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RESUMO

O PAPEL DA ESTRATEGIA ADESIVA NA CIMENTACAO DE RESTAURACOES
INDIRETAS COM CIMENTOS RESINOSOS DUAIS EM DENTINA

AUTOR: Leonardo Lamberti Miotti
ORIENTADOR: Prof. Dr. Alexandre Henrique Susin

No presente trabalho serdo apresentados dois estudos acerca da influéncia da estratégia de cimentagédo
utilizada em cimentacdes adesivas a dentina de restauracGes indiretas, em relacdo a resisténcia de
unido imediata e a longo prazo entre a restauracdo e o substrato dentinario. O primeiro estudo trata-se
de uma investigagdo laboratorial sobre resisténcia de unido de uma ceramica hibrida a dentina quando
cimentada por diferentes cimentos resinosos duais, sob diferentes estratégias de cimentagdo. Blocos de
uma ceramica hibrida (VITA Enamic) foram cimentados sobre uma superficie plana de dentina
exposta. Foram testados cimentos resinosos duais auto-adesivo (Relyx U200 - 3M-ESPE) e
convencional (Relyx Ultimate - 3M-ESPE) sob a estratégia adesiva “Etch-and-rinse” (ER) - com
condicionamento acido da dentina - e sem condicionamento acido prévio (NT), e diferentes
tratamentos de superficie da peca ceramica (silano ou SingleBond Universal — 3M-ESPE). Os grupos
experimentais apresentam como unidade experimental o dente (n=6). Os dentes restaurados foram
cortadas em palitos, os quais foram testados em uma maquina de ensaio universal (EMIC) através do
ensaio de micro-tragdo. Metade dos palitos foram testados 24h ap0s o corte e a outra metade 12 meses
apos imersdo em agua destilada. Os resultados revelaram que o cimento resinoso dual convencional
Relyx Ultimate, utilizado sob a estratégia ER, apresentou os melhores resultados de resisténcia de
unido, tanto imediatamente quanto apds 12m. Desse modo, concluiu-se que o cimento convencional,
sob a estratégia adesiva ER, produziram os maiores valores de resisténcia de unido a dentina. No
segundo estudo foi exacutada uma revisdo sistematica da literatura com meta-analise, considerando
estudos que avaliaram essas duas categorias de cimentos resinosos (convencionais e auto-adesivos) em
ensaios in vitro, e incluidos conforme os seguintes critérios de inclusdo: estudos que avaliaram
resisténcia de unido entre dentina e um material restaurador indireto cimentado com cimentos duais
auto-adesivos ou convencionais, com desfecho resisténcia de unido apresentado em mega-pascal
(MPA). As revistes dos estudos incluidos foram executadas por 2 avaliadores independentes (LLM e
ACF), os quais aplicaram os critérios de exclusdo apés leitura na integra dos estudos incluidos. Dos
518 estudos encontrados na busca, 36 foram lidos na integra apés os critérios de inclusdo. Desses, 19
foram incluidos na revisdo sistematica e na meta-analise. Foram executadas uma analise global
comparando o desempenho geral das duas categorias de cimentos, e 3 analises de subgrupos
comparando apenas o desempenho a longo prazo dos dois tipos de cimento, e 0 desempenho
individual de cada tipo de cimento quando comparados o0s resultados imediatos e apds
envelhecimento. De maneira geral, 0s cimentos resinosos duais convencionais, utilizados em
combinagdo com sistemas adesivos, apresentaram melhor desempenho em termos de resisténcia de
unido, quando utilizados em cimentagOes a dentina, tanto na analise global quanto a longo prazo. Com
base nos resultados de ambos os estudos, os cimentos duais convencionais apresentaram melhor
adesividade a dentina quando utilizados em cimentacdo indireta. Essa categoria de cimento apresenta
uma melhor capacidade de adesdo ao substrato dentinario, gracas ao intermédio do agente adesivo. Ja
o desempenho dos cimentos auto-adesivos é dependente da marca comercial utilizada, a qual deve ser
considerada na escolha desses cimentos para uso clinico.

Palavras-chave: Adesivos. Cimentacdo. Cimentos Dentarios. Cimentos de resina. Ceramica. Dentina. Falha
de restauragdo dentéria. Resina Composta.



ABSTRACT

THE ROLE OF ADHESIVE STRATEGY IN CEMENTATION OF INDIRECT
RESTORATIONS WITH DUAL RESIN CEMENTS TO DENTIN

AUTHOR: Leonardo Lamberti Miotti
ADVISOR: Prof. Dr. Alexandre Henrique Susin

Two studies assessing the influence of cementation strategy on indirect restoration cementation to
dentin, regarding immediate and long-term bond strength are presented in this composition. The first
paper is an in vitro study that assess bond strength to dentin of a hybrid ceramic when cemented with
different dual resin cements, under different cementation strategies. Ceramic blocks (VITA Enamic)
were cemented to a flat exposed dentin surface. Dual resin cements were tested, one self-adhesive
(Relyx U200 — 3M-ESPE) and one conventional (Relyx Ultimate — 3M-ESPE), through etch-and-rinse
(ER) adhesive strategy or no dentin surface treatment (NT), without previous dentin phosphoric acid
etching and combined with different chemical ceramic surface treatment (silane agent vs. Scotchbond
Universal). Teeth were considered as experimental unity of experimental groups (n=6). The groups
were divided considering cement and cementation strategy used. Stick-shaped specimens were
obtained by cutting the cemented restorations. Specimens were submitted to microtensile bond
strength in a universal testing machine (EMIC). Half of the specimens were testes 24h after
cementation and other half were tested after 12m of distillated water storage. Results showed that
Relyx Ultimate, combined with ER strategy, presented better bond strength results immediately and
after aging. We concluded that conventional dual resin cement, combined with ER strategy produced
better bond strength to dentin when cementing indirect restoration. The second study is a systematic
review with meta-analyses that reviewed literature for in vitro studies that assessed these two classes
of resin cements (conventional and self-adhesive), according to the following inclusion criteria:
studies that evaluated bond strength between dentin and indirect restoration cemented with dual
conventional or self-adhesive resin cements, with bond strength presented in mega Pascal (MPA) as
outcome. Included studies were full-text reviewed by two independent reviewers (LLM and ACF),
which applied exclusion criteria. From a total of 518 studies, 36 were screened full-text and reviewed
according to exclusion criteria. 19 papers were included in systematic review and meta-analyses. A
global analysis comparing conventional and self-adhesive cements, and three subgroups analyses
comparing long-term bond strength performance and individually comparing immediate to long-term
results of each resin cement class. Conventional resin cements, combined with adhesive system,
presented an overall better adhesive performance when used to cement indirect restorations to dentin.
Based on the results of both studies, dual conventional resin cements exhibited higher bonding
strength to dentin when cementing indirect restorations. This cement category shows higher bond
strength to dental substrate due to adhesive agent mediation. Self-adhesive cements performance is
directly related to commercial brand, which must be considered when electing this resin cement class
to clinical use.

Keywords: Adhesives. Cementation. Composite Resins. Ceramic. Dental Cements. Dental
Restoration Failure. Dentin. Resin Cements.
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1 INTRODUCAO

Procedimentos restauradores capazes de reestabelecer funcdo e estética, de maneira
imperceptivel, sdo vastamente utilizados em situacfes clinicas que ha alguns anos atrés
seriam consideradas invidveis. Onde antes eram utilizadas restauragcBes ceramicas com
infraestruturas metalicas, agora restauracdes livres de metal com excelente estética sdo
confeccionadas (CHU; TRUSHKOWSKY; PARAVINA, 2010). Essa atual versatilidade
passa pela evolugdo dos procedimentos adesivos a estrutura dental e dos proprios materiais
restauradores, capazes de serem aderidos, aplicados em menor espessura e com caracteristicas
Opticas semelhantes as dos dentes naturais. Somando-se a notoria evolucdo dos processos de
fabricacdo das restauracGes ceramicas, como a usinagem pela tecnologia CAD/CAM,
atualmente é possivel executar restauragdes ceramicas estéticas praticamente imperceptiveis
apos a cimentacdo e integracdo com o substrato dental (SON et al., 2010).

A adesdo permitiu a aplicacdo clinica de uma odontologia conservadora, onde 0s
extensos e retentivos preparos cavitarios foram substituidos por preparos minimos, restritos
apenas a remocdo de tecido cariado ou remocao de retengdes em preparos para restauragoes
indiretas. Uma vez que a preservacdo da estrutura dental é um fator critico para a longevidade
da estrutura dental e do procedimento restaurador nele executado (VAN DIJKEN;
HASSELROT, 2010), a odontologia adesiva e minimamente invasiva tornou-se um campo de
muito interesse na literatura atual (GUESS et al., 2013). Apesar dos consideraveis avancos na
area e da consolidacdo da odontologia adesiva, a adesdo em dentina ainda é foco de inimeros
estudos, devido a sua complexidade e a maneira como 0s materiais restauradores interagem
com esse substrato. Na cimentacdo adesiva de restauragdes indiretas, 0 material restaurador é
retido por intermédio de cimentos resinosos. Desse modo, restauracfes indiretas de materiais
resinosos ou ceramicos, totais ou parciais, representam uma vdlida opc¢do terapéutica
restauradora para dentes com severa destruicdo coronaria (DE ANGELIS et al., 2011).

Quando comparada & cimentacdo tradicional (com mecanismo de retencdo nao-
adesivo), a cimentacdo adesiva apresenta algumas vantagens importantes, como por exemplo
permitir restauragOes parciais indiretas estéticas em dentes anteriores, com maior capacidade
de retencdo aos substratos, menor solubilidade, com adequada biocompatibilidade e menor
microinfiltracdo marginal (PAVAN et al., 2010). Outra vantagem importante diz respeito ao
efeito de reforco da estrutura cerdmica de restauracOes indiretas. A presenca do cimento
resinoso no processo de cimentacdo pode aumentar a resisténcia flexural de materiais
ceramicos (XIAOPING; DONGFENG; SILIKAS, 2014). A partir da cimentagdo adesiva,



aumenta a probabilidade de que as possiveis falhas das restauragdes ceramicas sejam de
menor severidade, as quais podem ser passiveis de reparo em alguns casos. O menor médulo
de elasticidade dos materiais resinosos permite que 0S cimentos resinosos transmitam
consideraveis quantidades de carga para o substrato dental (JIANG et al.,, 2010;
SALAVERRY et al.,, 2013). A partir dessas vantagens e o aumento do uso clinico, 0s
fabricantes investiram e desenvolveram novos cimentos resinosos, com diferentes estratégias
adesivas e protocolos clinicos.

A cimentacdo adesiva de materiais ceramicos a estrutura dental com cimentos
resinosos pode melhorar a resisténcia mecéanica e reduzir a propagacao de trincas ao longo da
restauracdo (FLEMING et al., 2006). Ceramicas vitreas, quando retidas por cimento resinoso,
apresentam taxas de sobrevivéncia mais favoraveis do que quando cimentadas com outros
tipos de cimentos (MALAMENT & SOCRANSKY, 2001; GROTEN & PROBSTER, 1997)
Behr e colaboradores (2003), ao avaliarem a resisténcia a fratura e adaptacdo marginal de
restauracdes totalmente cerdmicas quando cimentadas com diferentes tipos de cimento,
concluiram que a maior resisténcia a fratura e a melhor adaptacdo marginal das restauragdes
ocorreu quando foram cimentadas com cimento resinoso. (BEHR et al., 2003) Apesar da
consolidacdo da cimentacdo adesiva, apenas o fato de se usar um cimento resinoso nao é
suficiente para garantir longevidade as restauracfes ceramicas. O sucesso dessas restauracoes
esta associada ao adequado estabelecimento da adesdo com os substratos dentais (XIAOPING
et al., 2014). Nao ha consenso na literatura a respeito de qual estratégia de cimentacdo,
envolvendo os cimentos resinosos, promove melhor adesdo aos substratos dentais. Essa
questdo torna-se ainda mais relevante quando associamos o estabelecimento dessa adesdo
com as propriedades mecanicas da restauragcdo cimentada.

E notéria a evolugdo dos sistemas ceramicos nos Ultimos anos. Inicialmente, as
ceramicas odontoldgicas consideradas estéticas eram aquelas predominantemente vitreas, as
quais sdo extremamente frageis e necessitam de infraestruturas metalicas ou de ceramicas
policristalinas. O desenvolvimento das ceramicas vitreas reforcadas por particulas de carga
permitiu que ceramicas com propriedades Opticas semelhantes as da estrutura dental
apresentassem excelentes propriedades mecanicas. Como exemplo, o dissilicato de litio é uma
ceramica estética que pode ser utilizada até em coroas totais monoliticas em dentes anteriores
(KELLY, 2013). Mais recentemente, surgiu um novo conceito de material restaurador onde
combinam-se cerdmica e compdsito a fim de se obter um material com as caracteristicas
positivas de ambos materiais envolvidos (COLDEA et al., 2013; ELSAKA et al., 2014).

Nesse contexto, a ceramica Vita Enamic (Vita Zahnfabrick), a qual é uma ceramica vitrea
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infiltrada por uma rede polimérica, e que propGem-se a ser um material estético, com
excelentes propriedades mecanicas e mais resiliente do que uma ceramica convencional.
Apesar dessa proposta inovadora, seu desempenho adesivo ainda carece de mais informacdes.
A interacdo desses diferentes materiais com o cimento utilizado é de fundamental importancia
para a longevidade das restauragdes, pois uma falha adesiva em uma das duas interfaces
resultantes da cimentacdo (substrato-cimento e cimento-restauracdo) pode significar o
insucesso clinico do procedimento (PEUTZFELDT et al., 2011; ALVES et al., 2015).

O cimento resinoso de cura dual, cujo processo de polimerizacdo ocorre a partir da
foto-ativacdo e ativagdo quimica, é recomendado para cimentaces onde ndo ha possibilidade
de suficiente exposicdo a luz para uma completa polimerizagcdo. Esses cimentos podem
apresentar diferentes estratégias de cimentacdo e, geralmente, sdo utilizados sobre esmalte e
dentina. Essa variacdo na estratégia de cimentacdo ocorre principalmente na relacdo entre o
cimento e o substrato: enquanto alguns cimentos necessitam da hibridizagdo prévia do
substrato com o sistema adesivo — chamados cimentos convencionais, outros sao considerados
autoadesivos e nao necessitam sequer de condicionamento dos tecidos dentais (ALVES et al.,
2015). Os cimentos resinosos convencionais sdo considerados o padrao ouro para cimentacao
adesiva e necessitam de um tratamento prévio do substrato dental por um sistema adesivo e da
restauracdo indireta (FEDERLIN; HILLER; SCHMALZ, 2010). J4 os cimentos auto-adesivos
apresentam uma proposta de simplificacdo de técnica, uma vez que dispensam a utilizacdo de
um sistema adesivo durante o protocolo de cimentacéo.

Com a tendéncia de simplificacdo dos materiais restauradores, os adesivos
“universais” ou “multi-modo” surgiram no mercado com a proposta de utilizacdo sob
qualquer estratégia adesiva, em apenas um passo e apresentado em apenas um frasco.
(PERDIGAO; SEZINANDO; MONTEIRO, 2012; HANABUSA et al., 2012; PERDIGAO;
LOGUERCIO, 2014; PERDIGAO et al., 2014) Estudos anteriores como o de Mufioz e
colaboradores (2015) mostram que o0s adesivos universais com MDP na composi¢ao
apresentam uma adesdo estavel e satisfatoria ao longo do tempo, semelhante aos adesivos
convencionais e auto-condicionantes, considerados “padrio ouro” na literatura. (MUNOZ et
al. 2015) Esse excelente desempenho fez com que estes fossem considerados como uma
alternativa para uso em estratégias de cimentacdo de restauracdes indiretas, combinados a
cimentos resinosos, criando novos sistemas de cimentagdo. O cimento Relyx Ultimate (3M —
ESPE) foi desenvolvido para ser utilizado juntamente com o adesivo Single Bond Universal
(3M — ESPE). O sistema aproveita a versatilidade do adesivo universal em relacdo a

hibridizacdo do substrato dental e expande seu uso no preparo das restauragdes ceramicas.



11

Uma vez que o adesivo Single Bond Universal (3M — ESPE) apresenta silano em sua
composicdo, o fabricante indica seu uso como substituto do agente silano convencional
durante a cimentacdo. A diminuicdo da sensibilidade técnica é outra vantagem importante
desse sistema, uma vez que o0 primer apresenta carater de acidez semelhante a um adesivo
auto-condicionante. Assim, é possivel a aplicagdo das duas estratégias de tratamento de
superficie no mesmo procedimento restaurador, com a aplica¢do de um Unico sistema adesivo
capaz de hibridizar substrato dental previamente condicionado com acido fosférico ou ndo. O
adesivo Single Bond Universal apresenta em sua composicdo o copolimero do acido
polialquendico e o monémero 10-MDP, que além de promover a adesdo quimica aos
substratos dentarios, confere ao sistema a caracteristica de acidez necesséaria aos materiais
considerados auto-condicionantes. (ERICKSON; BARKMEIER; LATTA, 2009; YOSHIDA
et al., 2000; YOSHIDA et al., 2012).

A estratégia adesiva empregada durante um procedimento restaurador pode ter
importante influéncia na resisténcia de unido ao substrato dental. Em relacdo a estratégia
adesiva de sistemas adesivos, 0s considerados auto-condicionantes podem apresentar
desempenho clinico semelhante aos adesivos convencionais, com condicionamento cido total
prévio a sua aplicacdo (DELBONS et al., 2015). J& os adesivos universais parecem apresentar
um melhor desempenho adesivo quando submetidos a estratégia adesiva de condicionamento
acido seletivo, onde apenas o esmalte € condicionado com &cido fosférico. (DA ROSA;
PIVA; SILVA, 2015). Muitos desses adesivos sdo empregados em procedimentos de
cimentacdo adesiva, como agente de hibridizacdo do substrato dental combinados com
cimentos resinosos convencionais. J& 0s cimentos resinosos autoadesivos apresentam como
indicacdo do fabricante a cimentacdo sem condicionamento acido prévio do substrato dental.
Na estratégia autoadesiva, o controle da umidade dentinria parece ser o ponto mais
importante em relacdo a resisténcia de unido a dentina (GUARDA et al., 2010). Apesar de
alguns estudos mostrarem a viabilidade clinica dos cimentos autoadesivos, ha uma tendéncia
ao melhor desempenho dos cimentos convencionais. Um ensaio clinico randomizado de boca
dividida com acompanhamento de até 18 meses, executado por VVogl e colaboradores (2016),
comparou dois cimentos resinosos — Relyx Unicem 2 e Relyx Ultimate — em cimentacOes
adesivas de coroas parciais em dentes posteriores de cerdmica. (VOGL et al, 2016) No
referido estudo, o cimento autoadesivo foi utilizado sem uso de condicionamento &cido,
enquanto que o cimento Relyx Ultimate foi testado com o adesivo universal no tratamento
interno da peca cerdmica e de dois modos em relagdo a estratégia adesiva: com ou sem

condicionamento seletivo de esmalte. Ndo houve condicionamento &cido de dentina no
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estudo. Apesar das limitagcGes do estudo, os autores concluiram que apds 18 meses 0 sistema
Relyx ultimate apresentou maiores taxas de sobrevivéncia em ambas estratégias adesivas
qguando comparado com o Relyx Unicem 2, o que confirma sua viabilidade para restauragdes
parciais em ceramica. (VOGL et al, 2016) Mesmo com essa importante evidéncia cientifica,
novos questionamentos podem ser feitos a respeito do desempenho desses dois cimentos
resinosos, como por exemplo o desempenho a longo prazo quando utilizado o
condicionamento acido da dentina ou ainda o tratamento da peca ceramica com primer
especifico para tal uso.

N&o ha na literatura atual uma resposta definitiva sobre como os diferentes modos de
condicionar o substrato dental podem interferir na adeséo dos diferentes tipos de cimentos
resinosos duais quando usados em procedimentos restauradores indiretos, principalmente
guando ha envolvimento de dentina. Essa questdo torna-se ainda mais interessante com o
advento dos cimentos resinosos convencionais combinados com adesivos universais. Desse
modo, torna-se relevante entender qual categoria de cimento resinosos dual (convencional ou
auto-adesivo) apresenta melhor adesdo a dentina e avaliar o efeito da estratégia adesiva na
cimentacdo de restauracdes indiretas em dentina ao utilizar tais cimentos. A partir do contexto
exposto, a presente tese de doutorado seré dividida em dois artigos:

O primeiro deles, um estudo in vitro intitulado “Bond strength to dentin of a PICN
ceramic cemented with dual resin cements to dentin substrate: effect of different
cementation strategies”, avaliou a resisténcia de unido imediata e a longo prazo de
restauracdes indiretas de ceramica quando cimentadas a dentina com cimentos resinosos duais
e convencionais, submetidos a diferentes protocolos de cimentac&o adesiva.

O segundo artigo trata-se de uma revisao sistematica com meta-analise e € intitulado:
“Is conventional resin cements adhesive performance to dentin better then self-adhesive? A
systematic review and meta-analysis of in vitro studies”, propds-se a identificar, a partir da
revisdo de estudos in vitro existentes na literatura atual, qual tipo de cimento resinoso
apresenta melhor desempenho adesivo quando utilizado para cimentar materiais restauradores

indiretos a dentina, tanto imediatamente quanto apds métodos de envelhecimento.
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2 ARTIGO 1 - BOND STRENGTH TO DENTIN OF A PICN CERAMIC
CEMENTED WITH DUAL RESIN CEMENTS TO DENTIN
SUBSTRATE: EFFECT OF DIFFERENT CEMENTATION
STRATEGIES
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Bond strength to dentin of a PICN ceramic cemented with dual resin cements to dentin

substrate: effect of different cementation strategies

Running title: Adhesion to dentin of different resin cements

Summary: The purpose of the present in vitro study is to assess immediate and long-term bond
strength of a self-adhesive and conventional resin cement when used to cement a new hybrid
restorative material to dentin. Ceramic blocks from a PICN ceramic material (VITA Enamic) were
cemented to a flat exposed dentin surface through different cementation protocols. Two dual
resin cements were tested, one self-adhesive (Relyx U200 - 3M-ESPE) and one conventional
(Relyx Ultimate - 3M-ESPE), through etch-and-rinse (ER) adhesive strategy or no dentin surface
treatment (NT), without previous dentin phosphoric acid etching. Teeth were considered as
experimental unity of experimental groups (n=6). The groups were divided considering cement
and cementation strategy used. Stick-shaped specimens were obtained by cutting the cemented
restorations. Specimens were submitted to microtensile bond strength in a universal testing
machine (EMIC). Half of the specimens were testes 24h after cementation and other half were
tested after 12m of distillated water storage. ANOVA revealed one significant interaction
between “time” and “dentin treatment” factors, as ER strategy was associated to bond strength
decrease after 12m. Despite, Relyx Ultimate with Etch-and-rinse strategy presented higher
immediate bond strength and, even with bond strength reduction after 12m, still presented
highest bond strength values. We concluded that conventional dual resin cement, combined

with ER strategy produced better bond strength to dentin when cementing indirect restoration
Clinical Relevance: The hybrid ceramic material had an adequate adhesion with
conventional and self-adhesive resin cements, however should be used with conventional

resin cement combined with etch-and-rinse strategy for better retention to dentin.

Keywords: Adhesives; Cementation; Ceramic; Resin Cements.



16

Introduction

Adhesive cementation of indirect restoration promotes a reliable union between
restorative material and dental substrate. When compared with non-adhesive cementation,
resin-luting agents present better retention, lower solubility and micro-leakage, and
biocompatibility.! Adhesive cementation is higher sensitive to the technique than traditional
cements. On this view to acquire the best adhesion the cementation protocol should be
rigorously applied.?

The Cementation protocol can be extended for changes in the surface of the
restoration, such as, 5-10% hydrofluoric acid treatment for silica-based glass-ceramic and
silane application to promote chemical adhesion between the organic matrix of cement and
inorganic particles of restoration.>® Regarding adhesive strategy for dental substrate,
conventional resinous-luting agents establish adhesion through adhesive system hybridization.
These cements usage recommendation is in combination with an etch-and-rinse or self-etch
adhesive system, depending on commercial brand. Manufacturers constantly develop new
luting systems aiming for technique simplification. Whereas conventional resin cements are
developed to be used in combination with adhesive system, self-adhesive cements propose a
less technique sensitive protocol, with no adhesive association and reduced number of steps.’
Universal adhesives based on 10-MDP and silane on its chemical formulation were
successfully tested as “silane substitutes”. Thus, the same product could be used to treat both,
ceramic and dental substrate.® The clinical viability of these technique simplifiers products is
object of research in past years. Considering self-adhesive resin cements, the research
conducted by Hitz et al. (2012) tested the bond strength of six different self-adhesive resin
cement to dentin and glass ceramic. The authors concluded that not all the tested cements had
adequate long-term bond strength, and self-adhesive capacity is directly related to product-
specific factors, like composition.?® Apparently, all self-adhesive cement performance should
checked in literature before clinical use, since some of them are available for purchase even

with bad bonding performance.

Restorative procedures optimization also requires restorative materials evolution. A
new class of indirect restorative material was recently developed with the purpose of
combining resin composite elastic modulus, which is considered similar to dentin, with
ceramic resistance, chemical stability and esthetics.’® This material was called as polymer-

infiltrated ceramic network and is considered a hybrid ceramic material, represented by the
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trademarked Vita Enamic (Vita Zahnfabrik), that has, in mass, 86% of ceramic inorganic
particles and 14% of organic polymer.!! Despite of stimulant mechanical results obtained in
previous studies, its capacity to interact with resin luting agents is an important aspect to be

more studied in order to establish the bonding longevity.**?

Therefore, the objective of the present study was to assess immediate and long-term
bond strength of self-adhesive and conventional resin cement when used to cement a PICN
ceramic to dentin. The study will be conducted on the self-adhesive and total-etch adhesive
strategy to cement a hybrid ceramic material on dentin. The null-hypothesis is that the bond
strength is not influenced by the cement and adhesive treatment applied.

Methods and Materials

Tooth selection and preparation

The research protocol was reviewed and approved by a local ethics committee..
Thirty-six freshly extracted caries free human third molar, were obtained from a tooth bank.
Teeth were cleaned and stored in 0,5% chloramine T solution at 4°C for a maximum of 30
days before using in this study.

Flat coronal dentin surface was exposed on each tooth by cutting the occlusal enamel
and a superficial dentin layer with a water-cooled diamond saw (Labcut 1010, Extec Co,
Enfield, EUA) in perpendicular direction. The exposed dentin surface was examined and any
remaining enamel was removed by 400-grit SiC paper under running water in a polishing
machine (EcoMet 250, Buehler, Lake Bluff, IL, USA), then, the dentin surfaces were abraded

with a 600-grit SiC paper under water-cooling for 60s to standardizes the smear layer.

Experimental design

In the present study, teeth were considered as experimental unit. According to sample
size calculation, a minimum number of six teeth (n=6) were necessary as sample size to
achieve a power of 0,8 and o error probability of 5% (expected variation coefficient of 20%
and 20% mean difference between groups. The resin cements Relyx U200 (U200; 3M ESPE,
St Paul, MN, USA) and Relyx Ultimate (Ult; 3M ESPE, St Paul, MN, USA) were used as
bonding cements and a PICN ceramic Vita Enamic (VITA Zahnfabrick, Bad S&ckingen,
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Germany) was used as indirect restorative material (Table 1). The prepared teeth were
randomly assigned into 6 experimental groups, according to the combination of resin cement
and ceramic surface™ treatment (U200 — Relyx U200 with silane; Ult+Sil — Relyx Ultimate
with silane; Ult+SBU — Relyx Ultimate with Scotchbond Universal) and dentin treatment (NT
— no dentin treatment; ER — etch-and-rinse with 35% phosphoric acid). Figure 1 shows the
group distribution.

Ceramic preparation and Restorative procedures

VITA Enamic is commercially presented as CAD/CAM blocks with 18x14x12mm
dimensions. Each block was cut in all 3 axes, to produce specimens with 4.5mm height, 7mm
length and 6mm width. 14 fragments were obtained from two and a half blocks After cuting,
the bonding surface of each fragment was polished with a 1200-grit SiC paper and
ultrasonically cleaned in distillated water for 10 m. The fragments were randomly assigned to
the experimental groups (n=6).

For all experimental groups, the cementation steps followed the manufacturer
instructions (except for U200 group with ER dentin treatment). The bonding surface of each
ceramic fragment was conditioned with 5% hydrofluoric acid for 60s, followed by a cleaning
protocol of 37% phosphoric acid for 60s and ultrasonic washed in distillated water for 5 m.
Chemical bonding agent (silane or Scotchbond Universal) was applied according to
cementation protocols of each experimental group (Table 2). After ultrasonic bath, all ceramic
fragments were air-dried for 60s before bonding agent application. After cementation
protocol, all restored teeth were stored in distilled water at 37°C for 24 hours

Microtensile Bond Strength

A single blinded operator performed the microtensile bond strength tests. After 24 h of
storage in distilled water at 37° C the restored teeth were sectioned longitudinally to obtain
sticks with cross section of 0,8mm? checked with a digital caliper (Carbografite, Petropolis,
RJ, Brazil). The specimens of each group were randomly assigned to be tested under
microtensile bond strength (uTBS), whereas half of the specimens were tested immediately
and the other half, at twelve months of water aging. The specimens were attached to a
metallic device with cyanoacrylate. The device were fixed in a universal testing machine
(EMIC DL in 1000, equipment and Systems LTDA, PR, Brazil) and submitted to testing with
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a crosshead speed of Imm/min, until the fracture.. Pretesting failures specimens that fail prior
to be tested on uTBS - were recorded for posterior statistical analysis. A single blinded
operator performed the microtensile bond strength tests. The fractured specimens were
analyzed under a 60x-of magnification in a stereoscope (Discovery v.20, Zeiss, Oberkochen,
Germany) to classify the type of failure as follows: adhesive failure (at interface between
resin cement and ceramic or dentin), cohesive failure (cohesive failure in ceramic or dentin)
and mixed failures (when both, adhesive and cohesive failures, were presented in the same

specimen).

Statistical analysis

In the present experiment, three factors were considered for statistical analysis:
Cement (U200, UIt+Sil and Ult+SBU), Dentin treatment (NT and ER) and aging (24h or
12mo). Kolmogorov-Smirnov test was performed to check the normality. A Three-way
repeated-measures ANOVA and post hoc Tukey test («=0,05), using a statistical software
package (IBM SPSS Statistics version 21, IBM, Armonk NY, USA) was performed. Pre-test

failures were included in the bond strength mean calculation, considered as 0 MPa.*3

Results

Table 3 shows uTBS mean values comparisons of all 6 experimental groups,
considering the different bond strength evaluation times (24h and 12mo). All three cements
(u200, UIt+Sil and UIt+SBU) presented similar and statistically higher immediate uTBS
when “etch-and-rinse” dentin treatment was used. The “no treatment” groups presented lower
uTBS immediate values. This pattern has changed when the 12 months uTBS were
considered. After 12 months, Ult+Sil with both dentin treatment (ER — 35,57+5,92; NT —
26,55+7,09), and Ult+SBU with ER dentin treatment (32,36+4,01) showed the higher uTBS
values.

The comparison between 24h and 12mo uTBS values revealed that the groups with
“Etch-and-Rinse” dentin treatment presented a statistical significant uTBS reduction
(p<0,05). The three-way ANOVA showed that all three factors (Cement, Dentin treatment
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and BS evaluation time) individually influenced in uTBS, and only the cross-interaction
among Dentin Treatment and BS evaluation time was considered significant (p=0,000), where
ER groups presented uTBS decreasing over time. Considering only the cement type, Relyx
Ultimate combined with silane (Ult+Sil) presented the best adhesive performance when
compared with the other two cement combinations investigated in the present study (p>0,05).
Regarding aging factor, baseline uTBS values were statistically higher than 12 months.
Considering “dentin treatment” factor, ER groups presented higher uTBS results. Table 4
presents the type of failure distribution of each experimental group in both times (24h and
12m). A relatively low number of cohesive failures and pretest failure were observed in the

experiment.

Discussion

In the present study, Relyx U200, a self-etch adhesive, and Relyx Ultimate, a
conventional adhesive combined with a universal adhesive, were tested in bond strength to
cementation of indirect restorative material. The versatility of this resin cement allowed the
comparison of two different ceramic treatments: Silane and Scotchbond Universal. For
analysis purpose, Relyx Ultimate was considered as different resin cement when combined
with Scotchbond Universal (SBU) ceramic treatment or when combined with silane ceramic
treatment. We reject the null hypothesis, since significant differences were observed between
resin cements and dentin treatment.

Our results showed that, for Relyx Ultimate, there was no statistical significant
difference between both ceramic treatments on any aging tested. These results suggest that
clinicians may choose safety between both ceramic treatments protocols.®*415 A previous
investigation of Moro et al. (2017) also suggests that both silane and universal adhesive may
be applied together, on acquirement of the better bonding results.® An important advantage
about using SBU as ceramic treatment is the easiness of treating all involved surfaces in a
single bottle.

Considering 24h uTBS results, all three cements group submitted to ER dentin
treatment presented adequate immediate bonding performance to dentin. Sarr et al. (2010)
found, on a previous study, that adequate immediate bond strength to dentin could be obtained
with both self-adhesive and conventional resin luting agents, which is in accordance with our

findings.? Considering the factor dentin treatment, all groups with ER dentin treatment
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presented higher uTBS when compared with those without treatment (NT). For conventional
resin cements, previous studies!®2! reported the positive effect of etch-and-rinse adhesive
approach on immediate bond strength of conventional resin cements to dentin. The adhesion
mechanism of etch-and-rinse technique combined with an adhesive system, which provides
micromechanical retention by removing the smear layer and plugs and exposing collagen
network for further monomer infiltration, can be considered the main reason for higher
immediate uTBS.

Self-adhesive resin luting agents were developed to simplify cementation technique,
reducing the number of steps and, consequently, technique sensitivity.?2?® The bonding
performance to dentin of these cements is composition-dependent, especially considering
acidic functional monomers and their capacity to demineralize and interact with
hidroxiapatite.?? Better adhesive performance of self-adhesive cements to dentin was already
reported when combined with dentin conditioning agents. On a published study by Sarr et al.
(2010), the authors concluded that self-adhesive bonding capacity depends on product specific
factors, as viscosity and composition.? In the present study, the U200 luting agent showed
lower immediate bond strength values on self-adhesive strategy, and better immediate
adhesive results on etch-and-rinse protocol. Saker et al. (2016) tested the effect of different
chelating agents - acidic solutions applied on dentin surface previously cementation - on the
bond strength of self-adhesive resin cements to dentin. All three chelating agents improved
the immediate bond strength, what are in accordance with our findings in the present
experiment. The authors’ explanation for that was the adequate smears layer removal, and
consequently dentinal tubules exposure. We believe that phosphoric acid promoted a similar
effect on U200 ER group, what could explain higher uTBS values.?®

Despite this immediate behavior, where high bonding values were reported, all ER
groups presented statistical significant difference in bond strength on aging. The dentin
treatment influenced the uTBS on baseline, where all groups etched-and-rinse treated (ER)
presented higher uTBS when compared with those without treatment (NT). Previous studies
already reported in vitro bond strength decreasing after aging of different resin cements and
adhesive strategies.'®24% Ritter et al. (2009) tested different conventional resin luting agents,
used through different adhesive approaches. Concerning the bonding to enamel, all groups
submitted to etch-and-rinse protocol presented higher bond strength results. When bonding to
dentin was considered, groups with self-etch protocol presented better results. When
submitted to aging protocol, even lower bonding strength results were observed.?® Our study

found that U200 ER group presented the most considerable uTBS values decreased after
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aging. Ult+sil ER and UIt+SBU ER groups, despite showing reduction on bond performance,
still showed the highest bond strength values after aging. In fact, our study submitted all resin
luting agents to etch-and-rinse protocol, even self-adhesive cement. Hybrid-layer degradation
is directly associated to pour adhesive agent penetration trough collagen network, leaving
exposed collagen fibrils, which are prone to degradation process.?”?® We speculate that SBU
had and adequate ability to fill in the spaces between collagen, and consequently preserve
bond strength to acceptable levels. As observed on previous study, on dentin, etch-and-rinse
strategy seems to be more sensitive to degradation over stress and time. Self-etching strategy
is related to better long-term bond strength to dentin results. The use of Self-etching or self-
adhesive resin cements should follow selective enamel etching approach, without phosphoric
acid etching to dentin, but only on enamel26:2%:30

New restorative materials must be assessed regarding all properties before its clinical
use. Vita Enamic (VITA Zahnfabrick) is a new ceramic system, considered hybrid since
UDMA and TEGDMA monomers are present the composition. On previous studies, Vita
Enamic showed good mechanical properties.'?3132 The present study investigated Vita
Enamic regarding its adhesive performance. Our results revealed that this ceramic had an
acceptable adhesive performance, since high xTBS values were obtained with all three cement
groups tests. Furthermore, the present in vitro study found important differences between
tested factors associate to indirect restoration bonded to dentin. Clinical studies should be
conducted to verify the clinical influence of these factors in the survival of Vita Enamic
indirect restorations and cements under different protocols of cementation. Other aspects
joined to the clinical application as cavity characteristics, and physiological aging were not
considered in this study.

Conclusion

From the findings in the present in vitro study, we concluded that the conventional
resin cement (Relyx Ultimate) combined with silane ceramic treatment presented higher
uTBS values to dentin when compared to the other tested cement. Etch-and-rinse adhesive
approach produced better overall results. This dentin treatment presents uTBS values
reduction after 12m, although self-etch approach values remained stable over time. Etch-and-
rinse is not indicated for self-adhesive cements, as a considerable adhesive degradation was

observed in long-term.
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Tables

Table 1. Materials used in the study experiment.

Material Classification Composition

(manufacturer) (Batch number)

A2

Relyx U200 — color

Self-adhesive resin

Base: 2-propenoic acid, 2-methyl, 1,1-[1-

cement

(3M ESPE, St Paul, (587658)
MN, USA)

(hydroxymethyl)-1,2-ethanediyl] ester, TEGDMA, silica
treated with silane, glass fiber, sodium persulfate, tere-
butylperoxy-3,5,5-trimethyl hexanoate

Catalyst: dy-methyl methacrylate, silica treated with
silane, sodium p-toluenesulfonate, 1-benzyl-5-phenyl
barbituric acid, salts of calcium, 1,12-dodecanediol
dimethacrylate, calcium hydroxide, and titanium dioxide

Relyx Ultimate —
color A2 cement
(3M ESPE, St Paul, (591508)
MN, USA)

Multi-mode resin

Base: silane-treated glass powder, 2-propenoic
acid, 2-methyl-,1,1-[1-(hydroxymethyl)-1,2-
ethanediyl] ester, reaction products with 2-hydroxy-
1,3-propanediyl DMA and phosphorus oxide, TEG-
DMA, silane treated silica, oxide glass chemicals,
sodium persulfate, tert-butyl peroxy-3,5,5-
trimethylhexanoate, copper (I1) acetate
monohydrate

Catalyst: silane-treated glass powder, substituted
DMA, 1,12-dodecane DMA, silane treated silica,
1-benzyl-5-phenyl-barbic-acid, calcium salt, sodium
p-toluenesulfinate, 2-propenoic acid, 2-methyl-,
[(3-metoxypropyl) imino]di-2,1-ethanediyl ester,
calcium hydroxide, titanium dioxide

Scotchbond

Multi-mode Adhesive

MDP Phosphate Monomer, Dimethacrylate resins,

(VITA Zahnfabrick)

- system HEMA, Vitrebonde Copolymer, Filler, Ethanol, Water,

Universal (23/45026) Initiators, Silane

(3M ESPE, St Paul,

MN, USA)

Vita Enamic _ Hybrid ceramic Ceramics: Silica Dioxide (58-63%), Aluminum Oxide

color Al (366658) (20-23%), Sodium Oxide (9-11%), Potassium Oxide (4-

6%), 2%), Zirconia (<1%), Calcium oxide (<1%),
Polymers: UDMA and TEGDMA

Table 2. Cementation protocols of each experimental group.

Group Cement Dentin Cementation
treatment Protocol

U200 NT Relyx u200 No treatment a,e fandg

U200 ER Relyx u200 Total-etch a,cefandg

Ult+Sil NT Relyx Ultimate + Silane No treatment a,d, e fandg

Ult+Sil ER Relyx Ultimate + Silane Total-etch a,cd e fandg

Ult+Sbu NT Relyx Ultimate + Scotchbond No treatment b,d, e fandg
Universal

Ult+Sbu ER Relyx Ultimate + Scotchbond Total-etch b,c,d, e, fandg
Universal

Legend:

a- Silane active application on ceramic surfaces for 60s;

b-
c-

d-

Scotchbond Universal application on ceramic surfaces for 20s, followed by gentle air stream for 5s.
Etch dentin with 37% phosphoric acid for 15s; rinse thoroughly, water excess removal, leaving preparation

visibly moist.

Scotchbond Universal application on dentin, rubbing for 20s, gentle stream of air for 5s until the solvent is

evaporated and light-cure for 10s.

26
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e- Cement manipulation: mixing base and catalyst paste for 20s, then application on ceramic surface;

f-  Ceramic restoration positioned over dentin surface, stabilized by a compressive load of 7509,

g- Excess cement material removed with a microbrush and light-curing on each restoration surface for 20s
using LED curing unit calibrated at 1200mW/cm?.

Table 3. uTBS mean values comparisons of all 6 experimental groups, considering the
different bond strength evaluation times - 24h and 12 months.
Group i Dentin Treatment

U200 NT Silane

No treatment 21,52(8,40) - B 14,28(6,38) — d

U200 ER Silane Etch-and-rinse 44,00(3,96) - A 18,3(5,84) —c,d

Ult+Sil NT Silane No treatment 30,13(8,51)-B 26,54(7,09) — b,c

Ult+Sil ER Silane Etch-and-rinse 56,76(6,90) — A 35,57(5,92) —a,b

UIt+SBU NT  ScotchBond No treatment 24,19(11,14)-B 16,81(5,86) — c,d
Universal

UIt+SBU ER  Scotchbond Etch-and-rinse 45,87(4,74) - A 32,36(4,01) —a,b
Universal

Different letters indicates statistical significant differences (p<0,05). Uppercase letter for comparisons
between 24h bond strength means and lowercase Letter for comparisons between 12m means. Bold letters
indicate statistical significant difference between 24h and 12m results in the experimental group (p<0,05).

Table 4. Failure type distribution of each experimental group.

Tested specimens / Adhesive failure - Adhesive failure - Mixed failure Cohesive

Storage

time pretest failures Dentin (%) ceramic (%) (%) Failure (%)
U200 NT 5714 25 (43,86%) 4 (7,02%) 28 (49,12%) 0 (0%)
U200 ER 59/0 11 (18,64%) 18 (30,50%) 30 (50,86%) 0 (0%)
24 hours UIt+Sil NT 52/4 17 (32,69%) 0 (0%) 32 (61,54%) 3 (5,77%)
Ult+Sil ER 59/0 0 (0%) 11 (18,65%) 46 (77,96%) 2 (3,39%)
Ult+SBU NT 51/3 12 (23,53%) 20 (39,22%) 19 (37,25%) 0 (0%)
Ult+SBU ER 50/0 0 (0%) 33 (66%) 16 (32%) 1 (2%)
U200 NT 53/6 23 (43.39%) 2 (3,78%) 28 (52,83%) 0 (0%)
U200 ER 56/2 21 (37,50% 7 (12,50%) 28 (50,00%) 0 (0%)
12 UIt+Sil NT 57/0 14 (24,57%) 3 (5,26%) 39 (68,42%) 1 (1,75%)
months  Ult+Sil ER 64/0 13 (20,31%) 8 (12,50%) 39 (60,94%) 4 (6,25%)
Ult+SBU NT 49/5 8 (16,33%) 22 (44,90%) 19 (38,77%) 0 (0%)
Ult+SBU ER 50/0 4 (8,00%) 26 (52,00%) 19 (38,00%) 1 (2%)

Adhesive failure — Dentin: adhesive interface failure between dentin and cement;

Adhesive failure — Ceramic: adhesive interface failure between ceramic and cement

Mixed failure: interfacial failure (adhesive) simultaneously between ceramic, cement and dentin (no cohesive
failures are considered in this category)

Cohesive failure: non-interfacial failures (on ceramic or dentin)
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Figures

Figure 1. Diagram flowchart of experiment design.
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Is conventional resin cements adhesive performance to dentin better than self-adhesive?

A systematic review and meta-analysis of in vitro studies

Running title: Influence of cement type on bonding to dentin

Summary: Adhesive strategy on cementation plays an important role for indirect restoration
longevity. The purpose of the present study is systematically review the up-to-date literature
for in vitro studies that assess bonding performance of conventional and self-adhesive resin
cements when used to cement indirect restorations to non-altered dentin, and compare their in
vitro adhesive performance through meta-analyses. The current literature was reviewed for
studies that assessed these two classes of resin cements, according to the following inclusion
criteria: studies that evaluated bond strength between dentin and indirect restoration cemented
with dual conventional or self-adhesive resin cements, with bond strength presented in mega
Pascal (MPA) as outcome. Included studies were full-text reviewed by two independent
reviewers (LLM and ACF), which applied exclusion criteria. From a total of 518 studies, 36 were
screened full-text and reviewed according to exclusion criteria. 19 papers were included in
systematic review and meta-analyses. A global analysis comparing conventional and self-
adhesive cements, and three subgroups analyses comparing long-term bond strength
performance and individually comparing immediate to long-term results of each resin cement
class. Conventional resin cements presented higher bond strength results when compared with
self-adhesive resin cements, considering immediate and long-term results. We concluded that
conventional multi-step resin cements presented an overall better adhesive performance when

used to cement indirect restorations to dentin.

Clinical Relevance: Conventional multi-step resin cements presented higher adhesive
performance to dentin when compared with simplified self-adhesive cements, and may be

considered first clinical option for indirect restoration cementation.

Keywords: Adhesives; Cementation; Ceramic; Dentin Bonding Agents; Resin Cements;

Self-adhesive;
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Introduction

Adhesive dentistry allowed restorative procedures with minimal tooth preparation.
Consequently more dental substrate is preserved, what is considered an important factor
concerning restoration longevity.! Resinous luting agents improved indirect restorative
treatments, promoting better retention, lower solubility with reinforcement effect over
restoration and tooth structure.?® The first dual resin cements, currently called “conventional
resin cements” or “regular cements” were developed as systems, containing the resinous
luting agent and an especific adhesive system or primer, used as adhesion agent. Its adhesive
strategy can be etch-and-rinse or self-etch, depending on the adhesion agent.

In beginning of 00’s, the self-adhesive luting agents concept was conceived: a new
class of resin cements that is capable of combine the use of adhesive and the cement in a
single application, with no need for dental substrate and restoration surface pre-treatment.®
With adhesive and cement in one single formulation, these cements promote simultaneous
demineralization and substrate penetration. The technique simplification results in less
operator sensitive procedure, compared to traditional multi-step conventional resin cements.®
This luting agent family is considered a heterogeneous group of resin cements, with
considerable differences in terms of composition, setting reaction, pH and bonding
performance.’

Dentin adhesion still remains a concerning matter for long-term retention. The
adhesive interface can be considered the weakest link of adhesion chain, and can jeopardize
restorative procedure longevity.® To date, studies assessing dual resin cements adhesion to
dentin are controversial. As long as some in vitro investigations assert that multi-step
conventional resinous luting agents promotes higher and more stable adhesion to dentin,?8-1°
other indicates adequate bonding performance of self-adhesive resin cements.**® Hitz et al.
(2012) also stated that not all self-adhesive resin cements could be considered a valid
alternative to substitute conventional multi-step resin cements, as chemical formulation is
crucial for its performance.*

Given that opinion divergence, the present study aims to systematically review the
present literature for in vitro studies that assessed bonding performance to non-altered dentin
of conventional and self-adhesive resin cements when cementing indirect restorations. The
null hypothesis was that there would be no difference in bonding strength between the two

classes of resin cements tested, even considering long-term bond strength.
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Material and Methods

The present systematic review was conducted according to Cochrane Handbook for
systematic reviews of interventions'® and reported according to PRISMA statement®®. A
research question was defined to guide the literature search strategy and set the variables
analyzed on meta-analysis: “Does the dual resinous cement type (conventional or self-
adhesive) influence immediate and long-term bond strength to dentin when used to cement an

indirect restoration?”

Search Strategy

The electronic databases MEDLINE via PubMed, Scopus and ISI Web of science
were used to search and identify manuscripts that could be included in the present study.
Computer search of databases and reference lists review of included studies were the search
strategies used in this review. All included studies were published before January 9th, 2018.
No publication year or language limit was applied.

The MEDLINE via PubMed search was performed with MeSH terms and keywords as
follows: “((((((((dentin[MeSH Terms]) OR dentin) OR dentins) OR dentine) OR
dentines)) AND (((((bond strength*) OR microtensile bond strength) OR microshear
bond strength) OR microtensile) OR microshear)) AND
(CCCCCceceeeeccccccccceeeeeecccccccccccc((adhesive cementation) OR resin luting agent*) OR
conventional resin luting cement*) OR self-adhesive luting cement*) OR adhesive
cementation strategies) OR adhesive*) OR dental cement*) OR dental cements|[MeSH
Terms]) OR dental adhesives) OR adhesive, dental) OR adhesives, dental) OR dental
adhesive) OR cement, dental) OR luting agent*) OR cements, dental) OR dental
bonding[MeSH Terms]) OR dental bonding) OR bonding, dental) OR curing, dental
cement) OR dental cement curing) OR bonding strategy) OR bonding strategies) OR
cementation strategy) OR cementation strategies) OR adhesive bond*) OR etching
protocol) OR universal adhesive*) OR multimode adhesive*) OR multi-mode adhesive*)
OR self-adhesive resin cement*) OR bonding method*) OR dual-polymerizing resin
cement*) OR adhesion) OR cementation) OR adhesive cement[MeSH Terms]) OR
adhesive cement) OR resin cements[MeSH Terms]) OR resin cements) OR cements,
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resin) OR resin cement) OR cement, resin) OR cementation[MeSH Terms]) OR
cementation)) AND (((((((((((ceramic* indirect restoration) OR indirect composite resin)
OR indirect resin composite) OR indirect resin) OR indirect composite restorations) OR
dental porcelain[MeSH Terms]) OR dental porcelain) OR porcelain*) OR porcelain,
dental) OR dental porcelains) OR porcelains, dental)”. The following search terms were
used for Scopus and ISI Web of science manuscript search: “(bond AND strength) AND
(resin AND cement) AND (dentin) AND (indirect AND restoration)”.

Results of the database search (the titles and abstracts) were reviewed by two authors
(LLM and ACF), and selected for further review if they met the following Inclusion criteria:
in vitro studies that assessed bond strength, where an indirect restorative material (composite
resin or ceramic) were cemented to dentin and at least one self-adhesive resin cement was
tested. Immediate or long-term bond strength values were considered. The abstracts were
selected by consensus of both reviewers, and if consensus was not reached, the abstract was
set aside for further evaluation. Studies considered eligible had their full texts selected for
assessment regarding exclusion criteria.

Included studies full texts were independently reviewed by two authors (LLM and
ACF) taking into consideration the exclusion criteria: at least one group must follow the resin
cement manufacturer’s cementation protocol, the study must test at least one conventional
resin cement (control group for meta-analysis), resin cements must be dual (chemical and
photo-activation simultaneously), adhesion substrate must be coronary and sound dentin,
without enamel for cementation. Bond strength test must use micro scale (micro-tensile -
MTBS or micro-shear - uSBS) and values should be presented in Mpa, with mean and
standard deviation. An e-mail request was sent multiple times to authors when data were
missing from the paper. If the authors did not provide such data, the study was then excluded.
Only phosphoric acid etching was accepted as surface substrate modification. Any other
dentin substrate modification was not accepted. Studies with no test groups on sound dentin
were excluded. Disagreements about studies eligibility were solved through discussion and

consensus with a third reviewer (AFM).
Data extraction
A data extraction was defined and performed by one author (LLM) and revised by a

second author (AFM) using a standardized outline. Similar information was categorized

according to the main outcomes considered in this review. Each study had the following data
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extracted: Publication year, sample size, resin cements assessed, presence of aging protocol
and bond strength test used. Bond strength mean (MPa) and standard deviation (SD) values

were also extracted in this step for further meta-analyses.

Risk of bias assessment

The risk of bias of included studies was evaluated independently by two authors (LLM
and ACF), considering an adapted score for in vitro studies reported in previous systematic
reviews.!”1® The following parameters were considered when checking the risk of bias:
Randomization of teeth for experimental groups, teeth free of caries or previous restoration,
materials used according the manufacturer’s instructions, teeth with similar dimensions,
adhesive procedures performed by a single operator, sample size calculation and blinded
operator of the testing machine. Each parameter received a score, based on its description on
paper: 1- if it was correctly described on text; O- if the information was not described on text.
The risk of bias classification was calculated according to the sum of “1” that the study

received: 1-2 = high risk, 3-5= medium risk, 6-7= low risk of bias.

Data analysis

Pooled effect estimates were obtained by comparing bond strength means from
conventional resin cement and self-adhesive resin cement in a global analysis and three
different sub-analyses, according to the presence of aging method before bond strength test
(immediate or long-term). Each tested cement, according to inclusion and exclusion criteria
were considered as an independent test group. Studies that reported immediate and long-term
results were analyzed in both subgroups. No aging methods or time were considered, only if
the specimens were submitted to an aging process. Statistical heterogeneity between studies
was evaluated through Cochran Q test, with threshold p value of 0.1 and inconsistency 12,
where values >50% were considered indicative of high heterogeneity.*®

All analyses were performed with Review Manager (RevMan version 5.3 software,
Cochrane Collaboration, Copenhagen, Denmark, 2014), using random effect method. The
amount of specimens was considered as the amount of experimental units. For statistical
significance evaluation, a p value <0.05 was considered (Z-test). To illustrate the meta-

analyses calculation, forest plots were generated.
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Results

The flowchart summarizing the studies selection process, according to PRISMA
statement'® is presented in figure 1. Search strategy resulted in 518 potentially eligible
studies, with 309 papers in MEDLINE via PubMed, 94 papers in Scopus and 115 papers in
ISI Web of Science. Figure 1 illustrates a flowchart describing the studies selection process,
according to PRISMA statement.'® From those studies, 457 were excluded without meeting
the eligibility criteria, and 26 were duplicates. First screening resulted in 35 studies for further
full-text evaluation. According to exclusion criteria, 16 studies were excluded: 2 presented
bond strength test in macro scale!®? 7 with no adequate control group or conventional resin
cement tested,?*?” 5 studies without self-adhesive resin cement assessed?-32 1 study without
dentin substrate®® ,1 did not present pTBS numerically.3* Afterwards exclusion criteria, 19
studies were included for meta-analyses.

All meta-analysis included studies were published between 2009 and 2016. Only two
studies*®® used bovine incisors, as other two studies®® used pre-molars with inlay
preparations. All other meta-analysis papers used human molars. In the present collection,
considering resin cement classification, the conventional etch-and-rinse resin cement Relyx
ARC##-10.1236-41 and the conventional self-etch resin cement Panavia F2.0 711353844 were the
most frequent assessed conventional resin cements. Relyx Unicem?:10-13:35363841-44 " fo]|owed
by Relyx U100 4893745 and G-cem!®!1414344 were the most assessed self-adhesive resin
cements.

The methodological test used in all 19 studies was microtensile bond strength (UTBS)
with non-trimming beams. The most studies presented long-term bond strength results -
9.11.12.35-40.42 "\vith different aging methods: five studies °*%74% performed mechanical cycling,
with number of cycles from 50.000% to 2.000.000 cycles®’, loading from 50N*’ to 100N*’ and
frequency from 1Hz*® to 4Hz%%, two studies stored specimens in artificial saliva®3® and two
stored in distilled water'>®, with storage time varying from 1 month*? to 24 months®®, three
studies performed termo-cycling "4, all with same parameters (5000 cycles, 5° - 55°C), and
two studies employed a simulated pulpal pressure aging design®*%° for 7 days* and 3
months®. Two papers®4° performed more than one aging method, but in both studies, the
specimens were submitted to only on aging method. The complete descriptive data per study

in this collection is presented in table 1.
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Meta-analyses

Data from 19 selected studies were submitted to meta-analyses calculation. Meta-
analyses were executed considering a global analysis (conventional vs. self-adhesive resin
cements — figure 2), and three subgroup analyses: 1 — Conventional vs. self-adhesive cements
considering only after aging results (figure 3); 2 — Immediate vs. aging bond strength of self-
adhesive cements (figure 4); 3 — Immediate vs. aging bond strength of conventional resin
cements (figure 5).

The global meta-analysis results are presented in figure 2. In this analysis,
heterogeneity (17 test) was 99%, Cochran Q and Z (p=0.03) tests were <0.05, sustaining the
control group (Conventional resin cements). Considering immediate and after aging results
pooled, conventional resin cements showed better bond strength results. The first subgroup
analysis (conventional vs. self-adhesive after aging) presented Cochran Q and Z (p=0.03)
tests <0.05, with 12=99%, favoring conventional resin cements (figure 3). Subgroup analyses
2 and 3, which analyzed both resin cements types separately, showed different results.
Subgroup analysis 3 (figure 4) showed difference between immediate and long-term bond
strength results for self-adhesive cements, favoring immediate bond strength (p=0.03,
12=99%). On the other hand, subgroup analysis for conventional resin cements (figure 5)
presented Cochrane Q test <0.05. However, Z test was >0.05 (p=0.06), what indicates no
difference between groups (12=98%).

Medium or high-risk of bias was found in all meta-analyses included studies (table 2).
In the present collection, only three studies took in consideration teeth dimensions*>*’, one
study with same operator for adhesive technique’, two studies presented sample size

calculation®-® and two studies presented blinded operator for adhesive test*’.

Discussion

The present review compared in vitro performance to dentin of two different resin
cement types: conventional vs. self-adhesive. This study is a first step to define which
adhesive strategy is more reliable when cementing coronary indirect restorations. The overall
results showed that the conventional adhesive approach, when resin cement is combined with
an adhesive system or primer agent, has a trend to higher immediate and long-term bond
strength to dentin. The null hypotheses of the present study were rejected, since multi-step

conventional resin cements presented higher overall and long-term bond strength results.
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Heterogeneity was considered high and statistically significant in all performed meta-
analyses (p<0,05). We believe that methodology discrepancies, especially about aging
methods, were main responsible for this heterogeneity. Because of this methodological
variety, it was impossible to categorize studies according to aging methods, but if at least one
aging method was utilized. Furthermore, more methodological rigor is necessary for the
neglected risk of bias parameters in this review.

The conventional class of cement was the first type of adhesive resinous luting agents,
which used an intermediate adhesion agent (adhesive system or a specific primer) between
restorative material and dental substrate. In the present collection, two most assessed
conventional resin cement were Relyx ARC (3M-Espe, St.Paul, MN, USA) and Panavia F2.0
(Kuraray Medical Inc, Okayama, Japan), an etch-and-rinse and self-etch resin cement,
respectively. Both systems were tested with different adhesion agents: while Relyx ARC was
used combined with Adper Singlebond 4891012:36.37.38394041 (3\]-Espe, St.Paul, MN, USA),
Panavia 2.0 was used with ED primer (Kuraray Medical Inc, Okayama, Japan), a self-etch
primer which is included in the Panavia F2.0 system 711:353839424043.44 "Qur findings in this
review are precisely illustrated by studies like Prochnow et al. (2014) and Fuentes et al.
(2016), where Relyx ARC was the conventional resin cement, and Aguiar et al. (2010) and
Sarr et al. (2010), where Panavia F2.0 was tested. Despite adhesive strategy, etch-and-rinse or
self-etch, multi-step conventional dual resin cements seems to produce higher immediate and
long-term dentin bond strength than simplified self-adhesive cements 210394344

Results concerning immediate and long-term bond strength revealed that multi-step
conventional resin cements did not present statistically significant difference, what indicates
more stable adhesion over time. Exposed dentinal collagen fibrils suffer degradation
mechanisms, like hydrolysis by water, mechanical fatigue, denaturation or even
collagenolytic process from MMPs and cathepsins, inherently present on dentin.*® The ability
to envelop exposed collagen fibrils is directly dependent of priming steps, wetting
characteristics of bonding agent and its chemical composition.’? Despite being more
technique sensitive because, conventional resin cements uses a specific bond agent, more
capable to interpenetrate demineralized dentin substrate.

The mechanism of adhesion to dentin is an important matter to explain and understand
the self-adhesive worse performance in the present studies collection. De Munck et al. (2004)
published one of the first studies assessing self-adhesive cements, what was a new class of
resin cements at the time. The idea was a resin-based cement that combines the use of cement

and adhesive in a single application, with no need for dental substrate and restorative material
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pre-treatments.® Its adhesive properties were claimed to be similar to self-etch adhesives,
since was based upon acidic monomers capable to demineralize and promote micro-
mechanical retention, with some products being capable of chemical interaction with
hydroxyapatite.> Dentin hybridization requires the hybrid layer formation through superficial
demineralization, followed by resin monomers infiltration and polymerization, creating
micro-mechanical retention. Without etch-and-rinse process, the self-etch process does not
remove smear layer, but dissolves and incorporate it to hybrid layer.

Acidic monomers are responsible for simultaneously prime and condition dental
substrates, and the adhesion establishment is dependent on these components.*’
Demineralization capacity of self-etching systems is considered limited, specifically when
compared to etching acids like phosphoric acid.*® De Munck et al. (2004) assessed Relyx
Unicem (most tested self-adhesive resin cement in the present meta-analyses) interaction to
dentin with ultra-structural transmission electron microscopy (TEM) and field-emission
scanning electron microscopy (Fe-SEM), and verified that Unicem only interacted
superficially with underlying dentin, without hybrid layer or tags formation. Furthermore, the
authors observed irregular interaction zone. When the cement was applied over a fractured
dentin piece, without smear layer over it, hardly any cement-dentin interaction was observed.
Its interaction with intra-tubular dentin was similar as inter-tubular dentin. The self-etch
cement tested in the same study (Panavia F), formed as called by the authors “true hybrid
layer”.> Another issue concerning self-adhesive resin cements is its pH-neutralization
behavior. These cements have a low pH upon mixing and manipulation, which plays an
important role in adhesion process. Cements with insufficient pH neutralization after self-
curing experience a decrease in mechanical properties whichever can jeopardize long-term
adhesion.**%° This behavior is considered material dependent, since is directly related to
composition and may diverge among different commercial brands.>® In fact we believe that
lack of interaction with substrate, combined with reduced etching and demineralization
capacity of acidic monomers and lack of pH neutralization for some cements are the major
responsible for lower dentin bond strength here related.

The results of this systematic review with meta-analyses do not refute the use of self-
adhesives resin cements. Considering root canal glass-fiber posts cementation, self-adhesives
presented better performance when compared with conventional resin cements'’>!. Another
point to deliberate is about self-adhesive cement interaction with restorative materials.
Published in vitro studies assessing the interaction self-adhesive cement to indirect restorative

materials showed adequate bond strength to theses substrates, with a brand dependent
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tendency regarding chemical composition.®®? The adhesion to dentin still is object of
scientific assessment, as is considered the weak link in adhesion chan. For self-adhesive resin
cements, it seems to be the major problem that requires researchers and manufacturers
attention for further material and clinical protocols development.

An important limitation of the present review is the fact that only included in vitro
studies, with controlled environment and variables. The extracted data reveals only the
adhesion to dentin weight in the retention of an indirect restoration to dentin, without
considering other important parameters like tooth preparation design and retention, restoration
type and extension, tooth position technique sensitivity and operator® may influence

restoration survival.

Conclusion

Despite elevated heterogeneity and limitations of the present review of in vitro studies
with meta-analyses, conventional multi-step resin cements showed better overall adhesive
performance to dentin when compared to simplified self-adhesive resin cements. Bond

strength to dentin of self-adhesive cements is directly related to chemical composition.
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Tables

Table 1. Descriptive data from included studies in meta-analyses.

Type of

teeth

Restorative

material

Aging methods

Conventional cements

46

Self-adhesive cements

D’Arcangelo et al, Human Resin - Thermo-cycling (5.000 - CoreXFlow (Dentsply DeTey) - Relyx Unicem (3M ESPE)
2009 Composite cycles, 5° - 55°C) - Enacem HF (Micerium, Italy)
/ Ceramic - Panavia F2.0 (Kuraray)
Aguiar et al, 2010 Human Resin - No aging - Panavia F2.0 (Kuraray) - Relyx Unicem (3M ESPE)
Composite - BisCem (Bisco)
- G-Cem (GC)
Sarr et al. 2010 Human Ceramic - No aging - Panavia F2.0 (Kuraray) - Relyx Unicem (3M ESPE)
- Clearfil Esthetic cement (Kuraray) - Maxcem (Kerr)
- Calibra (Dentsply) - Monocem (Shofu, Japan)
- Variolink 1l (Ivoclar Vivadent) - G-Cem (GC)
- Multilink Sprint (Ivoclar Vivadent)
Guarda et al, 2010 Bovine Ceramic - No aging - Variolink 1l (Ivoclar Vivadent) - Relyx Unicem (3M ESPE)
De Angelis et al, Human Resin - Thermo-cycling (5.000 - Enacem HF (Micerium, ltaly) - Relyx Unicem (3M ESPE)
2011 Composite cycles, 5°-55°C) - Panavia F2.0 (Kuraray) - MaxCem Elite (Kerr)
/ Ceramic - ICEM Self adhesive (Heareus
Kulzer)
Inukai et al, 2012 Human Resin - Mechanical cycling - Panavia F2.0 (Kuraray) - Relyx Unicem (3M ESPE)
Composite (250.000 cycles, 100N, - Clearfil SA cement (Kuraray)
4Hz)
Fuentes et al, 2013 Human Resin - No aging - Relyx ARC (3M ESPE) - Relyx Unicem (3M ESPE)
Composite - G-Cem (GC)
- Maxcem Elite (Kerr)
Suzuki et al, 2013 Human Resin - 6m water storage - Relyx ARC (3M ESPE) - Relyx Unicem (3M ESPE)
Composite - Panavia F (Kuraray)
Aguiar et al, 2014* Human Resin - Mechanical cycling - Relyx ARC (3M ESPE) - Relyx Unicem (3M ESPE)
Composite (50.000 cycles, 80N, 1Hz) - Clearfill esthetic cement (Kuraray) - Clearfil SA Cement (Kuraray)
- 12m and 24m storage on
artificial saliva
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Feitosa et al, 2014 Human Ceramic - Mechanical cycling - Relyx ARC (3M ESPE) - Relyx U100 (3M ESPE)
(2.000.000 cycles, 100N,
4H2z)
Rigolin et al, 2014 Human Ceramic - No aging - Variolink 1l (Ivoclar Vivadent) - Relyx U100 (3M ESPE)
- Multilink (lvoclar Vivadent)
Prochnow et al, 2014 Human Resin - Mechanical cycling - Relyx ARC (3M ESPE) - Relyx U100 (3M ESPE)
Composite (1.000.000 cycles, 88N,
4H2)
Vaz et al, 2014 Y - 1m storage in artificial - Relyx ARC (3M ESPE) - Relyx Unicem (3M ESPE)
saliva - C&B cement (Bisco)
Stape et al, 2014 Human Resin - 24m storage in artificial - Relyx ARC (3M ESPE) - Relyx U100 (3M ESPE)
Composite saliva
Giannini et al, 2015 Human Resin - Thermo-cycling (5.000 - Panavia F2.0 (Kuraray) - Relyx Unicem (3M ESPE)
Composite cycles, 5°-55°C) - Relyx Unicem 2 (3M ESPE)
- Clearfill SA Cement (Kuraray)
- G-cem (GC, Japan)
Skupien et al, 2015 Bovine Resin - No aging - Relyx ARC (3M ESPE) - Relyx U100 (3M ESPE)
Composite
Bacchi et al, 2015a Human Resin - 3m Simulated pulpal - Relyx ARC (3M ESPE) - Relyx U200 (3M ESPE)
Composite pressure - Panavia F2.0 (Kuraray)
Bacchi et al, 2015b* Human Resin - 7d Simulated pulpal - Relyx ARC (3M ESPE) - Relyx U200 (3M ESPE)
Composite pressure - Panavia F2.0 (Kuraray)
- Mechanical cycling
(200.000 cycles, 50N, 2Hz)
- Thermo-cycling (5.000
cycles, 5°-55°C)
Fuentes et al, 2016 Human Resin - No aging - Relyx ARC (3M ESPE) - Relyx Unicem (3M ESPE)
Composite - G-Cem (GC)

- Speedcem (lvoclar Vivadent)

- Maxcem Elite (Kerr)
- Smartcem2 (Dentsply)

- All studies used Microtensile Bond strength (UTBS) as bond strength test.

! These studies used more than one aging method in same specimens.
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Table 2. Risk of Bias assessment of included studies.

Random  Caries WECTES Teeth Adhesive Sample  Blinding

D’Arcangelo et al, 2009 Y Y N N N* N N* High
Aguiar et al, 2010 Y Y Y N N* N N* Medium
Sarr et al. 2010 N Y Y N N* N N* High
Guarda et al, 2010 Y Y Y N N* N N* Medium
De Angelis et al, 2011 N Y N N Y N Y Medium
Inukai et al, 2012 Y Y N Y N* Y N* Medium
Fuentes et al, 2013 Y Y Y N N* N N* Medium
Suzuki et al, 2013 N Y N N N* Y N* High
Aguiar et al, 2014 N Y Y N N* N N* High
Feitosa et al, 2014 Y Y N Y N* N N* Medium
Rigolin et al, 2014 Y Y Y N N* N N* Medium
Prochnow et al, 2014 Y Y Y N N* N N* Medium
Vaz et al, 2014 N Y Y N N* N N* High
Stape et al, 2014 Y Y N N N* N N* High
Giannini et al, 2015 N Y Y N N* N N* High
Skupien et al, 2015 Y Y Y Y N* N Y Medium
Bacchi et al, 2015a Y Y Y N N* N N* Medium
Bacchi et al, 2015b Y Y Y N N* N N* Medium
Fuentes et al, 2016 Y Y Y N N* N N* Medium
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Figure 1. Flowchart of study selection according to PRISMA statement.

309 Studies identified through
searching on PubMed/MEDLINE

115 Studies identified through
searching on I1SI Web of Science

94 Studies identified through
searching on Scopus

Total of 518 studies

Step 1: Titles and abstracts reviewed independently by
two authors (LLM and ACF)

v

v

457 Studies excluded
26 duplicates

35 studies screened full-text

(LLM and ACF)

Step 2: papers reviewed independently by two authors

v

7 studies without adequate control group or
conventional resin cement tested;

5 studies without self-adhesive resin cement
tested;
2 studies used bond strength test in macro-
scale;
1 study did not use dentin as dental substrate;
1 study did not present uTBS numerically (no

contact with authors);

16 studies excluded:

19 studies Included on systematic review and meta-analyses

Figure 2. Global analysis comparing conventional (control) vs. self-adhesive resin cements.

Self-adhesive Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Aguiar eral, 2010 11.7 7.9 168 15.5 4.3 56 6.3% -3.80 [-5.44, -2.16] 2010 -
Sarretal, 2010 12.8 8.4 198 20.1 5.3 192 6.3% -7.30 [-9.06, -5.54] 2010 -
Guarda etal, 2010 18.5 3.2 30 19 5 30 6.3% -0.50 [-2.62, 1.62] 2010 —-T
Inukai et al, 2012 17.2 4.3 64 20 4.1 32 6.3% -2.80 [-4.57,-1.03] 2012 -
Fuentes et al, 2013 13.5 B&.9 37 24.1 7.2 14 6.1% -10.60[-14.98, -6.22] 2013 —_
Suzuki et al, 2013 17.2 6.5 32 16.3 5.8 64 6.2% 0.30 [-2.39, 4.18] 2013 -
Aguiar etal, 2014 15.1 2.3 80 145 3.5 80 6.3% 4.60 [3.68, 5.52] 2014 -
Feitosa et al, 2014 6.5 2.6 48 3.4 3.1 48 6.3% 3.10 [1.96, 4.24] 2014 -
Rigolin et al, 2014 10.3 3.9 52 123 5 115 6.3% -2.00 [-3.40, -0.60] 2014 =
Prochnow et al, 2014 8.7 4] 28 35.1 9.1 48 6.2% -26.40 [-29.80, -23.00] 2014 ——
Vaz etal, 2014 313 7.4 60 30.2 12.9 120 6.2% 1.10 [-1.87, 4.07] 2014 T
Stape etal, 2014 13.1 3.4 80 41.5 3.3 80 6.3% -28.40 [-29.44, -27.36] 2014 =
Skupien et al, 2015 9.7 5.3 43 18.9 12.8 84 6.2% -9.20 [-12.36, -6.04] 2015 —
Bacchi et al, 2015a 21.2 3.1 60 24 9.1 120 6.3% -2.80 [-4.61, -0.99] 2015 -
Bacchi et al, 2015b 21.2 3.1 60 22.7 7.7 180 6.3% -1.50[-2.87,-0.13] 2015 -
Fuentes et al, 2016 144 8.3 80 33.2 11.8 22 6.0% -18.80 [-24.06, -13.54] 2016 —_—
Total (95% CI) 1120 1285 100.0% -6.47 [-12.32, -0.63] -
Heterogeneity: Tau® = 140.44; Chi* = 2864.11, df = 15 (P < 0.00001); I* = 99% 1 250

Test for overall effect: Z = 2.17 (P = 0.03)

-20 -10 0 10
Favours [control] Favours [self-adhesiv
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Figure 3. First subgroup analysis — conventional (control) vs. self-adhesive resin cements

after aging.

Control Self-adhesive Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% Cl
D'Arcangelo et al, 2009 15.8 143 120 13.2 85 40 8.1% 2.60 [-1.07,6.27] 2009 —
De Angelis et al, 2011 16.6 10.5 48 9.7 51 72 B.2% 6.90 [3.70, 10.10] 2011 -_
Inukai et al, 2012 158 3.9 32 138 39 64 8.4% 2.00[0.35, 3.65] 2012 -
Suzuki et al, 2013 16.6 8.5 64 146 3.9 36 8.3% 2.00 [-0.44, 4.44] 2013 I
Vaz et al, 2014 343 121 120 283 7.1 60 8.3% 6.00 [3.19, 8.81] 2014 -
Stape et al, 2014 278 386 80 9.9 29 80 8.4% 17.90[16.89, 18.91] 2014 -
Prochnow et al, 2014 32.7 10.7 56 5.2 486 30 B.2% 27.50[24.25, 30.75] 2014 -_—
Feitosa et al, 2014 3.4 2.8 48 4.7 2 48 8.4% -1.30[-2.27,-0.33] 2014 b
Aguiar et al, 2014 11.5 6.5 80 206 5.3 80 8.4% -9.10[-10.94, -7.26] 2014 -
Giannini et al, 2015 33.2 5.8 45 40.2 96 180 8.3% -7.00[-9.20, -4.80] 2015 -
Bacchi et al, 2015a 17.5 5 180 7.8 09 60 8.5% 9.70 [8.93, 10.47] 2015 -
Bacchi et al, 2015b 18.4 8.2 120 6.2 1.1 60 8.4% 12.20[10.71, 13.69] 2015 -
Total (95% CI) 993 810 100.0% 5.76 [0.58, 10.94] -

. 2 . 2 -2 } ¥ 4 Il
Heterogeneity: Tau® = 82.47; Chi* = 1478.91, df = 11 (P < 0.00001); I* = 99% =5 10 o o

Test for overall effect: Z = 2.18 (P = 0.03)

Favours [self-adhesive] Favours [control]

Figure 4. Second subgroup analysis — Self-adhesive cements performance comparing

immediate vs. long-term results.

No Aging Aging Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Inukai et al, 2012 16.1 4.3 64 13.8 3.9 64  11.2% 2.30[0.88, 3.72] 2012 -
Suzuki et al, 2013 17.2 6.5 32 146 3.8 32 10.9% 2.60 [-0.01, 5.21] 2013 [
Aguiar et al, 2014 19.1 2.3 80 206 5.3 80 11.2% -1.50[-2.77,-0.23] 2014 -
Prochnow et al, 2014 8.7 6 28 5.2 4.6 30 10.8% 3.50[0.73, 6.27] 2014 _—
Vaz et al, 2014 313 7.4 60 283 7.1 60  10.9% 3.00[0.41, 5.59] 2014 —
Stape et al, 2014 13.1 3.3 80 9.9 2.9 80  11.2% 3.20[2.24, 4.16] 2014 -
Feitosa et al, 2014 6.5 2.6 48 4.7 2 48 11.2% 1.80[0.87, 2.73] 2014 -
Bacchi et al, 2015b 21.2 3.1 60 6.2 1.1 60 11.3% 15.00[14.17, 15.83] 2015 -
Bacchi et al, 2015a 21.2 3.1 60 7.8 0.9 60  11.3% 13.40[12.58, 14.22] 2015 -
Total (95% CI) 512 514 100.0% 4.84 [0.34, 9.33] -l
Heterogeneity: Tau® = 46.57; Chi’ = 1010.94, df = & (P < 0.00001); I* = 99% —:i.l} —:S 3 é 1:0

Test for overall effect: Z = 2.11 (P = 0.03)
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Figure 5. Third subgroup analysis — Conventional resin cements performance comparing

immediate vs. long-term results

No aging Aging Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year 1V, Random, 95% CI
Inukai et al, 2012 20 4.1 32 158 3.9 32 11.2% 4.20[2.24,6.16] 2012
Suzuki et al, 2013 16.3 9.8 64 166 8.4 64 10.8% -0.30[-3.46, 2.86] 2013
Prochnow et al, 2014 351 9.1 48 32.7 10.7 56 10.5% 2.40[-1.41,6.21] 2014 -
Feitosa et al, 2014 34 31 48 34 2.8 48 11.4% 0.00[-1.18, 1.18] 2014 I
Stape et al, 2014 41.5 3.2 80 27.7 36 80 11.4% 13.80[12.74, 14.86] 2014 4
Vaz et al, 2014 30.1 129 120 343 121 120 10.8% -4.20[-7.36,-1.04] 2014 —_—
Aguiar et al, 2014 145 3.5 80 115 6.5 80 11.3% 3.00[1.38, 4.62] 2014 —_—
Bacchi et al, 2015a 24 9.1 120 184 83 120 11.2% 5.60[3.40, 7.80] 2015 e —
Bacchi et al, 2015b 27.7 7.7 180 175 5 180 11.4% 10.20[8.86, 11.54] 2015 4
Total (95% CI) 772 780 100.0%  3.94 [-0.24, 8.12] | —
Heterogeneity: Tau? = 39.56; Chi® = 419.22, df = & (P < 0.00001); I = 98% _14 _:2 ) é i

Test for overall effect: Z = 1.85 (P = 0.06)

Favours [aging] Favours [no aging]
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4 DISCUSSAO

Ambos o0s artigos anteriormente apresentados analisam o impacto da estratégia adesiva
utilizada em procedimentos de cimentacdo de restauracdes indiretas em dentina. Em relacéo a
cimentagdo adesiva, o termo “estratégia adesiva” refere-se principalmente a classificacdo do
cimento resinoso dual utilizado, pois o tipo de cimento resinoso indica qual tratamento prévio
da superficie dental é necessario. Os cimentos autoadesivos, por exemplo, dispensam
qualquer tratamento prévio da superficie dental com condicionadores &cidos. Para aplicacdo
desses cimentos, a limpeza do substrato é a condi¢do necesséria para o estabelecimento da
adesdo. O menor nimero de passos faz com que esses cimentos sejam considerados
“simplificados”, com menor sensibilidade técnica (CANTORO et al., 2009). Em ambos os
estudos, a estratégia “convencional”, onde o cimento resinoso necessita de um agente adesivo
intermediério ao substrato dental, apresentou os melhores resultados de resisténcia de unido
imediatos e a longo prazo a dentina. Enquanto que no artigo 1 os resultados da investigacao in
vitro mostraram um desempenho superior do cimento resinoso dual convencional, a revisdo
sistematica com meta-andlise do artigo 2 revela uma tendéncia geral de melhor
comportamento adesivo da estratégia adesiva “convencional”, tanto imediatamente quanto
apos processos de degradacdo e envelhecimento.

Apesar dos resultados encontrados, alguns estudos anteriores indicaram performances
adesivas satisfatorias dos cimentos resinosos autoadesivos (GUARDA et al, 2010; ;
DEMUNCK et al., 2004; SCHENKE et al., 2008; TASCHNER et al., 2012). Taschner e
colaboradores (2012) executaram um estudo clinico com 24 meses de acompanhamento onde
compararam um cimento autoadesivo e um cimento convencional quando utilizados na
cimentacdo de inlays fabricadas com uma ceramica vitrea reforcada por leucita (IPS Empress
— lvoclar Vivadent). Nesse estudo, o cimento autoadesivo (Relyx Unicem — 3M ESPE)
apresentou desempenho clinico semelhante ao cimento convencional (Variolink Il — Ivoclar
Vivadent). (TASCHNER et al., 2012) QOutro estudo que corrobora com esses achados € o de
Hitz e colaboradores (2012), o qual analisou varios cimentos resinosos autoadesivos e
identificou que alguns desses cimentos apresentaram valores de resisténcia de unido a dentina
e a ceramica vitrea semelhantes aos cimentos resinosos convencionais testados. Os autores
concluem que alguns cimentos autoadesivos podem ser excelentes alternativas aos cimentos
convencionais para cimentacdo adesiva. (HITZ et al., 2012) Essa divergéncia de achados e
opinides entre esses estudos e aqueles apresentados na presente tese pode ser explicada por

um ponto muito importante envolvendo essa categoria de cimentos resinosos: a variagdo de
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formulacdo. Hitz el al. (2012) mostraram uma grande variacdo no desempenho adesivo de
varios cimentos resinosos testados. Os autores encontraram uma enorme variacdo de
composicdo dos cimentos resinosos testados, principalmente envolvendo a matriz organica
desses produtos. Os mondémeros funcionais utilizados em compostos com caracteristicas
“auto-condicionantes’ desempenham um papel fundamental no estabelecimento da adesdo
com o substrato dental, pois o condicionamento da superficie mineral depende diretamente da
capacidade acidica de seus mondmeros funcionais. (VAN MEERBEEK et al., 2011) Além
disso, estudos anteriores também mostraram que a capacidade de desmineralizacdo desses
componentes é relativamente limitada, principalmente ao compararmos tais componentes com
condicionadores &cidos especificos. (MENA-SERRANO et al, 2013). Essa grande
variabilidade de composicdo pode ser considerada como o principal motivo para o
desempenho geral inferior dos cimentos autoadesivos, especialmente considerando estudos
que encontraram marcas comerciais capazes de promover adesdo adequada. Em uma analise
global, aqueles cimentos com composi¢do quimica pouco efetiva do ponto de vista adesivo
acabam contribuindo de maneira negativa no desempenho geral desses cimentos resinosos
duais.

Outro ponto importante que também pode explicar esse desempenho inferior dessa
classe de cimentos € o entendimento do complexo mecanismo de adesdo envolvido na
interacdo com a dentina. Uma adequada hibridizacdo da dentina depende da formacgéo de uma
camada hibrida entre agente adesivo e substrato desmineralizado, a partir da adequada
infiltracdo de mondmeros com baixo peso molecular e sua adequada conversdao em cadeias
poliméricas. Compostos cujo funcionamento adesivo € auto-condicionante dissolvem e
incorporam o mineral da estrutura dental a camada hibrida. De Munck et al. (2004)
identificaram que 0 cimento resinoso autoadesivo testado conseguiu uma interacdo apenas
superficial e irregular com a estrutura dental. No mesmo estudo, o cimento resinoso
convencional conseguiu de fato formar uma camada-hibrida adequada, gracas a acdo do
sistema adesivo utilizado em combinacdo ao cimento resinoso. (De Munck et al., 2004) Os
sistemas adesivos sdo compostos com maior facilidade de escoar sobre a estrutura dental e
preencher os espacos deixados pelo condicionamento do substrato, com moléculas de menor
peso molecular e menor porcentagem de carga em sua composicdo. Apesar de apresentar mais
passos em seu protocolo de utilizacdo, 0s cimentos convencionais conseguem aproveitar as
caracteristicas positivas dos sistemas adesivos, e assim, promover adequada adesao.

Apesar dos resultados in vitro indicarem essa tendéncia ao pior desempenho dos

cimentos autoadesivos ao aderir a dentina, isso ndo significa que essa classe de cimentos
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resinosos seja contraindicada para uso clinico. A literatura apresenta alguns estudos anteriores
que indicaram adequada capacidade adesiva dessa familia de cimentos resinosos
(DEMUNCK et al., 2004; MUNOZ et al., 2014; SCHENKE et al., 2008; TASCHNER et al.,
2012). Taschner e colaboradores (2012) executaram um estudo clinico com 24 meses de
acompanhamento onde compararam um cimento autoadesivo e um cimento convencional
quando utilizados na cimentag&o de inlays fabricadas com uma cerdmica vitrea reforcada por
leucita (IPS Empress — Ivoclar Vivadent). Nesse estudo, o cimento autoadesivo (Relyx
Unicem — 3M ESPE) apresentou desempenho clinico semelhante ao cimento convencional
(Variolink Il — Ivoclar Vivadent) apds 24 meses de uso clinico (TASCHNER et al., 2012).
Outro estudo que corrobora com esses achados é o de Hitz e colaboradores (2012), o qual
analisou varios cimentos resinosos autoadesivos e identificou que alguns desses cimentos
apresentaram valores de resisténcia de unido a dentina e a ceramica vitrea semelhantes aos
cimentos resinosos convencionais testados. Os autores concluem que alguns cimentos
autoadesivos podem ser excelentes alternativas aos cimentos convencionais para cimentacéo
adesiva. (HITZ et al.,, 2012). Peumans et al. (2010) ao avaliarem durante 24 meses
restauracdes do tipo inlay cimentadas com cimentos autoadesivos, identificaram que apenas 1
restauracéo foi perdida por falha adesiva devido a falha do cimento resinoso. (PEUMANS et
al., 2010). Mesmo assim, 0 sucesso clinico dessa classe de cimentos resinosos ainda é
fortemente associada a marca comercial, devido a grande variabilidade de composic¢oes
disponiveis no mercado. Além disso, Em situacBes clinicas como cimentacdo de pinos de
fibra de vidro em condutos radiculares, os cimentos autoadesivos apresentaram uma melhor
performance adesiva, especialmente por ndo necessitarem de passos clinicos como por
exemplo evaporagdo de solvente do agente adesivo, além de menor sensibilidade a técnica,
sendo indicados para esse fim. (SKUPIEN et al., 2015; SARKIS-ONOFRE et al., 2014). Sua
caracteristica de uso simplificada permite 0 uso dessa categoria de cimentos resinosos em
situacdes de dificil acesso e isolamento do campo operat6rio, tornando esses materiais uma

escolha interessante para essas situagoes.
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5 CONCLUSAO

Com base nos achados dos artigos que compdem a presente tese, pode-se concluir que
0S cimentos resinosos convencionais, com um maior ndmero de passos clinicos, apresentam
um maior potencial adesivo a dentina quando comparados a cimentos resinosos simplificados,
chamados autoadesivos. O maior numero de passos clinicos, gracas ao uso de um sistema
adesivo, fornece melhores condi¢des de uma adequada hibridizacdo do substrato dentinario, e
consequentemente, melhor estabelecimento da ades&o. Apesar disso, a maior sensibilidade
técnica dos cimentos “multi-steps” também deve ser considerada ao utilizar essa classe de
cimento resinoso. Os cimentos autoadesivos ndo devem ser descartados do uso clinico, tendo
em vista que algumas marcas comerciais apresentam adequada performance adesiva a
dentina, além de que a simplificacdo técnica favorece procedimentos restauradores de dificil
acesso, como a cimentacdo de pinos de fibra de vidro.
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