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RESUMO 

 

 O presente estudo avaliou a resistência de união imediata de um sistema adesivo 

universal após aplicação de diamino fluoreto de prata (DFP) em diferentes 

concentrações em lesões de cárie em dentina de dentes decíduos. A superfície oclusal de 

quarenta segundos molares decíduos hígidos foi exposta e os dentes foram submetidos 

ao desenvolvimento artificial de lesão de cárie pelo modelo microbiológico por 14 dias. 

Posteriormente, os dentes foram divididos aleatoriamente em 4 grupos experimentais de 

acordo com o uso e tipo de DFP: sem aplicação de DFP (controle), aplicação de DFP a 

12% (Cariestop 12%, Biodinâmica), DFP a 30% (Cariestop 30%, Biodinâmica), DFP 

38% + iodeto de potássio (KI) (Riva Star, SDI). Não houve remoção de tecido cariado 

previamente à aplicação dos diferentes DFPs. Após 14 dias de armazenamento em 

saliva artificial, o tecido cariado amolecido foi removido com lixa de granulação #600 

previamente à realização dos procedimentos restauradores. O sistema adesivo universal 

(Scotchbond Universal, 3M ESPE) foi aplicado no modo convencional  (após 

condicionamento ácido) e quatro espécimes com área de secção transversal de 0,72 mm2 

foram confeccionados com resina composta em cada superfície dentinária com auxílio 

de tubos de amido. Os dentes foram armazenados em água destilada a 37 °C por 24 

horas e então, submetidos ao teste de microcisalhamento. O padrão de fratura foi 

avaliado por meio de estereomicroscópio com aumento de 40 x. Os valores de 

resistência de união, expressos em mega pascal (Mpa), foram submetidos à Análise de 

Variância de 1 fator  e teste de Tukey (=0,05). A aplicação de DPF a 38%/KI resultou 

nos maiores valores de resistência de união em comparação à aplicação de DFP a 12% e 

ao controle (p=0,006). Nenhuma diferença estatisticamente significante foi observada 

entre e controle, DFP a 12% e 30%. Todos os espécimes apresentaram falha na interface 

adesiva.  Em conclusão, a aplicação de DFP a 38% associado ao KI em lesões de cárie 

em dentina de dentes decíduos aumenta a resistência de união imediata de sistema 

adesivo universal no modo convencional. 

 

Palavras-chave: Cárie Dentária; Cariostáticos; Dente decíduo; Resinas Compostas; 

Resistência à Tração 
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ABSTRACT 

 The present study evaluated the immediate bond strength of a universal adhesive 

system after application of silver diammine fluoride (SDF) at different concentrations 

on carious dentinal lesions of primary teeth. The occlusal surface of forty sound second 

primary molars was exposed and the teeth were subjected to artificial development of 

carious lesions by the microbiological model for 14 days. Subsequently, the teeth were 

randomly divided into 4 experimental groups according to the use and type of SDF: 

without application of SDF (control), application of 12% SDF (Cariestop 12%, 

Biodinâmica), 30% SDF (Cariestop 30 %, Biodinâmica), 38% SDF + potassium iodide 

(KI) (Riva Star, SDI). There was no carious tissue removal prior to application of 

different SDFs. After 14 days of storage in artificial saliva, the softened carious dentin 

layer was removed using a 600-grit silicon carbide paper before the restorative 

procedures. The universal adhesive system (Scotchbond Universal, 3M ESPE) was 

applied in the conventional mode (after acid-etching) and four specimens with a cross-

sectional area of 0.72 mm2 were built with resin composite on each dentin surface with 

the aid of starch tubes. The teeth were stored in distilled water at 37 ° C for 24 h and 

then subjected to the microshear test. The fracture pattern was assessed using a 

stereomicroscope with 40x magnification. The bond strength values, expressed in 

megapascal (Mpa), were submitted to one-way Analysis of Variance and Tukey's test  

( = 0.05). The application of 38% SDF/KI resulted in the highter bond strength values 

in comparison with 12% SDF application and control (p = 0.006). No significant 

differences were observed among control, 12% and 30% SDF. All tested specimens 

showed interfacial failure. In conclusion, the application of 38% SDF/KI to carious 

dentinal lesions in primary teeth improves the immediate bond strength of a universal 

adhesive system in the conventional mode. 

 

Keywords: Dental Caries; Cariostatic Agents; Tooth, Deciduous; Composite Resins; 

Tensile Strength 
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1 INTRODUÇÃO E JUSTIFICATIVA 

 

O diamino fluoreto de prata (DFP) é um agente cariostático, fluoretado, utilizado 

na prevenção e paralisação de lesões de cárie avançadas desde longa data (YAMAGA et 

al., 1972). Sua fórmula reúne as propriedades do fluoreto de sódio e nitrato de prata 

(ROSENBLAT; STAMFORD; NIEDERMAN, 2009). O mecanismo do DFP se baseia 

na ação dos íons flúor sobre a estrutura dentária e dos íons prata sobre o biofilme. Desta 

forma, ele é capaz de aumentar a resistência do esmalte ao processo de 

desmineralização-remineralização,  inibir ou minimizar a degradação de colágeno 

(ZHAO et al., 2018), estimular a formação de dentina esclerótica e promover um efeito 

antibacteriano (YAMAGA et al., 1972), garantindo em conjunto, suas propriedades 

cariostáticas. O DFP apresenta-se como uma solução incolor, estável e de pH básico. 

Suas concentrações variam de 10 a 38%, em relação à presença da quantidade de 

fluoreto e prata (AAPD, 2018).  

 A técnica de aplicação do DFP consiste, após profilaxia, na proteção dos tecidos 

moles próximos ao local de uso para evitar manchamento da mucosa, seguido da 

aplicação do produto com um pincel ou penso de algodão sobre a superfície desejada. O 

produto deve agir por 1 a 3 minutos (FUNG et al., 2016), de acordo com as orientações 

dos fabricantes) . A remoção de tecido cariado previamente à aplicação do material não 

é necessária (DUANGTHIP; CHU; LO, 2016; HORST; ELLENIKIOTIS; MILGROM, 

2016).            

 Uma revisão sistemática demonstrou, por meio de estudos com alta força de 

evidência, que o DFP pode ser uma alternativa para a paralisação de lesões em dentina 

em dentes decíduos (CHIBINSKI et al., 2017). Além disto, é mais eficaz que outros 

tratamentos, como aplicação de verniz fluoretado e tratamento restaurador atraumático 

(ART) (CHIBINSKI et al., 2017). Tem sido evidenciado que o efeito do DFP é 

concentração-dependente, sendo a concentração de 38% mais eficaz na paralisação de 

lesões em dentina em dentes decíduos em comparação a 12% (TOLBA et al., 2019). No 

entanto, nenhum estudo clínico comparou a eficácia do DPF a 30% e 38% na inativação 

das lesões de cárie. 

 Embora a aplicação anual do produto seja suficiente para inativar lesões 

cavitadas em dentina (CHIBINSKI et al., 2017), aplicações bianuais resultam em maior 

taxa de paralisação das lesões (OLIVEIRA et al., 2019). Seu uso é especialmente 

interessante em crianças com alto risco de cárie com presença de lesões cavitadas ativas 
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sem sinais de envolvimento pulpar, pacientes de difícil manejo, como crianças na 

primeira infância, com alta atividade da doença e acesso limitado ao atendimento 

odontológico (AAPD, 2018).  

 A desvantagem atribuída ao uso do DFP é o escurecimento da superfície 

tratada, devido a precipitação dos íons de prata sobre a lesão, que, quando exposta a luz, 

escurece (PENG; BOTELHO; MATINLINNA, 2012). Deste modo, o impacto estético 

tem sido apontado como principal barreira para a utilização do produto pelos 

profissionais, embora a pigmentação promovida pelo DFP parece não impactar na 

aceitação e satisfação do tratamento pelos pacientes e pais/responsáveis (MAGNO et 

al., 2019). O nível de aceitação pode estar associado a uma série de fatores, como tipo 

de dente (anterior ou posterior), renda familiar, nível de escolaridade dos pais e 

necessidade de uso de técnicas avançadas de manejo do comportamento infantil 

(MAGNO et al., 2019).  

 A fim de minimizar esse potencial efeito adverso, foi lançado um novo 

produto no mercado (Riva Star, SDI) que exige dois passos clínicos: a aplicação de DFP 

a 38%, seguido da aplicação de iodeto de potássio. O fosfato de prata é o subproduto da 

reação do DFP com a hidroxiapatita, principal responsável pela pigmentação dentária. 

Se uma solução saturada de iodeto de potássio for aplicada após o tratamento com DFP, 

a reação subsequente resultará em iodeto de prata (AgI) e fosfato tripotássico (K3PO4). 

Este último é a substância química responsável pela redução da pigmentação dentária, 

enquanto o iodeto de prata ainda pode promover manchamento por ser um subproduto 

fotossensível (GARG; SADR; CHAN, 2019). Estudos laboratoriais tem demonstrado 

que o uso do iodeto de potássio não é capaz de eliminar, mas parece reduzir o 

escurecimento promovido pela aplicação do DFP. As evidências científicas, no entanto, 

ainda não são limitadas (ROBERTS et al., 2020). 

 Em busca de um controle local de biofilme e do restabelecimento funcional 

dos tecidos dentários acometidos por cárie (FINUCANE, 2012), os procedimentos 

restauradores são comumente indicados na prática clínica após tratamento com DFP. A 

resina composta tem sido amplamente utilizado para restaurar dentes decíduos 

acometidos por lesões de cárie, entre outras razões, por ser um material com 

propriedades adesivas, permitindo maior preservação da estrutura dentária, uma vez que 

o preparo é restrito à remoção do tecido cariado.  

 Tem sido sugerido que a dentina superficial de dentes decíduos pode 

apresentar um aumento na dureza, enquanto que a dentina profunda parece ser menos 
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afetada pelo tratamento com DFP (CHU & LO, 2008). Isso pode impactar 

negativamente na longevidade de restaurações adesivas realizadas sobre as lesões de 

cárie tratadas com DFP. 

 Uma recente revisão sistemática mostrou que a aplicação de DFP a 38% 

influencia negativamente na resistência de união de sistemas adesivos convencionais ou 

autocondicionantes à dentina hígida (FRÖHLICH et al., 2019). No entanto, esse efeito é 

eliminado quando o produto é lavado abundantemente previamente à aplicação de 

sistema adesivo (FRÖHLICH et al., 2019). É importante ponderar que número de 

estudos ainda é limitado e que os resultados foram obtidos em dentina hígida e não em 

dentina cariada, principal indicação do uso de DFP. 

 Um recente estudo verificou que a aplicação de DFP a 12% e 38% aumentou  

a resistência de união de sistemas adesivos universais à dentina cariada de dentes 

permanentes, independente da estratégia de aplicação (modo convencional ou 

autocondicionante) (SIQUEIRA et al., 2020). Os sistemas adesivos foram aplicados 

imediatamente após a aplicação dos agentes cariostáticos, com o intuito de prevenir a 

ocorrência de lesão de cárie adjacente à restauração devido seu efeito antibacteriano 

(WU et al., 2016).  

 Pouco também ainda se sabe a respeito do efeito do DFP associado ao iodeto 

de potássio na adesão (KOIZUMI; HAMAMA; BURROW, 2016; SELVARAJ et al., 

2016). Se por um lado, o uso de DFP associado ao iodeto de potássio parece 

comprometer a adesão, especialmente de sistemas adesivos autocondicionantes 

(KOIZUMI; HAMAMA; BURROW, 2016), por outro, o pré-tratamento da dentina com 

DFP e iodeto de potássio não afetou a resistência de união de sistemas adesivos 

convencionais e autocondicionantes (SELVARAJ et al., 2016). 

Sendo assim, considerando as lacunas existentes na literatura científica, a 

presente dissertação tem como objetivo investigar a resistência de união imediata de um 

sistema adesivo universal após a aplicação de DFP em diferentes concentrações em 

lesões de cárie em dentina de dentes decíduos. 
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2 ARTIGO – Use of 38% silver diammine fluoride plus potassium iodide is 

beneficial for bonding to carious dentinal lesions in primary teeth 

 Este artigo será submetido ao periódico Journal of Adhesive Dentistry (ISSN 

1757-9988). Fator de Impacto:1.875; Qualis CAPES A2. As normas para publicação 

estão descritas no ANEXO B. 
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Abstract 

Purpose: To investigate the microshear bond strength (μSBS) of a universal adhesive 

after silver diammine fluoride (SDF) application at different concentrations on dentin 

carious lesions of primary teeth. Materials and Methods: Flat dentin carious-induced 

surfaces from 40 primary molars were randomly assigned to four experimental groups: 

without SDF treatment (control), 12% SDF, 30% SDF, or 38% SDF plus potassium 

iodide (KI) application. After 14 days of storage in a saliva-like solution at 37°C, a 

universal adhesive system (Scotchbond Universal, 3M ESPE) was applied in the etch-

and-rinse mode and resin composite cylinders were built (0.72 mm2). After 24 h of 

water storage, the μSBS test was performed and the failure mode was determined. Data 

were analysed using one-way ANOVA and Tukey’s post hoc tests ( = 0.05). Results: 

The application of 38% SDF/KI resulted in a statistically significant higher μSBS mean 

than application of control and 12% SDF (p = 0.006). No significant differences were 

observed when 30% SDF and 38% SDF/KI were compared neither among control, 12% 

and 30% SDF. All tested specimens showed interfacial failure. Conclusion: The 

application of 38% SDF/KI to carious dentinal lesions in primary teeth improves the 

bond strength of a universal adhesive in the etch-and-rinse mode. 

Keywords: Bond Strength; Deciduous Tooth; Dental Caries; Dentin; Silver Diammine 

Fluoride. 
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Introduction 

 

 Silver diammine fluoride (SDF), containing diammine-silver ions and fluoride 

ions, is a colourless alkaline solution. The combination of silver and fluoride has a 

synergistic effect in arresting dentin carious lesions, giving SDF the ability to inhibit 

demineralisation and preserve the collagen in the dentin from degradation12,14. 

 Evidence suggests that SDF arrests dentinal carious lesions in primary teeth 

better than treatments such as fluoride varnish and atraumatic restorative treatment 

sealants and restorations3. Furthermore, 38% SDF has been shown to be more effective 

than 12% SDF for arresting active cavitated carious lesions in primary teeth6. The 

application of SDF solution is easy, less costly, and painless. There is no need to 

remove carious dental tissues before the application of SDF, which simplifies the 

treatment procedure and reduces patient discomfort4. Thus, SDF can be a promising 

strategy to manage dental caries, mainly in very young and difficult to manage 

children10. 

However, SDF treatment stains carious lesions black18, which may give rise to 

aesthetic concerns. In addition, the chewing function of the cavitated teeth may not be 

improved because the tooth cavities are not restored. Once progression of the lesion has 

been arrested, adhesive restoration may be a solution to these problems. 

 Recently, the application of a saturated solution of potassium iodide (KI) 

immediately after SDF has been suggested to reduce SDF‐induced staining through the 

precipitation of excess silver ions as white silver iodide17. In this sense, an SDF and KI 

solution (Riva Star, SDI) has been introduced for clinical use. Little is known about the 

surface effects of SDF in combination with KI and whether the adhesive effectiveness is 

affected8,20.       
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Pooled in vitro data suggest that prior application of 38% SDF impairs the 

bonding of the adhesive systems to dentin5. However, most studies have tested the 

effect of SDF in sound dentin of permanent teeth5. A recent study21 showed that both 

12% and 38% SDF increased the bond strength of universal adhesives in dentin carious 

lesions of permanent teeth. To the best of our knowledge, this is the first investigation to 

evaluate the effect of different concentrations of SDF associated with or without KI on 

the bonding of an adhesive system to dentin carious lesions of primary teeth.

 Therefore, this study aimed to investigate the microshear bond strength (μSBS) 

of a universal adhesive after SDF application at different concentrations on dentin 

carious lesions of primary teeth.  

Materials and Methods 

 

 This study followed the CRIS Guidelines for in vitro studies, as discussed in the 

2014 concept note9. 

Tooth Selection and Preparation  

 Forty sound exfoliated primary second molars were obtained from a pool after 

the approval of the study protocol by the local ethics committee. The teeth were 

disinfected in 0.5% aqueous chloramine and stored in distilled water at 4°C until use. 

 Flat mid-coronal dentin surfaces were exposed after removal of the occlusal 

enamel using a slow-speed diamond saw (Labcut 1010, Extec; Enfield, CT, USA) under 

water cooling. The specimens were carefully examined under a stereomicroscope (Mod 

SZX7; Olympus, São Paulo, SP, Brazil) at 30× magnification to confirm the absence of 

enamel islets. The exposed dentin surfaces were further polished with 600-grit silicon 

carbide abrasive paper for 30 s in order to obtain a standardised smear layer.  
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Microbiological Caries Induction  

 The teeth were sealed with a first layer of epoxy adhesive (Araldite Hobby, Ciba 

Especialidades Químicas Ltda, São Paulo, SP, Brazil) and a second layer of an acid-

resistant varnish, exposing the occlusal dentin surface. The specimens were then placed 

in a beaker containing a cariogenic medium (25 ml per tooth; pH: 4.0) composed of 3.7 

g BHI broth (Kasvi; São José do Pinhais, PR, Brazil), 2 g sucrose (Neon Comercial; 

Suzano, SP, Brazil), 1 g glucose (Neon Comercial; Suzano, SP, Brazil), and 0.5 g yeast 

extract (Kasvi; São José do Pinhais, PR, Brazil) in 100 ml of distilled water. The 

solution was sterilized in an autoclave for 20 min at 121°C before inoculation with 2% 

Streptococcus mutans (ATCC 25175; André Tosello Research Foundation, Campinas, 

Brazil) at an optical density of OD600 = 0.542 and 108 CFU/mL. The teeth immersed in 

the cariogenic medium were incubated at 37°C in a micro-aerophilic jar for 14 days. 

During this period, the cariogenic solution was replaced every 48 h without new 

bacterial inoculation. The biofilm was removed with a gauze, and the insulating 

materials (epoxy adhesive and nail varnish) were manually removed with scalpel blades. 

The teeth were thoroughly washed in deionized water, and using an exploratory probe, a 

darkened, softened dentin surface was easily identified11,19,21. SDF application was 

performed without the prior removal of soft carious tissue4, following the 

manufacturers’ instructions. 

Experimental Design  

 Teeth were assigned into four experimental groups (n = 10) by a program to 

generate a random number list (Random.org - Randomness and Integrity Services Ltd., 

Dublin, Ireland) according to the use and type of SDF: firm carious dentinal lesion 

without SDF treatment (control), 12% SDF, 30% SDF and 38% SDF/KI. 

Randomisation was performed by a staff member who was not involved in any of the 
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laboratory phases. The allocation concealment was guaranteed by the use of 

sequentially numbered individual containers that prevented the operator from seeing the 

extracted teeth before treatment.        

 Table 1 provides detailed information about the materials used, batch numbers, 

composition, and application modes. After the treatments, the teeth were stored in 

artificial saliva2 (12.9 mM KCl, 1.9 mM KSCN, 2.4 mM Na2SO4.10 H2O, 3.3 mM 

NH4Cl, 1.5 mM CaCl2.2H2O, 7.5 mM NaHCO3, 0.02 mM ZnCl2, and 5.0 mM HEPES 

buffer pH 7.4) at 37oC for 14 days,16 followed by restorative procedures. 

Bonding and Restorative Procedures 

 Each tooth was glued with cyanoacrylate in PVC rings embedded with self-

curing acrylic resin (JET Clássico, São Paulo, SP, Brazil) to facilitate the restorative 

procedures. The outer softened carious dentin layer of the treated or left untreated 

control teeth was then removed using a 600-grit silicon carbide paper for 20 s, 

preserving the firm carious dentinal lesion and yielding a flat dentin surface. The limit 

for the removal of the softened carious tissue was identified when the dark dentin 

surface firmly resisted a sharp excavator, but required some pressure during manual 

removal19,21.        

The universal adhesive system (Scotchbond Universal, 3M ESPE, St. Paul, MN, 

USA) was applied in the etch-and-rinse mode according to the manufacturers’ 

instructions (Table 1). Starch tubes (Renata, Pastifício Selmi; Londrina, PR, Brazil) 

with 0.96 mm of internal diameter and 1.0 mm in height22 were positioned over the 

dentin surface prior to the light curing of the adhesive for 10 s with a light emitting 

diode curing unit (VALO, Ultradent Products Inc., South Jordan, USA) and an 

irradiance of 1,000 mW/cm2, checked using the light curing unit built-in radiometer. 

The tubes were carefully filled with resin composite (Filtek Z350 XT, 3M ESPE, St 
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Paul, MN, USA; shade A1B) and light cured for 20 s. At least four cylinders of resin 

composite were built in each tooth. A single experienced and previously trained 

operator performed all the procedures.  

Microshear Bond Strength (μSBS) Test  

 The teeth were stored in distilled water at 37°C for 24 h. After this period, the 

starch tubes were gently removed using air/water spray and a probe. The cylinders of 

the resin composite were examined under a stereomicroscope (Mod SZX7; Olympus, 

São Paulo, SP, Brazil) at 10× magnification to verify the presence of bubbles and gaps 

in the interface or other defects. When defects were found, all the specimens from the 

tooth were excluded and the tooth was replaced.      

Each tooth was individually attached to a universal testing machine (EMIC, São 

José dos Pinhais, PR, Brazil) equipped with a 200 N load cell (20 kgf), with 0.01 N 

reading resolution and a minimum sensitivity of 2 N. A stainless-steel wire (0.20 mm 

diameter) was looped around the resin composite cylinder as close as possible to the 

resin/dentin interface. A shear load was applied at a crosshead speed of 1.0 mm/min 

until failure. To avoid bias, a single and blinded operator carried out the bond strength 

measurement procedures. Figure 1 summarises the experimental design.  

Failure Mode  

 All debonded specimens were observed under a stereomicroscope at 40× 

magnification by a trained and blinded examiner to determine the failure mode—

cohesive failure within the dentin or resin and interfacial failure15. 

Statistical Analysis 

 The tooth was considered as the experimental unit. Thus, the μSBS values of all 
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resin composite cylinders from the same tooth were averaged for statistical purposes. 

The sample size of 10 teeth per group was estimated previously considering an 80% 

power, a coefficient of variation of 15%, and assuming a two-sided 5% significance 

level for comparisons. Specimens with pretest failures were excluded from the analysis.  

 The normal distribution of the data and equality of variances were confirmed 

with Shapiro–Wilk and Cochran tests, respectively. The μSBS means were subjected to 

one-way ANOVA and Tukey’s post hoc tests at a significance level of 5%. Statistical 

analysis was performed using MedCalc software (MedCalc, Mariakerke, Belgium). 

Results 

Table 2 summarises the μSBS (MPa) means and respective standard deviations, 

and the number of tested specimens per group. The 38% SDF/KI application resulted in 

a statistically significant higher μSBS mean compared to the control (without SDF 

application) and 12% SDF (p = 0.006). No significant differences were observed when 

30% SDF and 38% SDF/KI were compared neither among control, 12% and 30% SDF. 

All tested specimens showed an interfacial failure. 

Discussion 

 SDF has been shown to be effective in controlling the progression of dentinal 

carious lesions in primary teeth3, and its effect is concentration dependent, with the 38% 

concentration being better than the 12% concentration6. This study investigated whether 

pretreating carious primary dentin with SDF at different concentrations would adversely 

affect the bond strength of a universal adhesive system applied using the etch-and-rinse 

mode. 

A microbiological protocol for caries induction was used in our study. This 

method is intended to simulate the carious process using bacterial strains, thereby 
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reproducing some characteristics of natural dentinal carious lesions, such as colour, 

presence of contaminated and demineralized carious dentin lesions, and collagen 

degradation11.  

It is known that adhesive-bonded interfaces formed in carious dentinal lesions 

are more complex because they are composed of multiple zones: resin-infiltrated dentin, 

poorly infiltrated dentin, exposed dentin and partially demineralized dentin, impairing 

proper adhesive infiltration7. Furthermore, the presence of disorganised collagen fibrils 

prevents the adequate penetration of the adhesive, reducing the bonding performance in 

this substrate.      

An “ex vivo” study showed that dentin carious lesions treated with SDF 

exhibited a remineralized zone rich in calcium and phosphate, with collagen fibrils 

protected by these minerals, avoiding further degradation13. The application of SDF 

38%/KI resulted in a higher mean μSBS compared to the control. On the other hand, no 

significant difference was observed among the control, 12% and 30% SDF. 

 SDF at a concentration of 38% contains 44,800 ppm F and 253,870 ppm Ag 

compared to 30% SDF (35,400 ppm F and 200,400 ppm Ag) and 12% SDF (14,200 

ppm F and 80,170 ppm Ag)4,6. A recent study21 verified that 12% SDF and 38% SDF/KI 

resulted in a better performance of the Scotchbond Universal to the firm carious dentin 

of permanent teeth in comparison with the control. SDF at 38% associated with KI 

showed higher bond strength values compared to 12% SDF only when universal 

adhesive was used in the self-etch mode. A higher deposition of silver particles and 

silver iodide particles before and after phosphoric-acid treatment was also observed 

when using 38% SDF21. It is important to highlight that restorative procedures were 

performed immediately after SDF application, that is, representing the restorative 

treatment of active carious lesions. Moreover, the SDF was applied after acid etching 
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when using the universal adhesive in the etch-and-rinse mode.   

 We simulated a clinical situation considering the use of SDF in very young 

children or when conventional treatment would not be performed as a means of 

controlling caries progression, followed by restoration placement when possible. Thus, 

SDF was applied without carious tissue removal and after 14 days of saliva storage16, 

restorative procedures were performed on “arrested” carious lesions. Similarly, the outer 

softened carious dentin layer was removed on teeth that did not receive SDF (control 

group) after 14 days of saliva-like buffer solution storage, preserving the firm carious 

dentinal lesion.    

An association has been found between increased calcium and phosphate content 

in carious dentin and SDF concentration21. In our study, similar μSBS values were 

found when using 30% and 38% SDF. Higher SDF concentrations would be more 

effective in inhibiting enzymatic activity and promoting remineralisation, leading to 

higher μSBS values. However, it is important to reinforce that the application of 30% 

SDF did not improve the bonding compared to the use of 12% SDF and control. 

Moreover, 38% SDF was associated with KI application, according to the 

manufacturer’s instructions. This protocol favours aesthetics due to the reduction of the 

blackening of the surface by the reaction of silver and potassium. Our findings also 

indicated a promising effect on adhesion. A previous study8 observed a layer of 

precipitated AgF and AgI on dentin surfaces treated with SDF/KI. After acid etching, 

the precipitate layer was almost completely removed, leaving behind a smear layer free 

surface with patent tubule orifices. We speculated that the use of the universal adhesive 

in the etch-and-rinse mode or an etch-and-rinse adhesive could minimise the harmful 

effects of silver particles extending into the dentinal tubules. These precipitates can 

cause total or partial tubule obstruction12, jeopardising long-term adhesive effectiveness. 
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The failure mode analysis found interfacial failures in all experimental groups. 

The microshear bond strength test is associated with few cohesive failures in the tooth 

substrate or composite1,22. The frequency of pretest failures was low, and it was not 

prevalent in a specific group. The use of starch tubes to build the specimens may be the 

reason for the low occurrence of premature failures. When using starch tubing, no cuts 

are required for removal after storage because the starch tubes loosen themselves from 

the resin composite specimens, which is a great advantage22.    

Our findings suggest that the use of 38% SDF/KI for controlling caries 

progression and reducing tooth staining also improves the bonding to carious dentinal 

lesions in primary teeth. Scotchbond Universal contains 10-methacryloyloxydecyl 

dihydrogen phosphate (10-MDP), which has been shown to bond ionically to 

hydroxyapatite, forming a more stable adhesive interface through nanolayering23. 

Therefore, the results could be extrapolated only to adhesives with similar compositions 

and application modes. Further long-term studies are required to elucidate whether the 

use of 38% SDF associated with or without KI preserves the carious dentin-adhesive 

interface over time. 

Conclusion 

 The application of 38% SDF/KI to carious dentinal lesions in primary teeth 

improves the bond strength of a universal adhesive in the etch-and-rinse mode. 

Clinical Relevance 

 Clinicians may apply 38% SDF/KI for controlling dentinal carious lesions in 

primary teeth, reducing tooth staining without jeopardising the further restorative 

procedures with resin composite. 
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Table 1. Composition and application mode of the materials tested. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abbreviations: KI: potassium iodide;  SDF: silver diammine fluoride; 10-MDP: 10-methacryloyloxydecyl 

dihydrogen phosphate; HEMA: 2-hydroxyethyl methacrylate.  

 

 

Material Main components Application mode 

12% SDF 

(Cariestop, Biodinâmica, Rio de 

Janeiro, RJ, Brazil) 

#Batch number 

554/19 

Hydrofluoric acid, 12% silver nitrate, 

ammonia hydroxide, deionized water  

 

 

 

Apply the SDF solution during 

3 min 

Rinse for 30 s 

 

30% SDF 

(Cariestop, Biodinâmica, Rio de 

Janeiro, RJ, Brazil) 

#Batch number 

397/19 

Hydrofluoric acid, 30% silver nitrate, 

ammonia hydroxide, deionized water  

 

 

Apply the SDF solution during 

3 min 

 Rinse for 30 s 

 

38% SDF 

(Riva Star, SDI, Melbourne, 

Victoria, Australia) 

#Batch number 

1149713 

 

38% silver fluoride, 60% ammonia 

solution, saturated KI solution 

 

Riva Star Step 1: Apply 1 drop 

of solution (gray label) for 1 

min 

Riva Star Step 2: Immediately 

after, apply a generous amount 

of solution (green label) until 

the creamy precipitate turns 

clear 

Rinse for 30 s 

Ultra-Etch 

(Ultradent, South Jordan, UT, 

USA) 

#Batch number  

BFBMY 

 

35% phosphoric acid  

 

Apply etchant for 15s  

 

Rinse thoroughly   

 

Blot excess water 

 

 

 

Scotchbond Universal  

(3M ESPE, St. Paul, MN, USA) 

#Batch number 

1917500208 

 

10-MDP, dimethacrylate resins, 

HEMA, methacrylate-modified 

polyalkenoic acid copolymer, 

nanofiller, ethanol, water, initiators, 

synalephas 2.7 

 

 

Apply the adhesive for 20 s 

with vigorous agitation 

 

Gentle air thin for 5 s 

 

Light-cure for 10 s 
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Table 2. The μSBS (MPa) means and standard deviations [number of tested 

cylinders/pretest failures] for all experimental groups.  

 

Different capital superscript letters indicate statistically significant differences among groups (n=10; 

Shapiro-Wilk and Tukey post-hoc tests, p<0.05). 

 

 

 

 

 

 

 

 

 

 

 

Experimental groups 

 

Mean ± SD 

 

Number of tested cylinders/pretest 

failure 

 

Control 

 

7.2 ± 2.0 B 
36/4 

 

12% SDF 

 

7.5 ± 3.1B 
37/3 

 

30% SDF 

 

8.8 ± 2.4 A,B 
38/2 

 

38% SDF+KI 

 

11.5 ± 3.5 A 
37/3 
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Figure 1. Experimental design of the study. 
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3 CONSIDERAÇÕES FINAIS 

 

O presente estudo teve como objetivo elucidar uma importante dúvida clínica 

relacionada à influência da aplicação de DFP em diferentes concentrações na adesão de 

sistema adesivo à dentina cariada de dentes decíduos. A questão foi fundamentada na 

possibilidade de uso do DFP para controle da progressão de lesões de cárie em dentes 

decíduos e no futuro restabelecimento funcional dos tecidos dentários acometidos por 

cárie.            

 Os achados demonstraram que a aplicação de DFP em dentina cariada de dentes 

decíduos não interfere negativamente na resistência de união de um sistema adesivo 

universal aplicado no modo convencional (com condicionamento ácido prévio). Além 

disso, o uso de DFP a 38% associado ao iodeto de potássio melhorou a adesão à dentina 

cariada quando comparado a não utilização de agente cariostático ou à aplicação de 

DFP a 12%.  Os valores de resistência de união foram similares entre as concentrações 

de 12 e 30%. Tais resultados reforçam a importância dos clínicos optarem por um 

produto mais concentrado, tendo em vista que a concentração de 38% também é mais 

eficaz na paralisação de lesões de cárie em dentina em dentes decíduos em comparação 

à concentração de 12% (TOLBA et al., 2019).      

 É importante ressaltar ainda que o DFP a 38% foi aplicado em associação ao 

iodeto de potássio, conforme preconizado pelo fabricante, para minimizar o 

escurecimento decorrente da sua utilização. A literatura carece de estudos para  elucidar 

se o aumento na resistência de união é em função de uma maior remineralização do 

substrato dentinário decorrente da aplicação de DPF em maiores concentrações ou 

devido ao efeito sinérgico do iodeto de potássio. Além de não influenciar negativamente 

na resistência de união imediata, o uso de DFP poderia minimizar a degradação da 

interface adesiva. Sendo assim, estudos futuros investigando a influência de diferentes 

concentrações de DFP na longevidade da interface adesiva são necessários.    
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ANEXO A- Aprovação do Comitê de Ética em Pesquisa 
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ANEXO B – Normas do periódico The Journal of the Adhesive Dentistry 
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