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RESUMO

A resina composta € o material mais utilizado em restauracdes diretas nos dentes, isto
ocorre devido a algumas de suas vantagens, como resisténcia, boa estética, custo
acessivel e adesividade. Para se evitar a polimerizacdo espontanea da resina, sao
adicionadas substancias com potenciais antioxidantes, tais como butil hidroxitolueno
(BHT), hidroquinona (HQ) e o mono metil éter hidroquinona (MEHQ). Porém tanto a
HQ quanto a MEHQ podem causar reacdes indesejadas ao paciente. Ja o resveratrol
tem sido evidenciado nos ultimos tempos devido sua gama de beneficios, dentre eles
a atividade antioxidante. Assim o objetivo do estudo foi avaliar as propriedades
mecanicas (resisténcia a compressao, tracao, flexdo e microdureza de Knoop) de uma
resina composta nanohibrida, na qual o resveratrol foi empregado como inibidor de
fotopolimerizacdo, em substituicdo ao mono metil éter hidroquinona (MEHQ). Foram
realizados testes de resisténcia a compressao, tracao, flexdo e microdureza de Knoop
utilizando 20 corpos de prova para cada teste, sendo 10 para a resina composta
experimental e 10 para o grupo controle (resina composta comercial Opallis®). Os
testes foram realizados apGs as amostras permanecerem armazenadas durante 24
horas em &gua destilada a 37 °C. Os resultados foram analisados estatisticamente
utilizando o teste t de Student, com nivel de significancia de 5% (a=0,05). As resinas
compostas nanohibridas (experimental e Opallis®) demonstraram resultados
semelhantes e ndo houveram diferencas estatisticamente significativas para os testes
mecanicos realizados. Apesar de nao haver relatos cientificos sobre o uso do
resveratrol como agente inibidor de fotopolimerizacdo, pode-se observar que seu uso
€ vantajoso, pois a resina composta experimental manteve as propriedades

mecanicas da resina controle utilizada.

Palavras chave: Resinas compostas, resisténcia de materiais, materiais dentarios,
dureza, forca compressiva, forca de tracao, flexdo, resveratrol, fotopolimerizagao,

antioxidante.



ABSTRACT

The resin composite is the most used material in direct restorations in the teeth, this
occurs due to some of its advantages, such as strength, good esthetics, affordable
cost and adhesiveness. To avoid spontaneous polymerization of the resin, substances
with potential antioxidants, such as butyl hydroxytoluene (BHT), hydroquinone (HQ)
and mono methyl ether hydroquinone (MEHQ) are added. However, both HQ and
MEHQ can cause undesired reactions to the patient. Resveratrol has been shown in
recent times due to its range of benefits, among them the antioxidant activity. The aim
of the study was to evaluate the mechanical properties (compressive strength, tensile,
flexure and Knoop microhardness) of a nanohybrid resin composite, in which
resveratrol was used as a photopolymerization inhibitor, replacing the mono methyl
ether hydroquinone (MEHQ). Compression, tensile, flexural and Knoop microhardness
tests were performed using 20 resin composite specimens for each test, 10 for the
experimental resin composite and 10 for the control group (Opallis®). Tests were
performed after the samples storage in distilled water for 24 hours at 37°C. The results
were analyzed statistically using Student's t-test, with a significance level of 5% (a =
0.05). The nanohybrid composite resins (experimental and Opallis®) have shown
similar results and no statistical differences were observed on the mechanical tests
performed. Despite the lack of scientific reports about the use of resveratrol as a
photopolymerization inhibitor agent, it can be observed that its use constitutes an
alternative as the experimental resin composite showed similar mechanical properties

as the commercial resin composite tested.

Keywords: Composite resins, materials resistance, dental materials, hardness,
compressive strength, tensile strength, flexure, resveratrol, photopolymerization,

antioxidant.



LISTA DE ILUSTRACOES

Figura 1: Resinas empregadas nos testes laboratoriais .............ccccccoeeiiis 13
Figura 2: Matriz de nailon para confeccdo de corpo de prova para o ensaio de
FESISIENCIA A COMPIESSAOD ..vvvuuuuiiiieeeeeeeeeeieeteeieeeeeeeeaeet e e e e e e e aeeeaeeeensnnsnn e s eaeeas 14
Figura 3: Confeccéo de corpo de prova para o teste de cOmpressao ....................... 14
Figura 4: Matriz de ndilon para confeccdo de corpo de prova para o ensaio de
FESISTENCIA @ FIEXEO ...eviiiiiiiiiiie e e 15
Figura 5: Confeccéo do corpo de prova para o teste de resisténcia a flexao ............ 16
Figura 6: Teste de resisténcia a flexdo sendo realizado na méaquina universal de
ENSAUIOS (EMIC) ..ttt e e 17
Figura 7: Confeccéo de corpo de prova para o teste de resisténcia a tracao ........... 17
Figura 8: Teste de resisténcia a tracdo sendo realizado na maquina universal de
ENSAUIOS (EMIC) ..ttt e e 18
Figura 9: Confeccao de corpo de prova para o teste de microdureza de Knoop ........ 19

Figura 10: Realizacdo do teste de mIiCrodureza .............cccovvvveevviiiiiee e 20



LISTA DE TABELAS

Tabela 1: Resultados de resisténcia a compressao (MPa), flexdo (MPa), tracdo (MPa)

e microdureza Knoop (KHN) para as resinas COmpostas.............covvvvveeervvernnniiineaneeenns 28



LISTA DE ABREVIATURAS, SIGLAS E SIMBOLOS

®
o
°C
um
%

HQ
Kg

MEHQ
min
mm
MPa

PTFE
RCT

Marca registrada

Resisténcia a flexdo

Grau centigrado

Micrédmetro

Porcentagem

Area da superficie

Butil hidroxitolueno

Largura do prisma

Carga maxima suportada
Maquina de Ensaio Universal
Forca de fratura

Espessura do prisma

Hora

Hidroquinona

Quilograma

Comprimento entre os pontos de apoio
Monometil éter hidroquinona
Minutos

Milimetros

Mega pascal

Newtons

Politetrafluor Etileno
Resisténcia a tracao

Segundos



SUMARIO

. INTRODUGAOD ...ttt ettt ettt st sae e enas 10
2. PROPOSICAO ..ottt et n e 12
. MATERIAIS E METODOS .....ooviiiieieeeee ettt 13
T Y (@ 1S 27N 13
3.2 ENSAIO DE RESISTENCIA A COMPRESSAO ......coooveeeeeeeeeeeeeennn, 13
3.3 ENSAIO DE RESISTENCIA A FLEXAO .....cooviiiiiiiecieieeeee e, 15
3.4 ENSAIO DE RESISTENCIA A TRACAO ....coooviiieeceeeeeeee e, 17
3.5 MICRODUREZA DE KNOOP ........ooviirieeiee e seen e, 18
3.6 ANALISE ESTATISTICA ..ottt et 20

B = [T T TR 21
ST 010 N[0 HLU LYY TR 38
REFERENCIAS ...ttt sttt ta et aneeee e 39



10

1 INTRODUCAO

As resinas compostas sdo 0s materiais odontolégicos mais utilizados em
restauracdes diretas, sejam em dentes anteriores ou posteriores (ALKHUDHAIRY,
2017). Isso ocorre em virtude de sua resisténcia, estética excelente, custo acessivel
e adesividade (LU et al., 2005). Desde seu surgimento e, mesmo com O
desenvolvimento do condicionamento &cido, as resinas compostas passaram por
diversas modificacbes em sua composicdo com a finalidade de melhorar as
propriedades mecéanicas e, por conseguinte, seu desempenho clinico. Tais mudancas
refletem um processo de melhoria continua das resinas compostas, tanto na sua
matriz organica, quanto em sua porc¢ao inorganica (MARTINEZ e CANEDO, 2017).

A constante evolucdo nos materiais usados € essencial para um continuo
aprimoramento das técnicas aplicadas e na preservacao tanto da estética, quanto dos
tecidos moles e duros na cavidade oral (VAN LANDUYT et al., 2007). Para que isso
ocorra, é necessario que se tenha uma resina de exceléncia, sendo imprescindivel
gue a mesma possua caracteristicas mecanicas adequadas. Segundo Souza e
colaboradores (2015), dentre as propriedades mecanicas que podem ser avaliadas
nas resinas compostas, a microdureza e a resisténcia a flexdo estdo entre as mais
estudadas por se aproximarem das forcas envolvidas na mastigacao. Além disso,
Anusavice (2005) relatou que o teste de microdureza é utilizado para avaliar a
resisténcia ao desgaste de um material. O teste de resisténcia a compressao, também
é utilizado devido a capacidade do material de suportar o estresse funcional na
mastigacao (SOUZA et al., 2007) e evitar fraturas na restauracao e na estrutura dental
(AYDINOGLU e HAZARYOUC, 2017). Para compreender o comportamento das
restauracdes de resinas compostas realizadas em elementos dentarios sujeitos a
forca de tracdo, € empregado o teste de tracdo (ANUSAVICE, 2005).

Para se evitar a polimerizacdo espontanea e aumentar a vida atil da resina
composta, os fabricantes adicionam uma pequena quantidade de inibidores de
fotopolimerizacdo (SCHENEIDER et al., 2008). Os inibidores adicionados as resinas
dentarias sdo compostos com acdo antioxidante, os quais impedem reacbes
prematuras e indesejadas dos iniciadores (VAN LANDUYT et al.,, 2007). Os mais
utilizados séao o butil hidroxitolueno (BHT) e a hidroquinona (HQ) (SCHENEIDER et
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al., 2008). Além desses, um composto fendlico muito utilizado € o mono metil éter
hidroquinona (MEHQ) (BOWEN, 1979).

A HQ pode ser encontrada naturalmente em vegetais, frutas (pera e mirtilo), café,
cha, cerveja e vinho (DE CAPRIO, 1999). Na industria, essa substancia é utilizada
como agente redutor e como inibidor de polimerizacdo. Além disso, € empregada na
indUstria cosmecéutica, visto que possui atividades antioxidante e despigmentante
(DE CAPRIO, 1999, VIEIRA, FATIBELLO-FILHO e ANGNES, 1999). A despeito de
todo esse uso, a HQ exibe potencial hepatotoxico e carcinogénico, conforme descrito
por Enguita e Leitdo (2013). Em contato com a pele, a HQ é metabolizada em
quinonas e radicais livres, os quais podem atacar a membrana dos melandcitos e
exercer efeito citotéxico (GILLBRO e OLSSON, 2011). O MEHQ € um analogo quimico
da HQ, que também pode ser utilizado na despigmentacédo da pele e possui menor
incidéncia de efeitos indesejaveis (eritema, ardor local e transitério), quando
comparada a HQ (AZULAY-ABULAFIA et al., 2003). Um antioxidante polifendlico
encontrado em diversas espécies de vegetais, tais como uva, amora, amendoim e
eucalipto (ATALAYIN et al., 2015; GARCIA et al., 2016; POI et al, 2018), o resveratrol,
vem ganhando visibilidade nas ultimas trés décadas, por suas vantagens associadas
a saude, dentre elas a atividade antioxidante e os efeitos terapéuticos positivos sobre
doencas neurodegenerativas, cancer, inflamacéo e inibicdo da agregacgéo plaquetaria
(CALIL et al., 2012; POLONINI et al., 2014; ATALAYIN et al., 2015; CIRANO et al.,
2016; GARCIA et al., 2016; MARTINS et al., 2017; ELSHAER et al., 2018; POl et al.,
2018).

Destarte, o propdsito deste trabalho foi substituir a MEHQ presente em resina
composta rotineiramente empregada na clinica odontolégica e disponivel no mercado,
pelo resveratrol, visando aprimorar as propriedades mecanicas deste material

odontolégico.
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2 PROPOSICAO

Desenvolver uma resina composta experimental baseada na incorporacao de
resveratrol como agente inibidor de fotopolimerizacdo; caracteriza-la quanto as
suas propriedades mecéanicas (flexdo, compressédo, tracdo e microdureza) e

compara-la com uma resina comercial (Opallis®).
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3 MATERIAL E METODOS

3.1 Amostra

Para o desenvolvimento desta pesquisa buscou-se a criagdo de uma resina
composta experimental baseada na substituicdo do estabilizador (MEHQ) presente na
resina comercial Opallis® (FGM Produtos Odontolégicos Ltda, Joinville, SC, Brasil) por
um antioxidante natural (resveratrol).

As resinas foram doadas pela empresa FGM Produtos Odontoldgicos Ltda,
(anexo 1) as quais foram submetidas a testes mecéanicos (resisténcia a compressao,
a flexdo, a tracdo e microdureza de Knoop) para que sejam verificadas suas
propriedades mecanicas.

Foram confeccionados 20 corpos de prova para cada teste, sendo 10 corpos
confeccionados com a resina controle (Opallis®) (Figura 1A) e 10 com a resina

experimental (Figura 1B).

Figura 1 - Resinas empregadas nos testes laboratoriais. A — resina Opallis® empregada como padréo.
B — resina experimental

3.2 Ensaio de resisténcia a compresséao

As amostras foram confeccionadas utilizando uma matriz de néilon com

dimensdes de 3 mm de diametro e 6 mm de altura (Figura 2).
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Figura 2 - Matriz de néilon para confeccao de corpo de prova para o ensaio de resisténcia a compresséo

As resinas foram inseridas em incrementos de 2 mm com o auxilio de uma
espatula metalica (Suprafil %2, Duflex — SS White, Rio de Janeiro, RJ, Brasil) e a cada
insercdo foram fotopolimerizadas (Optilight max, Gnatus equipamentos médico-
odontoldgicos Ltda., Ribeirdo Preto, SP, Brasil) durante 20 s, de acordo com as
orientacdes do fabricante (Figura 3A). Apds a insercao do ultimo incremento, foi
colocada uma tira de poliéster e uma laminula de vidro sob a resina e executada a
fotopolimerizacéo, visando tornar lisa a superficie do corpo de prova (QUILES et al.,
2015) (Figuras 3B e 3C). A intensidade de luz do fotopolimerizador foi aferida através
de um radiébmetro Woodpecker® LM-1 (Guilin zhuomuniao Medical Devices Co., Ltd.,

Gaoxin District, Guilin, Guangx, China) antes e apds a confec¢cdo das amostras,

apresentando em ambas a poténcia de 1300 mW/cmz2.

Figura 3 - Confeccédo de corpo de prova para o teste de compressao. A - Inser¢cdo da resina na matriz.
B - Matriz de poliéster e laminula na matriz de confeccdo do corpo de prova. C — Fotopolimerizacéo do

corpo de prova

Apés a confeccdo dos corpos de prova, as amostras foram armazenadas

protegidas da luz em frasco plastico escuro contendo agua destilada, durante o
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periodo de 24 h e mantidas em estufa (410, Nova Etica Industria, Comércio e Servigos
Ltda, Vargem Grande Paulista, SP, Brasil) a temperatura de 37°C (QUILES et al.,
2015).

O ensaio de resisténcia a compressao foi realizado em maquina de ensaios
universal (EMIC) (Instron Brasil equipamentos cientificos Ltda, Sdo José dos Pinhais,
PR, Brasil) com velocidade de 0,5 mm/min sobre os corpos de prova, com uma célula

de carga de 500 Kg.

3.3 Ensaio de resisténcia a flexao

Para a confeccao dos corpos de prova, foi utilizada uma matriz de politetrafluor
etileno (PTFE) com as medidas de acordo com a especificacdo da Organizacéo
Internacional para Padronizacéo (ISO, International Organization for Standardization
4049/2000) 25 mm x 2 mm x 2 mm (Figura 4).

Figura 4 - Matriz de PTFE para confeccao de corpo de prova para o ensaio de resisténcia a flexao

A inser¢do da resina na matriz foi realizada em um Unico incremento. Foi
colocada uma tira de poliéster sob a resina composta e uma laminula de vidro em
cima desta, para que a resina fosse polimerizada em sua totalidade a mesma
distancia. A fotopolimerizac&o foi executada em trés pontos do corpo de prova (uma
em cada extremidade e uma no centro) durante 20 s (SOUZA et al., 2015) (Figura 5).
Para que fosse aferida a intensidade de luz do fotopolimerizador foi utilizado um
radibmetro antes e ap0s a confec¢do dos corpos de prova, apresentando em ambas

a poténcia de 1300 mW/cm2,
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Figura 5 - Confecg¢édo do corpo de prova para o teste de resisténcia a flexdo. A — Matriz com a resina
inserida. B — Fotopolimerizagdo do corpo de prova

Apés a fotoativagdo, as amostras foram armazenadas protegidas da luz em
frasco plastico escuro contendo agua destilada, durante o periodo de 24 h em estufa
mantida a temperatura de 37°C. Posteriormente, 0os corpos de prova foram
submetidos ao ensaio mecéanico de resisténcia a flexdo de trés pontos (ISO
4049/2000) empregando a EMIC, com velocidade de 0,5 mm/min (QUILES et al.,
2015) (Figura 6). Os resultados da resisténcia a flexdo expressos em Newton (N)
foram adquiridos com o auxilio do software TESC acoplado a EMIC e convertidos em

Mega Pascal (MPa) empregando a equacgao 1 (ISO 4049/2000), abaixo descrita:

_3CL
" 2pH?

(Equacéo 1)

Onde: o = Resisténcia a flexdo (MPa)
C = Carga maxima suportada (N)
L= Comprimento entre os pontos de apoio (20 mm)
b = Largura do prisma (2 mm)

H = espessura do prisma (2 mm)
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Figura 6 - Teste de resisténcia a flexdo sendo realizado na EMIC

3.4 Ensaio de resisténcia a tracao

Para o ensaio de resisténcia a tracdo, foi utilizado moldes de silicona em
formato de halter (extremidades medindo 5,5 mm de largura e 5 mm de altura cada,
sua constricdo com 1,3 mm de largura e 4 mm de altura e sua espessura) para a
fabricacdo dos corpos de prova (Figura 7A). As resinas foram inseridas em um anico
incremento e foram serdo colocadas sobre a mesma, uma tira de poliéster e uma
lamina de vidro para que fosse fotopolimerizadas em trés pontos (uma em cada
extremidade e no centro) (QUILES et al., 2015) (Figura 7B). Foi realizada a medicéo
da intensidade de luz do fotopolimerizador utilizando um radidmetro antes e apés a

confec¢cdo das amostras, em ambos apresentaram a poténcia de 1300 mW/cm2.

Figura 7 - Confeccao de corpo de prova para o teste de resisténcia a tragdo. A — matriz de silicona. B

— preparo do corpo de prova
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As amostras foram armazenadas em um frasco plastico escuro com agua
destilada protegido da luz, durante o periodo de 24 h em estufa mantida a temperatura
de 37°C. Apoés este periodo, as amostras foram secas e coladas (Super bonder® gel,
Loctite, Henkel Corp., Rocky Hill, CT, EUA) a um dispositivo metalico para realizagédo
dos testes de tracdo empregando a EMIC, contendo célula de carga 500 Kg a uma
velocidade de 0,5 mm/min. A area de secéo transversal fraturada dos corpos de prova
foi estimada com o auxilio de um paquimetro digital (IP66, Mitutoyo®, Takatsu-ku,
Kawasaki, Kanagawa, Japao) (Figura 8). A resisténcia coesiva a tracdo (RCT) foi

calculada empregando a equacéo 2:
RCT = i? (Equacéo 2)
Na qual,
RCT= resisténcia coesiva a tracao

F= forca de fratura

A= Area da superficie (mm)

Figura 8 - Teste de resisténcia a tracdo sendo realizado na EMIC

3.5 Microdureza de Knoop

Os corpos de prova foram confeccionados empregando molde de acrilico de 4
mm de didmetro e 2 mm de altura, com a inser¢do da resina composta em um Unico
incremento (MARQUES et al., 2014) (Figura 9A). Foram adicionadas na parte superior
da resina, uma matriz de poliéster e uma laminula de vidro e, posteriormente

executada a fotopolimerizacdo do corpo de prova por 20 s (Figura 9B). Foi utilizado


https://www.google.com.br/search?q=mitutoyo+&stick=H4sIAAAAAAAAAOPgE-LSz9U3MCpKqzIuV-IEsU0rSipMtTQyyq30k_NzclKTSzLz8_Tzi9IT8zKrEkGcYqv0xKKizGKgcEYhAGqWG5RDAAAA&sa=X&ved=0ahUKEwjM16GZpqzVAhUKEJAKHevHBkIQmxMIhgEoATAR
https://www.google.com.br/search?q=mitutoyo+&stick=H4sIAAAAAAAAAOPgE-LSz9U3MCpKqzIuV-IEsU0rSipMtTQyyq30k_NzclKTSzLz8_Tzi9IT8zKrEkGcYqv0xKKizGKgcEYhAGqWG5RDAAAA&sa=X&ved=0ahUKEwjM16GZpqzVAhUKEJAKHevHBkIQmxMIhgEoATAR
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um radidmetro para a mensuracéo da intensidade de luz do fotopolimerizador antes e
apos a confeccdo das amostras, apresentando em ambas a poténcia de 1300
mW/cmz2. Logo apos a fotoativacdo, das amostras estas foram polidas manualmente
por 1 min cada, com movimentos em forma de oito, sob irrigacdo, com lixas a base de
carbeto de silicio de granulacdo 600, 1000 e 1200. Apos cada polimento, 0s corpos
de prova foram levados ao ultrasson (Ultrom, Crist6foli, Campo Mourdo, PR, Brasil)
durante 3 min (Figura 9C) para que fosse removido residuos que ficaram durante o

polimento.

[T NS ) i ]
Figura 9 - Confeccao de corpo de prova para o teste de microdureza de Knoop. A — Matriz do corpo
de prova do teste de microdureza. B — Resina inserida na matriz e fotopolimerizada. C — Lavagem de
residuos durante o polimento dos corpos de prova em ultrassom

Os corpos de prova foram armazenados protegidos da luz em frasco de plastico
contendo agua destilada durante o periodo de 24 h em estufa mantida a temperatura
de 37°C (SOUZA et al., 2015). Posteriormente, as amostras foram secas com papel
absorvente e submetidas ao teste de microdureza, com o auxilio do microdurébmetro
(HMV-2, Shimadzu, Kyoto, Japdo) e uma ponta Knoop, usando uma carga de 200 g
durante 10 s (Figura 10). Foram realizadas cinco medidas com a distancia de 500 pm

de cada marcacéo.
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Figura 10 — Imagem representativa do aparelho microdurometro utilizado para a afeccdo da

microdureza de Knoop

3.6 Analise estatistica

Os resultados dos testes de resisténcia a compressao, a flexao, a tracao e de
microdureza de Knoop foram submetidos a andlise estatistica utilizando o teste T de
student, com nivel de significancia de 5% (a=0,05). Esses dados foram analisados
com o auxilio do software Statistical Package for Social Sciences (SPSS) versédo 21.
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Abstract

Objectives: The mechanical properties (compressive strength, tensile, flexure and
Knoop microhardness) were evaluated from a nanohybrid composite resin, in which
resveratrol was used as a photopolymerization inhibitor, replacing the monomethyl
ether hydroquinone (MEHQ).

Methods: compression, tensile, flexural and Knoop microhardness tests were

performed using 20 resin composite specimens for each test, 10 for the experimental
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resin composite and 10 for the controlled group (Opallis®). Tests were performed after
samples storage in distilled water for 24 hours at 37°C. The results were analyzed
statistically using Student's t-test, with a significance level of 5% (a = 0.05).

Results: The nanohybrid composite resins (experimental and Opallis®) have shown
similar results and no statistical differences were observed on the mechanical tests
performed.

Significance: Despite the lack of scientific reports about the use of resveratrol as a
photopolymerization inhibitor agent, it can be observed that its use constitutes an
alternative as the experimental resin composite showed similar mechanical properties

as the commercial resin composite tested.

Keywords: resin composite, materials testing, dental materials, hardness, compressive
strength, tensile strength, flexure strength, resveratrol, photopolymerization,

antioxidant.

1. INTRODUCTION

Resin composites are the most widely used dental materials for direct restorations
of anterior and/or posterior teeth [1], due to its resistance, excellent aesthetics,
affordable cost and adhesiveness [2]. Since its inception and even with the
development of acid etching technique, resin composites have undergone several
modifications in their composition in order to improve their mechanical properties and
clinical performance. Such changes reflect a process of continuous improvement of

the material, both on its organic matrix and inorganic part [3].
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The constant evolution of the materials used is essential for a continuous
improvement of the applied techniques and the preservation of both aesthetics and the
soft and hard tissues of the oral cavity [4]. For this to occur, it is necessary to have an
excellent resin, and it is imperative that it has acceptable mechanical properties.
According to Souza et al (2015), among the mechanical properties that can be
evaluated in resin composites, microhardness and flexural strength are among the
most studied ones, because they approach to forces involved in mastication.
Moreover, Anusavice (2005) reported that a microhardness test is suitable to evaluate
wear resistance of a material. The compressive strength test is also used to predict
material’s ability to withstand functional stress in mastication [7] and avoiding fractures
in restoration and dental structure [8]. Also, to understand the behavior of resin
composite restorations performed on dental elements subjected to tensile strength; the
tensile tests are used [6].

In order to avoid spontaneous polymerization and to increase the shelf life of resin
composites, manufacturers add trace amount of photopolymerization inhibitors [9].
Inhibitors added to dental resins are compounds with an antioxidant action, therefore
preventing premature and undesired reactions of the initiators [4]. The most commonly
used are butyl hydroxytoluene (BHT) and hydroquinone (HQ) [9]. Besides, a widely
used phenolic compound is the monomethyl ether hydroquinone (MEHQ) [10].

HQ can be found naturally in vegetables, fruits, such as: pears and blueberries; in
addition to coffee, tea, beer and wine [11]. In industry, this substance is used as a
reducing agent and as a polymerization inhibitor. Moreover, it is used in the cosmetic
industry, since it has antioxidant and depigmentation activities [11-12]. Despite this
potential use, HQ exhibits hepatotoxic and carcinogenic potentials, as described by

Enguita and Leitdo (2013). When in contact to skin, the HQ is metabolized in quinones
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and free radicals, which can attack the membrane of melanocytes and exert a cytotoxic
effect [14]. MEHQ is a chemical analogue of HQ, which can also be used in skin
depigmentation and has a lower incidence of undesirable effects such as: erythema,
local and transient burning; when compared to HQ [15]. Resveratrol is a polyphenolic
antioxidant found in several plant species, grapes, blackberries, peanuts and
eucalyptus [16, 17, 18]. It has been gaining visibility in the last three decades, because
of its health-related benefits. These benefits include an antioxidant activity and positive
therapeutic effects on active neurodegenerative diseases, cancer, inflammation and
inhibition of platelet aggregation [19, 20, 16, 21, 17, 22, 23, 18].

Therefore, the purpose of this work was to replace MEHQ present in a resin
composite formulation as an photopolymerization inhibitor and evaluate their

mechanical properties comparing to a commercial resin composite.

2. MATERIALS AND METHODS
2.1Sample
Twenty specimens were prepared for each test, 10 of which were made with
the controlled resin and 10 with the modified resin (Opallis®).

2.2 Compressive strength test

The samples were made using a nylon matrix with dimensions of 3 mm in
diameter and 6 mm in height.

The resins were inserted in 2 mm increments with the aid of a metallic spatula
(Suprafil Y2, Duflex — SS White, Rio de Janeiro, RJ, Brazil) and each insert was
photopolymerized for 20 s, according to the manufacturer's directions (Optilight max,
Gnatus Ltda., Ribeirdo Preto, SP, Brazil). After insertion of the last resin increment, a

polyester strip was placed over the resin and a glass coverslip was placed over it and
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photopolymerization was done in order to smooth the specimen surface [24]. The light
intensity of the light source was measured using a radiometer, before and after the
sample preparation, performing 1300 mW / cmz2. The samples were protected from light
in a dark plastic bottle containing distilled water and stored for 24 hours in an incubator
(410, Nova Etica Industria, Comércio e Servicos Ltda, Vargem Grande Paulista, SP,
Brazil) at 37 ° C [24].

The compressive strength test was performed in a universal testing machine
(Emic, Sao José dos Pinhais, PR, Brazil) with a load cell of 500 kg and at a crosshead

speed of 0.5 mm / min.

2.3 Flexural strength test

For the preparation of the specimens, a polytetrafluoroethylene (PTFE) matrix
was used, with dimensions of (25 mm in length, 2 mm in width and 2 mm in thickness),
which were in accordance with those described by ISO 4049/2000 [25].

The resin insertion into the matrix was performed in a single increment. A
polyester strip was placed under and over the resin composite and a glass cover slip
was placed over it, then the light source tip was placed just over the cover slip for
photoactivation at three points of the specimen (one at each end and one at the center)
for 20 s [5]. In order to measure the light intensity of the photopolymerizer, a radiometer
was used, before and after the preparation of the test specimens, with a power of
1300m W / cm2,

After the preparation of the specimens, the samples were protected from light in
a dark plastic bottle containing distilled water and stored for 24 hours in an incubator
at 37°C. Subsequently, the specimens were submitted to the three-point flexural test

[25] in a universal testing machine (EMIC), with a crosshead speed of 0.5mm / min
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[24]. The flexural strength data expressed in Newton (N) were obtained with the aid of
the software (Tesc) coupled to the EMIC and converted into Mega Pascal (MPa), using

Equation 1 [25], described below:

_ 3CL
"~ 2bH?

(Equation 1)

As follows: o = Flexural strength (MPa)
C = Maximum supported load (N)
L = Length between support points (20 mm)
b = Prism width (2 mm)

H = prism thickness (2 mm)

2.4 Tensile strength test

For specimen’s production for tensile strength test, halter-shaped silicone molds
were used, each measuring 5.5 mm in width and 5 mm in height. It had a constriction
at the center of 1.3 mm in width, 4 mm in height and 2 mm in thickness. The resins
were inserted in a single increment and a polyester strip and a glass cover were placed
on it to be photopolymerized at three points (one at each end, as well as at the center)
[24]. The light intensity of the photopolymerizer was measured using a radiometer,
before and after the sample preparation, both with the power of 1300mW / cmz2.

The samples were stored in a dark plastic bottle with distilled water, protected
from light exposure, and kept in an incubator at 37°C for 24 h. After this period, the
samples were wiped dried and glued (Super bonder® gel, Loctite, Henkel Corp., Rocky
Hill, CT, USA) to a metal device attached to EMIC for carrying out the tensile tests,
under 500 Kg load cell at a crosshead speed of 0.5 mm / min. The fractured cross-

sectional area of the specimens was measured with the aid of digital calipers (IP66,
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Mitutoyo®, Takatsu-ku, Kawasaki, Kanagawa, Japan). The cohesive tensile strength

(CTS) was calculated using Equation 2:
CST = % (Equation 2)
In which: CST = tensile cohesive strength

F = fracture strength

A = surface area (mm)

2.5 Knoop Microhardness Test

The specimens were prepared using a 4 mm diameter and 2 mm height acrylic
molds, and the resin composite insertion done in a single increment [26]. A polyester
matrix and a glass coverslip were added to the top of the resin surface and
photopolymerization of the specimen was then performed for 20 s. A radiometer was
used for the measurement of the light intensity of the light source, before and after the
specimen preparation, presenting both the power of 1300 mW / cmz2.

Soon after the photoactivation of the samples, they were manually polished for
one min each, performing eight-shaped movements under irrigation; with silicon
carbide papers of 600, 1000 e 1200-grit. After each polishing step, the specimens were
submitted to ultrasound baths (Ultrom, Cristéfoli, Campo Mourédo, PR, Brazil) for 3
minutes to remove the residues.

The specimens were stored protected from light in a dark plastic bottle
containing distilled water for 24 h and kept in an incubator at 37 ° C [5]. Subsequently,
the samples were wiped dried with absorbent paper and submitted to the

microhardness test, under a microdurometer apparatus (HMV-2, Shimadzu, Kyoto,
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Japan), using a Knoop tip, performing a load of 200 g for 10 s. Five measurements

were carried out at the resin surface with a distance of 500 um from each marking.

2.6 Statistical analysis

The results of the compressive strength, flexural, tensile and Knoop
microhardness tests were submitted to statistical analysis using the Student’s T-test,
with a significance level of 5% (0=0.05). This data was analyzed with the aid of

software IBM Statistical Package for Social Sciences (SPSS) version 21.

3. RESULTS
The resin composites, Opallis® and experimental showed results of
compressive strength, flexural strength, tensile strength and Knoop microhardness that
presented no statistical differences between them (p=0.35, p=0.18, p=0.312 and
p=0.17, respectively) as shown in Table 1.
Table 1: Results for resin composites compressive strength (MPa), flexural strength

(MPa), tensile strength (MPa) and Knoop microhardness (KHN)

Resin Compressive Flexural Tensile Knoop
Composites strength strength strength microhardness
Opallis® 267.46 (12.27)  152.49 (9.17) 34.49 (2.20) 57.10 (0.42)
Experimental 276.72 (7.91) 185.76 (4.55) 31.31 (2.73) 62.32 (0.82)



29

4 DISCUSSION

It is possible to find in the scientific literature that the most used resin composite
polymerization inhibitors are HQ, BHT [9] and MEHQ [10]. However, HQ has
hepatotoxic and carcinogenic potentials [13], and this compound is still present in some
commercially available resins, such as Ever resin (GC, Tokyo, Japan) [27].

In dentistry, there is a growing search for reduction of the cytotoxic effect of resin
monomers. One way to prevent such effects is to use antioxidant agents, such as
resveratrol. It was reported their several health benefits [19, 20, 16, 17, 28, 22, 23, 18,
29]. According to Atalayin et al (2015), resveratrol acts as a protector of fibroblasts
against agents that induce reactive oxygen release, such as hydrogen peroxide,
ethanol, and nicotine. According to Poi et al (2018), in avulsed teeth, it is able to reduce
the proliferation of various bacteria, increase cell life and exhibiting no toxic effects.
These authors have demonstrated that resveratrol was able to reduce periodontal
damage induced in rats, increase collagen type | synthesis and mitochondrial
respiration in human gingival tissue fibroblasts. According to Porto et al. (2018),
resveratrol demonstrated genoprotective activity, reducing possible DNA damage
induced by adhesive agents in dentin. Furthermore, they suggested that resveratrol
may provide desirable bond stability between the adhesives and dentin, reducing the
frequency of replacement of composite resin restorations.

Despite the antioxidant action already described in the literature [19, 20, 16, 17, 28,
22, 23, 18, 29], no scientific report on the use of resveratrol as an inhibitor of
photopolymerization was found. However, the present study demonstrated that its use
can be beneficial, it maintained the mechanical properties of the experimental resin

composite when compared to the commercial resin (Opallis®).
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The mechanical stability of direct dental restorative materials is one of the
prerequisites for long-term clinical success. In addition, other important criteria are
biocompatibility and color stability [30]. In order to perform direct restorations with resin
composites, the dental professional must support his choice on material qualities that
can increase the durability of restorations, among them are the material’'s known
mechanical properties that help him to predict if the chosen resin will resist without
fractures or wear over masticatory loading [26-30].

The degree of conversion in monomers to polymers (polymerization process) is
generally evaluated by direct and indirect methods. The direct ones include Fourier
transform infrared spectroscopy and Raman spectroscopy [5]. The indirect method
employs microhardness, since there is a connection between the hardness and the
flexural strength of the composite resins with their degree of conversion [26-5].

The microhardness test may indicate the resistance to masticatory wear of
restorative materials [26]. With regards to the Knoop microhardness test performed,
the results of the experimental resin composite (62.3 KNH) corroborates with the
results of the Filtek Z350XT® (65.1 KHN) and Filtek Z250® (64.2 KNH) resins,
according the study performed by Marques et al (2014).

The compressive strength of a material is defined as the amount of tension
necessary to distort the material in an arbitrary amount, which is calculated by dividing
the maximum load by the original cross-sectional area of a sample [31]. Compression
forces are related to the resilience behavior of the composites. The high resistance to
compression and flexion protects the restorations against fractures and also the dental
structure, especially when forces are performed on posterior teeth [8].

The results of resistance to compression found in this study are close to those found

by Quiles et al (2015). These authors obtained an average of 249.5 MPa for the
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nanohybrid composite resin (Opallis®), while in the present work the result obtained for
the same resin was 267.4 MPa. The experimental resin composite (nanohybrid)
resembled the Natural Look® resin (microhybrid) evaluated in that study, obtaining
average resistance to compression of 276.4 MPa and 286.1 MPa respectively.

Brosh et al. (1999) state that resin composites that require photopolymerization to
set up are known to have low tensile strength and high compressive strength, and the
values found by them for the compressive strength (198 to 300 MPa) were 80% higher
compared to tensile strength values (38.8 to 54.6 MPa). However, the results of our
work are discordant to this statement proposed by these authors. Considering the
results, tensile strength presented less than 20% (34.48 MPa for experimental and
31.31 MPa for Opallis® resin) compared to the obtained values for compressive
strength (276.4 MPa for experimental and 267.4 MPa for Opallis® resin).

According to ISO 4049/2000 standards, direct resin composites must have a
flexural strength equal to or greater than 80MPa, considering polymerization using light
source. Therefore, the results obtained for both resins evaluated are in accordance
with the existing norms, and the experimental one obtained an average value slightly
higher than the commercial one (Opallis®) (185.76 versus 152.49 MPa), but no
statistically significant difference between them was depicted (p=0.18).

The flexural strength of a material is its ability to bend before breaking or the
resistance to fracture of a material. Flexural forces are the resultant force generated in
clinical situations where dental materials need to withstand repeated bending and
twisting. A high flexural strength is desired, since these materials are under masticatory
stresses which can induce permanent physical deformation [33]. In the flexural
strength test, the resin composite Opallis® (152.49 MPa) approached the results

obtained in the llie e Hickel (2009) study for Filtek Z250® (160.8 MPa) microhybrid
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resin. The experimental resin composite presented higher values compared to these
resins. According to Martinez and Canedo (2017), the flexural strength values found
for Z100® hybrid resin (131.3 MPa) were lower than Opallis® (152.5 MPa) and
experimental (185.7 MPa) resins. In regard to llie and Hickel (2009) study, the
experimental resin composite resembled the result found for nanoparticulate Filtek
Supreme XT® (35.8 MPa) resin and Opallis® (34.49 MPa) with Ceram X Duo® (32 MPa)
(nanoceramic) in tensile strength test. Additionally, the results obtained in the test of
resistance to compression, Opallis® (267.46 MPa) was similar to Filtek Supreme®
Enamel (267.4 MPa) (nanoparticulate) and the experimental (276.82 Mpa) one
obtained similar results compared to values than those evaluated. However, Filtek
Z250 XT® (282.9 MPa) was close to the results found in the present study for the
experimental resin.

It can be concluded that the use of resveratrol maintained the mechanical
characteristics of the resin and represents an innovative opportunity for the dental

industry.
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CONCLUSAO

A partir dos resultados obtidos no presente estudo, podemaos concluir que 0 uso
do resveratrol manteve as caracteristicas mecanicas da resina composta e representa

uma oportunidade inovadora para o setor odontolégico.
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