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PROJETO DE PESQUISA



Resumo

ELY, Caroline. Adicdo de iniciadores de polimerizacdo em primers
autocondicionantes: efeito na resisténcia de uniao e no padrao morfolégico da
camada hibrida. 2010. 29f. Projeto de Qualificacdo — Programa de P6s Graduagdo em
Odontologia. Universidade Federal de Pelotas, Pelotas.

O objetivo deste projeto sera avaliar a influéncia da adicdo de iniciadores de
polimerizagcdo em primer autocondicionante experimental, na resisténcia de unido e no
padrao morfolégico da camada hibrida de sistemas adesivos. Sera formulado um primer
experimental modelo, ao qual serdo adicionados fotoiniciadores e co-iniciadores,
obtendo-se um total de 6 grupos experimentais: PcontroLe, Pca, Potx, Popi, Pear € Psul.
Como adesivo de cobertura, sera formulado um co-monémero constituido de Bis-GMA,
TEGDMA e HEMA. Para o ensaio de resisténcia de unido a microtracdo (RU) serdo
utilizados 48 incisivos bovinos, distribuidos aleatoriamente entre os grupos . Na face
vestibular dos dentes sera realizado desgaste até a exposicdo de dentina e,
posteriormente, polimento com lixa de SiC granulacdo 600 para padronizacdo da smear
layer. O primer sera aplicado vigorosamente sobre a dentina previamente seca com
papel absorvente e ap0s sera realizada a volatilizacdo do solvente com jato de ar. Em
seguida o adesivo de cobertura serd aplicado e fotoativado com um aparelho
fotopolimerizador de lampada haldégena. A restauracdo sera confeccionada em
incrementos de compasito restaurador, fotoativados de acordo com as recomendacdes
do fabricante. ApGs armazenagem por 24h em agua destilada a 37C, os dentes serdo
seccionados em cortadeira de precisdo a fim de obterem-se palitos de
aproximadamente 0,5mm? de area de seccdo transversal. A RU em dentina sera
avaliada apds 24h, 1 e 2 anos de armazenagem em agua destilada. Os dados obtidos
serdo avaliados quanto a normalidade e igualdade de variancias como condi¢do para
utilizacéo de andlise estatistica paramétrica Preenchendo os requisitos anteriores sera
aplicada Analise de variancia segundo dois critérios (fator tempo e fator iniciador de
polimerizacao), e teste complementar de Tukey para detectar diferencas entre médias
(a=5%). Os corpos de prova fraturados a partir do ensaio de microtracdo serao
avaliados por microscopia Optica e classificados quanto ao modo de fratura em adesiva,



coesiva ou mista. A analise do padrdo morfolégico da camada hibrida sera realizada
por microscopia eletrénica de varredura MEV (SSX-550, Shimadzu), apdés 24 horas e 2
anos de armazenagem, utilizando-se 3 dentes para cada grupo experimental. Os
dentes seréo seccionados em cortadeira de precisao a fim de obter-se 2 ou 3 fatias por
dente, com 2,0 mm de espessura cada uma. Sera realizado entdo o procedimento
restaurador, seguindo os mesmos passos utilizados para avaliar a RU. A seguir, as
amostras passardo pelo protocolo de polimento com a sequéncia de lixas de SiC e, em
seguida, com discos de feltro e suspensfes diamantadas, em granulacdes
decrescentes.. ApoOs, serdo realizados os procedimentos de descalcificagdo com
solucdo de &acido fosforico 50% por 5 segundos, desproteinizacdo com solugdo de
hipoclorito de sodio 2,5% por 10 minutos, desidratacdo com silica em temperatura
ambiente e metalizac&do. Por fim, serdo obtidas fotomicrografias da camada hibrida em

aumento de 3000 e 5000 vezes, através de Microscopia Eletrénica de Varrredura.

Palavras chave: adesivos dentinarios, fotopolimerizacao de adesivos dentarios,

separacéo de fase, resisténcia a tracdo, camada hibrida.



Abstract

ELY, Caroline. Initiators of polymerization on self-etching primer s: effect on
microtensile bond strength and on morphological pat tern of hybrid layer. 2010.
29p. Qualification project. — Post Graduate Program, Dentistry School, Federal
University of Pelotas, RS, Brazil.

The aim of this project will be to investigate the influence of the addition of light
and co-initiators in self-etching primers, in relation to microtensile bond strength (UTBS)
and on morphological pattern of hybrid layer of an experimental adhesive system. An
experimental self-etching primer will be formulated and on which will be added the
initiators of polymerization, resulting in a total of 6 experimental groups: PcontroL, Pco,
Porx, Pori, Pear and Psyi. A coating adhesive resin compound by Bis-GMA, TEGDMA
and HEMA will be formulated. For puTBS test, forty-eight bovine incisors will be
randomized and allocate in the six groups. Vestibular enamel will be grounded to
expose the superficial coronal dentin, which that will be polished wet to create a
standardized smear layer with 600 grit silicon paper. After rinsing, water will be removed
with a piece of absorbent paper, leaving the surface visibly dried. The prepared dentin
surfaces will be etched with primer and air-dried, after coating adhesive resin will be
applied and light activated. The composite resin will be inserted in two increments and
will be light activated according to the manufacturer's recommendations. After storage
for 24 hours, the specimens will be sectioned with a refrigerated diamond saw at low-
speed. After check normal distribuition and equal variances as assumptions to carry out
parametric statistics data obtained on uTBS, will be submitted to two-way ANOVA
(factor time and factor initiator of polymerization) test to verify differences between
means (p<0.05). Fractographic analysis will be performed using optical microscopy to
describe failure patterns. The morphological pattern of hybrid layer will be examined by
scanning electron microscopy (Shimadzu SSX550), after 24 hours and 2 years of
storage, using 3 teeth for each experimental group. Teeth will be sectioned with a
refrigerated diamond saw, in order to obtain 2 or 3 slices per tooth, with 2mm thickness.

Restorative procedure will take place, following the same steps of sample preparation



for uTBS test. Then, samples will pass through a sequence of polishing with grit silicon
paper and diamond pastes of different granulations. Between each stage of polishing,
samples will be placed in one ultrasonic tank to complete removal of waste. After, will
undertake the procedures of decalcification with solution of phosphoric acid 50%,
deproteinization with sodium hypochlorite solution 2.5%, dehydration with silica at room
temperature for 2 hours and coating with gold/palladium. Finally, images of hybrid layer
will be observed in SEM, on 3000 and 5000 fold increase.

Keywords: dental adhesives; two-step self-etch adhesive; phase separation; bond

strength; light curing of dental adhesives; scanning electron microscopy.
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Apéndice A



Introducao

Os sistemas adesivos odontolégicos evoluiram significativamente nas duas
altimas décadas, apresentando uma efetividade de unido imediata aos tecidos
dentarios bastante satisfatoria (LOGUERCIO et al., 2006, PROENCA et al., 2007,
HOSAKA et al., 2010). A unido do material restaurador a dentina ocorre através da
formacdo da camada hibrida, resultante da infiltracio de monémeros resinosos entre
as fibrilas colagenas expostas em funcdo do processo de desmineralizacdo do
substrato dentindrio (NAKABAYASHI et al.,, 1982). Esta interface deve apresentar
valores de resisténcia de unido suficientes para contrapor as tensdes geradas pela
contracdo de polimerizacdo e forcas mastigatorias (DELIPERI; BARDWELL;
PAPATHANASIOU, 2003), além de manter estes valores ao longo do tempo, sendo
este um fator critico para a durabilidade das restauracbes. No entanto, avaliagdes in
Vivo e in vitro mostram que a durabilidade da unido ainda € um problema (PEUMANS et
al., 2005, DE MUNCK et al., 2005, DONMEZ et al., 2005). Os principais fatores que
explicam a reduzida longevidade da interface de unido sdo: incompleta impregnacao
das fibrilas colagenas pelos mondmeros, alta permeabilidade da interface de uniéo,
sub-polimerizacdo, separacdo de fases e a ativacdo de enzimas colagenoliticas
(BRESCHI et al., 2008).

A composicao dos adesivos contemporaneos inclui a presenca de componentes
hidrofobos e hidrofilos. Sabe-se que componentes hidréfobos utilizados nestes
materiais, como o bisfenol A glicidil dimetacrilato (Bis-GMA), proporcionam adequadas
propriedades mecéanicas ao material, bem como a compatibilidade com os compdésitos
restauradores e cimentos resinosos. Por outro lado, faz-se necessaria a utilizacdo de
componentes hidrofilos, como o 2-hidroxietil metacrilato (HEMA), necessarios para
promover a infiltracdo do adesivo na dentina Umida, parcialmente desmineralizada
(MOSZNER; SALZ; ZIMMERMANN, 2005, VAN LANDUYT et al., 2007).

Separacao de fase em adesivos a base de Bis-GMA, na presenca de agua, ja foi
relatada na literatura (SPENCER; WANG, 2002, WANG et al, 2006).
Consequentemente, limitada conversdo de mondémeros em uma rede polimérica ocorre

guando moléculas hidréfobas encontram-se envolvidas por uma matriz hidréfila (nesse
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caso, o HEMA). Esta importante observacdo sugere que: ou as moléculas
fotoiniciadoras usualmente utilizadas ficam isoladas na fase hidréfoba ou séo
incompativeis com a molécula hidréfila do HEMA (SPENCER; WANG, 2002).

O principal sistema de iniciagdo utilizado nos adesivos comercializados
atualmente baseia-se na presenca da canforoquinona (CQ), um fotoiniciador sensivel a
luz visivel que € empregado no adesivo de cobertura. Tendo em vista a ocorréncia do
fendbmeno da separacéo de fase nestes materiais, e suas consequéncias em termos de
longevidade e biocompatibilidade, justifica-se a necessidade de caracterizacdo de
novos sistemas de fotoiniciacdo para aplicacdo em sistemas adesivos. Portanto,
sistemas de iniciacdo de polimerizacdo solUveis em meio aquoso parecem ser uma
interessante alternativa para ampliar a conversdo mondémero/polimero em sistemas
adesivos baseados em Bis-GMA/HEMA.

Ha relatos na literatura da viabilidade de alguns fotoiniciadores e co-iniciadores
misciveis em agua para polimerizacdo de adesivos odontologicos. Dentre eles, podem
ser citados derivados ibnicos de tioxantonas, como o cloreto de 2-hidroxi-3-(3,4-dimetil-
9-0x0-9H-tioxanteno-2-iloxi)-N,N,N-trimetil-1-propanaminio = (HAYAKAWA; HORIE,
1992). Também ja& foi demonstrado na literatura que sais de ioddnio, como o
hexafluorfosfato de difeniliodonio, atua satisfatoriamente como co-iniciador
hidrossolivel na polimerizacdo de adesivos baseados em Bis-GMA/HEMA, na
presenca de CQ (OGLIARI et al., 2007).

Derivados de acidos organicos soluveis em agua também podem ser utilizados
para desempenhar o papel de co-iniciadores de carater hidrossollvel para este tipo de
material. Podem ser citados derivados do acido sulfinico (NYUNT; IMAI, 1996) e do
acido barbitarico (FUCHIGAMI; IKEMURA; ICHIZAWA, 2008), ambos ja utilizados para
polimerizacao de materiais odontolégicos.

Apesar de existirem relatos na literatura sobre a formulagcdo de adesivos
odontoldgicos contendo os iniciadores acima citados, ainda sdo escassos aqueles que
avaliam a reacao de polimerizacao de derivados de tioxantonas. Especialmente, pouco
€ conhecido a respeito da eficiéncia de sais de iodénio e derivados de acidos organicos
atuando como co-iniciadores para um fotoiniciador hidrossoluvel, a exemplo de

derivados de tioxantonas.
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Portanto, a investigacdo da reacdo de polimerizacdo e da reatividade dos
sistemas contendo iniciadores de polimeriza¢do hidrossolUveis faz-se necessaria. Além
disso, com a possibilidade de isolamento da variavel em estudo, por tratar-se de um
material experimental, o mecanismo da atuacdo dos iniciadores de polimerizacao

utilizados podera ser melhor compreendido.



Justificativa

O fenbmeno da separacdo de fase em meio aquoso apresentado pelos sistemas
adesivos acarreta limitacdes tanto em relacdo as propriedades mecanicas quanto em
relacdo a biocompatibilidade do sistema, em funcéo do limitado grau de conversao dos
mondmeros em polimero que ocorre nessa regido. Uma vez que o sistema de
polimerizacdo mais comumente utilizado em sistemas adesivos apresenta carater
hidrofobo, verifica-se a possibilidade de incrementar o grau de conversdo do sistema
adicionando iniciadores de polimerizacdo hidrossollveis. Dessa maneira, a0 aumentar
0 grau de conversao espera-se uma melhora nas propriedades mecéanicas do material
(resisténcia coesiva e resisténcia de unido). Seria possivel entdo, a obtencdo de um
sistema com maior estabilidade, resultando em menor degradacdo e,
conseqlentemente, menor citotoxicidade. Além disso, é importante salientar que a
utilizacdo de um material experimental permitird o total controle da variavel em estudo,

uma vez que ha o pleno conhecimento da composicéo do produto avaliado.



Objetivo

O objetivo deste estudo sera avaliar o desempenho de uma resina adesiva
modelo em relacdo a reatividade e cinética de polimerizacdo, quando sistemas de
fotoiniciagdo alternativos sdo adicionados & mesma.

A hipétese nula a ser testada € que a adicdo de iniciadores de polimerizacao
alternativos ndo causara alteracdo na eficiéncia de polimerizacdo de uma resina
adesiva modelo quando comparados ao sistema tradicional, composto por

canforoquinona/amina.



Materiais e Métodos

Formulacdo dos primers experimentais

Inicialmente serd formulado um primer autocondicionante experimental modelo,
nao possuindo qualquer iniciador de polimerizacdo na sua composicao. Este primer
modelo sera composto por monémero acido, monémeros metacrilatos e sistema
solvente (etanol e agua). O monémero acido utilizado sera obtido a partir da fosforacéo
do HEMA, utilizando pentoxido de fosforo (sintetizado no CDC-Bio — FO/UFPel). O
primer modelo obtido sera dividido em 6 aliquotas para, entdo, serem adicionados os
iniciadores de polimerizagédo e obtidos os grupos experimentais. Desta forma, serdo
avaliados 6 grupos: PcontroLe (Sem adi¢éao de iniciadores), Pcg, Portx, Porl, Pear € Psul.
Cada iniciador de polimerizacdo sera adicionado na quantia de 1 mol%. Como resina
adesiva fotopolimerizavel sera utilizado o adesivo de cobertura experimental AD-50
(CDC-Biomateriais — FO/UFPel), composto pelos monémeros metacrilatos Bis-GMA,
TEGDMA e HEMA, bem como sistema de fotoiniciagdo CQ/EDAB.

Tabela 1. Composicao dos primers experimentais avaliados no estudo.

Composicdo do primer Adic&o de iniciadores de Grupos
Autocondicionante polimerizacao experimentais
CcQ Pco
Monbmero acido QTX Porx
Monémeros metacrilatos DPI Popi
Sistema Solvente SUL PsuL
BAR Pear
T I:)CONTROLE

Abreviaturas: HEMA: 2-hidroxietil metacrilato; CQ: canforoquinona; QTX: 2-hidroxi-3-(3,4-dimetil-9-oxo-
9H-tioxanteno-2-iloxi)-N,N,N-trimetil-1-propanaminio cloreto; DPI: hexafluorfosfato de difeniliodénio; SUL:
acido p-toluenosulfinico; BAR: 1,3-dietil-2-tio-acido barbitirico.



23

Resisténcia de unido a microtracdo e analise do mod o de fratura

Quarenta e oito incisivos bovinos, com periodo de extracdo inferior a trés
meses serao utilizados para esta avaliacdo. Apos a extracao sera realizado o desgaste
da porcéo radicular em um aparelho recortador de gesso e a polpa coronaria removida
com o auxilio de uma sonda exploradora. Apoés esse procedimento os dentes serao
armazenados em cloramina T 0,5% durante sete dias. Decorrido esse periodo, seréo
transferidos para agua destilada e armazenados congelados em um freezer seguindo o
protocolo recomendado pela ISO/TS 11405:2003. Os dentes serdo distribuidos
aleatoriamente entre os seis grupos: Pcontroies Pco, Porx, Pori, Pear € Psu. Na face
vestibular dos dentes sera realizado desgaste com lixas de SiC de diferentes
granulacdes até a exposicdo de dentina com lixa granulacdo 600 sob abundante
irrigacdo com 4gua, a fim de padronizar a espessura de lama dentinaria formada. Os
dentes serdo lavados abundantemente com &gua destilada e a superficie de dentina
sera inspecionada em estereomicroscopio optico com aumento de 40X para assegurar
a auséncia de esmalte remanescente na superficie. O primer sera aplicado
vigorosamente sobre a dentina seca durante 30s e em seguida sera aplicado jato de ar
a uma distancia padronizada de 10 cm durante 10s, para volatilizagdo do solvente. O
adesivo de cobertura sera aplicado e fotoativado por 20 segundos com aparelho
fotopolimerizador de lampada halégena XL 3000 (3M ESPE, St. Paul, EUA), com
intensidade devendo ser superior a 450 mW/cm?. A restauracéo sera confeccionada em
2 incrementos de aproximadamente 2 mm cada, utilizando compésito restaurador (cor
C2, Charisma, Haerus Kulzer, Hanau, Alemanha). Cada incremento sera fotoativado por
20s, de acordo com as recomendacdes do fabricante.

ApoOs 24 horas de armazenagem em agua destilada a 37C, os dentes serao
seccionados em cortadeira de precisdao (ISOMET 1000, Buheler). Serdo realizados
cortes de maneira a produzir palitos com area em sua seccao transversa de
aproximadamente 0,5mm?® As amostras de cada grupo serdo divididas em trés
subgrupos a serem testados em diferentes periodos: imediatamente apdos o corte, apos
1 ano e ap6s 2 anos de armazenagem dos palitos em agua a 37°C (entre 15 e 20
palitos por grupo). Cada palito tera as dimensf6es mensuradas para calculo da &rea de
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unido utilizando um paquimetro digital com precisdo de 0,01lmm. Os palitos serédo
fixados em um dispositivo desenvolvido para ensaios de microtracdo com o auxilio de
um adesivo a base de cianoacrilato (Super Bonder Gel, Loctite). As amostras serao
tracionadas a uma velocidade de 0,5mm/min até sua falha em uma maquina de ensaio
mecanico (Emic DL500, S&o Jose dos Pinhais, PR), com uma célula de carga de 100N
e a RU mensurada em MPa.

Os dados obtidos serdo submetidos a analise estatistica. Todas as amostras
fraturadas correspondentes a dentina serdo observadas por meio de microscopia optica
(MO) disponivel em Microdurémetro (Futuretech FM-700, Kawasaki, Japdo) com um
aumento de 100X e 500X para a determinagédo do modo de falha de cada amostra. As
falhas serédo classificadas em: coesiva em adesivo, compoésito ou dentina; adesiva e

mista.

Fig. 1a: Aplicacdo do Fig. 1b: Volatilizacdo do Fig. 1c: Aplicacdo do Fig. 1d: Restauracao
primer. solvente. adesivo de cobertura.  (aproximadamente 4mm
de altura).

Figura 1. Protocolo restaurador aplicado sobre dente bovino, utilizado para o ensaio de

microtragao.

Fig. 2a: Cortadeira de Fig. 2b: Vista Fig. 2c: Cortes Fig. 2d: Corpos de prova
precisédo (ISOMET aproximada do realizados em dente obtidos para ensaios de
1000). posicionamento do restaurado, para microtracao.
disco de corte. obtencao dos palitos.

Figura 2. Protocolo para obtencao dos palitos de microtracéo.
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Fig. 3a: Paquimetro digital Fig. 3b: Vista Fig. 3c: Garra de Fig. 3d: Aparelho
(Miutoyo). Utilizado para aproximada do microtragdo montada durémetro, cuja parte
mensuracéo das dispositivo onde séo em maquina de ensaios oOptica sera utilizada
dimensdes necessarias colados os palitos para mecanicos. para realizacdo da
para célculo da area de 0 ensaio de andlise de fratura.
unido (mm?). microtracao.

Figura 3. Protocolo do ensaio de microtracédo e analise de fratura

Analise em microscopia eletrénica de varredura

Serao utilizados 3 dentes bovinos para cada grupo experimental, os quais seréao
seccionados em cortadeira de precisdo (Isomet 1000, Buehler, Lake Bluff, EUA), a fim
de obter-se 2 ou 3 fatias por dente, com 2 mm de espessura cada uma. A seguir, sera
realizado o procedimento restaurador em dentina, com a aplicagéo do sistema adesivo
conforme ja descrito anteriormente, seguido pela restauragdo em composito. Apds, as
fatias previamente restauradas passarao pela seqiéncia de polimento com lixas de SiC
em granulacdes decrescentes: 600, 1200, 1500, 2000 e 2500 a uma velocidade de
120rpm sob refrigeracdo em agua. Apos finalizado o polimento com as lixas, sera
realizado o procedimento utilizando uma sequéncia de feltros com suspensdes
diamantadas de 3um, 1um, 0,25um e 0,1um de granulacdo. E, por altimo, polimento
com feltro e agua. Entre cada uma das lixas e suspensdes diamantadas, as fatias serdo
colocadas em cuba ultra-s6nica com solucédo de etanol e agua, durante 10 minutos,
para a completa remocéo dos residuos.

Apbés as superficies estarem devidamente polidas, as amostras serao
submetidas a condicionamento da interface com solugdo de &cido fosforico a 50%

durante 5s seguido de lavagem com agua por 15s, promovendo a descalcificacdo do
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substrato. As amostras serdo entdo imersas em solucédo de hipoclorito de sédio a 2,5%
durante 10min, promovendo a desproteinizagcdo do substrato. Finalmente, sera
realizado um banho final em solucdo de agua e etanol (1:1) durante 60min em cuba
ultra-sénica, seguido pela lavagem das amostras com agua. Para o processo de
secagem, as amostras ficardo armazenadas durante 2 horas em silica a temperatura
ambiente.

As amostras serdo montadas em stubs, a fim de passarem pelo processo de
metalizacdo com liga ouro-paladio (SC-701, Sanyu Electron, Téquio, Japdo) e entdo
sera feita a analise da camada hibrida em MEV (SSX-550, Shimadzu, Téquio, Japao).
Fotomicrografias com magnificacdo da ordem de 3000X e 5000X serdao obtidas das

regides mais representativas da interface de uniao.

Tabela 2. Preparo das fatias para visualizacdo da camada hibrida em MEV

Procedimento Materiais utilizados

*Polimento 600
1200
Lixa d’agua 1500 10
granulagao 2000 minutos
2500

_ 3um 15
Disco de feltro lum minutos
com suspensao diamantada 0,25um

Disco de feltro com suspenséo diamantada 0,1um por

20min.
Descalcificacéo Acido fosférico 50% em agua destilada por 5s
Desproteinizacao Hipoclorito de sddio 2,5% por 10min

Cuba ultra-sénica com solucao agua/etanol por 60min

Desidratacéo Silica a temperatura ambiente por 2 horas

Metalizacdo Liga de ouro-paladio

* Entre cada uma das etapas de polimento, colocar as amostras em cuba ultra-sénica com
solucao de agual/etanol (1:1), para completa remocado dos residuos.
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Andlise Estatistica

De posse dos resultados dos experimentos, 0 método estatistico mais apropriado
sera escolhido com base na aderéncia no modelo de distribuicdo normal e igualdade de
variancias. Atingido os requisitos anteriores sera utilizada Analise de variancia segundo
dois fatores (fator tempo e fotoiniciador), seguido de teste complementar de Tukey para
detectar diferenca entre médias. Para todos os testes sera considerado o valor p<0,05
como estatisticamente significante. Para a realizacdo da analise estatistica, sera
utilizado o programa estatistico SigmaStat 3.5.( SigmaStat 3.5, Systat Software Inc.,
San Jose,. USA)
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Relatério do Trabalho de Campo

O projeto inicialmente submetido a qualificacdo junto ao Programa de Pos-
Graduacdo em Odontologia consistiu no trabalho intitulado: “Adicdo de iniciadores de
polimerizacdo em primers autocondicionantes: efeito na resisténcia de unido e no
padrdo morfolégico da camada hibrida”.

Em funcdo de atrasos técnicos devido a impossibilidade de utilizacdo do
microscopio eletrénico de varredura por um periodo, foi necessario que alterassemos o
projeto inicial. Apesar de manter-se o foco na avaliagédo de iniciadores de polimerizacao
hidrossollveis, a metodologia utilizada no artigo submetido a presente avaliacdo da
banca examinadora, no momento da defesa de dissertacdo, foi alterada. No artigo a
seguir apresentado, foram avaliadas a cinética de polimerizacdo e a reatividade de
sistemas de fotoiniciacao hidrossoluveis.

Ainda, é relevante relatar que o projeto inicial estd sendo executado em paralelo.
Ainda faltam os dados de microscopia eletronica de varredura, sendo que os dados de
resisténcia de unido a microtracao ja estao finalizados (avaliacdo apos 24 h, 1 e 2 anos
de armazenagem). Além disso, também fazendo parte desse projeto maior com foco
nestes iniciadores de carater hidrossoluvel, foram realizados estudos de citotoxicidade

e zimografia.
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Abstract

Objectives. The purpose of this study was to evaluate thetikggcand polymerization kinetics
behavior when polymerization promoters were addealmodel methacrylate-based resin.
Methods. A monomer blend, based on Bis-GMA, TEGDMA and HENBO, 25 and 25 %wt
respectively), was used as a model dental adhesisi®, which was polymerized using a
tioxanthonetype (QTX) as photo-initiator. Binary and ternarfiopo-initiator systems were
formulated using 1 mol% of each initiator. The odtators used in this study were: ethyl 4-
dimethylaminobenzoate (EDAB), diphenyliodonium héxarphosphate (DPIHFP), 1,3-diethyl-
2-thio-barbituric acid (BARB) and p-Toluenesulfiracid, sodium salt hydrate (SULF). A unitary
system based on QTX was tested to evaluate thatésbbehavior of the photo-initiatcand
binary system camphorquinone (CQ)/amine was usedef@sence group (Control). Twelve
groups were tested (n=3). Fourier Transform inftaspectroscopy (FTIR) was used to
investigate the polymerization reaction over thetpkactivation time in order to obtain the
degree of conversion (DC) and maximum polymerizatate (R™) profile of themodel resin.
Results. As regards binary systems, CQ+EDAB showed stedilfyi higher DC and R In
formulations containing ternary initiator systertigg group CQ+QTX+EDAB was the only one
in all experimental groups evaluated that preseRgd” higher than CQ+EDAB. The groups
QTX+EDAB+DPIHFP and QTX+DPIHFP+SULF demonstrateahifar values to CQ+EDAB as
regards final DC, however with lower reactivity.

Sgnificance. System based on CQ+QTX+EDAB was able to promothéri R™ and DC
similar to common CQ/amine system. This finding wbothe possibility of enhance

polymerization rate of a light activated methactgdhased resin.



Keywords: polymer, light polymerization of dental adhesiviésurier Transform Infrared

Spectroscopy, methacrylate, halogen dental curgingd, thioxanthone.
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Introduction

Dental adhesive system formulations basically dantasin monomers, polymerization
initiators, inhibitors or stabilizers, solvents awmetimes inorganic fillers [1]. According to thei
chemical structure these components may presenbpiydbic and hydrophilic behavior [1].

The hydrophilic components, such as 2-hydroxyetleytracrylate (HEMA), are required
to increase monomer infiltration into wet and deenatized dentin [2]. On the other hand, it is
well known that the hydrophobic components usedhgse materials, such as bisphenol A
glycidyl dimethacrylate (Bis-GMA), are responsilite enhancing its mechanical properties and
compatibility with restorative composites or resements [2].

Resin monomer infiltration into the spaces arourelexposed collagen fibrils depends on
the results of dentin demineralization before hydayer formation [3]. This interface must
present bond strength values that are high endaghounteract the stresses generated by
polymerization shrinkage and mastication [4], imi#dn to maintaining these values over time,
this being a critical factor for restoration duldipi However,in vivo andin vitro studies show
that the durability of the bond continues to be@jfem [5,6]. The main factors that explain the
reduced longevity of bonded interfaces are: inceteplimpregnation of collagen fibrils by
monomer, high permeability of the bonded interfacesb-polymerized polymer, phase
separation and activation of collagenolytic enzyiir¢s

It has been showed that phase separation of Bis-®GEbed adhesives occurs in the
presence of water [8,9]. Consequently, limited @swn from monomers into a rigid polymer
network occurs when hydrophobic molecules are saded by a hydrophilic matrix, usually

HEMA. This very important outcome suggests thatttaditional photoinitiator molecules either
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become isolated within the hydrophobic phase oy #re incompatible with hydrophilic HEMA
[8].

The main photoinitiator system used in commerciaihgilable dental adhesive systems is
based on the visible light photosensitizer camphione (CQ) [10]. In view of the phenomenon
of phase separation present in these materialstarmbnsequences in terms of longevity and
biocompatibility, it is necessary to develop a mefcient adhesive photoinitiator system. A
water-soluble photoinitiator system seems to be iaeresting alternative to increase
monomer/polymer conversion in Bis-GMA /HEMA baseathasives. It is known that some ionic
derivatives from thioxanthone dyes are water misciland therefore, could be interesting
alternative for the polymerization of dental adkesi[11]. Additionally, iodonium salts seem to
be efficient water soluble co-initiator systems,pioving the polymerization rate of dental
monomers when camphorquinone was used, even préisence of a solvent [12,13].

Organic acid derivatives can also be used to laydle of water soluble co-initiators for
this type of material, and sulfinic acid derivasv¢l4] and barbituric acid [15] may be
mentioned, both already used for fiymerization of dental materials.

Although recent studies have proved that there bamefits from the polymerization
behavior of dental monomers when using the aforéioreed components, there is hardly any
information about the efficiency of iodonium satidaorganic acid derivatives as co-initiators for
a thioxanthone derivative, and this question nedddfication. Consequently, the aim of this
study was to evaluate the behavior of a model tiewlizesive resin - in terms of reactivity and
polymerization kinetics - when a water-solubleiatir system is added to its formulation. It is
important to highlight thain addition to water solubility, the photoinitiateystem might present

high polymerization reactivity when used in dergdhesives. The hypotheses tested were\ that:
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1) the combination of QTX + idodonium salt and/oganic acid derivatives is able to promote
satisfactory polymerization; and 2) the addition @QTX, iodonium salt or organic acid
derivatives may improve the polymerization effiggnof a CQ-based model dental adhesive

resin.



Materials and methods
2.1.Reagents

Bisphenol A glycidyl dimethacrylate (Bis-GMA), ttleylene glycol dimethacrylate
(TEGDMA), 2-hydroxyethyl methacrylate (HEMA) andnophorquinone (CQ) were supplied by
Esstech Inc. (Essignton, PA, USA). Ethyl 4-dimetimyinobenzoate (EDAB), diphenyliodonium
hexafluorphosphate (DPIHFP), 1,3-diethyl-2-thiodauric acid (BARB) and p-Toluenesulfinic
acid, sodium salt hydrate (SULF) were purchasenhfiddrich Chemical Co (Milwaukee, WI,
USA), and the 2-hydroxy-3-(3,4 dimethyl-9-ox0-9H-thioxaem-2-yloxy)-N,N,N-trimethyl-1-
propanaminium chloride (QTX) was obtained from (bp Ink, Japan). All reagents were used
as received without further purification. Charaistiges of initiators used in this study are showed
at table 1.

To perform the monomer photo-activation, a halolgim-activation unit (XL 3000, 3M
ESPE, St. Paul, MN, USA) was used and the irragtiatialue (450 mW/ch) was determined

with a handheld radiometem¢del 100; Demetron Kerr, Orange, CA, USA).

2.2. Formulations

A model dental adhesive resin was formulated bgnsive mixing of 50 wt.% Bis-GMA, 25
wt.% TEGDMA and 25 wt.% HEMA. Unitary, binary andrhary systems were evaluated as
demonstrated in Table 1. Each initiator was addedl mol% for all groups, according to the
monomer moles. No radical scavenger was added da anterference in the polymerization
kinetics.
Table 2

2.3. Kinetics of polymerization evaluated by RT-RTdpectroscopy
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The degree of conversion of the experimental ma&envas evaluated using Fourier
Transform infrared spectroscopy with a spectromé®eestige21 Shimadzu Co. Ltd., Japan),
equipped with an attenuated total reflectance @evitie reflectance device was composed of a
horizontal ZnSe crystal, with a 45° mirror angléK Technologies, Madison, WI, USA). A
support was coupled to the spectrometer, fixingligiig curing unit in place and standardizing
the distance at 5 mm in a parallel position betwibenfiber tip and the sample. The IRSolution
software (Shimadzu, Columbia, MD, USA) was useth#& monitoring scan mode, using Happ-
Genzel appodization at a range of 1750 and 1556 cesolution of 8 citand mirror speed of
2.8 mm/s. With this setup, one scan was acquiredyels during photoactivation.

Analysis was performed at a controlled room terapge of 23 °C (2 °C) and 60%
(£5%) relative humidity. The sample (3 puL) was dihe dispensed onto the ZnSe crystal and
light activated for 30 s. The degree of conversi@s calculated as described previously [16],
considering the intensity of carbon—carbon douldaedostretching vibrations (peak height) at
1635 cni and using the symmetric ring stretching at 1610' éram the polymerized and non-
polymerized samples as an internal standard. Amsalysre performed in triplicate (n=3). Data
were plotted and curve fitting applied using Logiston-linear regression. Additionally the
polymerization rate (R(s 1)) was calculated as the degree of conversioms tisubtracted from
the degree of conversion at time t - 1. The coefficof determination was greater than 0.98 for

all curves.



Results

Figure 1 shows the degree of conversion (DC %) ldpweent as a function of time for
the different initiator systems, while Figure 2 wisothe polymerization rate,R The unitary
system (QTX) demonstrated very low final DC and/&ues of lower than 10 %.

For the binary systems, the combination CQ+EDABwsttb considerable DC values (>
40%). Figures 1A and 2A represent the DC apdé&havior of the binary systems evaluated in
present study. The addition of EDAB, DPIHFP or SUbFQTX system was responsible for a
reasonable change, but with lower values of DC Rpnthanthose shown for CQ+EDAB. It is
also interesting to note that QTX+SULF, despite ilmgvsmaller B, behaved similarly to
CQ+EDAB over the polymerization rate. Moreover, duxlition of BARB led to practically no
change in the less reactive behavior of the QT Xampisystem.

The reaction kinetics developed by ternary systeomsaining amine (EDAB) as standard
co-initiator in all formulations is illustrated irFigures 1B and 2B. The combinations
CQ+QTX+EDAB and QTX+EDAB+DPIHFP demonstrated DC ued similar to those of
CQ+EDAB (>40%). When both photo-initiators were disén the same formulation
(CQ+QTX+EDAB), the highest JR* of model adhesive resin tested in this is study wa
observed. Ternary formulations containing orgarce aerivatives inthe presence of amine
presented the lowest DC ang R

Comparison between ternary groups containing DPIHRd the organic acid derivatives
with the most common binary system (CQ+amine) iswshin Figures 1C and 2C. It that
possible detected that QTX+DPIHFP+SULF presenteal DC similar to CQ+EDAB, but lower

polymerization rate, while the group containing BARresented the lowest final DC ang R



Discussion

The first hypothesis: that the combination betw@arX and water-soluble co-initiators is
able to promote satisfactory polymerization waglpaccepted. With the exception of BARB,
the other co-initiators tested were able to promio( values close to those of CQ+EDAB
(~40%), although the reactivity of these systems nasappropriate for clinical applications.

The second hypothesis: that the addition of QTXJomum salt or organic acid
derivatives may improve the polymerization effiagrof CQ-based model dental adhesives, was
accepted. The ternary groups CQ +QTX+ EDAB and QA KDAB + DPIHFP were able to
develop final DC values similar to those of thditianal CQ + EDAB system. This was also
found for polymerization rate, in which QTX+EDAB+IMFP obtained a standarg, Burve very
similar to that of CQ+EDAB and CQ+QTX+EDAB and evexceeded the R* of the
traditional binary system. With respect to groupstaining organic acid derivatives, it is clear
that interactions between these co-initiators waimine (EDAB) considerably reduced the
reactivity of the systems, which did not occurhe presence of an iodonium salt.

As previously mentioned, because of its widespnesal the CQ/amine formulation was
used as a control group. CQ has a very short lialkhd needs an effective hydrogen donor [19].
Indeed, it is the amine-radical formed after therogen atom donation by the amine to the CQ
that really starts and guides the polymerizati@ctien at a higher speed. The type of amine used
in a given formulation directly affects the polynzation behavior when CQ is used as the
photoinitiator [20]. In the present investigati@DAB was selected as the co-initiator because of
its known reactivity with CQ. This interaction cha clearly observed in Figure 1A, in which the
CQ+EDAB system presents pronounced developmenblgferization, achieving over 45% of

monomer conversion.
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The unitary system based on QTX was tested to atalthe isolated behavior of the
photo-initiator, and very low DC and,Ralues were observed. This is explained by the ¢dick
co-initiator, because when there was one preseninaease of conversion was observed, thus
featuring QTX as a type Il photo-initiator [19]. dfe are many articles addressing the
mechanism of free radical development in CQ/amystesns. On the other hand, little is known
about the interaction of QTX and EDAB. When compangth the formulation containing QTX
alone, the addition of EDAB was responsible forarting monomer conversion. However, the
R, and the DC were low, making this kind of systensuitable for clinical applications. This
finding shows the necessity of including a co-atitr in systems containing QTX.

In addition to the addition of EDAB, the presenwvestigation also evaluated
binary and ternary systems, in which DPIHFP, BARE &ULF were used to act as co-initiators
with QTX. Diphenyliodonium hexafluorphosphate hagib described as a feasible co-initiator to
CQ [13]. In the present study, it can be obsentet DPIHFP also works well with QTX,
probably due to a polymerization reaction mechamssmlar to that which occurs when CQ is
used as photoinitiator. It is important to notetthddition of DPIHFP in QTX-based systems
played an essential role [17] as observed in Fidguke For QTX the addition of DPIHFP
promoted higher R'*than EDAB and the resultant DC was close to tha@@+EDAB (~ 40%).
However, not one binary system based on QTX eteduan this study can be considered
suitable for use as a photoinitiator system in aeatlhesives, including those in which organic
acid derivatives were used as co-initiators. InuFéglA it is observed that even after light
activation for 30 s (not a clinically feasible tinfer polymerizing a dental adhesive) these

systems cannot achieve a DC of 40%, while the eafs group exceeded this value in 15 s.
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The ternary systems evaluated in this study casuielivided into two major groups,
according to the standard co-initiator used: 1s¢éhwith EDAB (Figures 1B and 2B) and 2- those
with DPIHFP (Figures 1C and 2C). Among the systahet used EDAB, the experimental
formulation CQ+QTX+EDAB was able to achieve DC dwery close to, and overcome the
Ry of the traditional CQ-amine system. This can kplaned by presence of two photo-
initiators in this group, providing a higher numloérexcited free radicals with different lifetimes
and then causing a higher reactivity in this systaifter light activation for 10 seconds, it was
clearly visible that CQ+QTX+EDAB behaved similag the reference group (Figure 1B),
reaching a DC of around 30%, which overtook the EQAB system in relation to R which
occurred after light activation for approximatelg {Figure 2B).

Another ternary group tested, which is suitable ¢tinical application, consisted of
QTX+EDAB+DPIHFP, presented a final DC close to tb&tCQ-amine and a slightly lower
R Previous studies have tested a combination leetwiedonium salt and amine in the
presence of CQ. According to Ogliari et al. [13],addition to the interaction between DPIHFP
with the excited CQ, there is also the interactetween the amine radical, originating from the
relationship between the interaction of CQ and EDABich further reacts with DPIHFP and
generates a reactive phenyl radical. These two styple phenyl radicals generated from
CQ+DPIHFP or from EDAB+DPIHFP, are capable of ferthreaction with residual amines,
abstracting a proton and generating a new aminee fradical. It is clear that
QTX+EDAB+DPIHFP increased the polymerization etfiacy when compared with the binary
systems based on QTX+EDAB. Consequently, it castéted that amines and iodonium salts act
in synergy to form active radicals, and furtherastigations should be carried out to elucidate

this effect.
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Similar results were found by Ye et al. [20] , wherified that addition of QTX to a
mixture of CQ + 2-(dimethylamino) ethyl methacrda(DMAEMA) + DPIHFP promoted
reaction kinetics very close to those of the oagjiternary system. However, these researchers
also verified that the mechanical properties (toggs and elastic modulus) were improved by
the addition of QTX to the system and proposed that behavior relied on differences in
polymer linearity (i.e. polymers with similar DC wd present different mechanical properties
due to differences in polymer crosslink density)noter important finding of the
aforementioned study was that the hydrophobic/ dykitic behavior of the photoinitiator system
directly affected the performance of the polymeerotime in water storage. Thus, further
investigations are necessary, because the presesstigation was conducted under dry
conditions and several recent studies have prokiatithe level of water in the environment
directly affects the results.

Different behaviors might be observed with regtdre use of organic acid derivatives in
ternary systems: 1) the interaction of such comptswith an amine co-initiator (Figures 1B and
2B) and 2), and its behavior when used togethdr antiodonium salt as co-initiator (Figures 1C
and 2C). The ternary systems containing BARB, peesive of the second co-initiator used
(EDAB or DPIHFP), presented a significant increesBC (Figures 1B and 1C) when compared
with the binary formulation QTX+BARB, which presedta DC of around 10% (Figure 1A).
Despite the improvement observed in ternary BARBtaiming systems when compared with the
binary QTX+BARB, systems containing thiobarbituacid derivative as co-initiator have not
been proved to be suitable for application in deatthesive resins because of their reactivity
behavior. A high Rcan be observed in the initial light activatioméi followed by a sudden

decrease when BARB acts with EDAB (Figure 2B). Tppiienomenon may be explained by the
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occurrence of an acid-base reaction as soon ad#nmturic acid comes into contact with amine.
Thus, there is the formation of a salt, which présethe spread of free radicals capable of
continuing the polymerization reaction. On the othand, it seems there is no a decrease in the
spread of free radicals when BARB acts with DPIHFigure 2C), although there is no acid-base
reaction present. Fuchigami et al. [15] relatexluke of barbituric acid derivatives as co-initiato
in a chemically polymerized, PMMA-based dental &ifves when they evaluated co-initiators in
bare and microencapsulated forms, since it is kntva initiators would interact with acidic
adhesive monomers or among themselves.

The use of sulfinic acid as co-initiator for chealipolymerization of dental adhesives has
also been evaluated [14]. In the present studya#& observed that the addition of a sulfinic acid
derivative in a formulation consisting of QTX-amjrresulted in similar final DC values being
obtained in comparison with those of a binary sys@®TX+EDAB. However a significant
decrease in Rwas observed. This finding was possibly suppobtgdhe acid-base reaction, as
occurred with the barbituric acid derivative. Whiie QTX+DPIHFP+SULF formulation was
tested, a slight improvement in the final DC wasedpand an Rbehavior similar to that of the
binary photo-initiator system QTX+SULF, and slighbwer values than those of the traditional
CQ-amine system.

It is important to mention that the present stully not assess the behavior of these
initiators under conditions known and consideredb¢oadverse to their reactivity, such as in
presence of solvent [12] and an acidic medium [IBjerefore, further investigations are

necessary to understand the behavior of thesatmmsi in this context.



Conclusions

Among the evaluated systems, we can conclude ti@atbtnary systems containing
alternative polymerization promoters to traditionaQ/amine have not shown capable of
promoting the desired behavior for polymerizatidnerefore, none of these proved to be
clinically feasible for use in resins that requskort period of polymerization (about 10-15
seconds).

For ternary systems, the group CQ+QTX+EDAB showatisfactory performance in
relation to reactivity and kinetics of polymerizatj even surpassing the,"R* of CQ/amine
system. Therefore, this experimental light actidaggstem proved applicable in a methacrylate-

based resin.
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Tables and Figures

Table 1. Description of initiators used in thedstu

Initiator Structural Linear Molecular
Formula Formula Weight
CQ HSC\'H‘//CH3 C10H402 166 22
=0
He g
BARB Ao, CeH1aN,0,S 200.26
g

o~ PFs (CeHs)2l(PFs) 426.08
DPIHFP ©/ @

EDAB R (CHg)oNCeH4COCoHs  193.24

QTX () i, CatH2¢CINO;S 406.3
Sy "t Hy
ot ona 4-CHCsHsSO:Na- 178.18
= ¥H,0
SULF ¢ - xH20 (anhydrous

basis)

Abbreviations: QTX = 2-hydroxy-3-(3,4 dimethyl-9-ox0-9H-thioxanti&-yloxy)-N,N,N-trimethyl-1- propanaminium
chloride; CQ = camphorquinone; EDAB = ethyl 4-dimgaminobenzoate; DPIHFP = diphenyliodonium
hexafluorphosphate; BARB = 1,3-diethyl-2-thio-bawbic acid; SULF = p-Toluenesulfinic acid, sodiuaitdydrate.




Table 2. Groups tested in the current study.

Unitary 1. QTX

1. CQ + EDAB

2. QTX + EDAB
Binary 3. QTX + DPIHFP

4. QTX + BARB

5. QTX + SULF

1. CQ+QTX + EDAB

2. QTX + EDAB DPIHFP
3. QTX + EDAB + BARB
Ternary 4. QTX + EDAB + SULF

5. QTX + DPIHFP + BARB

6. QTX + DPIHFP + SULF

Abbreviations: QTX = 2-hydroxy-3-(3,4 dimethyl-9-oxo0-9H-thioxanti-yloxy)-N,N,N-trimethyl-1-
propanaminium chloride; CQ = camphorquinone; EDABthyl 4-dimethylaminobenzoate; DPIHFP =
diphenyliodonium hexafluorphosphate; BARB = 1,3tdy-2-thio-barbituric acid; SULF = p-

Toluenesulfinic acid, sodium salt hydrate.
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APENDICE A — Organograma correspondente ao Artigo.

Formulacéo do sistema
adesivo autocondicionante
experimental

[ |
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Microscopia
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Microtragao

Varredura

Apos 24 Apos Apos
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Fractografia em
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