em dentina foi tratada com DFP (30%, Cariestop-

Biodinâmica, Brasil) aplicado por 3 minutos; ou seja, com auxílio de um microbrush 

(Kg Brush Fine – KG Sorensen) o DFP foi passado em toda a lesão e, após aguardar 

o período de 3 minutos, o excesso foi removido com bolinha de algodão, sendo a 
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cavidade lavada com auxílio de uma pipeta utilizando-se para esse fim 2000µL de 

água Mili-Q;  

DFP 38%, aplicação com remoção imediata - a lesão em dentina foi tratada 

com DFP (38% - Advantage Arrest™, USA) aplicado imediatamente; ou seja, com 

auxílio de um microbrush (Kg Brush Fine – KG Sorensen) o DFP foi passado em toda 

a lesão e, imediatamente após, o excesso foi removido com bolinha de algodão e a 

cavidade foi lavada com auxílio de uma pipeta utilizando-se para esse fim 2000µL de 

água Mili-Q; 

DFP 38%, 1 minuto - a lesão em dentina foi tratada com DFP (38% - Advantage 

Arrest™, USA) aplicado por 1 minuto; ou seja, com auxílio de um microbrush (Kg 

Brush Fine – KG Sorensen) o DFP foi passado em toda a lesão e, após aguardar o 

período de 1 minuto, o excesso foi removido com bolinha de algodão e a cavidade 

então lavada com auxílio de uma pipeta utilizando-se para esse fim 2000µL de água 

Mili-Q; 

DFP 38%, 3 minutos - a lesão em dentina foi tratada com DFP (38% - 

Advantage Arrest™, USA) aplicado por 3 minutos; ou seja, com auxílio de um 

microbrush (Kg Brush Fine – KG Sorensen) o DFP foi passado em toda a lesão e, 

após aguardar o período de 3 minutos, o excesso foi removido com bolinha de algodão 

e a cavidade lavada com auxílio de uma pipeta utilizando-se para esse fim 2000µL de 

água Mili-Q;  

O último grupo não recebeu nenhum tipo de tratamento, representando o 

controle negativo. 

A aplicação do DFP em todos os grupos de tratamento se deu de forma passiva 

e a quantidade média de DFP aplicada em cada bloco de dentina dos grupos de 

tratamento foi estimada pelo cálculo da diferença do peso do microbrush antes e após 

a aplicação (MEI et al., 2013a).    

3.1.10 Simulação do ambiente bucal  

Logo após o tratamento e consequente escaneamento, os fragmentos foram 

novamente submetidos a um novo desafio cariogênico microbiológico seguindo os 

parâmetros descritos anteriormente no item 3.1.4. Além disso, a fim de simular o 

ambiente bucal, todos os grupos do estudo (G1 ao G7) receberam escovação com 

uma diluição de dentifrício fluoretado (1450 ppm de flúor; Creme Dental Colgate 

Máxima Proteção Anticáries Menta), em uma proporção de 3 mililitros (ml) de água 
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para 1 grama (g) de dentifrício, durante 21 dias (MILGROM et al., 2018), uma vez ao 

dia, pelo tempo de 1 minuto.   

Para realização dessa escovação, uma escova Robinson estéril, usada 

manualmente, foi destinada a cada bloco dos grupos do estudo. Tal escovação era 

sempre realizada dentro do fluxo laminar, após remoção do meio de cultura. E, logo 

após, os fragmentos foram lavados com 3000µL de água Mili-Q com o auxílio de 

pipetas. Por fim, após a lavagem, um novo meio de cultura acrescido de sacarose 5% 

foi acrescentado ao sistema blocos/poços. Esse protocolo foi realizado durante 21 

dias.  

Além disso, foram realizadas trocas do inóculo a cada 7 dias, nas mesmas 

condições apresentadas no item 3.1.5, a fim de manter as células viáveis para 

formação de um biofilme cariogênico maduro. A acidogenicidade foi medida para 

demonstrar a atividade antibacteriana do DFP ao longo do período do estudo. 

3.1.11 Análise das imagens digitais  

Após a reconstrução, os três pares de imagens (após M1, M2 e M3) foram 

registradas através de um algoritmo aplicado ao software 3DSlicer (FEDOROV et al., 

2012). Após esse procedimento, os três volumes produzidos para cada amostra foram 

posicionados no mesmo conjunto de coordenadas espaciais. A profundidade das 

lesões foi medida em M1, M2 e M3. A paralisação de cárie, bem como a 

remineralização, foi considerada por meio da comparação entre M1 e M3, 

considerando os valores de profundidade das lesões. Além disso, foi realizada uma 

análise visual, qualitativa, da distribuição das áreas de alta densidade, correspondente 

à deposição/distribuição da prata. 

3.1.12 Análise dos dados 

Todos os dados foram inseridos no software SPSS 21.0 (IBM, Chicago, IL - 

License from Cardiff University, UK) para serem analisados. O teste de Shapiro-Wilk 

foi utilizado para verificar a normalidade dos dados. O teste de Kruskal-Wallis seguido 

do teste de Dunn foi utilizado para comparar as médias de profundidade das lesões e 

pH entre os grupos em M1, M2 e M3. O teste de Wilcoxon foi utilizado para comparar 

o pH do meio de cultura e a profundidade das lesões de cárie entre M1 e M3 dentro 
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de cada grupo, considerando a mesma amostra. Um nível de significância de 5% foi 

considerado para todas as análises. 

3.2 ENSAIO CLÍNICO 

De junho de 2016 a dezembro de 2018, crianças de 2 a 5 anos, possuindo um 

bom estado de saúde geral e atendidas na Clínica de Odontopediatria da Faculdade 

de Odontologia da Universidade Federal do Rio de Janeiro (UFRJ) foram convidadas 

a participar do presente ensaio clínico. Após os responsáveis serem informados sobre 

o estudo, caso concordassem com o mesmo, era assinado o TCLE (Apêndice A), 

autorizando a participação da criança e em seguida, era realizada a anamnese e o 

exame clínico, por um operador treinado e calibrado. Dessa forma, na consulta 

seguinte, antes de ser realizado o tratamento, as crianças eram alocadas, de forma 

aleatória, em dois grupos: teste (DFP) e controle (TRA). A partir desse momento, os 

seguintes desfechos foram investigados: (1) paralisação das lesões de cárie que 

receberam os tratamentos citados; (2) tempo necessário para realização dos 

diferentes tipos de tratamento; (3) possíveis efeitos adversos; (4) percepção estética 

dos responsáveis e (5) ansiedade das crianças imediatamente antes e após os 

tratamentos. Em acréscimo, foi avaliado o impacto na qualidade de vida relacionada 

à saúde bucal dos pré-escolares e suas famílias antes, 15 dias e 3 meses após os 

tratamentos recebidos.   

Assim, com a realização desse ensaio clínico, foi possível a produção de dois 

artigos científicos: um artigo referente à avaliação da QVRSB dos pré-escolares antes 

e após os tratamentos, e outro com o desfecho principal do estudo - observar a 

paralisação das lesões de cárie, e os demais desfechos secundários citados 

anteriormente. 

3.2.1 Cálculo Amostral 

O tamanho da amostra foi calculado através do programa Biostat 5.3 (AYRES 

et al., 2007), baseado na diferença de proporção do sucesso clínico observado em 

estudo prévio similar (DOS SANTOS et al., 2012), no período de 12 meses de 

acompanhamento. Dessa forma, assumindo uma diferença de proporção de 28% 

entre os grupos teste e controle; o uso de um teste bilateral; um poder de 80% e erro 

padrão de 0,05%; o tamanho da amostra calculado em foi de 49 pacientes em cada 
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grupo de tratamento. Estimando-se uma perda da amostra de 20%, 59 pacientes 

seriam o suficiente para contemplar a amostra de cada grupo. 

Embora o cálculo seja feito por número de pacientes, todos os dentes elegíveis 

das crianças selecionadas foram tratados, recebendo o mesmo tratamento para o qual 

a criança foi randomizada. 

3.2.2 Treinamento e calibração 

O exercício de treinamento e calibração consistiu em duas etapas: teórica e 

prática. 

Etapa teórica 

A etapa teórica para diagnóstico das lesões de cárie dentária foi realizada 

através da leitura do manual do ICDAS II (ICDAS II, 2007) e dos exercícios de 

treinamento disponíveis no site oficial do ICDAS (ICDAS E-Learning Course) para 

identificação das lesões de acordo com os critérios do índice. Para o índice ceo-

d/CPO-D (WHO, 1997), o treinamento se deu através da apresentação de fotografias 

projetadas (SB Brasil, 2012). Na segunda fase desse treinamento, os examinadores 

observaram 40 imagens de dentes com lesões de cárie em vários estágios, projetadas 

em um único computador. Posteriormente eles anotaram, de forma independente, o 

código correspondente ao diagnóstico das lesões e, em seguida, discutiram os 

resultados com um examinador experiente, considerado “padrão-ouro”. Esse 

examinador experiente, por sua vez, escolheu 10 novas imagens que foram avaliadas 

pelos mesmos examinadores. Desse modo, os resultados foram discutidos após as 

avaliações e, em casos de respostas diferentes, os avaliadores projetavam mais uma 

vez a imagem que gerou dúvida, até chegarem a um consenso e, consequentemente, 

estarem aptos a iniciar a etapa prática. 

Etapa prática 

Após a etapa teórica, os examinadores começaram o treinamento clínico com 

crianças em diferentes idades e com dentes decíduos com lesões de cárie em 

diferentes estágios. Os exames clínicos foram realizados, após a escovação e 

secagem com ar comprimido, em cadeira odontológica, sob luz artificial, com sonda 

de ponta romba e espelho bucal plano nº 5, pelos mesmos examinadores, de forma 

independente. Essas crianças não estavam incluídas na amostra principal do estudo. 
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Os resultados foram discutidos após cada exame e, nos casos de dúvida, o avaliador 

reexaminava a superfície até chegarem a um consenso. 

Calibração 

Os examinadores, de forma independente, examinaram as crianças, de 

diferentes idades e com lesões de cárie em diversos estágios, da mesma forma como 

feito no treinamento prático. As análises do percentual de concordância 

interexaminadores envolveram o coeficiente Kappa com ponderação quadrática para 

os índices ICDAS e ceo-d/CPO-D. Assim, a concordância interexaminador foi 

observada através da comparação dos resultados dos exames de cada profissional. 

3.2.3 Critérios de elegilibidade 

Os participantes do estudo foram selecionados após anamnese, exame clínico 

e radiográfico, realizados por um operador treinado. Dessa forma, para que fossem 

selecionados para o estudo, os seguintes critérios foram adotados, tanto em relação 

as crianças quanto aos dentes que receberam o tratamento: 

• Ter entre 2 a 5 anos de idade; 

• Ter bom estado de saúde geral; 

• Possuir pelo menos uma lesão de cárie ativa na face oclusal de molares 

decíduos, correspondendo aos escores 5 ou 6 do ICDAS. 

Em relação aos critérios de exclusão: 

• Crianças com doenças sistêmicas/neurológicas; 

• Crianças que as famílias pretendiam se mudar do Rio de Janeiro antes 

do tempo do término do estudo; 

• Crianças com alergia à prata ou a qualquer substância presente nos 

diferentes materiais usados para tratamento; 

• Dentes com dor espontânea/provocada, mobilidade, ou sinais 

radiográficos de envolvimento ou possível envolvimento pulpar; 

• Dentes com defeitos de desenvolvimento de esmalte e dentina; 

• Dentes que durante o processo de remoção de tecido cariado (grupo 

controle) ocorreu o acometimento de outra face do elemento. 
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3.2.4 Recrutamento e avaliação inicial 

Pré-escolares, com idade de 2 a 5 anos de idade, atendidos na clínica de 

Odontopediatria da FO-UFRJ e com pelo menos um molar decíduo com cárie ativa 

em dentina, na superfície oclusal, foram convidados a participar do estudo. A partir do 

momento que foi observado que a  criança era elegível, de acordo com os critérios de 

elegibilidade, os responsáveis recebiam todas as informações relacionadas à 

pesquisa e, estando de acordo, assinavam ao TCLE (Apêndice A), autorizando a 

participação da criança.  

Em um segundo momento, na consulta inicial da pesquisa, um 

entrevistador/anotador era responsável por fazer uma entrevista detalhada para 

preenchimento da ficha clínica (Apêndice B), bem como exames clínico e radiográfico 

(radiografia periapical/interproximal), realizados por um operador treinado, a fim de 

confirmar que o dente em questão atendia aos critérios de elegibilidade requeridos no 

estudo. Nessa entrevista, os responsáveis foram questionados em relação às 

perguntas presentes na ficha clínica, como informações sobre a saúde geral/bucal das 

crianças, possíveis hábitos e experiências odontológicas prévias, dados 

sociodemográficos e socioeconômicos (ABEP, 2017). Além disso, no mesmo dia, o 

entrevistador aplicava para o responsável responder, na forma de entrevista, o 

questionário B-ECOHIS (TESH, OLIVEIRA e LEÃO, 2008; SCARPELLI et al., 2011), 

para avaliar a QVRSB das crianças e suas famílias antes do tratamento ser realizado. 

No fim dessa entrevista inicial, todas as crianças participantes recebiam um kit 

de higiene bucal, contendo escova de dentes, dentifrício fluoretado e fio dental. Em 

seguida, era feita a escovação supervisionada e, tanto crianças quanto responsáveis, 

foram orientados sobre higiene bucal. O exame clínico foi realizado após essas 

etapas, pelo operador treinado e calibrado, em uma cadeira odontológica devidamente 

equipada, sob luz artificial, com auxílio de espelho bucal plano nº5 e uma sonda 

exploradora de ponta romba, quando necessário, a fim de se determinar a condição 

de cada elemento dentário, por meio do índice ceo-d/CPO-D (WHO, 1997). Ainda, 

para todos os molares decíduos, o índice ICDAS foi também empregado, bem como 

a determinação da atividade de cárie (ICDAS II, 2007). 

Caso a criança não fosse selecionada para o estudo, por não se encaixar nos 

critérios de elegibilidade, era encaminhada para tratamento nas clínicas de 

Odontopediatria da FO-UFRJ. 
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3.2.5 Randomização 

As crianças selecionadas foram aleatoriamente alocadas nos grupos de 

tratamento: teste (DFP) e controle (TRA). O modelo de randomização foi em bloco de 

quatro, por meio da geração de uma lista de número aleatórios no programa Excel, 

por um único pesquisador não envolvido nos atendimentos clínicos e nem na análise 

dos dados (FBF). Os números randomizados foram colocados em envelopes, opacos 

e selados, contendo o tipo de tratamento referente a cada paciente. Assim, esses 

envelopes foram abertos apenas no momento da realização da intervenção. 

3.2.6 Intervenção  

Todos os pacientes e seus responsáveis receberam orientações quanto à 

alimentação e cuidados de saúde bucal, como o uso do fio dental e de dentifrício 

fluoretado pelo menos duas vezes ao dia. Todas as intervenções foram realizadas por 

dois operadores, especialistas em Odontopediatria.  

Os dentes do grupo teste (DFP) foram tratados seguindo o seguinte protocolo: 

(A) limpeza da superfície oclusal com escova de dentes; (B) proteção dos tecidos 

moles  e da gengiva com vaselina; (C) isolamento relativo com rolete de algodão e 

sugador de saliva; (D) secagem com o ar da seringa tríplice; (E) aplicação do DFP 

30% (Cariestop-Biodinâmica, Paraná, Brasil) com auxílio de um microbrush 

(Cavibrush, FGM, Joinville, Brasil), deixando agir por 3 minutos; (F) remoção do 

excesso, quando necessário, com bolinha de algodão seca; (G) lavagem com a água 

da seringa tríplice e sucção simultânea (HORST et al., 2016). O DFP foi aplicado 

inicialmente e, posteriormente, reaplicado a cada seis meses nas consultas de revisão 

(LLODRA et al., 2005), independentemente de as lesões estarem ativas ou inativas. 

Já os dentes do grupo controle (TRA), foram tratado de acordo com o seguinte 

protocolo: (A) limpeza da superfície oclusal com escova de dentes; (B) isolamento 

relativo com rolete de algodão e sugador de saliva; (C) remoção do tecido cariado na 

junção amelo-dentinária e do tecido amolecido no fundo da cavidade (remoção 

seletiva), com uso de um escavador de dentina de tamanho compatível com o 

tamanho da cavidade; (D) limpeza da cavidade com bolinha de algodão molhada com 

água; (E) condicionamento da superfície com o líquido do cimento de ionômero de 

vidro (Ketac Molar Easy Mix 3M ESPE, Saint Paul, EUA) por 10 segundos; (F) lavagem 

com bolinha de algodão molhada; (G) secagem com bolinha de algodão seca; (H) 
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manipulação do cimento  de ionômero de vidro (Ketac Molar Easy Mix 3M ESPE, Saint 

Paul, EUA) de acordo com as instruções do fabricante; (I) inserção do material na 

cavidade, com auxílio de uma espátula número 1; (J) pressão digital por 30 segundos 

com vaselina; (K) checagem da oclusão e remoção do excesso, se necessário, com 

instrumento manual; (L) cobertura da restauração com vaselina; (M) instruções para 

ficar 1 hora sem se alimentar (FRENCHEN et al., 1996). 

3.2.7 Desfechos do estudo e período de acompanhamento 

As revisões para acompanhamento dos tratamentos realizados aconteceram 

em intervalos de 6, 12, 18 e 24 meses. Nesses períodos, bem como na primeira 

consulta de tratamento, foram avaliados tanto o desfecho principal quanto os 

secundários. 

Desfecho principal 

O número de lesões de cárie que passaram de ativas para inativas 

(paralisadas) no grupo que recebeu tratamento com DFP (grupo teste), em 

comparação ao tratamento com TRA (grupo controle), representou o desfecho 

principal do estudo. A atividade das lesões de cárie foi observada durante o exame 

clínico, por meio do índice ICDAS, realizado por examinadores treinados e calibrados. 

Assim, as lesões eram classificadas como ativas quando a dentina apresentava 

consistência macia à sondagem e inativas quando a dentina estava endurecida após 

leve sondagem, podendo estar brilhosa (ICDAS II, 2007). Essas anotações referentes 

aos índices ICDAS e ceo-d/CPO-D, que também era aplicado em todas as revisões, 

foram registradas em uma ficha específica (Apêndice C). 

Dessa forma, o sucesso ou insucesso clínico de ambos os tratamentos, foi 

determinado a partir da comparação dos dados do exame clínico inicial com os 

exames das revisões de acompanhamento.  

No grupo teste, que recebeu o tratamento com DFP, foi classificado como 

sucesso as lesões de cárie sem atividade, de acordo com o índice ICDAS. Já o 

insucesso ocorreu nos casos com presença de lesão de cárie ativas e/ou dor 

espontânea ou sinais clínicos de desenvolvimento pulpar nos dentes tratados. O DFP 

foi reaplicado semestralmente, em cada revisão, exceto nos casos de dentes com 

sinais e sintomas de envolvimento pulpar (ZHI et al., 2012; LLODRA et al., 2005). Nos 

casos de insucesso, em que não foi constatada a paralisação da cárie, o protocolo de 

reaplicação se manteve, caso não houvesse evidência de comprometimento pulpar. 
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No grupo controle, tratado com TRA, quando a restauração estava presente 

totalmente, sem dentina aparente, o tratamento era considerado como sucesso, bem 

como quando havia falha da restauração com exposição da dentina, mas ausência de 

atividade de cárie, de acordo com ICDAS. Nessas situações, o CIV foi refeito e o 

procedimento anotado na ficha do paciente.  Nos casos de dentina exposta com 

atividade de cárie por falha da restauração e/ou dor espontânea ou sinais clínicos de 

envolvimento pulpar, o dente em questão era classificado como insucesso.  

Além disso, tanto no grupo DFP quanto TRA, quando observada a presença de 

envolvimento pulpar ou a criança apresentasse queixas de dor espontânea os dentes 

recebiam o tratamento indicado para cada caso. 

Desfechos secundários 

• Tempo de consulta necessário para realização dos tratamentos 

Para os dois tipos de tratamento, o tempo médio necessário para a realização 

de cada procedimento foi comparado. Para tal, um cronômetro foi ativado assim que 

se iniciou a escovação dentária, uma vez que esta é primeira etapa do protocolo de 

ambos os grupos, e foi interrompido no final da última etapa realizada em cada grupo 

de tratamento. Caso o paciente tivesse mais de um dente a ser tratado, a 

cronometragem era realizada apenas com um deles, o que foi sorteado para o estudo. 

• Efeitos adversos e percepção estética 

A fim de avaliar possíveis efeitos adversos decorrentes dos tratamentos, um 

questionário sobre efeitos adversos (SALAZAR, 2008) (Apêndice D) com perguntas 

fechadas, foi adaptado para ser utilizado no presente estudo. Essa adaptação se deu 

pelo acréscimo de 3 perguntas à versão original do questionário, para investigação de 

dor/sensibilidade e presença de mancha ou machucado.  

Tal investigação ocorreu de duas formas: através do que foi observado/relatado 

pelo operador imediatamente após os dentes terem sido tratados e por meio do relato 

dos responsáveis dois dias após o tratamento. Quanto ao operador, logo após o 

procedimento ser realizado, foi feito o registro na ficha clínica (Apêndice B) sobre as 

perguntas relacionadas à possível dor/sensibilidade nos dentes, sabor desagradável, 

irritações, lesões e manchamento tanto na mucosa quanto na gengiva e na pele.  

Já os responsáveis, foram entrevistados pelo mesmo operador responsável 

pela realização do tratamento, via telefone, dois dias após o mesmo. Assim, foram 
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indagadas questões relacionadas a ocorrência de ardência na boca, alergias, enjôo, 

vômito, sabor alterado da comida, irritação na gengiva/mucosa, queimadura química 

dos tecidos moles, machucado na pele e dor/sensibilidade nos dentes. Além disso, tal 

questionário também avaliou a percepção estética dos responsáveis em relação à 

aparência dos dentes de seus filhos após o tratamento. Essa investigação ocorreu 

através de perguntas como: “A criança evitou sorrir?” e “Após o tratamento, você ou 

alguém da sua família ficou aborrecido com a aparência dos dentes da sua criança?”. 

• Ansiedade 

Uma escala de imagens faciais (BUCHANAN & NIVEN, 2002) (Anexo C)  foi 

aplicada antes e imediatamente após o tratamento, em crianças com idade superior a 

3 anos, a fim de avaliar possíveis mudanças na ansiedade das crianças, de acordo 

com os grupos. Desse modo, antes do tratamento,  ainda na sala de espera, a criança 

era questionada sobre como estava se sentindo naquele momento e instruída a 

apontar um sentimento, com a seguinte frase: “Você pode apontar qual carinha 

demonstra como você está se sentindo agora?”. Após a consulta, com a criança ainda 

na cadeira odontológica, a mesma pergunta era feita. Assim, cinco faces da escala 

foram consideradas: (1) muito feliz; (2) feliz; (3) neutro; (4) infeliz; (5) muito infeliz. As 

mudanças na ansiedade antes e após o tratamento foram classificadas como: 

mudança positiva, nenhuma mudança ou mudança negativa (DIAS et al., 2018). 

• Qualidade de vida relacionada à saúde bucal 

A avaliação da qualidade de vida relacionada à saúde bucal originou um único 

artigo, separado dos demais desfechos do presente ensaio clínico. Essa avaliação se 

deu por meio do questionário B-ECOHIS (TESH, OLIVEIRA E LEÃO, 2008; 

SCARPELLI et al., 2011) (Anexo D), aplicado aos responsáveis por assistentes 

treinadas, em três diferentes momentos: (1) antes do tratamento, (2) 15 dias após o 

tratamentos e (3) 3 meses após, sempre direcionado à mesma pessoa que respondeu 

da primeira vez. Nas avaliações antes e 3 meses após o tratamento, o questionário 

foi feito pessoalmente, na forma de entrevista, enquanto 15 dias depois do tratamento 

o mesmo foi aplicado via telefone. Além disso, em todos os três momentos de 

aplicação do questionário, um cartão com as opções de resposta foi mostrado aos 

responsáveis, a fim de diminuir as chances de a memória influenciar nas suas 

escolhas (SCARPELLI et al., 2011).  



43 
 

 

O B-ECOHIS compreende 13 questões, que correspondem a seis domínios, 

sendo quatro estão na seção de impacto na criança (CIS): sintomas - 1 item; função - 

4 itens; psicológico – 2 itens; interação autoimagem/social - 2 itens; e dois domínios 

estão na seção de impacto na família (FIS): angústia dos pais - 2 itens e função da 

família - 2 itens. Além disso, também possui uma pergunta sobre como o responsável 

considera o estado de saúde bucal de sua criança, em relação a outras crianças da 

mesma idade, que não foi analisada nesse estudo. 

As opções de respostas consideradas para o B-ECOHIS foram: 0 = nunca, 1 = 

quase nunca, 2 = às vezes (de vez em quando), 3 = com frequência, 4 = com muita 

frequência, 5 = não sei. Responsáveis que responderam duas ou mais vezes “não sei” 

no CIS e uma ou mais no FIS, foram excluídos, não sendo contabilizados (SCARPELLI 

et al., 2011; VOLLÚ et al., 2019). Os escores totais individuais foram calculados por 

meio da soma dos códigos de cada resposta. Consequentemente, quanto maior o 

escore, maior o impacto negativo sobre a QVRSB e vice-versa (TESH,OLIVEIRA E 

LEÃO, 2008; SCARPELLI et al., 2011).  

3.2.8 Cegamento do estudo 

Os examinadores permaneceram cegos em todas as revisões de 

acompanhamento dos tratamentos realizados, uma vez que desconheciam o objetivo 

do estudo e examinavam a boca do paciente como um todo, aplicando os índices ceo-

d/CPO-D e ICDAS. No entanto, não foi possível que o operador fosse cego devido à 

diferença entre os dois tipos de materiais utilizados nas intervenções. Por essa mesma 

razão, embora os pacientes e responsáveis não fossem avisados sobre qual tipo de 

tratamento fora realizado, não se pode garantir que os mesmos fossem cegos. 

3.2.9 Análises estatísticas 

Todos os dados foram inseridos e analisados no programa SPSS 24.0 (SPSS 

Inc., Chicago, EUA) e o nível de significância adotado para todos os testes foi de 5%. 

Os testes qui-quadrado e exato de Fisher foram utilizados para analisar a 

distribuição entre os grupos, de acordo com as seguintes variáveis: sexo, presença 

de lesões de cárie nos irmãos, nível de escolaridade dos pais, nível socioeconômico, 

presença e quantidade de flúor no dentifrício, sucção nutritiva noturna, características 

dos molares decíduos, porcentagem de pacientes/dentes que faltaram as revisões ou 
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foram excluídos do estudo e os que continuaram sendo acompanhados, bem como 

as lesões de cárie que foram paralisadas em cada grupo. Além disso, o teste do qui-

quadrado também foi utilizado para determinar a diferença entre a quantidade de 

efeitos adversos e queixas relacionadas a percepção estética dos responsáveis nos 

dois grupos de tratamento. O teste de Shapiro Wilk foi usado para verificar a 

normalidade dos dados, que se mostrou não normal. Dessa forma, o teste de Mann-

Whitney foi empregado para comparar a idade média das crianças e os índices ceo-

d/CPO-D, assim como o tempo necessário para realização do tratamento em cada 

grupo.  

O teste qui-quadrado foi utilizado para medir a ansiedade das crianças antes e 

após o tratamento, avaliando a variação do sentimento como uma mudança positiva, 

nenhuma mudança ou uma mudança negativa (DIAS et al., 2018). Uma mudança 

positiva foi considerada quando a escolha apontada pela criança passou da imagem 

facial de muito infeliz/infeliz para neutro ou muito feliz/feliz e de neutro para muito 

feliz/feliz, enquanto que para uma mudança negativa a criança teve que mudar de 

muito feliz/feliz para neutro ou muito infeliz/infeliz; ou de neutro a muito infeliz/infeliz.  

Em relação à qualidade de vida relacionada à saúde bucal, dados 

sociodemográficos, como idade, sexo e nível socioeconômico (dicotomizados em 

médio - B e baixo - C, D, E) (ABEP, 2017), bem como cpo-d, foram associados ao 

escore total de B-ECOHIS, CIS, FIS e suas respectivas subescalas, antes do 

tratamento (M1), pelo teste de Mann-Whitney. O modelo de regressão de Poisson com 

variância robusta foi aplicado a fim de investigar uma possível associação entre essas 

variáveis independentes e os valores iniciais de B-ECOHIS. Além disso, o teste de 

Mann-Whitney foi utilizado para calcular os escores do B-ECOHIS, comparando os 

dois tipos de tratamento em momentos diferentes: inicial (M1), 15 dias (M2) e 3 meses 

(M3) após o tratamento, enquanto o teste de Wilcoxon comparou o mesmo tratamento 

nos três momentos de aplicação do questionário. Quanto à prevalência, para 

comparar as questões do B-ECOHIS cujas respostas foram “com frequência” e “com 

muita frequência” em M1, M2 e M3, foi utilizado o teste de McNemar. 

As mudanças observadas nos escores totais de B-ECOHIS, CIS, FIS e suas 

subescalas foram determinadas subtraindo os escores em M1, M2 e M3. No caso de 

uma mudança positiva, ou seja, melhora da qualidade de vida, os escores pós-

tratamento devem ser menores que os pré-tratamento, enquanto uma mudança 

negativa aponta para um escore mais alto pós-tratamento [DUANGTHIP et al., 2019]. 
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O teste de Wilcoxon foi utilizado para comparar esses resultados. O tamanho do efeito 

(TE) também foi calculado (COHEN, 1988), de modo que a média da mudança foi 

dividida pelo desvio padrão das médias totais de B-ECOHIS ou médias de 

seções/subescalas observadas na avaliação inicial, ou seja, antes do tratamento. 

Assim, dependendo do valor, TE indica um efeito pequeno (<0,2), moderado (0,20-

0,70) ou grande (>0,70).  
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4   DESENVOLVIMENTO DA PESQUISA 

 

Artigo 1: Efficacy of 30% and 38% silver diamine fluoride in arresting dentin 

caries lesions after different application times: An in vitro study  
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preschoolers after silver diamine fluoride and atraumatic restorative treatments 
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Abstract 

Objectives: This study evaluated the efficacy of Silver Diamine Fluoride (SDF) in 

arresting dentin caries lesions when applied under different concentrations and times. 

Design: Dentin blocks (n=42) were fixed in 24-well plates. Each well was filled with a 

mixed bacterial inoculum added to the culture medium supplemented with 5% sucrose. 

The plates were incubated in microaerophilia (7 days) for biofilm growth and caries 

formation, which was confirmed by micro-CT and microhardness measurements (M1). 

SDF solutions were applied over the carious specimens lesions with different 

concentrations and times (n=6): SDF 30%, immediate application; SDF 30%, 1 minute; 

SDF 30%, 3 minutes; SDF 38%, immediate application; SDF 38%, 1 minute; SDF 38%, 

3 minutes. A control group, without treatment, was also prepared. The samples were 

again scanned by micro-CT (M2) and were submitted to a second cariogenic challenge 

for 21 days (M3). The final micro-CT scan was performed after M3. Mean pH at the 

culture medium and lesion depth after M1 and M3 were compared using Kruskal-Wallis 

followed by Dunn and Wilcoxon tests. Results: 38% SDF showed the lowest metabolic 

activity of the biofilm. All 38% groups and 30% 1 and 3 minutes groups did not show 

increase in mean lesion depth after M3 compared to M1, indicating caries arrest. 

However, only 30% 3 minutes and 38% 1 and 3 minutes groups showed lesion 

remineralization at M3 compared to M1. Conclusion: The minimum application time 

of 30% SDF to arrest dentin caries lesion was 1 minute while 38% SDF group arrests 

dentin caries lesion from the immediate application.   

Keywords: Dental caries; cariostatic agents; dentin; microtomography.  
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Introduction 

Dental caries is considered a public health problem, with a large negative impact on 

the population well-being and quality of life, affecting billions of people worldwide, with 

four peaks in prevalence during the lifetime: the childhood, the beginning of the mixed 

dentition and also in adulthood, at ages 25 and 70 (Kassebaum et al., 2017). 

Moreover, its prevalence varies among different countries or geographic locations and 

is strongly associated with the population’s socioeconomic status (de Sousa Queiroz 

et al., 2019). The high burden of the disease calls for innovative approaches to 

increase the access to affordable high-quality dental care. 

Lately, silver diamine fluoride (SDF) has gained popularity among non-traditional 

strategies of dental caries management. SDF is a topical cariostatic agent that 

effectively prevents and arrests dentin caries lesions in both primary and permanent 

teeth (Oliveira, Cunha-Cruz, Rajendra, & Niederman, 2018; Oliveira, Rajendra, Veitz-

Keenan, & Niederman, 2019). Its application over the tooth surfaces is simple, painless 

and fast and the intervention is usually well accepted by patients and caretakers 

(Clemens, Gold, & Chaffin, 2018; Tan, Lo, Dyson, Luo, & Corbet, 2010). It has also 

been shown that providing SDF as a caries management strategy for young children 

has the potential to reduce public expenditures for dental services by avoiding more 

expensive caries treatment options (Johhnson, Serban, Griffin, & Tomar, 2019).  

The mechanism by which SDF exerts its cariostatic effect is still under debate. It is 

already known that SDF has antibacterial effect on cariogenic biofilm (Zhao et al., 

2018), prevents collagen degradation due to its inhibitory effect on the matrix 

metalloproteinase and cysteine cathepsin produced by bacteria (Mei, Ito, Cao, Li, et 

al., 2014; Mei, Li, Chu, Yiu, & Lo, 2012), and finally increases the mineral density of 

caries lesions in enamel (Liu, Lo, & Li, 2012) and the microhardness of affected dentin 

(Chu & Lo, 2008).  

Clinical and laboratory studies have found a dose-response association between 

fluoride concentration in SDF and its cariostatic effect (Fung, Duangthip, Wong, Lo, & 

Chu, 2018; Mei et al., 2012; Yee et al., 2009). Not surprisingly, SDF is most commonly 

used at 38% (i.e., expected fluoride and silver ion concentrations of 44,800 ppm and 

200,000 ppm, respectively) (Mei, Chu, Lo, & Samaranayake, 2013). However, in Brazil 

where this silver compound has been in use for decades, SDF at 30% (i.e., expected 

fluoride and silver ion concentrations of 35,400 ppm and 255,000 ppm, respectively) 
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(Mei, Chu, Lo, et al., 2013) is the solution with the highest concentrations of fluoride 

and silver available on the market.  

Application time of SDF to tooth surfaces vary across different clinical trials, ranging 

from 10s (Duangthip, Chu, & Lo, 2016) to three minutes (Llodra et al., 2005). The 

protocol of the University of California at San Francisco recommends allowing SDF to 

absorb for up to one minute, if reasonable, but mentions that a few seconds of 

application may be enough to achieve caries arrest in uncooperative patients (Horst, 

Ellenikiotis, & Milgrom, 2016). The guidelines of the American Academy of Pediatric 

Dentistry also recommends a one-minute application but recognizes that more studies 

are needed to confirm an ideal protocol (Crystal et al., 2017).  

Thus, the present study aims to compare, by means of a micro-CT technique, the 

efficacy of 38% and 30% SDF in arresting caries lesions in vitro, after different 

application times. 

Materials and Methods 

Sample size 

Sample size was calculated using the software Bioestat 5.3 (Instituto Mamirauá, 

Manaus, AM, Brazil), based on a previous study (Zhao, Mei, Li, Lo, & Chu, 2017). The 

difference in lesion depth before and after treatments were measured by micro-CT in 

a SDF and a water treated group to estimate parameters. For the present study, where 

an in vitro longitudinal evaluation of the same specimens will be also performed, based 

on a two-sided test, considering a power of 95% and α = 1%, a sample size of 4 dental 

blocks allocated to each group was required to complete the study. Adding an estimate 

of 30% loss of specimens during the assay, it was decided that 6 blocks would be 

allocated in each group to complete the study. 

Specimen preparation 

Sound bovine incisors (n=40), disinfected in 2% formalin solution (pH 7.0), were 

selected after confirming absence of caries lesions, stains, cracks or other defects. 

They were cut at the long axis of the crown using a low speed saw (Isomet model 11-

1280-170, Lake Bluff, IL, USA) resulting in 3 blocks per tooth. Each dentin block (4 x 4 

x 2 mm) was flattened and polished in a metallographic polisher (APL4, Arotec, Cotia, 

SP, Brazil), as prepared for surface microhardness analyses. Figure 1 illustrate the 
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experimental phases involved in the present study. 

Baseline surface microhardness analysis for selection of dentin blocks 

The polished dentin blocks (n=120) were analyzed for its initial surface microhardness 

in a Micromet 5104 (Buehler, Lake Bluff, IL, USA), with a Knoop type diamond 

penetrator and a load of 10 g, for 5 seconds. Three indentations spaced 100 μm apart 

from each other in the center of each specimen were performed and the mean 

microhardness values (KHN) were obtained for each block.  

Forty-two blocks, with a mean hardness of 46.34 ± 3.04 KNH were selected for the 

experimental phase, as this range is compatible with the hardness of bovine healthy 

dentin (Hara et al., 2006). The blocks were coded to enable random distribution and a 

blind analysis. After that, they were randomly fixed in polystyrene culture plates (TPP, 

Zellkultur Testplatte 24F), with sticky wax, which was also applied to the external 

surface of the blocks to ensure that the formed biofilm would contact only the flat upper 

dentin surface of the specimen. The plates were sterilized under UV light for 40 minutes 

before receiving the microbial inoculum (Bertolini et al., 2014). 

Preparation of the microbial inoculum for artificial dental caries lesions 

formation 

Reference strains of Streptococcus mutans (ATCC 25175), Streptococcus Sanguinis 

(ATCC 10556), Streptococcus Salivarius (ATCC 7073) and Lactobacillus Casei (ATCC 

393) were re-activated from its original cultures in Brain Heart Infusion (BHI, Difco, 

Sparks, EUA) for 48 h at 37 °C, with 5% CO2. After this period, a loopfull of bacterial 

colonies of each specie was collected and suspended in 25 mL of BHI (Difco, Sparks, 

EUA) to reach an optical density between 0. 08 to 0.13, checked in a 

spectrophotometer (Biospectro SP-220 UV-VIS, Equipar, Curitiba, Brazil) under 625 

nm of absorbance. This cell density is equivalent to 1.5 × 108 colony forming units 

(CFU) per milliliter (CFU/mL), corresponding to a scale 0.5 of McFarland (McFarland, 

1907).  

Each bacterial sample was stored into four individually identified glass tubes and after 

that, 1 mL of each bacterial sample were put into a single tube to a total volume of 4 

mL, resulting in a mixed bacterial inoculum with a final concentration of 1.5x108 

CFU/mL. 

Baseline artificial dentin caries formation (M1) 
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The induction model for the artificial carious lesions was based on previously published 

methodologies (Antonio et al., 2011; Soares et al., 2015; Pires et. al., 2018). Each 

culture plate well, containing one sterile dentin block received 1000µl of BHI with 5% 

sucrose, which was enough to cover completely the block. The mixed bacterial 

inoculum (20μl) was also added to each well, giving a final concentration of 3 x 106 

CFU/mL. The plate/blocks system were incubated in microaerophilia for 7 days at 37°C 

in order to keep the cells viable to form a mature cariogenic biofilm. The culture media 

was changed every 24 hours to maintain the viability of bacterial cells (Pires et al., 

2018). 

Validity of the microbial cariogenic model 

After the cariogenic challenge, the pH of the culture medium in contact with the dentin 

block was measured, to investigate the metabolic activity of the formed biofilm. The 

culture medium was removed from each well and was stored in individually identified 

tubes according to the allocation of the dental blocks on the polystyrene plate. The pH 

measurements were performed using an electrode (Orion 9690) connected to a pH 

meter (Orion Star Series, Thermo Fisher Scientific, Waltham, USA). High pH values 

mean low acid production and low pH values mean high acid production by bacteria. 

Surface microhardness analysis   

After the baseline caries formation, the specimens were cleaned and surface 

microhardness measurements was performed, using the same parameters described 

previously. Three new indentations were made, 150 μm apart from the baseline 

indentations and spaced at 100 μm from one another. The percentage of surface 

hardness loss (% SHL) was used to quantitatively measure the surface 

demineralization of the specimens. This parameter was obtained as a percentage of 

the difference between the initial and final surface hardness (after M1).   

Micro-CT examination 

The blocks were scanned in a high-energy micro-CT (model 1173, Bruker, Kontich, 

Belgium). They were wrapped in parafilm™ during the scanning procedures to avoid 

desiccation. Acquisition parameters included: 70 kV, 104 μA, 7.08μm pixel size, 

exposure time of 1000ms, 0.5° rotation step over 360°, frame averaging of 5, and 

random movements of 20. After this, cross-section images of each specimen were 
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reconstructed using a proprietary software (NRecon, Bruker) and standardized 

parameters: ring artifact correction of 10, beam hardening correction of 50%, no noise 

reducing filters, and input of minimum (0) and maximum (0.08) contrast limits. The 

reconstructed images were saved in grayscale (8-bit) with a BMP format image 

sequence.  

The micro-CT scanning was performed in three moments: after M1 – baseline caries 

formation; M2 - immediately after SDF treatments; M3 - after 21 days of a second 

cariogenic challenge. 

Treatments of artificial caries lesions with SDF 

The carious specimens were treated with SDF solutions at 30% (Cariestop, 

Biodinâmica, Ibiporã, PR, Brazil) or 38% (Advantage Arrest, Oral Science Brossard, 

QC, Canada) using three different application times: SDF application and immediate 

removal; 1 minute application; 3 minutes application. A control group, without SDF 

treatment was also included. Distribution of the experimental groups is described in 

Table 1. In all specimens, SDF was applied with a microbrush (KG Brush Fine, KG 

Sorensen, Cotia, SP, Brazil) and the excess removed with cotton pellet after the 

application time. After that, the block was washed using 2000 μL of Mili-Q water. All 

blocks were treated by a single operator. The mean amount of SDF applied to each 

dentin block was 0.6 ± 0.1mg, estimated by calculating the weight of the microbrush 

before and after application (Mei, Chu, Low, Che, & Lo, 2013).  

High cariogenic challenge simulating oral enviroment (M3) 

Soon after SDF treatments, the blocks were submitted to a second microbiological 

cariogenic challenge following the previously described methodology. In addition, in 

order to better simulate the oral environment, the specimens in all groups received a 

1450ppm fluoride toothpaste slurry application (3 mL of water to 1 g of dentifrice, 

Colgate Maximum Dental Protection Anti Caries Mint) once a day, for 1 minute, during 

21 days (Milgrom et al, 2018). 

The slurry was applied by brushing manually the blocks with a sterile straight Robinson 

brush, performed daily by a single operator. All procedures were undertaken inside the 

laminar flow, after removal of the specimen from the culture medium. After, the blocks 

were washed with 3000μL of Milli-Q water and subsequently, a new culture medium 

with 5% sucrose was added to the plates/blocks system.  
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The inoculum, as performed previously, was changed every 7 days to keep the 

microrganism viability. The acidogenicity of the culture medium was again verified at 

the end of the assay as a surrogate measure of the antibacterial activity of SDF 

following the same parameters described previously.  

Digital image analysis   

After reconstruction, the three image stacks (after M1, M2 and M3) were co-registered 

through an affine algorithm applied to the 3DSlicer software (Fedorov et al., 2012) in 

order to place the three volumes produced for each specimen in the same set of spatial 

coordinates. The lesions depth was measured at M1, M2 and M3. Caries arrest was 

considered if M3 lesion depth values were not statistically significantly higher than M1 

values. Similarly, remineralization was considered if M3 values were statistically 

significantly lower than M1 values.  Finally, a visual analysis of distribution of high-

density areas, corresponding to deposition/distribution of silver was undertaken. 

Data analysis  

Data was analyzed in SPSS 21.0 software (IBM, Chicago, IL, USA). The Shapiro-Wilk 

test was used to verify the normality of the % SHL values, pH measurements and lesion 

depth. Kruskall-Wallis followed by Dunn’s test was used to compare % SHL values, 

pH distribution and lesion depth among the groups at the different experimental 

periods. Wilcoxon test was used to compare pH values and lesion depth in each group 

at different moments. A significance level of 5% was considered for all analyses.  

Results 

Figure 2 shows distribution of surface hardness loss percentage among the specimens 

in the experimental groups after baseline caries formation (M1). All groups showed 

extensive demineralization, without statistically significant changes (p = 0.915) among 

the groups, which validated the artificial caries lesion model used.   

Table 2 shows mean pH of the culture medium after baseline caries formation (M1) 

and after the second cariogenic challenge (M3). The mean baseline pH was 4.88 ± 

0.12 for all samples, confirming the high metabolic activity of the biofilm to produce 

acid. After the second cariogenic challenge (M3), all groups showed increased pH 

values compared with the baseline caries formation (M1) (p<0.0005). The 38% SDF 

groups presented the highest mean pH (lower metabolic activity of the biofilm), but 
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without difference compared with 30% SDF and control groups in M3 (Table 2). In 

addition, the lowest mean pH (higher metabolic activity) was observed in 30% 

immediate group, but also it was not statistically significant from the other ones in M3.   

Table 3 shows that lesion depth was similar among the groups after baseline caries 

formation (M1) and after SDF application (M2). After the second cariogenic challenge 

(M3), the control group showed the highest increase in lesion depth followed by the 

30% immediate group. The 30% 3 minutes and 38% 1 and 3 minutes SDF groups 

showed lower depth of lesion at M3 compared to M1 (p<0.05). Figure 3 illustrates these 

results. It is possible to note that 38% immediate and 30% 1 minute groups did not 

show increase in mean lesion depth after the second cariogenic challenge (M3) 

compared to baseline caries formation (M1), indicating caries arrest.  However, only 

30% 3 minutes and 38% 1 and 3 minutes showed statistically significant lower lesion 

depth in M3 compared to M1 (Table 3), showing that remineralization of the lesion 

probably occurred in these groups.  

Representative selected micro-CT slices of all studied groups at M2 and M3 can be 

visualized in Figure 4. At M2, the immediate groups showed a diffuse dense layer 

below the lesion (red arrows) while both concentrations at 1 and 3 minutes showed a 

dense surface layer (yellow arrows). At M3, this surface dense layer is seen in all 

groups, followed by further lesion progression at the bottom of the immediate groups. 

We hypothesize that in these groups of immediate application, the dense layer 

appeared later (at M3), after has been exposed by the daily toothbrushing procedures. 

For 1 or 3 minutes application groups at M3, the dense surface layer is thicker than at 

M2 and seemed to have provided more resistance to caries progression.  

Discussion   

The present in vitro study was undertaken to compare different application times and 

concentrations of SDF to arrest dentin caries lesions. Collectively, our results indicate 

that both concentrations, with a minimum application time of 1 minute were able to 

arrest/slow down further caries progress. However, only the 30% 3 minutes and 38% 

with 1 and 3 minutes application was able to remineralize the lesion within this in vitro 

caries formation model.  

Regarding the methodology used, the authors opted to use dental blocks in a model 

of caries lesion formation that employed a mature cariogenic biofilm, since microbial 
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cariogenic models are more comparable to the in vivo caries formation mechanism 

than chemically induced demineralization models (Thylstrup, Bruun, & Holmen, 1994). 

In this in vitro study, the authors were also careful to validate the artificial caries 

formation method by measuring the pH of the culture medium after the experimental 

period and the surface microhardness difference in the specimens before and after 

caries formation (Figure 2). Although there was a baseline difference among 38% 

immediate group and others, all of them showed similar percentage loss of hardness, 

and lesion depth, as observed by micro-CT evaluation, which made all groups 

comparable. 

Regarding a possible antibacterial effect of SDF, pH measurements obtained after M3 

suggest a lower antibacterial activity after application of SDF, since statistically 

significant higher pH values in the culture medium were observed in the 30% and 38% 

SDF groups, all together, at M3 compared to M1 (Table 2). These results are 

corroborated by others (Ishiguro et al., 2019), who found statistically significant higher 

pHs at the culture medium after cariogenic challenge for SDF treated tooth surfaces 

compared to control and NaF treated groups, suggesting that F and Ag present in SDF 

have a strong effect on the inhibition of acid production by Streptococcus mutans, thus 

inhibiting their metabolic activity.   

It was possible to note that immediate application of the SDF 30% was not able to 

arrest further caries development (Table 3, Figure 3). Thus, at this concentration, the 

application time should be for 1 or 3 minutes. In fact, progression of caries was arrested 

in all groups except this. However, lesion remineralization was only observed in the 

30% 3 minutes and 38% 1 and 3 minutes application groups. In these specimens, a 

statistically significant reduction in lesion depth was seen when M1 and M3 were 

compared (Table 3, Figure 3). Although it is not completely clear how SDF contribute 

to the increase of the hardness of the caries lesion, some proposed that it happens 

due to a reaction between silver and dentin minerals, rather than classic fluoride 

mediated remineralization (Mei, Lo, & Chu, 2018). The results of the present study 

support this hypothesis since the micro-CT technique revealed a highly dense layer 

beneath the carious lesion. Prospective long-term clinical studies are necessary to 

confirm the remineralizing effect by SDF. 

Our results corroborate the findings of a previous micro-CT study in which, after 
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application of 38% SDF, a distinct opaque and dense layer of approximately 150 μm 

on the surface of the lesion was visible (Mei, Ito, Cao, Lo, et al., 2014). Others 

highlighted the presence of a highly dense layer surrounding the bottom of the dentin 

cavitated lesion immediately after SDF application (Li et al., 2019). However, it is also 

important to emphasize that only the groups that received SDF for 1 and 3 minutes, in 

both concentrations, presented a high dense surface layer. After 21 days under a high 

cariogenic challenge, the dense surface layer has further occupied some of the lesion 

extent. This may have been caused by further mineral rearrangement in the lesion 

during the second cariogenic challenge and daily fluoride contacts, but further 

investigations are certainly warranted.  

Micro-CT is an ideal technique for volume and mineral density evaluation of hard 

tissues (Neves, Coutinho, Vivan-Cardoso, Jaecques, & Van Meerbeek, 2010), 

considering the non-destructive nature and the possibility of a long follow-up period 

using the same specimens (Pires et al., 2018). The results of the present study should 

however, be interpreted with caution since some high-density compounds (such as 

silver) may result in artefact formation (Davis & Elliott, 2006). Depending on the amount 

and concentration of silver particles, high-density regions in the specimens can easily 

result in scattered streaks and pseudo high-density regions which could be erroneously 

considered as silver deposition. 

The amount of SDF applied on each carious dentin block was estimated as previously 

described (Mei, Chu, Low, et al., 2013). However, in the present study, the mean 

amount of the applied SDF was 0.6 ± 0.1 mg while the previously cited study used an 

average of 0.22 ± 0.07 mg. A possible explanation for this difference can be attributed 

to the microbrush size used for SDF application. While Mei et al. (2013) used a 

gravimetric microbrush, in the present experiment a fine microbrush, commonly 

applied in clinical practice (KG Brush Fine, KG Sorensen) was used. 

The 38% formulation of SDF has been successfully used to arrest caries with an 

application time of up to 2 minutes in primary teeth of children awaiting definitive 

treatment at a community clinic (Clemens et al., 2018). Although the present in vitro 

study has shown similar results for caries arrest at application times of a minimum of 

1 minute for 30% and immediate application for 38%, even when exposed to further 

cariogenic environment, new clinical studies should be performed to observe arrest of 

dentin caries lesions under different application times.  
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Finally, the results of the present study also showed that only 30% SDF for 3 minutes 

and 38% SDF for 1 and 3 minutes resulted in evidence of lesion remineralization. This 

is certainly relevant in terms of identification of thresholds for clinical effectiveness of 

SDF therapy. Further clinical studies, with long-term follow-up should be performed in 

order to confirm these results could be expected in the clinical setting. 

Acknowledgements 

This study was supported in part by a scholarship from Coordenação de 

Aperfeiçoamento de Pessoal de Nível Superior – Brasil (CAPES), Finance Code 001 

– and is part of the master’s degree thesis of the first author. Also, our thanks to 

FAPERJ – Rio de Janeiro Research Foundation (Grant E-26/202.766/2019).  

  



59 
 

 

References 

Antonio, A. G., Iorio, N. L., Pierro, V. S., Candreva, M. S., Farah, A., dos Santos, K. 

R., & Maia, L. C. (2011). Inhibitory properties of Coffea canephora extract against oral 

bacteria and its effect on demineralisation of deciduous teeth. Archives of Oral Biology, 

56(6), 556-564. 

Bertolini, M. M., Portela, M. B., Curvelo, J. A., Soares, R. M., Lourenço, E. J., Telles, 

D. M. (2014). Resins-based denture soft lining materials modified by chlorhexidine salt 

incorporation: an in vitro analysis of antifungal activity, drug release and hardness. 

Dental Materials, 30, 793-798.  

Chu, C. H., & Lo, E. C. (2008). Microhardness of dentine in primary teeth after topical 

fluoride applications. Journal of Dentistry, 36(6), 387-391.  

Clemens, J., Gold, J., & Chaffin, J. (2018). Effect and acceptance of silver diamine 

fluoride treatment on dental caries in primary teeth. Journal of Public Health Dentistry, 

78(1), 63-68.  

Crystal, Y. O., Marghalani, A. A., Ureles, S. D., Wright, J. T., Sulyanto, R., Divaris, K., 

Fontana, M., Graham, L. (2017). Use of Silver Diamine Fluoride for Dental Caries 

Management in Children and Adolescents, Including Those with Special Health Care 

Needs. Pediatric Dentistry, 39(5), 135-145.  

Davis, G. R., & Elliott, J. C. (2006). Artefacts in X-ray microtomography of materials. 

Materials Science and Technology, 22(9), 1011-1018.  

de Sousa Queiroz, R. C., Ribeiro, A. G. A., Tonello, A. S., Pinheiro, A. C. M., Junior, 

J. A., Rocha, T. A. H., Da Silva, N. C., Costa, E. M., Vissoci, J. R. N., Staton, C., 

Facchini, L. A., Thomaz, E. B. A. F.(2019). Is there a fair distribution of the structure of 

dental services in the capitals of the Brazilian Federative Units? International Journal 

for Equity in Health, 18(1), 5.  

Duangthip, D., Chu, C. H., & Lo, E. C. (2016). A randomized clinical trial on arresting 

dentine caries in preschool children by topical fluorides--18 month results. Journal of 

Dentistry, 44, 57-63.  



60 
 

 

Fedorov, A., Beichel, R., Kalpathy-Cramer, J., Finet, J., Fillion-Robin, J. C., Pujol, S., 

Bauer, C., Jennings, D., Fennessy, F., Sonka, M., Buatti, J., Aylward, S., Miller, J. V., 

Pieper, S., Kikinis, R. (2012). 3D Slicer as an image computing platform for the 

Quantitative Imaging Network. Magnetic Resonance Imaging, 30(9), 1323-1341. 

Fung, M. H. T., Duangthip, D., Wong, M. C. M., Lo, E. C. M., & Chu, C. H. (2018). 

Randomized Clinical Trial of 12% and 38% Silver Diamine Fluoride Treatment. Journal 

of Dental Research, 97(2), 171-178.  

Hara, A. T., Ando, M., Gonzalez-Cabezas, C., Cury, J. A., Serra, M. C., & Zero, D. T. 

(2006). Protective effect of the dental pellicle against erosive challenges in situ. Journal 

of Dental Research, 85(7), 612-616.  

Horst, J. A., Ellenikiotis, H., & Milgrom, P. L. (2016). UCSF Protocol for Caries Arrest 

Using Silver Diamine Fluoride: Rationale, Indications and Consent. Journal of the 

California Dental Associaton, 44(1), 16-28.  

Ishiguro, T., Mayanagi, G., Azumi, M., Otani, H., Fukushima, A., Sasaki, K., & 

Takahashi, N. (2019). Sodium fluoride and silver diamine fluoride-coated tooth 

surfaces inhibit bacterial acid production at the bacteria/tooth interface. Journal of 

Dentistry, 84, 30-35.  

Johhnson, B., Serban, N., Griffin, P. M., & Tomar, S. L. (2019). Projecting the economic 

impact of silver diamine fluoride on caries treatment expenditures and outcomes in 

young U.S. children. Journal of Public Health Dentistry, 79(3), 215-221.  

Kassebaum, N. J., Smith, A. G. C., Bernabe, E., Fleming, T. D., Reynolds, A. E., Vos, 

T., Murray, C. J. L., Marcenes, W., Collaborators, G. B. D. O. H. (2017). Global, 

Regional, and National Prevalence, Incidence, and Disability-Adjusted Life Years for 

Oral Conditions for 195 Countries, 1990-2015: A Systematic Analysis for the Global 

Burden of Diseases, Injuries, and Risk Factors. Journal of Dental Research, 96(4), 

380-387.  

Li, Y., Liu, Y., Psoter, W. J., Nguyen, O. M., Bromage, T. G., Walters, M. A., Hu, B., 

Rabieh, S., Kumararaja, F. C. (2019). Assessment of the Silver Penetration and 

Distribution in Carious Lesions of Deciduous Teeth Treated with Silver Diamine 

Fluoride. Caries Research, 53(4), 431-440.  



61 
 

 

Liu, B. Y., Lo, E. C., & Li, C. M. (2012). Effect of silver and fluoride ions on enamel 

demineralization: a quantitative study using micro-computed tomography. Australian 

Dental Journal, 57(1), 65-70.  

Llodra, J. C., Rodriguez, A., Ferrer, B., Menardia, V., Ramos, T., & Morato, M. (2005). 

Efficacy of silver diamine fluoride for caries reduction in primary teeth and first 

permanent molars of schoolchildren: 36-month clinical trial. Journal of Dental 

Research, 84(8), 721-724.  

McFarland, J. (1907). The nephelometer: An instrument for estimating the number of 

bacteria in suspensions used for calculating the opsonic index and for vaccines. 

Journal of the American Medical Association, 14, 1176–1178.  

Mei, M. L., Chu, C. H., Lo, E. C., & Samaranayake, L. P. (2013). Fluoride and silver 

concentrations of silver diammine fluoride solutions for dental use. International 

Journal of Paediatric Dentistry, 23(4), 279-285.  

Mei, M. L., Chu, C. H., Low, K. H., Che, C. M., & Lo, E. C. (2013). Caries arresting 

effect of silver diamine fluoride on dentine carious lesion with S. mutans and L. 

acidophilus dual-species cariogenic biofilm. Medicina Oral, Patolologia Oral y Cirugia 

Bucal, 18(6), e824-831.  

Mei, M. L., Ito, L., Cao, Y., Li, Q. L., Chu, C. H., & Lo, E. C. (2014). The inhibitory 

effects of silver diamine fluorides on cysteine cathepsins. Journal of Dentistry, 42(3), 

329-335.  

Mei, M. L., Ito, L., Cao, Y., Lo, E. C., Li, Q. L., & Chu, C. H. (2014). An ex vivo study of 

arrested primary teeth caries with silver diamine fluoride therapy. Journal of Dentistry, 

42(4), 395-402.  

Mei, M. L., Li, Q. L., Chu, C. H., Yiu, C. K., & Lo, E. C. (2012). The inhibitory effects of 

silver diamine fluoride at different concentrations on matrix metalloproteinases. Dental 

Materials, 28(8), 903-908.  

Mei, M. L., Lo, E. C. M., & Chu, C. H. (2018). Arresting Dentine Caries with Silver 

Diamine Fluoride: What's Behind It? Journal of Dental Research, 97(7), 751-758.  



62 
 

 

Neves, A. A., Coutinho, E., Vivan-Cardoso, M., Jaecques, S., & Van Meerbeek, B. 

(2010). Micro-CT based quantitative evaluation of caries-excavation. Dental Materials, 

26(6), 579-588.  

Milgrom, P., Horst, J. A., Ludwig, S., Rothen, M., Chaffee, B. W., Lyalina, S., Pollard, 

K. S., DeRisi, J. L., Mancl, L. (2018). Topical Silver Diamine Fluoride for Dental Caries 

Arrest in Preschool Children: A Randomized Controlled Trial and Microbiological 

Analysis of Caries Associated Microbes and Resistance Gene Expression. Journal of 

Dentistry, 68:72-78.  

Oliveira, B. H., Cunha-Cruz, J., Rajendra, A., & Niederman, R. (2018). Controlling 

caries in exposed root surfaces with silver diamine fluoride: A systematic review with 

meta-analysis. Journal of the American Dental Association, 149(8), 671-679 e671.  

Oliveira, B. H., Rajendra, A., Veitz-Keenan, A., & Niederman, R. (2019). The Effect of 

Silver Diamine Fluoride in Preventing Caries in the Primary Dentition: A Systematic 

Review and Meta-Analysis. Caries Research, 53(1), 24-32.  

Pires, P. M., Santos, T. P. D., Fonseca-Goncalves, A., Pithon, M. M., Lopes, R. T., & 

Neves, A. A. (2018). A dual energy micro-CT methodology for visualization and 

quantification of biofilm formation and dentin demineralization. Archives of Oral 

Biology, 85, 10-15.  

Soares, D. N., Antonio, A. G., Iorio, N. L., Pierro, V. S., dos Santos, K. R., & Maia, L. 

C. (2015). Does the presence of sucrose in pediatric antibiotics influence the enamel 

mineral loss and the Streptococcus mutans counts in dental biofilm? Brazilian Dental 

Journal, 26(3), 249-257.  

Tan, H. P., Lo, E. C., Dyson, J. E., Luo, Y., & Corbet, E. F. (2010). A randomized trial 

on root caries prevention in elders. Journal of Dental Research, 89(10), 1086-1090. 

Thylstrup, A., Bruun, C., & Holmen, L. (1994). In vivo caries models--mechanisms for 

caries initiation and arrestment. Advances in Dental Research, 8(2), 144-157.  

Yee, R., Holmgren, C., Mulder, J., Lama, D., Walker, D., & van Palenstein Helderman, 

W. (2009). Efficacy of silver diamine fluoride for Arresting Caries Treatment. Journal of 

Dental Research, 88(7), 644-647.  



63 
 

 

Zhao, I. S., Gao, S. S., Hiraishi, N., Burrow, M. F., Duangthip, D., Mei, M. L., . . . Chu, 

C. H. (2018). Mechanisms of silver diamine fluoride on arresting caries: a literature 

review. International Dental Journal, 68(2), 67-76.  

Zhao, I. S., Mei, M. L., Li, Q. L., Lo, E. C. M., & Chu, C. H. (2017). Arresting simulated 

dentine caries with adjunctive application of silver nitrate solution and sodium fluoride 

varnish: an in vitro study. International Dental Journal, 67(4), 206-214.  

 

 



64 
 

 

      
   Figure 1: Experimental phases included in the present study. 
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Figure 2: Distribution of surface hardness loss (%SHL) after baseline caries formation (M1). No statistically significant 

differences were detected among the groups (Kruskall-Wallis). 
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Figure 3: Distribution of lesion depth (µm) after baseline caries formation (M1), immediately after SDF application (M2) and after the second cariogenic 

challenge (M3) among the experimental groups. Open circles indicate statistically significant differences of lesion depth between M1 and M3, inside 
the same experimental groups (Wilcoxon test, p<0.05).  
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Figure 4: Carious dentin blocks, shortly after treatment with SDF (M2) and after 21 days under high cariogenic challenge (M3) according to the 

groups of the study. Black arrows in the control group indicate the location of the carious lesion. A highly dense surface layer is indicated by the 

yellow arrows, while the red arrows show a diffuse dense layer. 
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Table 1: Distribution of dentin blocks and description of experimental groups 

Code 
SDF 

concentration 
Application time n 

control No SDF - 6 

30 immediate 30% Immediate 6 

30 - 1 min 30% 1 minute 6 

30 - 3 min 30% 3 minutes 6 

38 immediate 38% Immediate 6 

38 - 1 min 38% 1 minute 6 

38 - 3 min 38% 3 minutes 6 

 

 

Table 2: Mean pH of the culture medium among the groups after baseline caries formation and 
after SDF applications and second cariogenic challenge. 

Group 
Mean pH ± SD after baseline 

caries formation (M1) 
Mean pH ± SD after SDF and 

second cariogenic challenge (M3) 

control 4.80 ± 0.10 a, b 4.80 ± 0.10 a, A 5.05 ± 0.06 ª 5.05 ± 0.14 a, B 

30 immediate 4.89 ± 0.05 a, b 

4.85 ± 0.14 a, b, A 

4.98 ± 0.07 a 

5.06 ± 0.08 a, B 30 - 1 min 4.93 ± 0.22 a, b 5.08 ± 0.06 ª 

30 - 3 min 4.74 ± 0.01 a   5.12 ± 0.05 ª 

38 immediate 5.00 ± 0.01 b 

4.94 ± 0.06 b, A 

5.32 ± 0.21 ª  

5.33 ± 0.23 a, B 38 - 1 min 4.96 ± 0.01 a, b  5.49 ± 0.10 a 

38 - 3 min 4.86 ± 0.01 a, b  5.17 ± 0.28 ª 

All groups 4.88 ± 0.12 A 5.17 ± 0.20 B 

Mean values followed by distinct lowercase superscript letters in the same column are statistically 
different (Kruskal-Wallis followed by Dunn’s test, p<0.05). Mean values followed by distinct uppercase 
superscript letters in the same row are statistically different (Wilcoxon test, p<0.05). 
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Table 3: Mean lesions depth (µm) after baseline caries formation (M1), immediately after SDF 
treatment (M2) and after 21 days (M3) of high cariogenic challenge by group. 

Group 
Lesion depth at 

baseline caries (M1) 

Lesion depth 
immediately after 

SDF (M2) 

Lesion depth after 
second cariogenic 

challenge (M3) 

control 311.62 ± 51.20 a, A 254.81 ± 59.04 a  576.75 ± 85.53 a, B  

30 immediate 292.68 ± 116.62 a, A 196.28 ± 102.88 a 530.27 ± 168.43 a, b, B  

30 - 1 min 426.98 ± 203.34 a, A 201.44 ± 107.10 a 323.67 ± 140.52 a, b, c, A  

30 - 3 min 315.06 ± 94.39 a, A 144.62 ± 142.68 a 197.99 ± 142.75 b, c, B  

38 immediate 275.46 ± 34.97 a, A 191.11 ± 73.55 a 218.65 ± 111.72 a, b, c, A  

38 - 1 min 287.52 ± 73.16 a, A 170.45 ± 59.78 a 203.15 ± 96.38 a, b, c, B  

38 - 3 min 273.74 ± 39.60 a, A 141.18 ± 47.41 a 123.96 ± 35.18 c, B   

Mean values followed by distinct lower script letters in the same column differ among them at a 
significance level of 95% (Kruskal-Wallis followed by Dunn’s test). Also, mean values followed by 
different capital letters in the same line represent statistically different results (Wilcoxon test, p<0.05). 

  



70 
 

 

4.2 Artigo 2 - Changes in the impact of Oral Health-Related Quality of Life in 

preschoolers after silver diamine fluoride and atraumatic restorative treatments  

 

Gabriella Fernandes Rodrigues, DDS, MSca 

Thuany da Cunha Costa, DDS studenta  

Graziela dos Santos Massa, DDSb 

Ana Lúcia Vollú, DDS, MSca 

Fernanda Barja-Fidalgo, DDS, MSc, PhDb  

Andréa Fonseca-Gonçalves, DDS, MSc, PhDa  

 

aDepartment of Pediatric Dentistry and Orthodontics, School of Dentistry, 

Universidade Federal do Rio de Janeiro, Rio de Janeiro, RJ, Brazil.  

bDepartment of Preventive and Community Dentistry, School of Dentistry, 

Universidade do Estado do Rio de Janeiro, Rio de Janeiro, RJ, Brazil. 

 

 

 

 

 

 

Correspondence to:  

Andréa Fonseca-Gonçalves 

Departamento de Odontopediatria e Ortodontia  

Faculdade de Odontologia, UFRJ 

Address: Rua Rodolpho Paulo Rocco, 325, CEP: 21941-617 

Phone/Fax: (55) 213938-2098 - e-mail: andrea.goncalves@odonto.ufrj.br 

mailto:andrea.goncalves@odonto.ufrj.br


71 
 

 

Abstract 

Purpose: This study proposed to evaluate the oral health-related quality of life 

(OHRQoL) of preschoolers before (M1), 15 days (M2) and three months (M3) after 

different caries lesion treatments: 30% silver diamine fluoride (SDF,n=59) and 

atraumatic restorative treatment (ART,n=59). Methods: Data about socio-

demographic aspects and OHRQoL through the Early Childhood Oral Health Impact 

Scale questionnaire (B-ECOHIS) were collected. Total B-ECOHIS, impact on children 

(CIS) and family (FIS) values were used. The Mann-Whitney test compared these 

values and the effect size (ES) of treatments was also calculated. Results: Toothache, 

upset and guilty parents were the most reported impacts on M1. Total B-ECOHIS did 

not differ statistically between girls and boys, children ≥ or < four years old and neither 

regarding socioeconomic status. Total B-ECOHIS, their impacts and subscales were 

higher in children with higher dmf-t (p<0.05). SDF and ART did not differ for B-ECOHIS, 

CIS and FIS at any moment (p>0.05). Total B-ECOHIS decreased for both treatments 

(p<0.05). The ES was moderate for children in M2 and M3, considering all treatments, 

while for families was moderate at M2 and small/moderate at M3, after treatment with 

SDF and ART, respectively. Conclusion: Both treatments improved OHRQoL of 

preschoolers, with no difference between them. 

Keywords: Preschool children; dental caries; quality of life; silver diamine fluoride; 

atraumatic restorative treatment. 
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Introduction 

Dental caries is considered a public health problem, with a major negative 

impact on individuals and society1. According to the National Oral Health Survey, in 

Brazil, at five years of age, 53.4% of children have at least one decayed, lost or filled 

deciduous tooth, with an average dmf-t index of 2.432. When left untreated, caries 

lesions can cause pain and, consequently, difficulty eating and sleeping3, leading to 

poorer oral health-related quality of life (OHRQoL)4-7. 

Among the available instruments for determining oral health-related quality of 

life (OHRQoL), the Early Childhood Oral Health Impact Scale (ECOHIS) has good 

reliability, responsiveness8,9 and discriminant validit10, being the most appropriate for 

assessing the impact of oral problems on preschoolers’ lives11. This instrument was 

developed in its original English version8 and validated to an equivalent Portuguese 

version for use in the Brazilian population, being called B-ECOHIS12,13. In addition, 

according to Fernandes et al., based on this OHRQoL assessment, B-ECOHIS is 

possible to guide health professionals to control and prevent dental caries along their 

lives14. 

For the treatment of carious lesions in children, both restorative and non-

restorative treatment can be considered15. Atraumatic restorative treatment (ART) is 

an approach to increase accessibility to restorative treatment16, as it is inexpensive 

and can be employed in regions without electricity and running water17. In addition, it 

is a minimally invasive treatment that requires no rotary instruments and local 

anesthesia to remove decayed tissue18,19 before sealing the cavity with high viscosity 

glass ionomer cement (GIC)20.  

Another treatment option is the Silver Diamine Fluoride (SDF), which is a low 

cost cariostatic agent and a noninvasive method for caries management21. Chibinski 

et al. stated that treatment with SDF is easy, effective and well accepted22, being an 

alternative to traditional restorative treatment and may influence the reduction of 

untreated caries lesions in childhood23. Although it is commonly known that treatment 

with SDF causes caries lesions to darken24, there is insufficient evidence regarding 

this anti-aesthetic effect, so children and guardians should be alerted and advised 

before its application25. 

Considering the above, although both SDF and ART are used to treat dentin 

caries lesions, little is known about the effect of these treatments on children's and 
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family’s OHRQoL. Given these aspects, the present study aimed to evaluate the 

OHRQoL of preschoolers before and after treatment with ART and SDF.  

 

Materials and Methods 

Ethical Issues and Sample 

The present study is part of the main randomized controlled clinical trial 

registered on ClinicalTrials.gov, under UTN: NCT03063307, which was approved by 

the Research Ethics Committee of the Clementino Fraga Filho Hospital of the Federal 

University of Rio de Janeiro (UFRJ) under protocol number 2.582.593, according to 

Resolution 466/2012 of the National Health Council. The parents/guardians of the 

children were informed about the research and signed informed consent, agreeing with 

the proposed treatments. The inclusion criteria of the study corresponded to 

preschoolers attended at the UFRJ Pediatric Dentistry Clinic, aged between two to five 

years, with good general health and with at least one deciduous molar presenting 

caries on the occlusal face involving dentin. Children with systemic/neurological 

impairment and with teeth eligible for treatment with pain, tooth mobility, or signs of 

pulp involvement were excluded from the study.  

As the present study is an arm of the main study, which the primary outcome is 

to observe the clinical success of ART and SDF treatments, the sample calculation 

was based on 28% of difference in the proportion of clinical success between the 

treatments, performed by Dos Santos et al., in a similar study26. Adopting a bilateral 

test; 80% power and 0.05% standard error; the sample size required in each treatment 

group was 49 patients. Estimating a loss of 20%, 59 patients would contemplate the 

sample from each group. 

Training and calibration exercise  

The calibration of the examiners for the dmf-t index27 was performed in two 

steps: theoretical and practical. In the first stage, the theoretical, the training took place 

through the presentation of projected photographs2. The clinical stage was performed 

with children of different ages, not included in the main study sample. Clinical 

examinations were performed, after brushing and drying with compressed air (five 

seconds on each dental face), in a dental chair, under artificial light, with a flat oral 
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mirror number five and blunt tip probe (if necessary), by the same examiners, 

independently. The inter-examiner agreement, compared to the gold standard, was 

obtained by the Kappa coefficient for dmf-t index (Kappa=0.893). 

After calibration, clinical examinations to determine the dmf-t index in all 

participants of the study were performed following the same standards described 

above. 

OHRQoL assessment 

The validated Brazilian version of the Early Childhood Oral Health Impact Scale 

(B-ECOHIS) questionnaire12,13 was used for OHRQoL evaluation through interviews 

conducted by trained interviewers (TCC and GSM), with the parents/guardians of the 

children at three different moments: before treatment, in the appointment of anamnesis 

(M1), 15 days (M2) and three months (M3) after the treatments. At M1 and M3 the 

interviews were face-to-face and in M2 it was performed via telephone, also by trained 

interviewers (TCC and GSM), always directed to the same person. Also, in all three 

moments, a card with their possible response options was shown or sent by message 

(in the case of telephone interviews) to reduce the chances of memory influencing their 

choices13.    

The B-ECOHIS contains 13 questions corresponding to six sub-scales, where 

four belongs to the child impact section (CIS): symptoms - one item; function - four 

items; psychological - two items; self-image/social interaction - two items; and two 

subscales belongs to the family impact section (FIS): parental distress - two items and 

family function - two items. 

The answer options considered for this instrument are: zero = never, one = 

almost never, two = sometimes, three = often, four = very often, five = I don't know. 

The individual total scores were calculated as a simple sum of the response codes and 

guardians who responded twice or more "don't know" for CIS and once or more for FIS 

were excluded13,28. Thus, the higher the score, the greater the negative impact on oral 

health-related quality of life and vice-versa12,13.  

Also, during the anamnesis and completion of the participants' medical records, 

questions regarding socio-demographic data such as gender, age, and economic class 

were addressed. The latter one was evaluated by the Brazilian Economic Classification 

Criterion29. 
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Intervention 

The selected children were randomly allocated into two treatment groups: SDF 

and ART. The treatment protocols were described in a previous study28.  

Statistical analysis 

All data were entered the IBM SPSS Statistics version 24.0 software (SPSS 

Inc., Chicago, USA) for analysis. The Shapiro-Wilk test was used to verify the 

distribution of the sample related to B-ECOHIS values; whose data were not 

considered normal. The characteristics of participants in both groups were compared 

using the chi-square and fisher exact test. Socio-demographic data such as age, 

gender and socioeconomic level (dichotomized into medium - B and low - C, D, E)29, 

as well as dmf-t were associated with total B-ECOHIS, CIS, and FIS scores and their 

respective subscales, in the baseline, by the Mann-Whitney test. The Poisson 

regression model with a robust variance was also applied to investigate a possible 

association between these independent variables and the initial B-ECOHIS values. 

Both the age and the dmf-t of the participants were dichotomized according to their 

respective medians. Also, the Mann-Whitney test was used to calculate B-ECOHIS 

scores, comparing the two types of treatment at different times: initial (M1), 15 days 

(M2) and three months (M3) after treatment, while the Wilcoxon test compared the 

same treatment in the three moments of application of the questionnaire. Regarding 

prevalence, in order to compare B-ECOHIS questions whose answers were “often” 

and “very often” in M1, M2 and M3, the McNemar test was used. 

The changes observed in the total B-ECOHIS, CIS, FIS and their subscales 

scores were determined by subtracting the scores in M1, M2 and M3. In the case of a 

positive change, ie, improved OHRQoL, post-treatment scores should be lower than 

pre-treatment scores, whereas a negative change points to a higher post-treatment 

score30. The Wilcoxon test was used to compare these results. The effect size (ES) 

was also calculated according to Cohen.31 Therefore, the mean change was divided 

by the standard deviation of the total BECOHIS means or sections/subscales means 

observed in the baseline evaluation. Thus, depending on the value, ES indicates a 

small (<0.2), moderate (0.20-0.70) or large (>0.70) effect. For all analyses, a 

significance level of 0.05 was considered. 
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Results 

We included 118 preschoolers, with a mean age of 3.54±1.01 years old 

(minimum=two and maximum=five), divided into two treatment groups: ART and SDF. 

The group treated with SDF was constituted by 59 preschoolers, as well as the group 

treated with ART. Before treatment, all caregivers (n=118) answered the B-ECOHIS 

questionnaire. After 15 days and three months of follow-up, 111 questionnaires were 

collected, since four were excluded because the parents did not respond at M2, two 

were also banned due no answers by the parents at M3 and one guardian did not 

respond at either moment. Thus, for comparison purposes, seven participants were 

excluded, four from the SDF group and three from the ART group. In addition, three 

children, one from the SDF group and two from the ART, were also excluded because 

their questionnaires contained ≥ two “I don't know” answers in CIS and ≥ one answers 

in FIS (1.69% and 0.84% of the total sample, respectively), remaining 108 

participants13,28. 

Data regarding the characteristics of all participants and their respective 

treatment groups are shown in Table 1. It is possible to observe that more boys were 

recruited from both the SDF group (52.5%) and the ART group (57.6%) and, in both, 

the responsible for answering the questionnaire was the mother of the participants. 

Besides, most guardians have a level of education above primary school II. The dmf-t 

of all preschoolers was 6.39±3.53, being similar between the SDF (6.32±3.62) and 

ART (6.46±3.46) groups (p=0.841). Also, 58.5% had anterior tooth decay. From the 

whole sample, 47.8% of SDF and 52.2% in ART group (p=0.709) presented anterior 

tooth decay. 

At baseline (M1), the total B-ECOHIS did not differ between girls and boys 

(p=0.867) neither between children younger or older than 4 years (p=0.373). No 

difference was observed between total B-ECOHIS, CIS and FIS concerning 

socioeconomic status.  

Regarding the caries experience, the total B-ECOHIS values, their impacts and 

subscales were higher in children with higher dmf-t in M1 (p<0.05) (Table 2). Still about 

dmf-t, after a Poisson regression model, an association was observed between the 

caries index and B-ECOHIS values (p<0.001). Such association was not found 

considering the other investigated variables (Table 3).  
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Among the impacts related to each question of the B-ECOHIS questionnaire, 

the most prevalent in M1 were upset (33.3%) and guilty (42.6%) parents, and pain in 

the teeth, mouth, or jaw (18.5%). After treatment, such impacts were less reported in 

M2 and M3 (p<0.05) (Table 4).  

In table 5, the total B-ECOHIS and its sections did not differ between the 

different treatments (p>0.05), showing difference only in the subscale “family function” 

(p=0.041) before treatment, which was significantly higher in ART group. When 

comparing the same type of treatment at different times of application of the 

questionnaire, it was possible to observe a reduction of the total B-ECOHIS values in 

M1 and M2 for both treatments (p<0.05) (Table 6). The effect size was moderate in M2 

for all sections (CIS and FIS) for both treatments. In M3, ES for children was moderate 

(ES=0.28; ES=0.35) and small/moderate (ES=0.19; ES=0.52) for families in the groups 

treated with SDF and ART, respectively.  

 

Discussion 

The present study was designed to investigate the OHRQoL of preschool 

children before and after the treatment of dentin caries lesions, on the occlusal surface 

of primary molars, with SDF and ART using the B-ECOHIS questionnaire. Although it 

was verified that both treatments had a positive impact on preschoolers OHRQoL 15 

days after treatments28, here futher follow-up was possible, which allowed us to 

observe whether the positive impact on the treatments was dissipated. Our results 

show that after 15 days and three months, all treatments provided a significant 

decrease of the total B-ECOHIS, indicating a positive impact on OHRQoL, and no 

change even after a higher period of follow-up. In the same way, a moderate clinical 

change was observed at both moments for SDF and ART concerning the effect size 

results for total B-ECOHIS.  

Although both types of treatment reflected an improvement in OHRQoL after a 

short term, it is not possible to state that one was better than the other regarding B-

ECOHIS values, since there was no difference between them after treatment. Jian et 

al. also found no difference between total C-ECOHIS, CIS and FIS values when 

compared a group that was initially treated with SDF (SDF group) with one that 

received tonic water (placebo group)9. Thus, we believe that although SDF causes a 

darkening of caries lesion, this is not a factor that directly affects the quality of life of 

preschoolers and their families, since such treatment had no significant negative 



78 
 

 

impact on the child's psychological, self-image and in social interaction. Also, 

according to Magno et al., caregivers and patients tend to accept SDF better than 

professionals themselves32. 

In clinical practice, this result could be a guide to assist in choosing the treatment 

to be performed. However, as there was no difference between them, other factors, 

such as: the time of treatment, children’s anxiety, cooperation of the child, place of 

treatment need to be analyzed to determine the best type of treatment in each situation. 

In addition, studies have shown that treating dentin caries with SDF in preschoolers is 

as effective as ART28,33. Mijan et al. found no difference in OHRQoL between children 

treated with amalgam restoration, ART and Ultraconservative Treatment (UCT) 

protocol after three years of follow-up34. Although SDF was not one of the treatments 

performed in the referred study34, it is possible to observe from it that the guardians 

accepted the fact the cavity remains open, a procedure performed in the UCT protocol, 

and often darkened. Thus, the darkening of the lesion is apparently not an issue.  

When each B-ECOHIS question was evaluated, it was observed that the three 

most prevalent impacts of the present study, which are parents guilty/upset and pain 

in the teeth/mouth/jaws, are also among the most frequently reported by Duangthip et 

al., that evaluated the impact of SDF treatment on children and families OHRQoL30. 

However, six months after treatment with SDF, those authors observed an increase in 

the item “feeling guilty” and no statistical difference in the others, different from the 

present results, since these items in had their prevalence reduced both 15 days and 

three months after the treatment, compared to the baseline. Still, in the present study, 

only primary molars were treated in both SDF and ART groups, different from 

Duangthip et al., where anterior teeth were also treated with SDF, a fact that may also 

explain the reported difference in the outcome30. In addition, it is suggested to carry 

out studies with longer follow-up in order to verify possible differences in the prevalence 

of the guardians’ responses. 

It is important to explain that although the effect size after three months showed 

no difference in CIS from baseline for both treatments; FIS remained moderate for ART 

but showed a small clinical change for SDF group. It probably happened because the 

influence of the “family function” domain, which showed a negative change (the three-

month follow-up score was higher than at the baseline). Considering FIS domain, the 

questions are related to the need for caregivers to miss work due to their children's 

dental problems/treatments, as well as the financial impact caused by these problems. 
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Although Abanto et al. did not evaluated the ES of the FIS, they observed that when 

comparing the B-ECOHIS before and after the treatment of caries lesions, according 

to the needs of the patients, the “family function” domain also had a small effect size, 

different from all domains related to the child's session35. 

Regarding the methodology used, for the purpose of comparing the total B-

ECOHIS values, their impacts and subscales, the authors chose to exclude from the 

analysis participants whose guardians did not answer the questionnaires at all three 

different times, as well as those who answered twice or more “I don't know” in the 

child's session and once or more in the family's section13,28, in order to avoid possible 

biases.  

This study goes against the one found by Piovesan et al., which showed that 

the perception of those responsible for the oral health of their children may be 

influenced by socioeconomic and clinical conditions36. In the present case, there was 

no significant difference and no association between values of B-ECOHIS and children 

with medium and low socioeconomic status. Thus, as the study was conducted at a 

public university, many caregivers had difficulty paying for their children's dental care 

elsewhere and had no previous care, which may contribute to higher B-ECOHIS values 

and consequently low OHRQoL before treatment received. The influence of clinical 

conditions did not test in this study since both treatment groups had caries lesions, 

with no difference between them. 

However, considering the experience of caries, it was possible to observe higher 

B-ECOHIS values in preschoolers whose dmf-t was equal to or greater than six. Thus, 

an association between dmf-t and B-ECOHIS was found, so that the higher the value 

of this index, the greater the chance of the child having a higher value of B-ECOHIS. 

Consequently, it has a worse OHRQoL, as previously found by Naidu et al.37 

 

Conclusions 

Based on this study’s results, the following conclusions can be made: 

1. Both SDF and ART treatment had a positive impact on OHRQoL, according to 

the total B-ECOHIS values, after 15 days and three months of treatments, with 

no difference between them. 

2. Concerning total B-ECOHIS, a moderate clinical change was observed at both 

times for SDF and ART treatments. 
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Table 1. Characteristics of children and guardians. 

Parent and child characteristics 

All participants 

 (n=118) 

SDF group 

(n=59) 

TRA group 

(n=59) 
p-value* 

        N                                     %         N                                     %         N                                     %  

Sex     

Male 

Female 

65 

53 

55.1                             

44.9 

31 

28 

52.5 

47.5 

34 

25 

57.6 

42.4 

0.711 

Relationship with child     

Mother 

Father 

Other Family member 

105 

9 

4 

89.0 

7.6 

3.4 

51 

7 

1 

86.4 

11.9 

1.7 

54 

2 

3 

91.5 

3.4 

5.1 

0.145 

Mother’s education level      

Not completed secondary school 

Completed secondary school 

Post secondary school/University 

15 

24 

79 

12.7 

20.3 

66.9 

7 

12 

40 

11.9 

20.3 

67.8 

8 

12 

39 

13.6 

20.3 

66.1 

0.440 

Father’s education level     

Not completed secondary school 

Completed secondary school 

Post secondary school/University 

Information missing 

20 

29 

58 

11 

16.9 

24.6 

49.2 

9.3 

11 

11 

30 

7 

18.6 

18.6 

50.9 

11.9 

9 

18 

28 

4 

15.3 

30.5 

47.5 

6.8 

0.323 

Note: No statistically significant differences were found between treatment groups; *p>0.05, chi-square test was used, and fisher exact test was the choice for 
“relationship with child” analyses.  
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Table 2.  Total B-ECOHIS values, impacts and subscales before treatment according to sociodemographic data and dmf-t. 

B-ECOHIS 

Sex Age (years) Socio-economic level dmf-t 

Girls  

(n=48) 

Boys  

(n=60) 

Age (<4) 

(n=52) 

Age (4-5) 

(n=56) 

Medium 

(n=16) 

Low 

(n=92) 

dmf-t (<6) 

(n=46) 

dmf-t (≥6) 

(n=62) 

Total score of 

B-ECOHIS 
10.33(8.81) 10.32(9.14) 9.52(8.76) 11.07(9.14) 7.88(6.54) 10.75(9.27) 5.28(4.04) 14.06(9.75)* 

Child Impact 

Section 
5.54(6.40) 6.05(6.57) 5.23(6.38) 6.38(6.56) 3.56(3.57) 6.22(6.79) 2.70(2.78) 8.15(7.41)* 

Child symptom 1.08(1.28) 1.23(1.43) 0.96(1.18) 1.36(1.49) 0.75(1.00) 1.24(1.40) 0.57(0.91) 1.61(1.47)* 

Child function 2.08(2.55) 2.57(3.03) 2.08(2.86) 2.61(2.78) 1.13(1.58) 2.57(2.94) 1.30(1.51) 3.13(3.29)* 

Child psychology 1.56(2.06) 1.60(2.30) 1.58(2.11) 1.59(2.27) 1.13(1.74) 1.66(2.25) 0.70(1.56) 2.24(2.36)* 

Child self-image and 

social interaction 
0.77(1.74) 0.65(1.52) 0.58(1.51) 0.82(1.71) 0.56(1.36) 0.73(1.66) 0.09(1.41) 1.16(1.99)* 

Family Impact 

Section 
4.79(3.42) 4.27(3.68) 4.29(3.43) 4.70(3.69) 4.31(4.14) 4.53(3.47) 2.59(2.46) 5.92(3.60)* 

Parental distress 3.75(2.60) 3.45(2.89) 3.60(2.72) 3.57(2.81) 3.38(3.16) 3.62(2.70) 2.13(2.21) 4.66(2.63)* 

Family function 1.04(1.57) 0.82(1.35) 0.69(1.35) 1.13(1.52) 0.94(1.48) 0.91(1.45) 0.46(0.88) 1.26(1.68)* 

  Note: Values presented in parenthesis represent the standard deviation of the means; *p<0.05, Mann-Whitney test. 
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Table 3. Association between total B-ECOHIS values in baseline (n=108) and the independent investigated variables. 

Independent variables Prevalence ratio (95%CI) p-value 

Sex  0.968 

Girls 
Boys 

0.99 (0.88-1.11) 
1 

 

Socio-economic level  0.409 

Medium 
Low 

1.06 (0.92-1.22) 
1 

 

Age  0.403 

<4 
4-5 

1.05 (0.93-1.17) 
1 

 

dmf-t  <0.001 

<6 
≥6 

1.41 (1.26-1.57) 
1 

 

Note: Values presented in parenthesis represent the minimum and maximum 
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Table 4. Prevalence of each question of B-ECOHIS before (M1), 15 days (M2) and three months (M3) after treatment (n=108). 

B-ECOHIS M1 (%) M2 (%) p-value M3 (%) p-value 

Pain in the teeth, mouth or in the jaws 18.5 4.6 =0.000 6.5 =0.007 

Difficulty with drinking hot or cold drinks 9.3 1.9 =0.008 5.6 =0.454 

Difficulty with eating certain foods 13.0 4.6 =0.035 8.3 =0.332 

Difficulty with pronouncing any word 4.6 0.9 =0.125 0.9 =0.125 

Missed going to the day center, nursery school or school 4.6 3.7 =1.000 3.7 =1.000 

Difficulty with sleeping 10.2 4.6 =0.109 5.6 =0.180 

Irritated or frustrated 15.7 5.6 =0.019 4.6 =0.004 

Avoided smiling or laughing 9.3 2.8 =0.065 0.9 =0.004 

Avoided speaking 1.9 1.9 =1.000 0.9 =1.000 

Parents have been upset 33.3 14.8 =0.001 13.9 =0.000 

Parents have felt guilty 42.6 25.9 =0.001 28.7 =0.011 

Parents have missed work 6.5 1.9 =0.063 8.3 =0.791 

Child has had problems with teeth or undergone dental 

treatments that caused some financial impact on the family 

 

4.6 

 

2.8 

 

=0.688 

 

0.9 

 

=0.219 

Note: The values correspond to the percentages of the response options “often” and “very often”; McNemar test. 
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Table 5. Total B-ECOHIS values, impacts and subscales, before (M1), 15 days (M2) and three months (M3) after the different types of treatments. 

B-ECOHIS 

 

M1 M2 M3 

SDF  

(n=54) 

ART   

(n=54) 

SDF  

(n=54) 

ART  

(n=54) 

SDF 

 (n=54) 

ART  

(n=54) 

Total score of 

B-ECOHIS 
9.20(7.92) 11.44(9.82) 5.11(5.14) 5.70(8.19) 6.94(6.56) 6.94(7.42) 

Child Impact Section 5.28(5.91) 6.37(7.00) 2.15(2.98) 3.28(5.72) 3.63(4.80) 3.91(5.08) 

Child symptom 1.02(1.31) 1.31(1.41) 0.43(0.90) 0.54(1.09) 0.74(1.03) 0.80(1.08) 

Child function 2.13(2.61) 2.57(3.03) 1.13(1.60) 1.35(2.65) 1.59(2.30) 1.70(2.51) 

Child psychology 1.33(1.93) 1.83(2.41) 0.46(1.09) 0.94(1.94) 0.98(1.85) 1.00(1.63) 

Child self-image and 

social interaction 
0.76(1.62) 0.65(1.62) 0.13(0.47) 0.44(1.44) 0.28(0.87) 0.41(1.07) 

Family Impact Section 3.93(3.19) 5.07(3.84) 2.96(2.97) 2.43(3.10) 3.31(2.91) 3.07(3.28) 

Parental distress 3.22(2.59) 3.94(2.89) 2.39(2.49) 1.85(2.48) 2.41(2.31) 2.30(2.59) 

Family function 0.70(1.43) 1.13(1.45)* 0.57(1.35) 0.57(1.07) 0.87(1.21) 0.78(1.23) 

Note: Values presented in parenthesis represent the standard deviation of the means; *p<0.05, Mann-Whitney test. 
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Table 6.  Comparison of the total B-ECOHIS values, impacts and subscales before (M1), 15 days (M2) and three months (M3) after treatment. 

 SDF (n=54) ART (n=54) 

B-ECOHIS M1 M2 Change ES M3 Change ES M1 M2 Change ES M3 Change ES 

Total score of 
B-ECOHIS 

9.20(7.92) 5.11(5.14)* 4.09(7.04) 0.52 6.94(6.56)* 2.26(7.25) 0.28 11.44(9.82) 5.70(8.19)* 5.74(8.85) 0.58 6.94(7.42)* 4.50(8.39) 0.46 

Child Impact 
Section (CIS) 

5.28(5.91) 2.15(2.98)* 3.13(5.34) 0.53 3.63(4.80) 1.65(5.04) 0.28 6.37(7.00) 3.28(5.72)* 3.09(6.02) 0.44 3.91(5.08)* 2.46(5.95) 0.35 

Child 
symptom 

1.02(1.31) 0.43(0.90)* 0.59(1.26) 0.45 0.74(1.03) 0.28(1.23) 0.21 1.31(1.41) 0.54(1.09)* 0.78(1.46) 0.55 0.80(1.08)* 0.52(1.55) 0.37 

Child 
function 

2.13(2.61) 1.13(1.60)* 1.00(2.58) 0.38 1.59(2.30)* 0.54(2.53) 0.21 2.57(3.03) 1.35(2.65)* 1.22(2.47) 0.40 1.70(2.51)* 0.87(3.15) 0.29 

Child 
psychology 

1.33(1.93) 0.46(1.09)* 0.87(1.76) 0.45 0.98(1.85) 0.35(1.95) 0.18 1.83(2.41) 0.94(1.94)* 0.89(2.22) 0.37 1.00(1.63)* 0.83(2.10) 0.34 

Child self-
image and 

social 
interaction 

0.76(1.62) 0.13(0.47)* 0.63(1.55) 0.39 0.28(0.87)* 0.48(1.43) 0.30 0.65(1.62) 0.44(1.44) 0.20(2.01) 0.12 0.41(1.07) 0.24(1.58) 0.15 

Family 
Impact 

Section (FIS) 

3.93(3.19) 2.96(2.97)* 0.96(2.96) 0.30 3.31(2.91) 0.61(3.48) 0.19 5.07(3.84) 2.43(3.10)* 2.65(3.66) 0.69 3.07(3.28)* 2.00(3.74) 0.52 

Parental 
distress 

3.22(2.59) 2.39(2.49)* 0.83(2.39) 0.32 2.41(2.31) 0.81(2.86) 0.31 3.94(2.89) 1.85(2.48)* 2.09(2.76) 0.72 2.30(2.59) 1.65(2.72) 0.57 

Family 
function 

0.70(1.43) 0.57(1.35) 0.13(1.50) 0.09 0.87(1.21) 
-
0.17(1.48) 

-
0.12 

1.13(1.45) 0.57(1.07)* 0.56(1.38) 0.39 0.78(1.23) 0.35(1.54) 0.24 

Note: Values presented in parenthesis represent the standart deviation of the means; *p<0.05, Wilcoxon test. 
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Abstract 

Objectives: The aim of this parallel randomized controlled clinical trial was to compare 

the efficacy of silver diamine fluoride (SDF) and atraumatic restorative treatment (ART) 

in arresting dentin caries lesions in primary molars of preschoolers during 2-years 

follow-up. The time required for treatments, adverse effects, parental aesthetic 

perception and anxiety were also evaluated. Materials and methods: Children (3.54 

± 1.01 years, n=119) who presented active dentin caries lesions on the occlusal 

surface of primary molars were randomized and allocated into 2 groups: test (SDF) 

and control (ART). To determine the presence of caries and activity, the indexes dmf-

t/DMF-T and ICDAS were used. The main outcome after 6, 12, 18 and 24-months 

follow-up was assessed by an independent blinded examiner. The time required to 

perform each treatment was recorded and the children's anxiety was assessed by a 

Facial Image Scale, before and after treatment. The possible adverse events and 

aesthetic perception were evaluated by the operator immediately after treatment and 

after 2 days through guardians` interview. Results: In 43 patients analyzed after 24 

months, no difference was found between treatments considering caries lesions arrest.  

Of 177 treated teeth, the average number of these teeth per patient was 1.36(0.76) in 

the ART group and 1.66(0.86) in the SDF (p=0.014). Thus, after 24 months of follow-

up 75 teeth (SDF, n=44; ART, n=31) were analyzed and 81.8% of caries lesions in the 

SDF group and 96.8% in the ART group were arrested (p=0.072). Treatment time in 

the SDF group was shorter than in ART (p<0.001). No difference was found between 

adverse effects and aesthetic perception observed by the operator (p=0.816) and 

reported by parents (p=1.000), according to the treatments. Anxiety also did not 

change in analyzes before and after both types of treatment (p=0.583). Conclusion: 

The SDF showed similar efficacy to ART in arresting dentin caries lesion and required 

a shorter chair time during treatment. The change of anxiety and adverse effects of the 

two treatments were also similar. 

Keywords: Dental caries, cariostatic agents, glass ionomer cements, dental 

atraumatic restorative treatment 
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Introduction 

Early Childhood Caries (ECC) is considered a great health problem [Sukumaran 

& Pradeep, 2017], being defined as the presence of at least 1 decayed deciduous 

tooth, lost due to caries or restored (dmf-t) affecting children under 6 years of age 

[AAPD, 2008]. Studies conducted in Brazil show that the prevalence of caries in 

preschoolers ranges from 53.6% [Correa-Faria et al., 2013] to 54.3% [SB Brasil, 2010], 

most often affecting low-income families and those that live in rural areas, where the 

access to treat is often difficult [Correa-Faria et al., 2013]. ECC experience requires 

both treatment and prevention measures [Wagner & Heinrich-Weltzien, 2016; Gao et 

al., 2016], and follow-up for a few months is essential to determine which measures 

should be effective to avoid caries progression. [Evans et al., 2018]. 

A minimally invasive treatment strategy to consider in difficult areas, as it only 

requires manual instruments [Frencken et al., 1996] and can be performed without 

electricity and running water [Frencken et al., 2012], is the atraumatic restorative 

treatment (ART). According to Faustino-Silva & Figueiredo [2019], ART is an effective 

method in the treatment of ECC. Besides, it has the advantage of causing less stress 

when compared to the conventional method of treating dental caries [Schriks et al & 

van Amerongen, 2003], being well accepted by children [Roshan & Sakeenabi, 2012]. 

Despite all the advantages of ART, other even less invasive methods of treating caries 

have been proposed, mainly for economically disadvantaged populations [Mijan et al., 

2014]. 

Silver diamine fluoride (SDF) is a low cost and easily applied topical cariostatic 

agent [Chu et al., 2008], and is an effective alternative in the arrest of carious lesions 

in children [Gao et al., 2016; Duangthip et al., 2017; Oliveira et al., 2019]. Regardless 

of being safe and an affordable method [Crystal & Niederman, 2016], SDF causes 

dental black staining after its application [Chu et al., 2002], which could be view as an 

advantage of this method. However, studies have been shown that most guardians are 

satisfied with the appearance of their children's teeth after SDF treatment [Duangthip 

et al., 2018; Magno et al., 2019], always preferring a less invasive treatment [Cystal et 

al., 2017].  

SDF is frequently used at a concentration of 38%, but, in Brazil, such 

concentration is not available on market, with 30% being the highest concentration 

found [Mei et al., 2013]. Thus, the purpose of this trial is to compare the number of 

dentin caries lesions arrested after treatment with 30% SDF and ART over a 2-year 



94 
 

 

follow-up. Also, the time required for each type of treatment, as well as its adverse 

effects, parental aesthetic perception and the anxiety of patients before and 

immediately after the treatments were evaluated. The null hypothesis is that there is 

no difference in the number of arrested caries lesions between the groups treated with 

SDF and with ART. 

 

Methods 

Ethics 

Ethical approval of the present study was given by The Research Ethics 

Committee of the Clementino Fraga Filho Hospital of the Federal University of Rio de 

Janeiro (UFRJ) (protocol 2.582.593/CAAE:56374216.2.0000.5257). It is registered in 

the Brazilian Registry of Clinical Trials (ReBEC) (UTN: U11111193-9649) and 

ClinicalTrials.gov (NCT03063307). 

Study design 

This parallel controlled randomized clinical trial was conducted at the Pediatric 

Dental Clinic of the UFRJ followed the CONSORT recommendations [Moher et al., 

2001]. From June 2016 to December 2018, a trained examiner recruited 119 

preschoolers (2-5 years old) with primary molars (n=179) that presented active caries 

involving dentin on the occlusal surface, confirmed by an interproximal/periapical 

radiograph. Preschoolers were randomized according to two treatment groups: the test 

group (children who received SDF treatment) and the control group (children who 

received ART treatment); to assess: (1) the arrest of caries lesions in each group, (2) 

the time required for treatment, (3) the possible adverse effects, (4) the aesthetic 

perception of guardians and (5) the child anxiety. Besides, when more than one tooth 

per child met the study inclusion criteria, they all received the same type of treatment, 

showing the parallel design of the study. 

Sample size 

The size sample was calculated using the Bioestat version 5.3 program [Ayres 

et al., 2007], based on the difference in the proportion of clinical success observed in 

a similar 12-month previous clinical trial [dos Santos et al., 2012]. Assuming a 28% 

difference of proportions between the test and control groups based on a two-sided 

test, considering a power of 80% and standard error of 0.05%, a sample comprising 
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49 patients per treatment group was required to complete the study.  With the 

estimative of 20% of drop out, at least 59 patients should be allocated to each group. 

Participants and recruitment 

Preschoolers aged 2 to 5 years, attended at the Pediatric Dental Clinic of UFRJ, 

were selected, after anamnesis, clinical and radiographic examination, by trained and 

calibrated examiners (GFR and ALV), who were trained by a “gold standard” examiner 

(FBF), for the caries assessment according to ICDAS [ICDAS II, 2007] (Kappa inter-

examiner=0.797 to 0.930) and dmf-t/DMF-T indexes [WHO, 1997] (Kappa inter-

examiner=0.893 to 0.930). The clinical examination was performed with the child sitting 

in the dental chair under artificial light, with an exploratory probe nº 5 and clinical mirror 

nº 5. All teeth during the clinical examination were classified according to dmf-t/DMF-

T and whether the caries lesion, if present, was active or inactive.  The exposed dentine 

surfaces received scores 5 or 6 of the ICDAS criteria. 

To be selected for the study, participants had to meet the following inclusion 

criteria: 2 to 5-year-old preschoolers with good general health, containing at least one 

deciduous molar with active caries involving dentin on the occlusal surface, without 

signs and symptoms of pulp involvement. The exclusion criteria considered were: 

children whose guardians did not accept that they received any of the treatments or 

who intended to move from Rio de Janeiro during the study; those with some type of 

systemic/neurological disease; and those with allergy to silver or any other substance 

in the materials used for treatment. When the child met all inclusion criteria, clinically 

observed, a periapical/interproximal radiograph of the tooth in question was performed 

to prove the caries lesion involving dentin without pulp involvement. In addition, before 

the children were recruited, all guardians received explanations about both types of 

treatment and then signed an informed consent form, agreeing with the terms of the 

research and authorizing the minor's participation in the study. After anamnesis and 

completion of the clinical form, an assistant (TCC) was responsible for collecting 

socioeconomic and sociodemographic data from patients and their families, as well as 

information concerning diet, non-nutritive sucking habits, oral hygiene, and fluoride 

exposure, among others. 

Randomization and intervention 

All selected children were allocated to treatment groups by four-block 

randomization by generating a random number table in the Excel program by a single 
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researcher not involved in clinical care or data analysis (FBF). Allocation concealment 

was ensured using opaque and sealed envelopes and numbered sequentially 

containing the respective treatments for each number prepared before the start of the 

assay. The operators (GFR and ALV) were responsible for taking the envelope after 

giving it to another person to open, revealing the treatment to be performed on that 

patient. Also, for patients with more than one eligible tooth, a draw was performed to 

determine which tooth should be classified as being the mainly case of the study, 

although all received the same type of treatment. Interventions in both the test and 

control groups were performed by two calibrated operators (GFR and ALV), both 

specialists in pediatric dentistry. All children and their guardians were periodically 

advised concerning diet and oral health care, such as dental floss usage and standard 

fluoride toothpaste at least twice a day. 

Patients allocated in the test group (SDF) had their selected teeth treated 

according to the following protocol: (A) cleaning the occlusal surface with toothpaste; 

(B) protection of surrounding skin and soft tissue with petroleum jelly; (C) isolation with 

cotton wool rolls and saliva ejector; (D) air-drying with the triple syringe; (E) 30% SDF 

application (Cariestop, Biodynamics, Paraná, Brazil) with the aid of a micros ponge 

(Cavibrush-FGM, Joinville, Brazil) in the cavity for 3 minutes, according to the 

manufacturer's instructions [Biodynamics, 2019]; (F) excess removal with cotton 

pellets; (G) tooth was rinsed with triple syringe water simultaneously with suction [Horst 

et al., 2016]. SDF was reapplied every 6 months [Llodra et a., 2005], following the 

same protocol. 

Control group (ART) patients had their selected teeth treated according to the 

following protocol: (A) occlusal surface cleaning with toothpaste; (B) isolation with 

cotton rolls and saliva ejector; (C) selective caries removal with the aid of a excavator 

of size compatible with the cavity size; (D) cleaning the occlusal surface and cavity 

with wet cotton wool pellet with water; (E) conditioning with glass ionomer cement liquid 

(Ketac Molar Easy Mix 3M ESPE) with a micros ponge (Cavibrush-FGM, Joinville, 

Brazil) for 10s; (F) washing with wet cotton wool pellets; (G) drying with dry pellet; (H) 

handling of the glass ionomer according to the manufacturer's instructions; (I) insertion 

of the glass ionomer into the cavity and removal of excess; (J) digital pressure with 

vaseline for 30 seconds on the occlusal surface; (K) occlusion check and adjustment 

as needed; (L) application of vaseline under restoration; (M) guidance for the patient 

not to drink or eat for at least 1 hour [Frenchen et al., 1996]. 
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Outcomes and follow-up 

Recall examinations were performed at 6-12-18-24-month intervals. The main 

result was the number of arrested caries lesions in the test group compared to the 

control group. The clinical examination recalls were performed as the baseline exams 

by trained and calibrated examiners (TRV, LMKK and LRC) (Kappa for ICDAS=0.857 

and dmf-t/DMF-T=0.965) who were blinded to the type of treatment. All the information 

observed and reported in the recalls was recorded in a specific patient form. Thus, 

when comparing the clinical examination performed initially with that of the recalls, the 

tooth could be classified as success or failure, according to caries activity, considering 

each type of treatment. The success were cases in which tooth had inactive caries 

(ICDAS) and failure when caries activity (ICDAS) was still observed and/or in the case 

of spontaneous pain or signs and symptoms of pulp involvement.  

In relation to the control group, the tooth was considered unsuccessful only if 

there were caries activity and signs or symptoms of pulp involvement. Thus, it was 

considered successful if the restoration was present, with no apparent dentin [kidd, 

2012], or if there was exposed dentin without caries activity. In these cases of 

restoration failure, it was immediately rebuilt by the operators (GFR and ALV) and the 

procedure was recorded in the patient clinical form.  

The secondary outcomes were the time required for each type of treatment 

performed, the possible adverse effects, parental aesthetic perception, and child 

anxiety before and after receiving treatment. The time required was assessed by a 

digital timer that was triggered as soon as tooth brushing began, which is the first step 

of both treatment protocols. In the case of patients with more than one eligible tooth, 

the treatment time was recorded for the tooth that was drawn from the study so that 

only one tooth treatment was timed. 

The possible occurrence of adverse effects after treatment with SDF and ART 

was the second secondary outcome investigated. For this, we used the operator's 

records immediately after treatment regarding adverse effects such as pain/bad 

taste/sensibility. In addition, all caregivers were interviewed two days after treatment 

by the operators (GFR and ALV) and answered a questionnaire with questions about 

possible adverse effects, as well as their aesthetic perception of the treatment 

performed. The following possible adverse effects were investigated: burning in the 

mouth, some type of allergy, nausea, vomiting, change in food taste, irritation of the 

gums/mucosa, stains/bruises on the skin or mouth, and pain or tenderness in the teeth. 
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It was also asked if (1) the child avoided smiling and (2) if the parents were bothered 

by the appearance of their children’s teeth after the treatment received. Both questions 

(1 and 2) represent the issues related to the aesthetic perception of parents. 

To assess children's anxiety, an image of facial scales [Buchanan & Niven, 

2002] was visualized by each children before treatment, still in the waiting room, by the 

operators (GFR and ALV) or an assistant (TCC), and immediately after the treatment 

with the child still in the dental chair. The scale was shown to all children over 3 years 

old and they were asked to point out his/her feeling at that moment: very happy, happy, 

neutral, unhappy and very unhappy. 

Blindness 

Blindness of both patients and operators (GFR and ALV) during treatment was 

not possible due to the apparent difference between the two types of materials. 

However, at follow-up appointments, the examiners (TRV, LMKK and LRC) were blind, 

as the examiner analyzed the mouth as a whole and not just the study tooth. 

Statistical analysis 

All data were entered and analyzed using the IBM SPSS Statistics version 24.0 

software (SPSS Inc., Chicago, USA) and the significance level considered for all tests 

was 5%. 

Chi-square or Fisher's exact tests were used to analyze the statistical difference 

between groups according to the following variables: gender, presence of caries 

lesions in the siblings, parental level of education, socioeconomic level, presence and 

amount of fluoride in the dentifrice, nocturnal nutritional suction, characteristics of the 

primary molars, percentage of dropouts and patients/teeth followed up and the 

frequency of arrested lesions in each group. In addition, the Chi-square test was also 

used to determine the difference between the number of adverse effects/aesthetic 

perception of caregivers in both treatment groups. Data normality was checked by the 

Shapiro Wilk test, which proved to be non-normal. Consequently, the Mann-Whitney 

test was used to compare children's mean age and dmf-t/DMF-T indexes as well as 

treatment time in each study group.  

Regarding children's anxiety before and after treatment, the Chi-square test was 

used to measure the change in the child's anxiety by evaluating the feeling variation 

as a positive change, no change or a negative change [Dias et al., 2018]. A positive 

change was considered when the choice pointed out by the child went from very 
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unhappy/unhappy to neutral or very happy/happy and from neutral to very 

happy/happy, while for a negative change the child had to change from very 

happy/happy to neutral or very unhappy/unhappy; or from neutral to very 

unhappy/unhappy. 

 

Results 

The sample comprised 119 children who were allocated to the SDF (n=59) and 

ART (n=60) treatment groups. One child selected for the ART group was excluded 

even before receiving treatment, because during selective removal of caries the distal 

marginal ridge fractured, leaving 59 participants in this group. The mean age of the 

sample was 3.54 (1.01) with 53 girls (44.9%) and 65 boys (55.1%). Since all eligible 

teeth per child received the same treatment, 177 teeth were treated, 98 (55.4%) in the 

test group and 79 (44.6%) in the control, since one tooth was excluded from this group 

because during the excavation of the decayed tissue there was a rupture of the lingual 

face. However, this patient continued in the study because he had another eligible 

tooth, which was the one selected for the research. Of the 118 children and 177 teeth 

treated, 98 children (88.3%) and 155 teeth (91.7%) completed 12 months of follow-up, 

while 44 children (43.1%) and 77 teeth (51%) were followed up to 24 months.  

The flow diagram of participants shows the number of children and teeth 

allocated to the test and control groups, the number of missing teeth and patients who 

have not completed follow-up reviews, including 6, 12, 18 and 24-months reviews 

(Figure 1). Table 1 shows the comparison between dropouts or excluded due to failure 

and patients/teeth who were followed up in both groups, showing that there was no 

difference even at 6-12-18-24 months. In this table 1, the whole sample was analyzed 

up to 12-month of follow-up. Considering the same analysis at 18 and 24 months, only 

children/teeth who had enough time in the study and should have completed 18 and 

24 months of follow-up were counted.   

Table 2 shows that there was no statistical difference regarding the 

sociodemographic characteristics of the groups, as well as between age (p=0.625) and 

dmf-t (p=0.841), even considering that the test group had more teeth treated per 

patient compared to the control (p=0.014) (Table 3). Regarding all the treated teeth, 

69 (39%) were in the upper arch and 108 (61%) in the lower arch, 103 (58.2%) were 

first molars and 74 (41.8%) second deciduous molars. Of them, 152 (85.9%) 

contemplated the ICDAS score 5 while 25 (14.1%) had score 6. No statistically 
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significant difference was found between the clinical characteristics of all eligible teeth 

and those that were drawn for each participant (Table 4).  

Patients/teeth from the SDF group who were restored out of the study, upon 

attending the follow-up review (where the presence of the restoration was detected), 

were considered as being analyzed at those recall exam, but excluded from the study, 

according to the flow diagram (Figure 1). Thus, for the main outcome, these 

patients/teeth were not analyzed thereafter, as it was not possible to assess whether 

the treatment with SDF was successful. Thus, the rate of arrested caries lesions in 

each group (number of teeth with arrested lesion/number of teeth treated), at 6-month 

follow-up was 83.7% (41/49) in the SDF group and 94.5% (52/55) in the ART (odds 

ratio [OR] = 3.38; 95% confidence interval [CI] = 0.84-13.56; p=0.109). At 12-months 

follow-up, 91.5% (43/47) in SDF group and 93.8% (45/48) in ART group (OR =, 1.39; 

CI = 0.29-6.60; p=0.714). At 18-months follow-up was 78.9% (15/19) for SDF group 

and 94.7% (18/19) for ART (OR = 4.80; CI = 0.48-47.68; p=0.340). And at 24-months 

follow-up it was found 78.3% (18/23) for SDF group and 100% (20/20) for ART (OR = 

0.78; CI = 0.63-0.97; p=0.051).  When comparing success rates for all eligible teeth of 

all patients according to their groups, 6-month follow-up was 84.9% (73/86) in the SDF 

group and 93.3% (70/75) in the ART (OR = 2.49; CI = 0.84-7.35; p=0.132). At 12-month 

follow-up, 91.7% (77/84) in SDF group and 94.1% (64/68) in ART group (OR = 1.45; 

CI = 0.40-5.19; p=0.755). At 18-months follow-up was 79.5% (31/39) for SDF group 

and 96.6% (28/29) for ART (OR = 7.22; CI = 0.85-61.46; p=0.068). And at 24-months 

follow-up it was found 81.8% (36/44) for SDF group and 96.8% (30/31) for ART (OR = 

6.66; CI = 0.78-56.35; p=0.072).   

For all eligible teeth, in the control group, 10 had ART totally or partially rebuilt 

at 6-months follow-up, 9 were also redone at 12-months, while at 18-months and 24-

months follow-up 3 needed repair for each one. The treatment was redone regardless 

of whether the caries lesion was active or inactive and the teeth continued to be 

followed, but the problem was properly registered in the patient’s form. 

Regarding the treatment time dispended for each group, in the SDF group 

(59/59) the average was 6.08 (1.72) minutes with a median of 6.00 (4.0-11.0). In the 

ART group (59/59), the average was 13.58 (4.83) minutes with a median of 13.00 (5.0-

33.0). Thus, the ART group had a significantly longer mean treatment time than the 

SDF group (p<0.001).  
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During the treatment of the patients, the operator observed 26 adverse effects 

in the ART (n=14) and SDF (n=12) groups, 20.3% in the SDF group and 18.6% in the 

ART group (p=0.816). Based on the responses of the 14 preschoolers, 7 from each 

group had adverse effects including complaints about appearance, so that 11.9% 

corresponded to the group treated with SDF and 11.9% to ART (p=1.000). Table 5 

shows the distribution of the types of adverse effects found after each treatment.

 Anxiety was assessed according to the facial image scale [Buchanan & Niven, 

2002], and no difference (p=0.583) was observed in relation to children evaluated in 

the SDF (46/59) and ART (47/59) groups. Children who did not enter the analysis were 

because they were under 3 years old (n=25). “No change” was the most common 

anxiety level in children in both the SDF (n=35) and ART groups (n=33). The “positive 

change” was detected in 7 children from the SDF group and 11 from the ART, while 

“negative change” was the least observed change in anxiety between both groups 

(SDF, n=4; ART, n=3). 

 

Discussion 

According to the present clinical trial, the efficacy of 30 % SDF compared to 

ART in arrest carious lesions involving dentin on the occlusal surface of primary molars 

were similar after 24 months of follow-up. Although studies have already shown the 

potential of SDF to arrest dentin caries lesions when compared to other types of 

treatment [Chu et al., 2002; Llodra et al., 2005; Zhi et al., 2012; Gao et al., 2016; 

Chibinski et al., 2017] all of them were performed with SDF at a concentration of 38%. 

Considering the concentration used, in addition to the previously preliminary published 

results of this study [Vollú et al., 2019], Santos et al. [2012] also used 30% SDF for 

caries arrest in children compared to the interim restorative treatment (IRT), finding 

that after 12 months of follow-up SDF was more effective than IRT. However, this result 

can be attributed to the treatment with which the SDF was compared, since in the IRT 

there is no decayed tissue removal, and in that study, multiple surfaces were treated 

and not only occlusal surfaces, that may have contributed to the failure of this 

treatment. Thus, the present authors also opted to compare SDF with ART, a treatment 

recommended by WHO [WHO, 1994], as the previous one who used SDF at 38%.  

Although the follow-up was 24 months, in the present study, not all 

patients/teeth could have their follow-up completed, since part of the sample was 

recruited only 12 months ago. Thus, at 12 months it was possible to follow up all 
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participants/teeth involved in the research, while in the clinical reviews of 18 and 24 

months only 58.12% of the patients completed the recalls at this time. For the same 

reason, when the number of patients/teeth that were excluded due to failure or 

represented dropouts was analyzed in the 18/24-months reviews, only those who 

should have completed this follow-up were analyzed. Although this is a limitation of the 

study, a 12-month follow-up should be faced as a good follow-up period in prospective 

studies.  

Regarding the data from analyses per teeth included in the study, a difference 

in the number of teeth treated per patient could be observed among the groups. 

Despite this difference, it probably did not influence the success of caries arrested 

between SDF and ART groups, since no difference regarding dmf-t/DMF-T and other 

clinical characteristics were verified between the patients of each one. In addition, at 6 

and 12-months follow-up recall exams, the success rate of caries arrest was the same 

in each group, considering either the patient or all eligible teeth as the unit of analyses, 

as also observed at 18 and 24-months follow-up. Furthermore, there was no difference 

between the group’s dropouts in all follow-up reviews. 

Even though there was no difference between the group’s dropouts, more 

patients/teeth were excluded in the SDF group compared to ART one. Most of these 

exclusions (12 patients and 18 teeth) happened due to restoration of the eligible tooth 

by another professional, even without complaints of pain by the patient. According to 

the guardians, these restorations usually occurred through dental programs, into 

schools, whose dentists performed ART in the referred teeth, a procedure that can be 

performed without the aid of a dental chair [Hesse et al., 2016]. Thus, once these 

professionals saw the tooth with the open cavity, although the caries lesion was arrest, 

such treatment was performed. Therefore, all teeth from the SDF group excluded for 

this reason did not compose the sample analysis from that moment to be considered 

as success or failure, hence they did not fit into any of the classifications. This justifies 

the difference in the number of patients/teeth analyzed in the flow diagram and 

considered as treated in the analysis of success or failure in caries arrest in the SDF 

group. Thus, although the teeth excluded from being restored were analyzed according 

to the flow diagram, as they attend the follow-up review, they were not considered for 

main outcome analysis from that moment up to 24-month follow-up, as it was not 

possible to determine if the caries lesions were arrested or not. 
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Previous studies have shown different time intervals for SDF reapplication, such 

as every six months [Llodra et al., 2005; Zhi et al., 2012], annually [Chu et al., 2002; 

Duangthip et al., 2016; Zhi et al., 2012; Liu et al., 2012] or even a single application 

[Dos Santos et al., 2012]. However, biannual reapplication appears to be more 

effective [Zhi et al., 2012; Fung et al., 2018] in arresting caries lesions, as performed 

in the present study. It is important to emphasizing that although the teeth from SDF 

groups received these biannual applications, all teeth were semesterly monitored, 

including the teeth from ART group that were evaluated if a total or partial loss of the 

glass ionomer cement also happened. 

Considering the difference found between the groups in the chair time required 

to perform the treatments, the SDF was better than the ART. This result is very relevant 

for the choice of treatment, once in cases of children who have a negative behavior, 

where restorative treatment is a challenge [Fung et al., 2018], SDF would be a better 

option, since no difference was observed in relation to its effectiveness in arresting 

caries lesion. 

Still regarding the efficacy in the caries lesions arrest, there was no difference 

between the two types of treatment after 24 months of follow-up. However, when only 

the number of patients treated was evaluated, the related p value was 0.051, a 

borderline value. This probably occurred due to the small sample number in this recall 

exam period, which could be seen as a limitation of the present study. 

Contrary to the present study, without difference among the treatments, Zhi et 

al. [2012] observed a high rate of arrested caries lesions in the group treated with SDF 

compared to treatment with a flowable glass ionomer cement. In the referred work (Zhi 

et al., 2012), the caries arrest was only considered effective when the lesion was 

completely covered with glass ionomer cement.  Moreover, a low viscosity material 

was used. In the present study, we used a high viscosity material, which is 

recommended for the ART technique [van't Hof et al., 2006], and considered an 

arrested lesion restored with ionomer even there was exposed dentin without caries 

activity. The important is not the success of the restoration, in this case, but the 

success of the tooth. Even though, in cases of fractured restorations without caries 

activity in the exposed dentin, they were immediately recovered. Similar to our results, 

Fung et al. [2018] found that 76.5% of primary tooth surfaces with caries lesions treated 

twice a year with 38% SDF were arrested, a similar value to found in the present 

research, in the same follow-up period. 
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One of the challenges for children to accept dental treatment is the anxiety 

[Jamali et al., 2018]. Regarding the treatments performed, our results showed no 

difference in children's anxiety changes. For this evaluation, an image of facial scales 

was used [Buchanan and Niven, 2002], since an image scale is a better instrument to 

evaluate young children [De Menezes Abreu et al., 2011]. Due to the shorter treatment 

time and simple technique, it is possible to think that SDF would generate less anxiety 

in children when compared to ART. However, the authors of the present study could 

not fail to mention that ART performed by a trained professional may also be able to 

control anxiety in these patients [Simon et al. al., 2015]. 

Possible adverse effects were evaluated based on what was observed by the 

operator and what was reported by the caregivers through a questionnaire. No 

difference was observed between the treatments. However, most of them were 

registered by the operator, mainly regarding the spot or pigmentation of the skin or 

mouth in the SDF group and pain or sensitivity in teeth in the ART group. SDF is a 

treatment that has few effects. In the literature, the most common adverse effects after 

treatment with SDF are gingival irritation [Dos Santos et al., 2012; Castillo et al., 2011] 

and black staining [Zhi et al., 2012; Fung et al., 2018; Duangthip et al., 2016], not 

causing serious acute or severe problems [Duagthip et al., 2017]. Although there was 

also no difference between SDF and a placebo demonstrated by Milgrom et al. [2018], 

these authors found more adverse effects on SDF group than reported in the present 

study. However, in the same work [Milgrom et al., 2018] SDF discoloration was not 

considered to be a possible adverse effect, which may be the reason for this difference. 

Considering the present study, the operator reported more pain/tenderness in the ART 

group, but most of these complaints were reported by the children during selective 

caries removal. Also, in the SDF group, the most observed adverse effects were 

transient skin or mouth pigmentation, especially in the gums, although vaseline was 

applied to prevent it. Thus, even though it is not possible to state that such effects are 

related to behavior, the authors suspect that due to the young age of the children, 

negative behavior may have influenced the cause of these discolorations. 

Also, regarding the same questionnaire, parents' aesthetic perception of their 

child's teeth appearance was evaluated after treatment and no difference was 

observed between the groups. These findings are consistent with findings of Zhi et al., 

[2012], where there was no difference between parental aesthetic perception regarding 

glass ionomer and SDF treatments. The present result could be influenced by the 
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region of treatment that was performed on a posterior tooth. Darkening caused by 

treatment with SDF is more acceptable on the posterior teeth than the anterior teeth 

[Crystal et al., 2017].  

 

Conclusions 

It was observed that treatment with SDF is a good choice of treatment in 

preschoolers, since there was no difference between these treatment and ART 

considering the following features: the arrest of dentin caries lesions of primary molars 

at 24 months of follow-up, the children’s anxiety, the adverse effects and aesthetic 

perception. Also, a shorter time of SDF treatment compared to ART was observed.
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Fig 1. Consort flow diagram of the trial   
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Table 1: Number of dropouts/excluded due to failure and patients/teeth followed up, at each follow up period. 

 Groups 6 months 12 months 18 months 24 months 

Dropouts 

and 

excluded 

SDF 
8 (13.6%) patient 

9 (9.2%) teeth 

9 (15.3%) patients 

11 (11.2%) teeth 

12 (35.3%) patients 

19 (29.2%) teeth 

10 (29.4%) patients 

19 (29.2%) teeth 

ART 
4 (6.8%) patients 

4 (5.1%) teeth 

11 (18.6%) patients 

11(13.9%) teeth 

14 (42.4%) patients 

23 (44.2%) teeth 

13 (39.4%) patients 

21 (40.4%) teeth 

Followed up 

SDF 
51 (86.4%) patients 

89 (90.8%) teeth 

50 (84.7%) patients 

87 (88.8%) teeth 

22 (64.7%) patients 

46 (70.8%) teeth 

24 (70.6%) patients 

46 (70.8%) teeth 

ART 
55 (93.2%) patients 

75 (94.9%) teeth 

48 (81.4%) patients 

68 (86.1%) teeth 

19 (57.6%) patients 

29 (55.8%) teeth 

20 (60.6%) patients 

31 (59.6%) teeth 

Note: No difference between the groups of treatment was observed considering dropouts/excluded due to failure and patient followed up at 6 (p=0.362), 12 

(p=0.807), 18 (p=0.621) and 24 months (p=0.447). Also, no difference between dropouts/excluded due to failure and teeth followed up at 6 (p=0.390), 12 

(p=0.650), 18 (p=0.121) and 24 months (p=0.242) was verified. 
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Table 2: Socio-demographic data of all participants, according to their treatment groups.  
All Participants      ART     SDF 

p-value 
n  (%) n  (%) n  (%) 

Patients 118 100 59 50 59 50   

Gender 
       

    Female 53 44.9 25 42.4 28 47.5 
0.711 

    Male 65 55.1 34 57.6 31 52.5 

S.economic class 
      

 

    Midle income  17 14.4 9 15.3 8 13.6 
1.000 

    Low income 101 85.6 50 84.7 51 86.4 

Race 
      

 

    White 53 44.9 25 42.4 28 47.5 

0.831     Brown 45 38.1 24 40.7 21 35.6 

    Black 20 16.9    10 16.9 10 16.9 

Caries in siblings 
      

 

    No 38 32.2 18 30.5 20 33.9 
0.507 

    Yes 46 39.0 26 44.1 20 33.9 
    Without siblings 34 28.8 15 25.4 19 32.2  

Night brushing daily 
      

 

    No 35 29.7 19 32.2 16 27.1 
0.687 

    Yes 83 70.3 40 67.8 43 72.9 

Fluoride paste (≥1000ppm F) 
     

 

    Yes 101 85.6 52 88.1 49 83.1 
0.702 

    <1000 ppm  3 2.5 1 1.7 2 3.4 

    Without fluoride 14 11.9 6 10.2 8 13.6  

Nourishing suction at night 
     

 

    No 86 72.9 47 79.7 39 66.1 
0.147 

    Yes 32 27.1 12 20.3 20 33.9 

Mothers' educational level  
     

 

    0-7 years 15 12.7 8 13.6 7 11.9 

0.469 
    8-11 years 24 20.3 12 20.3 12 20.3 

    12-14 years 66 55.9 30 50.8 36 61.0 

    ≥15 years 13 11.0 9 15.3 4 6.8 

Fathers' educational level 
     

 

    0-7 years 20 16.9 9 15.3 11 18.6 

0.289 
    8-11 years 29 24.6 18 30.5    11 18.6 

    12-14 years 53 44.9 24 40.7 29 49.2 

    ≥15 years 5 4.2 4 6.8 1 1.7 
    No response 11 9.3 4 6.8 7  11.9 

Note: Chi square and Fisher exact test was used to compare distribution between groups. The 
significance level was considered as p<0.05. 
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Table 3: Data regarding age, number of teeth treated per child and dmf-t from all participants according to their treatment groups. 

VARIABLES ALL PARTICIPANTS ART SDF 
P- 

VALUE 

 

Mean SD Min Median Max Mean SD Min Median Max Mean SD Min Median Max  

CHILD AGE 
(YEARS) 

3.54 1.01 2 4 5 3.59 0.98 2 4 5 3.49 1.05 2 4 5 0.625 

Nº OF TEETH 
PER CHILD 

1.51 0.82 1 1 4 1.36 0.76 1 1 4 1.66 0.86 1 1 4 0.014 

DMF-T 6.39 3.53 1 6 16 6.46 3.46 1 6 16 6.32 3.62 1 6 16 0.841 

   Note: Mann-Whitney test was used to compare distribution between groups. The significance level was considered as p<0.05. 
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Table 4: Distribution of teeth selected from each participant and all eligible one, according to their respective type of molars, arches, and ICDAS 
score. 

 

Teeth % (n) 
Arch % (n) Molar % (n) ICDAS 

Upper           Lower First             Second 5                      6 

Selected teeth All participants 
SDF 
ART 

100 (118) 
50 (59) 
50 (59) 

35.6 (42)       64.4(76) 
40.7 (24)       59.3 (35) 
30.5(18)        69.5 (41) 
 

58.5 (69)       41.5 (49) 
61.0 (36)       39.0 (23) 
55.9 (33)       44.1 (26) 
 

 87.3 (103)        12.7(15) 
 88.1 (52)          13.6 (8) 
 86.4 (51)          11.9 (7) 

p-value  0.336 0.709  1.000 

All eligible teeth All participants 
SDF 
ART 

100 (177) 
55.4 (98) 
44.6 (79) 

39.0 (69)       61.0 (108) 
40.8 (40)       59.2 (58) 
36.7 (29)       63.3 (50) 
 

58.2 (103)      41.8 (74) 
59.2 (58)        40.8 (40) 
57.0 (45)        43.0 (34) 

 85.9 (152)        14.1 (25) 
 87.8 (86)          12.2 (12) 
 83.5 (66)          16.5 (13) 

p- value 0.643 0.878 0.516 

Note: Fisher exact test was used to compare distribution between groups. The significance level was considered as p<0.05. 

 



116 
 

 

 

Table 5: Number of adverse effects observed by operator and reported by guardians according 
to treatment groups 

Adverse event 
ART SDF 

Operator  Caregiver Operator  Caregiver 

Burning - 2 1 1 

Allergy - - - - 

Nausea - 1 - - 

Vomit  - - - - 

Bad taste  1 1 2 1 

Pain or 
sensitivite in 
teeth 

11* 2 1 3 

Mouth Injure - 1 1 0 

Spot or 
pigmentation of 
the skin or 
mouth 

0 1  9* 3 

Avoid smiling  - - - - 

Annoyed with 
teeth 
appearance 

- 0 - 2 

TOTAL 12 8 14 10 

Note: * p<0.05, Chi square test was used to compare distribution between groups. 
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5   CONSIDERAÇÕES FINAIS 

 
O estudo in vitro que faz parte do presente trabalho buscou investigar, através 

de um modelo de formação de cárie a partir de um biofilme cariogênico maduro, o 

menor tempo necessário para que o diamino fluoreto de prata (DFP) fosse capaz de 

paralisar lesões de cárie em dentina, nas concentrações de 30% e 38%. Embora não 

haja um consenso a respeito do tempo de aplicação de tal produto, quando utilizado 

na concentração de 30%, preconiza-se que tal aplicação seja realizada por 3 minutos 

(DOS SANTOS et al., 2012). Dessa forma, se torna importante o desenvolvimento de 

estudos que busquem confirmar esse período de aplicação, uma vez que o objetivo 

sempre será diminuir o tempo de cadeira durante o tratamento do paciente, 

principalmente quando envolve crianças. 

Além disso, a fim de tentar simular uma situação semelhante ao que ocorre na 

cavidade bucal, as amostras do mesmo estudo laboratorial foram submetidas a um 

alto desafio cariogênico por 21 dias (MILGROM et al., 2018). É importante esclarecer 

que esse tempo é suficiente para que ocorra aumento da densidade mineral e uma 

possível “remineralização” das lesões artificiais de cárie. Para essa análise, utilizou-

se o micro-CT, uma técnica não destrutiva capaz de manter a integridade da amostra, 

permitindo, consequentemente, comparações a partir de escaneamentos realizados 

em diferentes momentos. Assim, através da avaliação da densidade mineral dos 

tecidos duros com o micro-CT, foi possível constatar a desmineralização das 

amostras, bem como o aumento da densidade mineral, de acordo com as 

concentrações de DFP usadas para os tratamentos e seus diferentes tempos de 

aplicação. 

Uma outra questão a ser levantada é a escolha das concentrações utilizadas 

do DFP, 30% e 38%. A primeira, é encontrada no mercado brasileiro e a segunda, 

mais alta, é utilizada amplamente fora do Brasil e com comprovação da sua efetividade 

clínica (OLIVEIRA et al, 2019). Assim, nada mais justificável do que comparar um 

produto brasileiro com outro similar, cujos estudos demonstram ótimos resultados na 

paralisação das lesões de cárie. De modo que, os resultados encontrados nesse 

estudo in vitro mostraram que o DFP 38% é capaz de paralisar as lesões de cárie em 

dentina após aplicação imediata enquanto o 30% possui o mesmo efeito apenas 

quando utilizado por 1 minuto. Além disso, tanto o DFP 38% aplicado por 1 e 3 minutos 

quanto o DFP 30% utilizado por 3 minutos se mostraram capazes de promover a 
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remineralização das lesões de cárie em dentina, sendo ainda mais eficazes. Portanto, 

tal resultado justifica, ainda, o uso do DFP 30%, um produto de custo bem inferior ao 

importado,  por 3 minutos, no ensaio clínico que também faz parte desse trabalho. 

Sabe-se que a cárie quando não tratada apresenta um grande impacto negativo 

na qualidade de vida relacionada à saúde bucal (QVRSB) (ABANTO et al., 11; WONG 

et al., 2011; GUEDES et al., 2014; MOTA-VELOSO et al., 2016). Desse modo, é 

fundamental o tratamento dessas lesões e a avaliação da QVRSB. Segundo Martins-

Júnior et al. (2012) e Vollú et al. (2018), é interessante avaliar a eficácia de um 

tratamento através da perspectiva dos pais/ responsáveis das crianças, como 

realizado no presente estudo através do instrumento B-ECOHIS; uma vez que pode 

ajudar a priorizar o tipo de tratamento e avaliar os resultados das estratégias 

terapêuticas implementadas em uma determinada população (SCARPELLI et al., 

2011). 

Ao comparar a QVRSB dos pacientes antes e após os tratamentos realizados, 

o que no presente ensaio clínico ocorreu por meio de procedimentos como DFP e 

TRA,  observou-se um aumento na qualidade de vida, ou seja, tais tratamentos 

impactaram positivamente a QVRSB dos pacientes. No entanto, como não houve 

diferença entre os dois diferentes tipos de tratamento, a decisão de escolha entre eles 

tende a envolver outros fatores, como acesso, eficácia, aceitabilidade e tempo 

requerido para cada intervenção. 

Em relação a eficácia dos tratamentos na paralisação da cárie, o DFP mostrou 

resultados semelhantes ao TRA. Assim, o tratamento DFP pode ser visto como uma 

boa alternativa, nos casos em que não há possibilidade de se realizar o TRA. Além 

disso, possui a vantagem de requerer menos recursos para que o procedimento seja 

feito, bem como um menor tempo de cadeira, o que é muito relevante para o 

tratamento de crianças, principalmente em pré-escolares que tendem a não colaborar 

com o tratamento. 

Além disso, embora o grupo tratado com TRA tenha permanecido com um 

paciente a menos que o estipulado pelo cálculo amostral, após 12 meses de 

acompanhamento, tal tratamento já é considerado efetivo (MICKENAUTSCH et al., 

2010; RAGGIO et al., 2013; TEDESCO et al., 2017; DE AMORIM et al., 2018) e bem 

consolidado na literatura, sendo recomendado pela Organização Mundial de Saúde 

desde 1994 (WHO, 1994). Vale acrescentar que Frese et al. (2018) também não 

conseguiram alcançar a amostra suficiente ao final do tempo de acompanhamento 



119 
 

 

devido ao elevado número de abandonos ao estudo, embora no final todos tenham 

entrado na análise, por meio da intenção de tratar. Tal manobra estatística não foi 

realizada no presente estudo, uma vez que os pacientes já tinham o tempo de 

acompanhamento finalizado. 
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6   CONCLUSÕES 

De acordo com os resultados obtidos no estudo in vitro é válido concluir que o 

DFP 38% foi capaz de paralisar as lesões de cárie em dentina com aplicação imediata 

enquanto o tempo mínimo de aplicação necessário para que o DFP 30% também 

impedisse a progressão das lesões de cárie foi 1 minuto, sob alto desafio cariogênico. 

Em acréscimo, foi possível observar que não houve diferença quanto à qualidade de 

vida relacionada à saúde bucal de pré-escolares antes e após os tratamentos com 

DFP e TRA; e, ambos os tratamentos foram igualmente capazes de paralisar, 

clinicamente, as lesões de cárie em dentina de molares decíduos, após 24 meses de 

acompanhamento. 

No que tange às demais proposições em relação ao estudo in vitro:  

• Foi possível observar uma grande perda de dureza em todos os blocos 

de dentina, sem diferença entre os grupos, bem como a homogeneidade 

da profundidade das lesões, visualizadas através do micro-CT.  

• Foi possível encontrar um padrão de deposição de Ag imediatamente 

após o tratamento com DFP, de modo que nos após aplicação por 1 e 3 

minutos foi possível observar uma camada densa e radiopaca, na 

superfície dos blocos. Em relação a profundidade das lesões de cárie 

imediatamente após o tratamento, não houve diferença em nenhum dos 

grupos. 

• Após 21 dias sob alto desafio cariogênico, observou-se que o tempo de 

aplicação mínimo necessário para paralisar as lesões de cárie em 

dentina após serem tratadas com DFP 30% foi 1 minuto, enquanto o 

DFP 38% foi eficaz após aplicação imediata. Além disso, a menor 

atividade metabólica do biofilme foi observada nos grupos tratados com 

DFP 38%, independentemente do tempo de aplicação. 



121 
 

 

Em relação ao ensaio clínico: 

Artigo 2 

• Ambos os tratamentos realizados causaram um impacto positivo na 

qualidade de vida relacionada à saúde bucal dos pré-escolares, tanto 15 

dias quanto 3 meses após serem tratados, sem diferença entre eles. 

Artigo 3 

• Tanto o tratamento com DFP quanto o TRA foram capazes de paralisar, 

clinicamente, as lesões de cárie em dentina de molares decíduos, após 

24 meses de acompanhamento, sem diferença entre eles. 

• Em relação ao tempo necessário para a realização de cada intervenção, 

o grupo que recebeu o tratamento com DFP apresentou um tempo de 

cadeira significativamente menor do que o grupo tratado com TRA. 

• Não houve diferença entre a quantidade total de efeitos adversos 

observados pelo operador e relatados pelos responsáveis, em cada 

grupo. Apesar disso, destacaram-se, no grupo TRA, a queixa de dor 

durante o momento da remoção seletiva e, no grupo DFP, a 

pigmentação na mucosa. 

• A avaliação da percepção estética dos responsáveis em relação aos 

dentes de suas crianças também não diferiu entre os grupos. 

• Em relação à ansiedade antes e imediatamente após o tratamento, não 

houve mudança entre os pré-escolares pertencentes aos dois grupos do 

estudo. 
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Anexo C – Escala de Imagens Faciais 

 

 

 

 

 

 

 

Face 5: muito infeliz; face 4: infeliz; face 3: neutro; face 2: feliz; face 1: muito 

feliz. 
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