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RESUMO

ZANCHI, Cesar Henrique. Desenvolvimento de sistemas adesivos
empregando mondmeros surfactantes como alternativa ao hidréxietil
metacrilato (HEMA). 2010. 110f. Tese de Doutorado — Programa de Pés-

Graduagao em Odontologia. Universidade Federal de Pelotas, Pelotas.

Este estudo avaliou a influéncia de dimetacrilatos surfactantes (DS)
na resisténcia de unido a dentina por microtragao (RU), imediata e apés
armazenagem, além de caracterizar a micromorfologia da camada hibrida
de sistemas adesivos experimentais autocondicionantes livres de HEMA.
Foram formulados cinco sistemas adesivos autocondicionantes de dois
passos livres de HEMA contendo diferentes DS (Bis-EMA 10, Bis-EMA 30,
PEG 400, PEG 1000 and PEG 400 UDMA) e um sistema contendo HEMA,
empregado como controle. Foi realizada a exposi¢ao da dentina superficial
de sessenta incisivos bovinos posteriormente alocados em seis grupos
experimentais de acordo com o sistema adesivo empregado. Os dentes
foram restaurados e seccionados para obter espécimes (palitos)
posteriormente divididos em trés periodos de armazenagem: 24h, 6 e 12
meses. Apos, os espécimes foram sujeitos ao teste de RU. Resultados de
RU imediata foram analisados por ANOVA 1-fator e teste complementar de
Tukey. Resultados de RU apds envelhecimento foram analisados por
Kruskall-Wallis e teste de Dunn (a = 0.05). Analises das interfaces de
unido dente-restauracdo foram realizadas através de microscopia
eletrénica de varredura. Entre os grupos livres de HEMA, o sistema adesivo
formulado com PEG 400 UDMA produziu maior RU e foi estatisticamente
similar ao grupo controle contendo HEMA. Os espécimes testados apoés 24
horas de armazenamento apresentaram RU estatisticamente maior para
todos os grupos quando comparados os espécimes testados apés 6 e 12
meses de armazenagem. Nao foram observadas diferengas significativas
entre os grupos testados apds 6 e 12 meses. Todos os sistemas adesivos
apresentaram camada hibrida parcialmente desmineralizada (1.5-3 pm de
espessura) com formagdo de prolongamentos resinosos. Em geral os
sistemas adesivos demonstraram valores de RU satisfatérios, sendo o PEG
400 UDMA um mondmero promissor para o desenvolvimento de sistemas
adesivos livres de HEMA.

Palavras-chave: Adesivo dentario; surfactante, resisténcia de unido por
microtragdo; interface resina-dentina; biodegradagao.



SUMMARY

ZANCHI, Cesar Henrique. Development of adhesive systems employing
surfactant monomers as substitute to hydroxyethyl methacrylate
(HEMA). 2010. 110f. Tese de Doutorado — Programa de Pd6s-Graduagao

em Odontologia. Universidade Federal de Pelotas, Pelotas.

This study evaluated the influence of surfactant dimethacrylates (SD)
on the resin-to-dentin immediate and long term microtensile bond strength
(WTBS) and characterized the interfacial micromorphology of hybrid layer of
the experimental HEMA-free self-etching systems. Five experimental
HEMA-free two step self-etching systems containing different surfactant
dimetacrylates (SD) (Bis-EMA 10, Bis-EMA 30, PEG 400, PEG 1000 and
PEG 400 UDMA) and a HEMA-containing systems (control) were
formulated. Sixty bovine incisors were allocated into six groups according
each experimental adhesive system used. The teeth had the superficial
coronal dentins exposed and were restored and sectioned to obtain sticks
randomly allocated into 3 storage periods: 24h, 6 and 12 months.
Thereafter the specimens were subjected to the yTBS test. Immediate
MTBS data were analyzed by One-way ANOVA and Tukey’s test. Long
term uyTBS data were analyzed by Kruskall-Wallis and Dunn test (a = 0.05).
Analysis of the adhesive-dentin interfaces were performed through
scanning electron microscopy. Between the HEMA-free groups, the
adhesive system formulated with PEG 400 UDMA produced the highest
MTBS and was similar to HEMA-containing group. Specimens of the 24
hours of storage were statistically higher for all groups tested when
compared those after 6 and 12 months storage. None difference was found
between 6 months and 12 months storage for each group. All the adhesives
systems presented similar partially demineralized hybrid layer (1.5-3.0 uym
thickness) with well formed resin tags. All SD present reasonable pTBS,
being the PEG 400 UDMA a promising monomer to be considered as
HEMA substitute in adhesive systems compositions.

Keywords: Dental adhesive; surfactant, microtensile bond strength test;
resin-dentin interface; biodegradation.
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1. INTRODUCAO

Nos Ultimos anos, os estudos conduzidos para a sintese e
desenvolvimento de novos sistemas adesivos tém passado por mudancas
significativas quanto aos objetivos tragados. Durante as décadas de 80 e 90 os
projetos de desenvolvimento de sistemas adesivos eram direcionados
principalmente para obtencdo de materiais que apresentassem excelentes
propriedades mecanicas e altos valores de resisténcia de unido, necessarios para
suportar as tensdes mastigatérias e o estresse de contragdo dos compdsitos.
Como conseqiéncia, o aprimoramentos destas propriedades, resultou em
restauragdes que, clinicamente, passaram a falhar mais devido a pigmentacao e
perda de selamento marginal do que propriamente pela falta de retencdo (DA
ROSA et al.,, 2006; GAENGLER et al.,, 2004; OPDAM et al., 2004). Nesse
contexto, é estabelecido um novo paradigma, onde grande enfoque é direcionado
a longevidade (REIS et al., 2008; TORKABADI et al., 2008; OSORIO et al., 2008;
TOLEDANO et al., 2007, DE MUNK et al., 2005; VAN DIJKEN et al., 2004),
biocompatibilidade e toxicidade dos materiais restauradores e seus constituintes
quimicos (GOLDBERG 2008; SPAGNUOLO et al., 2008; SCHWEIKL et al., 2008;
FALCONI et al., 2007; RATHKE et al., 2007; TEIXEIRA et al., 2006; MANTELLINI
et al., 2006). Adicionalmente, varios estudos in vitro e in vivo demonstraram que
os mondmeros amplamente empregados nos sistemas adesivos atuais exibem
efeitos citotoxicos (GOLDBERG 2008; SPAGNUOLO et al., 2008; SCHWEIKL et
al., 2008; FALCONI et al., 2007; TEIXEIRA et al., 2006; MANTELLINI et al., 2006,
COSTA et al., 2003) e, quando em contato direto com o tecido pulpar, podem
provocar reagdes inflamatérias ou ainda intensificar uma reacédo pulpar pré-
existente (TEIXEIRA et al., 2006; COSTA et al., 2003; HEBLING et al., 1999;
GWINNETT et al., 1998; PAMEIJER et al., 1998). Como conseqliéncia, respostas
inflamatérias, localizadas principalmente junto aos fragmentos resinosos
presentes no tecido pulpar (HEBLING et al., 1999; DE SOUZA COSTA et al.,
2002), podem comprometer a longevidade das restauracbes adesivas
(SCHWEIKL et al.,2006; MURRAY et al., 2003, SCHMALZ et al.,1997).

Monbémeros metacrilatos sdo considerados os principais constituintes dos
sistemas adesivos disponiveis atualmente no mercado. De acordo com sua
estrutura e peso molecular, podem ser divididos em dois grandes grupos: os
chamados mondmeros formadores de ligagdes cruzadas e monémeros funcionais.
Os monbmeros formadores de ligacbes cruzadas sdo caracterizados pela
presenca de, no minimo, dois grupamentos polimerizaveis (radical vinil ou -C=C-)

e por apresentarem comportamento relativamente hidréfobo (COESSENS et al.,
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2001). Basicamente sdo os mesmos mondmeros empregados na matriz organica
dos compodsitos restauradores, como BisGMA, TEGDMA e UDMA, e sao
responsaveis por conferir resisténcia mecéanica (ODIAN 2004; ASMUSSEN et al.,
1998), reticulagdo (ASMUSSEN et al, 2001) e consequente reducdo da
degradacao higroscopica e hidrolitica do polimero formado (FERRACANE 2006).
Além disso, a presenga de di-metacrilatos, ou de mondmeros que apresentem ao
menos dois grupamentos polimerizaveis, é essencial para a formacgao de ligagdes
covalentes entre a camada de adesivo hibridizada in situ e a matriz orgéanica do
compoésito de cobertura (VAN LANDUYT et al., 2007). Ja, os monbémeros
funcionais, além de um grupo polimerizavel, possuem algum radical quimicamente
especifico, que implicara em uma funcdo determinada ao mondmero. Esses
mondémeros sao amplamente utilizados nos sistemas adesivos convencionais e
autocondicionantes como redutores de viscosidade (DOl et al., 2004;
NAKABAYASHI et al.,1992) e como agentes promotores de ades&o, devido
principalmente ao baixo peso molecular e a alta polaridade que os caracterizam
(VAN LANDUYT et al., 2007; DOI et al., 2004; HITMI et al., 2002; NAKABAYASHI
et al.,, 1992). Particularmente, nos sistemas autocondicionantes também estdo
presentes monémeros funcionais com capacidade de ionizagdo como o 10-MDP,
MAC-10 e MEP, que s&o os responsaveis pelo mecanismo de desmineralizacio
superficial da dentina e conseqlente impregnagao no interior da rede de fibrilas de
colageno (VAN LANDUYT et al., 2007; SALZ et al., 2005; HAYAKAWA et al.,
1998). Alguns também apresentam propriedades bactericidas como o MDPB
(IMAZATO et al., 1995), potencial de ligacdo a substratos metalicos como o 4-
MET (CHANG 2004; OHNO et al., 2004), ou ainda propiciam algum tipo de ligagao
quimica com o calcio dos cristais de hidroxiapatita (FUKEGAWA et al., 2006;
YOSHIDA et al., 2004).

Hidroxietil metacrilato (HEMA) é um mondmero funcional largamente
empregado na industria de produtos médicos (NAKABAYASHI et al.,1996). Nos
sistemas adesivos estd presente na maioria das marcas comerciais, em
concentragdes que variam entre 35-55% (PASLHEY et al., 1998). Devido ao seu
comportamento hidréfilo, baixo peso molecular e alta fluidez é geralmente utilizado
como redutor de viscosidade (NAKABAYASHI et al., 1992), e como promotor de
hibridizacdo dentinaria, pois evita o colapso das fibrilas de colageno desnudas
(HITMI et al., 2002; NAKABAYASHI et al., 1992) e confere alta resisténcia de
unido a dentina (NAKAOKI et al., 2000; HASEGAWA et al., 1989).
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Entretanto, estudos tém demonstrado que moléculas de HEMA,
dependendo da espessura de dentina remanescente, podem se difundir através
dos tubulos dentinarios e atingir a cAmara pulpar (RATHKE et al., 2007; HAMID et
al., 1997). O coeficiente de difusdo intratubular de um composto quimico esta
inversamente relacionado ao seu peso molecular, que é o principal fator a ser
considerado para o impedimento estérico de difusdo (PASHLEY et al., 1978).
Dentre os mondmeros resinosos encontrados nos sistemas adesivos, o HEMA é
um dos que possui maior coeficiente de difusao intratubular, devido ao seu baixo
peso molecular (130 g/mol), consideravelmente menor do que os demais
mondmeros di-metacrilatos, como o TEGDMA (peso molecular = 286,3 g/mol), o
UDMA (peso molecular = 470,5 g/mol) e o Bis-GMA (peso molecular = 512,6
g/mol) (GERZINA et al.,, 1995). Assim, durante o processo de hibridizagao
dentinaria em cavidades profundas, o HEMA apresenta-se como monémero com
maior potencial para atingir a superficie do tecido pulpar (RATHKE et al., 2007;
PASHLEY et al., 1978).

Além disso, tem sido demonstrado que varios mondémeros residuais sao
lixiviados dos materiais restauradores resinosos mesmo apés a sua polimerizagao
(ZHANG et al, 2008; FERRACANE 2006; ORTENGREN et al., 2001;
FERRACANE 1994). A quantidade de mondémeros liberados é dependente da sua
composi¢ao quimica, densidade de liga¢cdes cruzadas e grau de conversao da
matriz polimérica (FERRACANE 1994). Dessa forma, monémeros, dimeros e
oligbmeros de baixo peso molecular, presumivelmente, apresentam maior
capacidade de movimentagao no interior da rede polimérica, e sdo em sua grande
parte lixiviados nas primeiras horas apds a polimerizacdo (ORTENGREN et al.,
2001). Este fato se torna mais critico quando sistemas adesivos s&o aplicados em
dentina profunda onde o conteldo residual de agua e de outros solventes podem
facilmente permanecer no interior da interface adesiva e causar redugao do grau
de conversao e da densidade de ligagbes cruzadas do polimero (YE et al., 2007;
CADENARO et al., 2005; JACOBSEN et al., 1995). Conseqlientemente, nestas
regides havera maior quantidade de mondémeros residuais livres, potencialmente
téxicos ao tecido pulpar. Em adicdo, a presenga de HEMA, mesmo quando ligado
em uma extremidade da rede polimérica, confere ao polimero propriedades
hidrofilicas, atraindo moléculas de agua para o interior da rede resultando no
inchamento (FERRACANE 2006) e na pigmentagao/descoloragcdo do polimero
hibridizado (BURROW et al., 1999).
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Com o objetivo de reduzir a degradacao hidrolitica e a separagao de fases,
causada pelo aumento do percentual de mondémeros hidréfobos em solugbes
polares, foram adicionadas pequenas quantidades de monémeros surfactantes na
composigao de alguns sistemas adesivos (BLACKWELL 2002). A presenca de um
agente surfactante torna-se necessario quando sistemas adesivos a base de Bis-
GMA e/ou outros di-metacrilatos hidréfobos possuem agua na sua formulagéo ou
sdo aplicados sobre a dentina umida, evitando que ocorra separagao de fases in
situ (GUO et al., 2007). Os agentes surfactantes, “surface active agents”, sao
compostos caracterizados pela capacidade de alterar as propriedades superficiais
e interfaciais de um liquido. O termo interface denota o limite entre duas fases
imisciveis, podendo uma das fases ser alterada por um agente bipolar, ou seja,
alterada por uma molécula que apresenta regides de carater hidréfobo e outras de
carater hidrofilo. Outra propriedade fundamental dos surfactantes é a tendéncia de
formar agregados chamados micelas que, geralmente, formam-se a baixas
concentragcdes em agua. Estas propriedades tornam os surfactantes adequados
para uma ampla gama de aplicagdes industriais envolvendo: detergéncia,
emulsificagcao, lubrificacdo, capacidade espumante, capacidade de molhamento,
solubilizacdo e dispersdo de fases (MYERS 2006). VENZ et al., 1993
demonstraram que a adicdo de um di-metacrilato surfactante, polietilenoglicol di-
metacrilato (PEGDMA), em um sistema adesivo pode aumentar a resisténcia de
unido em dentina. Isso provavelmente se deve a redugao na separagao de fase
em dentina Uumida, com a formagado de uma camada hibrida mais homogénea e
com o aumento da concentracdo de mondmeros hidrofobos formadores de redes
poliméricas mais resistentes, como o Bis-GMA, no interior das fibrilas de colageno
(GUO et al., 2007).

Os agentes surfactantes sao classificados basicamente de acordo com as
caracteristicas quimicas da porcao hidréfila de suas estruturas moleculares. Nos
surfactantes anibnicos, ha a presenga de um grupamento carregado
negativamente, e geralmente é formado por um radical carboxilico, sulfonato ou
fosfato. Ao contrario, os surfactantes catidnicos apresentam carga positiva no sitio
hidrofilo, sendo comumente formada por uma aménia quaternaria. Os surfactantes
anféteros apresentam carga positiva e negativa ao mesmo tempo, e quando em
solucdo aquosa exibem caracteristicas anidnicas ou catidnicas dependendo das
condicbes de pH da solugdo. Ja os surfactantes nao-ibnicos ndao apresentam
carga na sua porcao hidréfila, e sua solubilidade em agua é dada pela presenca

de grupos altamente polares como, por exemplo, os polioxietilienos (MYERS
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2006). Entre os surfactantes derivados do PEGDMA, o PEGDMA 400 e o
PEGDMA 1000 (Tabela 1) sdo monbémeros di-metacrilatos que apresentam 8 e 21
6xidos de etileno no centro de sua estrutura molecular, respectivamente. Essas
longas cadeias de 6xido de etileno conferem aos mondmeros a capacidade de
emulsificagdo em ambiente aquoso, ou seja, formam um volume reduzido de fase
dispersa. Dessa forma, também se pode esperar que o PEGDMA 1000 apresente
maior solubilidade em agua em comparagao com o PEGDMA 400, uma vez que a
presenga de uma cadeia de polioxietileno maior confere maior polaridade ao
polimero (OGLIARI et al., 2008). Além dos polietilenoglicol di-metacrilatos outros
mondmeros podem atuar como surfactantes na formagao de redes poliméricas em
ambiente umido. Bisfenol-A glicidil di-metacrilato etoxilado (Bis-EMA) é um di-
metacrilato analogo ao Bis-GMA no qual as hidroxilas da sua estrutura molecular
foram removidas. Atualmente, é empregado em alguns materiais restauradores
resinosos, principalmente devido a menor viscosidade em relagdao ao Bis-GMA
(QUIAN 2005; HOLMES 1998). Moléculas de Bis-EMAs podem apresentar longas
cadeias de oxido de etileno, o que além de conferir maior flexibilidade ao
mondmero aumentam a polaridade do sitio hidréfilo da molécula. Como
consequéncia, monémeros como o Bis-EMA 30 (Tabela 1) demonstram um
comportamento ambifilico, tendo duas regides polares correspondentes as duas
cadeias de polioxietileno. Da mesma forma o polietilenoglicol 400 uretano di-
metacrilato extendido (PEG 400 UDMA), mondmero resultante da adicdo de um
polioxietileno como extensor de cadeia em um uretano di-metacrilato, pode agir
como um agente surfactante para aumentar a solubilidade de blendas hidréfobas

em sistemas adesivos.



Tabela 1. Peso,

formula e estrutura molecular de
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diferentes metacrilatos

surfactantes
Peso Férmula
Mondémero Estrutura Molecular
Molecular molecular
Polietilenoglicol 0 0
di-metacrilato 400 550-594 Co6-28 Hag50 O10.13 Hacﬁo/\}o‘\/\o/urcm
H 8-9 o
(PEGDMA 400)
Polietilenoglicol 0 ]

. i Ha 0\/\ CH;
di-metacrilato1000 1124-1168  Cso.54 Hog.102 Oo5.06 ﬁo/\}' - OJX&
(PEGDMA 1000)

HiC  CHy
Bisfenol A di-metacrilato L s O O o
. i 805 C43H64014 H‘L)‘\ﬂ/ 't/\o. n 0/\%"11)\6”‘
etoxilado (Bis-EMA 10)
n+m=10
HiC  CHy
Bisfenol A di-metacrilato 1686 L o o L
. . Cg3H144034 H"‘)\ﬂ/ ]L/\O. n O/\%ml)\c”‘
etoxilado (Bis-EMA 30)
n+m=30
Polietilenoglicol 400
uretano di-metacrilato 1139 { . e g e 8] e
. Cs4HggN4O24 (x=1) ‘YDAR\J(NH‘AAA‘A:E\HOH V\MA""J\O/\KOTN‘
extendido (PEG 400 ' ],
UDMA)
2-hidroxietil metacrilato 0
130 Ce Hyp O3

(HEMA)

Ay
H,

*Dados fornecidos pela Esstech, Inc. Essignton, PA, USA.

O emprego de mondémeros di-metacrilatos com comportamento ambifilico é

uma alternativa potencial para o desenvolvimento de sistemas adesivos de baixa

toxicidade. A substituicado de HEMA por um surfactante di-metacrilato pode

propiciar uma série de vantagens em relagdo aos atuais sistemas disponiveis no

mercado. Além de serem aptos a formarem duas ligacbes covalentes durante a

polimerizacao, estes mondmeros apresentam alto grau de conversao em fungao
da maior flexibilidade da estrutura molecular (SCRANTON et al., 1992) resultante
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da presengca dos extensores de cadeia a base de O6xido de etileno.
Adicionalmente, o alto peso molecular, principalmente em relagdo ao HEMA
(Tabela 1), faz com que a difusdo destes monémeros no interior dos tubulos
dentinarios seja reduzida (PASHLEY et al., 1978), diminuindo a possibilidade de

que uma alta concentragdo destes mondmeros atinjam o tecido pulpar.

Embora o peso molecular seja uma caracteristica importante para a
formulagdo de sistemas adesivos menos toxicos, a viscosidade das blendas
resinosas tente a aumentar quando monémeros mais pesados sido adicionados
em grandes quantidades. Dessa forma, é necessario que solventes orgéanicos
sejam adicionados aos primers, tanto nos sistemas adesivos convencionais
quanto nos autocondicionantes, e as blendas resinosas nos sistemas
simplificados a fim de reduzir a viscosidade e aumentar o potencial hidrofilico da
solugdo (VAN LANDUYT et al., 2007; GARCIA et al., 2005; CHO et al., 2004).
Solugdes resinosas polares e de alta fluidez sao fundamentais para atingir
adequada hibridizagdo e selamento do substrato dentinario de natureza umida
(VAN LANDUYT et al., 2007; MANSO et al., 2008; NAKABAYASHI et al., 2000).
Além disso, o alto vapor de pressao dos solventes organicos como a acetona e o
etanol, 200 e 54,1 de mmHg respectivamente, auxiliam também na evaporacéo do
conteudo residual de agua, que deve ser completamente eliminado da camada
hibrida antes da polimerizacdo (CHO et al., 2004; PASHLEY et al., 1998). A
presenca de residuos de agua ou de outros solventes durante a polimerizag¢ao in
situ pode comprometer a qualidade da interface de uniao, resultando em menor
grau de conversdo do polimero (YE et al., 2007), com a formagao de bolhas

internas e consequente redugao da resisténcia de unido (CHO et al., 2004).

Os solventes podem ser classificados em trés categorias de acordo com
sua polaridade. Solventes polares préticos, como o etanol e a 4gua, possuem uma
hidroxila em sua estrutura molecular, a qual possibilita a formacdo de fortes
ligacGes de hidrogénio. Solventes polares apréticos ndo apresentam hidroxilas em
sua estrutura, sendo caracterizados pela presenga de uma quetona. Com exemplo
mais conhecido tem-se a acetona, solvente empregado em diversos sistemas
adesivos. Além destes, ainda existem os solventes apolares, que nao apresentam
capacidade de solubilizagdo em agua, o que praticamente inviabiliza o seu uso
nos sistemas adesivos atuais. Recentemente, foi avaliado o efeito na resisténcia
de wunido a dentina de um sistema adesivo experimental contendo o
tetrahidrofurano (THF) como solvente organico. Os resultados demonstraram que

nao ha diferenca significativa na resisténcia de unido imediata quando o THF ¢é
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empregado em substituicdo a acetona ou ao etanol (FONTES et al., 2008). O THF
€ um solvente aprético heterociclico amplamente empregado na industria de
polimeros, capaz de dissolver diversos componentes polares e apolares, além de
formar ligacdes de hidrogénio com a agua. Além disso, devido ao baixo peso
molecular, alta solubilidade e alto vapor de presséo, o uso do THF em um sistema
adesivo livre de HEMA pode ser uma alternativa viavel para auxiliar na redugéo da

viscosidade de blendas resinosas contendo dimetacrilatos surfactantes.
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2. JUSTIFICATIVA

A longevidade das restauracdes adesivas esta diretamente relacionada as
propriedades mecanicas e a biocompatibilidade dos sistemas adesivos. Hidroxietil
metacrilato (HEMA) € um monémero metacrilato, amplamente empregado nos
sistemas adesivos atuais, que apresenta comprovado potencial alergénico e esta
diretamente relacionado aos processos de degradacdo polimérica. A substituicdo
de HEMA por di-metacrilatos surfactantes de alto peso molecular pode melhorar
as propriedades mecanicas, diminuir os processos de degradagao hidrolitica, bem
como reduzir o potencial téxico dos sistemas adesivos odontolégicos. Portanto
torna-se viavel a investigagdo dessa linha de pesquisa, frente ao potencial de

novas alternativas para formula¢des de materiais adesivos para odontologia.



28

3. OBJETIVO
3.1. Objetivo geral
O objetivo deste estudo é avaliar e caracterizar formulagdes de sistemas
adesivos experimentais do tipo convencionais e autocondicionantes livres de
HEMA.

A hipotese a ser testada é que a subtituicio do HEMA por monémeros
surfactantes n&o implicarda em redugao de resisténcia de unido e nao afetara as

demais propriedades mecanicas do material.

3.2. Objetivos especificos
Determinar o efeito de diferentes concentragdes de Bis-EMA 30 e PEG 400
UDMA em primers convencionais livres de HEMA na confiabilidade estrutural e

resisténcia de unido a dentina apds 24 horas, 6 meses e 1 ano de armazenagem,;

Avaliar diferentes concentracées de PEG 400 UDMA empregadas em um
primer convencional livre de HEMA quanto a confiabilidade estrutural e resisténcia

de unido a dentina apos 24 horas, 6 meses e 1 ano de armazenagem;

Comparar a resisténcia de unido em dentina entre sistemas adesivos
autocondicionantes contendo diferentes mondmeros surfactantes apos 24 horas, 6

meses e 1 ano de armazenagem;

Avaliar o efeito de diferentes solventes na resisténcia de unido em dentina
de um sistema adesivo autocondicionante livre de HEMA apdés 24 horas, 6 meses

e 1 ano de armazenagem;

Determinar o efeito de diferentes concentracbes de PEG 400 UDMA em
um primer autocondicionante na confiabilidade estrutural e resisténcia de unido a

dentina apds 24 horas, 6 meses e 1 ano de armazenagem;

Avaliar a cinética de conversdo de blendas resinosas contendo diferentes

monomeros surfactantes;

Obter a resisténcia a flexdo e o moddulo de elasticidade de blendas

resinosas contendo diferentes monémeros surfactantes;

Determinar a sor¢édo e solubilidade de blendas resinosas contendo

diferentes mondmeros surfactantes.
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4. MATERIAIS E METODOS

4.1 Reagentes

Bisfenol-A glicidil di-metacrilato (Bis-GMA), bisfenol-A glicidil di-metacrilato
etoxilado com 10 6xidos de etileno (Bis-EMA 10), bisfenol-A glicidil di-metacrilato
etoxilado com 30 o6xidos de etileno (Bis-EMA 30), trietileno glicol di-metacrilato
(TEGDMA), hidroxietil metacrilato (HEMA), poli-etilenoglicol di-metacrilato 400
(PEGDMA 400), poli-etilenoglicol di-metacrilato 1000 (PEGDMA 1000), poli-
etilenoglicol 400 uretano di-metacrilato extendido (PEG 400 UDMA), glicerol di-
metacrilato e canforoquinona (CQ) serdo adquiridos junto a Esstech Inc.
(Essignton, PA, USA). N,N-dimetil-p-toluidina (EDAB) sera comprado junto a Fluka
(St. Louis, MO, USA). Acetona, alcool etilico absoluto (etanol) e tetrahidrofurano
(THF) serdo adquiridos junto & Labsynth® Produtos para Laboratério Ltda.
(Diadema, SP, Brasil). Uma mistura equimolar de metacriloiloxietil di-hidrogénio
fosfato e bis-metacriloiloxietil hidrogénio fosfato (HEMA-P) sera sintetizada através
da reacdo de HEMA com pentéxido de fosforo (Vetec, Sdo Paulo, SP, Brasil)
seguindo protocolo estabelecido por LIMA et al., 2008. Uma mistura equimolar de
glicerol tetra-metacrilato fosforado e glicerol di-metacrilato fosforado (GTMA-P)
sera sintetizada através da reacido de glicerol di-metacrilato com pentoxido de
fésforo seguindo o mesmo protocolo. Todos os reagentes serdo empregados

como recebidos, sem purificagdes adicionais.

4.2 Avaliacdo da concentracdo de Bis-EMA 30 em um primer
convencional livre de HEMA: efeito na confiabilidade estrutural e resisténcia

de unido a dentina

Cinco primers experimentais livres de HEMA contendo diferentes
concentracdes de Bis-EMA 30 (Tabela 2) serdo formulados através do célculo de
percentual em massa dos componentes. Uma resina adesiva de cobertura padrao
sera formulada contendo Bis-GMA/TEGDMA/CQ/EDAB na razdo de
49/49.5/0.5/1% em massa, respectivamente. A formulagcdo dos materiais sera
realizada empregando uma balanga analitica de precisdo (AG 200, Gehaka
Industria e Comércio Eletro Eletrbnica, Sao Paulo, SP, Brasil). Todos os
componentes serdo misturados manualmente de forma intensiva e posteriormente

homogeneizados por 15 minutos em cuba ultrassénica (CBU 100/ 1LDG, Plana,
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Sao Paulo, SP, Brasil). Logo apés, serdao armazenados em recipientes
hermeticamente isolados de luz e umidade por 24 horas para eliminacdo de

bolhas.

Tabela 2. Composicao dos primers experimentais contendo Bis-EMA 30

Composicado (% em massa)

Primers Bis-EMA 30 Etanol Agua HEMA-P
PO 0 45 45 10
P10 10 40 40 10
P20 20 30 30 10
P40 40 25 25 10
P60 60 15 15 10

Como referéncia comercial também sera testado o sistemas adesivo
Adper™ Scotchbond Multi-Purpose™ (3M ESPE, St Paul, MN, USA) aplicado
seguindo as recomendagdes do fabricante. A técnica de aplicagdo dos sistemas
adesivos, o protocolo para o ensaio de resisténcia de unido a dentina, analise do
modo de fratura e para a analise da confiabilidade estrutural estdo descritos nos
tépicos 4.8.1.1, 4.8.1.2, 4.8.1.3 e 4.8.2, respectivamente.

4.3 Avaliagdo da concentragdo de PEG 400 UDMA em um primer
convencional livre de HEMA: efeito na confiabilidade estrutural e resisténcia

de unido a dentina

Cinco primers experimentais livres de HEMA, contendo diferentes
concentracoes de PEG 400 UDMA (Tabela 3), e uma resina de cobertura
hidréfoba padrédo, contendo Bis-GMA/TEGDMA/PEG 400 UDMA/CQ/EDAB na
razdo de 44/39.5/15/0.5/1% em massa, respectivamente, serdo formulados

conforme descrito no item 4.2.
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Tabela 3. Composicao dos primers experimentais contendo PEG 400 UDMA

Composicéao (% em massa)

Primers PESJEO Alcool Agua GTMA-P
PO 0 45 45 10
P10 10 40 40 10
P20 20 30 30 10
P40 40 25 25 10
P60 60 15 15 10

Como referéncia comercial também sera testado o sistemas adesivo
Adper™ Scotchbond™ Multi-Purpose (3M ESPE, St Paul, MN, USA) aplicado
seguindo as recomendagdes do fabricante. A técnica de aplicagdo dos sistemas
adesivos, o protocolo para o ensaio de resisténcia de unido a dentina, analise do
modo de fratura e para a analise da confiabilidade estrutural estdo descritos nos
tépicos 4.8.1.1, 4.8.1.2, 4.8.1.3 e 4.8.2, respectivamente.

4.4 Avaliagdo da resisténcia de unido em dentina de sistemas

adesivos autocondicionantes contendo diferentes monémeros surfactantes

Seis sistemas adesivos autocondicionantes experimentais de dois passos
serdo formulados variando o tipo de mondémero metacrilato empregado como
surfactante. P1000, P400, B10, B30 e P400U corresponderdo aos sistemas
experimentais livre de HEMA, enquanto AH, contendo HEMA, serd empregado
como grupo controle e o sistemas adesivo Clearfil SE Bond® (Kuraray, Med. Inc.
Ltd., Osaka, Japao) como referéncia comercial. A composi¢cdo dos primers e das
resinas de cobertura correspondente a cada sistema estdo descritos nas tabelas 4
e 5, respectivamente. Todos os materiais serdo formulados como descrito no

tépico 4.2.
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Tabela 4. Composicdo dos primers autocondicionantes contendo diferentes
monémeros surfactantes

Composicado (% em massa)

Primers SMu?f?;cTaitoe Surfactante Etanol Agua GTMA-P
P1000 PEG 1000 30 20 20 30
P400 PEG 400 30 20 20 30
B10 Bis-EMA 10 30 20 20 30
B30 Bis-EMA 30 30 20 20 30
UP400 PEG 400 UDMA 30 20 20 30
AH HEMA 30 20 20 30

Tabela 5. Composicao das resinas de cobertura contendo diferentes monémeros
surfactantes

Composicéao (% em massa)

ggzi;?u?z S'\tor?;cr:air; Surfactante  Bis-GMA TEGDMA CQ EDAB
P1000 PEG 1000 25 49 245 05 1
P400 PEG 400 25 49 24.5 05 1
B10 Bis-EMA 10 25 49 24.5 05 1
B30 Bis-EMA 30 25 49 24.5 05 1
UP400 PEG 400 UDMA 25 49 24.5 05 1
AH HEMA 25 49 24.5 05 1

A técnica de aplicagdo dos sistemas adesivos, o protocolo para o ensaio
de resisténcia de unido a dentina, analise do modo de fratura estio descritos nos

topicos 4.8.1.1, 4.8.1.2 e 4.8.1.3, respectivamente.
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4.5 Efeito de diferentes solventes na resisténcia de unido em dentina

de um sistema adesivo autocondicionante livre de HEMA

Serao formulados 7 primers autocondicionantes livres de HEMA variando o tipo
e/ou a combinagdo de solventes, como descrito na tabela 6. Uma resina de
cobertura padrao, contendo Bis-GMA/TEGDMA/PEG 400 UDMA/CQ/EDAB na
razdo de 44/39.5/15/0.5/1% em massa, respectivamente, sera formulada

conforme descrito no item 4.2.

Tabela 6. Composicido dos primers autocondicionantes contendo diferentes
solventes

Composicéo (% em massa)

PEG 400

Primer UDMA GTMA-P Agua Acetona Etanol THF
Pa 30 30 40 - - -
Paal 30 30 20 20 - -
Pael 30 30 20 - 20 -
Patl 30 30 20 - - 20
Paa2 30 30 10 30 - -
Pae2 30 30 10 - 30 -
Pat2 30 30 10 - - 30

A técnica de aplicacdo dos sistemas adesivos, o protocolo para o ensaio
de resisténcia de unidao a dentina, analise do modo de fratura e para a analise da
confiabilidade estrutural estdo descritos nos topicos 4.8.1.1, 4.8.1.2, 4.8.1.3 e

4.8.2, respectivamente.
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4.6 Avaliacdo da concentracdo de PEG 400 UDMA em um primer
autocondicionante: efeito na confiabilidade estrutural e resisténcia de uniao

adentina

Cinco primers autocondicionantes experimentais livres de HEMA, contendo
diferentes concentracbes de PEG 400 UDMA (Tabela 7), e uma resina de
cobertura  hidréfoba  padrdo, contendo Bis-GMA/TEGDMA/UDMA-PEG
400/CQ/EDAB na razao de 44/39.5/15/0.5/1% em massa, respectivamente, serao
formulados conforme descrito no item 4.2. O sistema adesivo Clearfil SE Bond®
(Kuraray, Med. Inc. Ltd., Osaka, Japao) também sera testado, como referéncia

comercial.

Tabela 7. Composicdo dos primers autocondicionantes experimentais com
diferentes concentracdes de PEG 400 UDMA

Composicao (% em massa)

PEG 400

Primers UDMA Etanol Agua GTMA-P
PO 0 35 35 30
P10 10 30 30 30
P20 20 25 25 30
P40 40 15 15 30
P60 60 5 5 30

A técnica de aplicacdo dos sistemas adesivos, o protocolo para o ensaio
de resisténcia de unido a dentina, analise do modo de fratura e para a analise da
confiabilidade estrutural estdo descritos nos tépicos 4.8.1.1, 4.8.1.2, 4.8.1.3 e

4.8.2, respectivamente.

4.7 Caracterizacdo de resinas adesivas de cobertura contendo

diferentes monémeros surfactantes

As resinas adesivas de cobertura descritas no item 4.4 (Tabela 5) serdo

caracterizadas através de avaliagdes da cinética de conversdo, resisténcia a
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flexdo, médulo de elasticidade, sorcao e solubilidade seguindo os protocolos
descritos nos itens 4.8.3, 4.8.4 € 4.8.5.

4.8 Metodologias empregadas para caracterizagcdo e avaliacdo dos

materiais
4.8.1 Ensaio de resisténcia de unido em dentina
4.8.1.1 Procedimento restaurador

Incisivos bovinos, com periodo de extragio inferior a trés meses serdo
utilizados para esta avaliacdo. Apds a extracdo, os dentes serdo armazenados em
cloramina T 0,5% durante sete dias a 4°C, sendo posteriormente transferidos para
agua destilada e congelados até seu uso. Os dentes serdo distribuidos
aleatoriamente entre os grupos experimentais, alocando 8 dentes em cada grupo.
Entdo o esmalte vestibular serd desgastado até a exposigdo da dentina
superficial, que sera polida com lixas de carbeto de silicio de granulagao #600 sob
abundante irrigacdo com agua por 60 segundos, produzindo lama dentinaria em
quantidade padronizada. Os dentes serao lavados e a superficie de dentina sera
inspecionada em estéreo microscopio (Tecnival Carl Zeiss - JENA - Germany)
com aumento 40X para assegurar a auséncia de esmalte remanescente na
superficie. Para os sistemas adesivos experimentais convencionais, sera
realizado o condicionamento dentinario com acido fosférico gel a 35% por 15
segundos seguido de lavagem abundante com spray ar/agua pelo mesmo
periodo. Ap6s a remog¢do do excesso de umidade, o primer sera aplicado
vigorosamente sobre a dentina durante 20 segundos e em seguida sera aplicado
jato de ar a uma distancia padronizada de 10 cm para volatilizagdo do solvente. O
adesivo sera entao aplicado sob agitacdo por 10 segundos e fotoativado por 20
segundos com aparelho fotoativador LED (Radii® Curing Light, SDI, Bayswater,
Victéria, Australia) com intensidade de 1400mW/ cm? Para os sistemas
autocondicionantes experimentais o protocolo de aplicagdo serd o mesmo
utilizado para os sistemas experimentais convencionais, exceto pelas etapas de
condicionamento acido e lavagem que serdo eliminadas, e pela remog¢do da
umidade superficial da dentina que sera maior. Para aplicagao do sistema adesivo
comercial Adper™ Scotchbond™ Multi-Purpose, sera realizado o condicionamento
da dentina com acido fosférico gel a 35% por 15 segundos seguido de lavagem

abundante com spray ar/agua pelo mesmo periodo. Apds a remogao do excesso
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de umidade, o primer sera aplicado sobre a dentina e em seguida sera aplicado
jato de ar a uma distancia padronizada de 10 cm para volatilizagdo do solvente.
Uma camada do adesivo de cobertura sera entdo aplicada e fotoativada por 20
segundos. A aplicacdo do sistema adesivo Clearfil SE Bond® sera realizada apds
a remogéo do excesso de umidade dentinaria, onde o primer autocondicionante
sera aplicado sob agitacéo por 20 segundos, o solvente volatilizado com jato de ar
a uma distancia padronizada de 10 cm e uma camada de adesivo de cobertura
aplicada e fotoativada por 20 segundos. As restauragbes serdo confeccionadas
utilizando o compdsito restaurador microhibrido Charisma (C2, Heraeus Kulzer,
Hanau, Hesse, Alemanha) com quatro incrementos de aproximadamente 1

milimetro de espessura, fotoativados por 20 segundos cada.

4.8.1.2 Preparo dos espécimes e teste mecanico

Apds armazenagem por 24 horas em agua destilada a 37°C, os dentes
serdo seccionados em cortadeira de precisdo (Isomet 1000 Precision Saw,
Buehler Ltd., Lake Bluff, IL, EUA). Cortes verticais serédo realizados produzindo
palitos com area de secgdo transversal de aproximadamente 0,5 mm? cujas
dimensdes serdo aferidas com um paquimetro digital (Digimatic Caliper 500-144B,
Mitutoyo Sul Americana, Suzano, SP, Brasil) com precisdao de 0,01mm para
calculo da resisténcia de unido. Serado obtidos nove palitos por dente, subdividos
em trés subgrupos a serem testados em diferentes periodos de armazenagem:
24 horas, 6 € 12 meses de armazenagem em agua destilada a 37°C. Para o teste
de microtragao, cada palito sera fixado em um dispositivo metalico com auxilio de
um adesivo a base de cianoacrilato (Super Bonder Gel, Loctite® Corp., Henkel
Technologies, Diadema, SP, Brasil), posteriormente acoplado e tracionado em
uma maquina de ensaios mecanicos (DL 500, EMIC® Equipamentos e Sistemas
de Ensaio, Sao José dos Pinhais, PR, Brasil) até a fratura do espécime, utilizando

velocidade de 0,5mm/min e célula de carga de 100N.

4.8.1.3 Anélise do padrao de fratura

As superficies das fraturas de todos os espécimes serdo examinadas em
microscopio éptico com aumento de 100 e 500X (Microhardness Tester FM 700,
Future-Tech Corp., Kawasaki, Toquio, Japdo). As fraturas serdo classificadas

como fraturas predominantemente: adesivas, coesivas em dentina, coesivas em
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resina (em composito e/ou adesivo), mistas (parcialmente coesiva em dentina,

composito e/ou adesivo e adesiva).

4.8.2 Andlise da confiabilidade estrutural das interfaces de uniao

A analise da confiabilidade estrutural sera realizada através da analise
estatistica de Weibull a partir dos dados de resisténcia obtidos nos ensaios de

microtragao utilizando a seguinte equacao:

P:= 1 - exp[-(0/00)™]

onde Py é a probabilidade de fratura, definida pela relacao Ps=x/(N + 1), sendo  a
ordem dos valores de resisténcia do menor para o maior valor, N o numero de
espécimes avaliados na amostra, o a resisténcia maxima, m o médulo de Weibull
ou parametro de forma e 0, a resisténcia caracteristica ou parametro escalar

(valor de resisténcia correspondente a 63,21% das falhas).

4.8.3 Andlise da cinética de converséo

A cinética de conversao dos polimeros sera avaliada por meio de um
espectrofotbmetro infravermelho com Transformada de Fourier (RT-FTIR
Shimadzu Prestige21 Spectrometer, Shimadzu, Japdo) equipado com dispositivo
de reflectancia total atenuada (ATR), composto por um cristal horizontal de
seleneto de zinco (ZnSe), com espelhos de angulagéo de 45° (PIKE Technologies,
WI, USA). Um suporte serd acoplado para a fixagdo da unidade foto-ativadora ao
espectrofotdmetro, permitindo a padronizacdo de uma distancia de 5 mm entre a
extremidade da ponteira de fibra o6tica e a amostra. Cada amostra sera
dispensada diretamente no cristal de ZnSe em pequenas gotas (~3pul) e
fotoativadas por 60 segundos. Para o monitoramento de varredura sera utilizado o
software IRSolution, em uma faixa espectral entre 1750 e 1550 cm™, resolugdo de
8 cm' e velocidade de deslocamento de espelho de 2,8mm/s. Com esta

configuracdo sera possivel obter um espectro por segundo durante a foto-
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ativagdo. A analise sera realizada em ambiente com temperatura controlada de

23°C e umidade relativa de <60%.

O grau de conversao em fungdo do tempo sera calculado considerando a
intensidade da vibracdo do tipo estiramento da dupla ligagdo carbono-carbono na
freqiiéncia de 1635 cm™. O estiramento simétrico do anel aromatico em 1610 cm’
das amostras polimerizadas e nao polimerizadas sera utilizado como padrao
interno. Posteriormente, os dados obtidos serao plotados em uma curva ajustada

pelo pardmetro regressivo n&o-linear de Hill 3 parametros.

4.8.4 Avaliacdo de resisténcia a flexdo e médulo de elasticidade —

Teste de mini-flexdo por 3 pontos

Para cada resina de cobertura serdo confeccionados 10 corpos de prova
empregando uma matriz metalica bi-partida com dimensdes internas de 2 x 2 x 12
mm. A matriz sera posicionada sobre uma placa de vidro previamente isolada por
uma lamina de poliéster. Cada blenda sera inserida no interior da matriz de forma
uniforme, em Unica camada e posteriormente coberta por outra lamina de
poliéster. Uma segunda placa de vidro sera posicionada sobre o conjunto e
levemente pressionada para a remocgéo dos excessos. A placa de vidro superior
sera entdo removida e o corpo de prova fotoativado com duas incidéncias
sobrepostas de 20 segundos, em cada face, utilizando um fotoativador LED
(Radii® Curing Light, SDI, Bayswater, Victéria, Australia) com intensidade de 1400
mW/cm?. O corpo de prova sera entdo removido da matriz e o acabamento das
faces realizado com lixas de carbeto de silicio de granulagdo #1200. Apds, os
corpos de prova serao armazenados por 24 horas em recipientes protegidos da
luz & 37° C. Passado o periodo de armazenagem, a area de secgao transversal de
cada corpo de prova sera aferida com auxilio de um paquimetro digital (Digimatic
Caliper 500-144B, Mitutoyo Sul Americana, Suzano, SP, Brasil) para o calculo de
resisténcia a flexao. Cada corpo de prova sera posicionado sobre duas hastes
metalicas fixas acopladas a uma maquina de ensaios mecanicos (DL 500, EMIC®
Equipamentos e Sistemas de Ensaio, Sdo José dos Pinhais, PR, Brasil). Entdo
uma carga de 500N sera aplicada até a fratura do corpo de prova e a resisténcia a

flexdo calculada segundo a seguinte formula e expressa em MPa:
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o =3FL/(2BH?)

onde F é a carga maxima aplicada (N), L é a distancia entre os suportes (8 mm),

B é a largura e H é a altura do corpo de prova.

O moddulo de elasticidade sera entdo calculado segundo a seguinte férmula e

expresso em GPa:

E = FL%4BH3d

Onde F é a carga maxima aplicada (N), L é a distancia entre os suportes (8 mm),
B é a largura e H é a altura do corpo de prova e d é a deflexdo (em milimetros)

correspondente a forga F.

4.8.5 Avaliagdo da sorcéo e solubilidade

O ensaio de sorgcdo e solubilidade sera realizado de acordo com a
normatizagao 1SO 4049 (2000), exceto pelas dimensbes dos corpos de prova.
Para cada blenda resinosa serao confeccionados 10 corpos de prova empregando
uma matriz metalica com dimensdes internas de 6 mm de didmetro e 1mm de
profundidade. A matriz sera posicionada sobre uma placa de vidro previamente
isolada por uma l&dmina de poliéster. Cada blenda sera inserida no interior da
matriz de forma uniforme, em Unica camada e posteriormente coberta por outra
lamina de poliéster. Uma segunda placa de vidro sera posicionada sobre o
conjunto e levemente pressionada para a remogao dos excessos. A placa de vidro
superior sera entao removida e o corpo de prova fotoativado por 40 segundos em
cada face utilizando um fotoativador LED (Radii® Curing Light, SDI, Bayswater,
Victéria, Australia) com intensidade de 1400mW/ cm?. O corpo de prova sera
entdo removido da matriz e o acabamento da periferia realizado com lixas de
carbeto de silicio de granulacao #1200, sendo que o diametro final ndo podera ser

inferior a 5,8 mm.

Apos o acabamento, os corpos de prova serdo transferidos para um

dissecador mantido a 37 + 1°C contendo cloreto de célcio e silica gel. Depois de 2
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semanas de armazenamento, eles serdo removidos e pesados em uma balanca
analitica (AUW 220D, Shimadzu Corp. Nakagyo-ku, Kyoto, Japan.) com acuracia
de 0,01mg. O ciclo sera repetido diariamente até uma massa constante, m1, ser

obtida, ndo havendo a perda maior que 0,1mg em cada periodo de 24 horas.

Apods a secagem final, serdo feitas duas mensuragcbes do didmetro em
angulos retos determinando o didmetro médio de cada corpo de prova. Em
seguida, a espessura media sera determinada através da afericdo da espessura
no centro e em 4 pontos marginais espagados igualmente na circunferéncia.
Entdo o volume (V) dos corpos de prova sera calculado em mm?3, empregando os

valores aferidos do didmetro médio e espessura média.

Os espécimes serdo imersos em agua destilada a 37 + 1°C por 7 dias,
entdo removidos, lavados com agua, e secos até a superficie ficar livre de
umidade visivelmente detectavel. Assim, a massa m2 sera aferida. Apds essa
pesagem, os espécimes serao recondicionados no dessecador e pesados

diariamente até uma massa constante ser obtida e registrada como m3.

Os valores de sorpgdo de agua (W,,) serdo calculados em microgramas por

milimetro cubico usando a seguinte equacgao:

onde m2 é a massa em microgramas ap0s imersao em agua por 7 dias, m3 é a
massa seca final, e V é o volume do corpo de prova. Ja os valores de solubilidade
(W4) serao calculados em microgramas por milimetro cubico usando a seguinte

equacao:

Ws=m1-m3

"4
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onde m2 ¢é a massa seca inicial, antes da imersao em agua, m3 é a massa seca

final, e V é o volume do corpo de prova.

4.8.6 Tratamento estatistico

A partir dos dados, o método estatistico sera escolhido com base na
aderéncia ao modelo de distribuicdo normal e igualdade de variancia (teste de
Kolmogorov-Smirnov e igualdade de variancias respectivamente). Preenchendo
esses requisitos, testes paramétricos serdo aplicados, do contrario se esses dois
requisitos ndo forem atingidos mesmo com transformagdes de dados, testes nao-
parameétricos serdo aplicados. Para todos os testes sera considerado

estatisticamente significativo o valor p<0,05 (a=5%).
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ORCAMENTO

Descricao Quantidade Custo (unidade)| Custo (total)
Acetona 1000 ml R$ 18,00 R$ 18,00
Adesivo a base de cianoacrilato 10 un. R$ 5,00 R$ 50,00
Adper Scotch Bond Multi-Uso/ 3M 1 kit R$ 160,00 R$ 160,00
ESPE

Canforoquinona 10g. R$ 410,00 R$ 410,00
EDAB 10g. R$ 300,00 R$ 300,00
Clearfil SE Bond - Kuraray 1 kit R$ 420,00 R$ 420,00
Cera pegajosa em bastao 4 cx. R$ 25,00 R$ 100,00
Compésito restaurador 10 un. R$ 50,00 R$ 500,00
Condicionador acido a 35% 5un. R$ 12,00 R$ 60,00
Disco de precisdo para corte 1 un. R$ 1.600,00 R$ 1.600,00
Etanol 1000 ml R$ 10,00 R$ 10,00
HEMA 500 g R$ 350,00 R$ 350,00
Bis-GMA 500 g R$ 350,00 R$ 350,00
Bis-EMA 10 500 g R$ 350,00 R$ 350,00
Bis-EMA 30 500 g R$ 350,00 R$ 350,00
PEGDMA 400 500 g R$ 350,00 R$ 350,00
PEGDMA 1000 500 g R$ 350,00 R$ 350,00
PEG 400 UDMA 500 g R$ 350,00 R$ 350,00
TEGDMA 500 g R$ 350,00 R$ 350,00
Impressées 10 un. R$ 50,00 R$ 500,00
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Lixas para desgaste (#600) 30 un. R$ 1,00 R$ 30,00
Luvas para procedimento 1 cx. R$ 18,00 R$ 18,00
Mascaras descartaveis 1 cx. R$ 10,00 R$ 10,00
Pincel descartavel 1 cx. R$ 10,00 R$ 10,00
Servigo de revisao do inglés 1 revisdo R$ 200,00 R$ 200,00
THF 1000 ml R$ 40,00 R$ 40,00

Total R$ 7.236,00

Quadro 1 — Orgamento previsto para viabilizagao do projeto.
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Quadro 2 - Cronograma de execugao do projeto.
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Responsavel Projeto/Edital Valor
Prof. Evandro Piva Nanotecnologia e suas aplicagdes no R$ 25.000,00
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Ed 092007 Jovens Pesquisadores - processo
550374/2007-8
Prof. Evandro Piva Novos componentes fosfatados polimerizaveis R$ 34.465,00

aplicados no desenvolvimento de sistemas adesivos
autocondicionantes, Edital Universal CNPQ 2007
Faixa B -processo 478731/2007-8
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RELATORIO DE EXPERIMENTOS

O item 4.2 do projeto inicial - Avaliagdo da concentragéo de Bis-EMA 30
em um primer convencional livre de HEMA: efeito na confiabilidade estrutural e
resisténcia de unido a dentina - foi finalizado e o artigo aceito para publicagdo no
periodico Journal of Dentistry — Zanchi ch, Miinchow EA, Ogliari FA, Chersoni S,
Prati C, Demarco FF, Piva E. Development of experimental HEMA-free three-step
adhesive system. J Dent 2010; In press. Doi:10.1016/j.jdent.2010.03.006, neste
caso nao sendo incluido na Tese.

Os itens 4.3 Avaliacdo da concentracdo de PEG 400 UDMA em um primer
convencional livre de HEMA: efeito na confiabilidade estrutural e resisténcia de
unido a dentina; 4.5 Efeito de diferentes solventes na resisténcia de uniao em
dentina de um sistema adesivo autocondicionante livre de HEMA; e 4.6 Avaliagcdo
da concentracdo de PEG 400 UDMA em um primer autocondicionante: efeito na
confiabilidade estrutural e resisténcia de unido a dentina nao foram executados
pois julgou-se que n&o apresentariam substancial contribuicdo dentro do
conhecimento até entdo produzido neste trabalho.

O item 4.7 Caracterizagdo de resinas adesivas de cobertura contendo
diferentes monémeros surfactantes foi finalizado e o artigo se encontra em fase
final de redacgao.

Adicionalmente foram realizadas a avaliacido da resisténcia a flexdo e
modulo de elasticidade das resinas adesivas de cobertura apds envelhecimento
acelerado em etanol e a caracterizagao das interfaces de unidao por microscopia
eletrénica de varredura, metodologias nao previstas inicialmente.

Uma nova linha de pesquisa durante os 9 meses do estagio de
doutoramento também foi desenvolvida juntamente com a mineréloga Dra Maria
Giovanna Gandolfi na Universidade de Bologna. Desta linha foram desenvolvidos
cimentos resinosos liberadores de ions como calcio, flior e fosfato. Quatro
estudos estdo em fase final de execugéo:

- Desenvolvimento de cimentos resinosos com alta liberacao de fldor

- Desenvolvimento de cimentos resinosos com alta liberagao de fluor,
calcio e fosfato

- Desenvolvimento de um cimento resinoso auto-adesivo a base de MTA
- Desenvolvimento de um cimento resinoso retro-obturador

Nestes estudos foram realizadas avaliagbes de pH, liberagdo de Fluor e
calcio, analise da permeabilidade radicular, além de caracterizacbes por
microscopia eletronica de varredura em EDX e micro-Raman.
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Abstract

Objective. To evaluate the influence of surfactant dimethacrylates (SD) on
the resin-to-dentin microtensile bond strength (WTBS) and to characterize the
interfacial micromorphology of hybrid layer of the experimental HEMA-free self-
etching systems.

Methods. Five experimental HEMA-free two-step self-etching systems
containing different surfactant dimetacrylates (SD) (Bis-EMA 10, Bis-EMA 30,
PEG 400, PEG 1000 and PEG 400 UDMA) and a HEMA-containing system
(control) were formulated. Sixty bovine incisors allocated into six groups had their
superficial coronal dentin exposed. Each experimental adhesive system was applied
and resin composite restorations were incrementally built up. After 24 hours,
restored teeth were sectioned to obtain twenty-four sticks per group with cross-
sectional area of 0.5 mm’. Thereafter, the specimens were subjected to the nTBS
test. Data (MPa) were analyzed by One-way ANOVA and Tukey’s test. Analysis of
the adhesive-dentin interfaces were performed through Scanning Electron
Microscopy (SEM).

Results. The adhesive system formulated with PEG 400 UDMA produced
uTBS similar to the HEMA-containing group and statistically higher than the
HEMA-free groups. Additionally, similar failure percentages were observed in the
PEG 400 UDMA and the control group. The lowest pTBS was observed with Bis-
EMA 30 with predominance of the adhesive failures. In the SEM analysis, all the
adhesives systems presented similar partially demineralized hybrid layer (1.5-3.0
um thickness) with well-formed resin tags.

Significance. All the adhesives systems presented similar partially

demineralized hybrid layer with well-formed resin tags. All SD presented



58

reasonable initial pTBS, with the PEG 400 UDMA being a promising monomer to
be considered as a HEMA substitute in adhesive systems compositions.
Keywords: dental adhesive; surfactant, microtensile bond strength test, resin-dentin

interface; hybrid layer.

Introduction

The 2-hydroxyethyl methacrylate (HEMA) is a hydrophilic monomer
broadly used in contemporary dental materials as resin-modified glass ionomer
cements, resin luting cements, and dental adhesive systems. It is long known for
good wetting, diffusion, and penetration properties, which are the primary
mechanisms to obtaining micro-mechanical retention on demineralized wet dentin
[1]. Thus, this water-soluble monomer is an excellent adhesion-promoting agent,
leading to an increase in immediate bond strengths [2-4].

The mains drawbacks related of the use of HEMA are its allergenic potential
and the hydrolytic deteriorating effects in humid environment. Uncured HEMA 1is
notorious for its high allergenic potential, and it is associated to allergic reaction
type 1V, a well-known occupational disease among dentists [5-7]. Additionally,
HEMA is present in other common products (i.e., paints, varnish, fake fingernails,
and contact lenses) and due to its low molecular weight, it quickly penetrates
through gloves and skin, which is associated with cross-allergic reactions [5].
Nevertheless, when the adhesive systems are applied to deep cavities, HEMA
molecules may diffuse rapidly through non-sclerotic dentin at cytotoxic
concentrations [8-9], thus promoting an induction of pulp apoptotic cell death,

which is an important mechanism for the generation and persistence of
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hypersensitivity reactions in patients [10]. Another recurrent problem is the quick
water absorption by the adhesive resin when HEMA is still in an uncured state.
This feature affects the degree conversion [11], resulting a poor quality polymer
network with weak mechanical properties [12]. Additionally, many in vivo and in
vitro studies have shown that resin-dentin interfaces become much weaker over
time [13-17] because the resin components of hybrid layers are rapidly lost in
humid environments, suggesting that alterations in resin components may be the

first step in the degradation of such interfaces [19].

Due to wet characteristics of the dentin, HEMA substitution in the
contemporary adhesives systems formulations is too difficult. However, some
studies have shown that surfactant dimethacrylates (SD) act like solubility
enhancers, facilitating penetration of hydrophobic component into wet
demineralized dentin, reducing the phase separation [19, 20], and increasing the
bond strengths to dentin [21, 22]. From a chemical analysis, unlike HEMA, which
is not able to form cross-linking and only links in linear space positions, SD are
characterized by the presence of two polymerizable groups (-C=C-) [23], forming
cross-linked polymers less susceptible to hydrolysis [24]. Additionally, the long
chain extenders of the ethylene oxide units present in many SD propitiate a greater
flexibility to the monomers, enhancing the mobility of the system [25].
Consequently, in the polymerization process of homopolymers, vitrification is not
detected, and the degree of conversion can reach almost 100% [26, 27].

Concerning toxicity and pulp reactions, monomer molecular weight is
probably of remarkable influence for diffusion through non-sclerotic dentin [8]. If

the diffusion coefficient is inversely related to molecular weight, the HEMA
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substitution for SD, which presents high molecular weight (Table 1), theoretically
would result in reduction of the adhesive toxicity by steric impedance [28].
Considering the potential and advantages of SD, the aim of this study was to
characterize the interfacial micromorphology of hybrid layer and to test the null
hypothesis that replacing HEMA with different SD will not affect the microtensile
bond strength (WTBS) of experimental two-step self-etch HEMA-free adhesive

systems applied on dentin.

Material and methods

Experimental HEMA-free self-etching adhesive systems formulation

Six experimental self-etching primers were formulated by mixing the
components described in Table 2. The respective resin bonds were formulated
through intensive mixture of components described in Table 3. To make the resin
bond light-curing, a binary light-curing system constituted by 0.4 wt% of
camphorquinone (CQ, Esstech) and 0.8 wt% of ethyl 4-dimethylaminebenzoate
(EDAB, Fluka, Milwaukee, WI, USA) were dissolved in the mixture. Ethoxylated
bisphenol A diglycidyl dimethacrylate, with 10 and 30 ethylene oxide units (Bis-
EMA 10 and Bis-EMA 30, respectively), poly-ethyleneglycol (400) dimethacrylate
(PEG 400), poly-ethyleneglycol (1000) dimethacrylate (PEG 1000), poly-
ethyleneglycol (400) extended urethane dimethacrylate (PEG 400 UDMA), 2-
hydroxyethyl methacrylate (HEMA), 2,2-bis[4-(2-hydroxy-3-
methacryloyloxypropyl)phenyl]-propane  (Bis-GMA), and trietilenoglicol
dimethacrylate (TEGDMA) were purchased from Esstech (Esstech Inc., Essington,
PA, USA). GDMA-P is an equimolar mixture of glycerol dimethacrylate

dihydrogen phosphate and glycerol tetramethacrylate hydrogen phosphate,
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produced according to a previous investigation [29]. The reagents were used as
received, without further purification.

Specimen preparation

Forty-eight extracted bovine incisive were used in this study. After pulp and
periodontal tissue removal, the teeth were stored frozen at -4°C for less than three
months. The teeth were randomly allocated into six experimental groups. The
vestibular enamel was removed with a model trimmer to form a flat, superficial,
coronal dentin surface. The exposed dentin surface was wet polished with 180-grit
silicon carbide paper to create a standardized smear layer.

The water excess of the prepared surface dentine was removed with a piece
of absorbent paper. Each experimental self-primer was applied for 20 seconds and
gently air-dried for 10 seconds. One coat of resin bond was applied and light-
activated for 20 seconds using a Light Emitting Diode light-curing unit (Radii SDI,
Bayswater, Victoria, Australia). The irradiance was measured with a digital power
meter (Ophir Optronics, Danvers, MA, USA) and was approximately
1400mW/cm?. SBMP was used according the manufacturer’s instructions. After
adhesive light-activation, two increments of resin composite (Charisma C2,
Heraeus Kulzer, Germany) were placed, completely covering the dentin surface,
and light-cured for 20 seconds each. The specimens were stored for 24 hours in
distilled water at 37°C. The specimens were sectioned in two directions
perpendicular to the bonded interface using a refrigerated diamond saw at low-
speed (Isomet 1000, Buehler Ltd, Lake Bluff, IL), producing beams with a cross-
sectional surface area of approximately 0.5 mm?® for microtensile bond testing.

UTBS evaluation and fracture analysis
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The prepared beams had their ends fixed to a device for microtensile tests
using a cyanoacrylate adhesive. The specimens were tested in microtensile strength
to failure in a mechanical testing machine (DL-500, Emic, Sao José¢ dos Pinhais,
Brazil) at a crosshead speed of 1 mm/min. Microtensile bond strengths (uTBS)
were calculated and expressed in MPa. The premature failures were registered, but
were not included in the statistical analysis. The half of each specimen
corresponding to dentin was removed from the device and was examined with an
optical microscope at a magnification of 100x and 500x. The failure patterns were
classified as on the adhesive interface, cohesive in adhesive resin, cohesive in
dentin, or mixed.

Scanning electron microscope observation

Twelve freshly extracted human molars with their roots cut off were flat-
ground into enamel using 600-grit SiC abrasive paper. The teeth were allocated into
six experimental adhesive system groups. The bonding procedure with resin
composite and the light-curing thereof were carried out as described above. Each
bonded specimen was vertically sectioned at the resin-tooth interface. The
sectioned surfaces were polished with #600, #1000, #2000 and #4000-grit SiC
abrasive paper, and then sandblasted with 40-50 ym aluminum oxide (Hialumina;
Shofu Inc., Kyoto, Japan) under a pressure of 3 kg/cm®. After this, the surfaces
were cleaned ultrasonically and dried. Some slabs were acid-conditioned with
phosphoric acid gel (35%) for 15 seconds and, after abundant rinsing, were dried.
All the specimens were coated with gold/palladium, and examined under a scanning
electron microscope (SEM; Model 5400, JEOL, Tokyo, Japan) at 2000-5000X
magnifications.

Statistical analysis
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Microtensile bond strength data (MPa) were analyzed by one-way ANOVA

and Tukey’s test at the 0.05 level of significance.

Results

The microtensile bond strength means and standard deviations are shown in
Figure 1. Analysis of variance showed that adhesive system was a significant factor
for bond strength, influenced by the type of SD monomer. Tukey’s test revealed
that between the SD groups, UP400 produced the highest pyTBS (p<0.05) and was
similar to the control containing HEMA. The P400 e P1000 presented similar
results, with P1000 being significantly higher than B10 and B30 (P<0.05). The
lowest W'TBS means were observed in B10 and B30 groups (P>0.05). No premature
failures occurred during the handling of the specimens in the uTBS tests.

The distribution of failure patterns is shown in Figure 2. Analysis of the
surfaces fractured after the pTBS test showed a similar failure pattern between the
UP400 and HA groups, with predominance of the mixed failures. However, UP400
presented a larger percentage of adhesive failures than HA. The B10, B30, P400,
and P1000 groups presented high adhesive failure percentages with just few mixed
failures.

SEM micrographs of sectioned surfaces at the resin-dentin interface are
shown in figures 3 and 4. All the experimental adhesive systems produced similar
partially demineralized hybrid layers with well-formed resin tags (Figure 3). Hybrid
layer thickness ranged 1.5-3.0 um, and typical resin lateral branches (black arrows)

can be observed in some images (Figure 4).



64

Discussion

The surfactants, or surface active agents, are used to improve formulations
and functionalities of many daily products, ranging from personal care (e.g., soaps,
shampoos, sunscreens, and cosmetics products), household detergents, industrial
cleaning solutions, food industry items, paints, pigments, and inks, to
pharmaceuticals. They are wetting agents that reduce the surface tension of a liquid,
allowing easier spreading between two liquids. Usually they are amphiphilic
organic compounds containing both hydrophobic and hydrophilic chemical groups,
being soluble in water and organic solvents.

The surfactants are often classified into four primary groups according their
charge characteristics: anionic, cationic, non-ionic, and zwitterionic (dual charge)
[29]. In dental materials development, non-ionic surfactant dimethacrylates have
been tested in experimental adhesive system formulations [19-22]. Basically, these
molecules are characterized by the presence of two methacrylate radicals
corresponding to hydrophobic groups and long oxiethylene chain extenders ([-CH;-
CH,-O-],) or urethanes radicals (R'-O-(CO)NR*-R?) corresponding to hydrophilic
groups [30]. When one considers dental adhesion, this bipolar behavior is very
interesting in the attempt to produce adhesive systems that are less susceptible to
hydrolysis due to crosslink formation, without losing wetting, diffusion, and
penetration properties.

In this study, five different non-ionic SD were tested in the experimental
HEMA-free self-etching adhesive formulations. The composition of the adhesive
systems was identical, except for the kind of amphiphilic monomer used, hence
allowing for an indisputable evaluation of the effect of HEMA substitution on

adhesion performance. Among the HEMA-free experimental adhesive groups,
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UP400 produced the highest pTBS (p<0.05) and was similar to control HEMA-
containing (Figure 1). Additionally, a predominance of mixed failures was observed
in both groups (Figure 2). These findings can be explained by the surfactant action
of the PEG 400 UDMA, which acts as a hybridization agent into the collagen fibrils
[19]. Compared to HEMA, which is too hydrophilic and just links in linear
positions, this interesting monomer has a long chain extender of ethylene oxide
units and four urethanes between the two hydrophobic unsaturated radicals
(polimerizable groups). As such, the result is a fundamental bi-polar behavior that
permits, at the same time, the monomer diffusion into the collagens fibrils and the
formation of the crosslinked polymer [19]. Additionally, the four -NH- present in
the urethanes (Table 1) can bind to the monomers by hydrogen bonding (H-
bonding). Similar to the effect of the hydroxyls (-OH) on the Bis-GMA, the H-
bonding in the PEG 400 UDMA-based polymers leads to a more rigid polymer
network with increased mechanical properties [26, 31]. This probably occurred
because with this adhesive system, a very strong hybrid layer was formed with
major hydrophobic dimetacrylates concentrations into the collagens fibrils [19]
making the adhesive-dentin interface more resistant [21, 22]. With these data, the
null hypothesis is then fully refuted.

Regarding the other HEMA-free experimental groups, B10, B30, P400, and
P1000 produced uTBS means significantly lowers than UP400 and HA (Figure 1).
Additionally, high adhesive failure percentages with just few mixed failures were
observed in the fractured specimens (Figure 2). In these groups, the SD employed
are characterized by the presence of one or two very long chain extenders of
ethylene oxide units between the two unsaturates, which produce the hydrophilic

character in the middle of the molecule (Table 1). Although these long chain
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extenders can act as an aprotic solvent [32], thereby increasing the wetting ability
and the degree conversion of the resin blend [26, 27], also determines a higher
network parameter and consequently a more flexible polymer, which acts as a
rubber solid [26]. These characteristics can be decisive on the mechanical
properties of the hybrid layer and can compromise the behavior of the resin-dentin
interface. Thus, it is possible that the network parameter in combination with
polymer flexibility resulted in a weak resin-dentin interface that is more susceptible
to swelling [24] and with high appearance flaws inside the incompletely infiltrated
zones, which consequently reduces the pTBS on dentin [15, 33].

Although just one experimental HEMA-free adhesive system has produced
an immediate pTBS similar to the control, the overall bonding effectiveness of all
the experimental HEMA-free adhesive systems can be considered reasonable when
compared with bond strengths recorded for other recently marketed adhesives,
which were tested via a similar study protocol. The interfacial ultra-morphology
corroborated with these results since the interdiffusion zone formed at the resin-
dentin interface is well accepted as a fundamental concept on a morphological
bonding mechanism to dentin [1]. The SEM micrographs of sectioned surfaces at
the resin-dentin interface (Figures 3 and 4) showed similar partially demineralized
hybrid layers (ranged 1.5-3.0 pm in thickness) with well-formed resin tags and
typical resin lateral branches. However, more specific analysis at the nanostructural
level must be performed to better describe these interfaces.

Due to its amphiphilic nature, the SD tested in the experimental HEMA-free
self-etching formulations have an emulsion capacity by micelles’ formation when
added in low water content. If in the self-etching adhesives the need for HEMA is

reduced due to the fact that the acidic monomers and solvents in self-etching
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primers contribute to the wetting and diffusion properties [2], these SD are potential
alternatives to HEMA that can increase the bond durability and reduce the potential
toxicity. Additionally, when compared to the functional monomers like HEMA, the
SD, due to the densely cross-linked polymers’ formation [31], provide some
advantages, including the increase in the polymer mechanical strength [34, 35] and
the reduction of the susceptibility to hydrolysis in aqueous solutions [24]. Also,
considering that the dentinal diffusion coefficient is inversely related to molecular
weight, the HEMA substitution for SD with high MW (Table 1) would,
theoretically, result in reduction of the adhesive toxicity by a steric impedance [28].
Considering the potential and advantages of the SD and the lack of information in
the literature, further studies, such as cytotoxicity and long-term pTBS evaluations,
as well as tests of new formulations, are necessary for better understanding SD

usage as adhesion promoters in dental adhesives.

Conclusions

Within the limits of this investigation, it was concluded that the SD have a
potential use in the development of HEMA-free self-etching adhesive systems. The
experimental system containing PEG 400 UDMA presented satisfactory immediate
bond strength and typical interfacial ultra-morphology, demonstrating performance

similar to the control system containing HEMA.
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Table 1. Molecular weight, formula and structure of different surfactants.

Molecular Molecular
Surfactant weight (g/mol)* formula Molecular Structure
Poly-ethyleneglicol (400) ﬁ)L‘ ,H/
dimethacrylate (PEG 400) 330-394 Ca6-28 Hags50 Or13
Poly-ethyleneglicol (1000) Cs:.54 Hog 102 Oss. i j
dimethacrylate (PEG 1000) 1124-1168 2 %D/N};ro)kﬂ/
Ethoxilate bisphenol A diglycidyl
dimethacrylate (Bis-EMA 10) 805 CasHesOra %\/ O O
oto=10
. . L 1686
Ethoxilate bisphenol A diglycidyl CoiH: O %\/
dimethacrylate (Bis-EMA 30) 8371144734 O ‘
=30
Poly-ethyleneglicol (400) extended 1139
urethane dimethacrylate (PEG 400 Cs4HogN4Oyy 0 . o . 0
UDMA) YLQ/\/GINM\”JKOI\/U‘}{N\)\X/\EJLU/\/O\?L
_ Ve
2-hydroxyethyl methacrylate 130 Ce Hyo Os YL

(HEMA)

| *Dada supplied by Esstech, Inc.
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Table 2. Composition of the experimental self-etching primers

Composition (% weight)

Primers Surfactant

(Groups) Monomer Surfactant Ethanol Water GDMA-P
P400 PEG 400 30 20 20 30
P1000 PEG 1000 30 20 20 30
B10 Bis-EMA 10 30 20 20 30
B30 Bis-EMA 30 30 20 20 30
UP400 PEG 400 UDMA 30 20 20 30
AH* HEMA 30 20 20 30
PEG 400, poly-ethyleneglycol (400) dimethacrylate; PEG 1000, poly-ethyleneglycol (1000) dimethacrylate; Bis-EMA 10, ethoxylated
bisphenol A diglycidyl ether dimethacrylate with 10 ethylene oxide units; Bis-EMA 30, ethoxylated bisphenol A diglycidyl ether
dimethacrylate with 30 ethylene oxide units; PEG 400 UDMA, poly-ethyleneglycol (400) extended urethane dimethacrylate; HEMA, 2-
hydroxyethyl methacrylate; GDMA-P, is an equimolar mixture of glycerol dimethacrylate dihydrogen phosphate and glycerol tetramethacrylate
hydrogen phosphate.
* Control group
Table 3. Composition of the experimental resin bonds

Composition (% weight)
Resin Bond Surfactant
(Groups) Monomer Surfactant Bis-GMA TEGDMA CQ EDAB

P400 PEG 400 25 49 24.8 0.4 0.8
P1000 PEG 1000 25 49 24.8 0.4 0.8
B10 Bis-EMA 10 25 49 24.8 0.4 0.8
B30 Bis-EMA 30 25 49 24.8 04 0.8
UP400 PEG 400 UDMA 25 49 24.8 0.4 0.8
AH* HEMA 25 49 24.8 0.4 0.8

“PEG 400, poly-ethyleneglycol (400) dimethacrylate; PEG 1000, poly-ethyleneglycol (1000) dimethacrylate; Bis-EMA 10, ethoxylated
bisphenol A diglycidyl ether dimethacrylate with 10 ethylene oxide units; Bis-EMA 30, ethoxylated bisphenol A diglycidyl ether
dimethacrylate with 30 ethylene oxide units; PEG 400 UDMA, poly-ethyleneglycol (400) extended urethane dimethacrylate; HEMA, 2-
hydroxyethyl —methacrylate; Bis-GMA,  2,2-bis[4-(2-hydroxy-3-methacryloyloxypropyl)phenyl]-propane; TEGDMA, trietilenoglicol
dimethacrylate; CQ, camphorquinone; EDAB, ethyl 4-dimethylaminebenzoate.

* Control group
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Figure 1. Microtensile bond strength in MPa (n=24) and standard derivation.
Different letters indicate statistical differences between groups (p<0.05). * Control

group.
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Figure 2. Failure distribution evaluated with optical microscopy, at 100X and 500X
magnifications classified as: CD: cohesive in dentin; MI: mixed; AD: adhesive
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Figure 3. SEM micrographs of sectioned surfaces, at the resin-dentin interface
bonded by experimental adhesive systems at 15 KV and 2000 magnifications.
Typical resin interdiffusion dentin layer can be observed in all the experimental
groups. The arrows indicate resin cores of inside each tag. (A) B10, (B) B30, (C)
HA, (D) P400, (E) P1000, (F) UP400.
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Figure 4. SEM micrographs after phosphoric acid treatment of sectioned surfaces
at the resin-dentin interface bonded by experimental adhesive systems (15 KV and
5000X magnifications). A bonding hybrid layer (Hy) ranged 1.5-3.0 um thickness
(white arrows) can be seen between the adhesive resin (Ad) and dentin substrate
(Dt) in all SEM micrographs. Typical resin lateral branches (black arrows) can be
observed in some images. (A) B10, (B) B30, (C) HA, (D) P400, (E) P1000, (F)
UP400.



ARTIGO 2

76



77

Original Research
Title: EXPERIMENTAL HEMA-FREE SELF-ETCHING ADHESIVE
SYSTEMS: EFFECT OF LONG-TERM WATER STORAGE ON BOND

STRENGTH

Cesar Henrique Zanchi, Department of Operative Dentistry, School of Dentistry,

Federal University of Pelotas, Pelotas, RS, Brazil

Eliseu Aldrigh Miinchow, Department of Operative Dentistry, School of Dentistry,

Federal University of Pelotas, Pelotas, RS, Brazil

Fabricio Aulo Ogliari, Department of Operative Dentistry, School of Dentistry,

Federal University of Pelotas, RS, Brazil.

Stefano Chersoni, Department of Endodontics, School of Dentistry, University of

Bologna, BO, Italy

Carlo Prati, MD, Department of Endodontics, School of Dentistry, University of

Bologna, BO, Italy

Flavio Fernando Demarco, Department of Operative Dentistry, School of Dentistry,

Federal University of Pelotas, RS, Brazil

*Evandro Piva, Department of Operative Dentistry, School of Dentistry, Federal

University of Pelotas, RS, Brazil

Running title: BOND STRENGTH OF HEMA-FREE ADHESIVES

*Corresponding author at: Biomaterials Development and Control Center, School

of Dentistry, Federal University of Pelotas, Rua Gongalves Chaves, 457, CEP:



78

96015-560 Pelotas, RS, Brazil. Tel.: +55 53 3222 6690; fax: +55 53 3222 6690.

email address: evpiva@pq.cnpq.br

O Artigo 2 foi redigido segundo o Guia para Autores do Peridédico European Journal of Oral Science disponivel
em: http://www.wiley.com/bw/submit.asp?ref=0909-8836&site=1



79

ZANCHI CH, MUNCHOW EA, OGLIARI FA, CHERSONI S, PRATI C,

DEMARCO FF, PIVAE.

EFFECT OF LONG-TERM WATER STORAGE ON BOND STRENGTH OF

EXPERIMENTAL HEMA-FREE SELF-ETCHING ADHESIVE SYSTEMS

Eur J Oral Sci

Abstract

This study evaluated the influence of surfactant dimethacrylates (SD) on the
resin-to-dentin immediate and long-term microtensile bond strength (LTBS) of the
experimental HEMA-free self-etching systems. Five experimental HEMA-free two-
step self-etching systems containing different surfactant dimetacrylates (SD) (Bis-
EMA 10, Bis-EMA 30, PEG 400, PEG 1000, and PEG 400 UDMA) and a HEMA-
containing system (control) were formulated. Sixty bovine incisors had the
superficial coronal dentins exposed and were allocated into six groups according to
their SD or HEMA containing formulation. The teeth were restored and sectioned
to obtain sticks randomly allocated into three storage periods: 24 hours, 6 months,
and 12 months. Thereafter, the specimens were subjected to the uTBS test. Data
(MPa) were analyzed by Kruskall-Wallis and Dunn test (o = 0.05). Between the
HEMA-free groups, the adhesive system formulated with PEG 400 UDMA
produced the highest pTBS and was similar to HEMA-containing group.
Specimens store for 24 hours were statistically higher for all groups tested when
compared those after 6 and 12 months storage (p<0.05). The PEG 400 UDMA
showed that unTBS could be considered satisfactory substitutes for HEMA in

adhesive systems compositions.
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Introduction

Dentin-bonding agents are blends of hydrophobic and hydrophilic
monomers with a two-fold purpose: adhesion between the hydrophobic restorative
materials and the intrinsically wet dentin substrate. Generally, hydrophobic
monomers are characterized by the presence of at least two polymerizable groups
(vinyl groups or —C=C-) (1). These dimethacrylates can form densely cross-linked
polymers (2), providing mechanical strength (3, 4), and reducing the susceptibility
to hydrolysis in aqueous solutions (5). On the other hand, the hydrophilic
monomers act like adhesion-promoting agents, called “functional monomers”.
These functional monomers had on one extremity a polymerizable group that links
to the hydrophobic dimethacrylates and on the other extremity a hydrophilic

functional radical (6).

The 2-hydroxyethyl methacrylate (HEMA) is a hydrophilic functional
monomer broadly used in commercial dentin bonding agents in amounts that vary
between 35-55% (6, 7). Due to the low molecular weight, HEMA acts as a co-
solvent, helping to mix hydrophobic and hydrophilic ingredients in a single
homogeneous blend (8). Additionally, its great penetration ability makes this water-
soluble monomer an excellent adhesion-promoting agent, leading to an increase in
immediate bond strengths (9-10).

However, HEMA has been extensively associated to allergenic reactions
and is a trigger to induce pulp apoptotic cell death when diffusing into dentinal
tubules (11, 12). Also, HEMA is a common sensitizer among dentists and dental
technicians because it can penetrate through conventional gloves during adhesives

handling (13) and may lead to the development of contact dermatitis (15).
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As verified by a chemical analysis, HEMA cannot form cross-linking like
the dimethacrylate monomers, and it only links in linear space positions, resulting
in a polymer more prone to hydrolysis in the oral environment. Thus, a potential
decrease in mechanical properties of the adhesive resin can be expected over time
(5, 6). In fact, several in vivo and in vitro studies have shown that resin—dentin
interfaces become much weaker over time (15-19). Although a concept of
degradation of naked collagen fibril by host-derived matrix metalloproteinases
(MMPs) has recently been established (20), Carrilho et al., 2005 (21) suggested that
alterations in resin components, such as the plasticizing effects of water and
chemical hydrolysis, may be the first step in the degradation of such interfaces due
to rapid loss of the monomers and chemicals from hybrid layers in humid
environments.

An interesting approach to maintain the hydrophilicity of the adhesive
blends and at the same time to form more stable cross-linked polymers with
reduced adhesive toxicity is to replace HEMA with some surfactant dimethacrylates
(SD) with high molecular weights (Table 1). Surfactant dimethacrylates are
solubility enhancers that facility penetration of hydrophobic components into wet
demineralized dentin, reducing the phase separation (22, 23) and increasing the
bond strengths to dentin (24, 25). Unlike HEMA, SD presents two polymerizable
groups (-C=C-) that form cross-linked polymers that less susceptible to hydrolysis
in humid environments (1, 5). Additionally, the high molecular weight may impair
the monomer diffusion through non-sclerotic dentin (11), and, theoretically, a
reduction of the adhesive toxicity and pulp reactions by steric impedance would be

expected (26).
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Considering the potential and advantages of using SD, the aim of this study
was to test the hypothesis that replacing HEMA for different SD does not affect the
immediate and long-term microtensile bond strength (WTBS) of experimental two-

step self-etch HEMA-free adhesive systems applied on dentin.

Material and methods

Experimental HEMA-free self-etching adhesive systems formulation

Six experimental self-etching primers evaluated in the study were
formulated by mixing the components described in Table 2. The respective resin
bonds were formulated through intensive mixture of components described in Table
3. To make the resin bond light-curing, a binary light-curing system constituting of
0.4 wt% of camphorquinone (CQ, Esstech) and 0.8 wt% of ethyl 4-
dimethylaminebenzoate (EDAB, Fluka, Milwaukee, WI, USA) were dissolved in
the mixture. Ethoxylated bisphenol A diglycidyl dimethacrylate, with 10 and 30
ethylene oxide units (Bis-EMA 10 and Bis-EMA 30, respectively), poly-
ethyleneglycol (400) dimethacrylate (PEG 400), poly-ethyleneglycol (1000)
dimethacrylate (PEG 1000), poly-ethyleneglycol (400) extended urethane
dimethacrylate (PEG 400 UDMA), 2-hydroxyethyl methacrylate (HEMA), 2,2-
bis[4-(2-hydroxy-3-methacryloyloxypropyl)phenyl]-propane  (Bis-GMA), and
trietilenoglicol dimethacrylate (TEGDMA) were purchased from Esstech (Esstech
Inc., Essington, PA, USA). GDMA-P is an equimolar mixture of glycerol
dimethacrylate dihydrogen phosphate and glycerol tetramethacrylate hydrogen
phosphate, produced according to a previous investigation (27). The reagents were

used as received, without further purification.
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Specimen preparation

Forty-eight extracted bovine incisive were used in this study. After pulp and
periodontal tissue removal, the teeth were stored frozen at -4°C for less than three
months. The teeth were randomly allocated into six experimental groups. The
vestibular enamel was removed with a model trimmer to form a flat, superficial,
coronal dentin surface. The exposed dentin surface was wet polished with 180-grit
silicon carbide paper to create a standardized smear layer.

The water excess of the prepared surface dentine was removed with a piece
of absorbent paper. Each experimental self-primer was applied for 20 seconds and
gently air-dried for 10 seconds. One coat of resin bond was applied and light
activated for 20 seconds using a Light Emitting Diode light-curing unit (Radii SDI,
Bayswater, Victoria, Australia). The irradiance was measured with a digital power
meter (Ophir Optronics, Danvers, MA, USA) and was approximately
1400mW/cm?. SBMP was used according to the manufacturer’s instructions. After
adhesive light-activation, two increments of resin composite (Charisma C2,
Heraeus Kulzer, Germany) were placed, completely covering the dentin surface,
and then were light-cured for 20 seconds each. The specimens were stored for 24
hours in distilled water at 37°C. The specimens were sectioned in two directions
perpendicular to the bonded interface using a refrigerated diamond saw at low-
speed (Isomet 1000, Buehler Ltd, Lake Bluff, IL), producing beams with a cross-
sectional surface area of approximately 0.5 mm” for microtensile bond testing. The
beams of each adhesive system were allocated in three groups according to storage
period (24 hours, 6 months, and 12 months), staying in distilled water at 37°C.

Water was changed weekly to accelerate the degradation process.
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uTBS evaluation and fracture analysis

The prepared beams had their ends covered and individually fixed to a
custom-made testing jig using a cyanoacrylate glue (Super Bonder Gel, Loctite,
Diadema, SP, Brazil) and were tested in tension until failure in a mechanical testing
machine (DL-500, Emic, Sao José dos Pinhais, Brazil) at a crosshead speed of 1
mm/min. Microtensile bond strengths (LTBS) were calculated and expressed in
MPa. The premature failures were registered but were not included in the statistical
analysis. The half of each specimen corresponding to dentin was removed from the
device and was examined in an optical microscope at a magnification of 100x and
500x. The failure patterns were classified as on the adhesive interface, cohesive in
adhesive resin, cohesive in dentin, or mixed.

Statistical analysis

Due different sample size and data that did not fulfill normality and equal
variances requirements, statistical analysis was performed using Kruskall-Wallis
One Way of Variance on Ranks and Dunn’s method as multiple comparison
procedures (0=5%). Premature failure was registered as zero value (0 MPa) and

included for statistical comparisons.

Results

Median values for pTBS in MPa, the number of specimens tested (n), failure
distribution (in percentages), and premature failures (p.f.) according to adhesive
groups and storage time are shown in Table 4. Box-plot representations are showed
in Figure 1.

Statistical analysis revealed that the n'TBS median values after 24 hours of

storage were statistically higher for all groups tested compared to median values
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after 6 months and 12 months storage. No difference was found between pTBS of 6
months and 12 months storage for each group (p>0.05). The uTBS of groups HA
(Control) and UP400 were similar; however, both groups showed statistically
higher median values for the three storage times evaluated.

Regarding to the distribution of failure patterns at 24-hour storage, B10,
B30, P400, and P1000 groups presented higher adhesive failures percentages
(above 80%) with few mixed and/or cohesive resin failures. In the HEMA-free
UP400 group, equal percentages of mixed and adhesive failures were observed
(41%), with some cases of cohesive dentin and cohesive resin failures. The HA
control group showed few adhesive failures with a predominance of cohesive resin
and mixed failures.

In all the groups, no premature failures were observed in this period. After 6
months of storage, an increase in adhesive failure percentages was observed in HA,
UP400, and B30 groups, with 100% observed in B30. Additionally, some
premature failures were observed in B30 group. In this period, HA e UP400
showed similar failure patterns. Concerning the specimens tested after 12 months of
storage, in general, the failure patterns were similar to those observed after 6
months of storage. In this period, except for HA, all the groups showed some

premature failures, mainly for B30 and P1000 groups (Table 4).

Discussion

The surface active agents (surfactants) are used to improve formulations and
functionalities of many daily products and generally can be classified into four
primary groups according the charge characteristic: anionic, cationic, non-ionic,

and zwitterionic (dual charge) (28). In this study, five different non-ionic SD were
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tested in the experimental HEMA-free self-etching adhesive formulations. The
composition of the adhesive systems was identical, except for the kind of
amphiphilic monomer, thus allowing for an indisputable evaluation of the effect of
HEMA substitution on adhesion performance.

The SD employed are basically characterized by the presence of two
methacrylate radicals corresponding to hydrophobic groups and long oxiethylene
chain extenders ([-CH,-CH,-O-],) or urethanes radicals (R'-O-(CO)NR?*-R?)
corresponding to hydrophilic groups (28). These hydrophilic radicals improve
wettability, diffusibility, and penetrability of the resin blend, which are crucial
properties to reaching an effective hybridization on the wet demineralized dentin
(24, 25).

According to data of the immediate and long-term puTBS rejections, the
hypothesis was partially refuted. Thus, replacing HEMA with different SD affects
the immediate and long-term microtensile bond strength (WTBS) of experimental
two-step self-etch HEMA-free adhesive systems applied on dentin. The exception
occurs when UP400 was used in the formulation. The immediate pTBS data
showed that UP400 and HA (control HEMA-containing) produced the highest
uTBS (p<0.05). Additionally, a predominance of mixed failures was observed in
both groups (Table 4).

The group UP400 was formulated with PEG 400 UDMA, a urethane-
containing SD with a high molecular weight. These molecule acts as a
hybridization agent into the collagen fibrils due to the presence of a long chain
extender of ethylene oxide units and four urethanes between the two hydrophobic
unsaturated radicals. Thus, a bi-polar behavior is created, allowing at the same time

the monomer diffusion into the collagens fibrils and the formation of the cross-
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linked polymer (22). Also, the four -NH- present in the urethanes (Table 1) can
bind the monomers by hydrogen bonding (H-bonding), leading to a more rigid
polymer network with increased mechanical properties (2). Considering that SD
conduced to higher hydrophobic dimethacrylates concentrations into the collagens
fibrils (22), this adhesive system probably produced a very strong hybrid layer,
making the adhesive-dentin interface more resistant (24).

The HEMA-free experimental groups B10, B30, P400, and P1000 produced
UTBS values significantly lower than UP400 and HA in all storage periods (Table 4
and Figure 1). Additionally, high adhesive failure rates were observed in the
fractured specimens at 24 hours (above 80%). These findings can be explained by
the hydrophilic groups that characterize the SD employed in these experimental
adhesives, which are composed by one or two very long chain extenders of ethylene
oxide units. These long chain extenders can act as an aprotic solvent (29),
increasing the wettability and the degree of conversion of the resin blend (30, 31),
and also can determine a higher network parameter and consequently a more
flexible polymer, acting as a rubber solid (30). The formation of the polymer with
high flexibility and high network parameter may result in a weak resin-dentin
interface that is more susceptible to swelling (5) with high appearance flaws inside
the incompletely infiltrated zones, which could be the reason for the low pTBS on
dentin and the high adhesive failure rates (16, 32).

In relation to the storage time, the pTBS values after 24 hours were
statistically higher for all groups tested when compared to values after 6 months
and 12 months of storage. No statistical difference was found between pTBS of 6
months and 12 months of storage for each group. After 12 months storage, except

for HA, all the groups showed some premature failures, mainly for B30 and P1000
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groups (Table 4). These findings can be explained by the adhesive resin
degradation that probably occurs because of adhesive displacement by water into
the adhesive-dentin interface, as a result of hydrolysis (33). Although the
degradation of naked collagen fibril by MMPs occurs into adhesive-dentin
interfaces (20), in case of self-etching adhesives, the hydrolysis of adhesive resin
may be more damaging to long-term bonding effectiveness due to their bond
structure having less demineralized dentin (33). In fact, the evaluation of the pTBS
in in vivo specimens after long-term functional restorations demonstrated a severe
hydrolysis of adhesive resin within the hybrid layer created by a self-etching
adhesive system (34). Additionally, physical changes such as plasticization,
softening, and chemical changes such as oxidation alter permanently the
mechanical properties of the polymer network in the adhesive-dentin interface (5).

Furthermore, the hygroscopic and hydrolytic effects in dental polymers are
dependent on the extent and water uptake rate that is determined by the density of
the polymer network and the potential for hydrogen bonding and polar interactions
(5). Thus, the low pTBS observed in groups B10, B30, P400, and P1000 after 6 and
12 months of storage can be related to the presence of several ether groups (R-O-
R’) into the long chain extenders of ethylene oxide present in the SD employed.
Venz et al., 1991 (35) reported that the hydrophilic ether linkage is the main group
related to water sorption, following by hydroxyl groups, and, in the end, urethane
linkages. Hence, the chemical nature of the cross-linking agent may overcome the
effect of higher molecular density (36).

The increased water sorption will result in a polymer plasticization, thereby
reducing interchain interactions, such as entanglements and secondary bonds.

Consequently, this sponge effect results in reduction of the polymer mechanical
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properties (5). However, when pTBS data at 6 months and 12 months of storage
were compared, no statistical differences were observed (Table 4). The probable
reason lies in the fully saturation of the network, which reaches a maximum within
one or two months (37). Additionally, the elution of the unreacted monomers,
oligomers, by-products, and polymerization promoters occurs manly in the first
weeks, creating initial chemical polymer stabilization. But the chemical polymer
degradation through oxidation, chain scission, and attack of functional groups
remains over time, resulting in the increased porosity in the hybrid in specimens
produced in vivo after long-term function (38).

Considering the potential and advantages of SD and the lack of information
available in literature, further studies of issues such as cytotoxicity and new
formulations testing are necessary for better understanding SD usage as adhesion
promoters in dental adhesives.

Conclusions

Within the limits of this study, it was concluded that SD have a potential use
in the development of HEMA-free self-etching adhesive systems. The experimental
system containing PEG 400 UDMA presented satisfactory, immediate, and long-
term bond strengths, demonstrating a performance similar to the HEMA-containing

control system.
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Table 1. Description of surfactants used in this study
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Molecular Molecular
Surfactant weight (g/mol)* formula Molecular Structure
Poly-ethyleneglicol (400) \[,TL‘O /N]'O\/\o ir
dimethacrylate (PEG 400) 550-594 Cae28Hae 5001213 a9
Poly-ethyleneglicol (1000) Csz.54 Hog 102 Oas. i o i
dimethacrylate (PEG 1000) 1124-1168 2% %0/\'}2 Jz/\oj\ﬂ/
Ethoxilate bisphenol A diglycidyl i . o i
dimethacrylate (Bis-EMA 10) 805 CasteOrs °/{\/ n ‘ \/‘}\D
=10
Ethoxilate bisphenol A diglycidyl 1686 CuHiiO i /{\/O Q\/i\ |
dimethacrylate (Bis-EMA 30) 831714434 \rL° n O °/Lr
otm=30
Poly-ethyleneglicol (400) extended 1139
urethane dimethacrylate (PEG 400 Cs4HogN4O», o . a . o
UDMA) ﬁowefwnxot\,ﬂgfwuxwofk
_ Ve
2-hydroxyethyl methacrylate 130 Ce Hy O YL

(HEMA)

| *Data supplied by Esstech, Inc.



96

Table 2. Composition of the experimental self-etching primers

Composition (% wt)

Primers Surfactant
(Groups) Monomer Surfactant Ethanol Water GDMA-P

P400 PEG 400 30 20 20 30
P1000 PEG 1000 30 20 20 30
B10 Bis-EMA 10 30 20 20 30
B30 Bis-EMA 30 30 20 20 30
UP400 PEG 400 UDMA 30 20 20 30
AH* HEMA 30 20 20 30

PEG 400, poly-ethyleneglycol (400) dimethacrylate; PEG 1000, poly-ethyleneglycol (1000) dimethacrylate; Bis-EMA 10, ethoxylated

bisphenol A diglycidyl ether dimethacrylate with 10 ethylene oxide units; Bis-EMA 30, ethoxylated bisphenol A diglycidyl ether

dimethacrylate with 30 ethylene oxide units; PEG 400 UDMA, poly-ethyleneglycol (400) extended urethane dimethacrylate; HEMA, 2-

hydroxyethyl methacrylate; GDMA-P, is an equimolar mixture of glycerol dimethacrylate dihydrogen phosphate and glycerol

tetramethacrylate hydrogen phosphate.

* Control group
Table 3. Composition of the experimental resin bonds

Composition (% wt)
Resin Bond Surfactant

(Groups) Monomer Surfactant Bis-GMA  TEGDMA CQ EDAB
P400 PEG 400 25 49 24.8 0.4 0.8
P1000 PEG 1000 25 49 24.8 0.4 0.8
B10 Bis-EMA 10 25 49 24.8 0.4 0.8
B30 Bis-EMA 30 25 49 24.8 0.4 0.8
UP400 PEG 400 UDMA 25 49 24.8 0.4 0.8
AH* HEMA 25 49 24.8 0.4 0.8

PEG 400, poly-ethyleneglycol (400) dimethacrylate; PEG 1000, poly-ethyleneglycol (1000) dimethacrylate; Bis-EMA 10, ethoxylated
bisphenol A diglycidyl ether dimethacrylate with 10 ethylene oxide units; Bis-EMA 30, ethoxylated bisphenol A diglycidyl ether
dimethacrylate with 30 ethylene oxide units; PEG 400 UDMA, poly-ethyleneglycol (400) extended urethane dimethacrylate; HEMA, 2-
hydroxyethyl methacrylate; Bis-GMA, 2,2-bis[4-(2-hydroxy-3-methacryloyloxypropyl)phenyl]-propane; TEGDMA, trietilenoglicol
dimethacrylate; CQ, camphorquinone; EDAB, ethyl 4-dimethylaminebenzoate.

* Control group
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Table 4. Median values for microtensile bond strength in MPa, number of
specimens tested (n), failure distribution (in percentage) and premature failures
(p.f.) according to groups and storage time.

Groups tested Failure distribution (%) |
according to Median
storage times (MPa) n pf. AD CD CR Ml
24 hours
HA* 5724 25 - 8 20 44 28
B10 262* 28 - 93 - - 7
B30 240" 24 - 92 - - 8
P400 326" 22 - 82 - - 18
P1000 37.3% 21 - 80 - 10 10
UP400 57.9% 29 - 41 7 11 41
6 months
HA* 479% 25 - 50 - 15 35
B10 185% 23 - 64 - 10 26
B30 7.8° 15 7 100 - - -
P400 16.1° 26 - 77 8 2 13
P1000 146% 22 - 69 - 5 26
UP400 51.6% 24 - 55 13 12 20
12 months
HA* 3128% 25 - 50 - 15 35
B10 152°% 23 2 77 - - 23
B30 9.0° 14 9 100 - - -
P400 9.1° 20 3 70 5 - 20
P1000 13.3% 16 8 67 6 - 27
UP400 357% 23 1 48 17 4 31
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* Different superscript capital letters represent differences statistically significant between median values at different storage
period. ** Failure distribution observed at 100X and 500X magnifications. CD: cohesive in dentin; MI: mixed; AD: adhesive

interface; CR: cohesive in the adhesive resin.



100

CONCLUSOES

Dentro das limitagdes deste estudo, pode-se concluir que os dimetacrilatos
surfactantes testados sdo uma alternativa promissora no desenvolvimento de
sistemas adesivos livres de HEMA. Particularmente, o sistema adesivo
experimental PEG 400 UDMA apresentou resisténcia de unido imediata e apés
envelhecimento similar ao grupo controle contendo HEMA. Todos os sistemas
produziram semelhante micro-morfologia da interface de unido, com tipica

formacé&o de substrato hibrido e prolongamentos resinosos.
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