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aluno.
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RESUMO

O objetivo deste estudo foi avaliar a resisténcia de unido a microtracao produzida por
diferentes cimentos auto-adesivos e compara-los com cimentos resinosos
convencionais. Seis cimentos auto-adesivos foram utilizados no presente estudo:
Unicem (UN), U100 (UC), SmartCem 2 (SC), G-Cem (GC), Maxcem (MC), Set
(SET); e dois cimentos convencionais: um que usa a técnica do condicionamento
acido prévio de 2 passos (Rely X ARC - RX), e outro que utiliza um adesivo auto-
condicionante de passo unico (Panavia F - PF). Um grupo adicional foi criado
utilizando-se um adesivo auto-condicionante de dois passos (Clearfil SE Bond) antes
da aplicacdo do Panavia F (PS). Cinquenta e quatro molares humanos foram
desgastados e divididos em 9 grupos de acordo com o0 agente de cimentacdo (n=6).
Blocos de resina composta de aproximadamente 5 mm de altura foram
confeccionados e cimentados de acordo com as instrugdes dos fabricantes. Apos 24
h de armazenagem em agua, os dentes restaurados foram seccionados em palitos
com area aproximada de 1 mm? na interface adesiva e submetidos ao teste de
tracdo com uma velocidade de 1mm/min. O padrdo de fratura foi determinado
através do exame em MEV. Os resultados foram analisados estatisticamente pela
ANOVA e teste de Tukey. A resisténcia de unido em MPatDP foram: RX -
69,6+16,6"; PS — 49,2+9,7%; PF — 33,7+13,9"%; GC - 16,9+10,3°%; UC - 15,3+3,4°C;
UN — 12,5+2,4% MC - 11,546,8°°; SC — 8,5+4,9°°; SET — 4,610,5°. O padrao
predominante de fratura dos cimentos auto-adesivos foi falha adesiva entre o
cimento resinoso e a dentina. A forca de unido produzida pelos cimentos resinosos
convencionais foi significativamente maior do que os valores observados para os
cimentos auto-adesivos. Entre os cimentos auto-adesivos o0 GC e o UC néo tiveram
diferenca significativa em relacdo ao PF.

Palavras chave: resisténcia de unido, cimentos auto-adesivos, cimentos resinosos,

Microscopia eletronica de varredura.



ABSTRACT

The aim of this study was to evaluate the microtensile bond strength produced by
different self-adhesive cements and compare them with conventional resin cements.
Six self-adhesive cements were used in the present study: RelyX Unicem (UN),
RelyX U100 (UC), SmartCem 2 (SC), G-Cem (GC), Maxcem (MC), Set (SET); and
two conventional resin cements: one that uses a 2-step etch-and-rinse adhesive
(Rely X ARC - RX), and one that uses a 1-step self-etching adhesive (Panavia F -
PF). An additional group included the use of a 2-step self-etching adhesive system
(Clearfil SE Bond) prior to the application of Panavia F (PS). Fifty-four human molars
were wet-abraded to expose dentin surface and assigned to 9 groups according to
the luting material (n=6). Composite blocks of approximately 5 mm were cemented
according to manufacturers’ instructions. After 24h of water-storage, restored teeth
were serially sectioned into beams with a cross-sectional area of approximately
1mm? at the bonded interface and tested in tension with a crosshead speed of
1mm/min. Failure mode was determined under an SEM. Results were statistically
analyzed by ANOVA and Tukey test. Bond strengths in MPatzSD were: RX —
69.6+16.6"; PS — 49.2+9.7%; PF — 33.7+13.9"%; GC - 16.9+10.35%; UC - 15.3+3.4%C;
UN — 125+2.4% MC - 11.5+6.8°°; SC — 8.5+4.9°°; SET - 4.6+0.5°. The
predominant failure mode of the self-adhesive cements was adhesive between the
resin-cement and dentin. The bond strengths produced by the conventional multi-
step resin cements were significantly higher than those observed for the self-
adhesive cements. Among the self-adhesive cements, GC and UC did not differ

significantly from the multi-step system PF.

Keywords: self-adhesive cements, resin cements, SEM, microtensile bond strength
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1. INTRODUGCAO E JUSTIFICATIVA

A Odontologia Restauradora tem passado por um processo de renovacao
constante, tanto na evolucao dos materiais, como sistemas adesivos, compdsitos e
ceramicas dentais; quanto nos procedimentos restauradores. Apesar do salto
preservacionista que domina a consciéncia dos pacientes e dos cirurgides-dentistas,
o ato clinico de restaurar e manter o equilibrio da interface dente/material-
restaurador, evitando sua degradacao (HASHIMOTO et al.,, 2000), ainda é um

desafiol1[1[1. No entanto, as restauracdes adesivas tém demonstrado uma série de

beneficios relacionados a previsibilidade de resultados, a longevidade e
principalmente a possibilidade de manutengéo de tecido dental sadio (BARATIERI et
al., 2001, MAGNE & BELSER, 2002).

O condicionamento acido e a necessidade da manutencao da umidade
ideal para se obter uma rede de fibrilas de colageno disponivel para penetracao dos
monémeros hidrofilicos € um dos fatores que contribuem para tornar a hibridizacéo
dentinaria um procedimento critico (WANG & SPENCER, 2003). A manutencao da
estabilidade das interfaces adesivas é alvo constante de pesquisas. Nos ultimos
anos, fabricantes e pesquisadores tem concentrado esforcos no sentido de
desenvolver materiais com uma técnica de aplicagdo mais simples e que propiciem
ao mesmo tempo maior durabilidade da interface de unido (TAY & PASHLEY, 2003;
ASMUSSEN & PEUTZFELDT, 2006; BRESCHI et al., 2007; PEUMANS et al., 2007).

Seguindo este raciocinio, os adesivos auto-condicionantes tém sido
amplamente desenvolvidos, testados e utilizados devido a sua facilidade de uso e a
sua técnica menos sensivel (INOUE et al., 2003, VAN MEERBEEK et al., 2005). A
aplicacao dos sistemas adesivos vem sendo simplificada e aperfeicoada na tentativa
de se obter melhores resultados a longo prazo (VAN MEERBEEK et al., 20083;
PEUMANS et al., 2007). A pouco tempo atras os sistemas adesivos mais utilizados e
preconizados eram aqueles que utilizam o condicionamento acido prévio e estéo
disponiveis em 3 passos de aplicacdo. Posteriormente, surgiram os sistemas
simplificados de dois passos de aplicacdo. Em seguida os auto-condicionantes de
dois passos e de passo Unico, € mais recentemente, surgiram no mercado 0s
materiais auto-adesivos que ndo necessitam da aplicacao prévia de nenhum agente

de unido para se aderirem a estrutura dental. Estes materiais sdo utilizados na



cimentacao de restauracdes indiretas e pinos pré-fabricados (BEHR et al., 2004;
ABO-HAMAR et al., 2005; GORACCI et al., 2005). No entanto, pouco se sabe a
respeito do mecanismo de unido e da longevidade de tais procedimentos na pratica
clinica (PIWOWARCZYK et al., 2007; DE MUNCK et al., 2004; GERTH et al., 2006;
RADOVIC et al., 2008). Os cimentos auto-adesivos foram idealizados como uma
alternativa aos sistemas convencionais de multiplos passos e sequéncia critica,
devido a sua reduzida sensibilidade técnica e tempo de aplicagéo.

Atualmente, na maioria das restauracoes sao utilizadas técnicas adesivas
para promover unido as estrutura dentais. Desde o pioneirismo de Buonocore em
1955, pesquisadores e fabricantes tém buscado a melhoria da capacidade de unido
dos sistemas adesivos dentais. Todavia, apesar da melhoria conseguida através de
inimeras pesquisas e do desenvolvimento de novos materiais, a interface adesiva
continua sendo o elo mais fraco das restauracées, sejam elas diretas ou indiretas.
Quando as margens em dentina ficam expostas ao meio bucal, podem ocorrer falhas
como descoloracao marginal, adaptacao irregular e sintomatologia p6s-operatéria,
que podem levar & perda precoce das restauracdes (MJOR et al., 2002, BRESCHI et
al., 2007). Apesar de varios estudos mostrarem excelentes resultados a curto e
médio prazos, a durabilidade e estabilidade da interface adesiva continuam
questionaveis (REIS et al., 2007a; BRESCHI et al., 2007; CARRILHO et at., 2007).

A adesdo ao substrato dentinario pode ser obtida através de duas
técnicas: condicionamento acido prévio ou auto-condicionamento. A primeira técnica,
também denominada de técnica Uumida de unido, baseia-se na aplicagdo do acido
fosférico para remogédo da lama dentinaria, promovendo desmineralizacdo da
dentina subjacente a uma profundidade de 3 a 6 um (PERDIGAO et al., 1996).
Entretanto, esta técnica tem sido considerada critica (SPENCER et al., 2000),
principalmente devido a necessidade de controle da umidade dentinaria (KANCA,
1992; TAY et al., 1996). A busca por um agente de unido que promova uma uniao
duradoura ao substrato dentinario e seja de facil aplicacao tem sido um desafio, e
alternativas tém sido buscadas para se aumentar a longevidade da unido
(CARRILHO et al., 2007; HEBLING et al., 2005; SADEK et al., 2007).

Com a finalidade de simplificar os procedimentos de aplica¢do, diminuindo
a complexidade das etapas, uma segunda técnica foi desenvolvida, chamada de
auto-condicionante. O conceito destes sistemas é baseado na utilizagdo de primers

ou adesivos auto-condicionantes compostos de monémeros 4acidos. Estes



compostos sédo aplicados sobre a dentina sem a necessidade de lavagem e controle
da umidade. Acredita-se que os sistemas auto-condicionantes desmineralizam a
dentina e infiltram seus mondmeros simultaneamente, evitando a ocorréncia de
fibrilas desprotegidas pela resina aplicada (TAY & PASHLEY, 2001; CARVALHO et
al., 2005).

No mesmo rastro evolutivo dos materiais adesivos e das resinas
compostas surgiram os cimentos baseados em compdsitos, idealizados como uma
opcao mais atual aos cimentos convencionais e com desempenho clinico melhorado.
Os cimentos a base de agua, como o cimento de fosfato de zinco e o cimento a base
de policarboxilato de zinco, tradicionalmente utilizados por décadas, possuem como
principais desvantagens a alta solubilidade aos fluidos bucais além de baixa ou
insignificante adesividade aos tecidos dentais mineralizados (DIAZ-ARNOLD et al.,
1999). Os primeiros cimentos com propriedades adesivas a estrutura dental foram o
cimento de policarboxilato de zinco, e posteriormente, os cimentos ionoméricos, por
meio da quelagédo entre os grupos carboxilicos com os ions de calcio e fosfato da
estrutura dental (DIAZ-ARNOLD et al.,, 1999; WILSON et al., 1983). Em seguida,
surgiram os cimentos de iondmero de vidro modificados por resina, com vantagens
sobre o cimento convencional como melhor estética e melhores propriedades
mecanicas. Estes cimentos modificados mantém a reacao acido-base caracteristica
dos ionédmeros, mas contém monémeros resinosos como o0 HEMA e o BIS-GMA.
Isso proporcionou um carater bi-funcional as moléculas do cimento. Uma parte dele
se polimeriza com 0s ménomeros resinosos, enquanto a outra se une quimicamente
as particulas de carga e ao substrato dental (REIS & LOGUERCIO, 2007;
ANUSAVICE, 2005).

O sucesso clinico de qualquer restauracao indireta depende em grande
parte, da técnica de cimentacao escolhida com o intuito de criar um elo sélido de
ligacdo entre o dente e a peca protética. Apesar da vasta gama de opcdes
disponiveis, a correta escolha clinica entre eles nem sempre é acertada
(ROSENSTIEL et al., 1998).

Agentes de cimentacdo a base de compdésitos resinosos sdo amplamente
utilizados para fixacdo de pecas protéticas. O seu uso, no entanto, precisa ser
associado aos sistemas adesivos para aplicacado em tecidos dentais (DE MUNCK et
al., 2004; REICH et al., 2005; HIKITA et al., 2007). Até recentemente, os cimentos

resinosos eram divididos em dois grupos de acordo com o tipo de sistema adesivo



utilizado e seu mecanismo de agao e pré-tratamento da superficie dental. Um grupo
preconiza a utilizagdo de condicionamento acido previamente a utilizacao do sistema
adesivo (Ex.: RelyX ARC [3M Espe], Variolink | e Il [Ivolcar Vivadent], Calibra
[Dentsply Caulk], Nexus [Kerr]) (RADOVIC et al., 2008). O outro preconiza a
utilizacdo de adesivos auto-condicionantes para preparar a dentina e o esmalte
(Panavia 21, Panavia F [Kuraray], Multilink [Ivoclar Vivadent]. Por este motivo a
técnica de aplicacdo do material € considerada critica, sujeita a fatores relativos ao
material e ao operador (FRANKENBERGER et al.,, 2000), que podem levar a
ocorréncia de sensibilidade pds-operatéria e ao insucesso do tratamento restaurador
(MAK et al., 2002).

Com o propésito de simplificar a técnica de cimentacao, foi introduzido no
mercado um cimento auto-adesivo a base de resina, que dispensa qualquer pré-
tratamento da dentina (HECTH et al., 2002; DE MUNCK et al., 2004; REICH et al.,
2005). Este material foi desenvolvido com a inten¢do de unir caracteristicas como a
simplicidade de aplicagdo dos cimentos convencionais, como o fosfato de zinco e
iondbmero de vidro, com as propriedades favoraveis dos cimentos resinosos em um
Unico produto, além de ndo apresentar as suas limitacbes. Os cimentos auto-
adesivos ndo requerem nenhum tratamento de superficie do dente. Uma vez
misturados, seu procedimento de aplicacao € extremamente simples, realizada num
Unico passo, da mesma maneira que os cimentos convencionais, como o de fosfato
de zinco e ion6bmero de vidro. De acordo com as informacdes dos fabricantes, a
lama dentindria ndo é removida, portanto ndo ha expectativa de sensibilidade pds-
operatoria. Ao contrario dos cimentos convencionais e resinosos, 0os cimentos auto-
adesivos possuem uma certa tolerancia a umidade e alguns também liberam fldor
como os cimentos ionoméricos. Nao obstante, segundo os fabricantes ainda
proporcionam boa estética, O&timas propriedades mecanicas, estabilidade
dimensional e retengdo baseada em micro-retencao adesiva. Tais caracteristicas o
elegem como um material com uma vasta gama de indicacbes dentre os
procedimentos indiretos (RADOVIC et al., 2008).

O cimento auto-adesivo RelyX UNICEM (3M ESPE) foi o primeiro material
auto-adesivo introduzido no mercado, e logo alcancou a aprovacao dos clinicos,
devido a facilidade de aplicacdo. Acompanhando esta tendéncia, diversos
fabricantes lancaram seus cimentos auto-adesivos. No entanto, pouca informacao a
respeito destes materiais existe na literatura (PIWOWARCZYK et al., 2004; DE



MUNCK et al., 2004; HAN et al., 2007; HIKITA et al., 2007; RADOVIC et al., 2008;
MONTICELLI et al., 2008). Grande parte das informacdes geradas até o presente
momento sdo relacionadas ao primeiro material auto-adesivo (RelyX UNICEM).

Foi sugerido que o RelyX UNICEM deve ser aplicado utilizando alguma
pressdo no assentamento das pecas protéticas, com o intuito de melhorar a
adaptacado com as paredes do preparo (DE MUNCK et al., 2004; GORACCI et al.,
2006). Isto provavelmente se deve a sua alta viscosidade e baixa molhabilidade de
superficie. Este procedimento melhora a resisténcia de unido sobre as paredes da
dentina. No entanto, quando observado em esmalte, mesmo com o dobro de
pressao digital, ndo apresentou melhoria da forca adesiva (GORACCI et al., 2006).
Varios estudos mostram resultados de cimentos auto-adesivos sobre o esmalte, com
valores na ordem de 14,5 MPa de resisténcia adesiva, significativamente menores
do que os obtidos com cimentos adesivos convencionais (RADOVIC et al., 2008).
Mas mesmo com valores tao baixos, ainda assim este material demonstrou melhores
valores de resisténcia do que quando comparados a cimentos de ionémero de vidro,
0 que sugere uma boa alternativa para cimentacao de ceramicas de alta resisténcia
ou mesmo de pecas metalicas (ABO-HAMAR et al., 2005; RADOVIC et al., 2008).
Todavia, devido a sua baixa capacidade de condicionar o esmalte (DUARTE JR et
al., 2008), este cimento ndao é indicado para restauragdes indiretas do tipo
laminados, ou inlay/onlay onde os preparos possuem uma grande quantidade de
esmalte remanescente (ABO-HAMAR et al., 2005). Outro estudo mostra que,
quando o cimento auto-adesivo foi aplicado com uma variagdo técnica,
condicionando-se o0 esmalte antes de sua aplicacdo, os valores de resisténcia
adesiva foram comparaveis aos cimentos adesivos convencionais (DE MUNCK et
al., 2004; DUARTE JR et al., 2008). Isto confirma o condicionamento prévio com
acido fosfoérico como o mais confiavel método de adesdo ao esmalte devido a
criacdo de microporosidades na sua superficie (BUONOCORE 1955; DUARTE JR et
al., 2008). Por outro lado, quando o &acido foi aplicado na dentina, os valores de
unido decresceram (DE MUNCK et al., 2004). Provavelmente com a remocao da
lama dentinéria promovida pelo condicionamento (PERDIGAQ et al., 1996), o Gnico
substrato remanescente foi uma rede de colageno exposta, que néo é infiltrada pelo
cimento, devido a sua alta viscosidade. Esta regido desmineralizada e nao infiltrada
por resina & um dos responsaveis pelo processo de degradacao da interface adesiva
(SANO et al., 1999; GIANNINI et al., 2003; REIS et al., 2007b).



Outro aspecto relativo a qualidade e durabilidade da interface adesiva diz
respeito a hidratacdo dentinaria que representa uma variavel critica do processo
adesivo, especialmente em testes in vitro (SAURO et al., 2007). A dentina profunda
€ um substrato permeavel, no qual o fluido tubular aflora ao longo da superficie
preparada. A presenca de smear-layer e de smear-plug ajudam a cessar ou diminuir
este fluxo (BRANNSTR(")M et al., 1986; VAN MEERBEEK et al., 1997). Os cimentos
auto-adesivos sao aplicados sobre a lama dentinaria, no entanto alguns estudos
mostram diferengcas na resisténcia de unido entre os cimentos aplicados sob
condigdes de pressdo pulpar interna no substrato ou auséncia dela, muito
provavelmente devido as suas diferentes composicdes e tolerancia a umidade
dentinaria (MAZZITELLI et al., 2008).

Diversos estudos in vitro ja relataram a eficiéncia de cimentos resinosos
combinados com sistemas adesivos convencionais auto-condicionantes ou que
utiizam o &cido fosférico (DE MUNCK et al., 2004; PIWOWACZYK et al., 2004;
GORACCI et al., 2006; HIKITA et al., 2007; CANTORO et al., 2008; DUARTE JR et
al., 2008). Entretanto, pouca informacao sobre a resisténcia de unido a dentina esta
disponivel, comparando cimentos resinosos convencionais com 0S recém-

introduzidos cimentos auto-adesivos.



2. PROPOSICAO

O objetivo deste estudo foi avaliar a efetividade de seis sistemas de
cimentagdo auto-adesivos em comparacdo com dois cimentos resinosos

convencionais, utilizando-se a avaliacdo da resisténcia de unido através do ensaio

de microtracdo e andlise do padrdo de fratural1[J em Microscopia Eletrénica de

Varredura.



3. METODOLOGIA E RESULTADOS

A presente dissertacdo estd baseada no artigo “Comparison of the
microtensile bond strength of self-adhesive and multi-step resin cements.
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SUMMARY

Objectives: The aim of this study was to evaluate the microtensile bond strength
(uTBs) produced by different self-adhesive cements and compare them with
conventional resin cements. Materials and Methods: Six self-adhesive cements
were used in the present study: RelyX Unicem (UN), RelyX U100 (UC), SmartCem 2
(SC), G-Cem (GC), Maxcem (MC), Set (SET); and two conventional resin cements:
one that uses a 2-step etch-and-rinse adhesive (Rely X ARC - RX), and one that
uses a 1-step self-etching adhesive (Panavia F - PF). An additional group included
the use of a 2-step self-etching adhesive system (Clearfil SE Bond) prior to the
application of Panavia F (PS). Fifty-four human molars were abraded and assigned to
9 groups according to the luting material (n=6). Composite blocks of approximately 5
mm were cemented according to manufacturers’ instructions. After 24h of water-
storage, restored teeth were serially sectioned into beams with a cross-sectional area
of approximately 1mm? at the bonded interface and tested in tension with a
crosshead speed of Tmm/min. Failure mode was determined under an SEM. Results
were statistically analyzed by ANOVA and Tukey test. Results: Bond strengths in
MPatSD were: RX — 69.6+16.6%; PS — 49.2+9.7%; PF - 33.7+13.9"%; GC -
16.9+10.3°%¢; UC - 15.3+3.45%%; UN - 12.5+2.4%; MC - 11.5+6.8°"; SC — 8.5+4.9°%;
SET — 4.620.5°. The predominant failure mode of the self-adhesive cements was
adhesive between the resin-cement and dentin. Conclusion: The bond strengths
produced by the multi-step resin cements were significantly higher than those

observed for most self-adhesive cements.

Keywords: self-adhesive cements, resin cements, SEM, microtensile bond strength
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INTRODUCTION

Bonding of resin-based composite materials to tooth hard tissues has been
simplified in the latest years. A few years ago, most adhesives were available in three
application steps, which were combined into two steps (etch-and-rinse or self-
etching) and later, in one single self-etching application step. Indirect adhesive
procedures constitute a substantial portion of esthetic restorative procedures. Until
recently, all resin cements required the application of one of these adhesive systems,
either self-etching or etch-and-rinse, to prepare the tooth prior to cementation.’ The
multi-step application technique has been reported to be complex and sensitive, and
can compromise bonding effectiveness.*

However, a new concept of luting materials has been developed, which do not
require any pre-treatment of the tooth surface, the so-called self-adhesive cements.*
" These materials aim to combine the favorable properties of conventional (zinc
phosphate, glass ionomer and polycarboxilate cements) and resin cements,
eliminating their shortcomings.® After the first self-adhesive cement was introduced
into the market (RelyX UNICEM) it rapidly gained popularity among clinicians due to
its simplified “mistake-free” application technique. Thus, several manufacturers
developed their own self-adhesive cements.

Several reports have evaluated the bond strength of the first material of this
new class of resin cements and compared it to currently available multi-step luting
agents.®”*1” Dentin bond strengths comparable to those provided by the multi-step
resin cements have been reported, while lower bond strengths were found on enamel
surfaces. However, a wide variety of self-adhesive cements are currently available in
the market, and little information is available with regard to the bond strength

produced by the self-adhesive systems that were introduced following the same
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intent.>'®"" Despite the favorable dentin bond strength behavior reported for
UNICEM'™2% the bond strength can vary among materials due to differences in
composition.'’

The aim of this study was to evaluate the microtensile bond strength to dentin
produced by five self-adhesive cements, and to compare them with conventional
etch-and-rinse and self-etching resin cements. The tested null hypothesis was that
there is no difference between the bond strength to dentin produced by self-adhesive

and conventional resin cements.

METHODS & MATERIALS

Fifty-four caries-free recently extracted third molars stored in 0.1% Thimol
solution at 4°C were used in this study. Teeth were obtained by protocols that were
approved by the review board of the Guarulhos University (#152/2007). After
disinfection and removal of soft tissues, flat coronal dentin surfaces were exposed
with 600-grit SiC papers under running water to create a standardized smear layer.

Teeth were randomly assigned to 9 experimental groups, which were restored
with one of the 9 luting techniques. Six self-adhesive cements were used in the
present study: RelyX Unicem (UN — 3M ESPE), RelyX U100 (UC — 3M ESPE),
SmartCem 2 (SC — Dentsply Caulk), G-Cem (GC — GC Corp.), Maxcem (MC - Kerr),
Set (SET - SDI); and two conventional resin cements: one that uses a 2-step etch-
and-rinse adhesive (Rely X ARC - RX), and one that uses a 1-step self-etching
adhesive (Panavia F - PF). An additional group included the use of a 2-step self-
etching adhesive system (Clearfil SE Bond) prior to the application of Panavia F (PS).
Resin cements were mixed and inserted according to manufacturers’ instructions

(Table 1).
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Table 1. Cements, lot#, manufacturers, delivery system, composition and application

technique.

Dual cure

Product (lot#)
Manufacturer

RelyX ARC

Delivery system
(Cement)

Clicker dispenser,

Composition

Etchant: 35% HzPO,

Resin Cement (GEHG) 2 paste hand mixed for ~ Adhesive: Bis-GMA, HEMA, UDMA, (15s); ¢; d; e;
+ + 10s dimethacrylates, ethanol, i.(10s);
: . water, canphorquinone , photoinitiators, - .
2 Ste.p Adper Single polyalkenoic acid copolymer, mix Ce”_“e”t’
etcharinse Bond 2 (8RW) 5-nm silica particles apply mixture
adhesive 3M ESPE, St Cement: Bis-GMA, TEGDMA
system Paul, MN, USA polymer, zirconia/silica filler
Dual cure Panavia F One step Primer A: Hema, 10-MDP, 5-NMSA, h (A+B) (leave
Resin Cement (paste A 00248C; self-etching adhesive ~ Water,accelerator , undisturbed
+ paste B 0026B) + Primer B: 5-NMSA, accelerator, water, sodium for 60 s);
1-step self- + Resin cement benzene sulphinate mix cement;
. . Paste A: 10-MDP silanated silica \ -
etching _ED Primer Dual cure hydrophobic aromatic and aliphatic apply mixture; i
adhesive (primer A 00255A; _ dimethacrylate, hydrophilic dimethacrylate (40s)
primer B 00131A) 2 paste/hand-mixed photo-iinitiator, dibenzoyl peroxide.
Paste B: silanated barium glass, sodium
Kuraray Medical fluoride, sodium aromatic sulfinate,
Inc, Tokyo, Japan dimethacrylate monomer, BPO

Dual cure Panavia F + Two step Primer: MDP, HEMA, hydrophilic f(20s); e; 0;i

Resin Cement  (paste A 00248C;  self-etching adhesive ~ dimethacrylate, i - (10s); h (ED

+ paste B 0026B) + dl-canphorquinone, N,N-diethanol p-toluidine, primer); e;

) water : L
2-step self- o F ED primer Bond: MDP, bis-GMA, HEMA, hydrophobic mix cement;
etchlr)g Clearfil SE Bond o+ dimethacrylate, di-canphorquinone, apply mixture; i

adhesive (00788A) Resin cement N,N-diethanol p-toluidine, silanated colloidal (40 s)
system Kuraray medical Dual cure silica
Inc. Tokyo, Japan Paste A and Paste B: As described above
2 paste/hand-mixed

Dual cure G-CEM Capsules Powder: fluoroaluminosilicate glass, initiator, Auto-mix
Self-adhesive (0702191) Mechanically mixed P!gﬂje_nt o cement;
Resin Cement GC America, 10s Liquid: 4-META , phospharic acid ester Apply mixture; i

Alsip, IL,USA monomer, water, UDMA, dimethacrylate, silica (40s) or j (5min)
> powder,initiator, stabilizer

Dual cure U100 Clicker dispenser Base: glass fiber, methacrylated phosphoric mix cement;
Self-adhesive (287269) 2 paste hand mixed acid esters, dimethacrylates, silaneted silica, apply mixture;
Resin Cement 3M ESPE, ?g:tii:l;gtpzll'zggiitger dimethacrylates 1(40s) or j

Seefeld, Germany silanated silica, P—Tbluene sodium sdlfate, (5min)
calcium hydroxide

Dual cure Unicem Caspsules, Powder: glass powder, silica, calcium Auto-mix
Self-adhesive (293599) Mechanically mixed, hydroxide, self-curing initiators, pigments, cement,
Resin Cement 3M ESPE, 10s g%:‘gf;’gg?ng‘c"tﬁtgrsv substituted pyrimidine, Apply mixture,

Seefeld, Germany Liquid: methacrylated phosphoric ! (405). or]
esters, dimethacrylates, acetate, stabilizers, (5min)
self-curing initiators, light-curing initiators.

Dual cure Maxcem Paste/paste dual Resin: multifunctional DMAs, GPDM, Auto-mix
Self-adhesive (2954635) syringe, direct proprietary Redox initiators and cement;
Resin Cement  Kerr, Orange, CA,  dispensing through a  Photoinitiators o Apply mixture;

USA mixing ti Filler: barium, fluoroaluminosilicate, i (20s) or j
g tp fumed silica (66 wt.%) amin) ]

Dual cure SmartCem 2 Paste/paste dual UDMA; Di- and Tri-Methacrylate resins; Auto-mix
Self-adhesive (0807311) syringe. Phosphoric acid modified acrylate resin; cement;
Resin Cement  Dentsply, Milford, direct dispensing CB;;':[?CBF?:::XE;’?L%Q;JOT'r(‘)ofr:"fs;?qﬁi'ssﬁie Apply mixture;

DE, USA through a mixing tip Photoinitiator; Phosphene, Oxide Photoinitiator; : (405). orj
Accelerators; Butylated Hydroxytoluene; UV (6min)
Stabilizer;
Titanium Dioxide; Iron Oxide; Hydrophobic
Amorphous Silicon Dioxide

Dual cure SeT Capsules, Methacrylated phosphoric esters, Auto-mix
Self-adhesive (50711292) mechanically mixed, ~ UDMA, photoinitiator cement;
Resin Cement SDI, Bayswater 10s gruxo/;lgtriixglsi/ﬁ)cate glass Apply mixture

Victoria, AUS pyrogenic silica ’ i (205)_ orj
(5min)

Application technique — a: acid etch; b: rinse surface; c: dry with cotton-pellet; d: apply one-bottle
adhesive; e: gently air dry; f: apply primer; g: apply adhesive; h: apply mixture; i: light cure; j: self-cure.
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Composite resin blocks measuring approximately 5 mm height and 12 mm
diameter were prepared by layering 2-mm thick increments of a micro-hybrid
composite resin (Z250 (shade A2), 3M ESPE, St. Paul, MN, USA) into a silicon mold.
Each increment was light-cured (700mW/mm?) for 40s with a halogen light (OPTILUX
501, Demetron/Kerr, Danbury, CT, USA). One side of the composite resin blocks was
abraded with #600 SiC-paper under water-cooling to create a flat surface with
standardized roughness. The composite surface was air-abraded with 50 pm
aluminum-oxide particles for 10s. Before luting procedures, the composite resin
blocks were ultrasonically cleaned in distilled water for 10 minutes, rinsed with
running-water, air-dried and silanated with Rely X Ceramic Primer (3M ESPE, St
Paul, MN, USA).

After application of the resin cement according to manufacturer instructions,
the composite block was pressed on the cement using light pressure, after which
excess cement was removed. Specimens were light-cured for 40s with a halogen
light from the buccal, lingual and occlusal surfaces. Bonded specimens were stored
in distilled water for 24 hours. Afterwards, teeth were serially sectioned perpendicular
to the adhesive-tooth interface into beams with a cross-sectional bonded area of
approximately 1 mm? using a diamond saw (Isomet 1000, Buehler Ltda, Lake Bluff,
IL, USA). Beams were fixed to the grips of a universal testing machine (EZ Test,
Shimazu Co., Kyoto, Japan) using a cyanoacrylate adhesive (Loctite Super Bonder
Gel, Henkel, Dusseldorf, Germany) and tested in tension at a crosshead speed of
imm/min until fracture. Maximum tensile load was divided by specimen cross-
sectional area to express results in units of stress (MPa).

Bond strength values were statistically evaluated using one-way ANOVA and

the Tukey post-hoc test at a pre-set significance level of 0.05. Statistical analyses
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were performed using a personal computer program (SAS for Windows V8, SAS
Institute, Cary, NC, USA).

Failure modes were determined by examination of fractured specimens in a
scanning electron microscope (SEM - LEO 435 VP, LEO Electron Microscopy Ltd.,
Cambridge CB1 3QH, United Kingdom). Specimens were mounted on aluminum
stubs and gold sputter coated (MED 010, BAL-TEC, Furstentum, Liechtenstein) prior
to viewing at different magnifications. Failure mode at the fractured interface was
classified into one of four types: CD (cohesive failure in dentin), AD (adhesive failure
between cement and dentin), CC (cohesive failure in the cement) and ADR (adhesive
failure between the resin cement and composite resin). Instead of classifying failures
as mixed, the area percentage of each type of failure in each specimen was

recorded.

RESULTS

ANOVA and Tukey test revealed significant differences among the different
luting techniques (p<0.0001). Mean PTBS values are presented in Table 2 and
Figure 1. The multi-step etch-and-rinse system RX and the two-step self-etching
techniqgue PS presented the highest bond strength values. The one-step self-etching
resin cement PF did not differ significantly, from RX and PS. The self-adhesive
systems GC and UC were not significantly different from PF, but were lower than RX
and PS. Except for SET, all self-adhesive materials presented similar bond strength
values. The lowest bond strengths were recorded for SET, which was not significantly
different from MC and SC. A high number of pre-testing failures was recorded for MC

and SC.



Table 2. Mean (SD) bond strength values of the resin cements applied to dentin.

(p<0.05)

Material Mean (MPa) Tukey Pre-test failures/
number of beams

RelyX ARC 69.6 (16.6) A 0/30

Panavia F + SE Bond 49.2 (9.7) A 8/30

Panavia F 33.7 (13.9) AB 0/30

GCem 16.9 (10.3) BC 0/30

Ucem 15.3 (3.4) BC 0/30

Unicem 12.5 (2.4) C 3/30

Maxcem 11.5 (6.8) CD 20/30

SmartCem 8.5 (4.9) CD 13/30

SET 4.6 (0.5) D 3/30

Microtensile Bond Strength

100

W RelyX ARC M Panavia F + SE Bond M Panavia F Ml G-cem B U100 ¥ Unicem M Maxcem M SmartCem " Set
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Figure 1. Graphical representation of the bond strength values for the different resin

cements.

The distribution of failure modes among luting materials is shown in Figure 2.

A representative image of an adhesive failure between resin cement and dentin is

shown in Figure 3. This was the predominant failure mode for the self-adhesive

cements and for the self-etching system PF.
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RelyX ARC
Panavia +SE
Panavia F LICD
SET W AD

SmartCem EcCcC
MaxCem [JADR
Gcem
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Unicem

0% 20% 40% 60% 80% 100%

Figure 2. Distribution of failure modes within groups. CD - cohesive failure in dentin,
AD - adhesive failure between dentin and resin cement, CC - cohesive failure in resin

cement, ADR - adhesive failure between resin cement and resin composite.

Detector = SE1 Mag= 150K X Detector =

Mag= 60X

EHT = 20.00 kV Date :12 Nov 2008 EHT =20.00 kv Date :12 Nov 2008

Figure 3. Representative SEMs of the most predominant failure mode of the self-
adhesive cements. An adhesive failure can be observed for G-cem. In a higher

magnification, the smear layer and smear plugs can be observe over dentin surface.
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DISCUSSION

In the present investigation, the bond strength of six self-adhesive cements
was compared with conventional multi-step systems. An etch-and-rinse and a self-
etching cement were used as control groups, and an additional group was used for
comparison, in which a two-step self-etching primer was used before the application
of Panavia F. The greatest advantage of self-adhesive cements is the easy and fast
application technique, which is one of the most desirable features in any dental
material. The multi-step application technique has been reported to be complex and
sensitive, and can compromise bonding effectiveness.*

Our null hypothesis must be rejected, because significant differences were
observed among the different luting materials. The self-adhesive systems presented
bond strength values significantly lower than those presented by two of the control
groups, RX and PS. When the two-step self-etching adhesive Clearfil SE Bond was
used prior to the application of the self-etching primer (ED primer), bond strength
increased. Panavia F bond strength values were not significantly different from RX or
PS. However, no significant differences were observed between PF and the self-
adhesive cements GC and UC. The lower bond strengths observed by PF, in
comparison with PS probably occurred because PF uses a one-step self-etching dual
curable primer (ED primer).2' It has been reported that inhibition of the polymerization
of the resin cement (Panavia F) could occur due to the presence of acidic monomers

within ED primer composition.”’

However, as light activation was performed
immediately upon luting, this effect is probably negligible." When Clearfil SE Bond
was used prior to application of the Panavia F system, increased bond strengths
were observed. This observation can be attributed to the hydrophobic, filled adhesive

layer that is applied over the self-etching primer and light cured before application of
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ED primer and the resin cement itself. This hydrophobic layer can reduce
permeability of dentinal fluids between dentin and the resin cement.?? In addition,
direct light activation of the adhesive system probably resulted in a better conversion
of the monomers within the hybrid and adhesive layer, resulting in higher bond
strengths. In PS group, ED primer application was applied over SE Bond in order to
assist the chemical polymerization of the resin cement. It could be expected that the
acidity of ED primer would not be buffered, as it did not contact mineralized dentin
surface, however, the presence of aromatic sodium sulphinate salts probably
reduced the concentration of uncured acidic monomers.?’

All other self-adhesive cements presented significantly lower values than the
multi-step systems RX, PS and PF. The self-adhesive cements U100 (UC) and
UNICEM (UN) are both developed by the same manufacturer and marketed under
the same name in some countries. According to the manufacturer, the only difference
between these products is the delivery system. While UN requires an activator,
triturator and applier, UC is the clicker version of the same material, and can be hand
mixed. Bond strength values were not significantly different between UC and UN,
however UN uTBS values were significantly lower than those of the multi-step
systems RX, PS and PF.

The quality of the dentin/adhesive/cement interface is closely related to the
extension of monomer infiltration into the demineralized collagen network.?® Despite
the low initial pH of UN (pH<2 in the first minute according to the manufacturer),
almost no demineralization and hybrid layer formation was observed on the dentin
surface.”®?* This finding might be attributed to the high cement viscosity, which
hinders the resin cement to wet and infiltrate the dentin surface.! These factors along

with the cement thixotropic properties may also explain the better fitting of the indirect
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restoration to the tooth when such resin cement is subjected to a seating pressure.®
This fact is clinically relevant, considering that most indirect restorations must be
cemented under slight digital pressure. At that moment, the multi-functional
monomers having acidic phosphate groups are supposedly capable of demineralizing
and infiltrating the substrate simultaneously. The main polymerization can be started
by either light exposure or self-curing reaction. The polymerization mechanism
results in a highly crosslinked polymer with high molecular weight. Furthermore, an
increase in pH from 1 to 7 is observed as a consequence of the reaction between
phosphate groups and both alkaline filler particles and hydroxyapatite from enamel
and dentin, in order to neutralize resin acidity.>**® As a consequence, the pH
neutralization results in water formation and a more hydrophilic cement nature, which
enhances the cement wetting capabilities on the dentin surface and cement tolerance
to water. Water is crucial for self-adhesive resin cements to release hydrogen ions
required for smear layer demineralization®®, and is also reused in the reaction
between multi-functional acidic phosphate monomers and alkaline filler particles.
Such phenomenon is responsible for the change from the cement hydrophilic to
hydrophobic nature, which improves adhesive stability. The favorable bond strength
observed for UN has been attributed to the micromechanical retention and chemical
interaction between monomer acidic phosphate groups and dentin/enamel
hydroxyapatite.®

A great number of specimens failed prematurely during preparation for the
microtensile bond strength test in the groups the presented the lowest bond strength
values, mainly when Smartcem (13/30) and Maxcem (20/30) were used. This finding
corroborates with that observed by Goracci et al,? which also showed a great number

of fractures occurring prematurely before testing. In the present investigation, pre-test
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failures were not included in the statistical analysis. It is known that when calculations
are based on specimens that survived preparation procedures, there is an
overestimation of the bonding potential. On the other hand, if zero values are
attributed, bond strengths are underestimated, as some amount of stress was
probably necessary to produce the pre-test failure.”?”%

The low bond strengths recorded for the self-adhesive cements are probably
related to the limited ability to demineralize and infiltrate dentin substrate.’"?*
Despite their initial low pH, the higher viscosity of the self-adhesive cements, if
compared to self-etching primers, can explain why no true hybrid layer is formed
when applied to dentin.®* In order to promote a micromechanical interlocking with
dentin collagen fibrils, these cements should be able to etch the substrate in a
relatively short time, requiring optimal wetting properties to ensure a fast interaction
with dentin.?® Luting of porcelain veneers are not recommended by manufacturers.
Despite the shorter working time, luting of non-retentive preparation should be
avoided with these systems. The bonding ability of self-adhesive cements can be in
part, or mainly attributed to their ability to chemically interact with dentin
hydroxyapatite.*>*" This observation can explain the high number of adhesive
failures for the self-adhesive materials. Failure mode analysis revealed that for the
self-adhesive cements, and for the self-etching system PF, the predominant type of
failure was adhesive between the resin cement and dentin. For the multi-step
systems RX and PS, which presented the highest bond strengths, cohesive failures
in dentin and cohesive failures in the resin cement were commonly observed.

The self-adhesive cement GC presented favorable bond strengths, which were

not significantly different from PF. The bonding mechanism of GC has been reported

by the manufacturer to be based on the glass-ionomer technology modified by
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exchanging polyacrylic acid with the acidic functional monomers 4-MET and
phosphoric-acid esters.'? Water in the cement composition of GC is expected to aid
the conditioning reaction, reducing the time needed for interacting with the substrate.
However, the relatively weak chemical bonding potential of 4-MET and the high
molecular weight of the functional monomer are expected to contribute poorly to the
supposed chemical reaction, within a clinically reasonable time.*'

The lowest bond strengths were observed when the self-adhesive cements
MC, SC and SET were used. According to the manufacturers, the self-etching
capacity is attributed to the presence of different monomers in the resin cement
formulation, such as GPDM in Maxcem, the hydrophilic monomer 4-MET in
Smartcem and methacrylated phosphoric esters in SET. Han et al (2007) reported
low pH values for GC, MC, SC and UN a few seconds after manipulation. However,
after 48 hours, only UN presented a neutral pH (pH 7.0). According to the authors,
the pH reported 48 hours after polymerization was 2.4 for MC, 3.6 for GC and 4.0 for
SC. Even though an initial low pH is important for etching of enamel and dentin, if a
low pH is maintained for a long time, it can adversely influence the adhesion of the
mixed cement to dentin.?>%

In summary, our null hypothesis was rejected, because self-adhesive cements
presented lower bond strengths than those observed for the multi-step systems.
Despite their favorable “mistake-free” technique, self-adhesive cements should be

avoided when bonding indirect restoration such as veneers to non-retentive

preparations.
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4. CONCLUSAO

Baseado nos resultados de resisténcia de unido obtidos por meio do ensaio de

microtracdo, podemos concluir:

- A resisténcia de unido obtida pelos cimentos auto-adesivos foi menor do que dos

cimentos RX e PS;

- Os cimentos auto-adesivos GC e UN apresentaram valores de resisténcia de uniao
comparaveis aos obtidos para o cimento que utiliza um primer auto-condicionante de

passo unico PF;

- O padrao de fratura predominante nos cimentos auto-adesivos foi adesiva entre o

cimento e a dentina;
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