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RESUMO 

 

 

Este estudo foi composto por um estudo in vitro, um estudo clínico 

randomizado, controlado e duplo cego e uma revisão sistemática, com objetivo 

de compreender e avaliar a aplicabilidade da técnica da dentina úmida por etanol 

(EWBT) em procedimentos restauradores. Estudo laboratorial: 48 incisivos 

bovinos foram divididos em 2 grupos, com a utilização ou não de etanol anterior 

ao sistema adesivo universal (Single Bond Universal) no modo 

autocondicionante. Em seguida blocos de resina composta (Filtek Z350 xt) 

foram confeccionados. A interface adesiva foi analisada, antes e após 

envelhecimento por 6 meses em água, com relação à nanodureza e módulo de 

elasticidade e em microscopia eletrônica de varredura (MEV) após a realização 

de nanoinfiltração com nitrato de prata. Os dados de nanodureza e módulo de 

elasticidade foram analisados estatisticamente com ANOVA e teste de Tukey 

(Ŭ=5%). Houve diferença estatística para as áreas avaliadas (p<0.001) e também 

para a aplicação do etanol (p<0.001). A dentina apresentou valores maiores de 

nanodureza quando comparado com a camada híbrida. EWBT foi capaz de 

manter as propriedades da interface adesiva mesmo após envelhecimento. 

Estudo clínico randomizado: Os voluntários receberam restaurações em 

cavidades do tipo classe V, provenientes de lesões cervicais não cariosas, com 

extensão e profundidade de no mínimo 1 mm. As restaurações foram realizadas 

aleatoriamente, de acordo com a divisão dos grupos, sendo o grupo controle sem 

pré-tratamento dentinário (SE) e três grupos com a intervenção, sendo associado 

com adesivo de 3 passos (E); hidrófobo (EB) ou com adesivo de 2 passos (EU). 

As restaurações foram avaliadas, por examinadores devidamente calibrados no 

início do estudo, após 7 dias, 6 e 18 meses, utilizando o critério USPHS 

modificado. Os dados foram analisados com testes chi-quadrado e Kaplan-

Meier. O grupo com adesivo hidrófobo apresentou maior taxa de falha para 

retenção quando comparada aos demais grupos, tanto em 6 quanto em 18 meses. 

Revisão sistemática: Foram pesquisadas as principais bases de dados eletrônicas 

com a estratégia de busca definida de acordo com a pergunta de pesquisa e 

estratégia PICO, sendo P: dentes com lesões cervicais não cariosas; I: protocolo 

adesivo utilizando EWBT; C: protocolo adesivo convencional. Após análise do 

título e resumo dos artigos pré-selecionados, seguindo a questão PICO, 19 



 

artigos laboratoriais e 3 estudos clínicos relacionados ao tema tiveram os dados 

extraídos. O risco de viés dos artigos selecionados foi estimado, sendo que para 

a maioria dos estudos laboratoriais e clínicos foi considerado baixo. Para os 

estudos laboratoriais houve diferença, sendo que o grupo controle apresentou 

melhores resultados quando comparado à EWBT. Com relação aos estudos 

clínicos não houve diferença entre os grupos controle e EWBT.  

 

 

Palavras-chave: Adesivos dentinários. Dentina. Ensaio clínico. Etanol. Revisão 

sistemática. 

 

 

 

 

 

 

 

 

 
  



 

Souza MY. Use of etanol-wet-bonding technique in dentin adhesion: smear layer 

in vitro influence, clinical trial  with different adhesives protocols and systematic 

review [doctorate thesis]. São José dos Campos (SP): São Paulo State 

University (Unesp), Institute of Science and Technology; 2019. 

 

 

ABSTRACT 
 

 

This study was composed by an in vitro study, a randomized, controlled and 

double blind clinical trial, and a systematic review, aiming to understand and 

evaluate the applicability of ethanol-wet-bonding technique (EWBT) in 

restorative procedures. Laboratory study: 48 bovine incisors were divided into 2 

groups, according to EWBT use prior to the universal adhesive system (Single 

Bond Universal) in the self-etch mode. Blocks of composite resin (Filtek Z350 

xt) were made. The adhesive interface was analyzed, on baseline and 6 months 

of water aging, by scanning electron microscopy (SEM) after nanoleakage with 

silver nitrate, besides the nanohardness and elastic modulus. The data of 

nanohardness and elastic modulus were statistically analyzed with ANOVA and 

Tukey test (Ŭ=5%). There was a statistically significant difference for the areas 

evaluated, in which dentin presented higher values, for nanohardness, than the 

hybrid layer (p<0.001) and for the use of ethanol (p<0.001). The use of ethanol 

was able to maintain the properties of the adhesive layer even after aging. 

Randomized clinical trial:  The volunteers received restorations in class V 

cavities from non-carious cervical lesions (NCCL), with cavity extension and 

depth of at least 1 mm. The restorations were randomly performed according to 

group division: no ethanol dentin pretreatment (SE), with ethanol dentin 

pretreatment in association with 3-step (E) or 2-step (EU) or adhesive, or 

hydrophobic adhesive (EB). The restorations were evaluated by calibrated 

examiners at baseline, after 7 days, 6 and 18 months using the modified USPHS 

criteria. All data were statistically analyzed at Chi square and survival test 

(Ŭ=5%). The hydrophobic adhesive group presented higher failure rate for 

retention when compared to the other groups, both at 6 and 18 months follow-

up. Systematic review: Main electronic databases were used for search and the 

strategy was defined according to the research question and PICO strategy, 

where P: teeth with NCCL; I:  adhesive protocol using EWBT; C: conventional 

adhesive protocol; O: long-term clinical outcome after EWBT. After analyzing 

the title and abstract of the pre-selected articles, following the PICO question, 

19 laboratory studies and 3 clinical trials related to EWBT. The data from 

selected studies were extracted and then, the risk of bias was estimated. For 

laboratory studies it was considered high and for clinical trials was considered 

low risk of bias. After statistical analysis, for laboratory studies the control 



 

group presented better results when compared to EWBT. Regarding the clinical 

studies, there was no difference between control and EWBT groups. 

 

Keywords: Clinical trial. Dentin. Dentin-bonding agents. Ethanol. Review. 
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1 INTRODUÇÃO  

 

 

Com a constante evolução das pesquisas em relação aos sistemas 

adesivos e a estrutura dentária, é possível o aprimoramento de técnicas 

restauradoras com o objetivo de preservar a estrutura dentária sadia (Tassery et 

al., 2013), além do aumento da sobrevida da restauração. 

Lesões cervicais não cariosas (LCNCs) caracterizam-se pela perda 

irreversível de tecido dentário, sendo que podem apresentar diferentes formatos, 

extensões e profundidades. Essas lesões são comumente observadas na prática 

clínica e são provenientes da erosão, abrasão e/ou abfração dos dentes. 

Inicialmente localiza-se no esmalte com lenta progressão na dentina, que 

gradualmente resulta em esclerose dentinária, devido a estímulos crônicos e de 

baixa intensidade (Levitch et al., 1994; Tay et al., 2004; Eliguzeloglu et al., 

2011; Shetty et al., 2013; Borges et al., 2014). O tratamento restaurador nas 

LCNCs faz-se necessário não só para aliviar a hipersensibilidade, mas também 

para limitar a continuidade de perda de estrutura dental e melhorar a estética 

(Levitch et al., 1994). No entanto, a longevidade do tratamento restaurador nesse 

tipo de cavidade, apresenta alto índice de falha, como a perda da restauração, 

cáries secundárias e/ou descoloração marginal (Bartlett, Shah, 2006; 

Eliguzeloglu et al., 2011; Borges et al., 2014). A perda da restauração pode estar 

diretamente ligada à forma não retentiva da cavidade e localização das margens 

em dentina e cemento, as quais são áreas desfavoráveis para a adesão (Heymann 

et al., 1988; Tay et al., 2004;  Eliguzeloglu et al., 2008). Por este motivo, as 

LCNCs representam a condição ideal para se avaliar clinicamente a efetividade 

de sistemas adesivos. Outros fatores como, geometria da cavidade, presença de 

dentina esclerosada, contração de polimerização e fator-C, também podem 

influenciar na longevidade das restaurações (Eliguzeloglu et al., 2011; Borges et 
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al., 2014). 

Em relação aos adesivos, os primeiros sistemas formulados possuíam 

características hidrófobas, dessa forma dificultando a interação do material com 

o substrato dentinário. Esta dificuldade acontecia, pois o tecido dentinário é 

intrinsecamente úmido, além de ser composto por maior quantidade de conteúdo 

orgânico como, fluido dentinário, prolongamento dos odontoblastos e fibras 

colágenas, quando comparado ao esmalte dental. Ao longo do tempo, foram 

desenvolvidos sistemas adesivos com componentes, como o HEMA, o qual 

fornece característica mais hidrófila, permitindo uma união facilitada ao 

substrato dentinário (Pashley et al., 2011; Van Meerbeek et al., 2011). 

Além das características inerentes aos sistemas adesivos, também há o 

objetivo de simplificar a técnica de restaurações diretas. Para isso, foi proposto o 

uso dos sistemas adesivos autocondicionantes, que eliminam a necessidade do 

condicionamento ácido total prévio. Esse tipo de material, devido ao menor 

número de passos clínicos e facilidade de aplicação, teve um aumento na 

popularidade de seu uso (Van Meerbeek et al., 2011; Ahn et al., 2015). O 

mecanismo de ação desses adesivos se dá pela desmineralização e infiltração 

dos monômeros simultaneamente no substrato. Isto resulta, de acordo com 

alguns estudos, em menor ou nenhuma sensibilidade pós-operatória, além de 

formar uma camada híbrida mais homogênea. Esta característica da camada 

híbrida influencia na longevidade da restauração, uma vez que o risco de falhas 

na penetração é baixo ou inexistente (Cardoso et al., 2008; Van Meerbeek et al., 

2011; Ahn et al., 2015). 

Acredita-se que para os sistemas adesivos convencionais, independente 

do modo de aplicação, para que haja uma união estável entre o material e o 

substrato dentinário, é necessário que a dentina permaneça úmida, a fim de 

permitir a penetração dos sistemas adesivos entre as fibras colágenas, originando 

a camada híbrida e consequentemente união (Spencer et al., 2012). Por outro 
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lado, sistemas adesivos estão em constante evolução e recentemente são 

representados pelos sistemas adesivos universais, os quais são considerados 

adaptáveis, uma vez que, com base em estudos clínicos e laboratoriais, devido 

ao maior grau de hidrofilia dos adesivos universais, são capazes de reidratar 

fibras colágenas, possibilitando sua aplicação sobre substrato dentinário seco 

(Perdigão et al., 2014b; Lenzi et al., 2016; Tsujimoto et al., 2018). Além disso, 

os sistemas adesivos universais podem ser utilizados após condicionamento 

ácido do substrato ou no modo autocondicionante. Entretanto, devido à 

diferença de composição entre as estruturas do esmalte e dentina, há respostas 

distintas em relação ao condicionamento ácido, necessário para obtenção da 

adesão de materiais. No esmalte esta adesão é facilitada devido a maior 

quantidade de matéria inorgânica, os cristais de hidroxiapatita, que permitem a 

formação de tags resinosos. Enquanto que na dentina, devido à maior quantidade 

de matéria orgânica a adesão é mais complexa (Perdigão, Loguércio, 2014a). 

Devido a essas características, estudos que testam a união de sistemas adesivos 

são realizados no substrato dentinário, uma vez que esta união ainda é o maior 

desafio na odontologia restauradora. 

A fim de minimizar o processo de degradação que a interface adesiva 

sofre ao longo do tempo, principalmente do colágeno dentinário e melhorar a 

penetração dos monômeros hidrofóbicos dos sistemas adesivos, alguns 

procedimentos podem ser realizados, como por exemplo, o pré-tratamento da 

superfície dentinária com etanol (EWBT) (Tjäderhane, 2015). 

O etanol tem maior capacidade solvente e menor capacidade de ligação 

de hidrogênio do que a água, sendo utilizado para desidratação química da rede 

de colágeno desmineralizada. A finalidade da EWBT é criar uma matriz de 

colágena relativamente hidrófoba, através da diminuição da quantidade de água 

do substrato, permitindo que haja infiltração dos monômeros resinosos e 

consequentemente formação da camada híbrida e dificultando a hidrólise da 
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interface adesiva. No entanto, a técnica do etanol é sensível uma vez que o 

etanol apresenta alta volatilidade. Adicionalmente, devido à umidade intrínseca 

da dentina, dada pela presença de fluido dentinário no interior dos túbulos e por 

ligações estáveis entre fibras colágenas e moléculas de água, não é possível a 

completa substituição da água neste substrato (Pashley et al., 2011). Dessa 

forma, mesmo após o pré-tratamento com etanol a dentina apresenta água em 

sua constituição, fato que dificulta a união com adesivos hidrófobos (Nagpal et 

al., 2015; Tjäderhane, 2015).  

Nesta técnica (EWBT), há formação de uma camada híbrida, menos 

hidrófila e mais resistente à degradação hidrolítica causada por enzimas 

endógenas como as metaloproteinases (MMPs), proporcionando possivelmente 

maior longevidade, devido a uma proteção eficaz do colágeno (Breschi et al., 

2008). Apesar de a EWBT apresentar resultados clínicos adequados quando da 

utilização de adesivos hidrófobos (Araújo et al., 2013), ainda não há estudos que 

avaliaram clinicamente a utilização da EWBT com sistemas adesivos hidrófilos, 

questionamento suportado pela não remoção completa de água da dentina após 

aplicação do etanol, como relatado anteriormente. Com base nos temas 

abordados, nota-se que ainda há uma dificuldade em relação à obtenção da união 

dos sistemas adesivos com o tecido dentinário, o que afeta a longevidade das 

restaurações.  Portanto é necessário avaliar a possibilidade do pré-tratamento do 

substrato dentinário para a obtenção de resultados de excelência no tratamento 

restaurador, uma vez que há poucos estudos clínicos avaliando a eficácia da 

EWBT. 

Além disso, os trabalhos que utilizaram EWBT in vitro e que de certa 

forma relatam melhora em longo prazo da força adesiva, se apoiam na melhor 

impregnação dos sistemas adesivos em dentina não recoberta por smear layer 

(Nishitani et al., 2006; Hosaka et al., 2009; Kim et al., 2010; Liu et al., 2011; 

Scheffel et al., 2015). Foi observado que o mesmo protocolo em técnicas de 
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adesão em que a smear layer não é removida, estas situações são beneficiadas 

pela EWBT (Souza et al., 2018). Frente a estes resultados é necessário entender 

se há interação na impregnação dos adesivos universais mesmo com smear layer 

em posição e quais as alterações qualitativas e quantitativas que ocorrem na 

interface adesiva, após EWBT. 

Por fim, a revisão sistemática terá como finalidade melhorar a 

compreensão do efeito do etanol 100% no tecido dentinário e de manter os 

pesquisadores atualizados em relação aos trabalhos de adesão, uma vez que se 

trata da ferramenta de maior validade científica dentro da pirâmide de evidência 

científica.   

Desta maneira, realizando-se os três diferentes estudos, espera-se 

compreender a eficácia da EWBT após o emprego de diferentes protocolos 

adesivos, além do entendimento quando aplicada em substrato contendo smear 

layer. 
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2 ARTIGO(S) 

 

 

2.1 Artigo  ï Souza MY,   Andrade JL, Bresciani E. Avaliação da 

nanodureza, módulo de elasticidade e nanoinfiltração da interface adesiva 

após a técnica da dentina úmida por etanol / Assessment of nanohardness, 

elastic modulus, and nanoleakage of the adhesive interface using the ethanol-

wet-bonding technique*   

 

RESUMO  
Este estudo avaliou o efeito da técnica da dentina úmida por etanol (EWBT) na 
infiltração de sistema adesivo, por meio de nanodureza, módulo de elasticidade 
e nanoinfiltração, e sua estabilidade após 6 meses. Quarenta incisivos bovinos 
apresentando smear layer padronizada foram divididos em 2 grupos, de acordo 
com a EWBT antes do sistema adesivo universal no modo autocondicionante 
(Single Bond Universal - 3M ESPE). Blocos de resina foram construídos na 
superfície tratada (Filtek Z350xt - 3M ESPE). Metade dos espécimes (n=20) 
foram avaliados no início e a outra após 6 meses de armazenamento em água (n 
= 20). Os espécimes foram seccionados em fatias de 2 mm de espessura e a área 
adesiva (resina composta, camada híbrida e dentina) foi analisada pelos testes de 
nanodureza e módulo de elasticidade. Além disso, fatias do mesmo dente foram 
analisadas qualitativamente em MEV após nanoinfiltração por nitrato de prata. 
Os dados obtidos foram analisados por meio do teste ANOVA de dois fatores, 
teste de Mann-Whitney e teste de Tukey (Ŭ=5%). Para nanodureza e módulo de 
elasticidade, houve diferença para as áreas avaliadas (p<0,001), uma vez que a 
dentina apresentou valores maiores quando comparada à camada híbrida. Os 
grupos EWBT apresentaram maiores valores de nanodureza em todos os 
períodos avaliados (p<0,001). Houve diferença estatística para o envelhecimento 
(p<0,001), com valores maiores para a avaliação inicial. A resina não foi afetada 
pelas variáveis estudadas (p>0,05). Para nanoinfiltração, os grupos EWBT 
apresentaram valores médios mais baixos, especialmente após 6 meses, 
indicando maior capacidade de selamento ao longo do tempo. A utilização da 
EWBT levou a valores mais altos de nanodureza e maior capacidade de vedação 
da interface adesiva ao usar adesivo universal no modo autocondicionante após 
6 meses de armazenamento de água. 
 

Palavras-chave: Etanol. Dentina. Sistemas adesivos. Adesivos 

autocondicionantes. Camada híbrida.  

 

 

 

_____________________ 
 

*Artigo  elaborado de acordo com as normas do Periódico International Journal of Adhesion and Adhesives 

(Print version ISSN 0143-7496). Submetido em: 03/06/2019. 
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ABSTRACT  

This study evaluated the effect of ethanol-wet-bonding technique (EWBT) on 

dentin adhesive infiltration, by means of nanohardness, elastic modulus and 

nanoleakage, and its stability after 6-month. Forty bovine incisors presenting 

standardized smear layer were divided into 2 groups, according to EWBT prior 

to the universal adhesive system in the self-etch mode (Single Bond Universal ï 

3M ESPE). Resin blocks were built onto the treated surface (Filtek Z350xt - 3M 

ESPE). Half of specimens (n=20) were evaluated at baseline and the other 

(n=20) after 6-month in water storage. Specimens were sectioned into 2-mm 

thick slices and the adhesive area (composite resin, hybrid layer, and dentin) 

was analyzed by nanohardness and elastic modulus. Also, slices from the same 

tooth were qualitatively analyzed by SEM after nanoleakage by silver nitrate. 

The data obtained were analyzed using two-way ANOVA, Mann-Whitney, and 

Tukeyôs test (Ŭ=5%). For nanohardness and elastic modulus, there was 

difference for evaluated areas (p<0.001), once dentin presented higher values 

when compared to hybrid layer. The EWBT groups presented greater 

nanohardness values at all evaluated periods (p<0.001). There was statistical 

difference for aging (p<0.001), with greater values for baseline. Resin was not 

affected by the studied variables (p>0.05). For nanoleakage, EWBT groups 

presented overall lower median values, especially at the 6-month recall, 

indicating greater sealing ability over time. EWBT application led to higher 

values of nanohardness and higher sealing capacity of the adhesive interface 

when using multimode self-etch adhesive after 6-month water storage. 

 

 

Keywords: Ethanol Dentin. Self-etch adhesive. Adhesive system. Hybrid layer. 
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1. Introduction 

The ethanol-wet-bonding technique (EWBT) was proposed to minimize 

the degradation process that the adhesive interface undergoes over time and to 

overcome the incomplete penetration of hydrophobic monomers. [1-3] Two 

EWBT approaches were described in the literature. The progressive 

substitution, in which ethanol saturation is obtained using increasing 

concentrations of ethanol, [4,5]  and the simplified protocol with a single step 

through the active application of 100% ethanol for 1 min. [6]   

The EWBT creates a relatively hydrophobic collagen matrix by reducing 

the amount of water, retarding the adhesive interface hydrolysis, and it allows 

improved hydrophobic monomers infiltration to consequently form a more 

stable hybrid layer. [5,7]  The hybrid layer formed is less hydrophilic and more 

resistant to hydrolytic degradation caused by endogenous enzymes such as 

metalloproteinases (MMPs), providing greater longevity due to an effective 

collagen protection. [8]   

Although the technique is intended to displace water, there is no 

complete replacement of water by ethanol due to a stable bond between the 

collagen fibrils and water. [9]  This fact might compromise a stable adhesion 

between dentin substrate and hydrophobic adhesives. [1,3]  The remaining water 

after ethanol application might interfere with the adhesive procedures if 

hydrophobic adhesive is applied, supporting the application of hydrophilic 

systems. [10]  Based on that fact, since only the excess of water is removed, [9]  

an alternative to increase the interaction between dentin substrate after EWBT 

and adhesives may be the application of an universal adhesive that is 

hydrophilic. [11]   

The association between universal adhesives and EWBT has been tested 

in laboratory, [12]  mainly due to the increased popularity of universal 

adhesives [13]  and the possibility of being applied on dentin under the self-etch 
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mode. This association resulted in higher microtensile values even after 

thermomechanical aging, in a recent in vitro study. [12]  The results of this 

recent in vitro study suggest that there were stable bonds after EWBT and 

hydrophilic self-etching adhesives, even in the presence of the smear layer. [12]  

There is however no study that evaluated the interaction between EWBT and the 

presence of smear layer on the formation of a proper hybrid layer, considering 

the potential infiltration of monomers. 

Thus the aim of this in vitro study was to determine the influence of 

EWBT in the impregnation of self-etch adhesive to dentin, with or without aging, 

by means of nanohardness, elastic modulus and nanoleakage tests. The first null 

hypothesis was that there was no difference between the areas evaluated (hybrid 

layer, and dentin). The second null hypothesis was that EWBT was not able to 

change the characteristics of the adhesive interface such as nanoleakage, 

nanohardness and elastic modulus. The third null hypothesis was the assessed 

properties are not influenced by the aging. The fourth null hypothesis is that 

ethanol and aging do not influence the nanoleakage results. 

 

2. Material and Methods 

2.2 Specimens preparation 

Forty bovine incisors were used and had the root cut close to the 

cementum-enamel junction. The buccal surface was grounded using 600-grit 

sandpaper (SiC, Fepa-P), resulting in a minimum dentin area of 6 x 5 mm.  

Specimen was embedded in self-curing acrylic resin (Jet Classic, São Paulo, SP, 

Brazil) with the dentin surface facing out. Smear layer was standardized, using 

an automated polishing device (Autopol, Panambra, São Paulo, SP, Brazil) with 

1200, 2400 and 4000-grit sandpaper (SiC Fepa-P), under constant water 

irrigation at 300 rpm for 30 s for each grit. 

Specimens were randomly divided into two groups (n=20 each) 
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according to the pretreatment or not with 100% ethanol. Previously to adhesive 

system application on self-etch mode (Single Bond Universal ï 3M Deutschland 

GmbH, Neuss, Germany), the group that received EWBT, 100% ethanol was 

actively applied with a microbrush on dentin surface with a microbrush for 60 s, 

[1,12] followed by a light air-blasting to remove excess from the surface, 

keeping the dentin moist. For both groups, the application of adhesive system 

was active for 20 s, in accordance to the manufacturer's specifications. The 

adhesive system was lightcured for 20 s with a LED device (Radii-Cal ï SDI, 

Victoria, Australia), with irradiance at 900 mW/cm². The universal adhesive 

components used on this study are: bisphenol-A-glycidyl methacrylate (Bis-

GMA), 2-hydroxyethyl methacrylate (HEMA), 10-methacryloyloxydecyl 

dihydrogen phosphate (MDP), decamethylene dimethacrylate, ethyl 

methacryalate, propenoic acid, copolymer of acrylic and itaconic acid, 

dimethylaminobenzoate, methyl ethyl ketone, ethanol, water, camphorquinone, 

and silane-treated silica. 

Resin blocks (Filtek Z350 XT, shade A2E, 3M ESPE) were built onto the 

treated surfaces, using a silicon mold, in two 2 mm increments, light-cured for 

20 s each. After this, half of specimens in each group (n=10) were stored in 

distilled water at 37ºC for 48 h to allow adequate post-curing time [14]  before 

the analysis on baseline and the other half (n=10) was stored in the same 

conditions for 6 month. The water was renewed weekly. (Figure 1) 
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Figure 1 ï Experimental design of the study 

 

2.3 Preparing the samples  

Samples were sectioned into 2 mm thick slices using a diamond saw. The 

slices were embedded in self-curing acrylic resin (Jet Classic, São Paulo, SP, 

Brazil), and the surface were polished using an automated polishing device 

(Autopol, Panambra, São Paulo, SP, Brazil) with 1200, 2400 and 4000-grit 

sandpaper (SiC Fepa-P), under constant water irrigation at 300 rpm for 30 s for 

each grit. Different slices from the same tooth were analyzed for the 

nanohardness/elastic modulus or for the nanoleakage. 

 

2.4 Nanohardness (MPa) and elastic modulus (GPa) tests 

In each specimen (n=10 slices for each group at each assessed time), 3 

measurements were made in each area: resin composite, hybrid layer, and 

sound dentin. The indentations had a distance of 10ɛm between them, and were 

carried out with controlled temperature in 21 ºC and load of 1000 µN for 5 s 

(Anton Paar TriTec NHT2, Anton Paar, Peseux, Switzerland). 
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2.5 Nanoleakage test and Scanning Electron Microscopy (SEM)  

For nanoleakage, the samples were immersed in ammoniacal silver 

nitrate that was prepared according to the protocol previously described. 

[15,16] The samples were placed in the ammoniacal silver nitrate in total 

darkness for 18 h, rinsed thoroughly in distilled water and immersed in 

photodeveloping solution for 6 h under a fluorescent light to reduce silver ions 

into metallic silver grains within voids along the bonded interface. 

Penetration of silver nitrate into the hybrid layer and adhesiveïdentin 

interface were evaluated through analysis of 2000x magnification SEM 

micrographs and graded as: no leakage = score 0, slight leakage = score 1 (< 

25% of the evaluated area) and moderate leakage = score 2 (25% Ò 50% of the 

evaluated area) and distinct leakage = score 3 (> 50% of the evaluated area). 

[16]  For SEM analysis two samples of each group were selected. 

 

2.6 Statistical analysis 

The data obtained for nanohardness and elastic modulus were submitted 

for two-way ANOVA and Tukey test (Ŭ=5%).  Nanoleakage data were submitted 

to Mann-Whitney test (Ŭ=5%).  

3. Results 

Resin composite presented superior nanohardness and elastic modulus 

than dentin and the hybrid layer (p<0.001). None of the variables (use of 

ethanol and aging) influenced this specific evaluated area (resin composite). 

Resin was thus removed from the comparison with the other areas and served as 

a control due to the stability of data considering the parameters evaluated. Also 

considering nanohardness and elastic modulus, dentin presented higher values 

when compared to the hybrid layer (p<0.001). 

Overall, the use of ethanol influenced nanohardness readings (p<0.001). 

Baseline and after 6 months isolated readings also presented different results 
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with the use of ethanol for both the hybrid layer and dentin (p<0.001). The 

nanohardness of non-aged and aged ethanol groups were similar after 6 months 

in the hybrid layer, and there was a reduction after aging for the same groups in 

dentin, being the aged value similar to the non-aged non-ethanol group. (Table 

1) 

Considering aging, dentin and the hybrid layer were different in 

nanohardness and elastic modulus (p<0.001) regardless the use or not of 

ethanol, once baseline presented higher values when compared to 6-month 

water storage. (Table 1) 
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Table 1 ï Mean and standard deviation for nanohardness and elastic modulus for 

each area (resin; hybrid layer e dentin) at baseline and after 6 month evaluation 

Different uppercase letters mean significant differences among the groups before and after aging (p<0.001), for both nanohardness and 

elastic modulus. Different lowercase mean significant differences in relation to EWBT at baseline or after aging (p<0.001).
 

 

Resin composite 

Baseline
A After 6 month

A 

Without EWBT EWBT Without EWBT EWBT 

Nanohardness (Mpa) 1297.48 ± 326.54 1264.91 ± 504.44 1293.63 ± 434.33 1118.73 ± 142.36 

Elastic modulus (GPa) 15.73 ± 2.11 17.64 ± 2.76 16.19 ± 1.68 16.51 ± 0.84 

     

Hybrid Layer 

Baseline
A After 6 months

B 

Without EWBT EWBT Without EWBT EWBT 

Nanohardness (Mpa) 256.19 ± 67.83
a 406.07 ± 219.72

b 196.06 ± 117.57
c 324.55 ± 175.65

b 

Elastic modulus (GPa) 13.50 ± 5.27 14.18 ± 6.65 8.85 ± 4.66 9.37 ± 3.15 

     

Dentin 

Baseline
A After 6 months

B 

Without EWBT EWBT Without EWBT EWBT 

Nanohardness (Mpa) 414.55 ± 202.71
a 675.01 ± 160.37

b 229.48 ± 75.32
c 421.22 ± 189.47

a 

Elastic modulus (GPa) 20.93 ± 3.30 22.76 ± 4.06 13.42 ± 4.61 18.73 ± 3.64 
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For the nanoleakage, there were no differences between baseline and 

after aging evaluations, regardless of the use or not of ethanol (p=0.096). 

Overall, differences were detected for the use of ethanol (p=0.021). Those 

differences were detected in the 6-month evaluation period (p=0.040) and not in 

the baseline (p=0.111). Differences are related to lesser infiltration scores 

overtime while using the EWBT. (Table 2) 

 

Table 2 ï Nanoleakage evaluation for baseline and after 6 month water storage 

 

Nanoleakage scores 

Baseline
* 6 months

* 

EWBT
a 

Without 

EWBT
a 

EWBT
a 

Without 

EWBT
b 

0 7 4 4 - 

1 - - 2 4 

2 - - 1 2 

3 - 2 1 3 

Evaluated samples 7 6 8 9 

Non-evaluated samples 

(lost during processing) 
3 4 2 1 

Median (minimum and 

maximum values) 
0 (0 ï 0) 0 (0 ï 3) 0.5 (0 ï 3) 2.0 (1 ï 3) 

Asterisks represent similarity between baseline and 6 months results (p=0.096).
 

Different lower case letters mean significant differences between groups receiving or not ethanol, at baseline or at the 6 

months recall (p<0.05). 
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4. Discussion 

The mechanical properties of a properly formed hybrid layer might 

present improved mechanical characteristics when compared to demineralized 

non-properly infiltrated collagen fibers (not properly formed hybrid layer), 

supporting the present study. Moreover, the knowledge about the nanohardness 

and elastic modulus properties of the adhesive interface is relevant, once it is 

also directly related to how dental tissue and restorative materials respond to 

masticatory efforts. [17]  In addition, for resin composite restorations, a good 

seal is also related to the ability of the adhesive system to withstand the 

immediate or late mechanical stresses due to resin polymerization contraction 

or masticatory efforts. [1]   

The evaluated areas resulted in different mechanical characteristics, and 

thus the first null hypothesis was rejected (Table 1). Resin composite served as a 

control area as the nanohardness and elastic modulus values were not changed 

considering the EWBT or the aging process, as expected. Dentin nanohardness 

was greater than the hybrid layer observations, possibly due to dentin substrate 

components that are related to its physical-mechanical properties. The reported 

difference between dentin and hybrid layer may be explained by the hardness of 

the dentin that is related to the apatite crystals, which are responsible to the 

compression resistance. [17]  Reports in the literature stated that the hybrid 

layer (11.7 ± 7.2) had a lower elastic modulus, therefore softer and more 

elastic, when compared to the sound dentin (19.1 ± 8.3). [18]  This behavior may 

be related to the demineralization process and to the adhesive system 

composition. Considering the elastic modulus, dentin presented higher values 

when compared to hybrid layer, independently to EWBT or the aging process. 

Collagen fibers, together with dentin tubules number and direction, are 

responsible for the elasticity of the tissue, directly affecting dentin elastic 

modulus. [17,21] The differences observed in the present study are related to 
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the fact dentin within the hybrid layer was demineralized and the penetrated 

adhesive system contributed to the observed characteristics. This is supported 

by a study that indicated the mode of application of adhesives might influence 

the elastic modulus of dentin, which is greater for etch-and-rinse when 

compared to self-etch protocols. [22]    

In relation to EWBT, the use of the approach was able to increase the 

initial  nanohardness values of both the hybrid layer and the dentin. Greater 

values for ethanol groups were observed even after the aging process. The 

second null hypothesis was then rejected. The present results might be explained 

by the fact that EWBT is capable of increasing the interfibrillar  spaces, allowing 

greater penetration and greater amount of resin monomers comparing to the 

conventional technique, and consequently protecting the collagen fibrils and 

increasing mechanical properties of the formed hybrid layer. [19,20] In 

addition, this result corroborates with a study in the literature that reported that 

smear layer did not decreased the bond strength of the hydrophilic adhesive on 

self-etch mode after EWBT and even after aging. [12]  Besides that, for dentin, 

the higher values after EWBT may be related to the ethanol ability to dehydrate 

organic molecules. [12,7] 

Another factor that may contribute to maintaining the hybrid layer 

characteristics while using the universal adhesive system on the self-etching 

mode to dentin is the maintenance of hydroxyapatite around the collagen fibrils, 

which might protect the adhesive interface from degradation. [19,23,24] EWBT 

was proposed to improve the impregnation of the hydrophobic monomers in the 

dentin substrate, [1-3] and to decrease water amount of the interface, [9]  fact 

that would improve the hybrid layer characteristics at baseline and overtime. As 

the adhesive restorations longevity depends on a stable adhesion between 

restorative materials and the hard tissues and this pretreatment decrease water 

amount from adhesive interface, [9]  it is believed that the hydrolysis of hybrid 
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layer should be reduced.  

Differences in adhesives formulations might also influence the results, 

[22]  and the presence of smear layer may difficult the infiltration of the resin 

components from the adhesive. In self-etch adhesives, the 10-

methacryloyloxydecyl dihydrogen phosphate (10-MDP) is a major hydrophobic 

component. This component is an acidic monomer stable to hydrolysis and 

durable in intra-oral conditions. [25]  However, MDP-primed dentin is 

degradable with water aging, once 10-MDP molecular structures include 

hydrophilic functional groups that are susceptible to cycling conditions. [25]  

These facts corroborate with this study since higher nanohardness and elastic 

modulus values were obtained on baseline when compared to 6 months 

regardless EWBT. The third null hypothesis was then rejected. Aging was able 

to decrease the nanohardness and elastic modulus values, which may indicates 

degradation by hydrolysis, since the sorption of water results in reduction of 

bonding forces between the polymer chains during polymerization, decreasing 

the mechanical properties of the adhesive interface. [26,27] In addition, it is 

reported that self-etching adhesives may act as semi-permeable membranes, 

even after polymerization, therefore more susceptible to aging. [26,28]  

For nanoleakage, lower overall scores were observed for the use of 

EWBT, and especially at the 6-month assessment. No influence of aging was 

detected for nanoleakage. The fourth null hypothesis was thus partially rejected. 

This characteristic can be explained by the decrease of the amount of water in 

the dentin substrate by ethanol, once contemporary adhesives do not completely 

displace water that can lead to dilution of monomers and water sorption. [27]  

In addition, EWBT increases the stiffness of collagen fibrils and also reduces the 

matrix volume and the fibrils diameter, which favors the interfibrillar  spaces 

increasing and the greater impregnation of the adhesive systems and 

hydrophobic monomers (BisGMA). [29,30] These characteristics might explain 
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the reduced nanoleakage of EWBT group after aging. One might question the 

fact the hydrophilic monomers are capable to bond with water and to 

consequently form silver nitrate deposits, [20]  and this characteristic might 

hinder the results. Although this assumption seems to be pertinent, as both 

groups used the same adhesive in the same mode, the assumption was 

discarded.  

The nanoleakage results are in agreement with the literature that reports 

that higher values of dentin adhesion after EWBT were found, when using a 

universal adhesive system in the self-etching mode, even after 

thermomechanical aging. [12]  This report enforces the resin impregnation and 

collagen characteristics, as previously discussed. Longer aging periods would 

probably lead to more nanoleakage as the aging process has been already 

detected in the mechanical properties analyses. 

The combination of EWBT with hydrophilic adhesive systems seems to 

be a possible indication considering the present and previous studies.  

Considering the limitations of the present study and based on the 

methodology employed, further researches should evaluate the EWBT effect on 

the adhesive system impregnation by evaluating adhesive layer separately from 

the hybrid layer. Other substrate properties after EWBT associated with 

hydrophilic adhesives and smear layer presence might be investigated. Clinical 

trials should be perform for indicating this technique in a clinical scenario. 

 

6. Conclusion 

The simplified EWBT presented higher values of nanohardness and 

elastic modulus and higher sealing capacity of the adhesive interface even after 

a universal multi-mode adhesive application on self-etching mode and after 

aging for 6 months. This result suggests that the use of universal adhesives with 

EWTB is an alternative to create a stable bond and possible clinical indication. 



30 

 

6. Funding 

This work was supported by FAPESP [grant number: 2017/13640-9 - 

second authorôs scholarship] and CNPq (Brazilian National Council for 

Scientific and Technological Development). 

 

Declarations of interest: none 

 

7. References 

[1]  Nagpal R, Manuja N, Pandit IK (2015) Effect of ethanol wet bonding 

technique on the durability of resin- dentin bond with contemporary adhesive 

systems. J Clin Pediatr Dent 39:133-142 

[2]  Talungchit S, Jessop JL, Cobb DS, Qian F, Geraldeli S, Pashley DH, 

Armstrong SR (2014) Ethanol-wet bonding and chlorhexidine improve resin-

dentin bond durability: quantitative analysis using raman spectroscopy. J Adhes 

Dent 16:441-450. doi:10.3290/j.jad.a32695 

[3]  Tjaderhane L (2015) Dentin bonding: can we make it last? Oper Dent 40:4-

18. doi:10.2341/14-095-BL 

[4]  Sadek FT, Castellan CS, Braga RR, Mai S, Tjaderhane L, Pashley DH, Tay 

FR (2010) One-year stability of resin-dentin bonds created with a hydrophobic 

ethanol-wet bonding technique. Dent Mater 26:380-386. 

doi:10.1016/j.dental.2009.12.009 

[5]  Sadek FT, Braga RR, Muench A, Liu Y, Pashley DH, Tay FR (2010) Ethanol 

wet-bonding challenges current anti-degradation strategy. J Dent Res 89:1499-

1504. doi:10.1177/0022034510385240 

[6]  Sauro S, Toledano M, Aguilera FS, Mannocci F, Pashley DH, Tay FR, 

Watson TF, Osorio R (2010) Resin-dentin bonds to EDTA-treated vs. acid-

etched dentin using ethanol wet-bonding. Dent Mater 26:368-379. 

doi:10.1016/j.dental.2009.12.008 



31 

 

[7]  Ahn J, Jung KH, Son SA, Hur B, Kwon YH, Park JK (2015) Effect of 

additional etching and ethanol-wet bonding on the dentin bond strength of one-

step self-etch adhesives. Restor Dent Endod 40:68-74. 

doi:10.5395/rde.2015.40.1.68 

[8]  Breschi L, Mazzoni A, Ruggeri A, Cadenaro M, Di Lenarda R, De Stefano 

Dorigo E (2008) Dental adhesion review: aging and stability of the bonded 

interface. Dent Mater 24:90-101. doi:10.1016/j.dental.2007.02.009 

[9]  Pashley DH, Tay FR, Carvalho RM, Rueggeberg FA, Agee KA, Carrilho M, 

Donnelly A, Garcia-Godoy F (2007) From dry bonding to water-wet bonding to 

ethanol-wet bonding. A review of the interactions between dentin matrix and 

solvated resins using a macromodel of the hybrid layer. Am J Dent 20:7-20 

[10]  Pashley DH, Tay FR, Breschi L, Tjaderhane L, Carvalho RM, Carrilho M, 

Tezvergil-Mutluay A (2011) State of the art etch-and-rinse adhesives. Dent 

Mater 27:1-16. doi:10.1016/j.dental.2010.10.016 

[11]  Rosa WL, Piva E, Silva AF (2015) Bond strength of universal adhesives: A 

systematic review and meta-analysis. J Dent 43:765-776. 

doi:10.1016/j.jdent.2015.04.003 

[12]  Souza MY, R DIN, Bresciani E (2018) Influence of ethanol-wet dentin, 

adhesive mode of application, and aging on bond strength of universal adhesive. 

Braz Oral Res 32:e102. doi:10.1590/1807-3107bor-2018.vol32.0102 

[13]  Miyazaki M, Tsujimoto A, Tsubota K, Takamizawa T, Kurokawa H, Platt 

JA (2014) Important compositional characteristics in the clinical use of 

adhesive systems. J Oral Sci 56:1-9 

[14]  Singh V, Misra A, Marangos O, Park J, Ye Q, Kieweg SL, Spencer P 

(2010) Viscoelastic and fatigue properties of model methacrylate-based dentin 

adhesives. J Biomed Mater Res B Appl Biomater 95:283-290. 

doi:10.1002/jbm.b.31712 

[15]  Tay FR, Pashley DH, Yoshiyama M (2002) Two modes of nanoleakage 



32 

 

expression in single-step adhesives. J Dent Res 81:472-476. 

doi:10.1177/154405910208100708 

[16]  Yuan Y, Shimada Y, Ichinose S, Tagami J (2007) Qualitative analysis of 

adhesive interface nanoleakage using FE-SEM/EDS. Dent Mater 23:561-569. 

doi:10.1016/j.dental.2006.03.015 

[17]  Senawongse P, Pongprueksa P, Tagami J (2010) The effect of the elastic 

modulus of low-viscosity resins on the microleakage of Class V resin composite 

restorations under occlusal loading. Dent Mater J 29:324-329 

[18]  Nakazawa Y, Seino E, Ushiki T, Ogata T, Hirai  Y, Kawada E, Oda Y 

(1999) Microhardness evaluations of resin-dentin bonding areas by nano-

indentation. Bull Tokyo Dent Coll 40:47-54 

[19]  Hosaka K, Nishitani Y, Tagami J, Yoshiyama M, Brackett WW, Agee KA, 

Tay FR, Pashley DH (2009) Durability of resin-dentin bonds to water- vs. 

ethanol-saturated dentin. J Dent Res 88:146-151. 

doi:10.1177/0022034508328910 

[20]  Reis A, Klein-Junior CA, Accorinte Mde L, Grande RH, dos Santos CB, 

Loguercio AD (2009) Effects of adhesive temperature on the early and 6-month 

dentin bonding. J Dent 37:791-798. doi:10.1016/j.jdent.2009.06.007 

[21]  Pongprueksa P, Senawongse P, Vongphan N (2014) Effect of dentinal 

tubule orientation on the modulus of elasticity of resin-infiltrated demineralized 

dentin. Dent Mater J 33:54-58 

[22]  Yasuda G, Inage H, Kawamoto R, Shimamura Y, Takubo C, Tamura Y, 

Koga K, Miyazaki M (2008) Changes in elastic modulus of adhesive and 

adhesive-infiltrated dentin during storage in water. J Oral Sci 50:481-486 

[23]  Mine A, De Munck J, Cardoso MV, Van Landuyt KL, Poitevin A, Van Ende 

A, Matsumoto M, Yoshida Y, Kuboki T, Yatani H, Van Meerbeek B (2014) 

Dentin-smear remains at self-etch adhesive interface. Dent Mater 30:1147-

1153. doi:10.1016/j.dental.2014.07.006 



33 

 

[24]  Perdigao J, Kose C, Mena-Serrano AP, De Paula EA, Tay LY, Reis A, 

Loguercio AD (2014) A new universal simplified adhesive: 18-month clinical 

evaluation. Oper Dent 39:113-127. doi:10.2341/13-045-C 

[25]  Zhou J, Wurihan, Shibata Y, Tanaka R, Zhang Z, Zheng K, Li Q, Ikeda S, 

Gao P, Miyazaki T (2019) Quantitative/qualitative analysis of adhesive-dentin 

interface in the presence of 10-methacryloyloxydecyl dihydrogen phosphate. J 

Mech Behav Biomed Mater 92:71-78. doi:10.1016/j.jmbbm.2018.12.038 

[26]  Catelan A, Pollard T, Bedran-Russo A, Santos PD, Ambrosano G, Aguiar 

F (2014) Light-curing time and aging effects on the nanomechanical properties 

of methacrylate- and silorane-based restorations. Oper Dent 39:389-397. 

doi:10.2341/12-504-L 

[27]  Mortazavi V, Samimi P, Rafizadeh M, Kazemi S (2012) A randomized 

clinical trial  evaluating the success rate of ethanol wet bonding technique and 

two adhesives. Dent Res J (Isfahan) 9:588-594 

[28]  Reis A, Loguercio AD (2009) A 36-month clinical evaluation of 

ethanol/water and acetone-based etch-and-rinse adhesives in non-carious 

cervical lesions. Oper Dent 34:384-391. doi:10.2341/08-117 

[29]  Tay FR, Pashley DH, Kapur RR, Carrilho MR, Hur YB, Garrett LV, Tay 

KC (2007) Bonding BisGMA to dentin--a proof of concept for hydrophobic 

dentin bonding. J Dent Res 86:1034-1039. doi:10.1177/154405910708601103 

[30]  Kim J, Gu L, Breschi L, Tjaderhane L, Choi KK, Pashley DH, Tay FR 

(2010) Implication of ethanol wet-bonding in hybrid layer remineralization. J 

Dent Res 89:575-580. doi:10.1177/0022034510363380. 

 

 

 

  



34 

 

2.2 Artigo  ï Souza MY,  Jurema ALB,  Caneppele TMF,  Bresciani E. 

Acompanhamento de seis meses de restaurações realizadas com a técnica 

da dentina úmida em etanol: estudo clínico randomizado / Six-month 

performance of restorations produced with the ethanol-wet-bonding 

technique: A Randomized Trial*   

 

 

RESUMO 

Este estudo clínico controlado randomizado duplo-cego avaliou a eficácia do 

pré-tratamento da dentina com etanol a 100% (EWBT ï etanol-wet-bonding 

technique) e diferentes protocolos adesivos em lesões cervicais não cariosas 

(LCNC) após 6 meses. Pacientes apresentando pelo menos uma LCNC foram 

incluídos. 148 LCNC foram aleatoriamente divididas em 4 grupos: SE (Sem 

EWBT [SE] + adesivo de três passos (Scotchbond Multi  Purpose, 3M ESPE 

[MP]), E (EWBT + MP); EB (EWBT + [Bond - terceiro passo do MP], e EU 

(EWBT + adesivo universal (Single Bond Universal, 3M ESPE). 

Condicionamento ácido (Condac 37%, FGM) e resina composta nanohíbrida 

(Z350xt, 3M ESPE) foram utilizados. Os examinadores treinados e calibrados 

(Kappa=0,61) avaliaram as restaurações inicialmente (7 dias) e após 6 meses de 

avaliação, utilizando os critérios USPHS modificado. Os dados foram 

submetidos ao teste qui-quadrado (Ŭ=0,05). Diferenças na taxa de retenção entre 

os grupos foi observada para os tratamentos (p=0,003). EB apresentou a menor 

taxa de sucesso em comparação com os outros grupos (p<0,02). Não foram 

detectadas diferenças significativas entre NE, E e EU (p>0,49). As taxas de 

retenção foram de 97,23% 97,30%, 78,95% e 100% para NE, E, EB e EU, 

respectivamente. Em relação à sensibilidade pós-operatória, uma redução 

significativa foi encontrada para os grupos E (p=0,027) e EU (p<0,01) após 6 

meses. Após 6 meses, EWBT associado ao sistema adesivo hidrofóbico 

apresentou a maior taxa de falha. 

 

 

Palavras-chave: Dentina. Etanol. Adesivos. Abrasão dentária. 

 

 

 

 

 

 

 _____________________ 
 

*Artigo  elaborado de acordo com as normas do Periódico Brazilian Oral Research (Print version 1807-3107). 

Publicado em: 01/07/2019. 
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ABSTRACT  
 This double-blind randomized controlled clinical trial  evaluated the 

effectiveness of dentin pretreatment with 100% ethanol (EWBT ï ethanol wet 

bonding technique) and different adhesive protocols in noncarious cervical 

lesions (NCCL) after 6 months. Patients presenting at least one NCCL were 

included. NCCLs (n=148) were randomly assigned to 4 groups: NE (Non-EWBT 

+ three-step etch-and-rinse (Scotchbond Multi Purpose, 3M ESPE [MP]),  E 

(EWBT + MP); EB (EWBT + [Bond ï third step of MP]), and EU (EWBT + 

universal adhesive (Single Bond Universal, 3M ESPE). Conventional acid-

etching (Condac 37%, FGM) and nanohybrid resin composite (Z350, 3M ESPE) 

were used.  Trained and calibrated examiners (Kappa = 0.61) evaluated the 

restorations at baseline (7 days) and 6-month recall using the USPHS modified 

criteria. Data were subjected to Chi square (Ŭ = 0.05). Differences in the 

success rate were found for the treatments (p = 0.003). EB presented the lowest 

success rate compared with the other groups (p < 0.02). No significant 

differences were detected among NE, E, and EU (p > 0.49). The survival rates 

were 97.23%, 97.30%, 78.95%, and 100% for NE, E, EB, and EU, respectively. 

Regarding postoperative sensitivity, a significant reduction was found for 

groups E (p = 0.027) and EU (p < 0.01) after 6 months. After 6 months, EWBT 

associated to the hydrophobic adhesive system had the highest failure rate. 

 

 

Keywords: Dentin. Ethanol. Adhesives. Tooth abrasion.  
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Introduction 

Dental   tissues   undergo   different   responses   to   acid-etching   

procedures1 and consequently to different adhesion patterns. For enamel, 

adhesion is facilitated because of the predominance of hydroxyapatite crystals 

and the consequent adequate formation of resin microtags.
1, 2

 However, dentin 

consists of predominantly organic components, mainly collagen fibers, 

extension of odontoblasts, and dentinal fluid, which leads to a more variable 

and challenging bonding procedure.
2-4

 

A meta-analysis
5
 indicated that the best adhesion results to dentin were 

observed with the use of 2-step self-etch (moderate pH) and 3-step etch-and-

rinse adhesives. The authors also concluded that additional studies are required 

to improve dental adhesion. Although new dental adhesives have been 

introduced, including adhesives named ñuniversalò or ñmulti-mode,ò resin 

restorations may still fail after a short lifespan because of degradation of the 

adhesive interface.
6
 Universal adhesives are adaptable, as they can be applied 

to wet or dry dentin and with both self-etch and etch-and-rinse protocols.
3
 In 

addition to improvements in the adhesive, some additional measures proposed 

to minimize interface degradation include dentin pretreatment,
7, 8

 addition of 

different chlorhexidine concentrations to adhesives,
7
,formulation of 

experimental adhesives,
9 
use of matrix metalloprotease (MMPs) inhibitors,

10
 and 

the ethanol wet bonding technique (EWBT).
11

 

The EWBT might extend the longevity of resinïdentin bonding if 

improved resin monomer infiltration and the consequent improved formation of 

the hybrid layer occurs.
12

 Ethanol has a higher solvent ability and lower 

hydrogen bonding capacity than water. In the EWBT, it is used to dehydrate 

demineralized collagen fibrils chemically, creating a relatively hydrophobic 

dentin collagen matrix, which decreases the interface hydrolysis associated with 

water removal from the substrate.
12

 Two protocols have been reported for 
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applying the EWBT: progressive water substitution, in which dentin ethanol 

saturation is obtained using increasing ethanol concentrations (takes about 3 to 

4 min
12

);  and a simplified protocol, where dehydration occurs with a single 1-

minute application of 100% ethanol.
13

 

Because of the high volatility of ethanol. the technique is sensitive; 

moreover ethanol does not completely displace water from dentin, a fact that 

may hinder the infiltration of hydrophobic adhesives.
11

 In vitro data suggest that 

the formed hybrid layer is less hydrophilic and more resistant to long-term 

hydrolytic degradation caused by water. The EWBT might improve longevity by 

effectively protecting the collagen.
14

 Few clinical studies have evaluated the 

EWBT as a dentin pretreatment.
15, 38

 The use of ethanol has been evaluated with 

a modified progressive technique
38

 and by using two coats of hydrophobic 

bonding resin,
15

 with no significant differences because of the technique in these 

two clinical studies. In another study, a formulated experimental hydrophobic 

adhesive containing ethanol in its hydrophobic primer composition resulted in 

acceptable performance.
16

 The primer solution in that study was prepared by 

diluting an experimental hydrophobic adhesive in absolute ethanol up to 

50%weight.
16

 To the best of the authorsô knowledge, only one report on the 

clinical use of the EWBT with a commercially available hydrophobic adhesive 

has been published.
15

 Moreover, only one study evaluated the cytotoxicity of the 

EWBT on human pulp cells; the authors concluded that it does not increase 

pulpal damage when compared with water-wet bonding after 48 hours.
17

 

Non-carious cervical lesions (NCCLs) represent cervical tooth wear not 

associated with dental caries. These lesions may have different extensions, 

shapes (wedge, flat, concave, or acute angle) and depths.
18

 The restoration of 

NCCLs remains a challenge for clinicians, since retention loss can vary from 

0% to 50%.
19

 For this reason, this type of cavity is the most appropriate for 

testing tooth adhesion in clinical trials. Factors responsible for restoration loss 
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include the difficulty of adhesion between substrate and materials, the degree of 

dentin sclerosis, and the adequate establishment of the hybrid layer.
19

 In 

addition, both mechanical and non-mechanical factors decrease the longevity of 

restorations for NCCLs, including microshear forces during mastication.
19

 

Based on the presented information and regarding the problems 

associated with dentin adhesion, possible dentin pretreatments that favor dentin 

adhesion should be assessed with well-designed clinical studies.
5
 A recent 

systematic review emphasized the need for clinical trials to determine the best 

dentin pretreatment.
5
 Therefore, the purpose of this clinical study was to 

evaluate the effectiveness of dentin pretreatment with 100% ethanol on the 

restoration of NCCLs using different adhesive protocols. The null hypothesis 

was that the ethanol wet bonding technique in association with different 

adhesive protocols does not influence the success of NCCLs restorations 

overtime. 

 

Methodology 

Ethics 

The local Institutional Review Board approved the present study 

(protocol number: 2.022.383). The study was also registered in the clinical 

trials registry database REBEC (http://www.ensaiosclinicos.gov.br) under 

protocol RBR-5hncr3. 

 

Sample size calculation 

For this study, the sample size was calculated using an online statistical 

website - Sealed Envelope Ltda (www.sealedenvelop.com). For power 

calculation, equivalence trial  function under binary outcome was selected, and 

the following parameters were chosen: Ŭ = 5%, power at 80%, success of 

control and experimental group at 96%, and limit of equivalence at 15%.
20
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Sample size was estimated at 30 restorations per group. Considering the 

possible loss of experimental units, a further five restorations were planned for 

each group, a total of 35 restorations per group and 140 restorations in total. 

 

Inclusion and exclusion criteria 

The inclusion criteria for patient selection were as follows: minimum 

age of 18 years; presence of at least one NCCL cavity in permanent canines or 

premolars; lesion depth and cervical width of 1 mm at minimum; presence of the 

antagonist and adjacent teeth; vital pulp and absence of painful symptoms; 

NCCL with no previous restorative treatment; and good oral health and absence 

of periodontal disease. 

The exclusion criteria for selection were as follows: teeth with cervical 

caries lesions and patients with systemic diseases (e.g. gastroesophageal reflux) 

or allergies to the materials used; presence of deleterious habits or bruxism; 

and use of removable prostheses with clamps on the target teeth. 

For this study, 67 participants met the inclusion criteria, signed the 

informed consent and were thus included (Figure 1). 
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Figure 1 - Flowchart including patient selection, restorations performed, and 

evaluation phase. 

 

 

Study design 

This randomized controlled clinical trial  followed CONSORT 

guidelines.
21

 As soon as the patient arrived at the clinic, the teeth were chosen 

for this clinical trial  following the inclusion and exclusion criteria and the 

informed consent form was signed. Prior to the restorative procedure, a person 

not involved in this clinical trial  generated a randomization sequence of 

treatments for each patient, considering the four protocols. For patients 

receiving more than one treatment, in case more than one tooth was included in 

the study, treatments were allocated following a crescent tooth number 

(international tooth numbering system). Each patient received at least one and a 

maximum of four restorations; no patient received duplicate treatments. Thus, 

the treatments were allocated randomly for the included NCCLs.  
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Restorative procedure 

All participants underwent professional pumice prophylaxis using a 

polishing brush. Isolation was then done with a lip retractor, cotton rolls, 

gingival displacement cord, and a saliva ejector. A bevel was not placed before 

restoring the lesion. 

All cavities were conditioned with 37% phosphoric acid (Condac, FGM, 

Brazil) for 15 s, followed by rinsing for 15 s and drying with absorbent paper. 

Lesions allocated under the EWBT protocol received 100% ethanol, actively 

applied for 60 s with a microbrush. The adhesive systems were then applied, 

following the groups: 

Control Group ï NE: Non-EWBT [NE]  + three-step etch-and-rinse 

(Scotchbond Multi Purpose, 3M ESPE [MP]);  primer was applied to etched 

substrate and gently dried for 5 s + bond was actively applied for 20 s, followed 

by a gentle blow of air for 5 s and light polymerizing for 10 s.  

E: EWBT [E]  + three-step etch-and-rinse (Scotchbond Multi Purpose, 

3M ESPE); 100% ethanol was actively applied for 60 s + primer was applied to 

etched substrate and gently dried for 5 s + bond was actively applied for 20 s, 

followed by a gentle blow of air for 5 s and light polymerizing for 10 s.  

EB: EWBT [E]  + Bond (Scotchbond Multi Purpose, 3M ESPE) [B]  

(third step ï Hydrophobic adhesive); 100% ethanol was actively applied for 60 

s + bond was actively applied for 20 s, followed by a gentle blow of air for 5 s 

and light polymerizing for 10 s.  

EU: EWBT [E]  + Universal adhesive (Scotchbond Universal, 3M ESPE) 

[U]  (Hydrophilic);100% ethanol was actively applied for 60 s + universal 

adhesive was actively applied for 20 s, followed by a gentle blow of air for 5 s 

and light polymerizing for 10 s.  

Filtek Z350 XT (3M ESPE, Sumaré, Brazil) was used with an 

incremental technique for the restorations. Each increment of 2 mm, maximum, 
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was polymerized for 20 s. The increments were initially  placed on the incisal 

wall and then on the gingival wall. Most of restorations were completed with 2 

increments. For all restorative procedures the light polymerizing was performed 

with an LED device with a power density of 900 mW/cm
2
. Finishing was 

performed with fine finishing diamond rotary instruments (KG Sorensen, São 

Paulo, SP, Brazil). After 7 days, the restoration was polished with abrasive 

discs (Sof-LexÊ Pop-On, 3M ESPE, MN, USA).  

 

Periods and evaluation criteria 

The restorations were evaluated by two calibrated examiners 

(interexaminer agreement of 81%, Kappa 0.61) not involved with the restorative 

procedures. Evaluations were performed at baseline (7 days) and after 6 months 

according to USPHS modified criteria (Figure 2). The patients and examiners 

were blind to the study parameters. 
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 Figure 2 - USPHS modified criteria. 

SCORES USPHS modified criteria  

Retention 

Alfa  (A) No restorative material loss 

Charlie (C) Partial or complete loss of restorative material 

Marginal  discoloration 

Alfa  (A) No discoloration between tooth structure and restorative material 

Bravo (B) Marginal discoloration which can be polished away 

Charlie (C) Discoloration in interface restorative material and tooth, no able to polish 

Marginal  adaptation 

Alfa  (A) Closely adapted, no detectable margin 

Bravo (B) Detectable marginal discrepancy clinically acceptable 

Charlie (C) Marginal crevice, clinically unacceptable 

Delta (D) Mobile restoration, partially or totally fractured 

Secondary caries 

Alfa  (A) No caries present 

Charlie (C) Caries present 

Anatomic form 

Alfa  (A) Continuous, well contoured 

Bravo (B) Slight discontinuity or under contoured without dentin exposure, clinically acceptable 

Charlie (C) Discontinuous, sever under contoured, with dentin exposure, clinically unacceptable 

Post-operative sensitivity 

Alfa  (A) No post-operative 

Bravo (B) Sensitive but with intensity decreasing 

Charlie (C) Constant sensitivity, without intensity decreasing 

Surface texture 

Alfa  (A) Texture such as enamel 

Bravo (B) Texture such as resin composite 

Charlie (C) Surface with pores or cracks, with dental pick retention 

 

Statistical analysis 

All data were analyzed using the chi-square test to verify the distribution 

of the success rate and postoperative sensitivity among groups. The level of 

significance was set at 5%. 

 

Results 

The demographics of the study participants are shown in Table 1. The 

participants were evenly distributed into groups with regard to sex, age, 

restored tooth, and the presence of wear facets in relation to restoration success 

or failure. Failures were detected only for the retention parameter. Differences 
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in success rates were detected among all groups (chi-square; p=0.003). EB 

presented lower success rates when compared with all tested adhesive 

protocols: EB versus NE (p=0.002), EB versus E (p=0.025), and EB versus EU 

(p=0023). However, no significant differences were detected for other 

comparisons: NE versus E (p=0.496), NE versus EU (p=1.000), E versus EU 

(p=0497). The survival rates were 97.23%, 97.30 %, 78.95 %, and 97.30 %, for 

NE, E, EB, and EU, respectively. (Table 2) 

Overall, tooth sensitivity was less after 6 months in comparison with the 

baseline observations (p<0.001). A significant reduction in postoperative 

sensitivity after 6 months was detected for E (p=0.027) and EU (p<0.001. 

(Table 2). For other criteria, no significant differences (p>0.05) were found. 

 

Table 1. Demographics of the studied population. Distribution into studied 

groups by sex, age, restored teeth, and the frequency of wear facets in relation 

to restoration success or failure. 

 

 NE E EB EU 

Men 
19/36 

(52.77%) 
23/37 

(62.16%) 
18/38 

(47.37%) 
15/37 

(40.54%) 

Women 17/36 
(47.23%) 

14/37 
(37.83%) 

20/38 
(52.63%) 

22/37 
(59.45%) 

Age (years) 55.75 53.21 
52.
60 

55.43 

Maxillary Canine 4/148 
(2.70%) 

4/148 
(2.70%) 

7/148 
(4.73%) 

3/148 (2%) 

Mandibular Canine 
2/148 

(1.35%) 
2/148 

(1.35%) 
1/148 

(0.67%) 
0/148 (0%) 

Maxillary Premolar 10/148 
(6.75%) 

13/148 
(8.78%) 

12/148 
(8.10%) 

10/148 
(6.75%) 

Mandibular Premolar 
21/148 

(14.19%) 

18/148 

(12.16%) 

18/148  

(12.16%) 

24/148 

(16.21%) 

Tooth 

wear 

facet 

Presence 
Success 14 19 10 19 

Loss 3 1 6 0 

Absence 
Success 19 15 15 18 

Loss 0 2 7 0 



 

 

Table 2. Distribution of number of restorations and percentage (%) according to each evaluated criteria at 7 days and 6 months. 

CRITERIA SCORES 
BASELINE - 7 DAYS 6 MONTHS 

NE EU EB E NE EU EB E 

Retention 
Alfa 36 (100%) 37 (100%) 38 (100%) 37 (100%) 35 (97.23%)a 

36 
(97.30%)a 

30 (78.95%)b 36 (97.30%)a 

Charlie 0 0 0 0 1 (2.77%) 1 (2.70%) 8 (21.05%) 1 (2.70%) 

Marginal 

discoloration 

Alfa 36 (100%) 37 (100%) 38 (100%) 37 (100%) 32 (88.89%) 33 (89.19%) 30 (78.95%) 36 (97.30%) 

Bravo 0 0 0 0 3 (8.34%) 3 (8.11%) 0 0 

Charlie 0 0 0 0 0 0 0 0 

 

Marginal adaptation 

Alfa 35 (97.23%) 37 (100%) 37 (97.37%) 37 (100%) 32 (88.89%) 32 (86.49%) 28 (73.68%) 34 (89.19%) 

Bravo 1 (2.77%) 0 1 (2.63%) 0 3 (8.34%) 4 (10.81%) 2 (5.27%) 4 (10.81%) 

Charlie 0 0 0 0 0 0 0 0 

Secondary caries 
Alfa 36 (100%) 37 (100%) 38 (100%) 37 (100%) 35 (97.23%) 36 (100%) 30 (78.95%) 36 (97.30%) 

Charlie 0 0 0 0 0 0 0 0 

 

Anatomic form 

Alfa 36 (100%) 37 (100%) 38 (100%) 37 (100%) 35 (97.23%) 35 (94.60%) 30 (78.95%) 35 (94.60%) 

Bravo 0 0 0 0 0 1 (2.70%) 0 1 (5.40%) 

Charlie 0 0 0 0 0 0 0 0 

 

Postoperative 

sensitivity 

Alfa 27 (75%) 30 (81.08%) 28 (23.68%) 30 (81.08%) 32 (88.89%) 
35 

(94.60%)* 28 (73.68%) 
35 

(94.60%)* 

Bravo 8 (22.22%) 7 (18.92%) 9 (76.32%) 7 (18.92%) 3 (8.34%) 1 (2.70%) 2 (5.27%) 1 (5.40%) 

Charlie 1 (2.77%) 0 0 0 0 0 0 0 

 

Surface texture 

Alfa 36 (100%) 37 (100%) 38 (100%) 37 (100%) 31 (86.11%) 31 (83.79%) 26 (68.42%) 31 (83.79%) 

Bravo 0 0 0 0 4 (11.12%) 5 (13.51%) 4 (10.53%) 5 (13.51%) 

Charlie 0 0 0 0 0 0 0 0 

Different superscript letters indicate differences on retention rates at the 6-month recall (p<0.05) 

Asterisks indicate groups presenting significant reduction of post-operative sensitivity at the 6-month recall in relation to the baseline (p<0.05)

4
5 
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Discussion 

Complete removal of water from the dentin is not possible with the 

adhesive systems, leading to the dilution of monomers and water sorption of the 

adhesive layer during aging, with consequent hydrolysis.
15, 22

 In order to 

minimize the hybrid layer and unprotected collagen hydrolysis overtime, the 

EWBT approach has been advocated for several reasons. The EWBT might 

remove and replace free and loosely bound water around the orifice of the 

dentin tubules and within the collagen microfibrils.
22, 23 

However, the water is 

not completely removed from the dentin substrate.
11

 Questions regarding the 

effect of the amount of remaining water on the bond strength with hydrophobic 

adhesives have been raised, and that issue has been evaluated in an in vitro 

study.
24

 The results were acceptable when hydrophilic adhesives were used with 

EBWT, possibly due to the combination of the remaining water in dentin and the 

water from the adhesive composition. The implementation of a new layer of 

water in a dehydrated dentin surface is questionable, but that association has 

been reported to be effective in in vitro conditions, warranting clinical 

investigations.  

The EWBT approach also prevents phase separation of the adhesive,
25

  

possibly improving long-term bond strength.
26

 In addition, the use of the EWBT 

might decrease the diameter of collagen fibrils and the matrix volume, 

consequently increasing the interfibrillar  spaces and leading to greater 

impregnation of the adhesive system  and hydrophobic monomers.
23

 The results 

from micro-Raman
27

 and two-photon laser confocal microscopy
28

 analyses 

indicated that the EWBT favors the relatively homogeneous distribution of 

methacrylates (BisGMA) in the interfibrillar  spaces. This allows the formation 

of a hybrid layer with improved mechanical and bonding properties, since the 

greater the amount of hydrophobic infiltrated resin monomers, the greater the 

resin-dentin bonding strength.
29

 Improved hydrophobic monomer impregnation 
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protects and encapsulates collagen fibers more efficiently
27

; and it decreases 

both water sorption and the enzyme-catalyzed hydrolytic cleavage of collagen,
12, 

23
 increasing collagen rigidity, which contributes to the formation of a more 

effective hybrid layer.
26

 In spite of the reported benefits of using the EWBT, the 

inclusion of an extra step in the adhesive protocol is a disadvantage, as it adds 

to the clinical time and may increase technique sensitivity. The main challenge 

of dental adhesion, which is related to the dentin substrate, is still not solved. 

Thus, testing alternative protocols, even with additional steps is justified. 

The null hypothesis that the ethanol-wet-bonding technique does not 

influence NCCL restoration success over time was partially accepted. The 

combination of hydrophilic adhesive systems and the EWBT was compared to 

the control group (NE), while the use of a commercially available hydrophobic 

adhesive associated with the EWBT resulted in lower success rates when 

compared with the other tested groups.  

The three-step etch-and-rinse adhesive system was considered the gold 

standard in a systematic review
5
, supporting its present use as the control 

group. Organic solvents within hydrophilic adhesive systems, such as acetone 

and ethanol, are preferred to water, as they encourage infiltration of resin 

monomers into collagen fibrils, resulting in better adhesive bonding.
30

 

According to Mair and Padipatvuthikul,
31 

organic solvents displace water 

molecules within the dentin matrix and, because of their high evaporation 

capacity, facilitate the diffusion of monomers into demineralized dentin. 

However, the presence of residual solvent in the adhesive interface might result 

in disturbances in the polymerization reaction, which would reduce adhesion. 

The better the evaporation capacity, the lower the amount of residual solvent at 

the adhesive interface.
32

 Because the Single Bond Universal adhesive system 

also contains ethanol as a solvent, the EWBT may have facilitated the 

impregnation of resin monomers, resulting in stable bonding.  
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Although the increased permeability of monomers may increase toxicity 

potential and compromise the longevity of restorations,
31 

this was not observed 

in the present study during the evaluated period. Moreover, the EWBT may 

increase the absorption and degree of conversion of the resin monomers
25

 and 

produce a hydrophobic collagen matrix with improved sealing, even if a 

hydrophilic adhesive is used. In addition, the EWBT reduces the sorption of 

water and collagen hydrolysis, making the hybrid layer more stable.
33 

All those 

reported advantages might explain the positive results obtained with the 

hydrophilic adhesive used in the present study. Longer evaluation periods may 

reveal a possible benefit of associating the EWBT with the hydrophobic 

adhesive systems tested. 

Improved bonding between hydrophobic adhesives and dentin has been 

reported with EWBT, possibly because of improved water removal from the 

collagen matrix and proper collagen encapsulation, forming a less hydrophilic 

hybrid layer.
16, 34

 However, clinical trials evaluating the EWBT did not show 

significant differences after 12 or 18 months, with retention rates for the EWBT 

at 91.67% and 93.55%.
35, 38

 Technique differences in those studies are related to 

the use of a formulated hydrophobic primer (hydrophobic bond diluted in 

ethanol in a concentration of 10% or 50 w% ethanol) or the ethanol not being 

actively applied.
12, 15, 35, 36, 38

 Although no differences were detected when 

compared with the control groups, one study reported that the 91.7% success 

for the EWBT in comparison with the 100% success rate for the control could be 

related to the sensitivity of the EWBT. This sensitivity in association with the 

viscosity of commercially available hydrophobic adhesives might explain the 

present data. Combining the EWBT with hydrophobic adhesive led to reduced 

success rates when compared with those of the other groups (EB versus NE 

[p=0.002], EB versus E [p=0.025], and EB versus EU [p=0.023]). The 

viscosity of the hydrophobic adhesive may have restricted monomer infiltration 



49 

 

 

into the demineralized dentin, as studies using diluted hydrophobic monomers 

for application resulted in improved clinical success rates.
15, 35

 The present 

study used commercially available hydrophobic monomers with the EWBT. 

Clinicians do not have access to diluted hydrophobic monomers, and the in vitro 

or in vivo results reported previously might not be reproducible as they depend 

on experimental materials.  

For the universal adhesive, besides possible water removal from the 

dentin matrix and infiltration of resin monomers (Bis-GMA/TEGDMA), the 

interaction of 10-MDP functional monomer with calcium hydroxyapatite of the 

dentin37 might also support the obtained results. That interaction helps 

decrease the dissolution rate of the Ca-salt formed and helps maintain the 

durability of the bonded interface.
37

 Longer-term evaluations are required to 

validate this statement. The effect of EWBT on the self-etching mode of universal 

adhesives might be explained by the ethanol application modifying the organic 

matrix of the smear layer,
24

 allowing crystals to be available for bonding with 

the adhesive system and possibly assisting the interdiffusion of the adhesive 

monomers in the smear layer and the collagen fibrils.  

In addition, the combination of the EWBT and universal adhesives in the 

self-etch mode should be evaluated for possible interactions between the smear 

layer and the EWBT approach. Furthermore, clinical studies using self-etching 

adhesives with longer evaluation periods are needed. Limitations of this present 

clinical trial  include that the restorations were not independent, the evaluation 

period was short, and some characteristics may have influenced the restorative 

treatment success, such as the thickness layer of the adhesives, adhesive 

viscosity, and wettability, in addition to the variable occlusion of the 

participants. For the participant occlusion, the distribution of failed and 

successful restorations was not related to the presence or absence of wear 

facets, suggesting that characteristic might have not influenced the results. 
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The value of short-term (6-month) recall information is unclear. 

Defining a better adhesive protocol with a dentin pretreatment might have 

affected the results. The importance of the present clinical trial  relates to the 

fact that only one study evaluating the EWBT assessed the results using a 

commercially available product and mainly to the fact that the results were not 

favorable for the original technique at the very short-term presently reported. 

 

Conclusions 

The association between EWBT with commercially available 

hydrophobic adhesive system should be limited due to reduced restoration 

longevity. All hydrophilic adhesive systems presented greater success rate at 

this evaluation period.  
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RESUMO  
OBJETIVOS: Este ensaio clínico avaliou a eficácia da técnica da dentina úmida 

por etanol (EWBT - E) e diferentes protocolos adesivos em lesões cervicais não 

cariosas (LCNC) após 18 meses. MATERIAIS E MÉTODOS: Um ensaio 

clínico randomizado, controlado, duplo-cego foi realizado. Pacientes 

apresentando pelo menos uma LCNC foram incluídos. 148 LCNC foram 

aleatoriamente alocadas para 4 grupos: NE (Non-EWBT [NE] + adesivo de três 

passos (Scotchbond Multi -Purpose, 3M ESPE), EMP (Etanol [E] adesivo de três 

passos (Scotchbond Multi -Purpose, 3M ESPE [MP]); EB (E + terceiro passo de 

MP [B])  e EU (E + adesivo universal - Single Bond Universal, 3M ESPE [U]). 

Todas as cavidades foram condicionadas com ácido fosfórico a 37% (Condac, 

FGM) e então restaurado com resina nanohíbrida (Filtek Z350xt, 3M ESPE) 

Avaliadores treinados (kappa=0,61) avaliaram as restaurações no início do 

estudo - 7 dias e após 6, 12 e 18 meses seguindo o critério USPHS modificado. 

Os dados foram submetidos aos testes de qui-quadrado e Kaplan-Meier 

(Ŭ=0,05). RESULTADOS: Diferenças no sucesso foram encontradas entre os 

tratamentos (p<0,001). EB apresentou a menor taxa de sucesso em comparação 

com os outros grupos (p<0,001). Nenhuma diferença significativa foi detectada 

para NE, EMP e EU (pÓ0,290). Após 18 meses, as taxas de sobrevivência foram 

de 96,02%, 97,68%, 65,58% e 99,06%, para NE, EMP, EB e EU, 

respectivamente. CONCLUSÕES: Após 6, 12 e 18 meses, EWBT associado ao 

sistema adesivo hidrófobos apresentou a maior falha de retenção. EWBT com 

adesivos hidrófilos foram semelhantes ao grupo controle. RELEVÂNCIA 

CLÍNICA:  EWBT apresentou resultados clínico promissores quando associado 

a adesivos hidrófilos. A associação com um adesivo hidrófobo comercialmente 

disponível apresentou as piores taxas de retenção de restaurações em LCNC. 

 

 

Palavras-chave: Dentina. Etanol. Adesão. Adesivos. Ensaio clínico.  

 

 

 
_____________________ 
 

*Artigo  elaborado de acordo com as normas do Periódico Clinical Oral Investigations (Print version ISSN 1432-

698). Submetido em: 17/06/2019. 
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ABSTRACT  
OBJECTIVES: This clinical trial  evaluated the effectiveness of ethanol wet 

bonding technique (EWBT ï E) and different adhesive protocols in non-carious 

cervical lesions (NCCLs) after 18 months. MATERIALS AND METHODS: A 

randomized, controlled, double-blind clinical trial  was performed. Patients 

presenting at least one NCCL were included. NCCLs (n=148) were randomly 

assigned to 4 groups: NE (Non-EWBT [NE]  + three-step etch-and-rinse 

(Scotchbond Multi-Purpose, 3M ESPE), EMP (E + three-step etch-and-rinse 

(Scotchbond Multi-Purpose, 3M ESPE [MP]);  EB (E + third step of MP [B])  

and EU (E + universal adhesive - Single Bond Universal, 3M ESPE [SU]). All 

cavities were conditioned with phosphoric acid 37% (Condac, FGM) and then 

restored with nanohybrid resin composite (Filtek Z350, 3M ESPE). Trained and 

calibrated examiners (kappa=0.61) evaluated the restorations at baseline ï 7 

days, 6, 12 and 18 months recall using the USPHS modified criteria. Data were 

subjected to Chi-square and Kaplan-Meier tests (Ŭ=0.05). RESULTS: 

Differences in success, were found for the treatments (p<0.001). EB presented 

the lowest success rate compared with the other groups (p<0.001). No 

significant differences were detected for NE, EMP and EU (pÓ0.290). At the 18-

month recall, the survival rates were 96.02%, 97.68%, 65.58%, and 99.06%, for 

NE, EMP, EB, and EU, respectively. CONCLUSIONS: After 6, 12 and 18 

months, the EWBT associated with hydrophobic adhesive system presented the 

highest retention failure. EWBT with hydrophilic adhesives were similar to the 

control group. CLINICAL RELEVANCE: EWBT presents promising clinical 

results when associated with hydrophilic adhesives. The association with a 

commercially available hydrophobic adhesive presented the worst retention 

rates of NCCLs restorations. 

 

 

Keywords: Dentin, Ethanol, Dental Bonding, Adhesives, Clinical Trial.  
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Introduction 

Dentin  presents  a  great  amount  of  organic  components,  mainly  

collagen  fibers  and  dentinal  fluid,  that  are responsible  for  the  different  

response  to  acid  etching  and  consequently the  adhesion  pattern and  

longevity  when compared with enamel [1, 2]. The best adhesion result to 

dentin, according to a meta-analysis, is provided by the 2-step self-etch or 3-

step etch-and-rinse adhesives [3].  The impaired dentin adhesion and the 

material-based standard protocol endorse the constant development of adhesive 

systems in an attempt to clinically improve the adhesion to dentin. 

Recent adhesive materials are represented by the marketed multi-

mode/universal adhesives [4].  This material is considered adaptable, since it 

could be used on wet or dry dentin and under self-etch or etch-and-rinse 

protocols [5, 4], fact the supports its increased popularity [6].  

Independently of the adhesive or mode of application used, the interface 

degradation still decreases the resin restorations lifespan [7].  Due to this, some 

strategies were proposed to improve the adhesion overtime, such as dentin pre-

treatments [8-10], addition of different chlorhexidine concentrations on 

adhesives [11], formulation of experimental adhesives [12, 13], the use of 

matrix metalloprotease (MMPs) inhibitors [14], or the ethanol-wet-bonding 

technique (EWBT) [7].  Two protocols for applying the EWBT have been 

reported in the literature, the progressive water substitution and the simplified 

technique. The first employs increasing ethanol concentrations, and clinically 

this procedure takes about 3-4 min [15], while the last results in dentin 

dehydration with a single 1-minute application of 100% ethanol, being a more 

clinically acceptable time [16]. 

Considering that the adhesive interface hydrolysis might be one of the 

main reasons of failures overtime, the EWBT may be a better strategy during the 

adhesion process, once ethanol presents higher solvent ability and lower 
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hydrogen bonding capacity than water [17]. Those characteristics favor the 

water substitution, possibly leading to reduce hydrolysis. The EWBT approach 

creates a relatively hydrophobic collagen matrix by reducing the amount of 

water, improving the hydrophobic monomers infiltration and consequently 

forming a more hydrophilic hybrid layer [15,18], possibly retarding the 

adhesive interface hydrolysis. However, the technique is sensitive due to the 

high volatility of ethanol, and it also does not displace water completely, since 

there is a stable bond between the collagen fibrils with water [19], fact that may 

hinder the infiltration of hydrophobic adhesives [19]. Considering the 

biological aspects of the technique, the EWBT was considered safe since there 

was no pulpal damage on human cells in comparison to water-wet bonding 

approach after 48h [20]. 

For evaluating the EWBT clinically, studies have reported the use of 

ethanol under the modified progressive technique [21, 22] or using two 100% 

ethanol applications [23], with no differences between the techniques. 

Additionally, a study reporting the use of a formulated experimental 

hydrophobic primer, presenting 50 weight% in ethanol and co-monomer resin 

blend [24], has also been reported.  

Besides the fact that the EWBT might improve longevity due to an 

effective collagen protection [25], few clinical studies evaluated EWBT as 

dentin pre-treatment [21-23]. In addition, laboratory results of the association 

between universal  adhesives  on  self-etch  mode  and  EWBT  is  reported  to  

present  improved  bond  strength  even  after thermomechanical aging [26]. 

The previous evaluation report of the present study revealed that the use of 

EWBT under the conceived approach (associated to hydrophobic adhesive) 

resulted in lower survival rates after a short-term evaluation (6 months), 

possibly due to the lack of using a diluted hydrophobic agent [27]. The authors 

pointed that longer evaluations are required to describe the success behavior of 
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the tested protocols with time. Based on the presented information and 

regarding the problems associated to non-carious cervical lesions (NCCLs) 

considering the retention loss can vary from 0% to 50% [28], possible dentin 

pre-treatments that favor dentin adhesion should be clinically assessed, under 

well designed clinical studies [6,11] for supporting evidence-based Dentistry 

and proper clinical practice.  

According to a recent systematic review and meta-analysis [3],  clinical 

trials are needed to determine the best dentin pre-treatment within the dentin 

adhesion subject. In addition, the results of the present study could provide data 

to support systematic reviews and meta-analysis. Thus, the aim of this clinical 

trial  was to evaluate the effectiveness of dentin pre-treatment with 100% ethanol 

on NCCLs using different adhesive protocols. The null hypothesis was that 

EWBT in association to different adhesives protocols does not influence NCCLs 

restoration success overtime. 

 

Material and methods 

Ethics and Sample size 

This present study was approved by local Institutional Review Board 

(protocol number: 2.022.383) and registered in a clinical trials database 

REBEC (http://www.ensaiosclinicos.gov.br) under protocol: RBR-5HNCR3. 

This randomized controlled clinical trial  followed CONSORT guidelines [28]. 

The sample size was calculated using an online statistical website 

(Sealed Envelope Ltda - www.sealedenvelop.com). For power calculation, 

equivalence trial  function under binary outcome was selected. The following 

parameters were chosen: Ŭ = 5%, power at 80%, success of control and 

experimental group at 96% and limit of equivalence at 15% [29]. Sample size 

was estimated with at least 30 restorations per group. 
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Inclusion and non-inclusion criteria  

The patient must have presented all characteristics for selection and 

inclusion in the study: minimum age of 18 years; presence of at least one NCCL 

in permanent canines or premolars with vital pulp and absence of painful 

symptons; lesion depth and cervical width of 1 mm at minimum; presence of the 

antagonist and adjacent teeth; NCCLs with no previous restorative treatment; 

good oral health and absence of periodontal disease. 

The non-inclusion criteria were as follows: teeth with cervical caries 

lesions; patients with allergies to the materials used or systemic diseases 

presence (e.g. gastroesophageal reflux); deleterious habits or severe bruxism; 

use of removable prostheses with clamps on the target teeth or fixed orthodontic 

appliances. 

 

Study design 

For this study, 67 participants met the inclusion criteria; they signed the 

informed consent and were thus included. Prior to the restorative procedure, a 

person not involved to this clinical trial  generated a randomization sequence of 

treatments for each tooth, considering the four protocols. Thus, the treatments 

were allocated randomly for the included NCCLs. For patients receiving more 

than one treatment, in case more than one tooth was included in the study, 

treatments were allocated following a crescent tooth number according to the 

international tooth numbering system, once no patient received duplicated 

treatments.  

All volunteers were submitted to professional pumice prophylaxis using 

polishing brush. Isolation was done with lip retractor, cotton rolls, gingival 

retractor cord nº 000 (Ultrapak, Ultradent Products Inc), and saliva ejector. No 

bevel was performed on enamel prior to restorations and all cavities were 

conditioned with 37% phosphoric acid (Condac, FGM, Brazil) for 15 s, 
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followed by rinsing for 15 s and drying with absorbent paper. The adhesive 

systems were applied according manufacturerôs instructions (Table 1). 

 

Table 1 ï Acronyms of groups according to the use of ethanol and adhesive 

protocols. Adhesive materials and clinical sequence are also presented.  

 

The restorations were made using Filtek Z350 XT (3M ESPE, Sumaré, 

Brazil) with an incremental technique, in which each increment was 2 mm on 

maximum. Light activation of restorations was done for 20 s. The increments 

were initially  placed on the incisal wall and then on the gingival wall. Most of 

restorations were completed with 2 increments. For all restorative procedures, 

the polymerizing was performed with a LED device with a power density of 900 

mW/cm
2
, on minimum. Finishing was performed with fine finishing diamond 

rotary instruments (KG Sorensen, São Paulo, SP, Brazil). After 7 days, the 

restorations were polished with abrasive discs (Sof-LexÊ Pop-On, 3M ESPE, 
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MN, USA). Restorations were performed by a single trained operator. 

Evaluation 

The restorations were evaluated by two calibrated examiners 

(interexaminer agreement of 81%, Kappa 0.61) not involved with allocation and 

restorative procedures. Evaluations were performed at baseline (7 days), after 

6, 12 and 18 months according to USPHS modified criteria. (Table 2) The 

patients and examiners were blind to the study parameters. 

 

Table 2 ï USPHS modified criteria used to evaluate the NCCLs restorations 

 

Statistical Analysis 

All data were analyzed using the chi-square test to verify the distribution 

of the success rate among groups and among assessed periods. The Kaplan-

Meier survival analysis was also performed. Data for the frequency analysis 

(success among groups and periods) considered the intention-to-treat data 
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treatment, in which data was imputed for non-show participants during the 

recalls. The level of significance for both tests was set at 5%. 

 

Results 

A flowchart of this clinical trial  is shown in Figure 1 and the 

demographics of the study participants are shown in Table 3. The participants 

were distributed into groups with regard to sex, age, restored tooth, and the 

presence of wear facets in relation to restoration success or failure. Failures 

were detected only for the retention parameter. Differences in retention rate 

were detected among all groups (p<0.0001). EB presented lower success rates 

when compared with all tested adhesive protocols: EB x NE (p=0.0008), EB x 

EMP (p=0.0001), and EB x EU (p<0.0001). No significant differences were 

detected for other comparisons: NE x EMP (p=0.6204), NE x EU (p=0.2905), 

EMP x EU (p=0.5555). The survival rates for 18-month assessments were 

96.02%, 97.68%, 65.58%, and 99.06%, for NE, EMP, EB, and EU, respectively. 

(Table 4) 

 

Figure 1 - Flowchart of the clinical trial. Number of restorations evaluated in 

each recall per group is also presented. 
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Table 3 - Distribution into studied groups by gender, age, restored tooth, and 

also the frequency of wear facets in relation to success or failure rates after 18 

months. 

 



 

 

Table 4 ï Distribution of number of evaluated restorations and percentage (%) according to each criteria at baseline, 6, 12 and 18 months. 

CRITERIA SCORES 
BASELINE - 7 DAYS 6 MONTHS 12 MONTHS 18 MONTHS 

NE EU EB EMP NE EU EB EMP NE EU EB EMP NE EU EB EMP 

Retention 
Alfa 

36 

(100%) 

37 

(100%) 

38 

(100%) 

37 

(100%) 

35 

(97.23%)a 

36 

(97.30%)a 

30 

(78.95%)b 

36 

(97.30%)a 

32 

(91.43%)a 

36 

(100%)a 

24 

(75.00%)b 

34 

(94.12%)a 

30 

(100%)a 

36 

(100%)a 

19 

(73.69%)b 

34 

(100%)a 

Charlie - - - - 1 (2.77%) 1 (2.70%) 
8 

(21.05%) 
1 (2.70%) 2 (8.57%) - 

6 

(25.00%) 
2 (5.88%) - - 

5 

(26.31%) 
- 

Marginal 

discoloration 

Alfa 
36 

(100%) 

37 

(100%) 

38 

(100%) 

37 

(100%) 

32 

(88.89%) 

33 

(89.19%) 

30 

(78.95%) 

36 

(97.30%) 

30 

(88.23%) 

33 

(91.66%) 

22 

(73.33%) 

35 

(97.22%) 

30 

(100%) 

32 

(94.12%) 

18 

(88.89%) 

32 

(94.12%) 

Bravo - - - - 3 (8.34%) 3 (8.11%) - - 
2 

(11.76%) 

3 

(8.33%) 

2 

(26.66%) 
1 (2.77%) - 4 (5.88%) - 4 (5.88%) 

Charlie - - - - - - - - - - - - - - - - 

Marginal 

adaptation 

Alfa 
35 

(97,23%) 

37 

(100%) 

37 

(97,37%) 

37 

(100%) 

32 

(88.89%) 

32 

(86.49%) 

28 

(73.68%) 

34 

(94.44%) 

29 

(90.62%) 

34 

(94.44%) 

23 

(95.83%) 

33 

(94.28%) 

29 

(96.67%) 

34 

(94.45%) 

15 

(83.34%) 

32 

(94.12%) 

Bravo 
1 

(2,77%) 
- 

1 

(2,63%) 
- 3 (8.34%) 

4 

(10.81%) 
2 (5.27%) 2 (5.56%) 3 (9.38%) 

2 

(5.56%) 
1 (4.17%) 2 (5.72%) 

1  

(3.33%) 
2 (5.56%) 

3 

(16.66%) 
2 (5.88%) 

Charlie - - - - - - - - - - - - - - - - 

Secondary 

caries 

Alfa 
36 

(100%) 

37 

(100%)  

38 

(100%) 

37 

(100%) 

35 

(97.23%) 
36 (100%) 

30 

(78.95%) 

36 

(97.30%) 

32 

(91.43%) 

36 

(100%) 

24 

(80.00%) 

35 

(97.22%) 

30 

(100%) 

36 

(100%) 

18 

(88.89%) 

34 

(100%) 

Charlie - - - - - - - - - - - - - - - - 

Anatomic 

form 

Alfa 
36 

(100%) 

37 

(100%) 

38 

(100%) 

37 

(100%) 

35 

(97.23%) 

35 

(94.60%) 

30 

(78.95%) 

35 

(94.60%) 

32 

(91.43%) 

36 

(100%) 

24 

(80.00%) 

35 

(97.22%) 

30 

(100%) 

36 

(100%) 

18 

(88.89%) 

34 

(100%) 

Bravo - - - - - 1 (2.70%) - 1 (5.40%) - - - - - - - - 

Charlie - - - - - - - - - - - - - - - - 

Post-

operative 

sensitivity 

Alfa 27 (75%) 
30 

(81.08%) 

29 

(68.97%) 

30 

(81.08%) 

32 

(88.89%) 

35 

(94.60%)* 

28 

(73.68%) 

35 

(94.60%)* 

31 

(96.87%) 

32 

(97.22%) 

20 

(83.33%) 

33 

(94.28%) 

30 

(100%) 

35 

(97.23%) 

17 

(94.45%) 

34 

(100%) 

Bravo 
8 

(22.22%) 

7 

(18.92%) 

9 

(31.03%) 

7 

(18.92%) 
3 (8.34%) 1 (2.70%) 2 (5.27%) 1 (5.40%) 1 (3.13%) 

4 

(2.78%) 

4 

(16.66%) 
2 (5.72%) - 1 (2.77%) 1 (5.55%) - 

Charlie 
1 

(2.77%) 
- - - - - - - - - - - - - - - 

Surface 

texture 

Alfa 
36 

(100%) 

37 

(100%) 

38 

(100%) 

37 

(100%) 

31 

(86.11%) 

31 

(83.79%) 

26 

(68.42%) 

31 

(83.79%) 

28 

(87.50%) 

34 

(94.44%) 

21 

(87.5%) 

25 

(71.43%) 

26 

(86.67%) 

28 

(77.77%) 

16 

(88.89%) 

28 

(82.35%) 

Bravo - - - - 
4 

(11.12%) 

5 

(13.51%) 

4 

(10.53%) 

5 

(13.51%) 

4 

(12.50%) 

2 

(5.56%)a 

3 

(12.50%) 

10 

(28.57%)b 

4 

(13.33%) 

8 

(22.23%) 

2 

(11.11%) 

6 

(17.65%) 

Charlie - - - - - - - - - - - - - - - - 

6
5 
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Overall, tooth sensitivity was less frequent after 18 months in 

comparison with the baseline observations (p>0.002). (Table 4) For other 

criteria, no significant differences were found (p>0.1056). Considering the 

intention-to-treat data treatment the frequency analysis (success among groups 

and periods) is shown on Figure 2. 

 

Figure 2 ï Frequency analysis for each group (success among groups and 

periods). 

 

Discussion 

 

Based on the clinical success observed, the null hypothesis that EWBT 

does not influence NCCLs success overtime was partially accepted. The use of a 
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commercially available hydrophobic adhesive in association with the EWBT 

resulted in lower success rates. On the other hand, hydrophilic groups 

associated with 100% ethanol presented similar success rates to the control 

group (NE). 

Although a decrease in the collagen fibrils diameter and the matrix 

volume is expected after ethanol application, the present lack of differences 

between the use of EWBT associated with hydrophilic adhesives and the control 

group does not support the benefits of that decrease at the evaluated period. 

That reported decrease is known to improve collagen interfibrillar  spaces, 

leading to greater impregnation of the adhesive system and hydrophobic 

monomers [31]. Besides all the influences of EWBT on dentin substrate, this 

approach might also increases the degree of conversion of the resin monomers 

[32], producing a condition with better sealing even after hydrophilic adhesive 

use. Based on the 18-month results of the present study, the association between 

EWBT and hydrophilic adhesives may be indicated, once no deterioration of the 

bonding properties was detected clinically. Greater amount of water in the 

adhesive interface in comparison with the use of hydrophobic adhesives might 

be questioned, once it may favor monomers dilution and water sorption that 

results in hydrolysis overtime [33, 34]. This concern, however, should not be 

considered in view of the present results, and further follow-ups are required. 

Moreover, the literature suggests that after EWBT, there is a decrease of 

water sorption and enzyme-catalyzed hydrolytic cleavage of collagen [31, 15], 

and also an increase in collagen rigidity, which contributes to the formation of a 

more effective and stable hybrid layer. In micro-raman [35]  and two-photon 

laser confocal microscopy [36]  analyses, it was verified homogeneous 

distribution of methacrylate monomers within the interfibrillar  spaces, which 

improves the collagen fibers protection and encapsulation [35]  and the hybrid 

layer mechanical properties, resulting in improved bond strength [37]. Although 
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EWBT pretreatment is referred to remove and replace free and loosely bound 

water around dentin tubule orifices and within the collagen microfibrils [31, 33, 

38], the employment of EWBT and adhesive systems does not result in complete 

removal of water from dentin matrix [19], allowing monomers dilution, water 

sorption and hydrolysis of the adhesive interface [33, 34]. Improved success 

rates were not detected in the present study while associating the EWBT and 

hydrophilic adhesive systems in comparison with the control group. Groups 

receiving the hydrophilic adhesives in association or not with the EWBT 

presented survival rates greater than 90%. Longer evaluation periods are 

necessary to properly address the possible referred differences resulted from the 

reported laboratorial advantages on the EWBT. Future evaluations are granted 

due to the reported more stable formed hybrid layer, resulted from improved 

monomer impregnation and also due to the capacity of EWBT to prevent the 

phase separation of adhesives [32], and thus improving bond strength over time 

[39]. 

Ethanol is an organic solvent that displaces water molecules within 

dentin matrix and presents higher evaporation capacity that leads to facilitated 

monomers impregnation [40]. The association between dentin matrix treated by 

EWBT and the ethanol from the Scotchbond Universal Adhesive may have 

facilitated the impregnation of resin monomers to hybrid layer formation, 

resulting in a stable bonding. Further recall visits are granted to possibly detect 

the beforehand described positive influence on the hybrid layer formation and 

stability. Although the literature states that increased permeability of monomers 

may increase toxicity potential and compromise the longevity of restorations 

[40], no clinical adverse reports were observed in the present trial  after 18 

months. 

The universal adhesive employed in association with the EWBT presents 

10-MDP, component that favors the interaction of the adhesive components with 
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calcium from hydroxyapatite of the dentin [41]. This interaction decreases the 

dissolution rate of Ca-salt formed and helps maintaining the bonding interface 

durability overtime [42]. Besides that, the association between the applied 

ethanol and the ethanol from the adhesive composition may have aid proper 

infiltration of resin monomers into the dentin matrix resulting in difficult 

hydrolysis overtime. Although similar results were  detected  among the  three  

groups receiving  hydrophilic  monomers,  the  chemical  interaction  may  

positively influence future results. Considering the possible benefits of Universal 

adhesives (easy handling, chemical bonding, and possible facilitated monomer 

infiltration), results longer recalls may indicate its use with the EWBT. 

The EWBT was initially  proposed in association with hydrophobic 

adhesives due to water removal from collagen matrix and proper collagen 

encapsulation, leading to a less hydrophilic hybrid layer [24, 43] that hinders 

hydrolysis. Although proper in vitro results for the EWBT in association with 

hydrophobic adhesives are reported  [17, 44], clinical evaluation after 12 or 18 

months recalls the EWBT did not lead to significant differences, with success 

rates greater than 91% [21-23]. Those results may be dependent on the use of a 

formulated hydrophobic primer, in which the bond was diluted to 10 or 50 w% 

in ethanol [21-23]. Those previous clinical data are similar to the use of 

hydrophilic systems in our study. On the opposite, the use of a commercially 

available hydrophobic adhesive led to lower success rates in comparison with 

all other groups. The viscosity of the hydrophobic adhesive may have influenced 

monomer infiltration into the demineralized dentin, and consequently, a less 

stable hybrid layer was formed since fewer collagen fibers were protected [27]. 

This fact might be related to the gradual losses observed for EB group at all 

evaluated periods in the present study. Lack of retention in the hydrophobic 

group was distributed within all evaluated periods, highlighting the fact that 

improper adhesive penetration might have happened in several degrees. In 
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consideration to adhesive impregnation, studies using diluted hydrophobic 

monomers prior to hydrophobic monomer application resulted in proper clinical 

success rates [22, 23]. Moreover, laboratorial data might not have taken into 

consideration the dentin fluid flux from the pulp, and such scenario in the 

clinical reality might also have influenced the worst clinical success observed, 

especially considering the hydrophobic group. The previously reported diluted 

hydrophobic primer (dilution of the bond) is not commercial available with no 

access to clinicians, thus being a barrier for its use within the approach. In 

addition, for EB was observed progressive failure rate at 6, 12 and 18 months. 

Based on the results of this trial, after 18 months of follow up, the EWBT 

combined with the hydrophobic adhesive presented lower retention rates when 

compared to the other groups. Moreover, the EWBT with hydrophilic adhesives 

presented similar results (p>0.290) to control group, based on this, EWBT may 

not be necessary to improve retention rate clinically. Considering that self-etch 

adhesives are preferred for dentin bonding [45], the research group is also 

assessing the combination of EWBT and universal adhesive on self-etch mode, 

for possible interactions between the smear layer and EWBT. 

The importance of the present data relates to the fact that the results 

were not in favor to the original EWBT from 6 months to 18 months follow up. 

Future recalls are required to validate this statement. Furthermore, the 

treatment success may be directly affected by the thickness layer of adhesives, 

adhesive viscosity and wettability. For the malocclusion of patients, a balanced 

distribution of failed and succeed restorations regarding the presence/absence 

of wear facets was detected (Table 3), suggesting that characteristic might have 

not influenced the results. 

 

Conclusions 

EWBT in association with hydrophilic strategies presented adequate 
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retention rates at 6, 12 and 18 months. All hydrophilic groups regardless EWBT 

were similar to control. However, EWBT associated to hydrophobic adhesive 

(third step of the three-step etch-and-rinse adhesive) should have limited 

indication due to lower clinical performance observed at all evaluated periods. 
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2.4 Artigo  ï Souza MY,   Andrade JL, Bresciani E. A técnica da dentina 

úmida por etanol influencia as propriedades adesivas de restaurações? / 

Does the ethanol-wet-bonding influence the adhesive properties of dental 

restorations? A systematic review and metanalysis*  

 

RESUMO  
Objetivos: Uma revisão sistemática com metanálise foi realizada para avaliar a 

eficácia da técnica da dentina úmida em etanol (EWBT) no sucesso da 

restauração e na resistência de união à dentina. Métodos: Foi realizada uma 

busca abrangente, sem restrições, no banco de dados MEDLINE (via PubMed), 

Scopus, Web of Science, Literatura Latino-Americana e do Caribe em Ciências 

da Saúde (LILACS), Biblioteca Brasileira de Odontologia (BBO), Biblioteca 

Cochrane e Literatura cinzenta na Europa (SIGLE), para identificar ensaios 

clínicos randomizados e estudos laboratoriais. A metanálise foi realizada 

utilizando modelos de efeitos fixos ou aleatórios para os estudos clínicos e 

laboratoriais, respectivamente. Dados: Após a remoção de duplicatas, 1254 

artigos foram identificados. Após triagem de título e resumo, 3 estudos clínicos 

e 21 estudos laboratoriais permaneceram. Dois estudos laboratoriais foram 

excluídos, enquanto 19 estudos permaneceram para análise qualitativa. 

Nenhuma diferença entre pré-tratamentos, água ou EWBT foi observada na 

análise dos estudos clínicos. Foi observada uma diferença significativa na força 

de união favorecendo a técnica úmida por água, quando comparada com EWBT, 

para os estudos laboratoriais. Conclusões: Para estudos clínicos, não foi 

observada diferença entre as técnicas EWBT e água. Para estudos laboratoriais, 

menor força de união à dentina foi detectada, independentemente do modo de 

aplicação da EWBT. A associação com clorexidina ou o uso de adesivos 

autocondicionantes resultou em resultados semelhantes entre os grupos. Para os 

demais parâmetros avaliados, a abordagem úmida em água apresentou maiores 

resultados de união. 

 

 

Palavras-chave: Dentina. Colagem dentária. Etanol. Sistemas adesivos. Revisão 

sistemática. 
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*Artigo  elaborado de acordo com as normas do Periódico Journal of Dentistry (Print version ISSN 0300-5712).  
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ABSTRACT  

Objectives: A systematic review with metanalysis was performed to evaluate the 

effectiveness of ethanol-wet-bonding technique (EWBT) on the restoration 

success and on the bond strength to dentin. Methods: A comprehensive search 

was performed without restrictions on MEDLINE (via PubMed), Scopus, Web of 

Science, Latin American and Caribbean Health Sciences Literature database 

(LILACS), Brazilian Library in Dentistry (BBO), Cochrane Library, and the 

System for information on Grey Literature in Europe (SIGLE), to identify 

randomized clinical trials and laboratory studies. Metanalysis was conducted 

using fixed or random effects models for the clinical and laboratorial studies, 

respectively. Data: After the removal of duplicates, 1254 articles were 

identified. After title and abstract screening, 3 clinical trials and 21 laboratory 

studies remained. Two laboratorial studies were further excluded, whereas 19 

studies remained for qualitative analysis. No difference between pretreatments, 

water or EWBT, was observed for the clinical trials analysis. A significant 

difference in the bond strength favoring water-wet approach was observed when 

compared with the EWBT in laboratorial studies. Conclusions: For clinical 

trials, no difference between EWBT and water-wet approaches was observed. 

For laboratory studies, lower bond strength to dentin was detected, regardless 

the EWBT mode of application. The association with chlorhexidine or the use of 

self-etch adhesives resulted in similar results between groups. For the others 

parameters evaluated, the water wet approach presented greater bonding 

results. 

 

 

Keywords: Dentin. Dental bonding. Ethanol. Adhesives. Systematic review. 
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1. Introduction 

Adhesive Dentistry has advanced mainly on the strategies regarding the 

adhesive systems application. The first strategy is based on the smear layer 

removal, which is referred to as the etch-and-rinse approach
1, 2

. A second 

strategy depends on modifying the smear layer, which aims to incorporate it into 

the adhesive layer. This strategy is referred as the self-etch approach
3
. In 

addition, other strategy available consists on selective enamel etching and self-

etch on the dentin substrate. This approach may be used with self-etch or 

universal adhesives, being those last referred as multi-mode
4, 5

. 

Dental tissues present different amount of organic and inorganic 

components on the enamel and dentin substrates
6
, fact that influences the 

adhesion pattern of adhesives. Additionally, adhesive interface still undergoes 

degradation overtime and consequently the resin restorations may fail after a 

short lifespan
1
. In an attempt to prevent the interface degradation and to 

increase the restorations lifespan, additional measures were proposed. Some of 

the approaches reported in the literature are the addition of chlorhexidine 

(CHX) into adhesives
7
, formulation of experimental adhesives

8
, use of matrix 

metalloprotease (MMPs) inhibitors
9
, and the ethanol wet bonding technique 

(EWBT)
10

.  

Based on the laboratorial studies that evaluated the EWBT, it is reported 

that this pretreatment might extend the longevity of resinïdentin bonding, once 
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the resin monomer infiltration is improved and consequently a hybrid layer with 

better quality is formed
11, 12

. After EWBT, it is reported that the excess of water 

from substrate is removed, and a hydrophobic dentin collagen matrix is created, 

which decreases the interface degradation
11

. Two protocols have been reported 

for applying the EWB; the progressive technique, in which the ethanol 

saturation is obtained using increasing concentrations
11

; and the simplified 

technique, in which the ethanol 100% is applied with a single application
13

. 

Few clinical studies have evaluated the EWBT as a dentin pretreatment
14-

16
, and divergent results were found. Moreover, many laboratory studies 

evaluated the effectiveness of EWBT on the bond strength to dentin, and while 

not considering the heterogeneity of methods, such as the mode of application of 

adhesives
12

, association with CHX
11, 17

, different mode of light polymerizing
18

, or 

caries-affected dentin
17, 19

, some studies concluded there is an improvement of 

bond strength after EWBT. 

Based on available literauture, the effectiveness of EWBT is unclear. In 

addition, clinical decision-making procedures should be based on scientific 

information, once studies are continually published on new techniques and 

restorative materials. Evidence-based Dentistry is an approach to oral health 

care requiring the judicious integration of systematic assessments of clinically 

relevant scientific evidence. Systematic reviews and metanalysis are considered 

to be the highest level of evidence supporting evidence-based decision-making. 
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Therefore, the aim of this study was to determine whether there are 

evidence-based differences in the success rate of NCCLs restorations after 

EWBT and on the bond strength to dentin. In face of the controversial results 

published in the literature, the aim of this systematic review with metanalysis 

was to answer the following PICO question (population, intervention, 

comparison and outcome): Does the success rate of NCCLs restorations is 

increased after ethanol-wet-bonding technique when compared to water wet? 

Does the bond strength to dentin is increased after EWBT when compared to 

control group? 

2. Material and Methods 

Protocol and Registration 

This study protocol was registered at the International Prospective Register 

of Systematic Reviews (PROSPERO - CRD42018103065) and followed the 

recommendations of the Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) statement for report
20

. 

Inclusion and Exclusion Criteria 

The inclusion criteria were defined according to the research question and 

PICO strategy (Patient ï teeth with NCCLs or dentin specimens; Intervention ï 

restorations performed with EWBT; Comparison ï adhesive protocols with etch-

and-rinse or self-etch adhesives; Outcome ï retention rate of NCCLs 
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restorations or bond strength to dentin), taking into account clinical trials and 

laboratory studies that evaluated the EWBT.  

Studies that assessed both EWBT simplified or progressive were included in 

this review. Clinical trials that evaluated the success rate of NCCLs restorations 

were included. Laboratory studies with different adhesive protocols, EWBT, 

aging processes, presence of hydrophobic primer and different mechanical tests 

in which evaluated the bond strength with dentin were also included. 

The inclusion and exclusion criteria were established by a consensus 

reached from all researchers after discussion, considering the research question 

and the objectives of the study. 

Literature search strategy 

Seven electronic databases (MEDLINE via PubMed, Scopus, Web of Science, 

Latin American and Caribbean Health Sciences Literature database (LILACS), 

Brazilian Library in Dentistry (BBO), Cochrane Library and the System for 

information on Grey Literature in Europe (SIGLE)) were searched from their 

inception to May 2019. Appropriate mesh terms were used and the search 

strategy adapted for each of the databases. The structured search strategy and 

data extraction were conducted by two independent examiners (Figure 1). 
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Figure 1 - Electronic database and search strategy for each database 
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Study Selection and Data Collection Process  

Duplicates were then removed in a two-step procedure. Firstly, a specific 

tool from EndNote to remove duplicates was used. Due to differences in the 

indexation process of articles in the different databases, not all duplicates were 

removed. Thus, a second step was performed, the selected articles were 

alphabetically organized by title and duplicates could be identified and removed 

manually. Articles were further screened by title and abstract taking into 

account the eligibility criteria. Then, full-text from selected articles was 

obtained and two reviewers (M.Y.S and E.B.) classified those that met the 

inclusion criteria. Relevant information about the study design, participants, 

interventions, and outcomes were extracted using customized extraction forms 

by the authors independently. Concerning aging, data that represented longer 

recall for clinical trials or laboratory studies and no aging were used. 

Assessment of risk of bias 

 Risk of bias for clinical trials was evaluated according to the following 

parameters: sequence generation, allocation, blinding of participants and 

personnel, blinding of outcome assessment, incomplete outcome data, selective 

reporting and other bias.  

 For laboratory studies the risk of bias was evaluated according to the 

following parameters: materials used according to the manufacturerôs 

instructions, samples with similar dimensions, similar pattern on testing 



86 

   

machine (cross-head speed), blinding of the operator of the testing machine, the 

presence of a control group.  

 If the authors reported the parameter, the article received a óyesô for that 

parameter; if it was not possible to find the information, the article received an 

óunclearô; and if any type of bias was found the article received aónoô. Articles 

that properly reported 5 to 6 items were classified as having a low risk of bias, 

those that reported 4 or 3 items were considered to have a medium risk of bias, 

and those that reported 1 to 2 items were classified as having a high risk of bias. 

3. Results 

Study Selection 

After the database screening and removal of duplicates, 1254 studies were 

identified. After title screening, 281 studies remained, and this number was 

reduced to 22 (19 laboratorial and 3 clinical) after abstracts analysis. (Figure 

2) 
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Figure 2 - Flowchart of study identification 

 

Most included studies were judged as having an low risk of bias for clinical 

trials (Table 1) and for laboratory studies (Table 2). Most of parameters not 

properly reported received an unclear classification. Only one clinical study 

received a high risk of bias due to inconsistency with previously reported data. 

Table 1 ï Risk of bias for clinical trials included  
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Table 2 ï Risk of bias for laboratory studies included 

 

 

The forest plot for all laboratory studies and each variable is represented in 

Figure 3 to 10. 
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Figure 3 ï Forest plot for all laboratory studies included 
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Figure 4 ï Forest plot for the laboratory studies grouped by microtensile 

(MTBs) or shear bond strength (SBS) tests 
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Figure 5 ï Forest plot for the laboratory studies grouped by mode of 

application of EWBT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



92 

   

Figure 6 ï Forest plot for the laboratory studies grouped by mode of 

application of adhesive system 
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Figure 7 ï Forest plot for the laboratory studies grouped by the presence 

or not of aging process on bond strength 
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Figure 8 ï Forest plot for the laboratory studies grouped by the use or 

not of CHX as pre-treatment associated to EWBT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


























