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Zander-Grande C. Efeitos dos diferentes protocolos de aplicac&do na longevidade
de sistemas adesivos convencionais e autocondicionantes: “in vitro” e ” in
vivo”. [Tese - Doutorado em Dentistica Restauradora]. Ponta Grossa:
Universidade Estadual de Ponta Grossa,; 2012.

RESUMO

O propoésito deste estudo foi avaliar o efeito de diferentes protocolos de adeséo na longevidade
de diferentes sistemas adesivos, convencionais e autocondicionantes em um estudo
laboratorial e dois estudos clinicos. Sendo os objetivos especificos, para cada um dos trés
estudos respectivamente: avaliar a resisténcia de unido, ao longo do tempo, de sistemas
adesivos autocondicionantes de um passo e dois passos, aplicados de acordo com as
recomendacgfes do fabricante. Avaliar clinicamente a retencdo de restauracdes de classe V
realizadas com sistemas adesivos convencionais de dois passos aplicados de maneira
vigorosa em dentina seca ou Umida. Avaliar clinicamente a retencao de restauracdes de classe
V realizadas com sistemas adesivos autocondicionantes aplicados de forma ativa ou passiva.
Metodologia 1: foram utilizados 24 terceiros molares, cuja a dentina foi exposta e sobre ela
foram construidas de maneira incremental coroas em resina composta utilizando os seguintes
adesivos: Xeno IV (XE, Dentsply), G-Bond (GB, GC Inc), Clearfil S3 Bond (CS3, Kuraray);
Adper Prompt L- Pop (AD, 3M ESPE); Go (GO, SDI), All SE Bond (ABSE um passo, ABSE
dois passos, Bisco) e Clearfil SE Bond (CSE, Kuraray). Os “palitos” obtidos (0,8mm?)
originados a partir dos mesmos dentes foram divididos aleatoriamente para serem testados,
apos 24 h ou 6 m de armazenamento em agua. Os dados foram submetidos a andlise de
variancia ANOVA dois critérios e teste de Tukey com e sem a inclusédo de falhas prematuras
(PF) (a=0,05). Metodologia 2: 40 pacientes com 4 lesBes cervicais ndo cariosas (LCNC)
semelhantes foram incluidos neste estudo. Foram colocadas 160 restauracdes, de acordo com
0s seguintes grupos: One-Step/acetona (Bisco) Seco ou Reumedecido (OSS ou OSR) e Adper
Single Bond/etanol Seco ou Reumedecido (SBS ou SBR) (3M ESPE). As restauragfes foram
avaliadas pelos critérios USPHS modificados nos tempos imediatos, apés, 6, 12 e 24 meses.
Em cada estudo clinico, as diferencas nos indices dos diferentes grupos no mesmo periodo de
avaliacdo e as diferencas para um mesmo grupo nos diferentes periodos de avaliagcao
(imediato, 6, 12 e 24 meses) foram submetidas ao teste de medidas repetidas de Friedman (a =
0,05) e, para as diferencas encontradas, os grupos foram comparados pelo teste de Wilcoxon
(a = 0,05). Metodologia 3: 31 pacientes com 4 LCNC semelhantes foram incluidos neste
estudo. Foram colocadas 124 restauracdes de acordo com as seguintes condicdes: (1) APA
(Adper Prompt L Pop, aplicacéo ativa), (2) APP (Adper Prompt L-Pop - aplicacdo passiva), (3)
XEA (Xeno Il - aplicacéo ativa) e (4) XEP (Xeno Il - aplicac@o passiva). As restauracfes foram
avaliadas pelos critérios da FDI imediatamente e apds 6, 12 e 24 meses. Os efeitos do adesivo
e o0 modo de aplicacdo foram avaliados através de um modelo linear generalizado misto
associado a uma funcéo de ligacdo. Resultados 1: a inclusé@o de falhas prematuras resultou em
diferenca estatisticamente significativas para CS3, CSE e AD (P <0,05). Resultados 2: as taxas
de retencdo apds 24 meses de avaliacdo para os seguintes grupos foram: SBR 95%, SBS
97,5%, OSS 91,9% e OSR 97,5%. Nenhuma diferenca significativa foi detectada entre os
grupos (P> 0,05). Em termos de descoloracdo marginal, o desempenho do OS foi
significativamente pior do que SB, independentemente da umidade da dentina (P> 0,05).
Resultados 3: O adesivo AP e a aplicacdo passiva demostraram uma significativa
descoloracé@o quando comparados com o adesivo XE e a aplicagdo ativa, respectivamente (p <
0.05). No que diz respeito as taxas de retencdo, o modo de aplicagédo ativa produziu maiores
taxas de retencdo na avaliacdo de 24 meses em comparacdo com a aplicacdo passiva,
independentemente do adesivo. As taxas de retencéo individuais (%, intervalo de confianca de
95%) de ambos os adesivos no modo de aplicacdo ativa foram os 96,8% mesmo (83,8-99,4),
enguanto na aplicacédo passiva foram 87,1% (71,2-94,9) e 80,7% (63,7- 90,8), respectivamente,
para XE e AP. Conclusdo: novos protocolos de aplicacdo podem melhorar os resultados
clinicos em longo prazo dos diferentes sistemas adesivos, quando comparados aos protocolos
recomendados pelos fabricantes; que a aplicacdo ativa melhorou as taxas de retencdo dos
sistemas adesivos testados, ao longo do tempo, para ambos os estudos clinicos.

Palavras-chave: adesivos; microtracdo; avaliacdo clinica; lesGes cervicais ndo cariosas;
aplicacéo ativa.



Zander-Grande C. Effects of different application protocols on the longevity of
etch-and-rinse and self-etch adhesives systems: "in vitro" and "in vivo". [Tese —
Doutorado em Dentistica Restauradora]. Ponta Grossa: Universidade Estadual
de Ponta Grossa,; 2012.

ABSTRACT

The purpose of this study was to evaluate the effect of different protocols of application of
conventional and self-etch adhesive systems over the years, in a laboratory study and two
clinical studies. Objective 1: to evaluate the microtensile bond strengths (microTBS) of 1-step
vs. 2-step self-etch systems to dentin after 24 hours and after 6 months of water storage.
Objective 2: to evaluate the 24-month clinical performance of resin—based composites in
noncarious cervical lesions (NCCLs) in teeth restored with two etch-and-rinse adhesives that
had been applied with a vigorous rubbing action to both dry and rewet dentin. Objectives 3: to
evaluate the clinical performance of two one-step self-etch adhesives in non carious cervical
lesions (NCCL) under active or passive application mode. Methods 1: resin composite buildups
were bonded to occlusal dentin of third molars using the following adhesives: Xeno IV (XE,
Dentsply), G-Bond (GB, GC Inc), Clearfil S3 Bond (CS3, Kuraray); Adper Prompt L-Pop (AD,
3M ESPE); Go (GO, SDI), All Bond SE (ABSE 1-step or ABSE 2-step, Bisco) and Clearfil SE
Bond (CSE, Kuraray). The bonded sticks (cross-sectioned area of 0.8-0.9 mmz2) originated from
the same teeth were randomly divided to be tested after 24 hours or after 6 months of water
storage. The data was submitted to two-way repeated measures ANOVA and Tukey's test with
and without the inclusion of premature failures (PF) (alpha = 0.05). Methods 2: were enrolled 40
patients in this study. They inserted 160 restorations and evaluated them at baseline and at six,
12 and 24 months of service. They divided the restorations into four groups: One-Step (OS)
Universal Dental Adhesive System (Bisco, Schaumburg, Ill.) (acetone-based adhesive) with
rewet dentin; OS with dry dentin; Adper Single Bond (SB) Plus Adhesive (3M ESPE, St. Paul,
Minn.) (ethanol/water—based adhesive) with rewet dentin; and SB with dry dentin. The authors
used the same resin—based composite for all restorations. They evaluated the restorations
according to modified U.S. Public Health Service criteria. Methods 3: 31 patients with 4 NCCL
were enrolled in this study. One hundred and twenty four restorations were placed according to
one of the following conditions: (1) APA (Adper Prompt L Pop, active application), (2) APP
(Adper Prompt L-Pop - passive application); (3) XEA (Xeno Il - active application) and (4) XEP
(Xeno Il - passive application). The restorations were evaluated by the FDI criteria at baseline,
after 6, 12 and 24 months of clinical service. The effects of adhesive, mode of application and
recall period were assessed via mixed generalized linear model (alfa=0.05). Results 1: the
inclusion of PF resulted in different statistically significant means for CS3, CSE and AD
(P<0.05). Results 2: the 24-month retention rates for the rewet and dry conditions, respectively,
were 95.0 percent and 97.5 percent for SB and 97.5 percent and 91.9 percent for OS. The
authors detected no significant difference between rewet and dry groups for either adhesive (P
> .05). In terms of marginal discoloration, OS performed significantly worse than did SB,
irrespective of dentin moisture (P > .05). Results 3: the adhesive AP and the passive application
mode showed significant higher marginal staining than XE and active application, respectively
(p < 0.05). In regard to the retention rates, the active application mode yielded higher retention
rates at the 24-month recall compared to the passive application, regardless of the material.
The individual retention rates (%, 95% confidence interval) of both adhesive in the active
application mode were the same 96.8% (83.8— 99.4), while in the passive application were
87.1% (71.2-94.9) and 80.7% (63.7-90.8), respectively, for XE and AP. Conclusions 1: only
the ABSE2 showed stable bonds after 6 months of water storage (P>0.05). Conclusions 2:
dentin moisture seems not to be important for the retention of etch-and-rinse adhesives as long
as the adhesives have been rubbed vigorously onto the dentin surface. The ethanol/water—
based adhesive showed a better overall performance than did the acetone—based system.
Conclusions 3: the active application improved the retention rates of both adhesives after 24
months and minimized the marginal staining at enamel margins.

Keywords: adhesives; microtensile; clinical evaluation; non-carious cervical lesions, active
application.
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1. INTRODUCAO GERAL

A tecnologia associada aos sistemas adesivos evoluiu rapidamente em
um curto periodo de tempo. Desta maneira, reconstru¢cdes dentarias
minimamente invasivas tornaram-se possiveis (Manhart et al.! 2004; Peumans
et al.? 2005). Porém, apesar de toda essa evolucdo, a retencdo das
restauracdes em resina composta ainda é baixa em longos periodos de
avaliacdo, sendo a interface adesiva entre o dente e a restauragédo, o elo
considerado mais fragil e suscetivel a sofrer degradacdo (De Munck et al.?
2005; Breschi et al.* 2008).

Os sistemas adesivos atuais podem interagir com 0 esmalte e a
dentina usando trés estratégias diferentes (Van Meerbeek et al. > 2003a; Van
Meerbeek et al.° 2003b). A primeira estratégia consiste na remocéo total da
smear layer, utilizando-se o acido fosforico em concentracdes que variam de
30% a 40%. Essa estratégia € conhecida como convencional (etch-and-rinse).
Apbés o condicionamento &cido, a rugosidade superficial do esmalte é
aumentada e os tubulos dentinérios e fibras coladgenas da dentina passam a
ficar expostos. A penetragdo dos mondOmeros resinosos nestes substratos
modificados propicia uma retengdo micromecanica do material restaurador ao
dente (Gwinnett, Matsui’ 1967; Perdigdo et al.® 2000; Van Meerbeek et al.®
2003b).

Os adesivos convencionais podem ser aplicados em trés ou dois
passos clinicos; estes Udltimos também sdo conhecidos como sistemas
adesivos convencionais simplificados. Nos sistemas de trés passos, uma
solucédo hidréfila (primer) € aplicada antes de uma solucdo com caracteristicas
mais hidr6fobas (bond). Nos adesivos simplificados, apenas uma Unica
solucdo, contendo o teor do primer e bond, € aplicada em um Unico passo
clinico (Perdigdo et al.® 2000; Van Meerbeek et al.® 2003).

A segunda estratégia de adesdo consiste na modificacdo da smear
layer, onde os mondmeros acidicos condicionam e penetram 0s substratos
dentarios simultaneamente; sdo, portanto, conhecidos como sistemas adesivos
autocondicionantes (self-etch). Além de simplificar a técnica, essa estratégia

promove a formacéo de uma interface adesiva mais uniforme e também elimina
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os procedimentos de lavagem e secagem da dentina, evitando
consequentemente a possibilidade de fenbmenos como 0 overwetting (excesso
de umidade) e o overdrying (excesso de secagem) que comprometem a
adesdo e sua longevidade (Tay et al.” 1996a; Tay et al.'° 1996b; Perdigdo et
al.® 2000; Inoue et al.** 2005).

E importante ressaltar que os sistemas adesivos autocondicionantes
sdo classificados de acordo com seu pH e, portanto, pela intensidade de
desmineralizagdo em: muito acidos (pH < 1), &cido (pH = 1,5), suave (pH = 2,5)
e super suave (pH = 1,5) (Inoue et al.** 2005). Os adesivos autocondicionantes
considerados muito acidos promovem uma desmineralizacdo semelhante aos
sistemas adesivos convencionais, enquanto os considerados suaves fazem
uma dissolucdo parcial dos substratos dentinarios, e incorporam uma
guantidade consideravel de hidroxiapatita remanescente a camada hibrida (De
Munck et al.*? 2003).

De acordo com o0 numero de passos clinicos, o0s sistemas
autocondicionantes séo classificados como de um ou dois passos clinicos. Os
adesivos de dois passos envolvem a aplicacdo de um adesivo com
caracteristicas hidréfilas seguido da aplicacdo de uma solugdo hidréfoba. Os
adesivos de passo Uunico também sdo considerados simplificados, e
proporcionam uma aplicacdo mais répida (Van Meerbeek et al. > 2003a; Van
Meerbeek et al.° 2003b, Van Landuyt et al.'®* 2007). Porém, sdo os que
atualmente apresentam reduzidos valores de resisténcia de unido, tanto no
tempo imediato quanto ao longo do tempo (De Munck et al.® 2005; Perdigao et
al.'* 2006; Reis et al.'®> 2007) e menores taxas de retencdo em estudos clinicos
(Peumans et al.? 2005; Heintze et al.'® 2009). Essa menor eficiéncia tem sido
associada a propriedades mecénicas inferiores, a uma maior sor¢cao de agua
(Malacarne et al.*” 2006) devido suas caracteristicas hidréfilas, principalmente
em formulacdes de componente Unico (Tay, Pashley'® 2003; Tay et al.*® 2004;
Yiu et al.?° 2006; Van Landuyt et al.?* 2008a; Van Landuyt et al.?? 2008b).

Desta forma, apesar dos adesivos simplificados tornarem o processo
clinico mais 4gil, reduzindo o numero de passos clinicos durante o

procedimento adesivo, possuem caracteristicas predominantemente hidréfilas e
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apresentam maior susceptibilidade a sorcdo de agua e futura degradacado
(Frankenberger et al. *> 2004; De Munck et al.®> 2005). Além disto, a inclusdo de
monémeros hidréfilos na composicdo dos sistemas adesivos simplificados, que
primeiramente tém o intuito de melhorar a penetragdo dos monémeros na
dentina desmineralizada, os tornou membranas semipermeéaveis (Tay et al.?*,

2002; Tay et al.*® 2004).

A terceira estratégia de adesdo aos substratos dentais € através dos
sistemas auto-adesivos, representados pelos cimentos de ionémero de vidro e
os cimentos de ionbmero de vidro modificados por resina. S0 0s Unicos
materiais considerados auto-aderentes aos tecidos dentais; sua uniao quimica
ao dente acontece pela interacdo ibnica entre os grupos policarboxilicos do
acido polialquendico com a hidroxiapatita unida as fibrilas colagenas (Yoshida
et al.?® 2000; Hikita et al.?® 2007; Radovic et al.?’ 2008; Monticelli et al.?® 2008).

A despeito de haver um grande numero de sistemas adesivos
disponiveis no mercado, nem todos apresentam desempenho clinico eficaz
(Peumans et al.? 2005; Heintze et al.'® 2009). Dentre todos os sistemas
adesivos, os convencionais e autocondicionantes simplificados apresentam
menores taxas de retencdo em lesées cervicais de classe V (Loguercio et al.®
2010; Reis et al.*® 2010). Visando evitar falhas adesivas precoces e aumentar
a longevidade das restauragcbes em resina composta, varios estudos
investigaram novos protocolos de aplicacdo destes materiais. O aumento do
tempo de aplicacdo do adesivo pelo dobro ou triplo do tempo recomendado ja
foi avaliado por alguns autores (El-Din, Abd El-Mohsen et al.*! 2002, Miyazaki
et al.¥ 2002, Cardoso et al.*®* 2005). Além de facilitar a penetracdo dos
adesivos na dentina desmineralizada, o aumento do tempo de aplicacdo
também favorece a evaporacdo dos solventes presentes nos adesivos testados
(EI-Din, Abd El-Mohsen et al.®* 2002, Miyazaki et al.*? 2002, Cardoso et al.*

2005).

Outra alternativa € o aumento do numero de camadas do adesivo
(Frankenberger et al.** 2001, Pashley et al.* 2002, Hashimoto et al.*® 2004, Ito
et al.®” 2005, Nakaoki et al.®® 2005) que garantiu melhorias no desempenho dos

materiais simplificados.
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Pasquantonio et al.*

(2007) notaram que a aplicacdo de uma corrente
elétrica direta aplicada entre a dentina (catodo) e o adesivo (anodo), por um
dispositivo eletrénico denominado ElectroBond (Seti, Roma, Italia), resultou em
melhores valores de resisténcia de unido quando comparados aos dentes que

receberam a aplicacdo convencional dos sistemas adesivos.

Outra maneira de aplicar o sistema adesivo € da forma ativa, também
chamada de vigorosa (Miyazaki et al.”® 1996, Jacobsen, Soderhéim*' 1998).
Esta técnica consiste em aplicar o agente de unido sob presséo na superficie
da dentina desmineralizada. Dal-Bianco et al.** (2006) encontraram altos
valores de resisténcia de unido tanto em dentina seca como em dentina umida
guando dois adesivos convencionais simplificados foram vigorosamente
aplicados no substrato dentinario, demonstrando que a adesdo, pode sim ser
feita em dentina desmineralizada e seca, desde que o material adesivo seja
aplicado de forma ativa. A explicacdo para tal fato € que os mondmeros
resinosos conseguem penetrar pela pressdo intensa, provocada pela acao
vigorosa, abrindo espaco entre as fibrilas coldgenas até entdo colapsadas pelo
ar. Além disto, esta alternativa pode favorecer a evaporacdo dos solventes
presentes nos adesivos simplificados, além de permitir uma maior infiltracdo

nos substratos dentarios.

Com o crescente numero de produtos, técnicas e protocolos adesivos,
como os anteriormente mencionados, a decisdo clinica pela escolha do
material ficou cada vez mais complicada, e para isso, estudos laboratoriais e
clinicos vém sendo extensivamente desenvolvidos para elucidar tais davidas.
Os sistemas adesivos sdo estudados no laboratério por meio de inUmeros
testes com diferentes métodos, dentre eles alguns sdo: os testes de resisténcia
de unido (macrocisalhamento, microcisalhamento, microtracdo, macrotracao,
fadiga), os testes de infiltracAo marginal com produtos tracadores
(microinfiltragdo marginal, nanoinfiltracdo marginal) e os testes de adaptacéo
marginal (microfenda) (Heintze et al.*® 2007; Burke et al.** 2008).

N&o existe um consenso, em qual teste apresenta 0s parametros mais
adequados para avaliar a resisténcia de unido dos sistemas adesivos aos

substratos dentarios. A 1SO 11405* (primeira edicdo de 1994 e segunda
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edicdo de 2003) que consiste nas especificacdes técnicas de como testar a
adesdo as estruturas dentarias, descreve a metodologia para os testes de
cisalhamento e tracéo (ISO 11405.%° 2003).

Porém, o teste laboratorial mais comumente utilizado nos dias atuais €
o teste de microtracéo (Heintze et al.*® 2007) que foi desenvolvido por Sano et
al. em 1994. A particularidade deste teste encontra-se em avaliar uma area
menor quando comparada aos testes de macrotracdo, a qual deve ser de
aproximadamente 1 mm? ou menos. Esse teste possui a vantagem de permitir
melhor controle das diferengcas regionais entre dentina central e dentina
periférica e evita falhas coesivas pela melhor distribuicdo de forcas na interface
adesiva (Sano et al. *° 1994; Pashley et al.*’ 1999).

O significado dos testes de adesédo e sua evolucdo vem sendo
discutida por muitos autores (Oilo*® 1993; Van Noort et al.*®, 1989; Séderholm
et al. °° 1991; Prati et al.>* 1994; Sudsangiam, Van Noort>> 1999; Van Meerbeek
et al.>® 2010). Muitos destes pesquisadores duvidam da importancia dos
estudos laboratoriais, pois existe uma falta de correlagdo entre os resultados
dos testes de adesdao com resultados clinicos, ou seja, os resultados obtidos
em testes laboratoriais ndo s&o extrapolados para a realidade clinica (Tyas®*
1996; Sudsangiam, Van Noort>* 1999; Van Meerbeek et al.>® 2010). A ades&o
deve ser correlacionada com a habilidade de uma restauragéo ficar retida no
lugar mesmo quando a retencdo mecanica for pequena ou ausente. Essa
capacidade pode ser observada nas restauracoes feitas em lesbes cervicais
nao cariosas (classe V), onde a resisténcia mecanica € pequena e
normalmente ndo é efetuado nenhum tipo de preparo em dentina e esmalte
(ADA> 2001). A Associacdo Americana de Odontologia (American Dental
Association, ADA) definiu que, para um sistema adesivo preencher o0s
requisitos ideias para ser utilizado, o0 mesmo deveria ter, apés um ano e meio
de longevidade, uma taxa de retencdo de 90% (ADA> 2001). Muitos dos
sistemas adesivos, principalmente os autocondicionantes de passo Unico, nao

foram aceitos pelos critérios da ADA (De Munck et al.>® 2009).

Cumpre-se ressaltar, entretanto, que apesar do uso do teste de

microtracdo para a avaliacdo do desempenho de sistemas adesivos no tempo
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imediato e ao longo do tempo ter melhorado a correlacdo de estudos
laboratoriais com o0s resultados de retencdo em avaliacbes clinicas de
restauracdes de classe V (Van Meerbeek et al.>® 2010), outros aspectos como
adaptacdo e descoloracdo marginal, céarie adjacente a restauracdo e
sensibilidade pds-operatéria, s6 podem ser respondidas com ensaios clinicos
aleatorizados. Desta forma, os estudos laboratoriais devem ser utilizados como
forma de realizar uma selecéo preliminar dos melhores materiais e somente

estes serem levados para avaliagdes clinicas de longa duracéo.

Assim, faz-se necessario que os diferentes protocolos de aplicacédo dos
sistemas adesivos, que ja foram extensivamente estudados laboratorialmente,
apresentando resultados desejaveis, sejam testados principalmente em
situacdes clinicas, no intuito de desvendar um protocolo de adesdo que resulte
numa maior durabilidade das restauracées em resina composta ao longo do

tempo.
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2. PROPOSICAO GERAL

O propésito deste estudo foi avaliar o efeito de diferentes protocolos de
adesdo na longevidade de diferentes sistemas adesivos, convencionais e

autocondicionantes em um estudo laboratorial e dois estudos clinicos.

2.1 Objetivos especificos

1. Avaliar “in vitro” a resisténcia de unido, ao longo do tempo, de sistemas
adesivos autocondicionantes de um passo e dois passos, aplicados de

acordo com as recomendacdes do fabricante.

2. Avaliar clinicamente a retencéo de restauracfes de classe V realizadas com
sistemas adesivos convencionais de dois passos aplicados de maneira

vigorosa em dentina seca ou Umida.

3. Auvaliar clinicamente a retencéo de restauragfes de classe V realizadas com

sistemas adesivos autocondicionantes aplicados de forma ativa ou passiva.
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3. MATERIAL E METODOS
3.1 Pesquisa Laboratorial

Efeito do armazenamento em agua por 6 meses na resisténcia de uniao de

adesivos autocondicionantes a dentina

O presente estudo foi aprovado pelo Comité de Etica em Pesquisa
(COEP) da Universidade Estadual de Ponta Grossa, protocolo 052/2007
(Anexo A).

Para esta pesquisa foram utilizados 24 terceiros molares humanos,
extraidos por indicacdo odontoldgica, limpos com escova Robson e pedra
pomes em baixa rotacdo, em seguida armazenados em solucdo de timol a

0,5%. Para cada grupo experimental foram empregados 3 dentes.
Preparo dos dentes

A dentina foi exposta por meio de um corte realizado com disco
diamantado (KG Sorensen, Barueri, Sdo Paulo, SP, BR) em baixa rotacao sob
irrigacdo constante. As bordas periféricas em esmalte foram removidas com o
auxilio de pontas diamantadas n° 2135 (KG Sorensen, Barueri, Sdo Paulo, SP,
BR) em alta rotacdo com irrigacdo constante, para que apenas tecido
dentinario ficasse exposto para a confeccédo dos corpos-de-prova (cp) (Figura
1). Em seguida, para se obter uma smear layer padronizada, a dentina foi
polida com lixas de carbeto de silicio de granulacdo 600 (Extec, Enfield, CT,

EUA) sob irrigacao.

B b

Figura 1 — Preparo da superficie de dentina para adesdo. Em (a) dente higido; (b) superficie

dentaria plana em dentina; (c) superficie plana de dentina sem bordas periféricas de esmalte.
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Os dentes foram entdo aleatoriamente divididos em grupos, de acordo
com o sistema adesivo utilizado. Posteriormente, metade dos cps obtidos foi
selecionada aleatoriamente para ser testada ap6s 24 horas [24H] de
armazenamento em agua e a outra metade foi testada ap6s 6 meses de

armazenamento em agua [6M].
Procedimento Restaurador

Foram utilizados sete sistemas adesivos autocondicionantes
disponiveis no mercado: Xeno IV (XE, Dentsply, York, PA, EUA), G-Bond (GB,
GC Corp., Toquio, JP), Clearfil S3 Bond (CS3, Kuraray Medical Inc, Téquio, TO
JP); Adper Prompt L-Pop (AD, 3M ESPE, St. Paul, MN, EUA); Go (GO, SDI
Limited, Bayswater, VC, AUS), All Bond SE (em um ou dois passos, Bisco Inc,
Schaumburg, IL, EUA) e Clearfil SE Bond (CSE, Kuraray Medical Inc, Toquio,
TO, JP). O sistema adesivo All Bond SE foi utilizado tanto na opgédo de um
passo clinico [1P] como dois passos clinicos [2P]. O delineamento do estudo

pode ser visualizado na Figura 2.

Figura 2 — Delineamento do Estudo



28

Todos os sistemas adesivos foram aplicados de acordo com as normas
do fabricante; todas as etapas do procedimento adesivo e restaurador foram
realizados por um Unico operador em ambiente com temperatura (24°C) e
umidade relativa do ar controladas (75%). As caracteristicas gerais de cada
material, bem como sua forma de aplica¢do, estao expostas no Quadro 1.

A fotoativacdo dos sistemas adesivos foi realizada com uma unidade
de lampada halégena VIP (Bisco Inc, Schaumburg, IL, EUA) (500 mW/cm?).
Apbés o procedimento adesivo, foram confeccionadas “coroas” com resina
composta Charisma (Heraeus Kulzer, Hanau, HS, DEU) com aproximadamente
3,0 mm de altura, em trés incrementos de aproximadamente 1,0 mm, sendo
cada um fotoativado por 40 s com o mesmo aparelho de lampada halégena
com 500 mW/cm? de intensidade de luz (VIP) (Figura 3). Apés a armazenagem
em agua destilada a 37°C durante 24 h, as amostras foram levadas para

maquina de corte.



Quadro 1 — Composicéo dos sistemas adesivos, modo de aplicagéo e lote.
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Sistemas Adesivos, Composicdo, Modo de Aplicacéo e Lote

Adesivo Composicéo Modo de Aplicagao * Lote
1. Aplicar uma generosa camada de adesivo de
UDMA, PENTA, acetona, maneira ativa por 15 s;
Xeno IV trimetacrilato fotopolimerizavel, | 2. Aplicar uma segunda camada de maneira igual; 060817
DMA polimerizavel, 3. Remover os excessos de solvente com um jato de
(Dentsply) fotoiniciadores. ar suave por 5 s a uma distancia de 10 - 15 cm
aproximando gradualmente até 10 mm de distancia;
4. Fotoativagdo por 10 s a 500 mW/cm?.
1. Aplicacdo de uma camada de adesivo de maneira
4-MET, UDMA, mondmero ativa por 5 s;
GBond fosfato, DMA , carga de silica 2. Deixar o adesivo na superficie por 5 - 10 s sem 0606231
(GC Corp) coloidal, acetona, agua e agitacao;
p- fotoiniciadores. 3. Secagem com jato de ar com pressdo maxima por 5
S;
4. Fotoativagdo por 10 s a 500 mW/cm®.
Clearfil S° MDP; HEMA, Bis-GMA, 1. Aplicar uma camada de adesivo de maneira ativa
Bond metacrilatos hidréfobos, agua, | por 20 s; 00054
etil-alcool, di-canforoquinona e | 2. Secaggm com jato de ar com alta pr(zesséo por 10 s;
(Kuraray) silica coloidal silanizada. 3. Fotoativag&o por 10 s a 500 mW/cm®,
- . o 1. Misturar uma gota de adesivo da parte A e uma
Liquido A — agua , monomero ota de adesivo ?:ia Parte B P
Adper fosfato, HEMA, canforoquinona g ; . . .
- S 2. Aplicar uma camada de adesivo de maneira ativa
Prompt e dimetacrilato hidréfobos. por 15 s 225666
. . 250246
(3M ESPE) Liquido B — agua, HEMA, 4cido glsg)rl]flaar um jato de ar suave por 10 s a 20 cm de
polialcendico, estabilizadores. 4. Fotoativagéo por 10 s a 500 mW/cm?>.
o . 1. Aplicar uma camada do adesivo em superficie
Mondmero fosfato éster, amida:
Go dimetacrilato, me,tag:nlatq, agua, | 5 Deixar o adesivo na superficie por 20 s sem
fluoreto de sddio, silica, o 144549
(SDh fotoiniciadores e agttacao;
estabilizadores 3. Aplicar um jato de ar suave por 5 s;
’ 4. Fotoativagdo por 10 s a 500 mW/cm?.
PROCEDIMENTO A
Parte | — Etanol, benzeno de ;éML:rsTt]uar?nrigtL&?gnL?nail%?;Eua|s da parte | e da parte Il
sédio sulfatado desidratado. 2. Aplicagédo de uma camada de maneira vigorosa por
L 15-20s;
Z?nr:ztlellc_rigtsc; %ggggcljos 3. Forte jato de ar por 15 s a 10 cm;
hidroxietil metacrilato, bisfenil | 4 Fotoativagdo por 10's a 500 mwi/em’
All Bond SE dimetacrilato. 5. Aplicar uma segunda camada do adesivo de forma 8288832321
(Bisco) ' ativa por 15 s, nos casos onde a superficie ndo estiver | 3c50007395
All Bond SE liner: Bisfenol A, | 2rilhando;
A - ’ 6. Forte jato de ar por for 15 s a 10 cm;
diglicidiimetacrilato, uretano 7. Fotoativag&o por 10 s a 500 mW/cm?
dimetacrilato, P.ROCEDIMENTO B
hldrOX|et|Ime\t/?(<j:rr(|)Iato, carga de 8. ApOs 0s passos acima, uma fina camada de All
’ Bond Se liner deve ser aplicada.
9. Fotoativago por 10 s a 500 mW/cm?
Primer — agua, MDP, HEMA,
. canforoquinona, dimetacrilato 1. Aplicar uma camada do primer de maneira vigorosa
Clearfil SE hidrofi .
Bond _ idrg |Ios._ por ZQ S 00795
Adesivo — MDP, Bis-GMA, 2. Aplicar jato de ar por 10 s a 20 cm; 011582
(Kuraray) HEMA, canforoquinona, 3. Aplicar uma camada de adesivo;

dimetacrilato hidréfobo , N,N-
dietanol p-toluidina,

4. Fotoativag&o por 10 s a 500 mW/cm?®

* A forma de aplicacdo dos sistemas adesivos preconizada foi a recomendada

foi padronizado em 10 s a 500 mW/cm®.

Eelo fabricante e o tempo de fotoativagao
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Figura 3 — (a) aplicagdo do sistema adesivo; (b) fotoativacao, (c) e (d) vista oclusal e lateral das
coroas em resina composta.

Preparo dos Corpos-de-Prova

Cada unidade experimental foi fixada com cera pegajosa a um
dispositivo da maquina de corte Labcut 1010 Low Speed Diamond Saw (Extec,
Enfield, CT, EUA) sob irrigacdo com a interface de unido perpendicular ao
disco de corte. Foram entéo realizadas duas sequéncias de cortes longitudinais
(eixo x) e perpendiculares (eixo y) entre si para obtencdo de cps com formato
de “palitos” e com area de secado retangular de aproximadamente 0,9 £+ 0,1
mm? (Figura 4). O nimero de falhas prematuras (FP), por dente, durante a
preparacdo das amostras, foi registada. A area transversal de cada cp foi
medida com paquimetro digital (Shimadzu, Toquio, TO, JP) antes do teste para
o0 calculo da resisténcia de uniéo.

Os palitos originados do mesmo dente foram divididos aleatoriamente,
sendo metade testado imediatamente [24H] e o restante apds 6 meses [6M] de
armazenamento em agua destilada contendo azida sddica 0,4% a 37° C. Desta
forma, um total de 16 condicdes experimentais foram testadas. A solugcdo de
armazenamento ndo foi trocada durante todo o periodo de armazenamento e 0

seu pH foi monitorado mensalmente.
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Figura 4 — Sequéncia dos cortes para obtencdo dos corpos-de-prova. Em (a) dente fixado com
cera pegajosa ao dispositivo da maquina de corte; (b) maquina de corte Labcut 1010 (c) primeira
sequéncia de cortes no eixo x; (d) segunda sequéncia de cortes no eixo y; em (e) cp pronto para
teste (palito).

Teste dos Corpos-de-Prova

Cada cp foi fixado com cola de cianoacrilato em gel da marca comercial
Super Bonder (Loctite, Sdo Paulo, SP, BR) a garra de Geraldeli (Odeme
Biotechnology, Joacaba, SC, BR), que foi acoplada a maquina de ensaios
universal EMIC (S&o José dos Pinhais, PR, BR), de maneira que as tensdes de
tracdo ocorressem perpendicularmente a interface da colagem. A maquina foi
operada a uma velocidade de 0,5 mm/min. Para calcular a tensdo de ruptura de
cada cp em MPa, a area da secc¢ao transversal dos cp foi mensurada com o
auxilio de um paquimetro digital Absolute Digimatic (Mitutoyo, Toquio, TO, JP)
e entdo convertido para cm? (Figura 5).

Os padrdes de fratura foram avaliados em microscopio estereoscépico
de luz (HMV-2) (Shimadzu, Téquio, TO, JP) com aumento de 40x e
classificados como: coesiva de resina composta; adesiva/mista na interface e

coesiva de dentina. Apenas as falhas adesivas ou mistas foram consideradas
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para fins estatisticos. Falhas coesivas (ha dentina ou na resina composta)

foram excluidas da analise.

Figura 5 — Sequéncia para o teste de microtragdo. Em (a) paquimetro digital para a medicdo da
area dos cp; (b) maquina utilizada para o teste de microtragdo (EMIC); (c) garra para o teste de
microtracdo.

A unidade experimental, no presente, estudo foi o dente, o que significa
gue o valor de um determinado grupo, em cada periodo de teste € a média de
trés dentes. Duas analises estatisticas foram realizadas. A primeira abordagem
nao incluiu os espécimes com falhas prematuras na média de dente, enquanto
na segunda, os mesmos foram inclusos na média do dente. Os dados de
resisténcia de unido foram entdo submetidos ao teste de analise de variancia
(ANOVA) e teste de Tukey para contraste das médias (a = 0,05). As médias
obtidas com e sem a inclusdo das falhas prematuras em cada tempo foram
comparadas utilizando um teste t de Student com um nivel de significancia pré-

estabelecido ao nivel de 5%.
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3.2 Pesquisa Clinica 1

Ensaio clinico aleatorizado sobre o efeito da umidade dentinaria e da
aplicacao vigorosa, na longevidade de sistemas adesivos convencionais

de dois passos

O presente estudo foi aprovado pelo Comité de Etica em Pesquisa
(COEP) da Universidade Estadual de Ponta Grossa, sob o nimero de protocolo
1743/06 (Anexo B).

Este estudo foi um ensaio clinico randomizado, duplo-cego com uma
taxa de alocacdo igual entre os quatro grupos em avaliacdo. Este estudo foi
conduzido na clinica do curso de Odontologia da Universidade Estadual de
Ponta Grossa.

Sele¢do dos materiais

Foram empregados neste estudo a resina composta Filtek Z250 (3M
ESPE, St. Paul, MN, EUA) e os sistemas adesivos Single Bond (Bisco, Inc,
Schaumburg, IL, EUA) (solventes etanol e agua) e One Step (Bisco, Inc,
Schaumburg, IL, EUA) (solvente acetona). Os adesivos foram aplicados em
dentina Umida ou seca. A composicdo dos sistemas adesivos esta exposta na
Tabela 1.

Selecédo dos pacientes
Critérios de incluséo

Os pacientes deveriam ser saudaveis e ter no minimo 20 dentes em
oclusdo. No minimo quatro lesBes cervicais de mesmo tamanho (erosao,
abrasdo e/ou abfracdo) sob oclusdo foram requeridas por paciente. As lesdes
deveriam ser expulsivas, sem retencdes, e ndo mais que 50% da margem
cavo-superficial em esmalte (Loguercio et al.>’ 2003). A parede cervical deveria

estar localizada em dentina.
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Critérios de excluséao

Pacientes com pouca higiene ou com bruxismo nédo foram incluidos no
estudo. Lesbes apresentando hipersensibilidade foram excluidas do estudo
(Swift Jr et al.>® 2001). Pacientes com préteses extensas (fixas ou removiveis)
também nado foram incluidos. Os pacientes que obedeciam aos critérios de

incluséo e exclusédo do estudo receberam orientagcdo em higiene bucal.
Avaliagéao e registro das lesdes

Na primeira sessdo de atendimento, foi realizada uma anamnese
detalhada para averiguacdo do estado de saude geral e bucal do paciente.
Estando dentro dos critérios de inclusdo do estudo, os pacientes assinaram o
termo de compromisso livre e esclarecido. Em seguida foram realizadas
radiografias interproximais e periapicais das é&reas envolvidas, a fim de se
verificar a presenca ou ndo de caries interproximais, lesGes periapicais e
analise das condicdes periodontais. Em todos os casos, a avaliacdo foi feita
pelo operador (diretamente) e por outros dois examinadores independentes e

calibrados, com mais de cinco anos de experiéncia clinica.

Todas as lesBes, previamente a execucdo das restauracfes, foram
fotografadas com maquina fotografica digital (Nikon D-70 acoplada a lente 105
AF micro Nikkor, Toquio, TO, JP) em trés posicbes: vestibular, proximal
(mesial) e oclusal. As fotografias da face vestibular foram utilizadas para a
mensuragcdo do grau de esclerose (Swift et al.® 2001) e da quantidade de
esmalte/dentina ao redor da lesdo. A fotografia da face proximal (mesial) foi
tomada para auxiliar na mensuracédo da angulacdo da cavidade e a fotografia
por oclusal para verificar a presenca de facetas de desgastes oclusais (Figura
1).

Para que os dentes fossem incluidos no estudo, uma avaliagdo prévia
foi feita pelo operador (diretamente) e por outros dois examinadores
independentes e calibrados. Uma ficha padrédo foi utilizada (Apéndice A), onde
foram observados os seguintes critérios:

1. grau de esclerose de acordo com as definicdes do Quadro 1;



35

2. as dimensdes das cavidades em milimetros (altura, largura e
profundidade), registradas com auxilio de uma sonda milimetrada
(Figura 2);

3. a geometria da cavidade (verificada através de fotografias de perfil da
leséo e classificadas em <45°, 45°- 90°, 90°- 135°, >135°)

4. se a borda cervical estava em dentina;

5. presenca ou auséncia de faceta de desgaste oclusal; presenca ou
auséncia de sensibilidade a estimulos (espontanea, ao jato de agua, ao

jato de ar e a pressao da sonda exploradora).

Figura 1 — Registro fotografico das lesdes cervicais.

Célculo do tamanho da amostra

Para se determinar uma diferenca de 20% entre 0S grupos com um
nivel alfa de 5% e um poder estatistico de 80%, o tamanho da amostra foi
minimamente estimada em 36 dentes para cada grupo em cada estudo,
perfazendo um total de 40 pacientes. Desta forma, foram selecionados 40
pacientes de ambos os sexos, em atendimento na Clinica de Odontologia da

Universidade Estadual de Ponta Grossa, Ponta Grossa, PR.
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Quadro 1 - Escala de dentina esclerosada (*)

Categoria Critério

Auséncia de esclerose, dentina amarelo-clara ou esbranquicada com

1 ~ - n
menor descoloragdo. Opaca com pouca translucidez ou transparéncia.
> Mais do que a categoria 1, menos proximo comparativamente com as
categorias 3 e 4.
3 Menos que a categoria 4, mais proximo comparativamente com as

categorias 1 e 2.

Apresenta esclerose. A dentina apresenta-se amarelo-escura ou descolorada
4 (marrom), tem aparéncia vitrea, com significante translucidez ou evidente
transparéncia.

(*) Baseada na escala desenvolvida por Dr. Steven E. Duke da Universidade do Centro de
Ciéncias da Saude de San Antonio Texas (EUA) e modificada pelo departamento de Dentistica
da Faculdade de Odontologia da Carolina do Norte.

Figura 2 — Dimensdes da cavidade em milimetros. (A) mostra a leséo cervical ndo cariosa; (B)
medindo a altura; (C) a largura; (D) a profundidade com o auxilio de uma sonda milimetrada.
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Restauracgéo propriamente dita

Todos os pacientes foram informados da natureza e do objetivo do
estudo, e assinaram um termo de consentimento livre e esclarecido para
participarem deste estudo (Apéndice B), no entanto, eles ndo tinham

conhecimento sobre a localizacao de cada material utilizado.

Todas as lesdes foram restauradas por trés operadores previamente
treinados e calibrados, sob supervisdo de um clinico experiente. Cada paciente
recebeu no minimo quatro restauracdes, nas quais 0Ss materiais foram
aleatoriamente distribuidos por sorteio. As lesdes foram preparadas como
segue: 1) anestesia (Citanest, Dentsply Petropolis, RJ, BR); 2) limpeza com
pasta de pedra-pomes e agua (SS White Prod. Odontol. Ltda, Petropolis, RJ,
BR) com taca de borracha (#8040RA, KG Sorensen, Barueri, SP, BR) seguido
de enxague e secagem; 3) selecdo da cor; 4) isolamento com lencol de
borracha (SS White Prod. Odontol. Ltda. Petrépolis, RJ, BR); 5) nova profilaxia

dentaria. Nenhuma retencao adicional ou bisel foram realizados.

A seguir, as restauracfes foram confeccionadas de acordo com o0s
seus grupos experimentais. Em todos os grupos a aplicacdo do sistema
adesivo foi vigorosa, existindo a variacdo da umidade dentinaria. Desta forma
os grupos foram: One Step reumedecido [OSR], One Step seco [OSS], Single
Bond reumedecido [SBR] e Single Bond seco [SBS]. As cavidades foram entao
restauradas com aproximadamente 3 incrementos de resina composta Filtek
Z250, sendo cada uma delas fotoativada por 30 s com um aparelho de luz VIP
a 600 mW/cm? (Bisco, Schaumburg, IL, EUA). A forma de aplicacado dos

sistemas adesivos esta descrita na Tabela 1.



Tabela 1 - Sistemas adesivos, composi¢cdo e modo de aplicagdo.
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Modo de Aplicacdo

i . Passo 2: Umidade Dentinéaria
sistema Composicéo Passo 1: : L Passo 3:
Adesivo oog X Grupo Grupo A
Condicionamento o P Aplicacao
Reumedecido Seco
Aplicacéo de
) duas camadas
Acido: Uni-etch de adesivo de
~ (Bisco) Condicionamento Jato de ar Secagem forma vigorosa
Acido fosférico a o - comprimido livre ag
o com acido fosforico de ol com jato de licacso d
One Step 32% por 15 e Oleo por 15 s ar Ap icacéo de
. . . . comprimido jato de ar por
(Bisco) Adesivo: Bis-GMA¥, Reumedecimento | . . 10sa20cm
Lavagem com : livre de Oleo AP
BPDM t, HEMA + - com microbrush de distancia
L) agua por 15s P por15s
coiniciadores, Umido
acetona Fotoativagao
por 10 s a 600
mWwW/cm?
Acido: Scotchbond dﬁggcggggggs
Etchant (3M ESPE) .
P - de adesivo de
Acido fosf6rico a Jato de ar forma vigorosa
Adper 35% Condicionamento Con Secagem 9
) . - comprimido livre ;
Single com acido fosfoérico de 6leo por 155 | €OM jato de Aplicacio de
Bond Adesivo: Bis-GMA*, por15s P ar 'a?o degar or
HEMA +, . comprimido J P
. . Reumedecimento | . p 10sa20cm
(3M dimetacrilatos, co- Lavagem com : livre de 6leo AP
. p . com microbrush de distancia
ESPE) polimeros do &acido agua por 15 s amido por15s
polialcendico, S
iniciadores, agua e Fotoativacao
etané)l por 10 s a 600
mW/cm?
* Bis-GMA: Bisfenol A-glicidil metacrilato
t BPDM: Bisfenil dimetacrilato
+ HEMA: 2-Hidroxietil metacrilato
Acabamento e polimento
O acabamento inicial foi feito com l|amina de bisturi e pontas

diamantadas F e FF (# 3034, KG Sorensen, Sao Paulo, SP, BR) para definicéo

da forma anatomica. O polimento foi executado na mesma sessao com 0S
discos abrasivos Sof-Lex Pop-On (3M ESPE, St. Paul, MN, EUA), de acordo

com as recomendacdes do fabricante. A sequéncia dos procedimentos clinicos

esta exposta na Figura 3.



Figura 3 — Sequéncia dos procedimentos clinicos realizados.
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Avaliacdo e andlise estatistica

Dois examinadores calibrados que nao participaram das etapas clinicas
do estudo e que, portanto, desconhecem as condi¢cdes e localizacdo dos
grupos experimentais, fizeram a avaliacdo clinica direta das restauracdes nos
diferentes periodos de acompanhamento. A andlise foi independente e
executada com o auxilio de espelho clinico, sonda exploradora e com
iIsolamento relativo. Quando existiu discordancia entre os examinadores, um

consenso foi obtido antes que o paciente fosse dispensado.

A analise inicial (baseline) foi realizada imediatamente ap6s a remocao
do isolamento absoluto e uma semana apoés, para confirmacdo da correta
restauracdao. Os critérios do United States Public Health Service (USPHS),

adaptados de Loguercio et al.®’

(2003) foram empregados para avaliacdo das
restauracdes (Quadro 2). Durante cada consulta de acompanhamento uma
ficha de avaliagao foi preenchida. Quando detectada uma alteragdo acentuada
(bravo em qualquer item de avaliagdo) no baseline, a restauracéo foi

substituida e uma nova avaliagao inicial foi realizada.

Apos 6, 12, e 24 meses, 0s pacientes foram chamados outra vez e as
restauracoes foram avaliadas pelos mesmos critérios, novamente pelos
mesmos dois examinadores. Em cada estudo clinico, as diferencas nos indices
dos diferentes grupos no mesmo periodo de avaliacdo e as diferencas para um
mesmo grupo nos diferentes periodos de avaliacdo (imediato, 6, 12 e 24
meses) foram submetidas ao teste de medidas repetidas de Friedman (a =
0,05) e, para as diferencas encontradas, os grupos foram comparados pelo
teste de Wilcoxon (a = 0,05). Como uma forma de medir a concordancia entre

os examinadores, a estatistica de Cohen’s Kappa foi usada.
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Quadro 2 - Categoria dos critérios USPHS para avaliacéo.

. Tipo de e
Categoria Po ¢ Escala de Classificacéo
Inspecao

A: retido

Retengao B: parcialmente retido
C: perdido

- Inspegao visual A: fenda ao longo da margem indetectavel
Adaptacgdo com explorador e . .
) B: detectavel V - defeito apenas em esmalte
Marginal espelho

C: detectdvel V — defeito formado na jungao amelodentinaria

A: nenhuma evidéncia de carie

Lesdo de cérie adjacente A . =
B: evidéncia de cérie ao longo da restauragdo

a restauragdo

A: nenhuma sensibilidade em algum momento do procedimento
restaurador e durante o periodo de estudo

B: experiéncia de sensibilidade em algum momento do
procedimento restaurador e durante o periodo de estudo

Sensibilidade Pds- Perguntando ao
Operatoéria Paciente

A: nenhuma descoloragdo ao longo da margem
B: mancha superficial (de facil remogdo)
C: mancha profunda

Inspecgdo visual

Descoloragdo Marginal
com espelho
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3.3 Pesquisa Clinica 2

Desempenho clinico de diferentes sistemas adesivos autocondicionantes

aplicados de maneira ativa na dentina: analise de 24 meses

O presente estudo foi aprovado pelo Comité de Etica em Pesquisa
(COEP) da Universidade Estadual de Ponta Grossa, sob o protocolo 6291/06
(Anexo 3). Sendo que seu delineamento experimental seguiu a declaracéo
CONSORT (Schulz et al.*® 2011).

Este estudo avaliou dois sistemas adesivos autocondicionantes de um
passo, aplicados de forma ativa e inativa, seguindo o desenho experimental de
um ensaio clinico aleatorizado duplo-cego com uma taxa de alocagdo igual
entre 0s quatro grupos em avaliacdo. Este estudo foi conduzido na clinica do

curso de Odontologia da Universidade Estadual de Ponta Grossa.
Selecdo dos materiais

Foram empregados neste estudo a resina micro-hibrida Esthet X
(Dentsply Caulk, ML, EUA), dois sistemas adesivos auto-condicionantes de um
passo: Xeno Il (Dentsply Caulk, ML, EUA) e Adper Prompt L-Pop (3M ESPE,
St. Paul, MN, EUA). A composicado dos materiais utilizados esta descrita na

Tabela 1 e sua apresentacdo comercial na Figura 1.

Figura 1 — (a) resina composta Esthet X, (b) sistema adesivo Xeno lll, (c) sistema adesivo Adper Prompt
L-Pop.

Figura 1 — (a) resina composta Esthet X, (b) sistema adesivo Xeno lll, (c) sistema adesivo Adper Prompt-
LPop.



43

Tabela 1 - Composicdo e nimero do lote dos materiais empregados neste estudo.

Sistema
Adesivo Composicéo Lote
(Fabricante)

Liquido 1 (blister vermelho): Bis-GMA, éster fosférico metacrilato,

Adper Prompt iniciadores a base de canforoquinona e estabilizadores
L-Pop 225666
(3M ESPE) Liquido 2 (blister amarelo): HEMA, &gua, acido polialcenoico e

estabilizadores

Liquido A: agua, etanol, BHT, HEMA, UDMA e nanoparticulas

Xeno I
(Dentsply) Liquido B: &cido fosférico modificado, polimetacrilatos, metacrilatos 06055000261
modificados, PEM-F, UDMA, canforoquinona, 4-etil dimetilaminobenzoato
Parte organica: Bis- HEMA, Bis-GMA, UDMA, TEGDMA
Esthet X Parte Inorganica: particulas de silica de 0,6 pm (0,01 - 3,5 um) 010221
(Dentsply) 83% de particulas

Conteudo adicional: estabilizadores, catalizador e pigmentos.

Bis-GMA: bisfenol A diglicidil metacrilato , Bis-HEMA: bisfenol 2-hidroxietilmetacrilato, HEMA: 2-hidroxietiimetacrilato,
BHT: hidroxitolueno butilado, UDMA: uretano dimetacrilato, TEGDMA: trirtilenoglicol dimetacrilato

Selecédo dos pacientes
Critérios de incluséo

Um total de 48 pacientes foram analisados para verificar se atendiam
aos critérios de inclusédo e exclusdo do estudo. Os pacientes deveriam ter pelo
menos 18 anos, serem saudaveis e terem no minimo 20 dentes em ocluséo.
Cada paciente deveria possuir no minimo quatro lesdes cervicais nao cariosas
de mesmo tamanho sob oclusdo. As lesdes deveriam ser expulsivas, sem
retencdes, e ndo mais que 50% da margem cavo-superficial em esmalte

(Loguercio et al.>’ 2003). A parede cervical deveria estar localizada em dentina.
Critérios de excluséo

Pacientes com pouca higiene ou com bruxismo ndo foram incluidos no
estudo. Lesbes apresentando hipersensibilidade foram excluidas do estudo
(Swift Jr et al.”® 2001). Pacientes com préteses extensas (fixas ou removiveis)

também ndo foram incluidos. Os pacientes que obedeciam aos critérios de
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inclusdo e exclusdo do estudo receberam orientacdo em higiene bucal, duas

semanas antes da execucao dos procedimentos restauradores.
Avaliacao e registro das lesdes

Na primeira sessao de atendimento, foi realizada uma anamnese
detalhada para averiguacdo do estado de saude geral e bucal do paciente.
Estando dentro dos critérios de inclusdo do estudo, os pacientes assinaram o
termo de compromisso livre e esclarecido. Em seguida foram realizadas
radiografias interproximais e periapicais das areas envolvidas, a fim de se
verificar a presenca ou ndo de caries interproximais, lesGes periapicais e
andlise das condi¢des periodontais. Em todos os casos, a avaliagéo foi feita
pelo operador (diretamente) e por outros dois examinadores independentes e

calibrados.

bY

Todas as lesbes, previamente a execugao das restauracdes, foram
fotografadas com maquina fotografica digital (Nikon D-70 acoplada a lente 105
AF micro Nikkor, Toquio, TO, JP) em trés posicdes: vestibular, proximal
(mesial) e oclusal. As fotografias da face vestibular foram utilizadas para a
mensuracdo do grau de esclerose (Swift et al.® 2001) e da quantidade de
esmalte/dentina ao redor da lesdo. A fotografia da face proximal (mesial)
auxiliara na mensuracédo da angulacdo da cavidade e a fotografia por oclusal

na verificagdo da presenca de facetas de desgastes oclusais (Figura 2).

Para que os dentes fossem incluidos no estudo, uma avaliagédo prévia foi
feita pelo operador e por outros dois examinadores independentes e calibrados.
Uma ficha padréo (Apéndice A) foi utilizada, onde foram observados os
seguintes critérios:

1. grau de esclerose de acordo com as definicdes do Quadro 1;

2. as dimensbes das cavidades em milimetros (altura, largura e
profundidade), registradas com auxilio de uma sonda milimétrica)
(Figura 3);

3. a geometria da cavidade (verificada através de fotografias de perfil da
leséo e classificadas em <45°, 45°- 90°, 90°- 135°, >135°);

4. se a borda cervical estava em dentina;
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5. presenca ou auséncia de faceta de desgaste oclusal; presenca ou
auséncia de sensibilidade a estimulos (espontanea, ao jato de agua, ao

jato de ar e a presséo da sonda exploradora.

Figura 2 — Registro fotografico das lesdes cervicais.

Quadro 1 - Escala de dentina esclerosada (*)

Categoria Critério

Auséncia de esclerose, dentina amarelo-clara ou esbranqui¢cada com

1 ~ - L
menor descoloragédo. Opaca com pouca translucidez ou transparéncia.
2 Mais do que a categoria 1, menos proximo comparativamente com as
categorias 3 e 4.
3 Menos que a categoria 4, mais proximo comparativamente com as

categorias 1 e 2.

Apresenta esclerose. A dentina apresenta-se amarelo-escura ou descolorada
4 (marrom), tem aparéncia vitrea, com significante translucidez ou evidente
transparéncia.

(*) Baseada na escala desenvolvida por Dr. Steven E. Duke da Universidade do Centro de
Ciéncias da Saude de San Antonio Texas (EUA) e modificada pelo departamento de Dentistica
da Faculdade de Odontologia da Carolina do Norte.
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Figura 3 — Dimensdes da cavidade em milimetros. (A) mostra a lesdo cervical ndo
cariosa; (B) medindo a altura; (C) a largura; (D) a profundidade com o auxilio de uma
sonda milimetrada.

Calculo do tamanho da amostral

Para se determinar uma diferenga de 25% entre os grupos com um nivel
alfa de 0,05 e um poder estatistico de 80%, o tamanho da amostra foi
minimamente estimado em 31 dentes para cada grupo em cada estudo,
perfazendo um total de 31 pacientes. Desta forma, foram selecionados 31
pacientes de ambos os sexos, em atendimento na Clinica de Odontologia da
Universidade Estadual de Ponta Grossa, Ponta Grossa, PR.

Calibracédo dos Operadores

Para o processo de calibragdo dos operadores, um clinico experiente
realizou previamente uma restauracdo de cada grupo, a fim de identificar todos
0s passos envolvidos na técnica de aplicacdo dos materiais. Em seguida, cada
operador realizou quatro restauragdes para cada grupo, sob a supervisdo do
clinico experiente. Quando existiu alguma falha no procedimento restaurador, a
mesma foi mostrada ao operador em questdo, antes do inicio do estudo, para
gue fosse sanada. SO depois disso, os operadores foram considerados

calibrados para realizar os procedimentos restauradores.

Os mesmos operadores treinados que participaram da triagem dos
pacientes, executaram as restauracdes sob a supervisdo de um clinico

experiente. Todos os participantes receberam quatro restauracdes, uma de
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cada grupo experimental, em diferentes dentes com caracteristicas
semelhantes, tais como a forma, profundidade e esclerose dentinaria. O
operador determinou qual a ordem dos dentes a serem restaurados. Em
seguida, de forma aleatéria, por meio de sorteio, uma terceira pessoa nao
envolvida no processo escolheu um papel onde estava escrito o nome do grupo

a ser restaurado.
Restauracéo propriamente dita

Todos os pacientes foram informados da natureza e do objetivo do
estudo, e assinaram um termo de consentimento livre e esclarecido para
participarem deste estudo (Apéndice A), no entanto eles nao tinham

conhecimento sobre a localizacdo de cada material utilizado.

Todas as lesbes foram restauradas por trés operadores previamente
treinados e calibrados, sob supervisdo de um clinico experiente. Cada paciente
recebeu no minimo quatro restauracfes, nas quais 0s materiais foram
aleatoriamente distribuidos. As lesGes foram preparadas como segue: 1)
anestesia (Mepisv 3%, Nova DFL, Rio de Janeiro, RJ, BR); 2) limpeza com
pasta de pedra-pomes e 4gua (SS White Prod. Odontol. Ltda, Petropolis, RJ,
BR) com taca de borracha (#8040RA, KG Sorensen, Barueri, SP, BR) seguido
de enxague e secagem; 3) selecdo da cor; 4) isolamento absoluto com lencol
de borracha (SS White Prod. Odontol. Ltda. Petrépolis, RJ, BR); 5) nova
profilaxia dentaria. Nenhuma retencgdo adicional ou bisel foram realizados.

A seguir as restauracdes foram confeccionadas de acordo com o0s seus
grupos experimentais. Os adesivos Adper Prompt L-Pop (3M ESPE, St Paul,
MN, EUA) e Xeno lll (Dentsply Caulk, Milford, DE, EUA) foram aplicados de
maneira ativa ou passiva, totalizando quatro grupos: Xeno Passiva [XEP], Xeno
Ativa [XEA], Adper Prompt L-Pop Passiva [APP] e Adper Prompt L-Pop Ativa
[APA].

1. Aplicacdo Passiva: nesses grupos o adesivo foi apenas espalhado na
superficie da dentina, por aproximadamente 3 s e deixado por 15 a 20 s
sem movimentacéo (Tabela 2). Em seguida um jato de ar comprimido foi

aplicado por 10 s, com presséo de aproximadamente 0,27 MPa.
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2. Aplicacdo Ativa: o sistema adesivo foi aplicado de forma vigorosa na
superficie da dentina por aproximadamente 15 a 20 s. A pressao foi
equivalente a aproximadamente 34,5 = 6,9 g. Em seguida um jato de ar
comprimido foi aplicado por 10 s a uma distancia de 20 cm com pressao
de 0,27 MPa.

As restauracdes foram feitas de maneira incremental, com trés
incrementos de resina Esthet X (Dentsply Caulk, Milford, DE, EUA), cada
incremento foi fotoativado por 40 s por lampada halégena a 600 mW/cm? (VIP
light-curing unit, Bisco Inc. Schaumburg, IL, EUA). A forma de aplicagdo dos

sistemas adesivos esta descrita na Tabela 2 e Figura 4.

Tabela 2 — Sistema adesivo e modo de aplicagéo.

Sistema Adesivo : ~ . . ~
. Modo de Aplicacédo Sequéncia de Aplicacéao (*
(Fabricante) plicag q plieaseD ()
Adper Prompt Aiva (recomendacéo do fabricante) a, bl c,bl c,d
L-Pop
(3M ESPE) Passiva a, b2,c,b2,c,d
Ativa a, b3, c,d
Xeno Il
(Dentsply)
Passiva (recomedacé&o do fabricante) a, b4, c,d

(*) a: Dispensar quantidades iguais do liquido A ou 1 liquido B ou 2 e mistura-los 5 s;

b1: Aplicar uma camada de adesivo de forma ativa por 15-20 s;

b2: Aplicar uma camada passivamente e deixar o adesivo na superficie por 5 - 10 s sem agitagcao

b3: Aplicar uma camada de adesivo com agitagéo por 20 s;

b4: Aplicar uma camada de adesivo passivamente e deixar o adesivo na superficie por 20 s sem agitacao;
c: Jato de ar por 10 s at 20 cm;

d: Fotoativacdo 10 s - 600 mW/cm®

ADA
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Figura 4: Sequéncia dos procedimentos clinicos realizados.

Acabamento e polimento

O acabamento inicial foi feito com lamina de bisturi e pontas
diamantadas F e FF (# 3034, KG Sorensen, Sao Paulo, SP, BR) para definicdo
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da forma anatobmica. O polimento foi executado na mesma sessao com 0S
discos abrasivos Sof-Lex Pop-On (3M ESPE, St. Paul, MN, EUA), de acordo
com as recomendacdes do fabricante.

Avaliacdo e analise estatistica

Dois examinadores calibrados, que ndo participaram das etapas
clinicas do estudo e que, portanto desconheciam as condi¢des e localizagdo
dos grupos experimentais, fizeram a avaliacdo clinica direta das restauracées
nos diferentes periodos de acompanhamento. A analise foi independente e
executada com o auxilio de espelho clinico, sonda exploradora e com
isolamento relativo. Quando existiu discordancia entre os examinadores, um
60

consenso foi obtido antes que o paciente fosse dispensado (Cvar, Ryge
2005).

A analise inicial (baseline) foi realizada imediatamente apds a remocao
do isolamento absoluto e uma semana apoés, para confirmacdo da correta
restauracéo. A estratégia de avaliacdo sugerida por Hickel et al. ®* 2007; Hickel
et al.®? 2010 foi adotada para todos os periodos de avaliacdo. Apenas 0s
critérios mais importantes sugeridos pela ADA foram avaliados. No item
propriedades estéticas, apenas a descoloracdo marginal foi analisada. Para as
propriedades funcionais, foram avaliadas a adaptacdo marginal e a presenca
de fraturas ou auséncia de retencdo das restauracdes. Por fim, lesdes de
caries recorrentes e sensibilidade pds-operatéria foram avaliadas no aspecto
bioldgico (Quadro 2). Durante cada consulta de acompanhamento, uma ficha
de avaliacdo foi preenchida. Quando detectada uma alteracdo acentuada no
baseline, a restauracdo foi substituida e uma nova avaliacdo inicial foi

realizada.

Essas variaveis foram classificadas em: clinicamente muito bom,
clinicamente bom, clinicamente suficiente/satisfatorio; clinicamente
insatisfatéria e clinicamente deficiente. Ambos o0s examinadores avaliaram
todas as restauracdes de forma independente. Na falta de concordancia entre
examinadores 0s mesmos deveriam alcancar um consenso antes que o

participante fosse dispensado.
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As taxas de retencdo das restauracdes foram calculadas de acordo

com as orientacdes da (ADA ° 2001).

Porcentagem cumulativa = [(PF + NF) / (PF + RR)] x 100%, onde PF é
o0 namero de falhas prévias antes da atual avaliacdo, NF € o numero de novas
falhas durante a avaliacdo atual e RR € o numero de restauracfes atualmente

avaliadas.

Uma andlise descritiva foi usada para descrever a distribuicdo dos
critérios avaliados. Foi realizada uma analise estatistica para cada item, assim
como para cada propriedade. Os efeitos do adesivo, a forma de aplicacéo, e os
diferentes tempos foram avaliados por meio de um modelo linear generalizado

misto associado a uma funcéo de ligacéo.

Este modelo foi empregado porque os critérios: adaptacdo marginal e
recorréncia de carie apresentaram apenas duas respostas e, portanto, um
modelo binario teve de ser empregado para esta andlise. Para todos os outros
itens um modelo multinomial foi utilizado. O paciente foi considerado como a
medida repetida, pois 0s quatro grupos foram sempre colocados no mesmo
paciente.

Duas diferentes analises estatisticas foram executadas. Uma seguindo
a abordagem de intencdo de tratar, protocolo que incluiu todos os dentes em
seus grupos originalmente randomizados, mesmo aqueles que nao foram
capazes de serem analisados em alguma das avaliacfes. Neste caso, o ultimo
dado determinado na avaliacdo anterior foi imputado na avaliacdo ausente. A
segunda abordagem, menos conservadora, seguiu o protocolo de tratamento,
em que os participantes com dados faltantes foram excluidos da andlise

estatistica.



Quadro 2: Critérios de avaliagdo FDI.
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Critérios Avaliados 2>

Propriedades Estéticas

Propriedades Funcionais

Propriedades Bioldgicas

Classificacdo ¥

1. Descoloragdo marginal

2. Fraturas e retencéo 3. Adaptagao marginal

4. Sensibilidade Pés-

s 5. Céaries secundarias
operatéria

1. Clinicamente muito
bom

1.1 Auséncia de
descoloragéo marginal

3.1 Interface harmonica,
auséncia de fendas e
descoloragGes

2.1 Restauracéao retida,
auséncia de fraturas e
rachaduras

5.1 Auséncia de céries
secundarias ou primarias

4.1 Auséncia de
hipersensibilidade

2. Clinicamente bom (ap6s
pequenas corregdes passa a
muito bom)

1.2 Pequena descoloragéo
marginal, facilmente removida
com polimento

3.2.1 Fenda de 50 um

2.2 Pequena fissura ou trinca
q 3.2.2 pequena fratura marginal

removivel com polimento

5.2 Muito pequena e localizada
desmineralizagdo, sem necessidade
de tratamento

4.2 Pequena sensibilidade por um
limitado periodo de tempo

3. Clinicamente
suficiente/satisfatorio

1.3 Moderada descoloragédo
marginal, ndo esteticamente
inaceitavel

3.3.1 Fendas > que 150 pum,
2.3 Duas ou mais fissuras/ sem possibilidade de remogéo
trincas, lascado (ndo afetando a

integridade marginal) 3.3.2 Vérias pequenas fraturas

em esmalte e dentina

4.3.1 Prematura / levemente mais

intensa
5.3 Grandes areas de

desmineralizagdo, mas apenas
medidas preventivas séo tomadas
(ndo existe dentina exposta)

11.3.2 Atrasada / pequena
sensibilidade; auséncia de queixas
subjetivas, ndo é necessario
tratamento

4. Clinicamente
insatisfatério (reparo por
razdes profilaticas)

1.4 Pronunciada descoloracdo
marginal, grande intervencéo
necessaria para melhoria

3.4.1 Fendas > que 250 um ou

dentina exposta
2.4 Lascado com danos a

integridade marginal, fraturas

grandes com ou sem perda

parcial (menos da metade da
restauragao)

3.4.2 Danos e fraturas
marginais importantes

3.4.3 Notéavel fratura em
esmalte e/ ou dentina

4.4.1 Prematura / muito intensa

5.4 Céries com cavitacao (localizada
e acessivel, podendo ser reparada)

4.4.2 Extremamente atrasada, fraca
com queixas subjetivas

4.4.3 Intervengéo desnecessaria

5. Clinicamente pobre
(reposicao necesséaria)

1.5 Profunda descoloragcao
marginal, ndo acessivel para
intervengdes

2.5 Perda parcial ou completa
da restauragéo (maior que a
metade da restauracéo)

3.5 A camada restauradora
esté solta, porém in situ

4.5 Muito intensa, pulpite aguda ou

auséncia de vitalidade L. L
5.5 Cérie secundéria profunda ou

dentina exposta, sem acesso para

Tratamento endoddntico faz-se ~
reparar arestauragao

necessario e a substituicdo da
restauragdo em seguida

Aceitavel ou ndo aceitavel (n,
% e razoes)

Critérios estéticos

Critérios funcionais

Critérios bioldgicos
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Artigo 1

The effect of 6-month water storage on the bond strength of

self-etch adhesives bonded to dentin
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RODRIGO STANISLAWCZUK, DDS, MS

GISLAINE CRISTINE MARTINS, DDS, MS
OSNARAMARIA MONGRUEL GOMES, DDS, MS, PHD

ALESSANDRA REIS, DDS, PHD

ABSTRACT

Purpose: To evaluate the microtensile bond strengths (UTBS) of 1-step vs. 2-step self-etch
systems to dentin after 24 hours and after 6 months of water storage. Methods: Resin
composite buildups were bonded to occlusal dentin of third molars using the following
adhesives: Xeno IV (XE, Dentsply), G-Bond (GB, GC Inc), Clearfil S3 Bond (CS3, Kuraray);
Adper Prompt L-Pop (AD, 3M ESPE); Go (GO, SDI), All Bond SE (ABSE 1-step or ABSE 2-
step, Bisco) and Clearfil SE Bond (CSE, Kuraray). The bonded sticks (cross-sectioned area of
0.8-0.9 mmz) originated from the same teeth were randomly divided to be tested after 24 hours
or after 6 months of water storage. The data was submitted to two-way repeated measures
ANOVA and Tukey’s test with and without the inclusion of premature failures (PF) (a = 0.05).
Results: The inclusion of PF resulted in different statistically significant means for CS3, CSE
and AD (P< 0.05). Only the ABSE2 showed stable bonds after 6 months of water storage (P>
0.05). (Am J Dent 2011;24:239-244).

CLINICAL SIGNIFICANCE: All Bond SE systems showed stable bonds after 6-month water storage

when used in the 2-step approach.

Dr. Alessandra Reis, University Estadual de Ponta Grossa, Mestrado em Odontologia, Av. Carlos Cavalcanti, 4748,
Bloco M, Sala 64A, — Ponta Grossa, Parana 84010-900, Brazil. E-mail: reis_ale@hotmail.

Introduction
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Current adhesive studies focus on the simplification of application
procedures to achieve the goal of micromechanical retention between resin and
dentin.** The conventional total-etch (also known as etch-and-rinse) systems
require a conditioning, a rinsing and a priming step in order to allow for
encapsulation of collagen fibers by the resin monomers and the formation of the
hybrid layer.”® They are currently available as 3-step or 2-step systems,
depending on how the two cardinal steps of priming and bonding to tooth
substrates are accomplished or simplified.> The etch-and-rinse bonding
approach is reported as technique sensitive and the inadequate management of
surface moisture based on adhesive solvents, application technique, and
insufficient penetration of monomers has been reported as common limitations
of these materials.®*°

Another current mechanism of adhesion is based on dissolving the
smear layer rather than removing it. They are the so-called self-etch adhesives.
They retain the partially demineralized smear layer, and the dentin tubules
remain closed with smear plugs.'**? Firstly, self-etch adhesives were introduced
as a 2-step bonding procedure. An acidic primer is applied, followed by the
application of a relatively hydrophobic bonding resin on top of the primed
surface.’®*® Following that, 1-step self-etch adhesives have been introduced.
Their adhesion involves a single-step application as the etching, priming, and
bonding actions are implemented by the same solution.*®*’

Reducing the steps of the adhesive procedure may possibly save chair-
time, limits the chance for operator errors in the bonding procedure and leads to
a lower technique sensitivity.***® Theoretically when these adhesives are used,
less discrepancy between the depth of demineralization and depth of resin
infiltration is expected;'®?* therefore less post-operative sensitivity occurs.?>2°
Although these systems are attractive to clinicians, concerns surrounding the

self-etching adhesives include their inability to properly etch uncut enamel®”*

or
penetrate through a thick smear layer due to neutralization of the primer by the
mineral components of the smear layer.**3! In addition, 1-step self-etch
systems are more hydrophilic due to a higher concentration of acidic
monomers.*? Previous studies®>**3* have shown that adhesive systems
containing higher amounts of acidic groups are susceptible to increased water

sorption, which may jeopardize their long-term durability. Several
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studies'?1>1¢3%3¢ have reported that the Achilles’ heel of the new adhesive
formulations is that they do not produce stable bonds over time. Although this is
not a new issue under investigation, comparison of recently released materials
by independent researchers is essential to guide clinicians in their materials
selection in order to obtain long-lasting restorations. There is evidence that
more than half of the restorations placed annually in the USA were
replacements of failed restorations, which accounted for nearly 70% of all
restorative dentistry.®” The most common reason for composite restoration
replacement is secondary caries,® partially attributed to lack of adequate
bonding to tooth structures. As new materials are often being released in the
market, their evaluation in terms of immediate and long-term performance is of
vital clinical interest.

Therefore, this study evaluated the resin-dentin microtensile bond
strength of six 1-step self-etch adhesives and two 2-step self-etch adhesives
after 24 hours and 6 months of water storage. The null hypothesis tested was
that the bonding ability of the newest 1-step self-etch systems was not different
from that provided by 2-step self-etch adhesives either in the 24-hour or 6-

month periods.

Material and Methods

Twenty-four extracted human third molars stored in 0.5% thymol for up to
1 year were used in this study, which was approved by the Institutional Review
Board of the local Dental School (protocol # 052/2007). A total of three teeth
were employed in each experimental condition.**

Middle dentin was exposed by sectioning the crowns in a precision slow-
speed diamond saw under water cooling. Dentin was polished with wet 600-grit
SiC abrasive paper® for 60 seconds to create a standardized smear layer.
General characteristics of the materials used are described in Table 1. All Bond
SEP represents a new category of self-etch adhesives that offers the possibility
of using it as a 1-step or 2-step adhesive. Both application modes were
investigated in this study. All adhesives were applied under controlled
environment (24°C/75% relative humidity), by a single operator, 40 using the
bonding protocols summarized in Table 1 (manufacturer’s instructions). The

light curing step was performed with a VIP® light curing unit (500 mW/cm?).
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Resin composite buildups (Charisma®) were incrementally constructed in three
1 mm-thick increments; each increment was light-cured for 40 seconds at 500
mW/cm? (VIP).

After storage in distilled water at 37°C for 24 hours, the specimens were
sectioned perpendicular to the adhesive-tooth interface using a Labcut®
diamond saw to obtain rectangular beams (+ 0.9 mm?). Beams were prepared
with the resin composite forming the upper half of the beam and the underlying
dentin forming the lower half. The number of premature failures (PF) per tooth
during specimen preparation was recorded. The cross-sectional area of each
stick was measured before testing with the digital caliper® to the nearest 0.01
mm and recorded for the calculation of the bond strength. The bonded sticks
originated from the same teeth were randomly divided and assigned to be
tested immediately or after 6 months of storage in distilled water containing
0.4% sodium azide®® at 37°C. The storage solution was not changed*® and its
pH was monitored monthly.

At each storage time period, individual bonded sticks were glued with a
cyanoactrylate adhesive (Super Bonder Gel'), in the Geraldelli’s device.?,** Each
stick was stressed to failure using a universal testing machine" at a crosshead
speed of 0.5 mm/minute. Failure modes were evaluated at x40 under a light
stereomicroscope (HMV-2') and classified as cohesive (failure exclusively within
substrate or resin composite) and adhesive/ mixed (failure at resin/substrate
interface or mixed with partially cohesive failure of the neighboring substrates).
Only beams with adhesive or mixed failure modes were considered for
statistical purposes. Cohesive failures (in dentin or composite) were excluded
from the analysis.

The experimental unit in this study was the tooth; this means that the
value of a given group at each testing period is the average of three teeth. Two
statistical analyses were performed. The first approach did not include the
premature debonded specimens into the tooth mean, while the second opted to
include them into the tooth mean.’ The data from each approach were then
subjected to a two-way repeated measures ANOVA and Tukey’s test for pair-
wise comparisons (a = 0.05). The means obtained with and without the
inclusion of premature debonded specimens from each adhesive and each time

was compared using a Student t-test at a pre-set significance
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level of 5%.

Results

The mean cross-sectional area of the resin-dentin bonded sticks ranged
from 0.78 to 0.95 mm? No significant differences were found among the
treatment groups (P> 0.05). The mean number of sticks obtained per tooth was
around 30 (ranging from 24 to 36). No significant change in the pH of the
storage solutions was detected throughout the study period (P> 0.05).

The distribution (%) of fracture patterns and premature failures (PF) for
each experimental condition are shown in Table 2. The adhesive Xeno IV
presented the highest percentage of specimens with premature failures at 24-
hour (42.8%) and 6-month (21.3%) periods. The range of premature failures
varied between 2.0 to 25.5% in the 24-hour period and between 4.2 to 13.5% in
the 6-month period for the other materials.

The overall means and standard deviations (MPa) of the bond strength

values with and without the inclusion of the premature failures are shown in
Table 3. The inclusion of premature failures in the tooth mean led to a reduction
of the resin-dentin bond strengths for all materials; however in a few cases the
bond strength with and without the inclusion of premature failures were
statistically different. Statistically different means were observed for the
adhesives Clearfil S3 Bond* and Go' at 24-hour and for Clearfil SE Bond® values
at 6-month period (P< 0.05).
Regardless of the statistical approach used (with and without the inclusion of
premature failures) the 24-hour resin-dentin bond strength of the two 2-step
self-etch systems was statistically higher than the other 1l-step systems (P<
0.05), except the All-Bond SEP 1-step, which was statistically similar to the 2-
step adhesives (P> 0.05). Xeno IV and G-Bond™ showed the lowest resin-
dentin bond strength values (P < 0.05). After water storage, significant
reductions of the bond strength values were observed for most adhesives (P<
0.05), except the ones with the lowest 24-hour resin-dentin bond strengths
(Xeno IV, G-Bond and Go) and the 2-step All Bond SE, which seemed to be
resistant to water degradation for 6 months (P> 0.05).

Discussion



59

When the pTBS test is used, the sticks originated from the same tooth
received the same treatment and therefore they cannot be considered as
experimental units.®**** Unfortunately, much of the literature has neglected this
issue and also the amount of PF recorded by pTBS testing.*** The correct
handling of samples that failed before they could be tested is still up for debate.
However, it is generally accepted that PF cannot just be omitted as this will
cause a bias to higher pTBS.

This is the reason why the pTBS was calculated in two different

approaches. According to Van Meerbeek et al,*

researchers may (a) exclude
all PF from the analysis, or (b) assign a bond-strength value of 0 MPa or a pre-
determined value to each premature debonded specimen, as for example the
mean between lowest yTBS measured and zero.”'®*" When a high number of
PF are obtained and ignored, as in the protocol (a), the material performance
may be misleading. Conversely, if the adhesive presents several PF, the use of
method (b) might result in a data distribution that is inevitably skewed, which
prevents the researchers from running parametric statistics.*°

In fact, the yTBS and the ensuing statistical analysis of this study varied
depending upon the processing of the PF. Differences in the statistical
approaches are usually evident when the adhesive under evaluation has a high
incidence of PF and the specimens that survived preparation depicts high bond
strength values. In this study this was the case of Clearfil S3 Bond.

When a high percentage of PF are associated with low bond strength
values, their inclusion into tooth mean seems to not produce statistical
differences as observed for Xeno IV, G-Bond and Go. Therefore, studies should
evaluate their set of data in order to determine the best statistical approach to
be used.

Changes in the technical application of adhesives should not be
proposed to simplify the use of the material, but also to allow increased long-
term performance. This investigation reported that some 1-step self-etch
systems (Xeno IV, G-Bond and Go) showed low 24-hour and 6-month resin-
dentin bond strengths, which led us to reject the null hypothesis of the study.

These systems contain acetone as the main solvent, differently from
Adper Prompt L-Pop" and All Bond SE 1-step that contain ethanol. Acetone is

known to form an azeotropic mixture with water and thus accelerates the
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surface dehydration by means of air syringe drying. This fast dehydration might
induce phase separation and precipitation of adhesive components,®3
accounting for their low 24-hour performance. The azeotrope of ethanol/water
helps the evaporation of water from the tooth surface and is critical in
preventing the phase separation generated by excess water residue.*® Besides
that, 1-step self-etch systems contain higher concentration of acid derivatives,
methacrylated phosphoric acid esters, water, and organic solvents than
conventional bonding agents as they need to simultaneously etch and infiltrate
the dentin surface. This makes these adhesives more hydrophilic, with
increased water sorption and solubility.®****® As a consequence, adhesive

interfaces behave as permeable membranes,>*

allowing movement of water
within the bonded interface. In a vicious cycle, plasticization of the resin matrix
and removal of residual monomers account for the reductions of bond strength
values over time.

These reductions were detected for Clearfil S3 Bond and Adper Prompt
L-Pop. Although Xeno IV, G-Bond and Go showed similar 24-hour and 6-month
means, the values were much lower than the former after 6 months. All Bond
SE 1-step was the only 1-step self-etch system that showed higher bond
strength values in the 24-hour period. Contrasting with current self-etch
adhesives, All-Bond SE contains two acidic monomers, i.e. BPDM and Bis-GMA
phosphate. The cooperation effect of these two functional monomers is believed
to play an important role in achieving superior bond strength. Besides that, All
Bond SE 1-step included a dual-curing initiator system containing the
combination of sodium benzene sulfinate with CQ/amine. This prevents the
retarded polymerization, inevitably caused by acidbase reaction of acidic
monomers with amines used in self-etch systems.>?

Clearfil SE Bond and All Bond SE systems are 2-step selfetch systems.
Clearfil SE Bond, for instance, has been extensively used for comparison
purposes in laboratory evaluations of self-etch adhesives, due to its exceptional

53-55

performance both in the laboratory and clinically.*® The primer of Clearfil SE

Bond contains 10-MDP, as functional monomer that also allows chemical
interaction with the calcium ions of dentin.*®>’
Two-step self-etch systems are believed to be more stable than 1-step

systems due to the application of a relatively hydrophobic bonding resin on the
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top of the primed dentin. It was already shown that the placement of a
hydrophobic coat reduces the permeability of the adhesive layer and improves
the long-term bond strength58 and the retention rates of 1-step systems in
Class V cavities.>® In fact, this was partially confirmed in the present
investigation, as only the 2-step All Bond SE showed stable bonds after 6-
month water storage. All Bond SE system is a new two-component self-etch
material, capable of being used either in a 1- or 2-step procedure. One-
component self-etch systems are chemically unstable as HEMA, water, ethanol
and acidic monomers are combined into a single bottle, which may jeopardize
their bond efficiency.*® As All Bond SE is a two-component system, one may
hypothesize that this might have played an important role on their bond strength
stability.

Two-step self-etch adhesives systems still present better longevity when
compared with the 1-step self-etch systems.* The composition of All-Bond SE

adhesive system contributed to its better performance over the other materials.

a. Buehler, Lake Bluff, IL, USA.

b. Bisco Inc, Schaumburg, IL, USA.

c. Heraeus Kulzer, Hanau, Germany.

d. Extec, Enfield, CT, USA.

e. Mitutoyo, Tokyo, Japan.

f. Loctite, Sao Paulo, SP, Brazil.

g. Odeme Biotechnology, Joacaba, SC, Brazil.
h. Emic, Sao Jose dos Pinhais, PR, Brazil.
i. Shimadzu, Tokyo, Japan.

j. Dentsply, York, PA, USA.

k. GC Corp., Tokyo, Japan.

|. Kuraray Medical Inc, Tokyo, Japan.

m. 3M ESPE, St. Paul, MN, USA.

n. SDI Limited, Bayswater, Victoria, Australia.



Table 1. Adhesive systems and application mode.
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Adhesive systems

Composition (*)

Application mode

UDMA, PENTA, acetone, polymerizable trimethacrylate resin, 2

1.Apply generous amounts of adhesive. Actively scrub for 15 seconds;
2. Application of a second coat of adhesive, as above;

Xeno IV" i . o 3. Removal of excess solvent by gently drying with a air-stream for at least 5
polymerizable DMA resins and photoinitiator seconds at 10-15 cm away from the surface, gradually bringing it to within 10 mm
of distance; 4. Light curing for 10 seconds at 500 mW/cm2 .
. Application of one coat of adhesive, scrubbing for 5 seconds;
b . . The adhesive was left undisturbed for 5-10 seconds;
GBond 4-MET, UDMA, phosphate monomer, DMA component, fumed silica

filler, acetone, water and photoinitiator

. Air drying under maximum pressure for 5 seconds;
. Light-curing for 10 seconds at 500 mW/cm2.

A W N -

Clearfil S3 Bond’

MDP, HEMA, Bis-GMA, hydrophobic methacylates, water, ethyl-alcohol,
di-camphorquinone and silanated colloidal silica

1. Application of one coat of the adhesive, scrubbing it for 20 seconds;
. Air drying with high-pressure air flow for 10 seconds;
. Light curing for 10 seconds at 500 mW/cm2

w N

Adper Promptk

Liquid A —water, phosphate monomer, HEMA, camphoroquinone and
hydrophilic dimethacrylate; Liquid
B —water, HEMA, polyalkenoic acid, stabilizers

. Mixture of one drop of Part A and Part B;

. Application of one coat of the adhesive under pressure for 15 seconds;
. Application of a gentle air stream (10 seconds at 20 cm);

. Light-activation for 10 seconds at 500 mW/cm2.

A W N P

Phosphate ester monomer, dimethacrylate monomer, methacrylate
monomer, water, acetone, sodium fluoride, silica, photoinitiators and

1. Application of one coat of adhesive in a wet surface.
2. The adhesive was left undisturbed for 20 seconds;

Go stabilizers 3. Application of a gentle air stream for 5 seconds;
4. Light curing for 10 seconds at 500 mW/cm?2.
b Part | — Ethanol, sodium benzene sulfinate dehydrate; Part | Asal-step:
All Bond SE

Il - Bis(glyceryl 1,3 dimethacrylate) phosphate,

hydroxylethyl methacrylate, biphenyl dimetacrylate

1. Equal amounts of part | and part Il were mixed into a mixing well until uniformly
pink;

2. Application of one coat under finger pressure for 15 — 20 seconds;

3. Strong air-drying for 15 seconds at 10 cm;
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All Bond SE liner Bisphenol A diglycidylmethacrylate, urethane dimethacrylate,
hydroxyethyl methacrylatem, glass frit

4, Light curing for 10 seconds at 500 mW/cm?2;

5. Application of a second coat of the adhesive under pressure, as above incase
the surface is not shiny;

6. Strong air-drying for 15 seconds at 10 cm;

7. Light curing for 10 seconds at 500 mW/cm2.

As a 2-step:

8. After the above steps, a thin layer of All Bond SE liner was applied;

9. Light curing for 10 seconds at 500 mW/cm2.

Primer —water, MDP, HEMA, camphoroquinone, hydrophilic
dimethacrylate;
Clearfil Se Bond’ Adhesive — MDP, Bis-GMA, HEMA, camphoroquinone, hydrophobic

dimethacrylate, N,N-diethanol p-toluidine bond, colloidal silica.

1. Application of one coat of the primer under pressure for 20 seconds;
2. Application of an air stream (10 seconds at 20 cm);

3. Application of one coat of the adhesive;

4. Light curing for 10 seconds at 500 mW/cm2.

* UDMA: urethane dimethacrylate or 1,6-di(methacryloyloxyethylcarbamoyl)-3,30,5-trimethylhexaan; PENTA: dipentaerythritol pentaacrylate monophosphate; DMA: dimethacrylate;
4-MET: 4-methacryloyloxyethyl trimellitic acid; MDP: methacryloyloxydecyl dihydrogenphosphate; HEMA: 2-hydroxyethyl methacrylate; BisGMA: bisphenol A diglycidyl methacrylate.
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Table 2 — Total number and percentage of specimens (%) according to the fracture pattern (*) and percentage of premature debonded specimens

(PDS) for each experimental condition

Immediate 6-month
Adhesive systems
A/M R S PD A/M R S PD
Xeno IV [42/47] 23(54.8) 1(2.4) 0(0.0) 18 (42.8) 35(74.4) 0(0.0) 2(4.3) 10(21.3)
G Bond [47/38] 43(91.4) 2(4.3) 0(0.0) 2(43) 36(92.1) 0(0.0) 0(0.0) 3(7.9)
Clearfil S* Bond [43/49] 30(69.8) 2(4.7) 0(0.0) 11(25.5) 45(91.8) 0(0.0) 0(0.0) 4 (8.2)
Adper Prompt L Pop [38/48] 35(92.2) 2(5.2) 0(0.0) 1(2.6) 43(89.5) 0(0.0) 3(6.3) 2(4.2)
Go [39/37] 33(84.6) 0(0.0) 0(0.0) 6(15.4) 33(89.6) 2(5.4) 0(0.0) 2(5.4)
1-step All Bond SE [46/52] 43(93.5) 2 (4.4) 0(0.0) 1(2.2) 45(86.5) 4(7.7)  0(0.0) 3(5.8)
2-step All Bond SE [51/45] 47(92.1) 3(5.9) 0(0.0) 1(2.0) 43(95.6) 0(0.0) 0(0.0) 2 (4.4)
Clearfil SE Bond [49/52] 44 (89.8) 4(8.2) 0(0.0) 1(2.0) 43(82.7) 2(3.8) 0(0.0) 7 (13.5)

(*) A/M — adhesive mixed failure; CR — cohesive failure in resin; CD — cohesive failure in dentin; PF — premature failures.
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Table 3. Means, standard deviations (MPa) and statistical significance (*) of dentin bond strength values for each experimental condition when the
premature failures (PF) were included or not in the tooth mean.

Immediate 6-month

Adhesive systems With PF Without PF (**) With PF Without PF (**)
Xeno IV 7.7+58E 10.2+6.1e = 7.1+54E 9.2t5.1e =
G Bond 11.3+£5.2D,E 13.1+4.2d,e = 10.8+7.0E 11.4+6.7d,e =
Clearfil S* Bond 323+13.28B 38.6+9.3a # 23.9+11.8C 25.5+10.2 b,c =
Adper Prompt 35.1+10.28B 37.1+9.1a3,b = 16.5+10.7D 18.0+99¢cd =
Go 21.1+10.1CD 27.2+11.1cd # 155+8.9D 17.9+6.9¢d =
1-step All Bond SE 447+ 12.1A 459+14.2 a = 31.1+10.58B 329+75b =
2-step All Bond SE 432+ 142 A 44.1+14.8a = 38.6+15.6 A 404+135a =
Clearfil SE Bond 39.3+£53A 40.2+5.1a = 25.4+7.8B,C 30.9+8.2b,c #

(*) Data can only be compared within the same statistical analysis approach (with or without Premature Debonded Specimens-PDS). Similar means are indicated with the same upper
(with PDS) or lower (without PDS) case letters. (**) Comparison of the means of each adhesive at each storage period between with or without PDS was performed by Student t-Test.
The symbol “=” indicate statistically similar means and the symbol “_" indicate statistically different means.
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ABSTRACT

Background: Researchers conducting laboratory investigations have reported that bonding to dry
demineralized dentin can be feasible technically as long as the adhesives are rubbed vigorously onto the
dentin surface. The authors aimed to evaluate the 24-month clinical performance of resin—based
composites in noncarious cervical lesions (NCCLs) in teeth restored with two etch-and-rinse adhesives
that had been applied with a vigorous rubbing action to both dry and rewet dentin. Methods. The authors
enrolled 40 patients in this study. They inserted 160 restorations and evaluated them at baseline and at
six, 12 and 24 months of service. They divided the restorations into four groups: One-Step (OS) Universal
Dental Adhesive System (Bisco, Schaumburg, lll.) (acetone-based adhesive) with rewet dentin; OS with
dry dentin; Adper Single Bond (SB) Plus Adhesive (3M ESPE, St. Paul, Minn.) (ethanol/water—based
adhesive) with rewet dentin; and SB with dry dentin. The authors used the same resin—based composite
for all restorations. They evaluated the restorations according to modified U.S. Public Health Service
criteria. Results. The 24-month retention rates for the rewet and dry conditions, respectively, were 95.0
percent and 97.5 percent for SB and 97.5 percent and 91.9 percent for OS. The authors detected no
significant difference between rewet and dry groups for either adhesive (P > .05). In terms of marginal
discoloration, OS performed significantly worse than did SB, irrespective of dentin moisture (P > .05).
Conclusions and Clinical Implications. Dentin moisture seems not to be important for the retention of
etch-and rinse adhesives as long as the adhesives have been rubbed vigorously onto the dentin surface.
The ethanol/water—based adhesive showed a better overall performance than did the acetone—based
system.

Key Words. Dentin; etch-and-rinse adhesives; clinical trial.
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Introduction

According to findings of laboratory testing, many dental adhesives on the
market demonstrate high levels of bond strength to dentin and enamel. This
represents significant progress in adhesive technology, because bonding to
dentin is much more difficult than is bonding to enamel. As dentin bond
strengths have improved, the focus of research and development has shifted to
other aspects of adhesion, such as simplification of the application procedure,
reduction of postoperative sensitivity and, primarily, improvements in bond
durability.>?

A widely used dentin bond system is the two-step etch-and-rinse
adhesive. This type of adhesive system requires smear layer removal and
superficial demineralization of underlying dentin through the application of an
acid conditioner.® After this step, the clinician should keep demineralized dentin
moist to maintain interfibrillar porosity and allow an adequate resin monomer
infiltration.*®

However, the maintenance of the adequate degree of moisture for an
etch-and-rinse adhesive still is a challenge,* as it depends on the adhesive’s
solvent composition.”® Additional concerns such as the operator’s skill and
interpretation of the manufacturer’'s directions,® drying time,*® the distance
between the tooth and the air syringe* and environmental temperature®* also
can affect the degree of dentin moisture.

Having this in mind, it would be less demanding technically to bond etch-
and-rinse adhesives to dry demineralized dentin, because the maintenance of
demineralized dentin in a dry state is accomplished easily by clinicians and
minimizes the negative effects of water on hybrid layer formation.*?** Earlier
studies have demonstrated the low bond strength values of adhesive systems
when bonded to dentin that is demineralized and dry because of collagen
collapse®!®****: however, investigators in laboratory research reported that this
technique is feasible technically and allows the attainment of high bond
strengths'® mainly when the adhesives are rubbed vigorously onto the dentin
surface.”’

To our knowledge, this technique has been evaluated only in a laboratory
setting. Although in vitro testing methodology tends to predict clinical

performance,2 clinical trials remain necessary for an ultimate evaluation of the
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clinical efficacy of adhesives. Thus, we conducted a randomized controlled
clinical trial to evaluate the24-month clinical performance of resin—based
composites in non-carious cervical lesions (NCCLS) in teeth restored with two
etch-and-rinse adhesives applied to both dry and rewet demineralized dentin
with vigorous rubbing action. The null hypothesis tested was that the bonding of
vigorously applied adhesive to rewet and air-dried demineralized dentin can

yield similar retention rates after 24 months of clinical service.

Material and Methods

Patient selection. The Committee on Investigations Involving Human
Subjects of the State University of Ponta Grossa, Parana, Brazil, reviewed and
approved the protocol and in -formed consent form for this study. Three dental
students (C.Z.-G., S.Q.F. and T.R.F.C.), whose technique was calibrated,
screened patients and performed pretreatment selection of teeth with cervical
lesions that they identified by visual or tactile means. The investigators
screened patients initially to determine if they met the study entry criteria
(described later in this article). They enrolled qualified patients for the evaluation
visit. They recruited qualified patients in the order in which they reported for the
screening session, thus forming a convenience sample. The dental students
performed the evaluations by using a mouth mirror, an explorer and a
periodontal probe. They used air from the air-water syringe to administer the
thermal sensitivity test. All 40 participants were healthy and had at least 20
teeth each. All participants received oral hygiene instructions before undergoing
operative treatment. We excluded from the study patients who had extremely
poor oral hygiene, severe or chronic periodontitis or heavy bruxism habits. We
excluded lesions classified as 1 or 4 on the dentin sclerosis scale (Table 1), as
well as lesions exhibiting hypersensitivity.

Each participant had at least two pairs of similarly sized NCCLs without
undercuts. All teeth had occlusal contact, and no more than 50 percent of the

cavosurface margin involved enamel.*

We informed all participants of the
nature and objectives of the study; however, they were not aware of which
lesion received the treatments under evaluation. We obtained written informed

consent from all participants before starting treatment.
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The research protocol involved the restoration of teeth with NCCLs, with
the restorations divided into four groups:

- One-Step (OS) Universal Dental Adhesive System (Bisco, Schaumburg,

lll.) (acetone—based adhesive) with rewet dentin;

- OS with dry dentin;
- Adper Single Bond (SB) Plus Adhesive (3M ESPE, St. Paul, Minn.)

(ethanol/water—based adhesive) with rewet dentin;

- SB with dry dentin.

Researchers have shown the retention rate of SB at 24 months to be
93.5 percent.’®?? Using an a of .05, a power of 80 percent and a one-sided test
according to the method described by Pocock,” we found that the minimal
sample size to detect a difference of ?* percent among the groups was 37
restorations in each group.

Operative procedure and experimental design. The same dental
students who participated in the patient screening restored all teeth under the
supervision of an experienced clinician (A.D.L.). To ensure that the students’
technique was calibrated, the experienced clinician placed one restoration from
each group in one patient while identifying all of the steps involved in the
application technique. Then each dental student operator placed four
restorations from each group under the experienced clinician’s direct
supervision. The clinician identified the restoration deficiencies for the students
before the study began. Only after that assessment did we consider the
operators’ technique in performing the restorative procedures calibrated. The
operators placed a maximum of four restorations, one from each group, in each
patient. Before placing the rubber dam, the operators anesthetized the teeth
(Citanest, Dentsply, Petrépolis, Rio de Janeiro, Brazil) and cleaned all lesions
with pumice and water in a rubber cup (no. 8040RA and no. 8045RA, KG
Sorensen, Barueri, Sdo Paulo, Brazil), followed by rinsing and drying. They
determined the proper shade of composite by using a shade selection guide
(Filtek 2250 shade guide, 3M ESPE). Following guidelines established by the
American Dental Association (ADA),24 the operators did not prepare any
additional retention or bevel.

The operators then acid etched all cavities with the respective etchants of

the adhesives SB and OS. They etched the cavities for 15 seconds, then rinsed
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them with water for 15 seconds. For all groups, they air dried cavities with an
oil-free air stream for 15 seconds. They left one-half of the cavities dry and
rewetted the other one-half with an appropriate amount of water according to
the solvent composition of the adhesives selected (Table 2), thus making a total
of four experimental groups. The operators applied the adhesive systems
according to the manufacturers’ instructions (Table 2). Afterward, they applied
resin—based composite (Filtek Z250, 3M ESPE) in three increments and light
cured each increment for 30 seconds (VIP Junior Dental Curing Light, Bisco) at
600 milliwatts per square centimeter. They finished the restorations with fine-
grain diamond burs and polished them with disks (Sof-Lex Contouring and
Polishing Discs, 3M ESPE) one week after placement.

Clinical evaluation. We used slightly modified U.S. Public Health
Service criteria25 to evaluate the restorations at baseline and after six, 12 and
24 months of clinical service. We evaluated the following variables: retention,
marginal adaptation, marginal discoloration, secondary caries and postoperative
sensitivity. We calculated the restoration retention rates according to the ADA**
guidelines.

Experienced examiners who were not involved in the placement of the
restorations (A.D.L., A.R.) performed the follow-up evaluations. For training
purposes, they observed 10 photographs showing restorations with each score
(Alfa, Bravo, Charlie) for each criterion, for a total of 30 photographs. They
evaluated 10 to 15 teeth at the same time (these teeth were not included in the
study sample) and on two occasions. We deemed an intra-examiner and inter-
examiner agreement of at least 85 percent to be necessary before the
evaluation began.?® After cleaning the teeth, the evaluators performed the
evaluations by using a mirror and a double probe. Neither the evaluators nor the
participants knew which adhesive material had been used in the restorations,
thereby creating a double-masked study. In addition, neither the evaluators nor
the participants were aware of the experimental group to which each tooth had
been assigned. Both examiners evaluated all the restorations once and
independently. The study protocol required that when disagreement occurred
during the evaluations, the examiners reach a consensus by means of

discussion.
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Statistical analysis. We used descriptive statistics to express the
frequency distributions of the evaluated criteria. We conducted statistical
analysis by using Friedman repeated measures analysis of variance by rank
and by using the Wilcoxon signed rank test for significance at each pair (a =
.05). We applied the Bonferroni correction for corrections of P value for the
multiple comparisons performed. We used the K statistic to test inter-examiner

agreement.

Results
Of 53 patients in the convenience sample, 13 were excluded from the

study because they did not fulfill the inclusion criteria. Thus, our sample
consisted of 40 participants (11 men and 29 women) whose mean age was 39
years. We placed 160 restorations, 40 for each group. We placed 89
restorations in maxillary teeth and 71 in mandibular teeth. We placed
approximately 72.5 percent of the restorations in premolars and molars and
27.5 percent in anterior teeth. Table 3 shows the age and sex distribution of the
research participants.

The overall kK statistic (0.88) showed excellent agreement between the
examiners. We evaluated all research participants at the six-, 12- and 24-month
recall visits.

No restorations exhibited secondary caries during the evaluation period
(Table 3). Three restorations (one SB rewet, one OS rewet and one OS dry)
exhibited postoperative sensitivity at baseline and after six and 12 months. After
24 months, five restorations (two SB rewet, one SB dry, one OS rewet and one
OS dry) exhibited postoperative sensitivity (P > .05) (Table 4).

We found no loss of retention after six months. After 12 months, only
three restorations were lost. At the end of the 24 months, seven restorations
were lost. The retention rates of SB were 95 percent and 97.5 percent in the
rewet and dry conditions, respectively; those for OS were 97.5 percent and 91.9
percent, respectively. We detected no significant difference in the retention
rates for each recall period among groups (P > .05). A comparison of 12-month
and 24-month findings versus baseline findings for all groups did not reveal any
significant differences (P > .05).
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We found no lack of marginal adaptation at the six-month recall visit. At
the 12-month recall visit, we scored seven restorations as Bravo in terms of
marginal adaptation. At the 24-month recall visit, we scored seven restorations
as Bravo in terms of marginal adaptation. We detected no significant difference
among groups at the 12-month and 24-month recall appointments (P > .05) or
when we compared the 12-month and 24-month findings with the groups’
respective baseline scores (P > .05).

After six months, we scored only four restorations as Bravo in terms of
marginal discoloration, and after 12 months we found marginal discoloration in
12 restorations. We detected no significant difference among groups at the six-
and 12-month recall visits (P > .05) or when we compared these findings with
the groups’ respective baseline scores (P > .05). At the 24-monbth recall visit,
we scored 29 restorations as Bravo in terms of marginal discoloration. We
detected no significant difference between rewet and dry conditions for either
adhesive (P > .05). However, we observed a significant difference between SB
and OS irrespective of dentin moisture (P = .002). When we compared the
scores of OS restorations at 24 months with their respective baseline scores or
with their six- and 12-month results, we also observed statistically significant
differences (P = .001), the results being worse after 24 months. The marginal
discoloration occurred primarily at the enamel margin.

Discussion

NCCLs and bonding. NCCLs at the cervical area serve as clinical
models for evaluation of the efficacy of dentin bonding agents in non-retentive
tooth cavities, as recommended by the ADA.** This is because of the fact that
cervical lesions do not have macro-mechanical undercuts, and they are widely
available in research participants who have better-than-average oral hygiene.
These lesions require at least 50 percent bonding to dentin, and they usually
occur in anterior teeth and premolars that allow for good clinical access.
Ineffective bonding commonly results in restoration loss, which is the most
objective evaluation parameter used in clinical studies.’

Wet and dry bonding. For almost 20 years, the wet bonding technique
has been recommended for dentin bonding.*?® The rationale is that as long as
dentin is kept fully hydrated, the dentin matrix does not collapse and free space

will be available for resin infiltration.™ In our investigation, we air dried the
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demineralized dentin surfaces and then rewet them to allow for better control of
the moisture on the dentin surfaces. This procedure can cause complete re-

expansion of the collagen fibrils,™

as if no air-drying procedure had been
conducted.

However, the wet bonding technique is not accomplished easily and
becomes a challenge in clinical practice. Although researchers have
demonstrated that the proper degree of moisture needed with such etch-and-

rinse adhesives varies according to the adhesive’s solvent composition,?”?

an
examination of manufacturers’ directions indicates that there is no objective
consensus regarding the ideal degree of moisture. Researchers conducting
laboratory based investigations usually report that they apply adhesives
according to manufacturer’s directions; however, the approach to managing
moisture varies widely among adhesive systems and investigators. The use of
standard surface moisture may lead to a less-than-optimal bonding quality,
depending on the type of adhesive used.??°

Researchers already have established the proper ratio of water volume
per surface area of dentin,®® but from a clinical standpoint, it is practically
impossible to determine precisely the ideal surface moisture in a clinical
situation. Besides that, the presence of water in the hybrid layer may jeopardize

the formation of a highly cross-linked polymer,****

thus making the wet bonding
technique difficult and unpredictable to accomplish.

Evidence from the literature shows that when demineralized dentin is air
dried, the water in the collagen matrix is removed and the collagen fibrils are
brought into close contact. The collagen fibrils form weak inter-peptide bonds
that render the matrix shrunken, stiff *'°> and almost impermeable to resin
adhesives, thus reducing the infiltration rate of the bonding resin within the
hybrid layer to approximately 50 percent when applied to dry instead of wet
dentin. %!

Investigators in previously published studies have reported that the
adverse effect of over-drying could be reversed by vigorously rubbing the
adhesive on the dentin substrate.®’’ This means that bonding to rewet
demineralized dentin might have the same effect as bonding to dry
demineralized dentin, as long as the clinician rubs the adhesives vigorously

onto the dentin surfaces. Previously published research has demonstrated that
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the rubbing application method can allow the attainment of strong early and
long-term resin-dentin bonding even to air-dried demineralized dentin.’!’ The
rubbing action can increase the moieties’ kinetics and allow for better monomer
diffusion inward while solvents are diffusing outward.” By rubbing the adhesive,
the clinician can bring to the surface solvent/water molecules entrapped
between monomers from the inner layers of the hybrid and adhesive layer; this
likely would result in their breaking away from the neighboring molecules and,
therefore, would increase the rate of evaporation. In addition, the mechanical
pressure applied to the demineralized dentin surface during vigorous rubbing
might compress the collapsed collagen network like a sponge. As the pressure
is relieved, the compressed collagen expands and the adhesive solution may be
drawn into the collapsed collagen mesh,” increasing the diffusion of the
adhesive into the demineralized dentin, which is known to be limited under
slight or inactive application.®!%*

This may explain the high retention rates obtained under vigorous
agitation irrespective of the dentin moisture for both adhesives and also may be
one of the reasons why the retention rate of SB dry was slightly higher in our
investigation (97.5 percent) than it was in the study by Perdigdo and
colleagues® (89 percent), as the latter did not report that the adhesives were
rubbed vigorously onto the dental substrates. Our research group®
demonstrated the benefits of vigorous rubbing action on the retention rates of
acetone—based systems in another clinical trial of self-etching adhesive
systems.

It is likely that the rubbing action increases the removal of residual water
or solvents and consequently increases the mechanical properties of the resin

inside the hybrid layer*33¢%’

and of the cured adhesive resin. Investigators have
reported that the ultimate tensile strength of cured adhesives correlates
positively with their corresponding resin-dentin bond strengths.*®3° The
reduction in the amount of solvent retained within the polymer network also may
account for reduced water sorption, solubility and water diffusion coefficients.*
Increased water sorption can reduce polymer’s durability as well as the frictional
forces between the polymer chains.**

Thus, one may assume that as long as the adhesive is rubbed vigorously

onto the dentin substrates, the moisture degree of the dentin substrates will be
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less significant under both in vitro conditions®*’ and in vivo conditions,?* as we
found in our investigation. This means that the rewet bonding technique may
not have any clinical advantage over dry bonding in NCCLs when vigorous
rubbing is used.

The effects of adhesives’ solvent. We detected significant differences
between SB and OS regardless of dentin moisture in terms of marginal
discoloration. When we compared the findings for rewet and dry OS
restorations at 24 months with their respective baseline scores or with their
respective six- and 12-month results, the restorations demonstrated significantly
higher marginal discoloration. The decline in performance of OS after 24
months can be attributed to its higher hydrophilicity and higher solvent content.
In fact, investigators in previous clinical studies have reported lower clinical
performance rates of OS systems after short-term and long-term clinical
function in the oral cavity,**“° findings that agree with those in our investigation.
According to the results of a systematic review of clinical trials,* acetone— based
adhesive systems did not meet the ADA guidelines®* in most clinical trials.

Some authors have shown that OS contains a substantial amount of

acetone (52-81 weight percent),*”*8

and this can affect the performance of the
adhesive in several ways. First, acetone has a lower boiling temperature
(56.5°C) and higher vapor pressure (200 millimeters of mercury) than do
ethanol (78.3°C, 43.9 mm Hg) and water (100°C, 17.5 mm Hg).*" After
evaporation, the adhesive layer of the acetone—based system can be thinner
than that formed by the ethanol/water—based material. The thinner the adhesive
layer, the more susceptible it is to polymerization inhibition by oxygen, which
could have been one of the reasons for the worse performance of this material
in terms of marginal discoloration. Rueggeberg and Margeson*® suggested 20
micrometers as the minimum adhesive thickness needed to prevent
polymerization inhibition by oxygen.

Second, it is likely that the high amount of acetone in the OS system

directly affects the mechanical properties®’3%>°

and the degree of conversion of
the adhesive layer.®” Studies need to be conducted to test the hypotheses we
put forth in this article.

Postoperative sensitivity. Five restorations (3.1 percent) in our study

exhibited postoperative sensitivity. Because we detected no significant
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difference between groups, one may suppose that this sensitivity was not

caused by the experimental treatments.

Conclusion

Within the limitations of our study, we can conclude that the dentin
moisture seems not to have had an important effect on the retention rates of
etch-and-rinse adhesives as long as the clinician rubs the adhesives vigorously
onto the dentin surfaces. The water/ethanol solvent—based adhesive performed

better overall than did the acetone-based system.

ABBREVIATION KEY. A: Alfa. ADA: American Dental Association. B: Bravo. Bis-GMA: Bisphenol A-glycidyl
methacrylate. BPDM: Biphenyl dimethacrylate. C: Charlie. HEMA: 2-Hydroxyethyl methacrylate. NCCLs: Noncarious
cervical lesions. OS: One-Step. SB: Single Bond.

Table 1 — Dentin sclerosis scale criteria

Dentin Sclerosis Scale*

CATEGORY CRITERIA
1 No sclerosis present; dentin is light yellowish or whitish, with little discoloration; dentin is
opaque, with little translucency or transparency
2 More sclerosis than in category 1 but less than halfway between categories 1 and 4
3 Less sclerosis than in category 4 but more than halfway between categories 1 and 4
4 Significant sclerosis present; dentin is dark yellow or even discolored (brownish); glassy
appearance, with significant translucency or transparency evident

* Adapted from Swift and colleagues with permission from Elsevier. 1




Tabel 2: Adhesive systems: Composition and Application
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APPLICATION PROCESS

ADHESIVE SYSTEM A Step 2: Manage Dentin .
(MANUFACTURER) COMPOSITION Step 1: Acid Moisture Step 3: I-}pply
Etch Adhesive
Rewet group Dry group
e Apply two coats
of adhesive system
Air dry with under vigorous
Acid: Uni-etch (Bisco) | e Acid etch with oilfree agitation
One-Step . L . .
. 32 percent phosphoric | phosphoric acid compressed Air dry with
Universal Dental . . - .
. acid for 15 seconds air for 15 oilfree e Air dry for 10
Adhesive System
seconds compressed seconds at
(Bisco, Schaumbur Adhesive: Bis- GMA,* ® Rinse with and rewet air for 15 20 centimeters
’ ) & BPDM,t HEMA, water for 15 with a seconds
’ coinitiator, acetone seconds slightly moist e Light cure for 10
microbrush seconds at 600
mW/cm?
Acid: Scotchbond e Apply two coats
Etchant (3M ESPE) 35 Air dry with of adhesive system
percent phosphoric e Acid etch with oilfree under vigorous
Adper Single Bond acid phosphoric acid compressed Air dry with agitation
Plus Adhesive for 15 seconds air for 15 oilfree
Adhesive: Bis- GMA, seconds compressed e Air dry for 10
(3M ESPE, St. Paul, HEMA, ® Rinse with and rewet air for 15 seconds at 20 cm
Minn.) dimethacrylates, water for 15 with a seconds
Polyalkenoic acid seconds slightly moist e Light cure for 10
copolymer, initiators, microbrush seconds at 600

water, ethanol

mW/cm?

* Bis-GMA: Bisphenol A-glycidyl methacrylate.
t BPDM: Biphenyl dimethacrylate.
¥ HEMA: 2-Hydroxyethyl methacrylate.




Table 3 — Distribution of non-carious cervical lesions according to research subject (gender and
age) and characteristics of Class-V lesions (shape, cervico-incisal size of the lesion, degree of
sclerotic dentin, presence of antagonistic, presence of attrition facets, presence of preoperative
sensitivity and tooth and arch distribution).

Characteristics of research subjects Number of lesions

Gender distribution

Male 44
Female 116
Age distribution (years)
20-29 20
30-39 56
39-49 72
>49 12
Characteristics of Class-V lesions Number of lesions
Shape (degree of angle)
<45 10
45-90 59
90-135 68
> 135 23
Cervico-incisal height (mm)
<1.5 27
1.5-2.5 37
>25 96
Degree of sclerotic dentin
1 97
2 42
3 13
4 08
Presence of antagonist
Yes 126
No 34
Attrition facet
Yes 102
No 58
Pre-operative sensitivity (spontaneous)
Yes 69
No 91
Tooth distribution
Anterior Incisor 25
Anterior Canines 19
Posterior PreMolar 109
Posterior Molar 7
Arc distribution
Maxillary 89

Mandibular 71




82

Table 4 - Number of evaluated restorations in each experimental group for each item of the modified U.S. Public Health Service criteria.*

NO. OF RESTORATIONS, ACCORDING TO TIME POINT, ADHESIVE
AND REWET/DRY PROCEDURE
U.S. PHS CLASSIF - -
> ICATION Baseline Six Months 12 months 24 Months
CRITERION +
SB% 05§ SB 0s SB 0s SB 0S
Rewet Dry Rewet Dry Rewet Dry Rewet Dry Rewet Dry Rewet Dry Rewet Dry Rewet Dry
: A 40 40 40 40 40 40 40 40 39 40 40 38 38 39 39 37
Retention
C 0 0 0 0 0 0 0 0 1 0 0 2 2 1 1 3
A 40 40 40 40 40 40 40 40 37 40 36 37 36 38 38 34
A“cf:")?;’t‘g .\ B 0 0 0 0 0 0 0 0 2 0 4 1 2 1 1 3
c 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A 40 40 40 40 39 40 38 39 35 37 37 36 34 35 27 28
oi S“f:irlg'r';' on B 0 0 0 0 1 0 2 1 4 3 3 2 4 4 12 9
C 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Secondary A 40 40 40 40 40 40 40 40 39 40 40 38 38 39 39 37
Caries c 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 04
Postoperative A 39 40 39 39 39 40 39 39 38 40 39 37 36 38 38 36
Sensitivity C 1 0 1 1 1 0 1 1 1 0 1 1 2 1 1 1

* U.S. PHS: U.S. Public Health Service. Source: Cvar and Ryge.25

t As defined by Cvar and Ryge'25 A: Alfa, signifying restorations in excellent condition, expected to last for a long time. B: Bravo, signifying one or more features that deviate from the ideal;
restoration may require replacement in the near future. C: Charlie, signifying that damage to the tooth or surrounding tissue is likely to occur unless the restoration is replaced or repaired.
¥ SB: Adper Single Bond Plus Adhesive, 3M ESPE, St. Paul, Minn.

§ OS: One-Step Universal Dental Adhesive System, Bisco, Schaumburg, Ill.
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Artigo 3

Submetido: Operative Dentistry (Anexo 3

Clinical performance of one-step self-etch adhesives
applied actively in cervical lesions: 24-month clinical

trial
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ALESSANDRO DOURADO LOGUERCIO, DDS, MS, PHD

Abstract

Objectives: To evaluate the clinical performance of two one-step self-etch adhesives in non13 carious
cervical lesions (NCCL) under active or passive application mode. Methods: 31 patients with 4 NCCL
were enrolled in this study. One hundred and twenty four restorations were placed according to one of the
following conditions: (1) APA (Adper Prompt LPop, active application), (2) APP (Adper Prompt L-Pop -
passive application); (3) XEA (Xeno Il - active application) and (4) XEP (Xeno Il - passive application).
The restorations were evaluated by the FDI criteria at baseline, after 6, 12 and 24 months of clinical
service. The effects of adhesive, mode of application and recall period were assessed via mixed
generalized linear model (alfa=0.05). Results: The adhesive AP and the passive application mode showed
significant higher marginal staining than XE and active application, respectively (p < 0.05). In regard to the
retention rates, the active application mode yielded higher retention rates at the 24-month recall compared
to the passive application, regardless of the material. The individual retention rates (%, 95% confidence
interval) of both adhesive in the active application mode were the same 96.8% (83.8-99.4), while in the
passive application were 87.1% (71.2-94.9) and 80.7% (63.7-90.8), respectively, for XE and AP.
Conclusions: The active application improved the retention rates of both adhesives after 24 months and

minimized the marginal staining at enamel margins.

Key-words: clinical evaluation, one-step self-etch adhesives, non-carious cervical lesions, active
application.

Clinical relevance statement: The active application seems to be an easy and effective clinical
alternative to improve the retention rates and reduce marginal staining of one step self-etch adhesives in

non-carious cervical lesions.
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Introduction

The etiology of non-carious cervical lesions (NCCL) is still unclear, but
their prevalence is increasing as the population continues to age. Often, these
lesions need to be restored due to sensitivity or esthetic reasons or in a way to
prevent further loss of dental structure. In general, the retention of resin-based
composites in NCCL has shown considerable increase;"? however, as reported
by Van Dijkenl there is a vast range of adhesives available from which to
choose, including the older three-step version to the most recent one-step self-

etch systems.

One-step self-etch adhesive systems require shorter clinical application
times and they are less technique sensitive.®** The elimination of separate
etching and rinsing steps simplified the bonding technique and has been
responsible for the increased popularity of these systems in the daily practice.
These systems do not require removal of the smear layer and smear plugs, as
they are incorporated into the hybrid layer complex.*Unfortunately, different
studies have shown that some one-step self-etch adhesives produce relatively
low bond strength values and inferior marginal adaptation to both enamel and
dentin when compared to two-step self-etch or etch-and-rinse systems,>®

findings confirmed in a recent systematic review of clinical studies.’

The authors have reported that the clinical effectiveness of one-step self-
etch adhesives was the least efficient among all classes of available adhesives.
This may be patrtially attributed to the acidity of the adhesive system, since the
interaction of the material with the underlying substrate may be quite superficial®
for less acidic materials which may preclude an adequate retention of the
restorative resin-based composite. In vitro studies have reported that the bond

6,10,13,14

strength of self-etch adhesives to enamel®** and dentin can be improved

by vigorous agitation.

This clinical approach was shown to increase the durability of adhesive
interfaces produced with one-step self etch adhesives when applied to
dentin.®®** It has been suggested that the active primer application may
improve smear layer dissolution and improve micromechanical interlocking and

chemical interaction with dentin.®*® Despite the good laboratory findings with
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this technique only one study evaluated this approach clinically but a
conventional etch-and-rinse system was employed.’’ To the extent of the
author's knowledge, no study has so far addressed the benefits of active
application under a clinical scenario using self-etch adhesives. Though in vitro
testing methodology with aging protocols tends to predict clinical

performance,'®*°

clinical trials remain necessary to ultimately evaluate the
clinical efficacy of adhesives and/or clinical techniques. Thus, the aim of this
randomized clinical trial was to evaluate the influence of the application method
of two one-step self-etch adhesives placed in NCCL after 24 months of clinical
service. The null hypothesis tested was that the retention rates of both materials
will be similar after 24 months of clinical service, regardless the application

mode.
Methods & Materials
Study design.

The experimental design followed the CONSORT statement.?’ This was
a randomized, double-blind clinical trial. The study took place in the clinic of the
School of Dentistry at the State University of Ponta Grossa from December
2006 to December 2010. All participants were informed about the nature and
objectives of the study; however, they were not aware of what lesion received

the treatments under evaluation.
Participants selection.

The local Ethics Committee on Investigations Involving Human Subjects
reviewed and approved the protocol and consent form for this study (protocol
6291/06). We obtained written informed consent from all participants before
starting treatment. Based on pre-established criteria, 31 volunteers from the city

of Ponta Grossa, Parand, Brazil were selected for this study.
Inclusion and exclusion criteria.

A total of 48 participants were examined in a dental chair to check if they
meet the inclusion and exclusion criteria (described below) (Figure 1) by three

calibrated dental students. The qualified patients were recruited in the order in
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which they reported for the screening session, thus forming a convenience
sample. The evaluations were performed using a mouth mirror, an explorer and
a periodontal probe. Participants had to be healthy and should be at least 18
years old. They should have an acceptable oral hygiene level and present at
least 20 teeth under occlusion. They were required to have at least four NCCL
to be restored in four different teeth. These lesions had to be non-carious, non-
retentive with more than 1 mm deep and involve both the enamel and dentin of
vital teeth without mobility. The cavo-surface margin could not involve more that

50% of enamel.?

All patients were given oral hygiene instructions before operative
treatment was performed. Patients with extremely poor oral hygiene, severe or

chronic periodontitis or heavy bruxism habits were excluded from the study.
Interventions: restorative procedure.

Two weeks before the restorative procedures, all the volunteers received
a dental screening and a dental prophylaxis with pumice and water in a rubber
cup and signed an informed consent form. Before restoration placement, some
features of the NCCL were evaluated. The degree of sclerotic dentin was
measured according to the criteria described by Swift et al.21 (Table 1). The
cavity dimensions in mm (height, width and depth) and the geometry of the
cavity (evaluated by photograph profile and labeled at < 45°, 45° - 90°, 90° -
135°, > 135°; Figure 2) was also recorded. Other features such as presence of
antagonist and attrition facet was observed and recorded. These features were
recorded to allow comparison of the baseline features of the dentin cavities
among experimental groups. For the calibration procedure step, the
experienced clinician placed one restoration of each group in order to identify all
restorative steps involved in the application technique. Then, each operator
placed four restorations for each group under the supervision of the
experienced clinician. The restoration deficiencies were shown to the operators
prior to starting the study. Only after that, the operators were considered
calibrated to perform the restorative procedures. The same calibrated dental
students who participated in the patient screening selection restored all teeth

under the supervision of an experienced clinician. All participants received four
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restorations, one of each experimental group in different teeth with similar

characteristic, such as deep, shape, dentin sclerosis and others.

The operator classified the order of the teeth to be restored. After that,
the groups were described in opaque papers that were folded and randomly
selected by a third person not involved in the research protocol. The allocation
assignment of the four groups was revealed by opening these folded papers in
the day of the restorative procedure. The operator was not blinded to group
assignment when administering interventions; however participants were
blinded to the group assignment. Before placing the rubber dam, the operators
anesthetized the teeth (Mepisv 3%,NovaDFL, Rio de Janeiro, RJ, Brazil) and
cleaned all lesions with pumice and water in a rubber cup (ref #8040RA and
#8045RA, KG Sorensen, Barueri, SP, Brazil), followed by rinsing and drying.
Using a shade selection guide, the proper shade of the composite was
determined. Following the ADA guidelines22 the operators did not prepare any
additional retention or bevel. Then, the cavities received the self-etch adhesive
systems Adper Prompt L-Pop (3M ESPE, St Paul, MN, USA) or Xeno Ili
(Dentsply Caulk, Milford, DE, USA) applied under active or passive application.
Their composition, application mode and batch number are described in Table
2.

1. Passive application [P]: In these groups, the adhesive was only spread over
the entire surface for approximately three to five seconds and was left

undisturbed for

15 to 20 s (Table 2). Then, an air stream was applied for 10 s at a distance of

20 cm. The air-dry pressure used was 40 psi (0.27 MPa).

2. Active application [A]: The adhesive was rigorously agitated on the entire
dentin surface for approximately 15 to 20 s (Table 2). The microbrush was
scrubbed on the dentin surface under manual pressure (equivalent to
approximately 34.5 + 6.9 g, tested in an analytical balance before the beginning
of the clinical trial). An air stream was applied for 10 s at a distance of 20 cm.

The air-dry pressure used was 40 psi (0.27 MPa).
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The resin-based composites Esthet X (Dentsply Caulk, Milford, DE, USA)
and Filtek Z250 (3M ESPE, St. Paul, MN, USA) were used in combination with
Xeno Il [XE] or Adper Prompt L-Pop [AP] respectively. The cavities were
restored in three increments and each one light-cured for 40 s (VIP light-curing
unit, Bisco Inc. Schaumburg, IL, USA; 600 mW/cm2). The restorations were
finished with fine-grain diamond burs and the polishing procedure was
performed with abrasive discs (Sof-Lex Pop-On discs, 3M ESPE,St. Paul, MN,

USA) one week after placement of the restorations.
Sample size calculation.

The retention rate of the antecessor of Adper Prompt L-Pop,
commercially available as Prompt L-Pop was reported to be 69% after 12
months of clinical service.?® Using an a of 0.05, a power of 80% and a two-sided
test, the minimal sample size was 31 restorations in each group in order to

detect a difference of 25% among the tested groups.?
Clinical evaluation.

Two experienced and calibrated examiners, not involved in the
placement of the restorations and therefore blinded to the group assignment
performed the evaluation. For training purposes, the examiners observed 10
photographs that were representative of each score for each criterion. They
evaluated 10 to 15 teeth together and on two occasions. An intra-examiner and
inter-examiner agreement of at least 85 percent was necessary before the

beginning of the evaluation.?

All parameters during evaluation were recorded using a standardized
paper case report form. The evaluation paper had to be sent after each
observation to the research auxiliary, so that evaluators were blinded to group
assignment during follow-up recalls. The restorations were evaluated by the FDI

criteria®®?’

at baseline and after six, 12 and 24 months of clinical service. Only
the most relevant items for testing the adhesive performance was selected
(Table 3). The primary clinical endpoint was restoration retention/fractures but
the following secondary endpoints were also evaluated: marginal staining,

marginal adaptation, postoperative sensitivity and recurrence of caries. Those
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variables were ranked in the following scores: clinically very good; clinically
good; clinically sufficient/satisfactory; clinically unsatisfactory and clinically poor.
Both examiners evaluated all the restorations once and independently. When
disagreements occurred during the evaluations, they had to reach a consensus

before the participant was dismissed.

The restoration retention rates were calculated according to the ADA
guidelines (ADA, 2001). Cumulative failure percentage = [(PF+NF)/(PF+RR)] X
100%, where PF is the number of previous failures before the current recall, NF
is the number of new failures during the current recall and RR is the number of

currently recalled restorations.?
Statistical analysis.

Descriptive statistics were used to describe the distributions of the
evaluated criteria. Statistical analysis for each individual item was performed, as
well as for each property. The effects of adhesive, mode of application and time

I’ associated to a link

were assessed via mixed generalized linear mode
function. This was required because the items marginal adaptation and caries
recurrence had only two responses and thus a binary model should be used for
this analysis. For all others items a multinomial model was used. As the four
groups were always placed in the same patient, the patient was considered as

the repeated measure.

Two different statistical analyses were run. One followed the intention-to-
treat protocol which included all teeth in their originally randomized groups,
even those that were not able to analyze in the scheduled recall visits. In this
case, we fill in the missing data carrying the last observed value of such teeth.
The second approach followed the per-protocol or on-treatment approach,
where the participants with missing data were excluded from the statistical
analysis. The first approach is more conservative and less open to bias than the

second one.
Results

The restorative procedures were implemented exactly as planned and no

modification was performed. No subgroup analysis was done. Seventeen out of
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48 participants initially screened were excluded from the study because they did
not fulfill the inclusion criteria. Thus, a total of 31 subjects (12 men and 19
women), with a mean age of 48 years were enrolled. One hundred and twenty
four restorations were placed, 31 for each group (Figure 1). All details regarding
the research subjects and characteristics of the restored lesions are presented
in Table 4. Both statistical analyses (intention-to-treat and per protocol) led to
similar conclusions (data not shown) and the p-values reported in this section
are from the intention-to-treat analysis. All research subjects were evaluated at
the baseline and in the 6-, 12- and 24-month recalls. When a restoration was
lost, the other criteria could not be evaluated as the restoration was no longer in
place. In the intention-to-treat protocol, we fill in this missing data carrying the

last observed value of such teeth.
Esthetic properties

In regard to the marginal staining, only the main factors adhesive (p =
0.011), application mode (p = 0.008) and recall period (p < 0.001) were
statistically significant. At the 24-month recall, four restorations from XEA, nine
from XEP, eight from ADA and thirteen from APP showed marginal staining
(Table 5). The adhesive AP and the passive application mode showed
significant higher marginal staining than XE and active application, respectively.
The overall marginal staining in the active and passive groups were 19.4%
(95% CI 11.4 — 30.9%) and 35.5 (95% CI 24.7 — 47.9) (Figure 2). The marginal
staining was statistically higher in the 12 and 24 month recall in comparison with
the baseline and 6-month findings.

Functional properties

For marginal adaptation, only the main factor recall period was
statistically significant (p < 0.001), meaning that lack of marginal adaptation was
more often observed in the 12 and 24 month recalls compared to baseline and
6-month findings. Although at the 24-month recall, a total of 30 restorations
showed lack of marginal adaptation in the enamel margins, they were all
considered clinically good (Table 5). In regard to the retention rates, only the
main factors application mode (p < 0.0001) and recall period (p < 0.0001) were

statistically significant. The active application mode vyielded higher retention
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rates at the 24-month recall compared to the passive application, regardless of
the material. A total of 2 and 10 restorations from the active and passive
application modes respectively were lost and considered clinically not
acceptable (Table 5). The overall retention rates for the active and passive
groups were 96.8 (95% CI 89.0 — 99.1) and 83.9 (95%CI 72.8 — 91.0)
respectively. The individual retention rates of XE and AD in the active
application mode were the same 96.8% (95% CI 83.8 — 99.4), while in the
passive application were 87.1% (95% CI 71.2 — 94.9) and 80.7% (95% CI 63.7
—90.8) respectively for XE and AD (Table 5; Figure 3).

For the item fracture, the main factors adhesive (p < 0.01) and recall
period (p < 0.001) were statistically significant. More fractures were observed
for the passive application group (eight for XEP and 10 for APP) than in the
passive application (two for XEA and four for APA). The adhesive AP showed
significantly more fractures than XE and this was shown to increase in the latter
recall periods (12 and 24-month recall vs. baseline and 6-month recall). These
twenty four small fractures detected at the 24-month recall were all considered

clinically good (Table 5).
Biological properties

For the item secondary caries, only the main factor recall time (p =
0.003) was statistically significant. After 24 months a total of eight restorations
showed signs of secondary caries but they were all ranked as clinically good. In
regard to post-operative sensitivity, no difference was detected among
groups since no report of post-operative sensitivity was recorded throughout the

study period.
Overall analysis

The overall analysis of the study results (Table 6) demonstrated that only
the lack of retention of the clinical restorations were considered as clinically
unacceptable and this loss of class V restorations could be significantly

improved by the active adhesive application.
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Discussion

In order to predict the clinical behavior of adhesive systems, laboratory
tests such as tensile or shear bond strength tests and microleakage tests are
usually performed. Commonly, it is difficult to compare the results from different
studies, since testing procedures are variable.?® In vitro tests are unable to
replicate all the oral environment conditions like moisture, physical stresses,
chewing habits, dietary components and changes in temperature and oral pH
simultaneously. Although a potential relationship between pooled bond strength
data and clinical outcomes were demonstrated in recent reviews of the

literature,181°

it is of common sense that in vitro screening tests do not always
reflect the performance of the material in the real condition which makes the
clinical testing the ultimate proof of effectiveness. Due to the fast advance of
dental materials and the time required for clinical testing and to publish results,
clinical trials are still limited in number. The NCCL are ideal to test the
performance of dentin bonding systems because they are non-retentive and
they are usually available in a higher number for clinical testing. Ineffective
bonding frequently results in restoration loss, which is the most objective

evaluation parameter of clinical studies.’

Although one-step, self-etch adhesive systems are marketed as
simplified materials, a more complex chemistry is required to blend hydrophilic
and hydrophobic monomers, water, solvents and additives.®>*® Water is
essential, because it provides the ionization medium for the self-etch activity.
Other solvents, such as acetone and ethanol, are necessary to dissolve both
hydrophilic and hydrophobic monomers into one single phase*! and assist water
to evaporate upon completion of the self-etch process. Because of these
features, one-step self-etch adhesives are reported to behave as permeable

membranes after polymerization®*3

allowing the diffusion of water from the
hybridized dentin to the adhesive surfaces.®* Altogether these factors have
been blamed for the lower retention rates of one-step self-etch systems in
clinical trials when compared to their two-step version.”*>* In the present
investigation, the retention rates of both adhesives investigated were increased
by active adhesive application and this led us to reject the anticipated null

hypothesis. Retention rates of 96.8% were observed for both adhesives under
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active application. Other studies reported retention rates varying from 75 to 90%
for Adper Prompt L-Pop after one to two years of clinical service and 90-93% for
Xeno IIl (Dentsply).?**"*! Compared with existing literature, the retention rates
of XE and AP applied actively in the present study were the highest already
reported after 24 months of clinical service, resembling those achieved with

three-step etch-and-rinse systems.”*?

The active application may accelerate solvent evaporation and increase
the diffusion rate of monomer inside the smear layer, carrying fresh acidic resin
monomers to the basal part of the etched dentin. This may produce a more
aggressive demineralization*® and promote a better interaction with the smear
layer and underlying dentin.***® This method can also increase the moieties’
kinetics and allow for better monomer diffusion inward, while solvents are
diffusing outward. Laboratory tests investigating the active application of etch-

44,45

and-rinse adhesives***® and self-etch adhesives®!"**!* has also reached good

results. This was also confirmed in in vitro longevity studies for one-step self-

h13,15

etc and in one recent clinical trial that employed an acetone-based two-

step etch-and-rinse adhesive system.’

In regard to the marginal staining, this started being observed in the
present study after 12 months, mainly for the passive application groups.
Marginal staining is primarily the result of infiltration of colored molecules into
the interface and/or inside the adhesive layer. Simplified one-step self-etch
adhesives are much more hydrophilic than their two step counterparts.*® The
hydrophilic nature of methacrylate copolymers allows increased water

sorption*®4®

and this is a time-driven process, meaning that the more the
contact of the adhesive with water, the higher the water sorption ratio.***® As a
consequence of polymer swelling caused by water, the frictional forces between
the polymer chains are reduced49 leading to solubility of residual monomers
and oligomers, which makes the adhesive interface even more porous and
prone to marginal staining over time. The prevalence of marginal staining was

17495952 and in most of the cases would be

similar to previous clinical studies
easily solved by re-polishing the restoration margins.** The lower marginal
staining rates in the active application groups may be attributed to the improved

quality of the polymer due to the higher water/solvent evaporation and also to
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deeper etching of the enamel margins and consequently better resin

infiltration.>®

In terms of marginal adaptation, all groups were similar one another, but
lack of marginal adaptation was increasingly seen in the later recall periods.
These findings can also justify the increase of the marginal staining as it was
already demonstrated that marginal adaptation is usually correlated with
marginal staining.®*>* The intervention and control groups were implemented in
participants from both sexes older than 18 years old and thus the results of the
present trial apply for adult population having NCCL with similar features than
the ones selected to be included in this clinical trial. Further longer term-
evaluations should be carried out in order to detect if the positive findings of
active application of one-step self-etch detected here at the 24-month

evaluation still remains after long term clinical service.
Conclusions

Within the limitations of the present study we can conclude that the active
application of one-step self-etch systems improved the retention rates of class V
restorations and minimized the marginal staining in the enamel margins. As
long as one step self-etch systems are employed actively, retention rates similar
to those reported in the literature for three-step etch-and-rinse systems can be

achieved.
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Figure 1 — Flow diagram. Np: number of patients, Nr: number of restorations.

Figure 2 — Overall marginal staining for active and passive application groups.

Figure 3 — Overall retention rates for active and passive application groups.

Table 1- Dentin sclerosis scale (¥)

CATEGORY CRITERIA
No sclerosis present; dentin is light yellowish or whitish, with little
discoloration; dentin is opaque, with little translucency or transparency
, More sclerosis than in category 1 but less than halfway between
categories 1and 4
Less sclerosis than in category 4 but more than halfway between
3 categories 1and 4
Significant sclerosis present; dentin is dark yellow or even discolored
4 (brownish); glassy appearance, with significant translucency or
transparency evident
* Adapted from Swift & co-workers

Table 2 - Adhesive systems: composition and application mode.

Adhesive systems

Composition

Mode of Application

Application Mode (*)

Adper Prompt L-
Pap (AD - 3M ESPE,
st Paul, MN, USA)

Liquid 1 (red blister): Methacrylated phosphoric
esters, Bis-GMA, initiators based on
camphorquinone and stabilizers

Liquid 2 (yellow blister): Water, HEMA,

Active (manufacturer's
recommendation)

a,bicbicd

polyalkenoic acid and stabilizers Passive 3, b2, ¢ b2, ¢ d
Liquid A (green cap): HEMA, Purified water,
Ethanol, UDMA, BHT, highly dispersed silicon Active a b3 cd
Xeno NI (XE - dioxide
Dentsply Cauvlk |Liquid B (black cap): Phosphoric acid modified
Milford, DE, USA) |polymethacrylate resin, PEM-F, modified Passive (manufacturer's 2, b, d

methacrylate resin, UDMA, Camphorguinone,
Ethyl-g-dimethylaminobenzoate

recommendation)

(*) a: Dispense equal amounts of Liquid A or 1 and Liguid 8 or 2 and mix them in mixing well thoroughly (5 5); b1: Apply one coat with
with agitation for 15-20 5; ba: Apply one coat passively and leave undisturbed for at least 15-20 5; b3: Apply one coat with agitation for
20 5; bg- Apply one coat passively and leave undisturbed for at least 20 s; ¢: air-dry for 10 s at 20 cm; d- light-cure (10 5 - 6oo mWjcm?).

Bis-GMA: bisphenol A diglycidyl methacrylate; HEMA: 2-hydroxyethyl methacrylate; BHT: Butylated hydroxy toluene; PEM-F:
pentamethacryloyloxyethylcyclohexaphosphazene monofluoride; UDMA: urethane dimethacrylate; MDP: 10-Methacryloyloxydecyl
dihydrogen phosphate
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Table & — Demographic characteristic of research subject and featwras of MOCL
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4. DISCUSSAO GERAL

4.1 Estudos in vitro x estudos in vivo

Na tentativa de predizer o comportamento clinico dos sistemas adesivos
disponiveis no mercado, estudos laboratoriais, como os estudos de resisténcia
de unido e microinfiltracdo marginal sdo massivamente realizados. Porém,
comparar os resultados de tais pesquisas, tornou-se cada vez mais dificil em
decorréncia da diferenca das multiplas variaveis apresentadas (Van Dijken et
al.®® 1999; Van Dijken® 2000). Os estudos em laboratério foram interessantes
e populares por muito tempo por fornecerem resultados rapidos, permitindo a
evolucao tecnoldgica dos sistemas adesivos e possibilitando que os fabricantes
disseminassem no mercado um maior nimero de produtos, mesmo antes de

serem submetidos a testes clinicos (Van Meerbeek et al.®® 2010).

Esses estudos in vitro possuem muitas limitagcdes, pois séo incapazes de
reproduzir o ambiente bucal de forma fiel. Fatores como a umidade, os habitos
alimentares, os habitos de higiene, o estresse das forcas mastigatérias, e
mudancas de pH e temperatura, ndo podem ser reproduzidos de forma
satisfatéria e nem simultaneamente (Hashimoto et al.®® 2000).

Mesmo com tais limitacdes uma recente revisdo de literatura (Van
Meerbeek et al.®® 2010) demonstrou uma potencial relacdo entre os resultados
obtidos em estudos in vitro, de resisténcia de unido, e achados clinicos, de
retencdo de restauragdes de resina composta em lesdes cervicais. Porém, para
a maioria dos autores, infelizmente, os estudos laboratoriais nem sempre
refletem o comportamento do material em uma situacao clinica. Sendo assim,
as pesquisas clinicas continuam sendo as mais fidedignas para expressar o
comportamento real de determinados materiais e/ou técnicas em determinadas
situacBes (Van Meerbeek et al.®’ 1994; Gladys et al.®® 1997; Van Meerbeek et
al.®® 1998; Van Dijken et al.®®* 1999; Van Meerbeek et al.° 2003b; Peumans et
al.? 2005; Heintze et al.” 2010).

Por outro lado existem diversas dificuldades na conducdo de estudos
clinicos. As pesquisas clinicas séo dispendiosas financeiramente, exigem

colaboracdo dos pacientes e os resultados sdo coletados somente apds um
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longo prazo, o que torna a divulgacdo dos dados mais demorada e
consequentemente reduz o nimero de publicacées conduzidas (Heintze et al.”
2010; Peumans et al.”* 2010). Outra dificuldade na conducdo de estudos
clinicos é conseguir uma adequada taxa de retorno dos pacientes nas
avaliacdes. Alguns estudos relatam taxas de retorno menores que 50% (Ritter
et al.”? 2009; Wilder et al.”® 2009). Nos estudos apresentados neste trabalho, a

taxa de retorno foi superior a 90%, porém isto é de dificil obtencéao.

Em decorréncia destes fatos, novos materiais sdo frequentemente
lancados no mercado sem nenhum estudo clinico que ateste seu bom
desempenho (Gladys et al.®® 1997; Van Dijken® 2000; Heintze et al.”® 2010;
Peumans et al.”* 2010). Desta maneira, os estudos laboratoriais sdo de grande
utilidade, pois 0s mesmos propiciam uma triagem dos piores e dos melhores
produtos disponiveis, ou seja, um produto que apresentar resultados
indesejaveis em testes laboratoriais, ndo deve ser testado em um ensaio
clinico. Assim, apenas materiais com um bom desempenho in vitro s&o

merecedores de testes clinicos (Heintze et al.”* 2011).

4.2 Estudos in vivo

As restauracdes de classe V em lesdes cervicais ndo cariosas Sao
recomendadas pela ADA no intuito de avaliar clinicamente os sistemas
adesivos (ADA> 2001). Isso se deve ao fato dessas lesdes serem
relativamente comuns na populacdo adulta e ndo apresentarem retencdes
macromecanicas e possuirem margens tanto em esmalte quanto em dentina
(Van Meerbeek et al.®® 1998). Além disso, as restauracdes ocorrem, em sua
maioria, em dentes anteriores ou pré-molares ficando facilmente expostas a

inspecéo visual e facilitando as avaliagdes futuras.

Essas lesdes apresentam uma superficie com dentina obliterada de 5 a
10 um dificultando a penetracdo dos mondmeros resinosos para o interior do
tecido dentinario (Gwinnett, Jendresen’ 1978). Ou seja, as lesées de classe V
nao cariosas sao um grande desafio para os sistemas adesivos. O insucesso
da adesdo comumente resulta em perda da restauracdo, que é o parametro
clinico mais objetivo dos estudos clinicos (Peumans et al.? 2005; Heintze et
al.”” 2010).
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Uma recente revisdo sisteméatica da literatura (Chee et al.”® 2012)
concorda que as lesdes cervicais nao cariosas sao as melhores cavidades para
colocar em prova o comportamento clinico dos diferentes tipos de sistemas
adesivos disponiveis no mercado. Porém, afirmam que é necessaria uma maior
uniformizacdo da metodologia dos estudos clinicos e de como seus dados
coletados séo relatados, uma vez que mesmo que a maior parte dos estudos
demonstre performances clinicas desejaveis para a maioria dos sistemas
adesivos testados, ainda existem variagfes significativas no comportamento
clinico de adesivos de uma mesma categoria. Ou seja, tornam-se necessarios
estudos com metodologia e registros padronizados de maneira que seus

resultados possam futuramente ser comparados.

Para entender os resultados de um ensaio clinico randomizado (ECR), é
necessario conhecer seu desenho experimental, modo de conducéo, analise e
interpretacdo. Tais objetivos sdo alcancados somente se houver transparéncia
completa dos autores na redacéo cientifica do texto (Dainesi, Aligieri’’ 2005).
Para melhorar a qualidade do relato dos ECRSs, investigadores e editores
criaram, na década de 90, as recomendacdes conhecidas como CONSORT
(Consolidated Standards of Reporting Trials) (Schulz et al.”® 2010).

Esta padronizacdo descreve como deve ser a descricdo de varios itens
gue vao desde o recrutamento até a interpretacdo dos dados e cuja omisséo
pode se associar a desvios na avaliacdo do efeito do tratamento. Além disso,
tais informacdes sdo cruciais para aquilatar a relevancia e a confiabilidade dos
resultados (Schulz et al.”® 2010). Os quatro estagios de um estudo clinico
randomizado: recrutamento, alocacdo, seguimento e andlise (Moher et al.”
2010), devem explicitar o numero de participantes em cada grupo de
intervencao, descrevendo detalhadamente quantos pacientes foram excluidos
em cada passo da analise dos dados. O fornecimento desses numeros permite,
entre outras coisas, que o leitor julgue se os autores realizaram ou ndo uma
andlise da intencdo de tratar, na qual todos os pacientes sdo incluidos na
analise, independentemente de sua aderéncia ao protocolo ou participacédo nas
chamadas de acompanhamento ou simplesmente uma analise por protocolo,
onde pacientes que nao aderiram ou nao participaram das avaliacbes sdo

excluidos da analise.
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Na literatura odontolégica poucos estudos clinicos séo redigidos
seguindo a normativa do CONSORT. Nesta tese, o0 estudo clinico 2 foi redigido
de acordo com estes principios, 0 que denota que os autores estdo cada vez
mais preocupados em aderir a estas recomendacfes. Além disto, esta
mudanca € cada vez mais necessaria, uma vez que a grande maioria dos
periddicos da area odontologica, atualmente, requer que os estudos clinicos

sigam estas normativas.

4.3 Modificacdo dos protocolos de aplicacdo dos sistemas adesivos

Os adesivos convencionais que usam o passo do condicionamento acido
separadamente, normalmente utilizam como agente condicionador da dentina o
acido fosférico em diferentes concentracbes. Este agente desmineraliza o
substrato, deixando suas fibrilas colagenas expostas, mais Umidas e
permedveis (Rosales-Leal et al.®® 2001). Ap6és o condicionamento acido, a
superficie desmineralizada deve ter sua umidade determinada. A quantidade
de agua ideal para permitir uma eficaz penetracdo dos mondmeros resinosos
no intimo da dentina desmineralizada, proporcionando a formacdo de uma
camada hibrida resistente, ainda € um dos pontos mais discutidos na

odontologia adesiva.

A literatura revisada demonstrou que ha muito tempo preconiza-se a
manutencdo de um substrato dentinario imido para a obtencdo de uma boa
adesdo. Esta umidade prévia a aplicagdo do sistema adesivo possui papel
fundamental na infiltracdo dos mondmeros resinosos (Kanca®' 1994; Reis et
al.?? 2003). A &gua, por possuir a capacidade de formar pontes de hidrogénio e
ter baixo peso molecular, mantém os espacos interfibrilares expandidos,

permitindo a infiltragdo dos mondmeros pelos poros nanométricos da dentina.

Porém, na tentativa de padronizar esta umidade, dois quadros
indesejaveis podem ocorrer: a secagem em excesso ou 0 umedecimento
excessivo da dentina. Quando a secagem exagerada acontece, as fibrilas
coldgenas colapsam e a infiltracdo monomeérica é insuficiente (Pashley et al.®
2002); quando o contrario acontece, a grande quantidade de &gua na
superficie, além de diluir o agente adesivo, atua como uma barreira fisica, ndo

permitindo a penetracdo dos monémeros (Tay et al.® 1996). Quando o primeiro
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guadro se apresenta é possivel sua reversao pelo simples reumedecimento da
superficie da dentina, que expande as fibrilas colagenas colabadas (Gwinnett %
1994, Perdigéo et al.* 1998, Perdigao et al.®®> 1999).

A padronizacdo desta umidade € bastante subjetiva, ja que a
interpretacdo da umidade é variavel de acordo com quem executa a técnica
adesiva (Miyazaki et al.?® 2000) e ainda varia em funcéo do tempo de secagem
(Kanca®’ 1996, Miyazaki et al.*° 1996, Santini® 1999), da distancia entre o jato
de ar e a superficie da dentina (Kanca®’ 1996), do tipo de solvente existente no

adesivo (Reis et al.*? 2003), entre outros fatores.

Do ponto de vista clinico, seria desejavel alcancar adesédo duradoura e
estdvel em substrato desmineralizado seco, pois além de eliminar as
dificuldades técnicas de se determinar a umidade ideal do substrato dentinario,
eliminaria os efeitos deletérios da agua na formacédo de um polimero rigido
dentro da camada hibrida. O fato de estudos laboratoriais terem demonstrado
gue a adesdo em substrato dentinario desmineralizado e seco é viavel, desde

que a forma de aplicacdo seja realizada de forma vigorosa (Dal Bianco et al.®

2006, Reis et al.*® 2007) motivou & conducdo de um estudo clinico que
investigasse este aspecto. Resultados bastante promissores foram
encontrados neste estudo clinico; pois ndo houve diferengca entre a taxa de
retencdo de dois sistemas adesivos quando aplicados de forma ativa na
dentina seca e umida. Estes achados sdo concordantes com um estudo clinico

anterior publicado por Perdigdo et al.®* 2005.

De forma semelhante aos adesivos convencionais simplificados, os
sistemas simplificados de passo Unico, possuem grandes quantidades de
monémeros hidrofilos incorporados, fato esse que confere a estes materiais
compatibilidade ao tecido dentinario. Entretanto, essa caracteristica origina
alguns efeitos prejudiciais na formacdo de um polimero resistente. As finas
camadas proporcionadas por estes sistemas adesivos implicam em uma
inadequada polimerizagcdo pela inibicdo de polimerizacdo pelo oxigénio
(Ruggeberg, Margesson® 1990), assim como a grande capacidade de sorgao
de agua diminui o0 médulo de elasticidade da resina e consequentemente a

resisténcia de unido (Ito et al.®” 2005). Desta forma, a camada hibrida formada
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é semipermedvel (Tay et al.?* 2002) permitindo a passagem de agua, mesmo
depois de sua polimerizacdo, facilitando a degradacdo e diminuindo a

longevidade da unido (Tay et al.>* 2002).

Com o objetivo de minimizar os efeitos deletérios, melhorar a
resisténcia de unido e a longevidade destes agentes de unido, a forma como
sédo aplicados nos subtratos, principalmente na dentina, parece ser de grande
relevancia (Velasquez et al.”®* 2006). Os fabricantes, em sua generalidade,
fornecem ao consumidor um protocolo de como deve ser feita a aplicacdo do
referido produto de forma a garantir bons resultados. Porém, muitos destes
protocolos clinicos de aplicacdo sao pura e simplesmente especulacbes do

fabricante, sem embasamento cientifico algum.

No estudo laboratorial apresentado, os sistemas adesivos foram
aplicados da maneira recomendada pelos fabricantes. Os piores ou melhores
resultados foram atribuidos ndo ao protocolo de aplicacdo utilizado, e sim, a
composicado dos materiais em questdo. Ou seja, se henhuma modificacdo de
protocolo é praticada, a discussdo dos resultados depende quase que
exclusivamente da composicdo quimica dos materiais, pois a forma de

aplicagcdo ndo segue um padréo predeterminado.

Com a intencdo de melhorar as propriedades dos sistemas adesivos e
evitar os problemas inerentes & adesdo no substrato dentinario, estudos
diversificaram a forma de aplicacdo dos mesmos. Para adesivos
autocondicionantes foi demonstrado que a aplicacdo ativa e vigorosa destes
materiais proporcionou um aumento dos valores de resisténcia de unido a
dentina e ao esmalte (Loguercio et al.** 2011). Apesar destes achados
laboratoriais, ndo havia na literatura consultada nenhum estudo clinico que
tivesse investigado o beneficio desta alternativa no desempenho destes

produtos na retencao de restauracfes adesivas.

Os resultados da segunda pesquisa clinica apresentada demonstraram
gue ao empregar a aplicacdo ativa, as diferengcas na composi¢cdo quimica
puderam ser dribladas; ou seja, certas caracteristicas quimicas que poderiam

conferir uma menor adesdo a determinado produto, quando aplicado da
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maneira tradicional, puderam ser neutralizadas com um protocolo de aplicacao

alternativo.

Para o primeiro estudo clinico a umidade da dentina foi variavel para
ambos os sistemas adesivos, SB (etanol/agua) e OS (acetona), sendo utilizada
a maneira de aplicacdo vigorosa. Observamos que independentemente da
umidade dentinaria (seco x Umido), as taxas de retencdo ao longo do tempo
para ambos os adesivos foram altas, de tal modo que o dilema da
padronizacdo da umidade dentinaria, relatado por Reis et al.”® (2007), e o do
desempenho inferior do adesivo & base de acetona (Reis, Loguercio® 2009),

pode ser driblado pela aplicacéo ativa.

De forma semelhante, a aplicacdo ativa de dois adesivos
autocondicionantes no segundo estudo clinico resultou em maiores taxas de
retencdo apos 24 meses, e as diferencas composicionais entre 0s materiais

nado foram tdo predominantes no seu desempenho clinico.

Observamos entdo, um consenso na literatura de que a aplicacdo ativa,
também chamada vigorosa, efetivamente produziu bons resultados, tanto em
estudos laboratoriais, quanto em estudos clinicos. Resultados estes atribuidos
aos fenbmenos a seguir explanados. Primeiramente, uma boa adesao,
independente do tipo do sistema adesivo utilizado. A boa adeséo € associada a
formacdo de uma camada hibrida uniforme e coesa. A aplicacdo ativa
proporciona um substrato plenamente infiltrado, sem espacos resultantes de
infiltracAo monomérica incompleta, espacos estes facilmente propicios a
degradacdo (Miyasaki et al.”” 2001; Wang, Spencer®® 2003). Isso porque a
aplicacdo ativa aumenta a energia cinética das moléculas facilitando a
penetracdo dos monémeros para dentro das fibrilas colagenas, e facilitando
também, a difuséo dos solventes para fora do substrato (Cho, Dickens®® 2004;
Loguercio et al.'® 2009). Essa evaporacdo ou eliminacdo dos solventes e da
umidade residual de forma conjunta, por meio da taxa de evaporacdo dos
mesmos, melhora as propriedades do polimero formado e em decorréncia, toda

rede molecular é otimizada (Cho, Dickens®® 2004).

No entanto, ndo se pode negar que o modo de aplicacdo vigorosa nao

foi capaz de evitar completamente a degradacéo da interface adesiva, ja que



113

algumas restauracdes foram perdidas ao longo do estudo. Embora esta técnica
melhore a impregnacéo de resina na rede colagena desmineralizada, ndo pode
alterar a natureza do adesivo, que continua a ser intrinsecamente hidréfilo e,
portanto, ainda propenso a sor¢do de agua (Yiu et al.? 2006; Malacarne et al.*’
2006). Além disso, o0 modo de aplicacdo vigorosa nao inativa as atividades
colagenolitica e gelatinolitica enddégenas, derivadas do condicionamento da
dentina, que é responsavel pela desintegracao progressiva da rede de fibras
colagenas (Pashey et al.'®* 2004; Hebling et al.’®? 2005; Brackett et al.'** 2007;
Carrilho et al.**2007).

Nessa discussédo foram abordadas apenas as variacdes de protocolos
adesivos, de maneira que, pudemos observar que as modificacdes
implementadas em cada estudo, implicaram em significativas melhoras na
longevidade dos sistemas adesivos utilizados. Muito ainda deve ser feito para
gue um protocolo ideal seja formulado, e sdo esses estudos que possibilitaréo
gue este objetivo seja alcancado.



114

5. CONCLUSAO

Apesar das limitacGes existentes, os trabalhos desenvolvidos neste

estudo possibilitaram as seguintes conclusodes:

1. Novos protocolos de aplicacdo podem melhorar os resultados
clinicos em longo prazo dos diferentes sistemas adesivos, quando

comparados aos protocolos recomendados pelos fabricantes;

2. A aplicacdo ativa melhorou as taxas de retencdo dos sistemas
adesivos convencionais e autocondicionantes testados, ao longo do

tempo, para ambos os estudos clinicos;

3. Novos estudos clinicos sdo necessarios para testar diferentes

protocolos de aplicacdo dos sistemas adesivos.
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