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RESUMO 

Introdução: O aumento da infiltração do adesivo no substrato dentinário 

pode diminuir as falhas na interface adesiva. O hipoclorito de sódio (NaOCl) tem 

sido empregado para remoção do colágeno da dentina desmineralizada 

transformando-a em um substrato mais permeável e facilitando a difusão do 

adesivo. Objetivo: Avaliar o efeito da remoção do colágeno da dentina por meio 

da aplicação do NaOCl 10% por 60 s na resistência de união de dois sistemas 

adesivos convencionais simplificados a esse substrato, de forma imediata ou após 

envelhecimento por termociclagem. Metodologia: Quarenta terceiros molares 

recém-extraídos tiveram a dentina superficial exposta e foram divididos em quatro 

grupos de acordo com o solvente do sistema adesivo utilizado (etanol/água - 

Adper Single Bond 2 ou acetona - Stae) e o tipo de tratamento da dentina 

(condicionamento ácido seguido ou não da remoção de colágeno). Platôs foram 

construídos de forma incremental com a resina composta Z100 (3M-ESPE). Após 

24 horas de armazenamento em água destilada a 37ºC, os dentes foram 

seccionados para o teste de microtração. Os palitos de cada grupo foram 

subdivididos em dois subgrupos: teste imediato e teste após 10.000 ciclos 

térmicos. Os dados foram submetidos aos testes de ANOVA two-way e de Tukey 

(p<0.05). As falhas foram analisadas em lupa e classificadas como coesivas em 

dentina, coesivas em resina e mistas/adesivas. Resultados: O uso do NaOCl 

resultou em significante diminuição da resistência de união imediata e após 

termociclagem para o Single Bond 2 enquanto que o Stae não foi afetado pelo 

tratamento da dentina ou pela termociclagem. Conclusão: A remoção do 

colágeno através da aplicação do hipoclorito de sódio, bem como a 

termociclagem, mostraram efeito adverso para o adesivo convencional de dois 

passos à base de etanol/água. Tais tratamentos não tiveram influência na 

resistência de união dos adesivos à base de acetona à dentina.  

Palavras-chave: Remoção do colágeno. Adesão. Camada híbrida. 

Hipoclorito de sódio. 
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ABSTRACT 

Introduction: The increase of the adhesive infiltration in the dentin may 

reduce the gaps in bond interface. The sodium hypochlorite (NaOCl) has been 

employed for removing the demineralized dentin collagen, transforming it into a 

more permeable substrate, thus facilitating the diffusion of the adhesive resins intra 

and intertubular level. Objective: To assess the effect of dentin collagen removal 

by 10% NaOCl for 60 s on microtensile bond strength of two simplified 

conventional adhesive systems to this substrate, immediately after or after 

thermocycling. Methods: Forty freshly extracted third molars had the dentin 

surface exposed and were divided into four groups according to the type of 

adhesive solvent used (water/ethanol - Adper Single Bond 2 or acetone - Stae) and 

the proposed dentin surface treatment (acid-etch or acid-etched + 10% NaOCl). 

Then, the restoration incrementally with resin Z100 (3M ESPE) was performed. 

After 24 hours of storage in distilled water at 37 ºC all teeth were sectioned for 

microtensile test. The specimens in each group were subdivided into two 

subgroups: immediate test and test after 10,000 cycles. µTBS data were analyzed 

by two-way ANOVA and Tukey´s test (p<0.05). Failure mode was analyzed and 

classified as cohesive in dentin, cohesive in resin and mixed/adhesive. Results: 

The use of NaOCl resulted in a significant decrease on immediate and long-term 

microtensile bond strength for Single Bond 2 (p<0.001), while Stae was unaffected 

by the deproteinization and the thermocycling (p=0.194). Conclusion: The 

collagen removal promoted by 10% NaOCl for 60 s as well as the thermocycling, 

showed an adverse effect for the water/ethanol-based adhesive. These treatments 

have no influence on the microtensile bond strength of acetone-based adhesive to 

dentin. 

Key-words: Collagen removal. Adhesion. Hybrid layer. Sodium 

hypochlorite. 
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1. Introdução Geral 

 Diversos estudos têm sido realizados durante os últimos anos a fim 

de desenvolver uma técnica capaz de promover maior durabilidade às 

restaurações em resina composta. Sabe-se que a união desse material ao esmalte 

é confiável, no entanto, à adesão em superfícies dentinárias são menos 

previsíveis (YAMAZAKI, BEDRAN-RUSSO & PEREIRA, 2007; RAVINSHANKER & 

CHAITANYA, 2012). Isso ocorre devido à composição química da dentina com alto 

conteúdo orgânico, água e devido a sua estrutura tubular com presença de fluido 

intratubular dentinário (SHINOHARA et al., 2004). 

Outra dificuldade na obtenção de uma adequada união à dentina é a 

presença da smear layer, camada superficial formada por detritos gerados durante 

o preparo cavitário (ARIAS, BEDRAN-DE-CASTRO & PIMENTA, 2004). O 

condicionamento com ácido fosfórico promove a remoção dessa camada, 

desmineraliza superficialmente a dentina, expõe os túbulos dentinários 

aumentando a luz tubular e a rede de fibrilas de colágeno (AGUILERA et al., 2012; 

RAVINSHANKER & CHAITANYA, 2012). A união à dentina é prioritariamente 

micromecânica (LAHMOUZI et al., 2012; CORRER et al., 2006; SHINOHARA et 

al., 2004), uma vez que o adesivo aplicado sobre a superfície contém solventes e 

monômeros hidrofílicos e hidrofóbicos que infiltram nos túbulos dentinários e nas 

irregularidades criadas na dentina intertubular, englobando as fibrilas colágenas. 

Essa zona de transição entre a resina polimerizada e a dentina, formada por uma 

mistura de colágeno e monômeros resinosos presentes no adesivo foi 

primeiramente descrita por Nakabayashi e denominada camada híbrida 

(NAKABAYASHI, KOJIMA & MASUHARA, 1982).  

O tipo de solvente contido no adesivo é um fator importante que pode afetar 

as propriedades de união ao substrato dentinário, tais como resistência de união, 

nanoinfiltração e capacidade de infiltração do adesivo (JUNEJA et al., 2014; 

RIBEIRO et al., 2011; ABO et al., 2006; SILVA et al., 2006). Os solventes mais 

comumente utilizados são água, etanol e acetona, isolados ou associados (etanol 

+ água, acetona + água) (VAN LANDUYT et al., 2007). Adesivos à base de 
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acetona possuem melhor capacidade de difusão devido à sua maior pressão de 

vapor e elevada volatilidade, o que contribui para um deslocamento mais 

significativo da água presente na dentina (RIBEIRO et al., 2011; VAN LANDUYT et 

al., 2007; SHETTY, B & B, 2007). Porém, a maioria dos adesivos comercializados 

tem o etanol, associado ou não, como solvente, o que é justificado por este ser um 

solvente orgânico, barato, possuir grande disponibilidade no mercado e ser 

biocompatível (VAN LANDUYT et al., 2007). 

Contudo, a necessidade da manutenção do colágeno e da camada híbrida 

no processo de união à dentina tem sido questionada (GONÇALVES et al., 2009; 

BASEGGIO et al., 2009; ENHARDT et al., 2008). Às fibrilas de colágeno são 

atribuídas a dificuldade e o desafio da união a esse substrato visto que elas 

necessitam estar umedecidas para manter sua configuração espacial (YAMAZAKI, 

BEDRAN-RUSSO & PEREIRA, 2008). Caso haja secagem excessiva da dentina 

após a lavagem para a remoção do condicionamento ácido, a rede de colágeno 

perde sua sustentação e entra em colapso (FAWZY, 2010), sendo, dessa forma, 

uma barreira física para a completa infiltração do adesivo. Em contrapartida, o 

excesso de umidade pode também dificultar esse processo de hibridização da 

dentina (PRATI, CHERSONI & PASHLEY, 1999), uma vez que o solvente pode 

não ser capaz de remover toda a quantidade de água do substrato e substituí-lo 

por monômeros resinosos. Isso resulta na formação de uma camada híbrida com 

água residual e parte de fibras de colágeno não encapsuladas pelo monômero, o 

que facilita a degradação hidrolítica, levando à deterioração da interface de união 

(FARIA-E-SILVA et al., 2012; BASEGGIO et al., 2009; TJÄDERHANE et al., 2013; 

BRESCHI et al., 2008). Dessa forma, o controle de umidade é um passo 

fundamental da técnica convencional, tornando o protocolo de união à dentina um 

procedimento bastante sensível (YAMAZAKI, BEDRAN-RUSSO & PEREIRA, 

2008).  

Objetivando melhorar a qualidade da união à dentina tem sido sugerida a 

remoção da rede de colágeno, após o condicionamento ácido, por meio de 

agentes desproteinizantes como o hipoclorito de sódio (NaOCl) em diferentes 

concentrações e tempos de aplicação (PRASANSUNTTIPORN et al., 2012; 
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FARIA-E-SILVA et al., 2012; AGUILERA et al., 2012; PRASANSUNTTIPORN et 

al., 2011). Tem sido relatado o uso de concentrações de 1, 5 e 10% de NaOCl 

durante 10, 2 e 1 minuto, respectivamente (YAMAZAKI, BEDRAN-RUSSO & 

PEREIRA, 2008; DE SOUSA et al., 2011; GONÇALVES et al., 2009; SABOIA et 

al., 2008; SABOIA et al., 2002; RIBEIRO et al., 2011; PRATI, CHERSONI & 

PASHLEY, 1999). Porém, tempos superiores a 60 segundos acabam por 

inviabilizar clinicamente a técnica (RIBEIRO et al., 2011). O NaOCl é um agente 

proteolítico não específico capaz de remover componentes orgânicos na dentina, 

aumentando a porosidade da superfície dentinária e a penetração dos monômeros 

adesivos por meio da remoção da camada superficial do colágeno (SAURO et al., 

2009; YAMAZAKI, BEDRAN-RUSSO & PEREIRA, 2008; SABOIA et al., 2008) 

Além disso, a técnica se tornaria menos sensível uma vez que não haveria 

necessidade de um rígido controle de umidade na superfície do substrato 

(ENHARDT et al., 2008; GONÇALVES et al., 2009; FARIA-E-SILVA et al., 2012). 

Aparentemente, a superfície da dentina desmineralizada e desproteinizada torna-

se similar àquela observada em esmalte condicionado, com presença abundante 

de cristais de hidroxiapatita e alta energia de superfície (RAVINSHANKER et al., 

2012; MOUNTOURIS et al., 2004; SABOIA et al., 2002), o que facilita a 

molhabilidade resultando em aumento da resistência de união inicial (SAURO et 

al., 2009; DUARTE et al., 2007; CORRER et al., 2006). 

Porém, o uso do NaOCl e sua habilidade de promover aumento na 

resistência de união ainda é controverso (SABOIA et al., 2008).  Autores atribuem 

ao poder oxidante do NaOCl o insucesso da técnica, visto que o oxigênio liberado 

na decomposição da molécula de NaOCl pode ficar retido na dentina, dificultando 

a penetração e polimerização dos monômeros resinosos (SABOIA et al., 2008; 

VAN LANDUYT et al., 2007; DE SOUZA et al., 2011; UCEDA-GOMEZ et al., 

2007). Também, dependendo da metodologia testada e/ou composição específica 

de cada adesivo, a remoção do colágeno tem apresentado resultados 

contraditórios em relação à resistência de união dentina/resina (AGUILERA et al., 

2012; BASEGGIO et al., 2009). Estudos demonstraram que os adesivos à base de 

acetona apresentam um aumento significativo na resistência de união quando 
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aplicados em superfícies de dentina desproteinizada (SILVA et al., 2006; RIBEIRO 

et al., 2011; SABOIA et al., 2002; ARIAS et al., 2004). Inversamente, adesivos à 

base de água e etanol têm mostrado redução significativa na resistência de união 

(SANTOS et al., 2005; GONÇALVES et al., 2009; SABOIA et al., 2008; 

BASEGGIO et al., 2009;  ARIAS et al., 2004) ou não têm sido influenciados pela 

técnica (SARACENI et al.,  2013; FARIA-E-SILVA et al., 2013; AGUILERA et al., 

2012; UCEDA-GOMEZ et al., 2007; SABOIA et al., 2002; SABOIA et al., 2006). 

Uma possível vantagem da técnica da remoção do colágeno seria a 

manutenção da união à dentina após certo tempo de uso clínico uma vez que, na 

ausência do colágeno na interface de união dentina/resina, o início da degradação 

dessa interface de união seria teoricamente postergado (NAGPAL et al., 2007). No 

entanto, poucas pesquisas foram desenvolvidas visando a elucidar essa hipótese 

(GONÇALVES et al., 2009; SABOIA et al., 2002; TORRES et al., 2014) o que 

sugere a necessidade de mais trabalhos que associem a remoção de colágeno a 

métodos de envelhecimento, como ciclagem térmica, mecânica e de pH (AMARAL 

et al., 2007). Foi sugerido que 10.000 ciclos térmicos correspondem a 1 ano de 

função clínica (GALE & DARVELL, 1999). No entanto isso ainda é controverso 

visto que desafios mecânicos, como a ciclagem oclusal e os desafios bioquímicos, 

como a ciclagem de pH e a exposição aos produtos bacterianos precisam ser 

incorporados à técnica da ciclagem térmica para que haja uma simulação mais 

fidedigna do que ocorre em meio bucal (AMARAL et al., 2007). 

Diante do exposto, acredita-se que o uso do NaOCl 10% por 60 s pode 

aumentar a infiltração do adesivo no tecido dentinário e, por conseguinte, resultar 

no aumento da resistência de união dentina/resina de forma imediata e após 

envelhecimento. 
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2. Proposição 

     O presente trabalho tem como objetivos: 

2.1- Objetivo Geral: 

- Avaliar in vitro o efeito da remoção do colágeno com NaOCl 10% por 60 s 

na resistência de união da interface formada por dois sistemas adesivos  

convencionais de dois passos e pela dentina, imediatamente após a 

restauração ou após o envelhecimento por termociclagem.  

2.2 - Objetivos específicos 

- Comparar a resistência de união de um adesivo convencional de dois 

passos à base de etanol, com e sem remoção do colágeno, após 24 horas 

ou após envelhecimento por termociclagem. 

 

- Comparar a resistência de união de um adesivo convencional de dois 

passos à base de acetona, com e sem remoção do colágeno, após 24 

horas ou após envelhecimento por termociclagem. 

 

- Classificar e avaliar o padrão de fratura dos espécimes após o teste de 

resistência à microtração. 
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3. Capítulo 

 

Esta dissertação está baseada no Artigo 46 do Regimento Interno do 

Programa de Pós-Graduação em Odontologia da Universidade Federal do Ceará, 

que regulamenta o formato alternativo para dissertações de Mestrado e teses de 

Doutorado, e que permite a inserção de artigos científicos de autoria ou coautoria 

do candidato. Por se tratar de estudos que envolvem seres humanos, ou parte 

deles, o projeto de pesquisa foi submetido à apreciação do Comitê de Ética em 

Pesquisa da Universidade Federal do Ceará, tendo sido aprovado (Anexo 1). 

Desse modo, esta dissertação é composta de um artigo científico que será 

submetido ao periódico The Journal of Adhesive Dentistry, conforme descrito 

abaixo: 

 

 

EFFECT OF DEPROTEINIZATION AND THERMOCYCLING ON THE 

BOND STRENGTH OF TWO-STEP ETCH-AND-RINSE ADHESIVES TO DENTIN 

 

MAGALHAES DCB, FEITOSA VP & SABOIA VPA 
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ABSTRACT 

Purpose: This study evaluated the effect of deproteinization on the 

microtensile bond strength of a two-step etch-and-rinse ethanol-based adhesive 

and a two-step etch-and-rinse acetone-based adhesive to dentin, after 24 hours or 

10,000 thermal cycles. Materials and Methods: Prepared occlusal dentin surfaces 

of forty extracted human third molars was distributed into four groups according to 

the adhesive solvent (Adper Single Bond 2 - ethanol or Stae - acetone) and the 

dentin pre-treatment (with or without deproteinization using 10% sodium 

hypochlorite for 60 s). Composite build-ups were constructed incrementally with 

Z100 (3M-ESPE). Bonded teeth were cut into sticks which were subdivided into 

two subgroups: tested after 24h and tested after 10,000 cycles. Data from each 

adhesive were submitted to two-way repeated measures ANOVA and Tukey´s test 

(p<0.05). Failure modes were classified as cohesive in dentin, cohesive in resin 

and mixed/adhesive. Results: The use of NaOCl resulted in a significant decrease 

on immediate and long-term microtensile bond strength for Single Bond 2 

(p<0.001), while the Stae was unaffected by the deproteinization and the 

thermocycling (p=0.194). The analysis of the failure modes revealed mostly 

mixed/adhesive failures for all tested groups. Conclusion: The collagen removal 

promoted by 10% NaOCl for 60 s as all as the thermocycling, showed an adverse 

effect for the ethanol-based adhesive. These treatments have no influence on the 

microtensile bond strength of acetone-based adhesive to dentin. 

 

INTRODUCTION 

In spite of remarkable progress, bonding to dentin is still a challenge in 

adhesive dentistry. Its characteristics make it a very dynamic tissue with the 

presence of smear layer, water fluid transudation and organic material10, unlike the 

enamel, which is an homogenous and mostly inorganic substrate 23,42,50. Dentin 

acid etching exposes the collagen fibrils and non-collagenous proteins that allow 

the hydrophilic monomers presented in the adhesive systems to infiltrate into the 

dentinal tubules and inter-tubular collagen network forming the so-called hybrid 
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layer, first described by Nakabayashi27. Yamazaki et al.50,51 and Santos et al.37 

affirm that collagen is very important in the bond strength (BS) between composite 

and dentin surface.  

However, it has been pointed out that the hybrid layer is not uniform and the 

presence of porosities, voids and other types of defects could be identified as weak 

and degradable zones, highly susceptible to water degradation5,7,8,18. Besides the 

exposed collagen network not encapsulated by resin, which represents a delicate 

zone in the bonded interface31, is prone to hydrolytic degradation, leading to 

reduction in BS32,44 and contributing to the sensitivity of bonding procedure5,14, 26. In 

this context, researchers have done extensive work on the subject of BS to dentin 

with the use of different adhesives and dentinal surface treatments, in an attempt 

to enhance bonding to dentin substrate33,38. 

In order to improve the dentin adhesion and overcome the limitations 

associated with the use of total-etch systems, researches have been directed 

towards techniques that alter the chemical composition of dentin by partially 

removing the collagen fibrils from previously etched surfaces to increase resin 

bonding to this substrate10,11,26,35,36,49. Based on that, removal of the demineralized 

collagen matrix with NaOCl, a well-known non-specific deproteinizing agent, has 

been proposed as an adjunctive procedure following the etch-and-rinse 

technique2,10,11,14,18,29,30,35,36.  

Collagen-depleted substrate may benefit the dentin-adhesive interaction due 

to the increase in dentin wettability8,12,39,40. This protocol exposes a subsurface 

dentin layer with nearly the same characteristics as that of the etched enamel, with 

a larger presence of hydroxyapatite crystals and high surface energy that 

increases adhesive strength and improves adhesion12,25,31,32,35,39,40,42. 

Depending on each testing methodology and/or specific composition of each 

dentin adhesive, the application of NaOCl upon etched dentin may influence on the 

bond strength2,5,13,34. This assumption is supported by studies which demonstrated 

that acetone-based adhesives had a significant increase in bond strength when 



24 

 

applied on deproteinized dentin surfaces4,18,26,33,35,38,41, as opposed to what 

happened with water/ethanol-based adhesives, which showed significant reduction 

in bond strength4,18,36-38. Furthermore, data about the stability of the dentin bonding 

after thermocycling is also important, to predict the restorations long-term behavior. 

 Hence, the aim of this in vitro study was to evaluate the effect of 

deproteinization on the microtensile bond strength of a two-step etch-and-rinse 

ethanol-based adhesive and a two-step etch-and-rinse acetone-based adhesive to 

dentin, after 24 hours or 10,000 thermal cycles. The null hypothesis is that the 

deproteinization and thermocycling do not influence the microtensile bond strength 

of resin to dentin. 

 

MATERIALS AND METHODS 

Forty freshly extracted human non-carious third molars were used in this 

study after obtaining the patients informed consent for their use, under a protocol 

approved by the local Ethics Committee. The teeth were stored in 0.01% thymol 

solution at 4°C for no more than 1 month. A flat dentin surface was exposed on 

each tooth after wet grinding of the occlusal enamel on 100- and 400-grit SiC 

paper. Dentin surfaces were exposed and inspected under ×80 magnification to 

ensure that no enamel remnants were left (Leica S8AP0 – Leica Microsystems, 

Cingapure). The exposed dentin surfaces were further polished on wet 600-grit 

silicon-carbide paper for 20 s to produce a standardized smear layer. Each tooth 

was individually fixed to a cutting machine (Isomet 1000, Buehler, Lake Bluff, USA) 

and sectioned perpendicular to its longitudinal axis using a diamond blade under 

water cooling, in order to remove the roots and to obtain dentin discs of 4 mm thick. 

All materials, compositions and manufacturers are presented in Table 1.  

For all groups, the dentin surface was etched using 37% phosphoric acid gel 

(Condac 37%, FGM, Joinville, Brazil) for 15s, rinsed with distilled water for 30s, 

blot dried, leaving a moist surface. The prepared disks were equally and randomly 

divided into four groups (n=10), according to the proposed dentin surface treatment 
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and the adhesive employed: Single Bond 2 - control (SBC), Single Bond 2 -  

deproteinized (SBD), Stae - control (STC) and Stae - deproteinized (STD)(Table 2).  

For groups SBC and STC the adhesives were applied in accordance with 

manufacturer´s instructions. For groups SBD and STD, 10% NaOCl solution was 

applied for 60 s after dentin acid etching, rinsed for 60 s, then blot dried before 

application of the adhesive. Subsequently, a 4-mm layer of composite Z100 (3M-

ESPE) was built-up incrementally.  

Each bonded tooth was longitudinally sectioned in both “x” and “y” directions, 

across the bonded interface, using a diamond saw to obtain sticks with cross-

sectional area of approximately 0.81 mm2, in accordance with “non-trimming” 

technique. The sticks of each bonded tooth were randomly subdivided in two 

subgroups (Table 2) for the microtensile test: immediate (test after 24 h in distilled 

water at 37ºC) and after thermocycling (Figure 1). For this procedure, the resin-

dentin sticks were placed in a thermocycling machine (THE-1100 Thermocycler; 

SD Mechatronik Gmbh, Feldkirchen-Westerham, Germany) in distilled water baths 

for 10,000 cycles of 5°C and 55°C with a dwell time of 60 s in each bath. 

The specimens were measured individually with digital caliper (Absolute 

Digimatic, Mitutoyo, Tokyo, Japan) and subjected to a tensile force in a universal 

testing machine (EMIC, DL2000, São José dos Pinhais, Brazil), fixed with 

cyanoacrylate glue (Loctite Super Bonder Gel, Diadema, Brazil) and tested under 

tension at a crosshead speed of 0.5 mm/minute.  

 

Statistical Analysis 

All data were expressed as means with their respective standard deviations 

(SD). Bond strengths data from the 8 experimental groups were statistically 

analyzed by two-way ANOVA (surface treatment vs. thermocycling) for each 

adhesive, with statistical significance set at α= 0.05. Post-hoc multiple comparisons 

of the experimental groups were performed by Tukey´s test. The dentin bonding 

were not considered as a variable for the statistical analysis once the purpose of 

the investigation was not to compare them but rather to compare the dentin 

treatments and the aging strategy. 
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Failure mode 

The dentin side of each fractured stick was analyzed using stereoscopic 

light microscopy (Leica S8AP0 – Leica Microsystems, Cingapure) at 80X 

magnification and classified according to the failure mode as mixed/adhesive (M/A), 

cohesive in dentin (CD) or cohesive in composite (CC). Premature failures were 

recorded but not included in the statistical analysis. 

 

RESULTS 

 The µTBS means and standard deviations expressed in MPa are reported in 

Table 3, for Single Bond 2, and in Table 4, for Stae. 

ANOVA showed no significant interaction between the two factors for Single 

Bond 2 (p=0.643) and for Stae (p=0.572). Tukey´s test showed that dentin 

deproteinization by 10% NaOCl (p<0.001) and thermocycling (p<0.001) 

significantly decreased the µTBS of Single Bond 2. On the other hand, for Stae the 

bond strength were unaffected by dentin surface treatment (p= 0.558) and 

thermocycling (p= 0.194). 

The distribution of failure modes for each group is summarized in Figure 

2.  The analysis of the failure modes revealed mostly mixed/adhesive failures for all 

groups. 

DISCUSSION 

The current in vitro study evaluated the influence of thermocycling on the 

µTBS values of two adhesive systems when using the conventional adhesive 

technique or collagen removal treatment on dentin. Based on the outcomes which 

showed that the bond strength of Single Bond 2 was affected by the collagen 

removal technique, the tested hypothesis needs to be rejected. Indeed, the 

reduction in BS may be due to its relatively low vapor pressure (about four times 

lower in comparison with acetone) that decreases the capacity of ethanol to 
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effectively displace the water that remains into the intertubular dentin after 

deproteinization, delaying the process of adhesive infiltration on dentin28,49. It is 

also conceivable that the relatively short dwell time, recommended by the 

manufacturer, may have been insufficient to allow fully diffusion of the adhesive 

resin into the porous dentin substrate6,49. Besides, it has been claimed that the high 

viscosity of Single Bond 2 may compromise its penetration into the collagen mesh 

and that lower hydrophilicity may result in poor dentin wetting, interfering with in the 

adhesive infiltration14.  

On the other hand, the current experiment showed that deproteinization did 

not influenced immediately µTBS for the Stae group. This result is in agreement 

with studies that presented that acetone-based adhesives have greater 

performance with residual dentinal humidity compared to those diluted with water 

or ethanol, which show more sensitivity to moisture14, 34, 41, 43, 46, 47 .Besides, the 

outcome achieved may be due to the higher vapor pressure, the lower viscosity 

and high volatility of acetone, which is probably sufficient to displace water and 

allow infiltration of the adhesive monomers into the demineralized and the 

deproteinized dentin11,14. 

Thermocycling aging method decreased the µTBS value only for Single 

Bond 2 while it has no significant influence on Stae. The maintenance of values 

shown by Stae after thermocycling can be observed with and without 

deproteinization. This may be attributed to the thinner adhesive layer using 

acetone as a solvent which could be less affected by thermocycling. Besides it is 

possible that when the specimens were submitted to thermocycling under wet 

conditions, voids presented in the interface between the resin and dentin of Single 

Bond 2 may lead to a propagation of small cracks and might have significantly 

reduced the bond strength3. 

It has been claimed that NaOCl treatment significantly reduces the bond 

strength to dentin, since remnants of super-oxide radicals generated by NaOCl 

degradation within the dentin surface can inhibit polymerization of resin 

monomers21,36, irrespective of the type of adhesive solvent, which can justify our 
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results. Nevertheless, a relation between the decrease in µTBS associated with 

deproteinization and the type of adhesive solvent seen in the present study has 

been described in the literature1,4,10,24,31,33,37. However, this issue is rather 

controversial and needs to be elucidated once some works have demonstrated that 

deproteinization had no effect on dentin/resin µTBS 2, 5,34,47.  

These results were obtained through different methodologies and materials - 

such as adhesive compositions, mechanical tests, aging method and 

deproteinization protocol (time application and concentration of NaOCl)2,19,37,43,45, 

which may have influenced the outcomes and the comparison among them should 

be done carefully.  

Corroborating with the current results, Saboia et al.34, at a 2-year recall 

study, reported that the treatment with 10% sodium hypochlorite to remove 

exposed collagen after acid-etching did not affect the clinical performance of non-

carious cervical lesions composite restorations, using both acetone or 

water/ethanol-based adhesive systems. 

It has been searched a new protocol that could enhance the µTBS to dentin 

leading to restorations more reliable and long lasting. Some studies inhibited the 

MMP expression through MMP inhibitors instead of removing the collagen by 

NaOCl application and got better results on improvement of BS28,39. Besides, 

Feitosa et al.17 tested the meta-phosphoric acid rather than ortho-phosphoric acid 

on demineralization and created more durable resin–dentin bonds. In this context, 

NaOCl treatment turn the technique less sensitive once the collagen is depleted, 

eliminating the critical clinical step of humidity control before adhesive 

application37,45. Though, Sauro et al.40 showed that with lower concentration and 

application time of NaOCl the dentin bonding may be improved. Although previous 

studies have reported that some adhesives can produce higher µTBS without the 

presence of exposed collagen fibrils11,12,16, our results disagree with those reports 

since for water/ethanol adhesive both deproteinization and thermocycling 

decreased µTBS and for acetone adhesive the variables didn´t affect the µTBS. 
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Moreover, the unaffected µTBS values for Stae cannot be associated only with the 

collagen-depleted treatment, once both no deproteinized and deproteinized groups 

maintained the µTBS. 

Therefore, the use of this technique represents an additional clinical 

procedure that increases technical complexity and working time. and should be 

avoided, as there is a little evidence of its effectiveness. 

CONCLUSION 

The deproteinization showed no positive improvements on the bonding of 

two-step etch-and-rinse adhesives tested, demonstrating worse results when 

NaOCl is associated with water/ethanol adhesive. 

 

CLINICAL RELEVANCE 

The use of 10% NaOCl for 60 s after dentin demineralization did not 

improved the bond strength to dentin either immediately or after 10,000 thermal 

cycles. 
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4. Conclusão Geral 

Da avaliação dos resultados obtidos neste trabalho, pode-se concluir que: 

A remoção do colágeno da dentina não influenciou, imediatamente e à longo 

prazo, a resistência de união resina/dentina para adesivos à base de acetona e 

provocou decréscimo na resistência de união resina/dentina quando foi 

empregado adesivo à base de etanol/água. 
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Table 1: Information about the adhesives, their application protocols and strategy of application.  

 Composition Control Deproteinized 

 

 

 

 

Adper Single 

Bond 2 

(3M/ESPE,  

Saint Paul, 

USA) 

 

 

 

 

Ethyl alcohol, water, silane 

treated silica (nanofiller), 

Bis-GMA, HEMA, glycerol 

1,3-dimethacrylate, 

copolymer of polyacrylic 

acid and 

diurethane dimethacrylate. 

 

1. Apply 37% H3PO4 Gel for 15 s. 

2. Rinsing with water spray for 30 s 

3. Dry with absorbent  paper, 

keeping dentin moisture. 

4. Apply one coat of Single Bond 2 

for 15 s with gentle agitation. 

5.Gentle air thinning for 5 s to 

evaporate the solvent. 

6.Light curing for 20 s. 

 

 

1. Apply 37% H3PO4 Gel for 15 s 

2. Rinsing with water spray for 30 s 

3. Dry with absorbent paper, keeping 

dentin moisture. 

4. Apply 10% NaOCl, passively with 

a microbrush for 60 s. 

3.Rinsing with water spray for 60 s. 

4.Dry with absorbent paper, keeping 

dentin moisture. 

5. Apply one coat of Single Bond 2 

for 15 s with gentle agitation. 

6. Gentle air thinning for 5 s to 

evaporate the solvent. 

7. Light curing for 20 s. 

 

 

 

 

 

 

Stae (SDI, 

Victoria, 

Australia) 

 

 

 

Acetone, acrylic monomer, 

photoinitiator, stabilizers 

and balance ingredient 

(non-hazardous). 

 

 

 

1. Apply 37% H3PO4 Gel for 15 s. 

2. Rinsing with water spray for 30 s. 

3. Dry with absorbent paper, keeping 

dentin moisture. 

4. Apply one coat of Stae for 15 s 

with gentle agitation. 

5.Gentle  air thinning for 5 s to 

evaporate the solvent. 

6.Light curing for 20 s. 

 

 

1. Apply 37% H3PO4 Gel for 15 s 

2. Rinsing with water spray for 30 s 

3. Dry with absorbent paper, keeping 

dentin moisture. 

4. Apply 10% NaOCl, passively with 

a microbrush for 60 s. 

3.Rinsing with water spray for 60 s. 

4.Dry with absorbent paper, keeping 

dentin moisture. 

5. Apply one coat of Single Bond 2 

for 15 s with gentle agitation. 

6. Gentle air thinning for 5 s to 

evaporate the solvent. 

7. Light curing for 20 s. 
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Table 2: Division of specimens on groups according to the treatment of dentin, the adhesive used 

and aging regimen (n=5).  

Groups Technique Subgroups 

SBC Control 
SBC – NT 

SBC – T 

SBD Deproteinized 
SBD – NT 

SBD – T 

STC Control 
STC – NT 

STC- T  

STD Deproteinized 
STD – NT 

STD – T 

Abbrevations: SB: Single Bond 2; ST: Stae; NT: No thermocycling; T: Thermocycling 
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Figure 1: Schematic representation of the experimental design. 
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Table 3: Mean and standard deviations of microtensile bond strength of water/ethanol-based 

system (BS ± SD). 

Dentin treatment No thermocycling Thermocycling Mean 

No deproteinized 34,7 ± 4,4 25,8 ± 3,1 30,2
a
 

Deproteinized 25,2 ± 4,5 17,9 ± 2,9 21,5
b
 

Mean 29,9
A
 21,8

B
  

Distinct capital letters represent statistical significant difference between with or without 
thermocycling (p<0.05). Distinct lowercase letters represent statistical significant difference between 
dentin treatments (p<0.05).   

Table 4: Mean and standard deviations of microtensile bond strength of acetone-based system (BS 
± SD).  

Distinct capital letters represent statistical significant difference between with or without 
thermocycling (p<0.05). Distinct lowercase letters represent statistical significant difference between 
dentin treatments (p<0.05).   

 

  

Figure 2: Distribution of failure modes among groups. 

Dentin treatment No thermocycling Thermocycling Mean 

No deproteinized 19,2 ± 6,7 17,2 ± 6,2 18,2
a
 

Deproteinized 19,2 ± 3,7 14,2 ± 6,0 16,7
a
 

Mean 19,2
A
 15,7

A
  


