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RESUMO 

Materiais bioativos têm apresentado relevante  importante na Odontologia, 

considerando sua efetividade no controle das lesões de cárie, por meio de trocas iônicas com o 

meio bucal. Este estudo avaliou a influência da incorporação de diferentes concentrações (0%, 

1%, 1,5% e 2%) de fosfato de cálcio amorfo (ACP) e fluoreto de estanho (SnF2) nas 

propriedades físico-químicas de grau de conversão, ângulo de contato, sorção e solubilidade, 

profundidade de penetração, liberação iônica, estabilidade de cor e rugosidade de um infiltrante 

experimental, comparado ao controle comercial. Os grupos avaliados foram: controle comercial 

(Icon), controle experimental (98,5% blend TEGDMA-BisEMA; 0.5% CQ; 1% EDAB), 1ACP, 

1.5ACP, 2ACP, 1SnF2, 1.5SnF2 e 2SnF2. Para o grau de conversão (n=5) foi utilizado um 

espectrômetro de raios infravermelhos transformado de Fourier (FTIR-ATR). Para o ângulo de 

contato (n=16) foi utilizado um goniômetro. Para os testes de sorção e solubilidade (n=16), as 

amostras foram pesadas em períodos de desidatração e hidratação. Para a análise da 

profundidade de penetração (n=5), amostras de dente com lesão de cárie 

incipiente foram coradas,  infiltradas,  cortadas em fatias,  polidas e levadas ao 

microscópio confocal de varredura a laser. Para liberação iônica (n=3), amostras de 

infiltrantes foram imersas em uma solução tamponada (pH 4) e, as concentrações dos íons Ca, 

P e F foram medidas nos intervalos de 14 e 28 dias por um espectrofotometro de absorbãncia. 

Para a estabilidade de cor (n=15) e rugosidade superficial (n=15), amostras de dente com lesão 

de cárie incipiente foram infiltradas, imersas em solução de café e polidas após o manchamento. 

As leituras de estabilidade de cor e rugosidade foram realizadas para o (I) esmalte infiltrado, 

(II) esmalte manchado e (III) esmalte polido. A análise dos dados foi realizada utilizando o 

software R, com nível de significância de 5%. O grupo controle experimental teve o maior grau 

de conversão. Os grupos controles experimental e comercial apresentaram menor ângulo de 

contato e menor sorção e solubilidade. Todos os grupos apresentaram penetração no esmalte 

desmineralizado, exceto o 2SnF2. Todos os grupos com partícula foram estatisticamente iguais 

na liberação dos íons Ca e P. O grupo 2Snf2 apresentou liberação de íons F em 14 dias. Os 

grupos com SnF2 tiveram maior variação de cor após manchamento. Todos os grupos com 

partícula tiveram maior pigmentação do que os grupos controles. Todos os grupos tiveram 

redução do escurecimento após polimento. Todos os grupos com SnF2 apresentaram maior 

luminosidade após polimento. A rugosidade foi menor para todos os grupos no esmalte polido. 

Apesar de uma menor estabilidade de cor, a incorporação das partículas no infiltrante 

experimental não afetou negativamente as demais propriedades testadas, além de ter havido 

liberaçãao de íons F; o polimento foi capaz de reduzir a rugosidade e pigmentação dos grupos 

avaliados.  

 

Palavras chaves: Cárie Dentária, Infiltração Resinosa, Remineralização Dentária, Fosfato de 

Cálcio Amorfo, Fluoreto de Estanho. 

 

 

 



 

ABSTRACT 

Bioactive materials have played an important role in dentistry, considering their 

effectiveness in controlling caries lesions through ionic exchange with the oral environment. 

This study evaluated the influence of incorporating different concentrations (0%, 1%, 1.5% and 

2%) of amorphous calcium phosphate (ACP) and tin fluoride (SnF2) on the physicochemical 

properties of degree of conversion, contact angle, sorption and solubility, depth of penetration, 

ionic release, color stability and roughness of an experimental infiltrant, compared to the 

commercial control. The groups evaluated were: commercial control (Icon), experimental 

control (98.5% TEGDMA-BisEMA blend; 0.5% CQ; 1% EDAB), 1ACP, 1.5ACP, 2ACP, 

1SnF2, 1.5SnF2 and 2SnF2. A Fourier transform infrared spectrometer (FTIR-ATR) was used 

to measure the degree of conversion (n=5). A goniometer was used for the contact angle (n=16). 

For the sorption and solubility tests (n=16), the samples were weighed during the dehydration 

and hydration periods. For the analysis of penetration depth (n=5), tooth samples with incipient 

caries lesions were stained, infiltrated, cut into slices, polished and taken to the laser scanning 

confocal microscope. For ion release (n=3), infiltrant samples were immersed in a buffered 

solution (pH 4) and the concentrations of Ca, P and F ions were measured at 14- and 28-day 

intervals using an absorbance spectrophotometer. For color stability (n=15) and surface 

roughness (n=15), tooth samples with incipient caries lesions were infiltrated, immersed in 

coffee solution and polished after staining. Color stability and roughness readings were taken 

for (I) infiltrated enamel, (II) stained enamel and (III) polished enamel. The data was analyzed 

using R software, with a significance level of 5%. The experimental control group had the 

highest degree of conversion. The experimental and commercial control groups had lower 

contact angles and lower sorption and solubility. All the groups penetrated demineralized 

enamel, except for 2SnF2. All particle groups were statistically equal in the release of Ca and 

P ions. The 2Snf2 group showed release of F ions within 14 days. The SnF2 groups had greater 

color variation after staining. All the particle groups had greater pigmentation than the control 

groups. All groups had reduced darkening after polishing. All groups with SnF2 had greater 

luminosity after polishing. Roughness was lower for all groups on polished enamel. Despite the 

lower color stability, the incorporation of the particles into the experimental infiltrant did not 

negatively affect the other properties tested, in addition to the release of F ions; polishing was 

able to reduce the roughness and pigmentation of the groups evaluated.  

 

Keywords: Dental Caries, Resin Infiltration, Tooth Remineralization, Amorphous Calcium 

Phosphate, Stannous Fluoride. 
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1 INTRODUÇÃO 

A cárie dentária é considerada uma doença multifatorial por envolver interações 

entre o dente, o biofilme que se acumula sobre a estrutura dentária e açúcares provenientes 

da dieta; sofre, além disso, influências genéticas e salivares (Pitts et al., 2017). O processo 

carioso se forma a partir da alternância de períodos de desmineralização e remineralização, 

onde o avanço desse processo está diretamente relacionado à predominância da 

desmineralização, formando as lesões incipientes (Pitts et al., 2017), também conhecidas por 

lesão de mancha branca, considerada o primeiro sinal desta doença (De Rooij e Nancollas, 

1984, Skucha-Nowak et al., 2016, Urquhart et al., 2019). Tais lesões são caracterizadas como 

lesões subsuperficiais, podendo apresentar dissolução dos minerais até o terço externo da 

dentina, apesar da manutenção da camada externa do esmalte, que se apresenta 

esbranquiçada, porosa e opaca (Phark et al., 2009).  

As lesões de cárie incipientes recebem, normalmente, terapia de remineralização, 

envolvendo fontes de flúor, além da necessidade de mudanças comportamentais na dieta, por 

exemplo, visando assim a paralisação da progressão e/ou reversão da desmineralização do 

dente (Pitts et al., 2017, Lasfargues et al., 2013). Contudo, tal tratamento exige, na grande 

maioria da vezes, múltiplas sessões clínicas e grande cooperação do paciente como, 

comparecimento às consultas e controle adequado da higiene bucal e dieta; o que, por muitas 

vezes,   é difícil de se obter (Lasfargues et al., 2013). Outro ponto a ser considerado é que, 

diante da não cooperação do paciente, um aumento da profundidade da lesão pode ocorrer, o 

que se faz pensar que tal tratamento,  isoladamente, pode não ser eficaz para interromper a 

lesão cariosa e, a subsequente fragilização da superfície pode ocorrer, causando cavitação 

(Askar et al., 2018, Mandava et al., 2017). É muito comum, por exemplo, o surgimento de 

lesões de cárie incipientes nas faces proximais dos dentes, sendo, por muitas vezes, o 

tratamento convencional utilizado, nesses casos, a remoção da lesão de cárie e preenchimento 

com resina composta, às custas da destruição de uma quantidade substancial de estrutura 

dental sadia em prol da obtenção de acesso à lesão (Askar et al., 2018). 

Diante dessas considerações e do avanço da Odontologia Minimamente Invasiva, 

foi então desenvolvida a técnica infiltrativa com um agente resinoso fotopolimerizável 

denominado infiltrante, a fim de prevenir a progressão da lesão de cárie incipiente 

(Lasfargues et al., 2013, Golz et al., 2016). Tal técnica tem como principal indicação lesões 

de cárie incipientes até o terço externo da dentina (não cavitadas), presentes em superfícies 
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lisas de dentes decíduos e permanentes (Lasfargues et al., 2013). Seu mecanismo de ação se 

dá pela penetração do material resinoso nos poros do esmalte, através de forças capilares, 

bloqueando as vias de difusão de ácidos cariogênicos e minerais dissolvidos, contribuindo 

para a paralisação da progressão da lesão cariosa, após sua fotopolimerização (Lasfargues et 

al., 2013, Askar et al., 2018, Abbas et al., 2018). Ou seja, as bactérias que habitam no esmalte 

desmineralizado ficam presas na resina infiltrada (Paris et al., 2010). Tal material resinoso 

tem oferecido vantagens como estabilização mecânica do esmalte desmineralizado, 

preservação da estrutura dental sadia, minimização do risco de lesões de cárie secundárias, 

retardo da intervenção restauradora invasiva, baixo ou nenhum risco de sensibilidade pós-

operatória e inflamação pulpar, redução do risco de gengivite e boa aceitação pelo paciente 

em relação à técnica aplicada (Prajapati et al., 2017). 

O infiltrante resinoso Icon®, único disponível comercialmente, é um material de 

baixa viscosidade e alto coeficiente de penetração, constituído por uma matriz resinosa à base 

de TEGDMA, iniciadores e aditivos (Lasfargues et al., 2013, Golz et al., 2016). Entretanto, 

apesar de estudos prévios demonstrarem resultados promissores sobre a eficácia do infiltrante 

Icon® (Paris et al., 2010, Ekstrand et al., 2010, Golz et al., 2016), novas formulações de 

infiltrantes resinosos experimentais têm sido estudadas, objetivando aprimorar as 

características e o desempenho do material, de acordo com o objetivo do tratamento. Um 

material com alta concentração de TEGDMA pode apresentar alta degradação hidrolítica em 

meio oral e maior contração de polimerização devido ao seu baixo peso molecular, apesar da 

alta fluidez e boa profundidade de penetração (Sideridou et al., 2002). Assim, formulações 

experimentais têm sido sugeridas, sendo uma dessas à base de 25% BisEMA, 75% 

TEGDMA, 0,5% de Canforoquinona e 1% de Etil 4-dimetilamino benzoato (EDMAB), 

estudada por Ganglianone et al. (2020), apresentando resultados favoráveis em relação, por 

exemplo, quanto ao grau de conversão e sorção e solubilidade; sendo também comprovados 

nos estudos de Mathias et al. (2019) e Pedreira et al. (2021). 

Somado a isso e, acreditando no efeito terapêutico do infiltrante resinoso, tem-se 

sugerido a adição de partículas bioativas ao material resinoso, a fim de se observar o efeito 

remineralizante que este material pode proporcionar às lesões de cárie incipientes (Par et al., 

2018, Sfalcin et al., 2017). Sabe-se que os componentes da saliva como o flúor, cálcio e 

fosfato biodisponíveis contribuem para a formação da fluorapatita (Fernando et al., 2019); 

porém, em determinados casos, a saliva pode apresentar limitação de ação remineralizante, 

especialmente em pacientes que apresentam dieta muito rica em carboidratos, com higiene 

bucal deficiente, além daqueles com algum distúrbio sistêmico e/ou sob uso de 
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medicamentos cujo um dos efeitos colaterais é a hipossalivação (Fernando et al., 2019). 

Pensando nisso, tem-se sugerido em agentes que forneçam íons de cálcio e fosfato para a 

remineralização do dente desmineralizado, como por exemplo o Fosfato de Cálcio Amorfo 

(ACP) .  

O ACP é apresentado como um pó branco, cujas partículas apresentam tamanho 

<150 nanômetros. Sendo considerado um biomimético salivar que fornece íons de cálcio e 

de fosfato, a fim de inibir a desmineralização e promover a remineralização das lesões de 

mancha branca (Cross et al., 2007, Cochrane et al., 2008, Fernando et al., 2019). Além disso, 

considerando que o infiltrante resinoso tem em sua composição monômeros passíveis de uma 

maior contração de polimerização, como o TEGDMA, a adição de partículas bioativas como 

o ACP pode promover a remineralização de áreas do esmalte onde, por ventura, não houver 

preenchimento adequado com o material resinoso, a partir da liberação de íons cálcio e 

fosfato, reduzindo as chances de progressão das lesões e, lesões de cárie secundária 

(Fernando et al., 2019, Zixiang et al., 2022). Estudos anteriores exibiram resultados 

promissores sobre a incorporação de 10 a 30% das partículas de ACP em materiais resinosos, 

como o infiltrante resinoso e um adesivo (Gao et al., 2020, Fan et al., 2021, Zixiang et al., 

2022). 

Além do ACP, o fluoreto de estanho (SnF2) tem demonstrado, em estudos 

prévios, tanto pelos íons de estanho quanto pelos íons fluoretos, eficácia na inibição da 

desmineralização do esmalte provocada por ácidos diversos (Schlueter et al., 2009, Ganss et 

al., 2010). O SnF2, apresentado em forma de pó cristalizado (granuloso), é considerado um 

composto fluoretado polivalente com cátions metálicos (Sn2+) (Schlueter et al., 2009) e, seu 

mecanismo de ação é baseado, especialmente, na reação do estanho com o tecido dental, 

formando assim precipitados ricos em metais, além dos sais de fluoreto de cálcio (CaF2) 

(Babcock et al., 1978). Acredita-se que o estanho possa interagir com a superfície do dente 

e, além disso, exercer papel preventivo em relação à exposição do cálcio, presente no esmalte 

dental, aumentando também sua resistência à desmineralização, frente aos desafios ácidos 

presentes no ambiente oral (Faller e Eversole, 2014, Cheng et al., 2017); ou seja, diante de 

períodos de desmineralização e re-deposição mineral, o estanho pode ser incorporado ao 

substrato dental desmineralizado, formando áreas estruturalmente modificadas e menos 

solúveis a tais desafios ácidos (Schlueter et al., 2009). 

Sabe-se que o infiltrante resinoso vem sendo considerado um tratamento alternativo 

aos tratamentos não invasivos e invasivos já consagrados na Odontologia, eliminando as 

implicações e limitações já reconhecidas. Infere-se assim que a adição das partículas de ACP e 
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SnF2 ao infiltrante resinoso pode proporcionar ao material um efeito remineralizante, elevando 

seu desempenho, além de exercer papel protetor frente aos novos períodos de desmineralização, 

inerentes ao ambiente bucal.  E, apesar de saber da eficácia do infiltrante resinoso e das 

partículas (Peters et al., 2019, Paris et al., 2020, Yanwei et al., 2021, Konradsson et al., 2020), 

isoladamente, ainda há poucos estudos sobre o comportamento e efeito terapêutico de um 

infiltrante resinoso preenchido com partículas bioativas. Portanto, este estudo teve como 

objetivo avaliar a influência da incorporação de diferentes concentrações (0%, 1%, 1,5% e 2%) 

de partículas de ACP e SnF2 nas propriedades de grau de conversão, ângulo de contato, sorção 

e solubilidade, profundidade de penetração, liberação iônica, estabilidade de cor e rugosidade 

de um infiltrante experimental, comparado ao controle comercial. As hipóteses deste trabalho 

são as de que (I) haveria diferença entre os grupos nas propriedades físico-químicas testadas e 

(II) haveria diferença entre os tempos avaliados para rugosidade superficial. 
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Physical-chemical properties of resin infiltrants containing different concentrations of amorphous calcium 

phosphate and stannous fluoride: in vitro study 

 

ABSTRACT 

Objective: To evaluate the influence of incorporating different concentrations (0%, 1%, 1.5% and 2%) of 

amorphous calcium phosphate (ACP) and tin fluoride (SnF2) on the degree of conversion (DC), contact angle 

(CA), water sorption (WS) and solubility (SL), penetration depth, ionic release, color stability and roughness of 

experimental resin infiltrants. Methods and materials: The groups evaluated were: commercial control (Icon), 

experimental control (98,5% wt blend TEGDMA-BisEMA; 0.5% wt CQ; 1% wt EDAB), 1ACP, 1.5ACP, 2ACP, 

1SnF2, 1.5SnF2 and 2SnF2. A Fourier transform infrared spectrometer was used for DC (n=5). A goniometer was 

used for the contact angle (n=16). The samples were weighed during the dehydration and hydration periods for 

WS and SL (n=16). For the penetration depth (n=5), images were obtained using a confocal laser scanning 

microscope and analyzed qualitatively. The concentrations of Ca, P and F ions were measured at 14 and 28 days 

using a spectrophotometer (n=3). For color stability (n=15) and roughness (n=15), readings were taken at three 

different times: (I) infiltrated enamel, (II) stained enamel and (III) polished enamel. Data analysis was carried out 

using R software, with a significance level of 5%. Results: The experimental control group had the highest degree 

of conversion. The control groups had lower contact angles and lower sorption and solubility. All groups showed 

penetration into demineralized enamel, except for 2SnF2. The 2Snf2 group showed release of F- ions within 14 

days. All the particle groups had greater pigmentation than the controls. All groups had reduced darkening after 

polishing. Roughness was lower for all groups on polished enamel. Conclusions: Despite lower color stability, 

the incorporation of the particles into the experimental infiltrant did not negatively affect the other properties 

tested. Clinical Relevance: Resin infiltrants with bioactive particles could offer, in addition to paralyzing the 

caries lesion and strengthening the enamel subsurface, a remineralizing action with the release of its ions.   

Keywords: Dental Caries, Resin Infiltration, Tooth Remineralization, Amorphous Calcium Phosphate, Tin 

Fluoride. 
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INTRODUCTION 

Caries is a common, multifactorial and chronic disease [1]. The diagnosis and treatment of incipient 

caries lesions should be carried out as soon as possible in order to avoid the progression and cavitation of these 

lesions, making non-invasive or minimally invasive interventions possible [1,2]. This way, the resin infiltrant has 

become a satisfactory and conservative treatment option; presented as a micro-invasive alternative, whose its 

main objective is to penetrate the porous body of white spot caries lesions and paralyze the carious lesion, it is 

indicated for incipient lesions in enamel and up to the outer third of dentin [2]. Because of the similarity of its 

refractive index to that of sound enamel and, consequently, improve the patient's dental aesthetics [1,2]. 

Demonstrating favorable results within Minimally Invasive Dentistry, the resin material is also capable of 

masking lesions [1]. 

The only commercially available resin infiltrant, known as Icon®, has shown positive results in previous 

studies, in terms of stopping caries lesions [3,4]; however, new resin infiltrant formulations have been developed 

with the aim of improving the resin material in terms of its physical properties, such as reducing shrinkage and 

water sorption and solubility [5]. Furthermore, the incorporation of bioactive particles has been encouraged, 

considering the possibility of formulating a material that is capable of releasing ions and assisting in the 

remineralization and/or strengthening of dental enamel in the face of the acidic challenges encountered in the 

oral environment [6,7,8]  

Bioactive particles such as amorphous calcium phosphate (ACP) have been incorporated into the resin 

infiltrant [9]. The mechanism of ACP particles is to increase the bioavailability of calcium and phosphate, 

favoring precipitation on the tooth and dissolution in saliva, thus, contributing to the remineralization of affected 

enamel [10,11]. Similarly, fluoride is also recognized as a remineralizing agent. Its ions, when acting together 

with bioavailable calcium and phosphate, contribute to the formation of fluohydroxyapatite, making enamel more 

resistant to acids [12]. Tin fluoride (SnF2), one of the sources of fluoride, has gained prominence, considering 

that tin ions can interact with the tooth surface. increasing its resistance to demineralization by preventing calcium 

exposure [12]. New resin infiltrant formulations require different physical tests to assess their performance, in 

order to meet some of the specific requirements for resin materials when submitted to the oral environment [7,8]. 

Such as solid-state polymerization capacity, resistance to chemical factors, appropriate aesthetics, non-toxicity, 

as well as a certain hydrophilicity, low viscosity and a smaller contact angle, which helps the material to penetrate 

the enamel properly [13,14]. 

The resin infiltrant has a monomer-based composition, similar to composite resin, adhesives or cements 

[6], which undergo water sorption and solubility, generating degradation over time [15,16] and, consequently, 

increased roughness [5]. In addition, previous studies have observed that the resin infiltrant tends to stain severely 

when subjected to different staining solutions [6,17,18]. The incorporation of particles can even influence the 

color stability of resin materials [6], making it important to evaluate the new formulations developed. In addition, 

a resin material tends to undergo changes in roughness. especially when exposed to humidity. temperature 

differences and acidity, which are commonly present in the oral environment [5]. Increased roughness can lead 

to greater deterioration of the restorative material, pigmentation, accumulation of biofilm and, consequently, 

periodontal problems in the patient [19,20].  

Taking into account all features possibly promoted by the resin infiltrant incorporated by ACP and SnF2, 

it is necessary to analyze wheter its perfomance would be satisfatory. New resin infiltrant formulations require 

physical-chemical tests to assess their properties, in order to meet some of requirements for restorative resin 

materials. Furthermore, the addition of bioactive agents to the composition of the infiltrating material may 

contribute to the remineralization of subsurface enamel. Thus, the aim of the study to evaluate the influence of 

incorporating different concentrations (0%, 1%, 1.5% and 2%) of ACP and SnF2 particles on the properties of 

degree of conversion, contact angle, sorption and solubility, depth of penetration, ionic release, color stability 

and roughness of an experimental infiltrant, compared to the commercial control. The hypotheses of this work 

are that (I) there will be a difference between the groups in the physica-lchemical properties tested and (II) there 

will be a difference between the times evaluated for surface roughness. 
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MATERIALS AND METHODS 

Formulation of the resin infiltrants 

The compositions of the resin infiltrants are shown in Table 1, all in percentage by weight. A precision 

balance (Shimadzu, Tokyo, Japan) was used to weigh the reagents under yellow light. Next, each container 

with the mixture of reagents was taken to the speed mixer (Hauschild, Farmington Hills, USA) under 3000 

RPMs for 5 minutes to homogenize the components. At the end, the resin infiltrants were stored individually 

under refrigeration at 4 ºC. The particle concentrations were obtained in a previous pilot study, without altering 

the general characteristics of the material.  

 

Table 1 - Description of the groups and composition of the resin infiltrants evaluated. 

Groups Composition of infiltrators 

Icon 

(commercial control) 
Icon® (70-95% wt TEGDMA, <2.5% wt CQ and additions) 

 

Base Exp 

(experimental control) 
98,5% wt blend TEGDMA-BisEMA; 0.5% wt CQ; 1% wt EDAB 

1ACP 
97,5% wt blend TEGDMA-BisEMA; 0.5% wt CQ; 1% wt EDAB; 1% 

wt ACP 

1.5ACP 
97% wt blend TEGDMA-BisEMA; 0.5% wt CQ; 1% wt EDAB; 1.5% 

wt ACP 

2ACP 
96,5% wt blend TEGDMA-BisEMA; 0.5% wt CQ; 1% wt EDAB; 2% 

wt ACP 

1SnF2 
97,5% wt blend TEGDMA-BisEMA; 0.5% wt CQ; 1% wt EDAB; 1% 

wt SnF2 

1.5SnF2 
97% wt blend TEGDMA-BisEMA; 0.5% wt CQ; 1% wt EDAB; 1.5% 

wt SnF2 

2SnF2 
96,5% wt blend TEGDMA-BisEMA; 0.5% wt CQ; 1% wt EDAB; 2% 

wt SnF2 

 

Icon® according to the manufacturer (DMG, Hamburg, Germany) (LOT 261398). BisEMA - Bisphenol A 

polyethylene glycol dimethacrylate (Sigma Aldrich Brasil Ltda, Barueri, SP, Brazil). TEGDMA - Triethylene 

glycol dimethacrylate (Sigma Aldrich Brasil Ltda, Barueri, SP, Brazil). CQ – Camphorquinone (Sigma Aldrich 

Brasil Ltda, Barueri, SP, Brazil). EDAB - Ethyl 4-dimethylamino benzoate (Sigma Aldrich Brasil Ltda, Barueri, 

SP, Brazil). ACP - Amorphous calcium phosphate (Sigma Aldrich Brasil Ltda, Barueri, SP, Brazil) (<150nm) 

and SnF2 - PA tin fluoride (Êxodo Científica, Sumaré, SP, Brazil). 

 

Degree of conversion (DC) 

 

Fourier transform infrared spectroscopy with attenuated total reflectance (FTIR-ATR) (Vertex 70 

spectrometer, Bruker, Billerica, MA, USA) was used for the DC (n=5). The first reading of the resin material, 

not yet light-cured, was taken by depositing about 1μL of the resin infiltrants on the device's crystal using a 

pipette, so that the drop remained in the focal center of the equipment's laser beam. A polyester strip was then 

placed on top of the micro drop of material to standardize the samples. The material was then light-cured using 

an LED light source (Valo, Ultradent, Indaiatuba, SP, Brazil) with a power density of 1000mW/cm2 for 40 

seconds. A second reading was taken after 2 minutes of waiting. The Opus v.6 software (Bruker Optics) was 

used to calculate the degree of conversion (in%). The corresponding baseline was plotted and the absorbance 

value of the baseline was subtracted from the maximum absorbance value at the corresponding wavenumber; 

The wavelengths used to obtain the values were 1610 and 1637. 

 

Contact angle (CA) 

 

The contact angle measurements were taken on a polished glass slide, cleaned with absolute alcohol and 

dried in an oven at 37ºC for 24 hours, changing at each analysis. A goniometer with attached camera (Ramé-hart 
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- 500F1, Succasunna, USA) was used to measure the contact angle of the resin infiltrants, with drops 

(approximately 1μL) dispensed perpendicularly into the surface of the glass slide using a precision micro syringe. 

Images were obtained from 10 measurements per sample, at a time interval of 0.05 seconds and frame averaging 

of 60 frames/second. The images obtained were analyzed using drop shape analysis software (DROPimage 

Advanced). For each group (n=16), the average of the contact angles on each side of the drop was calculated in 

degrees. 

 

Water sorption (So) and solubility (SL) 

 

Disc-shaped (5mm x 1mm) specimens of the resin infiltrants (n=16) were made using a silicone matrix 

and polymerized using a Valo LED light (Valo, Ultradent, Indaiatuba, SP, Brazil) with a power density of 

1000mW/cm2 for 40 seconds; they were then placed in a desiccator and stored in an oven at 37º C. The samples 

were weighed daily on an analytical balance (Shimadzu, Tokyo, Japan) at 24-hour intervals until a constant mass 

(m1) was obtained, with a variation of less than 0.002 mg. To calculate the volume (mm³), each sample had its 

thickness and diameter measured using a digital caliper (Mitutoyo, Japan). The samples were then stored at 37ºC 

in closed eppendorfs containing 1.5 mL of distilled water. After seven days of storage, the eppendorfs were 

removed from the oven and left at room temperature for 30 minutes; the samples were then gently dried with 

absorbent paper and weighed again on an analytical balance to obtain m2. After this period, the samples were 

desiccated and weighed again daily until a new constant mass (m3) was obtained. Sorption and solubility values 

were calculated using two specific formulas (So= m2-m3/V and SL= m1-m3/V), out in accordance with the ISO 

4049/2019 specification. 

 

Ion release  

 

For this analysis. a 133 mmol/L sodium chloride (NaCl) solution was prepared and buffered with 50 

mmol/L lactic acid to pH 4 [9]. Resin infiltrant samples from each group (n=3), measuring 2x2x12 mm. were made 

by inserting the resin material into a silicone matrix. To standardize the samples, a polyester matrix was used over 

the silicone matrix with the resin infiltrant and a 40-second light-curing process was carried out on the surface and 

bottom of each sample, for a total of 80 seconds. Each sample was then immersed in 17 mL of the prepared solution 

and the concentrations of calcium (Ca), phosphorus (P) and fluoride (F) ions were measured at two different times 

(14 and 28 days). For each time, a 4 mL fraction of the solution was removed, stored in an eppendorf and replaced 

with a new one. The eppendorfs with the fractions of the solution were kept closed and refrigerated throughout the 

period. The concentrations of the ions released were quantified using a absorbance spectrophotometer (UV-

Visible, Thermo Scientific, São Paulo, SP, Brazil). To obtain the averages, the calcium ions released were read 

using the single-point calcium arsenazo method, using the absorbance values of a standard solution, and the 

arithmetic mean of this standard was determined in duplicate. For phosphorus and fluoride ions, the linear standard 

curve method was used, with absorbance duplicated for each point of the standard.  

 

Simulation of the incipient carious lesion 

 

Sample preparation 

After approval by the Research Ethics Committee (no. 654486.22.6.0000.5418) sound human molars 

were selected. The teeth were cleaned with a Robinson brush and pumice stone to remove residues and then stored 

in a 0.1% thymol solution. The roots were then sectioned using a metallographic cutter (Buehler LTD, Lake Bluff, 

IL, USA) and dispensed. Next, samples measuring 5x5x2mm were obtained from the buccal and palatal surfaces 

of the teeth. To standardize the surfaces, the samples were lightly flattened in a polishing machine (Arotec S/A 

Indústria e Comércio, Cotia, SP, Brazil) with 600 and 1200 grit sandpaper (Buehler) under constant refrigeration; 

they were then polished with felt discs and diamond solution (1 µm; Buehler) and then stored in eppendorfs and 

kept at 37ºC. 

 

Induction of the incipient carious lesion 

 

After obtaining the samples, surface microhardness averages were obtained by taking three readings on a 

microdurometer (HMV-2000; Shimadzu Corporation, Tokyo, Japan), 100 µm apart from the center of the surface, 

to randomize the samples, to prevent groups from benefiting or suffering from low or high microhardness. 

Afterwards, the samples were protected with nail varnish (Colorama®, São Paulo, SP, Brazil) and submitted to a 

simulation of incipient caries lesions. To simulate caries activity in the oral cavity, a demineralizing solution (DE) 

and a remineralizing solution (RE) were used. The samples were immersed in 50 ml of the DE solution, composed 

of CH3COOH 0.075 M. CaCl2 1.0 mM. KH2PO4 2.0 Mm, pH 4.4, for a period of 6 h; they were then removed 



20 
 

 

and rinsed with distilled water for 10 s. After, they were then placed in 25 mL of the re solution, consisting of KCl 

150 mM. CaCl2 1.5 mM. KH2PO4 0.9 mM. NH2C(CH2OH)3 20 Mm, pH 7.0, for a period of 18 h. This protocol 

was carried out for 7 consecutive days and the solutions were changed daily [21].  

 

Infiltration of resin materials 

 

After simulating the incipient caries lesion, the samples were submitted to the application of the resin 

infiltrants. The samples were infiltrated according to the manufacturer's instructions for the Icon® resin infiltrant: 

etching with 15% hydrochloric acid for 2 min, this was followed by washing and drying for 30 seconds each.  The 

following was applied the Icon® Dry (99% ethanol) for 30 s and of the resin infiltrants for 3 min, with removal of 

excess using a cotton rod and light curing for 40 s (Valo LED, 1000 mW/cm2). Following the manufacturer's 

recommendations, the resin infiltrant was reapplied for a further 1 min and light-cured for 40 s in each group. The 

experimental resin infiltrants were applied using a 3 mL disposable syringe, protected from light with a black 

insulating tape and a free-face applicator tip that comes with the Icon® kit. 

 

Penetration depth 

For this analysis. the resin infiltration described above was carried out using the indirect labeling 

technique [22]. After simulating an incipient caries lesion, the samples from each group (n=5) were conditioned 

with 15% hydrochloric acid for 2 min; rinsed with a water jet for 30 s and immersed in a 0.1% ethanolic rhodamine 

B solution (Sigma Aldrich. Steinheim. Germany) for 12 h [23], in order to fill the accessible pores (after 

demineralization) with rhodamine B for later visualization using confocal microscopy. After 12 hours, the samples 

were removed from the staining solution, washed and dried for 30 seconds each. Next, Icon® Dry (99% ethanol) 

was applied for 30 s and the resin infiltrants were applied for 3 min with the excess removed by a cotton rod and 

light-cured for 40 s (Valo, Ultradent, São Paulo, SP, Brazil). The resin infiltrant was reapplied for another 1 min 

and light-cured for 40 s. All the infiltrated samples were then cut perpendicular to the surface of the enamel lesion 

with a diamond disc on a metallographic cutter and polished with 600 and 1200 grit water sandpaper under 

refrigeration until thin slices with a thickness of 100 µm were achieved. To remove the rhodamine B not adhered 

to the tooth structure, the slices were immersed in 30% hydrogen peroxide for 12 hours. The samples were then 

immersed in ethanolic sodium fluorescein solution at 100 µm (NaFl; Sigma Aldrich, Louis, St, USA) for 3 min 

and washed with distilled water for 30 s. The samples were then taken to the microscope. They were then taken to 

a Confocal Laser Scanning Microscope (Leica. TCS SP5; Leica. Heidelberg. Germany) with a 63x 1.4NA 

objective, and immersed in oil in dual fluorescence mode to obtain images. 

Color stability 

New human tooth samples were fixed to small acrylic plates with sticky wax, leaving only the surface of 

the polished enamel showing; they were then immersed in a container with 1.5 L of coffee solution, 60 g:1 L (3 

Corações®. Sumaré. São Paulo. SP. Brazil) (lot1001078), for a period of 7 days at 37 °C, with daily changes of 

the coloring solution [17,24]. For the color analyses (n=15), the samples were removed from the acrylic plates, 

rinsed with distilled water and the color was assessed using a spectrophotometer (Konica Minolta CM-700d, 

Sensing Americas, Inc, USA) in a light booth (GTI Newburg, NY, USA) in "daily light" mode. A stub was used 

to accommodate the sample and allow light to pass through from the spectrophotometer. 3 readings of different 

points on each sample were taken. Color analysis was carried out at three different times: (T1) infiltrated enamel 

(T2) stained enamel and (T3) polished enamel. The data obtained using the CIEL*a*b* system, which corresponds 

to L* for luminosity, a* for chromaticity (red-green) and b* (blue-yellow), were also used in the CIEDE2000 color 

variation formula ΔE00 = [(ΔL′ /KLSL) 2 + (ΔC′ / KCSC) 2 + (ΔH′ /KHSH) 2 + RT * (ΔC′/KCSC) * (ΔH′ / 

KHSH)]1/2, between the T1-T2, T2-T3 intervals. The tooth whiteness index (WID) was calculated using the 

formula WID =0.511 L*-2.324 a*-1.100b*, followed by the index difference (ΔWID) considering the T1-T2, T2-

T3 intervals. The perceptibility and acceptability thresholds were followed as described by Paravina et al [25]; 

thus, for ∆E00, the values are 0.8 for perceptibility and 1.8 for acceptability; and, for the differences in whiteness 

index (ΔWID) are 0.7 for perceptibility and 2.6 for acceptability [26]. 

Surface roughness 

After the preparation and resin infiltration described above, the human tooth samples were previously 

fixed (Lysanda, São Paulo, SP, Brazil) on acrylic plates and taken to the roughness meter (Surfcorder, Kosakalab, 

Toky, Japan), configured with a cut off of 0.25 mm and a reading length of 1.25 mm. The radius of the scanning 

tip was 2 μm and a speed of 0.1 mm/s [5]. Roughness analyses were also carried out at three different times: (I) 
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infiltrated enamel (II) stained enamel and (III) polished enamel. For each time, three roughness readings were 

taken and the averages of each sample (n=15) were obtained.  

Statistical Analysis 

Data analysis was carried out using R software [27], adopting a 5% significance level for all analyses. 

Generalized linear models were used to analyze group effects in the sorption, solubility, ΔE00, degree of 

conversion and contact angle variables. The other variables did not fit a normal distribution and were then analyzed 

using the non-parametric Kruskal-Wallis and Dunn tests for comparisons between groups and the Friedman and 

Nemenyi tests for comparisons between times. The variables were described by means, standard deviations, 

medians, minimum and maximum values. 
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RESULTS 

Degree of conversion (DC) and contact angle (CA) 

Table 2 shows the results for the degree of conversion and contact angle of the resin infiltrants evaluated 

in this study. In terms of degree of conversion, it can be seen that group Base Exp achieved the highest degree of 

conversion (86.46), followed by 2SnF2 (64.25). The lowest DC was found for 1.5ACP (51.05) and 2ACP (51.33). 

The group 1SnF2 was statistically equal to Icon. For the contact angle, the lowest value found was associated with 

Icon (21.17), followed by Base Exp (25.13). The groups with ACP achieved higher CA values when compared to 

the groups with SnF2.  

Table 2. Mean (standard deviation) of degree of conversion and contact angle according to group. 

Groups                            Degree of conversion (%)                                              Contact angle (N/m)  

                       Mean (standard deviation)                              Mean (standard deviation)  

Icon 54.77 (2.04) d 21.17 (2.52) f 

Base Exp 86.46 (2.06) a 25.13 (2.05) e 

1ACP 59.33 (2.89) c 34.61 (2.20) b 

1.5ACP 51.05 (3.68) e 36.77 (3.31) a 

2ACP 51.33 (1.94) e 38.6 (2.36) a 

1SnF2 55.60 (2.84) d 27.22 (2.76) d 

1.5SnF2 60.49 (4.79) c 27.64 (2.26) d 

2SnF2 64.25 (2.08) b 31.29 (2.60) c 

p-value                        <0.0001                              <0.0001   

Different vertical letters indicate statistically significant differences (p≤0.05). 

 

Water sorption (WS) and solubility (SL) 

 

The results of these analyses are shown in Table 3. It can be seen that the lowest water sorption value was 

observed for Icon (5.78). The group 2ACP obtained a statistically equal result to Base Exp, while 1ACP and 1.5ACP 

were statistically equal to 2SnF2. The highest sorption value was achieved by 1SnF2 (13.24). For solubility, Icon 

(0.56) and Base Exp (0.65) obtained the lowest values and were statistically equal to each other. 1ACP and 1.5ACP 

were statistically equal to 2SnF2. The highest solubility values were found in 1SnF2 (15.29) and 1.5SnF2 (7.11).  

 

Table 3: Mean (standard deviation) of sorption and solubility according to group. 

Groups     Sorption (μg/mm³)  Solubility (μg/mm³) 

Mean (standard 

deviation) 

 Mean (standard 

deviation) 

 

Icon 5.78 (0.53) e  0.56 (0.45) e  

Base Exp 10.53 (0.63) d  0.65 (0.26) e  

1ACP 11.19 (0.67) c  1.98 (0.96) c  

1.5ACP 11.51 (1.03) c  2.27 (1.18) c  

2ACP 10.69 (0.54) d  1.10 (0.38) d  
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Groups     Sorption (μg/mm³)  Solubility (μg/mm³) 

Mean (standard 

deviation) 

 Mean (standard 

deviation) 

 

1SnF2 13.30 (0.40) a  15.29 (3.84) a  

1.5SnF2 12.15 (0.88) b  7.11 (3.49) b  

2SnF2 11.18 (0.64) c  2.23 (1.44) c  

p-value <0.0001  <0.0001  

Different vertical letters indicate statistically significant differences (p≤0.05). 

 

Penetration depth 

The qualitative Confocal Laser Scanning Microscopy images of the resin material groups infiltrating the 

artificial white spot caries lesions can be seen in Figure 1. The representative images show the presence of many 

filaments, similar to resin tags, in almost all the groups, except for 2SnF2 (Figure 1H), where there is only a thin 

yellow film superimposed on a green line. Analyzing the microscopic images, it can be seen that the resin tags are 

not homogeneous in all the groups; this can be seen especially in Figures 1E and 1A, and 1F, referring to 2ACP, 

Icon, and 1SnF2, respectively. Greenish areas indicate demineralized enamel regions; reddish areas indicate 

infiltrated regions, and yellowish areas indicate overlapping demineralized and infiltrated regions. 

 

Fig 1 Confocal Laser Scanning Microscopy images of resin infiltration in artificial white spot caries lesions at 63x. 

(A) Icon. (B) Base Exp. (C) 1ACP. (D) 1.5ACP. (E) 2ACP. (F) 1SnF2. (G) 1.5SnF2. (H) 2SnF2. 

 

 

Ion Release 

The release of Ca, P and F ions can be seen in Tables 4, 5 and 6. Table 4 shows that all the groups 

evaluated were statistically equal in the release of Ca ions, for both times evaluated.   

Table 4. Median (minimum and maximum value) of Ca release as a function of group and time. 
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Groups                          14 days (ppm)                        28 days (ppm) 

Median (minimum and  

maximum value) 
 

Median (minimum and  

maximum value) 

Icon 

Base Exp 

0.00 (0.00; 12.00) a 

0.40 (0.00; 14.40) a 
 

0.00 (0.00; 0.00) a 

0.00 (0.00; 4.90) a 

1ACP 0.00 (0.00; 1.10) a  0.00 (0.00; 0.00) a 

1.5ACP 0.00 (0.00; 0.00) a  0.00 (0.00; 0.00) a 

2ACP 0.00 (0.00; 13.80) a  0.00 (0.00; 1.90) a 

1SnF2 0.20 (0.00; 4.90) a  0.00 (0.00; 0.00) a 

1.5SnF2 0.00 (0.00; 0.00) a  0.00 (0.00; 0.00) a 

2SnF2 0.00 (0.00; 12.50) a  0.00 (0.00; 0.00) a 

p-value                           0.8303                        0.9342  

Different vertical letters indicate statistically significant differences (p≤0.05). 

 

For the P ions (table 5), it was not possible to observe their release. All the groups showed a value of zero 

and were statistically equal to each other at both times.  

  

Table 5. Median (minimum and maximum value) of P release as a function of group and time. 

Groups                         14 days (ppm)                      28 days (ppm) 

Median (minimum  

and maximum value)  

Median (minimum and  

maximum value) 

Icon 0.00 (0.00; 0.00) a  0.00 (0.00; 0.00) a 

Base Exp 0.00 (0.00; 0.00) a  0.00 (0.00; 8.14) a 

1ACP 0.00 (0.00; 0.00) a  0.00 (0.00; 11.37) a 

1.5ACP 0.00 (0.00; 0.00) a  0.00 (0.00; 0.00) a 

2ACP 0.00 (0.00; 43.91) a  0.00 (0.00; 0.00) a 

1SnF2 0.00 (0.00; 0.00) a  0.00 (0.00; 0.00) a 

1.5SnF2 0.00 (0.00; 0.00) a  0.00 (0.00; 0.00) a 

2SnF2 0.00 (0.00; 0.00) a  0.00 (0.00; 0.00) a 

p-value                          0.9970                         0.9842  

Different vertical letters indicate statistically significant differences (p≤0.05). 

 

In relation to fluoride ions (Table 6), the 2SnF2 (17.70) and Icon (0.03) groups were statistically different 

from each other and from the other groups evaluated over the 14-day period. For the 28-day period, all the groups 

were statistically the same. 

 

Table 6. Median (minimum and maximum value) of F release as a function of group and time. 

Groups                          14 days (ppm)                        28 days (ppm) 

Median (minimum and  

maximum value)  

Median (minimum and  

maximum value) 

Icon 0.03 (0.02; 0.08) b 

 

0.07 (0.03; 0.08) a 

Base Exp 0.07 (0.05; 0.09) ab 0.08 (0.07; 0.10) a 

1ACP 0.06 (0.05; 0.07) ab 0.06 (0.03; 0.06) a 

1.5ACP 0.06 (0.05; 0.07) ab 

 

0.07 (0.06; 0.07) a 

2ACP 0.10 (0.07; 0.13) ab 0.08 (0.07; 0.08) a 
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Groups                          14 days (ppm)                        28 days (ppm) 

Median (minimum and  

maximum value)  

Median (minimum and  

maximum value) 

1SnF2 4.10 (1.28; 7.17) ab  0.52 (0.50; 4.50) a 

1.5SnF2 1.01 (0.35; 1.36) ab  0.03 (0.03; 6.07) a 

2SnF2 17.70 (7.44; 31.92) a  3.42 (2.62; 10.37) a 

p-value                          0.0080                        0.0512  

Different vertical letters indicate statistically significant differences (p≤0.05). 

 

Color stability 

 

The ΔE00 can be found in Table 7. It can be seen that for the T1-T2 interval, the groups with the greatest 

variation were 1.5SnF2 and 2SnF2, which were statistically similar to each other. The group Icon had the lowest 

ΔE00 at T1-T2 and was statistically different from all the other groups. 1ACP was statistically the same as Base 

Exp at T1-T2. For the T2-T3 and T1-T3 intervals, all the groups showed similar behavior, with no statistically 

significant difference. 

  

Table 7. Mean (standard deviation) of the ΔE00 as a function of the group. 

Groups         T1-T2                        T2-T3                                           T1-T3 

Mean (standard 

deviation) 
 

Mean (standard  

deviation) 

Mean (standard 

deviation) 

Icon 5.56 (2.59) d  8.11 (2.42) a 7.58 (2.95) a 

Base Exp 5.91 (3.22) cd  6.93 (1.87) a 6.49 (3.86) a 

1ACP 5.86 (3.83) cd  6.17 (2.02) a 6.91 (3.68) a 

1.5ACP 7.05 (2.87) bcd  6.3 (1.26) a 7.00 (2.66) a 

2ACP 7.79 (2.66) bc  7.1 (1.72) a 9.04 (4.94) a 

1SnF2 8.78 (3.79) ab  6.9 (2.55) a 5.23 (2.96) a 

1.5SnF2 11.63 (3.35) a  7.19 (2.87) a 6.01 (2.95) a 

2SnF2 11.03 (4.29) a  6.67 (2.36) a 7.64 (4.09) a 

p-value <0.001  0.3415 0.1264 

Different vertical letters indicate statistically significant differences (p≤0.05). T1: Infiltrated enamel; T2: Stained 

enamel; T3: Polished enamel. 

 

The ΔWID can be found in Table 8. It can be seen that in T1, the groups evaluated were statistically the 

same, with no difference in behavior. In T2, 1ACP was statistically the same as Icon and Base Exp. The groups 

1.5SnF2 and 2SnF2 behaved similarly, statistically speaking. It can be seen that groups 1.5SnF2 and 2SnF2 showed 

more pronounced negative values compared to the other groups evaluated at T2. At T3, the values for all groups 

were still negative, but less pronounced than at T2 and with no statistically significant difference between the 

groups. 

 

Table 8. Median (minimum and maximum value) of the ΔWID as a function of the group. 
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Groups                 T1                  T2                      T3 

Median (minimum and 

maximum value) 
 

Median (minimum and 

maximum value) 
 

Median (minimum and 

maximum value) 

Icon 11.67 (-1.67; 18.21) a  0.19 (-21.54; 12.74) a  -0.50 (-12.41; 7.55) a 

Base Exp 6.37 (-9.78; 16.89) a  -9.72 (-23.45; 4.39) a  2.13 (-13.32; 9.36) a 

1ACP 7.75 (-2.92; 16.39) a  -7.66 (-28.06; 10.92) a  -5.08 (-15.54; 8.65) a 

1.5ACP 6.93 (-7.66; 15.79) a  -14.15 (-33.48; 2) ab  -5.80 (-14.40; 10.48) a 

2ACP 9.46 (-0.43; 23.82) a  -13.98 (-21.8; 0.8) ab  -6.04 (-16.37; 8.88) a 

1SnF2 9.39 (-0.63; 16.43) a  -14.99 (-31.19; -0.85) ab  -0.68 (-14.08; 14.02) a 

1.5SnF2 10.52 (-4.54; 20.52) a  -23.19 (-34.53; -6.54) b  -1.01 (-14.37; 12.15) a 

2SnF2 8.48 (-6.36; 20.10) a  -23.8 (-34.22; 1.72) b  -4.08 (-13.15; 9.26) a 

p-value           0.6007          <0.0001             0.3637 

Different vertical letters indicate statistically significant differences (p≤0.05). T1: Infiltrated enamel; T2: Stained 

enamel; T3: Polished enamel. 

 

Regarding the ΔL (Table 9) of the groups evaluated, it can be seen that Icon and Base Exp had statistically 

similar results in the T1-T2 interval. Similarly, 1.5SnF2 and 2SnF2 were also statistically equal to each other and 

had the highest ΔL when compared to the other groups evaluated. For the T2-T3 interval, 2ACP and Base Exp 

were statistically the same and statistically different from the other groups. For the T1-T3 interval, all groups were 

statistically equal. 

 

Table 9. Median (minimum and maximum value) of ΔL as a function of group. 

Different vertical letters indicate statistically significant differences (p≤0.05). T1: Infiltrated enamel; T2: Stained 

enamel; T3: Polished enamel. 

 

Groups                 T1-T2                             T2-T3                               T1-T3 

 Median (minimum  

and maximum value) 

       Median (minimum 

and maximum value) 

 Median (minimum 

and maximum value) 

Icon -0.47 (-11.37; 6.52) a  -8.76 (-14.14; 3.28) d         -7.15 (-19.33; -4.65) a 

Base Exp -0.73 (-14.06; 6.15) a  -4.70 (-13.63; 1.12) cd -6.07 (-19.73; 2.32) a 

1ACP -0.97 (-19.61; 3.11) ab  -4.32 (-11.69; 1.73) bcd -7.81 (-17.88; 0.75) a 

1.5ACP -2.76 (-13.14; 6.22) ab  -3.59 (-7.88; 2.91) abcd -7.57 (-16.4; 5.48) a 

2ACP -3.51 (-12.97; 9.65) ab  -5.62 (-11.34; -0.54) cd -9.14 (-23.29; 2.76) a 

1SnF2 -5.68 (-16.25; 3.54) ab  -1.16 (-7.96; 11.73) abc -3.68 (-13.31; 2.22) a 

1.5SnF2 -10.65 (-17.43; 3.26) b  2.79 (-6.38; 13.66) a -5.69 (-14.57; 2.78) a 

2SnF2 -10.92 (-19.58; 2.33) b  -0.05 (-5.42; 10.71) ab -7.92 (-20.41; -2.5) a 

p-value       <0.0001                                 <0.0001                                           0.1865 
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With regard to Δa (Table 10) and Δb (Table 11), the highest values were attributed to the 1.5SnF2 and 

2SnF2 groups for the T1-T2 interval. For Δa, 1ACP was statistically equal to Icon and Base Exp in T1-T2; while 

in T2-T3, 1ACP and 2ACP were statistically equal to Base Exp. For Δb, the 1.5SnF2 group was statistically 

different from the other groups evaluated in T1-T2 and T2-T3. In T1-T3, the groups were statistically equal in 

both Δa and Δb. Δb values were higher than Δa values in the T1-T2 interval for all groups tested. 

 

Table 10. Median (minimum and maximum value) of Δa as a function of group. 

Groups            T1-T2                                           T2-T3                                      T1-T3  

Median (minimum 

and maximum value) 
 

Median (minimum and 

maximum value) 

Median (minimum  

and maximum value) 

Icon 1.99 (-1.69; 5.10) b  0.36 (-3.54; 2.95) a 2.06 (1.06; 4.16) a 

Base Exp 2.23 (-0.49; 7.19) b  -1.13 (-4.00; 0.88) ab                  1.13 (-1.08; 3.19) a 

1ACP 2.04 (-1.44; 8.01) b  -0.95 (-4.31; 4.31) ab                  2.02 (0.14; 6.65) a 

1.5ACP 3.96 (-0.09; 7.89) ab  -1.51 (-4.34; 2.32) abc                  2.38 (-0.54; 4.18) a 

2ACP 3.62 (-0.15; 7.37) ab  -1.05 (-2.9; 1.25) ab                  2.32 (-0.32; 7.19) a 

1SnF2 3.57 (0.60; 8.01) ab  -3.14 (-6.57; 1.77) bc                  1.60 (-0.50; 3.42) a 

1.5SnF2 5.28 (2.33; 7.74) a  -3.42 (-6.72; -1.43) c                  1.56 (-2.04; 3.19) a 

2SnF2 6.10 (0.75; 9.43) a  -3.89 (-7.99; 0.51) c                  2.04 (-0.07; 4.91) a 

p-value <0.0001                     <0.0001                               0.1952  

Different vertical letters indicate statistically significant differences (p≤0,05). T1: Infiltrated enamel; T2: Stained 

enamel; T3: Polished enamel. 

 

Table 11. Median (minimum and maximum value) of Δb as a function of group. 

Groups                T1-T2                                T2-T3                                        T1-T3 

Median (minimum and 

maximum value) 

Median (minimum and 

maximum value) 

Median (minimum and 

maximum value) 

Icon 8.98 (-2.16; 17.53) b -18.59 (-24.42; -10.24) a 1.49 (-4.80; 8.12) a 

Base Exp 9.15 (2.10; 14.95) b -19.76 (-24.44; -14.97) ab -0.29 (-5.25; 4.93) a 

1ACP 7.38 (-0.70; 17.64) b -18.86 (-28.25; -12.76) ab 3.31 (-2.35; 7.28) a 

1.5ACP 11.03 (4.94; 21.14) ab -22.74 (-27.72; -15.41) abc 2.8 (-5.92; 5.19) a 

2ACP 10.62 (2.08; 17.95) ab -21.64 (-26.54; -11) abc 2.63 (-3.80; 8.81) a 

1SnF2 12.23 (3.64; 15.84) ab -20.74 (-23.89; -14.11) abc 3.92 (-3.17; 7.39) a 

1.5SnF2 16.18 (-1.59; 19.03) a -23.36 (-27.60; -15.96) c 4.14 (-3.10; 10.72) a 

2SnF2 13.37 (5.09; 17.79) ab -23.96 (-28.47; -8.82) bc 0.77 (-4.24; 7.99) a 

p-value           <0.0001                      0.0001  0.0565 
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Different vertical letters indicate statistically significant differences (p≤0.05). T1: Infiltrated enamel; T2: Stained 

enamel; T3: Polished enamel. 

 

Surface Roughness 

 

Table 12 shows the surface roughness values of the groups evaluated. It can be seen that for stained 

enamel, 1ACP and 2SnF2 were statistically different from all the other groups. Polished enamel showed 

significantly lower values for all the groups tested, and was statistically different from the other two times 

evaluated. The 2SnF2 group showed higher roughness values within the three times evaluated, when compared to 

the other groups. Except for Base Exp and 2SnF2, all the other experimental groups were statistically equal to Icon 

in polished enamel. 

 

Table 12. Median (minimum and maximum value) roughness as a function of group and time. 

Groups Infiltrated enamel     Stained enamel  Polished enamel                  p-value  

Median 

(minimum and 

maximum value) 

 

Median 

(minimum and 

maximum value) 

 

Median (minimum 

and maximum 

value) 

 

Icon 
0.92 (0.50; 1.41) 

Aab 
 

1.05 (0.59; 1.36) 

Aab 
 

0.47 (0.19; 0.75) 

Bab 

<0.0001 

Base Exp 
0.76 (0.35; 1.98) 

Ab 
 

0.75 (0.45; 1.8) 

Aab 
 

0.31 (0.19; 0.49) 

Bb 

<0.0001 

1ACP 
0.77 (0.5; 1.53) 

Ab 
 

0.74 (0.46; 2.09) 

Ab 
 

0.41 (0.24; 0.76) 

Bab 

<0.0001 

1.5ACP 
0.74 (0.54; 1.68) 

Ab 
 

0.85 (0.39; 1.55) 

Aab 
 

0.41 (0.16; 0.73) 

Bab 

<0.0001 

2ACP 
0.94 (0.46; 2.00) 

Aab 
 

0.94 (0.48; 2.17) 

Aab 
 

0.36 (0.22; 1.14) 

Bab 

<0.0001 

1SnF2 
0.99 (0.6; 1.60) 

Aab 
 

0.93 (0.59; 1.73) 

Aab 
 

0.43 (0.25; 0.81) 

Bab 

<0.0001 

1.5SnF2 
0.94 (0.62; 1.70) 

Aab 
 

0.96 (0.50; 1.73) 

Aab 
 

0.34 (0.26; 0.8) 

Bab 

<0.0001 

2SnF2 
1.41 (0.74; 2.70) 

Aa 
 

1.47 (0.48; 2.37) 

Aa 
 

0.43 (0.31; 1.10) 

Ba 

<0.0001 

p-value        0.0002  0.0387        0.0288   

Different uppercase letters indicate statistically significant differences between the times and lowercase letters 

indicate statistically significant differences between the groups (p≤0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



29 
 

 

DISCUSSION 

In this study, bioactive particles of amorphous calcium phosphate and tin fluoride were incorporated into 

experimental resin infiltrant at different concentrations. The hypotheses tested in this study that (I) there would be 

a difference between the groups in the physical-chemical properties tested and (II) there would be a difference 

between the times evaluated, were accepted; I saw that there was a statistical difference between the groups for all 

properties tested and between the times evaluated. 

The degree of conversion (DC), which corresponds to the consumption of aliphatic double bonds during 

monomeric polymerization, has a major influence on the final properties of the resin material [28]. The resin 

infiltrants studied here contain a large amount of TEGDMA; this monomer has the characteristics of a lower 

molecular weight and a high degree of conversion. However, in the results presented here, the Icon group, 

curiously, had the lowest DC value when compared to Exp Base. The manufacturer of the commercial infiltrant 

reports that the product is composed of 70-95% TEGDMA, however, given the DC results of this study, it is 

thought that something in its composition may have influenced the result presented here. Previous studies also 

found lower DC for Icon, with percentages around 56% and even 46% [29,30], corroborating this result. According 

to the authors, lower DC values for Icon may be related to the large amount of TEGDMA in its composition, which 

can cause early vitrification, with high monomeric rigidity, during the polymerization reaction and limit adequate 

conversion of the monomers. 

Similarly, the incorporation of bioactive particles considerably reduced the DC for all groups with 

particles when compared to Exp Base. This may be related to the attenuation of light due to its scattering at the 

filler/resin interface [31]. Light scattering within the resin material occurs according to the types of monomers and 

filler used, the filler content and the refractive index of the resin matrix and the filler incorporated [32]. The groups 

containing ACP particles in this study showed lower DC values when compared to the groups with SnF2. The 

ACP particles, although nanometric, tend to agglomerate when incorporated into the material, also influencing its 

viscosity, which could lead to lower molecular mobility and, consequently, lower DC [33]. However, it is known 

that commercial resin materials with different monomers and fillers in their composition reach a DC of around 50 

to 70% [33]. This suggests that the DC values of the infiltrants tested here reached values within what is 

commercially estimated, which can be considered a favorable result.  

The contact angle of a resin material is related to its wettability in relation to a solid surface [34,35]. CA 

values <90º are desired and considered favorable, meaning that the resin material has good surface wettability; on 

the other hand, CA >90º would hinder this action, since the material would have little contact with the surface to 

be infiltrated [36]. It should be considered that the resin infiltrant aims to penetrate the porous body of the incipient 

caries lesion through capillary forces [2], so it is necessary, among other characteristics, for the material to be able 

to adequately wet the treated surface in order to achieve successful penetration [37]. It is also known that the 

incorporation of particles into the material can promote interactions of greater proportion and strength with the 

resin matrix, providing an increase in CA [38]. In this study, all the groups with added particles had increased CA. 

The groups with added ACP had higher CA when compared to the groups with SnF2. This may be related to the 

fact that, even when incorporated in equal quantities by weight, nanoparticles tend to promote greater thickening 

of the matrix, as previously mentioned, due to their significantly greater total surface area [39]. However, all the 

CA values obtained were below 90º, as recommended.  

In relation to the depth of penetration and homogeneity of the infiltrated materials, it can be seen in figure 

1 that most of the groups demonstrated penetrability of the materials in the affected enamel. The TEGDMA 

monomer has high fluidity and a high penetration coefficient [2,40]. In addition, acid etching plays an important 

role in the infiltration protocol by permeabilizing the hyper-mineralized layer of the superficial enamel of the white 

spot lesion [40]. Only the 2SnF2 group showed no resin tags referring to the material penetrated into the enamel 

subsurface. It is well known that the incorporation of particles increases the viscosity of the infiltrant [7]. Thus, it 

can be considered that the higher the concentration of incorporated particles, the higher their viscosity tends to be, 

which could have an impact on the penetrability of the material. In addition, the SnF2 particles may be different 

in size to the ACP particles. One of the limitations of this study is related to the lack of information from the 

manufacturer on the size of the SnF2 particles. 

Despite the advantages of TEGDMA, this monomer is highly hydrophilic, i.e. it has a high affinity for 

water and resin materials with a high concentration of TEGDMA may suffer greater water sorption, which would 

accelerate their degradation when in the oral environment, impacting on their physical properties and, 

consequently, their longevity [41,42]. Contrary to this statement, the Icon group was the group with the lowest 

sorption value. Mathias et al. [8] and Souza et al. [7] also found lower water sorption values for Icon, corroborating 

the results presented here. For some of these authors, the lower sorption value attributed to Icon could be associated 
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with something in its composition. In relation to the other groups, the addition of particles led to a significant 

increase in water sorption for almost all the groups when compared to the control groups, except for the 2ACP 

group, which was statistically the same as the experimental control. Despite the higher sorption results compared 

to the commercial and experimental controls, all the groups are within the value recommended by ISO 4049/2019, 

which considers water sorption ≤40μg/mm3 to be ideal [15]. As for solubility, the only group with a solubility 

value outside that recommended by ISO 4049/2019 (≤7.5μg/mm3) [15] was the 1SnF2 group. These sorption and 

solubility values may be associated with the residual non-photopolymerized monomers, which hinder the 

formation of an adequate polymeric network and lead to leaching of its components, promoting greater water 

sorption and solubility [34].  

However, with regard to materials with bioactivity potential, sorption and solubility play an important 

role in ion exchange with the environment, since this exchange could promote a potential remineralizing effect on 

dental structures, through the deposition of ions on the surface [42,43]. The release of fluoride ions from dental 

materials depends on factors related to the individual material and factors related to the oral environment; thus, 

the characteristics attributed to the material such as composition, charge content and surface exposed to the 

aqueous environment can affect the release of fluoride ions [44]. Environmental factors include the pH and 

composition of the immersion medium, as well as the application of the system [44,45,46]. In the results presented 

here, among the groups with SnF2, only the 2SnF2 group was statistically different from the other groups 

evaluated, showing fluoride ion release over 14 days in a NaCl solution with an acidic pH. According to the 

literature, a slower release of fluoride ions has been attributed to the presence of a hydrophobic resin matrix and a 

relatively low number of fillers [48]. This could explain the results obtained for the groups with SnF2 particles at 

both times evaluated. Furthermore, no reports were found on the incorporation of SnF2 into the resin infiltrant; 

therefore, more studies are needed to consolidate the release of fluoride ions and determine the ideal concentration 

of particles to be incorporated. 

As for the release of Ca and P ions, all the groups evaluated were statistically equal. This in vitro study 

had a small sample size, so given the results found for Ca and P ion release, it cannot be said whether or not there 

was ion release by the groups evaluated. According to the literature, amorphous calcium phosphate (ACP) is 

capable of releasing calcium and phosphate ions, favoring the maintenance of a supersaturated state and optimizing 

the remineralization process of the tooth surface [12,49]. A previous study reported positive results in relation to 

high levels of ACP release, when 30% of the nanoparticles were incorporated into the commercial resinous 

infiltrant, including prolonged release [9]. However, higher concentrations of particles could compromise the 

viscosity and penetration of the material. It is known that low viscosity resin materials should be limited to 15% 

by weight of filler particles to maintain optimum viscosity and penetration capacity in deep areas of the enamel 

[50]. It is recommended that further studies be carried out in order to determine the ideal particle concentration to 

be incorporated into the resin infiltrant and to observe the release of ions and their possible effects on dental 

enamel.   

Evaluating the color stability of a resin infiltrant is important given that incipient caries lesions are not 

limited to posterior teeth. In addition, its use has been widespread in recent years for the treatment of hypoplastic, 

hypomineralized and fluorotic lesions; dental conditions that are quite common in anterior teeth and that have 

great aesthetic involvement [51]. Thus, it is necessary to observe how a new material behaves; analyzing its 

susceptibility to staining against everyday staining solutions, especially coffee, which is consumed daily 

throughout the world [6]. 

It is known that the infiltrant, like any resin material, is susceptible to water sorption and, as a result, the 

incorporation of dietary pigments and consequent color change can occur [6]. And although most studies use the 

CIEL*a*b* calculation to determine ∆E for color variation between periods, this study used the CIEDE2000 

calculation (∆E00), considering its greater sensitivity in identifying color changes and mimicking human vision 

[25]. In the results presented here, it can be seen that almost all the groups with particles had higher ΔE00 in the 

T1-T2 time interval when compared to the control groups without particles, except for the 1ACP group which was 

statistically similar to the experimental control. The 1.5SnF2 and 2SnF2 groups achieved the highest ΔE00 in T1-

T2 when compared to the other groups. However, the limits of perceptibility (0.8) and acceptability (1.8) for ∆E00 

have already been reported and it is assumed that values above this indicate a perceptible color difference that may 

or may not be clinically acceptable to the observer [25]. The pigmentation of polymeric materials by coffee is 

explained by the affinity of its pigments with the polymeric phase of the resin material, leading to the absorption 

of colorants by the material [52]. Previous studies have also used coffee as a coloring agent for infiltrants [10,17]. 

However, despite the differences between the groups, in the T1-T2 interval of this study, all the groups tested were 

statistically the same at T2-T3, suggesting that they all behaved similarly when subjected to polishing.  
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The ΔWID of the samples was also analyzed, an index capable of assessing the reduction in whiteness 

over time [6]. The results of this study showed that all the groups evaluated reached negative values in T2, 

indicating a darkening of the samples. The two groups with the highest negative ΔWID values in T2 were the 

1.5SnF2 and 2SnF2 groups, corresponding to the groups with the highest SnF2 concentration. Thus, considering 

the perceptibility (0.7) and acceptability (2.6) values for ΔWID already known in the literature [26], it is thought 

that the resin infiltrants tested in this study are highly susceptible to staining over time. However, it should be 

borne in mind that coffee contains a considerable quantity of dyes and [53] is known for its strong and persistent 

color [54]. For T3, although the negative values reduced considerably, the groups still remained negative when 

compared to T1; in other words, they were still a little far from white; however, all the groups behaved the same, 

with no statistically significant difference. 

The International Commission on Illumination color system (CIEL*a*b) used in this study is widely used 

and effective for determining the color changes of resin materials [55,56]. With regard to ΔL, it can be seen that 

most of the groups evaluated here showed negative ΔL, demonstrating a reduction in luminosity, which correlates 

with the whiteness index (ΔWID) presented here. The groups with SnF2 particles were the only groups to achieve 

positive ΔL values in the T2-T3 time interval, suggesting that when they were polished, they were able to re-

establish a certain luminosity, related to a clearer surface, but still with low values. With regard to Δa and Δb, there 

was an increase in values in the groups with particles in the TI-T2 interval. Positive a* values are related to the red 

pigments contained in the coffee, while positive b* values refer to the yellow pigments in the pigmenting agent 

[24]. 

Previous studies have reported that polishing can promote some reversibility of pigmentation [17,57], 

corroborating this study. The monitoring and polishing of restorative resin materials should be carried out in the 

dental office by the dentist, so patients should be made aware of the importance of this stage [58]. According to 

the literature, 1 day of immersion in coffee corresponds to 1 month in vivo [59]. Based on this, the time of exposure 

to coffee in this study corresponded to a period of 7 months and, in view of the results presented, it is suggested 

that a control every 6 months should be carried out, since the color stability of the resin infiltrants tested here was 

relatively low. 

Another important property to be analyzed in resin infiltration is surface roughness. Increased roughness can lead 

to a greater accumulation of plaque in the treated area and, consequently, further demineralization of the surface 

[60]. Resin infiltration in caries white spot lesions has been shown to reduce enamel surface roughness [61,62] 

and is considered clinically acceptable [63]. However, it is also important to evaluate the behavior of these 

materials in relation to staining solutions, since, in the case of an aqueous medium and a material susceptible to 

water sorption, changes can occur not only in color, but also in roughness. The results shown in Table 12 show 

that immersion in coffee for 7 days was able to significantly alter the roughness of groups 1ACP and 2SnF2 when 

compared to the other groups; all the other experimental groups were statistically equal to the commercial and 

experimental controls when subjected to staining. For the times evaluated, polished enamel was statistically 

different from the other two, considerably reducing the roughness values of the groups evaluated. Furthermore, it 

is already known that the perception of roughness in vivo normally occurs when the Ra value is greater than 0.5 

µm [5]. In this study, all the groups evaluated had values ≤0.5 µm after surface polishing.  

The resin infiltrant has gained ground in Minimally Invasive Dentistry, its main advantage being the 

preservation of sound enamel adjacent to incipient caries lesions [4]. However, the search for improvements and 

refinement of this material has been encouraged [5,6,7,8,16], with the belief that the material has the potential to 

deliver better performance in the treatment of white spot lesions. From the results presented here, it can be inferred 

that the addition of particles to the resin infiltrant was able to alter the physical properties of the resin material in 

question, however, many changes remain within the recommended values, or are subject to improvement, when 

submitted to professional monitoring and polishing. 
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CONCLUSION 

The addition of bioactive particles generally reduced the degree of conversion and increased the contact 

angle, water absorption and solubility. The group with 2% SnF2 was the only group that did not show infiltration 

in the artificial white spot lesion. The 2SnF2 group was able to release fluoride ions. Despite the low color 

stability of the experimental groups with particles, polishing promoted a certain color reversibility, removing 

pigments from the surface and reducing surface roughness. 
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3 CONCLUSÃO 

A adição de ACP no infiltrante resinoso não foi relevante, diferentemente do 

fluoreto de estanho que se mostrou promissor devido à sua liberação iônica. A adição das 

partículas reduziu o grau de conversão e aumentou a sorção de água e solubilidade. Alterações 

de cor foram potencializadas nos mateiais com partículas incorporadas, contudo minimizadas 

pelo polimento. 
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APÊNDICE 1: Metodologia Ilustrada 

 

Formulação dos infiltrantes 

As composições dos infiltrantes resinosos são mostradas na Tabela 1, todas em 

porcentagem em peso. Uma balança de precisão (Shimadzu, Tóquio, Japão) foi utilizada para 

pesar os reagentes sob luz amarela. A seguir, cada recipiente com a mistura de reagentes foi 

levado ao speedmixer (Hauschild, Farmington Hills, EUA) sob 3000 RPMs, por 5 minutos, 

para homogeneização dos componentes. Ao final, os infiltrantes resinosos foram 

armazenados individualmente sob refrigeração a 4 ºC. As concentrações de partículas foram 

obtidas em estudo piloto prévio, com base na viscosidade dos infiltrantes após incorporação 

das partículas. 

 
Tabela 1 – Descrição dos grupos e composição dos resin infiltrantes resinosos avaliados. 

Grupos Composição dos infiltrantes 

Icon 

(controle comercial) 
Icon® (70-95% TEGDMA, <2.5% CQ e aditivos) 

 

Exp Base 

(controle experimental) 
98,5% TEGDMA-BisEMA; 0.5% CQ; 1% EDAB 

1ACP 97,5% TEGDMA-BisEMA; 0.5% CQ; 1% EDAB; 1% ACP 

1.5ACP 97% TEGDMA-BisEMA; 0.5% CQ; 1% EDAB; 1.5% ACP 

2ACP 96,5% TEGDMA-BisEMA; 0.5% CQ; 1% EDAB; 2% ACP 

1SnF2 97,5% TEGDMA-BisEMA; 0.5% CQ; 1% EDAB; 1% SnF2 

1.5SnF2 97% TEGDMA-BisEMA; 0.5% CQ; 1% EDAB; 1.5% SnF2 

2SnF2 96,5% TEGDMA-BisEMA; 0.5% CQ; 1% EDAB; 2% SnF2 

 
Icon®, de acordo com o fabricante (DMG, Hamburgo, Alemanha) (LOT 261398). BisEMA - Dimetacrilato de 

polietilenoglicol Bisfenol A (Sigma Aldrich Brasil Ltda, Barueri, SP, Brasil). TEGDMA - Dimetacrilato de 

trietilenoglicol (Sigma Aldrich Brasil Ltda, Barueri, SP, Brasil). CQ – Canforquinona (Sigma Aldrich Brasil 

Ltda, Barueri, SP, Brasil). EDAB - Benzoato de etil 4-dimetilamino (Sigma Aldrich Brasil Ltda, Barueri, SP, 

Brasil). ACP - Fosfato de cálcio amorfo (Sigma Aldrich Brasil Ltda, Barueri, SP, Brasil) (<150nm) e SnF2 -  

Fluoreto de estanho PA (Êxodo Científica, Sumaré, SP, Brasil). 

 

Grau de conversão (CD) 

Espectroscopia infravermelha por transformada de Fourier com refletância total 

atenuada (FTIR-ATR) (espectrômetro Vertex 70, Bruker, Billerica, MA, EUA)  (Figura 1) foi 
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utilizada para o CD (n=5). A primeira leitura do material resinoso, ainda não fotopolimerizado, 

foi feita depositando-se cerca de 1μL dos infiltrantes resinosos no cristal do aparelho, por meio 

de uma pipeta, de modo que a gota permanecesse no centro focal do feixe de laser do 

equipamento. Uma tira de poliéster foi então colocada sobre a microgota de material para 

padronizar as amostras. O material foi fotopolimerizado utilizando fonte de luz LED (Valo, 

Ultradent, Indaiatuba, SP, Brasil) com densidade de potência de 1000mW/cm2, por 40 

segundos. Uma segunda leitura foi realizada após 2 minutos de espera. O software Opus v.6 

(Bruker Optics) foi utilizado para calcular o grau de conversão (em%). A linha de base 

correspondente foi traçada e o valor de absorbância da linha de base foi subtraído do valor 

máximo de absorbância no número de onda correspondente; Os comprimentos de onda 

utilizados para obter os valores foram 1610 e 1637. 

 

Figura 1 – (A) Espectrofotômetro de infravermelho por transformador de Fourier. (B) Cristal do aparelho. (C) 

Aparato com fita adesiva criado para leitura preliminar com feixe incidindo no centro da amostra. 

Fonte: Autores 

 

Ângulo de contato (AC) 

As mensurações do ângulo de contato foram realizadas em lâmina de vidro polida, 

limpa com álcool absoluto e seca em estufa a 37ºC por 24 horas, trocando a lãmina a cada 

análise. Um goniômetro com câmera acoplada (Ramé-hart - 500F1, Succasunna, EUA) 

(Figura 2) foi utilizado para medir o ângulo de contato dos infiltrantes resinosos. Para isso, 

gotas de aproximadamente 1μL foram dispensadas perpendicularmente na superfície da 

lâmina de vidro, por meio de uma micro seringa de precisão. As imagens foram obtidas a partir 

de 10 mensurações por amostra, com intervalo de tempo de 0,05 segundos e média de 60 

frames/segundo. As imagens obtidas foram analisadas utilizando o software de análise de 

formato de gota (DROPimage Advanced). Para cada grupo (n=16), foi calculada a média dos 

ângulos de contato de cada lado da gota em graus. 

 

Figura 2 – (A) Goniômetro com câmera acoplada. (B) Seringa com isolamento de luz, contendo os infiltrantes, 

A B C 
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acoplada ao dispositivo do equipamento; (C) Imagem da gota do infiltrante. 

Fonte: Autores 

Sorção de água (So) e Solubilidade (SL) 

Amostras em forma de disco (5mm x 1mm) dos infiltrantes resinosos (n=16) 

foram confeccionadas com matriz de silicone e polimerizadas com luz Valo LED (Valo, 

Ultradent, Indaiatuba, SP, Brasil), com densidade de potência de 1000mW/cm2, por 40 

segundos; em seguida, foram colocadas em dessecador e armazenadas em estufa a 37º C. As 

amostras foram pesadas diariamente em balança analítica (Shimadzu, Tóquio, Japão), em 

intervalos de 24 horas, até a obtenção de massa constante (m1), com variação inferior a 0,002 

mg. Para o cálculo do volume (mm³), cada amostra teve sua espessura e diâmetro medidos 

com paquímetro digital (Mitutoyo, Japão). As amostras foram, então, armazenadas a 37ºC em 

eppendorfs fechados contendo 1,5 mL de água destilada. Após sete dias de armazenamento, 

os eppendorfs foram retirados da estufa e deixados em temperatura ambiente por 30 minutos; 

as amostras foram, então, secadas suavemente com papel absorvente e, novamente pesadas 

em balança analítica para obtenção de m2. Após esse período, as amostras foram dessecadas 

e pesadas novamente, diariamente, até a obtenção de nova massa constante (m3). Os valores 

de sorção e solubilidade foram calculados utilizando duas fórmulas específicas (So= m2-m3/V 

e SL= m1-m3/V), de acordo com a especificação ISO 4049/2019. 

 

Figura 3 – (A) Matriz de teflon em formato cilíndrico; Molde de silicone com formato cilíndrico e amostras 

finalizadas após polimerização. (B) Balança Analítica de Alta Precisão. (C) Amostras armazenadas em 

eppendorfs fechados com 1,5 ml de água destilada. 

 

A B 
C 
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Fonte: Autores 

Liberação Iônica  

Para esta análise, uma solução com 133mMol/L de cloreto de sódio (NaCl)  foi 

preparada e tamponada com ácido lático 50 mmol/L, até pH 4 (Zixiang et al., 2022). Amostras 

de infiltrante resinoso de cada grupo (n=3), no tamanho 2x2x12 mm, foram confeccionadas a 

partir da inserção do material em uma matriz de silicone. Para padronização das amostras, uma 

matriz de poliéster foi utilizada sobre a matriz de silicone com o infiltrante e, uma 

fotopolimerização de 40 segundos foi efetuada na superfície e no fundo de cada amostra, 

totalizando 80 segundos. Depois, cada amostra foi imersa em 17 mL da solução preparada e, 

as concentrações dos íons de cálcio (Ca), fosfato (P) e flúor (F) foram medidos em dois tempos 

distintos (14 e 28 dias). Para cada tempo, uma fração de 4 mL da solução foi removida, 

armazenada em eppendorf e, substituída por uma nova fração. Os eppendorfs com as frações 

da solução foram mantidos fechados e sob refrigeração durante todo o período. As 

concentrações dos íons liberados foram quantificadas através de um espectrofotômetro de 

absorbância (UV-Visible, Thermo Scientific, São Paulo, SP, Brasil) (Figura 4). Para a 

obtenção das médias, a leitura dos íons de cálcio liberados foi realizada utilizando o método 

de cálcio arsenazo de ponto único, utilizando valores de absorbância de uma solução padrão, 

sendo a média aritmética desse padrão derteminada por duplicata. Para os íons de fosfato e 

flúor foi utilizado o método de curva padrão linear, com duplicata de absorbância para cada 

ponto do padrão.  

 

A B 
C 
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Figura 4 – (A) Espectrofotômetro UV-Visible. (B) Cubetas do equipamento preenchidas com amostras. 

Fonte: Autores 

Simulação da lesão cariosa incipiente 

 

Confecção dos corpos de prova 

Após aprovação do Comitê de Ética em Pesquisa (nº 654486.22.6.0000.5418), 

molares humanos hígidos foram selecionados. Os dentes foram limpos com  escova de 

Robinson e pedra pomes, a fim de remover os detritos e, em seguida, foram armazenados em 

solução de timol à 0,1%. Depois, suas raízes foram seccionadas  com auxílio de cortadora 

metalográfica (Buehler LTD., Lake Bluff, IL, EUA) e dispensadas; na sequência, amostras 

com dimensões de 5x5x2mm foram obtidos a partir das faces vestibular e palatina dos dentes 

(Figura 5). Para padronizar as superfícies, os corpos de prova foram  levemente planificados 

em politriz (Arotec S/A Indústria e Comércio, Cotia - SP) com lixas d’água de granulação 600 

e 1200 (Buehler) sob refrigeração constante; depois, foram polidos com discos de feltro e 

solução diamantada (1 µm; Buehler) e, então, armazenados em eppendorfs e levados à estufa 

à 37ºC. 

 

Figura 5 – Corte dos dentes em cortadora metalográfica e amostras em 5x5x2mm.  

Fonte: Autores 

Indução da lesão cariosa incipiente 
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Após a obtenção das amostras, as médias de microdureza superficial foram obtidas 

por meio de três leituras em microdureza (HMV-2000; Shimadzu Corporation, Tóquio, Japão), 

distante 100 µm do centro da superfície, para randomizar as amostras, evitando que os grupos 

fossem beneficiados ou prejudicados com baixa ou alta microdureza. Após, as amostras foram 

protegidas com verniz de unha (Colorama®, São Paulo, SP, Brasil) e submetidas à simulação 

de lesões de cárie incipientes. Para simular a atividade de cárie na cavidade oral, foram 

utilizadas solução desmineralizante (DES) e solução remineralizante (RE). As amostras foram 

imersas em 50 ml da solução DES, composta por CH3COOH 0,075 M. CaCl2 1,0 mM. 

KH2PO4 2,0 mm, pH 4,4, por um período de 6 h; foram então removidas e enxaguadas com 

água destilada por 10 s. Em seguida, foram colocados em 25 mL da solução RE, composta por 

KCl 150 mM. CaCl2 1,5 mM. KH2PO4 0,9mM. NH2C(CH2OH)3 20 Mm, pH 7,0, por um 

período de 18 h. Este protocolo foi realizado durante 7 dias consecutivos e as soluções foram 

trocadas diariamente (Figura 6) (Al-Obaidi etal., 2019).  

 

Figura 6 – Suporte confecionado para protocolo de indução de lesão de cárie incipiente.  

Fonte: Autores 

Infiltração dos materiais resinosos 

Após a simulação da lesão de cárie incipiente, as amostras foram submetidas à 

aplicação dos infiltrantes (Figura 7). Assim, tais amostras foram infiltradas, segundo 

orientações do fabricante do infiltrante resinoso Icon®: condicionamento com ácido 

hidroclorídrico a 15%, por 2 min. Em seguida, lavagem e secagem, por 30 s cada passo.  

Aplicação do Icon® Dry (99% etanol) por 30 s e, aplicação dos infiltrantes     por 3 min, com 

remoção dos excessos por uma haste com algodão e, fotopolimerização por 40 s (LED Valo, 

1000 mW/cm2). Seguindo a recomendação do fabricante, a reaplicação do infiltrante por mais 

1 min e fotopolimerização por 40 segundos foi realizada em cada grupo. A aplicação dos 

infiltrantes experimentais foi realizada através de uma seringa descartável de 3 mL, protegida 

da luz com uma fita isolante preta, e, a ponta aplicadora para faces livres que acompanha o kit 

Icon®. 



49 
 

 

 

Figura 7 – (A) Aplicação do Icon® Etch por 2min; (B) Lavagem abundante por 30s com água deionizada; (C) 

Aplicação do Icon® Dry por 30s; (D) Seringas com os infiltrantes; (E) Fotopolimerização do material por 40s. 

Fonte: Autores 

Profundidade de Penetração 

Para esta análise, a infiltração resinosa, descrita anteriormente, foi realizada 

seguindo a técnica de etiquetagem indireta (Figura 8) (Paris et al., 2009). Após a simulação de 

lesão de cárie incipiente, as amostras de cada grupo (n=5) foram condicionadas com ácido 

hidroclorídrico a 15% por 2 min; lavadas com jato de água por 30 s e imersas em solução 

etanólica de rodamina B 0,1% (Sigma Aldrich, Steinheim, Germany) por 12 h (D’Alpino et 

al., 2006), a fim de preencher os poros acessíveis (pós des-remineralização) com rodamina B, 

para posterior visualização em microscopia confocal. Decorridas as 12 h, as amostras foram 

removidas da solução corante, lavadas e secadas por 30 s, cada passo. Na sequência, o Icon® 

Dry (99% etanol) foi aplicado por 30 s e, os infiltrantes foram aplicados por 3 min com 

remoção dos excessos por uma haste com algodão e, fotopolimerizados por 40 s (Valo, 

Ultradent, São Paulo, Brasil). A reaplicação do infiltrante por mais 1 min e fotopolimerização 

por 40 s foi realizada. Todas as amostras infiltradas foram, posteriormente, cortadas 

perpendicularmente à superfície da lesão de esmalte, com disco diamantado em cortadora 

metalográfica e, inicialmente, polidos em politriz com lixas d’água de granulação 600 e 1200 

e, posteriormente, à mão livre, sob refrigeração, até que finas fatias com espessura de 100 µm 

fosse alcançada. Para remover a rodamina B não aderida à estrutura dentária, as fatias foram  

imersas em peróxido de hidrogênio a 30%, por 12 h. Depois, as amostras foram imersas em 

solução etanólica de fluoresceína de sódio a 100 µm (NaFl; Sigma Aldrich, St. Louis, EUA), 

durante 3 min e, lavadas com água destilada por 30 s. Em seguida, foram levadas ao  

Microscópio Confocal de Varredura a Laser (Leica, TCS SP5; Leica, Heidelberg, Alemanha)  
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com objetiva de 63x 1.4NA, e imergidas em óleo no modo dual de fluorescência, para 

obtenção das imagens. 

 

Figura 8 – (A) Aplicação do Icon® Etch por 2min; (B) Lavagem abundante por 30s com água deionizada; (C) 

Imersão em corante Rodamina B; (D) Aplicação do Icon® Dry por 30s; (E) Aplicação dos infiltrantes sobre a 

superfície por 3min; (F) Fotopolimerização do material por 40s; (G) Corte transversal da amostra; (H) Fatia da 

amostra após corte transversal. 

Fonte: Autores 

Estabilidade de cor 

As amostras de dente humano foram fixadas em pequenas placas de acrílico com 

cera pegajosa (Figura 9A), ficando à mostra apenas a superfície do esmalte polido; depois, 

foram imersas em um recipiente com 1,5 L de solução de café, 60 g:1 L (3 Corações®, Sumaré, 

São Paulo, SP, Brasil) (lote1001078), por um período de 7 dias a 37 °C, com trocas diárias da 

solução corante (Figura 9B). Para as análises da cor (n=15), as amostras foram removidas das 

placas de acrílico, enxaguadas com água destilada e, a cor foi avaliada com um 

espetrofotómetro (Konica Minolta CM-700d, Sensing Americas, Inc., EUA) numa cabine de 

luz (GTI Newburg, NY, EUA) no modo "luz diária". Um stub que permitia a acomodação da 

amostra e passagem da luz do espetrofotómetro foi utilizado (Figura 9C). 3 leituras de pontos 

distintos de cada amostra foram realizadas. A análise da cor foi realizada em três tempos 

distintos: (T1) esmalte infiltrado, (T2) esmalte manchado e (T3) esmalte polido. Os dados 

obtidos pelo sistema CIEL*a*b*, que correspondem a L* para a luminosidade, a* para a 

cromaticidade (vermelho-verde) e b* (azul-amarelo), foram utilizados também na fórmula de 

variação de cor CIEDE2000 ΔE00 = [(ΔL′ /KLSL) 2 + (ΔC′ / KCSC) 2 + (ΔH′ /KHSH) 2 + 

RT * (ΔC′/KCSC) * (ΔH′ / KHSH)]1/2, entre os intervalos T1-T2, T2-T3. O índice de 

brancura dentária (WID) foi calculado usando a fórmula WID =0,511 L*-2,324 a*-1,100b*, 

seguido da diferença de índice (ΔWID) considerando os intervalos T1-T2, T2-T3. Os limiares 

de percetibilidade e aceitabilidade seguidos para ∆E00 foram 0,8 para a percetibilidade e 1,8 
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para a aceitabilidade (Paravina et al., 2019) e, para as diferenças no índice de brancura (ΔWID) 

foram 0,7 para a percetibilidade e 2,6 para a aceitabilidade (Pérez et al., 2019). 

 

Figura 9 – (A) Amostras fixadas na placa acrílica. (B) Placas acrílicas com amostras fixadas em recipiente para 

manchamento com café. (C) Stub para acomodação da amostra e espetrofotômetro. 

Fonte: Autores 

Rugosidade superficial 

Após o preparo e infiltração resinosa, descritos anteriormente, as amostras de dente 

humano foram previamente fixadas (Lysanda, São Paulo, Brasil) em placas acrílicas e levadas 

ao rugosímetro (Surfcorder, Kosakalab, Toquio, Japão) (Figura 10), configurado com cut off 

de 0,25 mm e, o comprimento de leitura de 1,25 mm. O raio da ponta de rastreamento era de 2 

μm e velocidade de 0,1 mm/s (de Cerqueira et al., 2023). As análises de rugosidade também 

foram realizadas em três diferentes tempos, sendo (I) esmalte infiltrado, (II) esmalte manchado 

e (III) esmalte polido. Para cada tempo, três leituras da rugosidade foram feitas e obtidas as 

médias de cada amostra (n=15).  

Figura 10 – Amostra fixada em placa acrílica para leitura no rugosímetro. 

Fonte: Autores 
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ANEXO 1: Verificação de originalidade e prevenção de plágio 
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ANEXO 2: Certificado de aprovação do Comitê de Ética 
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ANEXO 3: Submissão do artigo ao periódico 

 

 

 


