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Jassé FF. Resisténcia a fratura, grau de conversado, adaptagdo marginal e contracéo
de polimerizagcdo de uma resina composta “bulk-fill’. [Tese de Doutorado].

Araraquara: Faculdade de Odontologia da UNESP; 2014.

Resumo

O objetivo neste trabalho foi avaliar diferentes propriedades de uma resina
composta “bulk-fill” fluida de baixo tensao de contrag&o, por meio de trés estudos: 1)
avaliacdo da resisténcia a fratura de molares com cavidades classe II MOD
restaurados com a resina “bulk-fill’; 2) avaliagdo do grau de conversdo monomeérica
(GC%) por meio de espectroscopia FTIR (Espectroscopia Infravermelho
Transformada de Fourier); e 3) avaliagdo da adaptacao marginal cervical em esmalte
e dentina, e da contracdo de polimerizacdo. Para o estudo de resisténcia a fratura,
40 molares foram divididos em cinco grupos: 1- dentes higidos (controle positivo); 2-
dentes com cavidades classe Il MOD sem restauracédo (controle negativo); 3- dentes
com cavidades classe Il MOD restaurados apenas com a resina “bulk-fill’; 4- dentes
com cavidades classe Il MOD restaurados com a resina “bulk-fill” recoberta por
resina composta convencional nano-hibrida; e 5- dentes com cavidades classe I
MOD restaurados apenas com a resina convencional nano-hibrida. Todos os
espécimes foram submetidos ao teste de resisténcia a fratura por meio de carga
compressiva axial, com o emprego de esfera metalica medindo 8 mm de diametro,
em maquina de ensaio universal EMIC DL-2000, equipada com célula de carga de
10 kN, acionada a uma velocidade de 5 mm/min até que ocorresse a fratura do
conjunto. Os dados de resisténcia a fratura foram submetidos a Analise de Variancia
(ANOVA) e teste de Tukey (a = 0,05). Para andlise do grau de conversdo foram

confeccionados espécimes cilindricos (4mm x 4mm) da resina, divididos nas



profundidades de polimerizacdo de 1mm, 2mm, 3mm e 4mm. Os espécimes foram
foto-ativados pelos tempos de 20 e 40 segundos, e foram entdo triturados,
prensados com KBr e analisados em espectrofotdmetro FTIR. Os dados relativos ao
GC% foram analisados estatisticamente por meio da ANOVA dois fatores. Para o
terceiro estudo, no qual foi avaliada a adaptacdo marginal cervical e a contragcéo
volumétrica de polimerizacdo, primeiramente 24 molares foram distribuidos em trés
grupos (A, B e C) de modo que receberam os mesmos tratamentos supracitados
para os grupos 3, 4 e 5 do estudo de resisténcia a fratura, respectivamente. A
adaptacdo marginal antes e apds a ciclagem termomecéanica foi avaliada por meio
da técnica da réplica e de andlise quantitativa (% de margens continuas) em
microscopia eletrbnica de varredura (MEV). Ja para a andalise da contracdo
volumétrica de polimerizacdo, uma matriz hemi-esférica foi preenchida pelas resinas
testadas e entdo posicionadas no aparelho AccuVol™ para que fossem obtidos os
percentuais de contracdo volumétrica calculados apds a foto-ativacdo. Os dados
obtidos para adaptacdo marginal cervical foram analisados estatisticamente pela
ANOVA dois fatores e teste de Sidak ao nivel de significancia de 5%. Ja os dados de
contracao de polimerizacdo foram submetidos & ANOVA e teste de Tukey (a = 0,05).
Os resultados obtidos no primeiro estudo mostraram que o grupo 3 apresentou 0S
maiores valores de resisténcia a fratura (2243,1 + 473,7N), diferindo estatisticamente
dos grupos 2, 4 e 5 (p <0,05). Quanto ao GC%, a resina “bulk-fill” ndo apresentou
diferenca significante (p>0,05) entre as profundidades de irradiagdo de 1 a 4mm,
enquanto que para a resina nano-hibrida houve diferenca estatistica significante das
varidveis tempo de irradiacao e profundidade, bem como da interacdo entre elas. No
terceiro estudo, notou-se que tanto antes quanto apés a ciclagem termo-mecanica

0S percentuais de margens continuas na dentina cervical foram maiores (p<0,05)



nos grupos A e B quando comparados com o grupo C. Enquanto que para o esmalte
cervical o grupo B apresentou valores maiores aos obtidos no grupo C e o grupo A
apresentou resultados intermediarios entre B e C. Quanto a contracdo de
polimerizacao, a resina “bulk-fill” exibiu maiores percentuais de contragcdo em relagao
a resina convencional (p<0,05). Assim, com base nos resultados pode-se concluir
que a resina testada foi capaz de devolver a resisténcia a fratura do dente de
maneira similar ao observado para os dentes higidos. A profundidade de
polimerizacdo em incrementos de até 4 mm de espessura, conforme anunciado pelo
fabricante, pdde ser confirmada. A resina “bulk-fill” mostrou-se superior a

convencional quanto a adaptacdo marginal cervical, entretanto apresentou maior

contracao de polimerizacéo.

Palavras-chave: Forca Compressiva, Adaptacdo Marginal Dentéria, Resinas
Compostas, Preparo da Cavidade Dentaria, Espectroscopia Infravermelho

Transformada de Fourier, Polimerizacéo.



Jassé FF. Fracture strength, degree of conversion, marginal adaptation and
polymerization shrinkage of a "bulk-fill' resin composite. [Tese de Doutorado].

Araraquara: Faculdade de Odontologia da UNESP; 2014.

Abstract

The aim of this study was to evaluate different properties of a low-shrinkage stress
"bulk-fill" flow composite resin, through three studies: 1) evaluation of the fracture
strength of molars with Class Il MOD cavities restored with the "bulk-fill" resin; 2)
evaluation of degree of conversion (DC%) by means of FTIR (Fourier Transform
Infrared) spectroscopy; and 3) evaluation of cervical marginal adaptation in enamel
and dentin, and polymerization shrinkage. For the study of fracture strength, 40
molars were divided into five groups: 1- intact teeth (positive control); 2- teeth with
Class Il MOD cavities without restoration (negative control); 3- teeth with Class Il
MOD cavities restored with only "bulk-fill" resin; 4- teeth with Class Il MOD cavities
restored with "bulk-fill" resin covered with conventional nano-hybrid resin; and 5-
teeth with Class Il MOD cavities restored with only the conventional nano-hybrid
resin. All specimens were subjected to fracture strength test by means of axial
compressive load, using a metal sphere measuring 8 mm in diameter, in an universal
testing machine EMIC DL-2000 equipped with 10 kN load cell, which was triggered at
a speed of 5 mm/min until the fracture of the specimen. Data of fracture resistance
were subjected to Analysis of Variance (ANOVA) and Tukey’s test (a = 0.05). To
analyze DC% cylindrical specimens (4mm x 4mm) of the resin were made and
divided into the depths of polymerization of 1mm, 2mm, 3mm and 4mm. The
specimens were photo-activated by the times of 20 and 40 seconds, and then they

were crushed, pressed with KBr (potassium bromide) and analyzed by FTIR



spectrophotometer. Data for DC% were statistically analyzed by two-way ANOVA.
For the third study, which evaluated the cervical marginal adaptation and
polymerization shrinkage, at first, 24 molars were divided into three groups (A, B and
C) so that they received the same treatment mentioned above for groups 3, 4 and 5
of the fracture resistance study, respectively. Cervical marginal adaptation was
evaluated before and after thermomechanical loading by means of the replica
technique and quantitative analysis (% of continuous margins) by scanning electron
microscopy (SEM). For analysis of volumetric polymerization shrinkage, a semi-
spherical mold was filled by the tested composites and then placed in the AccuVol™
device in order to obtain the percentages of polimerization shrinkage that was
calculated after photo-activation. The data obtained for cervical marginal adaptation
were statistically analyzed by Two-Way ANOVA and Sidak’s test at a significance
level of 5%, while data of polymerization shrinkage were submitted to ANOVA and
Tukey'’s test (a = 0.05). The results of the first study showed that group 3 presented
the highest values of fracture strength (2243.1 + 473.7 N), differing from groups 2, 4
and 5 (p<0.05). For DC%, the "bulk-fill"* resin did not show significant difference (p>
0.05) between depths of irradiation from 1 to 4 mm, while for the nano-hybrid resin
statistical tests revealed a significant effect of the variables irradiation time and depth
as well as the interaction between them. In the third study, it was noted that both
before and after thermo-mechanical loading percentages of continuous margins in
the cervical dentin were higher (p <0.05) in groups A and B compared with group C.
While for cervical enamel group B showed higher values than those obtained in
group C and group A presented intermediate results between B and C. For
polymerization shrinkage "bulk-fill" resin exhibited higher rates of contraction

compared to conventional resin (p<0.05). Thus, based on the results shown in the



three studies, we concluded that the tested composite resin was able to return the
fracture resistance of the tooth in a similar way to that observed for intact teeth. The
depth of cure in increments of up to 4 mm-thick, as claimed by the manufacturer,
could be confirmed. The "bulk-fill" resin was superior to conventional resin regarding

cervical marginal adaptation, however showed higher polymerization shrinkage.

Keywords: Compressive Strength; Dental Marginal Adaptation; Composite Resins;
Dental Cavity Preparation; Spectroscopy, Fourier Transform Infrared;

Polymerization.
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1 Introducao

A busca por um material restaurador direto estético, ou seja, que
reproduzisse as caracteristicas Opticas da estrutura dental, culminou com o
surgimento da resina de Bowen por volta da década de 60 (Bowen®, 1962). Desde
entdo, as pesquisas acerca do aprimoramento das resinas compostas tem sido
incessantes. Muitos avancos ja foram obtidos quanto as mais diversas propriedades
das resinas restauradoras e novas perspectivas surgiram no que diz respeito ao
restabelecimento da estética e funcdo dentérias, bem como a preservacéo do tecido
dental sadio (Van Meerbeek et al.**, 2003).

Os materiais e técnicas restauradoras adesivas atuais tornaram
possivel tratar esteticamente dentes posteriores com previsibilidade de sucesso
razoavel (Hirata et al.'®, 2004). Entretanto, todos os materiais resinosos ainda
sofrem contragdo inerente a reagdo de polimerizagdo e, especialmente em
cavidades profundas, um alto fator de configuracéo cavitéria (fator C) pode amplificar
0s problemas com restauragcbes em resina composta devido a esta contragao
(Feilzer et al.’®, 1987; Hitz et al.?°, 2010). Dois tipos de problemas relacionados a
contracao de polimerizacdo dos compdésitos podem ser observados: fendas podem
se formar caso o compdésito esteja fracamente aderido aos tecidos dentais; e caso a
resisténcia adesiva exceda as tensdes de contragdo, a restauragdo mantém uma
tensdo residual interna que traciona as paredes do dente (Campos et al.’, 2009).
Alguns dos efeitos desses processos que podem ser percebidos clinicamente sao
sensibilidade pés-operatoria e/ou descolamento da interface dente-restauragéo, que
por sua vez pode levar ao manchamento marginal, inflamagédo pulpar e caries

secundarias (Campos et al.®, 2009; Lutz et al.?°, 1986).
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Em restauracdes adesivas diretas de classe Il, métodos incrementais,
emprego de “inserts” ceramicos e aplicacdo de base cavitaria tém sido propostos
para reduzir as tensfes desenvolvidas no conjunto dente-restauracdo devido a
contracdo de polimerizacdo do composito (Lutz et al.?°, 1986; Donly et al.**, 1989:;
Friedl et al.'®, 1997). Entretanto, estas técnicas ainda ndo sdo consideradas
suficientemente efetivas ao serem aplicadas em restauragdes de classe Il amplas,
considerando-se a contragdo de polimerizacdo dos materiais e a cura tardia
espontanea que ocorre dias ap6s a insercdo da resina (Dietschi et al.®, 2003). Além
disso, a insercdo da resina torna-se mais complicada com o aumento da
profundidade cavitaria (Hitz et al.?°, 2010), dificultando a obtencdo de adaptacéo
marginal satisfatéria (Dietschi et al.®, 2002). A adaptacdo do material restaurador as
margens da cavidade é fator crucial na performance a longo prazo de qualquer
restauracdo (Stavridakis et al.*°, 2007).

Apesar dos esforcos constantes das industrias de materiais dentérios
em criar um material resinoso com reduzida contracdo de polimerizagdo e que
promova perfeito selamento marginal, este objetivo ainda n&o foi alcangado. Nesse
sentido, uma das criagbes recentes foram as resinas compostas de inser¢gao em
massa, mais conhecidas como “bulk-fill”. Dentre estas resinas, foi introduzida no
mercado a SureFil® SDR™ flow (Dentsply Caulk, Milford, Delaware), como resultado
das tentativas constantes de simplificar o tratamento restaurador de cavidades
profundas e de elevado fator-C, bem como a reposi¢céo de dentina.

A sigla SDR™ significa “resina de estresse reduzido” (Stress Decreasing
Resin) e os materiais baseados nesta tecnologia possuem a dindmica da sua reacéo
de polimerizacdo modificada por meio da incorporacdo quimica de um grupo foto-

ativo (modulador da polimerizacdo — Figura 1) em uma resina a base de uretano
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dimetacrilato (UDMA). De acordo com seu fabricante, esta tecnologia inovadora
levou a obtengdo de um compésito flow com polimerizacdo residual muito baixa,
transpondo a limitagcdo provocada pela impossibilidade de insercdo em massa de
materiais restauradores convencionais & base de metacrilato (Koltisko et al.?®>, 2010;
Dentsply Caulk®, 2010). A tecnologia empregada na SDR™ otimiza a forma com que
a rede de polimero é formada durante a cura, reduzindo a tensdo de polimerizagédo
causada por polimeros que se tornam muito tesos, permitindo assim a formacao de
uma rede polimérica mais relaxada do que na foto-ativagdo convencional, o que
resulta em reducdo da tensdo em até 60%. Acredita-se que o modulador de
polimerizacdo da SDR™ reduz o acumulo de tensdes em consequéncia da
polimerizacdo, sem uma reducao na taxa de polimerizacdo ou conversao. Ainda de
acordo com o fabricante, ela foi desenvolvida para ser utilizada como base em
cavidades de classe | e Il, em incrementos de até 4mm de espessura, e recoberta
por uma resina composta convencional para preenchimento final da cavidade
(Dentsply Caulk®, 2010).

Além dos aspectos relativos a contracdo de polimerizacdo, a qualidade
da polimerizagéo e suas consequéncias também constituem-se como preocupacdes
dos pesquisadores, ja que a adequada conversdo dos materiais resinosos em
polimero é um fator essencial para a obtencéo de propriedades fisicas satisfatorias e
bom desempenho clinico das restauracdes (Amirouche-Korichi et al.!, 2009; Jassé et
al.?*, 2013). Sabe-se bem que a energia luminosa transmitida através dos
compositos é atenuada drasticamente conforme o aumento da distancia entre a
superficie irradiada e a fonte de luz, levando a uma diminui¢cdo no grau de conversao
monomérica (Lindberg et al.?®, 2005). Por esse motivo, 0s incrementos das resinas

compostas convencionais sdo limitados a 2mm de espessura (Leprince et al.?’,



25

2012). Um baixo grau de conversdo é capaz de comprometer propriedades das
resinas compostas, tais como: dureza, desgaste, resisténcia a compressao, tracéo,
flexdo, solubilidade, descoloracéo e degradacdo (Chung, Greener’, 1990; Imazato et
al.??, 1995). Desta forma, como as novas resinas “bulk-fill’ apresentam
especificacdes diferenciadas quanto a espessura de seus incrementos, torna-se

importante avaliar a profundidade de polimerizagdo das mesmas.

Figura 1 - Representacdo grafica da rede polimérica formada na SDR flow comparada aquela

formada em compdsito flow convencional (Fonte: Dentsply Caulka).

CONVENTIONAL FLOWABLE

SUREFIL® SOR*® FLOW : 0 1

f

POLYMERAZATION NOOLLATOR CURING PRast

A maioria dos estudos que avaliaram as propriedades fisico-quimicas
da resina SDR, apontaram resultados satisfatérios quando a mesma era comparada
as resinas compostas convencionais (Campos et al.®, 2014; El-Damanhoury, Platt*?,
2013; Furness et al.'”, 2014; llie et al.?*, 2013; Moorthy et al.*°, 2012; Nazari et al.**,
2013; Roggendorf et al.**, 2011; Salerno et al.*®, 2011; Van Ende et al.*’, 2013).
Entretanto, por se tratar de um produto relativamente novo no mercado odontolégico
e da caréncia de resultados de estudos clinicos de longo prazo, as analises in vitro
se apresentam como alternativas ainda validas, especialmente quando simulam as

condigdes orais de carga e temperatura. Muito embora os estudos laboratoriais néo
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permitam a reproducdo real da carga mastigatoria, eles representam importante
fonte de informacgéo.

Considerando que € comum a ocorréncia de situagdes clinicas em que
lesbes cariosas produzem grande perda de estrutura, é fundamental a recuperagéo
do elemento dental do ponto de vista anatémico e funcional (Krejci et al.?®, 1993).
Desse modo, justifica-se avaliar in vitro a melhor forma de recuperar o elemento
dental, fundamentando assim futuras condutas clinicas dos profissionais. A escolha
do material restaurador a ser empregado em uma cavidade depende da avaliagao
das condi¢gBes do proprio dente. Com base nisto, é preciso conhecer 0os materiais
restauradores disponiveis com relacdo as suas propriedades, composicdo e
desempenho clinico de forma a possibilitar uma sele¢cdo apropriada conforme as
necessidades do remanescente dental.

Dentro desse contexto, este estudo visa avaliar a resisténcia a fratura e
adaptacdo marginal em preparos de classe Il restaurados com a resina flow de
reduzido stress de contracdo SureFil® SDR™, bem como o grau de conversao e

contracao de polimerizagcdo da mesma.
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2 Proposicéao

2.1 Geral

Avaliar diferentes propriedades de uma resina composta fluida “bulk fill”.

2.2 Especificas

Este estudo foi dividido em trés capitulos compostos por artigos cientificos de

acordo com os objetivos propostos:

Avaliar in vitro a resisténcia a fratura de molares humanos com preparos

cavitarios de classe Il MOD restaurados com a resina SureFil® SDR™ flow.

Avaliar o grau de conversdo monomérica da resina SureFil® SDR™ flow em

diferentes profundidades.

Avaliar a contracdo volumétrica de polimerizacdo da resina SureFil® SDR™
flow, bem como sua influéncia sobre a adaptacdo marginal cervical em
molares humanos com preparos cavitarios de classe Il MOD, antes e apés
ensaio de ciclagem termo-mecanica em maquina de mastigacdo

computadorizada.
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3 Capitulos

3.1 Capitulo 1
* Fracture resistance of molars with class Il cavities restored with different resin-
based materials.

e A ser enviado para publicacdo no periodico Operative Dentistry.

3.2 Capitulo 2
e Bulk-fill versus conventional composite: a comparative analysis on degree of
conversion.

e A ser enviado para publicacdo no periddico European Journal of Dentistry.

3.3 Capitulo 3
e Marginal adaptation in cervical dentin and enamel and polymerization
shrinkage of a composite based on SDR technology.

e A ser enviado para publicacdo no periédico American Journal of Dentistry.



Capitulo 1
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3.1 Capitulo 1

FRACTURE RESISTANCE OF MOLARS WITH CLASS Il CAVITIES RESTORED

WITH DIFFERENT RESIN-BASED MATERIALS

FF Jassé * NF Pollo * EA Campos * | Krejci * S Ardu

Fernanda Ferreira Jassé, DDS, MSc, PhD student. UNESP Univ Estadual Paulista,
Araraquara School of Dentistry, Department of Restorative Dentistry, Araraquara,

SP, Braazil.

Natélia Fernandes Pollo, DDS student. UNESP Univ Estadual Paulista, Araraquara

School of Dentistry, Araraquara, SP, Brazil.

Edson Alves de Campos, DDS, MSc, PhD. UNESP Univ Estadual Paulista,
Araraquara School of Dentistry, Department of Restorative Dentistry, Araraquara,

SP, Braazil.

Ivo Krejci, Prof. Dr. Med. Dent. University of Geneva, Dental School, Division of

Cariology & Endodontology, Geneva, Switzerland.

Stefano Ardu, Dr. Med. Dent., PhD. University of Geneva, Dental School, Division of

Cariology & Endodontology, Geneva, Switzerland.

* De acordo com as normas estabelecidas pelo periédico Operative Dentistry.

" Metodologia detalhada no Apéndice 6.1.
Metodologia aprovada pelo Comité de Etica em Pesquisa conforme certificado exposto no Anexo 7.1.
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Clinical Relevance
Considering the weakness of teeth caused by MOD cavity preparations, it
becomes important to find a restorative material, which is able to reestablish the

tooth resistance.

SUMMARY

The aim of the current study was to evaluate the fracture resistance of molars
with class Il MOD cavities restored with different restorative techniques and
materials. Forty extracted molars were divided into 5 groups to test their fracture
resistance. Group 1, the positive control, consisted of healthy teeth. Groups 2 to 5
received MOD Class Il cavities with standardized dimensions. Teeth of group 2 were
not restored and were considered as the negative control. In groups 3 to 5, the
cavities were restored with: SDR™ flow resin only, SDR™ flow resin coated with a
nano-hybrid resin and nano-hybrid resin only. All specimens were tested for
resistance to fracture by means of axial compressive load, using a metallic sphere
measuring 8 mm in diameter on an universal testing machine EMIC DL-2000, with a
10 kN load cell operated at a speed of 5 mm / min until the fracture of the tooth. Data
were submitted to Analysis of Variance (ANOVA) and Tukey’s test (a = 0.05). Group
3 showed the highest fracture resistance (2243,1 = 473,7N) significantly different
from groups 2, 4 and 5 (p <0,05). The fracture strength of teeth restored with SDR™
flow MOD restorations is similar to intact natural teeth.

Keywords: Compressive Strength, Composite Resins, Cavity Preparation.
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INTRODUCTION

Since the introduction of the acid etching technique by Buonocore in 1955 and
advances obtained with composite resins, new insights have emerged with respect to
restore dental function and aesthetics, as well as conservation of dental tissues.*

The current adhesive restorative materials and techniques makes it possible
to treat aesthetically posterior teeth with a reasonable predictability of success.?
However, all resin materials undergo an inherent shrinkage in the polymerization
reaction and especially in deep cavities. Furthermore, a high cavity configuration
factor (C-factor) can amplify the problems with composite resin restorations due to
shrinkage.>* Two types of problems related to polymerization shrinkage of
composites can be observed: gaps can be formed if the composite is weakly
attached to the dental tissues; if the bond strength exceeds the shrinkage stress, the
restoration maintains an internal tension that pulls the walls of the tooth.” Some of
the effects of these processes that may be perceived clinically are postoperative pain
and degradation of the tooth-restoration interface, which in turn can lead to marginal
staining, secondary caries and pulp inflammation.>®

In direct adhesive Class Il restorations, methods such as incremental
techniques, the use of ceramic inserts or application of a base have been proposed
to reduce the stress developed in tooth-restoration joint due to polymerization
shrinkage of the composite.”® However, these techniques are not considered
sufficiently effective when applied to large class Il restorations in view of the
polymerization shrinkage of the materials and post curing effects that occur hours
after insertion of the composite.'® Moreover, insertion of the resin becomes more
difficult when the cavity depth is increasing.” Due to these factors, it may be difficult

to obtain a good marginal adaptation in broad and deep cavities.!* The adaptation of
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the restorative material to the cavity margins is a crucial factor in the long-term
performance of any restoration.”> That is why low shrinking stress flowable
composites recently came into focus of research in the field of posterior
restorations.*®

A new restorative material suitable for posterior teeth with improved
characteristics in respect to the polymerization shrinkage, SureFil SDR™ (Stress
Decreasing Resin) flow was introduced into the market. According to the
manufacturer, it was developed from a unique technology which led to a flow
composite with very low residual polymerization shrinkage.*** The technology
employed in the SDR™ optimizes the way the polymer network is formed during
cure, reducing the polymerization stress caused by polymers that become too stiff,
thereby forming a polymer network more relaxed than in conventional photo
activation, which results in reduction of contraction stress of up to 60%. This is done
through a polymerization modulator that was chemically incorporated into the
structure of the organic matrix of SDR™ resin monomer. According to the
manufacturer, the polymerization modulator of SDR™ reduces the buildup of stress
as a result of polymerization, without a reduction in the rate of polymerization or
conversion.™

Sound teeth rarely fracture under normal masticatory function. Several studies
have emphasized the importance of maintaining the tooth structure to preserve the
strength of the remaining tooth.***® Generally, the broader involvement by caries or
cavities, the weaker the tooth becomes.'® The weakening of the teeth due to MOD
preparations and the contribution of restorative materials to improve the strength of
the remaining dental tissues have been studied experimentally by several authors

since 1956.2% Most of these studies have in common the use of destructive
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experimental systems fracturing teeth by applying an axial load, with the use of a
steel sphere or cylinder in contact with the slope of the cusps.

Although in vitro studies are not a reproduction of a typical real chewing force,
they represent an important source of information. Compression tests, in which a
force is applied until specimens’ fracture are the most used methodology to compare
the fracture resistance of teeth that received various restorative material.

Within this context, this study aimed to compare the fracture resistance of
healthy teeth and teeth with class Il MOD cavities restored with SureFil SDR™ flow.
The null hypothesis tested was that the fracture resistance of teeth restored with the

new bulk-fill flow resin is not significantly different from healthy teeth.

MATERIALS AND METHODS

Forty sound human third-molars with similar dimensions were selected for the
study. The teeth were subjected to cleaning and visual inspection with a magnifying
glass, making sure the absence of cracks, cavities or any defect. The dimensions of
the teeth were as follows, as verified by a digital caliper: 9.0£1.0 mm bucco-lingual
and 7.0£1.0 mm mesio-distal. Teeth disinfection was performed with 0.1% thymol
solution. Subsequently, teeth were stored in distilled water at 4°C until used. The
roots of the teeth were then put in the center of plastic cylindrical molds (20 mm in
diameter and height), and embedded with epoxy resin until 2 mm of the cement-
enamel junction. Care was taken to maintain the occlusal surface of the teeth parallel
to the base of the cylinder, since in the tests of fracture resistance, the compressive
force is applied parallel to the long axis of the teeth. The teeth were randomly

assigned to five equal groups (table 1).
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Class Il box-shaped (MOD) cavities were prepared with parallel walls and
bevelled enamel margins, with cervical margins located 1.0 mm below (mesial) and
above (distal) the cement-enamel junction. Figure 1 illustrates the dimensions of the
cavities. The cavities were prepared using cylindrical flat-end coarse-grained
diamond burs under abundant water spray. Finishing procedures were performed
with fine-grained burs in the same shape. Dimensions of preparations were
monitored by using a caliper and a periodontal probe.

Teeth allocated to groups 3, 4, and 5 were subjected to the following
restorative procedures:

Group 3: Cavities were cleaned with water spray and dried with absorbent
paper, leaving dentin slightly moistened. Then, the self-etching one-bottle adhesive
Xeno® V (Dentsply Caulk, Milford, Delaware) was applied according to the
manufacturer's instructions and light cured for 20 s. The restorative material SureFil®
SDR™ flow (Dentsply Caulk, Milford, Delaware) was applied directly into the cavity
preparation using a Centrix® syringe (Centrix System, DFL, Jacarepagua, Rio de
Janeiro) with slow and steady pressure. The filling took place from the deepest
portion of the cavity to the cavosurface edge in increments of up to 4 mm in height.
The resin tip was withdrawn progressively as the cavity was filled. Increments were
photo cured using the LED-based curing unit Bluephase G2 (Ivoclar Vivadent,
Schaan, Liechtenstein), with power density of approximately 1100 mW/cm?. Finishing
procedures were performed using fine-grained burs.

Group 4: The same procedures as mentioned above for group 3 were
performed until the application of the adhesive system. Then, SDR™ flow was put
directly into the cavity using a Centrix® syringe with a slow and steady pressure. The

insertion took place from the deepest portion of the cavity to 2mm below the
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cavosurface edge. This increment was then light-cured, and the occlusal portion of
the cavity (2mm) was filled with the nano- hybrid composite EsthetX™ HD (Dentsply
Caulk, Milford, Delaware), followed by curing of this resin according to the
manufacturer's instructions. Finishing procedures were performed using fine-grained
burs.

Group 5: The same procedures as mentioned above for group 3 were
performed until the application of the adhesive system. Then, the cavities were filled
with oblique increments of approximately 2 mm thickness with Esthet-X™ HD
following the manufacturer's instructions. Each increment was light-cured separately.
Finishing procedures were performed using fine-grained burs.

After restoration, all groups were stored in distilled water, protected from light,
at a temperature of 37°C. After one week all the specimens were removed from the
storage conditions and tested for fracture resistance by means of an axial
compressive load, through the use of a metallic sphere measuring 8 mm in diameter.
This sphere was attached to a universal testing machine EMIC DL-2000 (Sao José
dos Pinhais, PR, Brazil) with a load cell of 10 kN, which was driven at a speed of 5
mm/min until fracture of the tooth.

The force necessary to fracture each tooth was recorded in Newtons (N) and
the data was subjected to ANOVA and Tukey’'s tests for the five experimental

conditions.

RESULTS
Mean values of fracture resistance (N) and standard deviations for each of the

five experimental conditions are shown in Table 2.
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The fracture resistance of group 3 was significantly higher than the other
groups (p <0.05), except for group 1, which showed no significant difference (p>
0.05). Teeth restored with SDR™, with SDR™ + nano-hybrid resin, only with nano-
hybrid resin and intact teeth (groups 3, 4, 5 and 1, respectively) showed significantly
higher fracture resistance when compared to the prepared/non-restored teeth (group
2) (p <0,05). There were no statistically significant differences between groups 1 and

3, between groups 1 and 4 and between groups 4 and 5 (p> 0.05).

DISCUSSION
The success of a restorative treatment depends, among other factors, of the
correct selection of the restorative material and of an appropriate technique. Several
studies have indicated that the fracture resistance of large cavity-prepared teeth is
reduced due to loss of tooth structure.?>?* Similarly, the results of this study also

indicated that the tooth resistance was reduced after cavity preparation. Moreover, it

25
. .26

IS interesting to note that in the studies of Re et al.”> and Blaser et al.”> there was no
significant difference between the fracture resistance of healthy teeth and those
which were prepared and not restored.

The composite SureFil® SDR™ flow was recently marketed as a restorative
material for direct use. There are no data available in the literature regarding the
resistance to fracture of teeth restored with it. In the present study, we observed that
teeth restored with the new resin present improved fracture resistance when
compared to teeth restored with a nano-hybrid composite and similar values to
healthy teeth. Therefore, the null hypothesis was accepted.

Dentin’s structural strength depends on the quality and integrity of their

anatomical form, so that the main problem is the small amount of remaining sound
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dentin that maintains and supports the restoration.?” Therefore, preparation of an
extensive MOD cavity may cause fracture of tooth cusps if it is not restored.?®?° The
results of this study also showed that the restoration of a wide tooth cavity is
important to achieve an increase of its resistance to fracture. Therefore, the
reinforcement of the cavity with a suitable restorative material is needed to support
the remaining tooth structure.

In a study by Yogesh and Jagadish,* the authors suggested that composites
when used in posterior teeth show great potential as a reinforcement material of
cusps. Other studies have also demonstrated improved fracture resistance of teeth
after the use composite resins for MOD restoration.'*?3* However, the shrinkage of
composites during polymerization reaction is one of the main factors adversely
affecting the success of direct adhesive restorations made of composite resin. The
polymerization reaction of photo-activated composites leads to the development of
higher stresses when these composites are adhered to the walls of the cavity. To
minimize the effects of polymerization shrinkage the incremental insertion technique
of composite resins has been used, and it is widely accepted in the dental
community, as it is believed that this technique results in reduced accumulation of
stresses in the tooth-restoration interface.” As the concepts of incremental insertion
have been described as mandatory when working with composite materials, in this
study the 2 mm-incremental insertion technique was employed with the conventional
composite. As for the teeth restored with SDR™ flow, 4 mm increments in height
were used, by filling most of the cavity in a single insertion / photo-activation, since
this is a composite based on the "bulk-fill” concept, with reduced polymerization
stress. Probably due to the cusps reinforcement potential of composites associated

with lower polymerization stress generated by resin SDR™ flow, groups of teeth
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restored with the new resin showed fracture resistance values similar to those of
intact teeth. While teeth restored with conventional resin showed lower resistance
than healthy teeth.

Despite the fact that the group restored only with the resin SDR™ flow
showed superior resistance when compared to other groups of restored teeth, it is
not clinically possible to use it in the entire cavity, i.e. without the 2 mm occlusal
coating using the conventional composite. This occurs because the resin SDR™
flow, that is a fluid-consistency resin, does not allow proper sculpture and finishing of
the occlusal surface and marginal ridges. In addition to the functional aspect, the
aesthetic factor must also be considered, since the new resin is marketed in a single
color, which is moderately translucent. Therefore, using the resin SDR™ flow
according to the manufacturer's recommendations as a base material coated with a
conventional resin, it is possible to obtain adequate results of fracture resistance,
with values similar to those obtained for intact teeth, according to the results of the
present study. Using the material in this manner, it becomes possible to achieve the
restorative needs of a dental element with a wide cavity for both, the functional and
the aesthetic aspect.

The method of applying occlusal compressive load during the fracture test is
another important factor. In this in vitro study, the axial forces were applied at the
center of the occlusal surface. Clinically, axial forces in addition to lateral forces and
fatigue must be considered. Burke et al.?* concluded that the best method to
measure the resistance of premolars to fracture is the use of a cylinder with a defined
diameter. The use of a metal sphere of 8 mm in diameter for testing fracture
resistance, as used in the study conducted by Barbosa and Piazza®* proved to be

ideal for molars because it comes in contact with the functional and non-functional
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cusps, being in positions close to what is found clinically. That's why the teeth were
subjected to a compressive load by means of a vertical steel sphere of 8 mm in
diameter.

Regarding the clinical relevance of these findings, it should be considered that
this study was conducted under in vitro conditions and the mechanical test was
performed 7 days after the restorations placement. Ideally, more reliable test
methods must be developed in order to better reproduce the in vivo failure
mechanisms that occur clinically with teeth and restorations. Further tests as fatigues
test and clinical investigations are also recommended to check the results of this

study.

CONCLUSIONS
Within the limitations of this study, it can be concluded that:
1. Teeth with MOD cavity preparations have decreased fracture resistance;
2. The restorative technique involving the use of SDR™ flow showed the ability

to reverse the fracture resistance lost after MOD cavity preparation.
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TABLE CAPTIONS

Table 1: Experimental groups.

Table 2: Mean fracture resistance and standard deviations for each experimental

condition.



FIGURE CAPTIONS

Figure 1. Dimensions of MOD preparations.
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TABLES

Table 1
Group Cavity Type of restoration
1 Intact Intact teeth
2 MOD Non-restored
3 MOD Completely filled with SDR™
4 MOD Filled with SDR™ + Esthet-X HD
5 MOD Completely filled with Esthet-X HD
Table 2
Group n Type of restoration Mean + SD (N)
1 8 Intact teeth 2243,1 + 473,7%®
2 8 Non-restored 708,4 + 269,7°
3 8 Completely filled with SDR™ 2849,3 + 433,2"
4 8 Filled with SDR™ + Esthet-X™ HD 1753,8 + 512,3%¢
5 8 Completely filled with Esthet-X™ HD 1406,8 + 428,5°

Same letters indicate statistically similar values — ANOVA and Tukey'’s tests (p > 0,05).
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Bulk-fill versus conventional composite: a comparative analysis on degree of
conversion

Abstract

Objective: This study aimed to determine the degree of conversion (DC) of two
resin-based composites: one conventional nano-hybrid composite and one bulk-fill
flowable composite (SureFil® SDR™ flow). Methods: DC was evaluated at 1, 2, 3
and 4 mm depth at varying irradiation times (20 and 40 s) using Fourier transform
infrared (FTIR) spectroscopy. Disc-shaped specimens were prepared for each
milimeter and photo-activated with a second-generation LED LCU. Specimens were
stored for 24 h in a dark ambient and then pulverized into a fine powder that was
mixed with potassium bromide (KBr). After homogenization of the mixture a pellet
was done by pressing. All pellets were evaluated using an infrared spectrometer
equipped with TGS detector using diffuse reflectance. The percentage of monomer
conversion was determined from the ratio of absorbance intensities of aliphatic
carbon-carbon double bonds (C=C) and the internal standard before and after the
curing of the composite, represented by the aromatic carbon-carbon single
bonds (C-C). Results: Two-Way ANOVA of the DC data for “bulk-fill” resin showed
no significant difference (p>0,05) for irradiation depths ranging from 1 to 4mm, while
for conventional nano-hybrid resin statistic tests revealed a significant effect of the
variables time and depth, and also of the interaction between them. Conclusion:
The results indicated that SDR™ achieves a 4mm depth of cure with both 20 and 40

second light-exposure.

Keywords: Degree of conversion, Composite Resins, Bulk-fill flowable .
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Introduction

Since the introduction of composites in the early sixties, resin-based materials
have presented a constantly technical progress with regard to new types of filler
particles, different concentrations of these particles and their considerable size
reduction.! However, despite all the evolution of resin-based materials, conventional
composite resins of the beginning of the XXI century still present unfavorable aspects
such as an insufficient degree of monomer conversion? and generation of stress by
polymerization shrinkage upon curing.?

Among other properties, a resin-based material may exhibit two important
features to be considered as ideal: high degree of conversion (DC) and minimal
polymerization shrinkage.” However, these features vary generally antagonistically,
because a high degree of conversion occurs when the monomer components
chemical interlacing is increased, which consequently produces higher volume
shrinkage.®> The main problem caused by higher volume shrinkage is the stress
concentration induced to cavity walls,® which goes along with cracks, gaps,
secondary caries’ and postoperative sensitivity.® On its turn, a lower degree of
conversion may reflect in problems like release of unreacted monomer components®
or high water sorption.*°

New resin-based restorative materials for posterior teeth, which have
improved characteristics with respect to polymerization shrinkage, were recently
launched in the market. They are the so-called “bulk fillI’ materials. Manufacturers
have claimed they reach satisfactory degree of conversion to a maximal increment
thickness of 4-5 mm, depending on trademark, what can transpose the need for
applying and curing of the composite resin in increments of limited thickness*. The

“bulk filling” of cavities, besides saving clinical time, also prevents the incorporation of
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air bubbles and contamination between increments, thus favoring the homogeneity of
the restorative material.

It is well known that light energy transmission through the composite is
attenuated drastically with increasing distance from the surface irradiated by the light
source, what leads to a decrease in monomer conversion. Because of this, the
increments of conventional composite resins are limited to 2 mm. A decrease in
monomer conversion can compromise physical properties and clinical performance
of the restorations,® since degree of conversion is a co-determining factor of the
restorative resins’ physical and chemical properties such as hardness, wear
resistance, compressive strength, flexural strength, dimensional stability, solubility,
discoloration and degradation reactions.”* Some studies also found that the release
of unreacted monomer that remains in the material® may stimulate bacteria growth
around the restoration, irritate soft tissues and also cause allergic reactions in some
patients.>*?

Several methods have been used to assess the degree of conversion. Infrared
spectroscopy, calorimetry, Raman scattering'* and even indirect techniques such as
measuring top and bottom hardness have been employed. Both infrared
spectroscopy and Raman spectroscopy are classified as vibrational techniques,
because they are sensitive to the vibrational modes of molecules® while calorimetry
allows to measure the metacrylic groups conversion through the exothermic
polymerization reaction.’® Among the spectroscopic techniques commonly reported
in the literature, Raman technique shows the advantage of analysing the material
without any sample preparation, however FTIR (Fourier transform infrared) technique
has traditionally provided much useful information on the monomer conversion of

dental composites.
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Although there are several techniques to assess DC described in the
literature, the development of "bulk-fill* resins brings with it the need to adapt the
different existing techniques, especially in regard to the preparation of specimens, as
manufacturers advertise their adequate photo-activating in increments up to 4mm in
depth, which is beyond the specification of ISO 4049 standard for testing
composites.’

Considering the above mentioned facts, the aim of this study was to evaluate
the degree of conversion through FTIR analysis of a bulk-fill flow composite in
comparison to a nano-hybrid composite resin containing conventional matrix by
means of variable specimen depth and irradiation time. The following null hypotheses
were tested: 1- Depth has no significant influence on DC; 2- irradiation time has no
significant influence on DC; 3- The bulk-fill flow composite shows no difference in DC

behavior to the conventional material.

Materials and methods

Table 1 shows the resin composites tested.

Specimen preparation

To determine degree of conversion at different depths, a set of four cylindrical
molds was planned, according to the schematic drawing in figure 1. The molds (1
mm depth and 4 mm diameter) were successively filled and superposed on each
other, with a polyester strip separating each mold from its neighbor. The LED light-
curing unit (Bluephase G2, Ivoclar-Vivadent, Schaan, Liechtenstein) tip was then

placed against the upper surface of the set of molds through a glass slide and light
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activation was initiated using the high power mode (approximately 1100mW/cm?) for
either 20 or 40s. After light activation the specimens were carefully removed from the
molds and identified according to the number of the sample and its depth (i.e. 1, 2, 3
and 4 mm). Five replications were performed for each composite resin (n=5). The

specimens were then stored for 24h in the dark at 37+ 1°C before analysis.

Degree of conversion (%) analysis

After storage, composites were pulverized into a fine powder, which was
weighed (5 mg) and thoroughly mixed with bromide potassium (KBr) powder salt
(100 mg). The obtained mixture was inserted into a pelleting device and pressed with
a load of 10 t during 1 minute to obtain a pellet.

The analyzing of the pellets was carried out in a Fourier transform infrared
spectrophotometer (Nexus-470 FT-IR, Thermo Nicolet, E.U.A) to measure the DC of
the composites. DC is provided by the number of carbon-double-bonds (C=C), that
are converted into carbon-single-bonds. FT-IR spectra of both uncured and cured
samples were obtained through a TGS detector using diffuse reflectance coupled to
a computer. The spectra were recorded in the absorbance operating mode under the
following predetermined settings: 32 scans, 4 cm™ resolution and 300 to 4000 cm™
wavelength.

The percentage of unreacted double-carbon bonds (% C=C) is obtained by
the ratio between the absorbance intensities of aliphatic C=C (peak at 1638 cm™)
and the internal standard before and after the composite cure, represented by the
aromatic C-C (peak at 1608 cm™). DC was determined according to the following

formula:
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Results

Results are listed in Table 2. The Two-Way ANOVA of the DC data for SDR™
resin showed no significant difference (p>0,05) for irradiation depths ranging from 1
to 4mm (in 1mm increments). The mean DC of SDR™ varied from a maximum of
78,24 (£3,46)% at an irradiation depth of 2 mm (40 s irradiated) to a minimum of
73,20 (£2,92)% at an irradiation depth of 4 mm (20 s irradiated). As for Esthet-X™
Two-Way ANOVA and Bonferroni test revealed a significant effect of the variables
time and depth, and also of the interaction between them. For Esthet-X™ DC varied
from a maximum of 74,79 (£2,63)% (2 mm — 40 s irradiated) to a minimum of 3,94
(x9,50)% (4 mm — 20 s irradiated).

Considering DC as a function of irradiation time, a difference could be
observed only for Esthet-X™ in 4 mm depth, where 40 s of irradiation showed a
significantly better DC than 20 s of irradiation. However, for Esthet-X™, only the DC
of 1. mm and 2 mm (for both 20 and 40 s of irradiation) are statistically similar, so that
from 3 mm onwards DC decreased linearly. Insofar SDR™ presented no difference
between irradiation times for all millimeters of depth. Both composite resins

performed similar until 2 mm in depth.
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Discussion

It is well known that light energy emitted from a LCU decreases while
transmitted through composites.’® So the bigger the distance from the irradiated
surface the lower will be DC of the resin-based material.*® Based on this knowledge,
authors have regarded incremental techniques to apply and cure resin composites
with a 2mm-maximal-thickness increment.?*® However in contrast to these principles,
the use of bulk-fill composites with a 4mm-maximal-thickness increment have been
advocated nowadays, allowing a less time-consuming and safer restoration
technique than before, especially for deep cavities. According to the values of
monomer conversion achieved in this study, SDR™ meets the 4 mm manufacturer’s
assumption with 20 seconds of photo-activation. Thus, considering a molar with a
Class Il MOD cavity of about 6mm-deep in proximal boxes, to restore it with a bulk-fill
resin can provide a saving of clinical time less than half the time it would take to
restore it by the conventional incremental technique. It is possible because with a
single increment of 4mm we can fill the two proximal boxes and part of the occlusal
box and polymerize it with just 20 s and the other 2mm that were left we can fill them
in three conventional increments (increments of no more than 2mm with a
conventional resin) polymerized for at least 20 s each. Thus, it totals up 80 seconds
of photoactivation, while for conventional technique we would need approximately ten
increments of a conventional resin for filling the same cavity, each being cured for at
least 20 s, totaling 200 s at all.

There are over 25 years the International Organization for Standardization
(ISO) introduced a method for defining the depth of cure of resin composites, the

well-known “ISO 4049; Depth of cure”.?® According to the method, tube-shaped
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specimens of the tested resin are light-cured and the uncured part of the resin is then
scraped away. Depth of cure is then given by the total length of the residual hard
tube divided by the factor two. The resulting value determines the maximum
increment thickness of the tested resin. Considering that resin composites are in
continuous development as regards their composition and properties, studies have
tested new ways to evaluate the depth of cure of new resins, especially for “bulk-fill”
ones.”**?! |n a research published in 2012,'° the authors verified the accuracy of
the 1SO 4049 method when used for “bulk-fill” materials and concluded that the
method overestimates depth of cure. Based on these findings, an alternative way
was used in this study to determine depth of cure through degree of conversion
assessment of each millimeter of resin samples.

Many studies have assessed DC of the external surface of a restoration using
simple techniques, however the evaluation of monomer conversion in the inner layers
of resins is not so simple to assess.” In the current study, a matrix has been
manufactured specifically for the assessment of the degree of conversion of the
resins at different depths. Similar device was used in the study performed by Finan et
al.'”, who assessed the degree of conversion up to 8 mm deep in specimens of 11
mm diameter. In the previously mentioned study, the authors observed for SDR™ a
maximum degree of conversion of 59% at a irradiation depth of 1 mm and at least
45% to 8 mm-depth. In the present study, using a similar methodology, SDR™ resin
reached maximum degree of conversion of 76% considering the same irradiation
time of 20s. The difference between results of the mentioned researches can
probably be due to photo-activating unit. In this study a high intensity LED was used
while in that study a quartz tungsten halogen (QTH) light curing unit (operating at an

output intensity of 650 + 26 mW/cm?) was used. Reuggeberg,? also reports the
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variation from infrared spectroscopy technique, more specifically to the standard
baseline technique that has been used when C=C peak intensities are determined.
The author points out that baselines can be drawn in a number of locations, and not
all researchers draw baselines in a similar manner. Thus, degree of conversion
results may be imprecise when inter-laboratory results are compared.?

The degree of conversion evaluation permits characterization of the
transformation of monomers into polymer. Several methodologies can be used to
assess the degree of conversion of composite resins.'® FTIR spectroscopy is a
technique that may be applied for the evaluation of monomer conversion into polymer
through calculation of the ratio of the aliphatic carbon-to-carbon (C=C) absorption at
1638 cm™ to the aromatic C=C absorption at 1608 cm™.?* This technique is well
reported in the literature, though recent studies’'”**?* have been used infrared
spectroscopy with ATR accessory in demand for simplified sample preparation when
compared to TGS detector. Considering the technique used in this study, Shin et al.*®
highlighted the fact that samples prepared in thin and fragile sections is one of the
disadvantages of the technique. However we believe that by crushing the specimen
representative of each millimeter of samples we are using a portion of the specimen’s
body for analysis and not just the surface of it, as occurs when the ATR crystal is
used.

The efficiency of polymerization is completely dependent on the
characteristics of the light produced.’® Thus, a second generation LED LCU was
chosen because its peak emission coincides with the maximum absorption of the
camphoroquinone, which is the photo-initiator contained in both tested resins.?* This
kind of LED LCU was used in the present study in order to achieve the best results of

the tested materials, so that LCU does not adversely influence the research results.
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In this in vitro study depth had influence on degree of conversion to Esthet-
X™ resin, but not to SDR™. Therefore, the first null hypothesis was partially
accepted. The same happened to the second null hypothesis, since the irradiation
time presented influence just on Esthet-X™ resin. However, up to 2 mm in depth
(maximum increment recommended by the manufacturer) there was no influence of
irradiation time, because for both times tested the DC values were statistically
similar. The third null hypothesis was rejected, since the materials tested behaved
differently as to degree of conversion.

This study evaluated only one bulk-fill material, which is a limitation with
respect to generalizing the conclusions. More studies should be done to assess the

behavior of other brands of bulk-fill composites.

Conclusions
- This study indicates that SDR™ achieves a 4mm depth of cure with both
20 and 40 seconds light-exposure.
- Depth has significant influence on DC to Esthet-X™, but not to SDR™.
- Irradiation time does not have significant influence on DC to SDR™, while

to Esthet-X™ it does.
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TABLES

Table 1 - Summary of the dental resin composites investigated in this study.

Brand name Type Composition Filler Manufacturer Shade
loading
SureFil® Flowable bulk fill Ba-Al-F-B silicate glass, Sr- 68 wt% Dentsply universal
SDR™ flow A-F silicate glass, Modified
UDMA, EBPADMA,

TEGDMA. Camphorquinone
photo-initiator (CQ), butylated
hydroxytoluene (BHT), UV
stabilizer, Titanium dioxide,
Iron oxide pigments.

Esthet-X® Conventional Bis-GMA, Bis-EMA, 60 wt% Dentsply A2
HD nanohybrid TEGDMA, Camphorquinone

photo-initiator ~ (CQ), UV

stabilizer, pigments.

Combination of particulate
fluoro-barium-borosilicate
glass with a mean particle
size below 1lpm and silica
nanoparticles of 0,04 um.

UDMA: urethane dimethacrylate; EBPADMA: ethoxylated Bisphenol A dimethacrylate; TEGDMA:
ttriethyleneglycol dimethacrylate; Bis-EMA: Bisphenol A polyethylene glycol diether dimethacrylate;
Bis-GMA: Bisphenol A dimethacrylate.
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Table 2 — Means and standard deviation of degree of conversion (DC) evaluated on

specimens of variable depths after different irradiation times.

Material Time (s) DC 1mm (%) DC2mm (%) DC 3mm (%) DC 4mm (%)

Esthet-X "° 20 70,74 62,40 44,46 °° 3,04 B
(+4,97) (+3,99) (+23,90) (+9,50)
40 73,66 ** 74,79 42,14 A 29,81 **

(+4,36) (+2,63) (+6,55) (+5,23)

SDR ** © 20 76,66 76,82 © 76,72 % 73,209
(+3,48) (+1,27) (+3,69) (+2,92)

40 75,62 ¢ 78,24 ¢ 76,24 % 74,64 °¢

(+1,95) (+3,46) (+4,46) (+7,07)

* The influence of effects and interaction between time and curing depth was considered significant
(p<0,05).

** The influence of effects and interaction between time and curing depth was considered not
significant (p>0,05).

¢ Equal lowercase letters in the same row represent no statistical difference; equal capital letters in the
same column represent no statistical difference (p<0,05).
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FIGURES
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Figure 1 - Schematic representation of sample preparation.
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MARGINAL ADAPTATION IN CERVICAL DENTIN AND ENAMEL AND
POLYMERIZATION SHRINKAGE OF A COMPOSITE BASED ON SDR™
TECHNOLOGY

Abstract

PURPOSE: The aim of this study was to evaluate marginal adaptation in cervical
dentin and enamel of Class Il MOD restorations, before and after thermo-mechanical
loading, using a composite based on SDR™ technology. Volumetric polymerization
shrinkage was also assessed.

METHODS: For marginal adaptation assessment, twenty-four Class Il MOD cavities
with cervical margins extending 1.0mm below (distal) and 1.0mm beyond (mesial) the
cement-enamel junction were prepared in extracted human molars. Teeth were filled
as follows: group A — bulk-filled with only SureFil® SDR™ flow (first increment 4mm-
thick + second increment 2mm-thick); group B - bulk-filled with SureFil® SDR™ flow
as a base (first increment 4mm-thick) and covered with the conventional nano-hybrid
composite EsthetX™ HD (second increment 2mme-thick); group C — incrementaly
filled with only EsthetX™ HD. Marginal adaptation was evaluated with scanning
electron microscope before and after thermo-mechanical loading (240,000 loading
cycles and simultaneous 600 thermal cycles). For volumetric polymerization
shrinkage evaluation, a semi-sphere mold was filled with the tested composites and
then it was placed in AccuVol™ device to obtain the percent volumetric shrinkage
calculated after light curing.

RESULTS: After statistical analysis, it was noted that both before and after loading,
results of continuous margins in cervical dentin were superior (p < 0.05) for groups A
and B compared to group C. While in cervical enamel group B presented superior

values than group C, and group A presented intermediary results between B and C.
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Concerning polymerization shrinkage, SureFil® SDR™ flow showed greater

percentage of shrinkage compared to EsthetX™ HD (p<0.05).

CLINICAL SIGNIFICANCE

The development of low shrinkage stress resins is an immeasurable advance
in the field of posterior teeth restorations, since the reduction of such stresses may
avoid a variety of clinical problems. So it is important to evaluate the properties of

new resin-based materials in order to find the best way to restore posterior teeth.
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Introduction

The decrease of polymerization shrinkage stress has been the main objective
of researches related to new resin-based composite (RBC) materials development.
According to Kleverlaan & Feilzer,* volumetric shrinkage varies from 1%-3% for
packable RBCs and up to 6% for flowable RBCs when polymerization of
dimethacrylate-based composites takes place.! Shrinkage stresses are highly
dependent on a combination of material properties and the cavity preparation
design.” These stresses may affect marginal adaptation through gap formation, both
internally and at the cavo-surface margins, thus generating clinical problems such as
microleakage, marginal staining, recurrent caries, post-operative sensitivity, and even
irritation of pulp tissue.”® Several strategies to reduce shrinkage stress have been
proposed in the literature. Among them, it can be found incremental layering
techniques,* varying light-curing protocol,® applying a base with low-modulus resin to
absorb shrinkage stress, using of ceramic inserts, and C-factor modification.’
Unfortunally, these solutions bring with them some disadvantages such as loss of
clinical time and technical sensitivity.°

Despite the efforts of dental materials companies to create a RBC material
with low shrinkage allowing perfect marginal seal, this goal has not been achieved
yet. One of the latest developments in this area was the “bulk-fill” flowable resins
introduction as a result of ongoing efforts to simplify clinical restorative treatment of
deep and high C-factor cavities, and dentin replacement. SureFil® SDR™ flow, as it
was introduced in the American market, is recommended by its manufacturer to be
used in a 4 mm-thickness increment due to its reduced polymerization stress, which

needs to be veneered with 2 mm of a conventional resin composite.’
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The acronym SDR™ means “stress decreasing resin” and materials based on
this technology have the dynamics of their polymerization reaction modified by
incorporating a photoactive group in a urethane-based methacrylate resin. When
compared to conventional methacrylate-based resins, the modified UDMA resin
presented a 60% to 70% decreasing in shrinkage stress in the unfilled resin.® The
photoinitiator incorporated into the resin allows a slow curing rate. Jin et al.? related
that this lower curing stress could be retained also in filled compositions.

Most studies that evaluated various properties of SDR™ resin have appointed
satisfactory results for it when compared with conventional resins.*>**" However, by
the case of a still recent product on the market and the absence of long-term results,
in vitro analyzes are valid when simulate the oral conditions of load and temperature
on long-term. Thus, the aim of this study is to compare a low-shrinkage flowable
resin-based composite and a conventional nano-hybrid RBC in terms of
polymerization shrinkage and cervical marginal quality before and after thermo-
mechanical challenges, using the same adhesive system. The tested null hypotheses
were that: 1- there would be no significant difference in cervical marginal adaptation
between the tested materials both before and after thermo-mechanical loading; 2-
there would be no significant difference between the tested materials when

measuring volumetric polymerization shrinkage.

Materials and methods

Marginal adaptation

Cavity preparation
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Twenty-four extracted, intact, non-carious, unrestored human molars stored in
0.1% thymol solution were selected. Teeth were gotten from the human tooth bank of
the Dental Medicine Section of the University of Geneva according to the
requirements of the local ethical committee. After selection, teeth were debrided of
any plague or calculus deposits with a hand-scaler and examined to ensure that they
were free of defects.

All teeth were mounted in the center of custom-made metallic holders and
fixed with a light-curing composite. The root bases were then coated with a cold-
polymerizing resin (Technovit 4071, Heraeus Kulzer; Wehrheim, Germany) to
complete the stabilization of specimens. Standardized large class Il MOD cavities
were prepared with parallel walls and bevelled enamel margins. Proximal margins
were prepared 1.0 mm beyond (mesial) and 1.0 mm below (distal) the cementum-
enamel junction. The overall dimensions and depth of the cavities are illustrated in
Fig. 1. Cavities were prepared using a high-speed hand-piece with copious air-water
spray with 80-um diamond burs (Komet, Lemgo, Germany) and 40-um finishing
diamond burs (Komet, Lemgo, Germany). The dimensions of the preparations were
monitored using a caliper and a periodontal probe. All the teeth were randomly

divided into 3 experimental groups (n = 8).

Restorative procedure

The materials used in this study are listed in Table 1.

All restorations were made by the same operator. A single-component self-
etch dental adhesive (Xeno V™, Dentsply DeTrey, Konstanz, Germany) was applied
according to manufacturer’s instructions in all groups, and light-cured for 20 seconds

using a LED curing light (Bluephase G2, Ivoclar Vivadent) with output irradiance of
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approximately 1100 mW/cm?. Throughout the experiment, the light output from the

LCU was verified by a radiometer (Fieldmaster Power Meter, Coherentmodel, EUA).

Then cavities were surrounded with a metal matrix band (Metafix, Kerr, Bioggio,

Switzerland) and restored as follows (Table 2):

Group A: composite resin SureFil® SDR™ flow was dispensed directly into the
cavity preparation with the aid of a syringe under slow and constant pressure,
in one 4 mm-bulk increment and light-cured for 20 s. The remainder of the
cavity was filled with another bulk-increment of the same composite.

Group B: restored according to manufacturer’s orientation. Composite resin
SureFil® SDR™ flow was dispensed directly into the cavity preparation with
the aid of a syringe under slow and constant pressure, in one 4 mm-bulk-
increment and light-cured for 20 s. The remainder of the cavity was filled with
the nanohybrid composite EsthetX™ HD through incremental technique and
also light-cured for 20 s.

Group C: cavities were completely filled through incremental technique
(obligue increments of approximately 2 mm thick) with the nano-hybrid

composite EsthetX™ HD. Each increment was light-cured separately for 20 s.

Immediately after light-curing, occlusal margins were finished with fine

diamond burs and proximal margins were finished and polished with flexible

aluminum-oxide disks (SofLex Pop-On, 3M ESPE, St. Paul, USA).

Thermo-mechanical cycling and evaluation of marginal adaptation
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After finishing procedures, epoxy resin (Epofix, Struers, Copenhagen,
Denmark) replicas of each restoration were obtained by using a polyvinylsiloxane
material (President light body, Colténe/Whaledent AG, Altstatten, Switzerland).

After storage for 24 hours in water at 37°C, thermo-mechanical loading was
carried out in a computer-controlled chewing machine. All specimens were submitted
to 240,000 mechanical loading cycles. Load was transferred to the center of the
occlusal surface at max. 49 N and frequency of 1.7 Hz. Load were applied by using
natural cusps taken from extracted human molars. Simultaneously, thermocycling
was performed in flushing water with temperatures changing 600 times from 5°C to
50°C, with a dwell time of 2 min.

After chewing simulation cycles, a new set of epoxy resin replicas was
obtained. All replicas were mounted on aluminium stubs, gold-coated and examined
under a SEM (Digital SEM XL20, Philips, Eindhoven, Netherlands) at a standard
200x magnification. By means of computer-assisted quantitative margin analysis the
marginal quality, before and after thermo-mechanical loading, was expressed as the

percentage of continuous margin for the total margin length.*®

Volumetric polymerization shrinkage

Volumetric Shrinkage (VS) of the tested composite resins was evaluated using
a video-imaging device (AccuVol; Bisco Inc., Schaumburg, IL, USA), operating in the
single-view mode at room temperature (23/24°C). Specimens (n=5) were made by
placing 15 pl (= 1) of the tested resins into a semi-sphere mold that was moved to a
polytetrafluoroethylene pedestal (4.2 mm diameter) in front of the camera (CCD) of
the machine. The obtained image was captured and digitized by AcuVol ® Bisco

software (MIOD Detection), and after the flow of the material for 2 minutes, the
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perimeter of the samples was measured by a virtual dotted line. The measured size
was stored in the program representing the initial sample volume. Then the
composite was cured for 20 seconds (using LED LCU Bluephase G2, Ivoclar
Vivadent) so that the curing tip was placed 5 mm from the top surface of the
composite. After five minutes from light-curing, the volume shrinkage image was
recorded. This waiting time is given in order to lower the temperature to room

temperature.

Statistical Analysis

For marginal adaptation values, the dependent variables “restorative
protocols” and “loading intervals” were statistically analyzed using Two-Way ANOVA
and Sidak’s post hoc test at a 5% level of significance.

For polymerization shrinkage, statistical analysis was performed using ANOVA

and Tukey'’s post hoc test at a 5% level of significance.

Results

Marginal adaptation

The results of cervical dentin and enamel marginal adaptation, expressed as
percentages of continuous margins (%CM) are shown in Table 3. When considering
dentin margins length, the lowest values of %CM were observed in Group C (Esthet-
X™ only), both before and after thermo-mechanical loading. The same occurred for
enamel margins length. Non-significant differences were noted between groups A
and B both for enamel or dentin margins. Most of the tested groups did not present

significant differences when before and after thermo-mechanical loading values were
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compared, both for enamel and dentin margins too. The only exception was
observed for group A in cervical enamel.

Mean scores of cervical enamel integrity varied from 25,93 % (Group B) to
11,39 % (Group C) before thermo-mechanical loading and from 18,73% (Group B) to
0.0% (Group C) after thermo- mechanical loading. For cervical dentin, mean values
varied from 65,81 % (Group A) to 5,76 % (Group C) and from 53,40% (Group A) to

0.0% (Group C) before and after thermo-mechanical loading, respectively.

Volumetric polymerization shrinkage

Table 4 presents a summary of the volumetric polymerization shrinkage of the
composite resins investigated in this study. Esthet-X™ exhibited statistically

significant (p < 0.05) lower shrinkage values in comparison to SDR™ resin.

Discussion

The results of the present study showed that the tested materials exhibited
unsatisfactory cervical marginal adaptation both before and after thermo-mechanical
loading, mostly in enamel. Besides the unsatisfactory results, groups that used the
“bulk-fill” composite demonstrated statistically better cervical marginal adaptation
than the group where only conventional composite was applied. Therefore, the first
null hypothesis was rejected.

The worse results obtained in enamel were probably due to the use of one-
bottle self-etching adhesive without prior application of phosphoric acid. As

15,19-22

previously shown by other authors in the literature we reaffirm the importance
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of selective etching in enamel margins when self-etching adhesive systems are used
in order to obtain enamel adhesion resistant to ageing.®

Considering the groups where SDR™ was used, the results obtained in
dentine are comparable with those of Campos et al., where a gold standard etch-
and-rinse adhesive was applied. Concerning methodology, the mentioned study was
performed in similar conditions to this study. Thus, the use of one-bottle self-etching
adhesive Xeno V™ does not impaired the results for dentine substrate.

Clinical success of novel restorative materials needs long periods of use by
general practitioners to be considered clinically reliable. Although in vivo tests remain
the gold standard way to assess the performance of dental materials, in vitro tests
are also valuable as a way to characterize new materials before clinical-long-term
results are available in the literature*®?%?*%* |n this study, cervical marginal integrity
of the tested materials was evaluated before and after thermo-mechanical loading in
order to simulate long-term fatigue in oral cavity.

Pecie et al.” affirmed through polymerization stress maps that cervical zone is
the dental region of maximum stress accumulation, being the dentin-restoration
interface the most problematic area for adhesion. Cervical marginal adaptation was
assessed in this study considering the problems that clinicians find when need to
restore this specific area in class Il cavities. In contrast to the above-mentioned
study, our research presented cervical enamel as the problematic area, probably due
to the adhesive system selected. Even though the poor results observed for all tested
groups, groups in which SDR™ was used showed significantly better marginal
adaptation values both before and after thermo-mechanical loading. Our results lead
us to conclude that SDR™ favors marginal adaptation due to flow in the proximal

boxes.
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Different than would be expected, the claimed low-shrinkage flowable
composite  SDR™ presented higher percentage of volumetric polymerization
shrinkage than the conventional composite Esthet-X™ HD, so the second null
hypothesis was also rejected. Burgess & Cakir’ also have used Accuvol device to
measure polymerization shrinkage of SDR™ and have obtained a value of 3.1% of
shrinkage, somewhat lower than it was found in the present study. However, the
authors pointed out that although the polymerization shrinkage, marginal stress may
be reduced by increased flowing during its bulk filling. Another research is in
agreement with our study, obtaining greater shrinkage values for flowable materials

26
l.

(including SDR™) in comparison to nano-hybrid material.”> According to Rodriguez

et al.?’

there exists a direct relationship between shrinkage and amount of organic
matrix in the composite resin. Thus, the higher resin content of the flowable
composite could explain the higher volumetric shrinkage observed. Therefore, even
though SDR™ presents higher volumetric shrinkage compared to Esthet-X™ HD it
can also be assumed that the slow rate of polymerization promoted by the new
modulator can diminish the shrinkage stress. This assumption can be enhanced by
the results obtained in a study where “bulk-fill” flowable bases (including SDR™)
significantly reduced cuspal deflection in comparison with a conventional composite
used through the oblique incremental filling technique.*?

Several authors recommend the use of a flowable composite as a stress-
absorbing liner or base believing that its relatively low modulus of elasticity and
deformation ability can aid to decrease polymerization shrinkage stress.?%%2°
However, conflicting results have been reported regarding the action of flowable

composite materials as stress breakers or adaptation promoters.3*3!
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Although nominal values obtained for cervical dentin using only SDR™ had

been higher, the manufacturers recommendation to overlay the “bulk-fill” base

material must be followed. A study that evaluated mechanical performance of “bulk-

fill’ composites showed that modulus of elasticity and hardness of SDR™ was

considerably lower than conventional nanohybrid and microhybrid resins.** Thus,

these features need to be compensated by the better mechanical properties of

conventional composites.

Conclusions

Regarding the limitations of the present study, it was concluded that:

When SDR™ was used, significant improvement could be found in cervical
marginal adaptation compared with the conventional composite, both
before and after thermo-mechanical loading.

SDR™ presented higher percentage of volumetric polymerization
shrinkage than the conventional composite, being necessary specific
studies to clear if the new modulator incorporated to the flowable resin can
diminish the shrinkage stress.

The results of this study confirm that the new resin has characteristics
comparable or superior to conventional resin regarding cervical marginal
adaptation. However, only long-term clinical trials can confirm the clinical

success of the new material.
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TABLE CAPTIONS

Table 1: Summary of the materials used in this study.

Table 2: Experimental groups divided according to restorative technique.

Table 3: Cervical marginal adaptation in enamel and dentin expressed as

percentages of continuous margins [(mean%) (x standard deviation)], using different

restoring protocols, before and after thermo-mechanical loading.

Table 4: Mean values (%) (x standard deviation) of volumetric polymerization

shrinkage of the tested composites (ANOVA and Tukey test, p<0,05).



FIGURE CAPTIONS

Figure 1. Dimensions of MOD preparations.
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TABLES

Table 1. Summary of the materials used in this study.
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Brand name Type

Composition

Filler Manufacturer

Wit% / Vol%

SureFil”  Flowable bulk fill
SDR™ flow  composite resin

Esthet-X" Conventional
HD nanohybrid
composite resin

Xeno V. One-component
self-etching
adhesive

Ba-Al-F-B silicate glass, Sr-A-F silicate
glass, Modified UDMA, EBPADMA,
TEGDMA. Camphorquinone photo-
initiator (CQ), butylated hydroxytoluene
(BHT), UV stabilizer, Titanium dioxide,
Iron oxide pigments.

Bis-GMA, Bis-EMA, TEGDMA,
Camphorquinone photo-initiator (CQ),
UV stabilizer, pigments. Combination of
particulate fluoro-barium-borosilicate
glass with a mean particle size below
1pm and silica nanoparticles of 0,04
pm.

Bifunctional acrylic amides, Acrylamido

alkylsulfonic acid, “inverse”
functionalized phosphoric acid ester,
Acrylic acid, Camphorquinone,

Coinitiator, Butylated benzenediol,
Water, Tert-butanol.

68/44 % Dentsply
DeTrey,

Konstanz,

Germany

77160 % Dentsply Caulk,
Milford, USA

Dentsply
DeTrey,

Konstanz,

Germany

UDMA: urethane dimethacrylate; EBPADMA: ethoxylated Bisphenol

A dimethacrylate; TEGDMA:

ttriethyleneglycol dimethacrylate; Bis-EMA: Bisphenol A polyethylene glycol diether dimethacrylate; Bis-GMA:

Bisphenol A dimethacrylate.



Table 2. Experimental groups divided according to restorative technique.

Group First increment (4mm thick) Second increment (2mm thick)
A SureFil® SDR™ flow SureFil® SDR™ flow
B SureFil® SDR™ flow EsthetX™ HD

c EsthetX™ HD EsthetX™ HD

91
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Table 3. Cervical marginal adaptation in enamel and dentin expressed as
percentages of continuous margins [(mean%) (x standard deviation)], using different
restoring protocols, before and after thermo-mechanical loading.

CERVICAL ENAMEL CERVICAL DENTIN
GROUP
Before loading After loading Before loading After loading
A 21,71 (+11,56) ABa 7,86 (+4,70) ABb 65,81 (+15,73) Aa 53,40 (+22,72) Aa
B 25,93 (+15,22) Aa 18,73 (¢11,54) Aa 52,27 (£23,30) Aa 39,28 (+16,71) Aa
C 11,39 (+4,87) Ba 0 (x0) Ba 5,76 (+5,60) Ba 0 (x0) Ba

*Means with same capital letters in columns are not statistically different at p = 0.05. Means with same
lower case letters in lines mean p > 0.05.
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Table 4. Mean values (%) (x standard deviation) of volumetric polymerization
shrinkage of the tested composites (ANOVA and Tukey test, p<0,05).

Esthet-X SDR
Mean 2,710 4,428
SD (+0,287) (+0,660)

*Different superscript letters within line mean p < 0.05.



94

FIGURES

Figure 1. Dimensions of MOD preparations.

Cervical wal n enamel

Cormcal wall in dentin Corvcal wall in enamel

Cervical wal in destin



Consideracoes
Finais



96

4 Consideracgoes finais

A resina composta SDR™ flow passou a ser recentemente comercializada no
Brasil como um material restaurador de uso direto para dentes posteriores. Poucos
estudos estédo disponiveis na literatura avaliando suas propriedades, especialmente
no que diz respeito a resisténcia a fratura. No primeiro estudo deste trabalho,
observou-se uma tendéncia dos dentes com cavidades MOD restaurados com a
nova resina apresentarem resisténcia a fratura melhorada em relagdo aos dentes
restaurados com a resina convencional e similar aos dentes higidos.

A dentina é a base solida necesséria para a restauracdo do dente. A sua
resisténcia estrutural depende da qualidade e integridade da sua forma anatdmica,
de modo que o problema fundamental é a quantidade reduzida de dentina sadia
remanescente que mantém e apoia a restauracdo (Assif, Gorfil’, 1994). Por
conseguinte, a preparacao extensa de uma cavidade MOD pode provocar fratura de
cuspides se o dente ndo é restaurado (Gelb et al.'®, 1986; Pilo et al.*3, 1998). Os
resultados do presente estudo mostraram que a recuperagcdo de um dente com

cavidade ampla € importante para se alcancar um aumento da sua resisténcia a

[N

fratura. Portanto, o reforco da cavidade com um material restaurador adequado
necessario para dar suporte a estrutura dentaria remanescente. Em um estudo
realizado por Jagadish, Yogesh® (1990), os autores sugeriram que as resinas
compostas quando utilizadas em dentes posteriores apresentam um grande
potencial como material de refor¢o de cuspide.

Apesar do grupo restaurado apenas com a resina SDR™ flow ter apresentado

resisténcia superior aos demais grupos de dentes restaurados, ndo é clinicamente

possivel sua utilizacdo na cavidade inteira, isto €, sem o recobrimento oclusal de 2
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mm com resina composta convencional. Isto ocorre pelo fato de que a resina SDR™
flow, por ser de consisténcia fluida, ndo permite escultura e acabamento adequados
da superficie oclusal e cristas marginais. Além do aspecto funcional, também deve
ser considerado o fator estético, jA que a nova resina € comercializada em uma
Unica cor, a qual € moderadamente translicida. Portanto, utilizando-se a resina
SDR™ flow de acordo com as recomendacdes do fabricante, ou seja, como material
de base recoberto por uma resina convencional, é possivel se obter resultados de
resisténcia a fratura adequados e semelhantes aos obtidos para os dentes higidos,
de acordo com os resultados deste estudo. Utilizando-se o material desta forma,
torna-se possivel atender as necessidades restauradoras de um elemento dental
com cavidade ampla tanto no aspecto funcional quanto estético.

Os conceitos de insercdo incremental tém sido descritos como obrigatorios
quando se trabalha com resinas compostas (Sakaguchi et al.*”, 1992; Flury et al.**,
2012). Entretanto, contrariando estes principios, o uso das resinas “bulk-fill” em
incrementos mais espessos que 0s convencionais tem sido defendido, permitindo
uma técnica restauradora mais rapida e, consequentemente, mais segura por reduzir
as chances de contaminagdo pela saliva, ja que o tempo de isolamento torna-se
mais curto, bem como por favorecer a insercdo da resina nas caixas proximais,
especialmente para cavidades classe Il profundas em que a inser¢cao incremental
fica dificultada. No segundo estudo foi analisado o grau de conversao das resinas
em diferentes profundidades, com o intuito de se obter informacdes acerca da
extensdo de polimerizacdo da resina SDR™ no quarto e dltimo milimetro do
incremento recomendado pelo fabricante, pois sabe-se que uma polimerizagao
insuficiente da resina € capaz de alterar suas propriedades mecanicas, podendo

contribuir para o surgimento de céries secundarias e danos a polpa dental
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(Rueggeberg et al.*®, 1990). De acordo com os valores de grau de converséo
observados neste estudo, a resina SDR™ alcanca os 4mm de polimerizagao
satisfatéria com 20 segundos de foto-ativacdo para um Unico incremento. Desta
forma, considerando-se a restauragdo de uma cavidade classe 1l MOD profunda é
possivel uma economia de tempo clinico de aproximadamente 50% do tempo que
seria dispendido para realizacdo da técnica incremental convencional no
preenchimento da cavidade.

Os resultados do terceiro estudo mostraram adaptacdo marginal cervical
insatisfatdria, tanto antes quanto apés a ciclagem termo-mecanica, principalmente
quando o substrato avaliado foi o esmalte. Porém, apesar dos resultados
insatisfatorios, os grupos nos quais foi usada a resina SDR™, apresentaram
adaptacao marginal cervical consideravelmente superior ao grupo em que apenas a
resina convencional foi usada. Acredita-se que o0s péssimos resultados obtidos em
esmalte se devam ao uso do sistema adesivo auto-condicionante de frasco Unico
sem a aplicacdo prévia de acido fosforico. Assim, como ja& demonstrado por outros
autores (Roggendorf et al.**, 2011; Van Meerbeek et al.**, 2003; Peumans et al.*?,
2012; Frankenberger, Tay'®, 2005; Van Meerbeek et al.*’, 2011), reafirma-se aqui a
importancia do condicionamento acido seletivo nas margens de esmalte quando
sistemas adesivos auto-condicionantes sédo usados, para que se obtenha adesdo em
esmalte e dentina resistente ao envelhecimento (Campos et al.?, 2014).

Diferentemente do esperado, a resina de reduzido stress de contragao,
apresentou maiores percentuais de contracdo de polimerizagdo volumétrica quando
comparada a resina convencional, dado este confirmado por estudo prévio realizado
(Burgess, Cakir®, 2010), no qual os autores ressaltam que apesar da contracdo de

polimerizacdo o stress marginal pode ser reduzido pela fluidez da resina. Segundo
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Rodriguez et al.** (2006), existe relacdo direta entre contracdo de polimerizacéo e
percentual de matriz organica nas resinas compostas. Desta forma, o elevado teor
organico do compésito flow, poderia explicar a contracdo volumétrica observada.
Entretanto, mesmo que a SDR™ apresente maior contracdo volumétrica em relacao
a resina convencional, também pode-se supor que a polimerizacdo mais lenta
promovida pelo novo modulador pode ser capaz de diminuir o stress de contragao.
Esta suposicao pode ser fortalecida pelos resultados obtidos em um estudo em que
bases “bulk-fill” fluidas (incluindo a SDR™) reduziram consideravelmente a deflexao
de cuspides em comparagdo a resina convencional inserida por meio da técnica
incremental obliqua (Moorthy et al.*°, 2012).

De maneira geral, os resultados obtidos neste trabalho mostraram que a nova
resina fluida permite a reconstrucdo do elemento dental com propriedades
vantajosas em relacdo a resina convencional, funcionando bem como dentina
artificial. Entretanto, apesar das analises realizadas nos trés estudos aqui
apresentados caracterizarem propriedades dos materiais que estdo diretamente
ligadas a qualidade e longevidade das restauracdes com eles realizadas, deve-se
considerar que esta pesquisa foi realizado em condi¢gbes in vitro. Idealmente,
estudos clinicos devem ser desenvolvidos de modo que se evidencie melhor o

comportamento das restauracdes em situagdes clinicas reais.
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6 Apéndice

6.1 Metodologia

As resinas compostas testadas estao especificadas na Tabela Al.

Tabela Al - Informacdes dos materiais testados

NOME TIPO COMPOSIQAO QUIMICA FABRICANTE COR
COMERCIAL
q® « HIk Vidro de bario-aluminio-fluor-b ilicato, Vidro d
SureFII bUIk fl” elstrrgncig—alSrrllw?n?oL—‘frITgrl?silizZ;o,Or;z)zlsliﬁzomo:jifrigad: Dentsply T
SDR™ flow fluida de dimetacrilato de uretano, Etoxilato bisfenol A
dimetacrilato (EBPADMA), Trietilenoglicol
dimetacrilato (TEGDMA), Foto-iniciador

canforquinona (CQ), Hidroxitolueno butilado (BHT),
Estabilizador UV, Diéxido de titanio, Pigmentos de
oxido de ferro.

® 1 Bis-GMA, Bis-EMA, Trietilenglicol-dimetacrilato, foto-
ESthet-X NanO-h I bnda iniciador canforquinona, estabilizador UV, pigmentos. Dentsply A2
HD convencional Combinagio de particulas de Vidro de bario-fluor-

borosilicato com tamanho médio de particulas abaixo
de 1um e nanoparticulas de silica de 0,04 pm.

Selecdo e preparo dos dentes para 0s ensaios de resisténcia a fratura

(Capitulo 1) e adaptacao marginal (Capitulo 3)

Foram selecionados 64 molares humanos higidos. Os dentes foram
submetidos a limpeza e exame visual com lupa, certificando-se da auséncia de
trincas, céries ou quaisquer alteracbes que pudessem interferir nos resultados. As
dimensdes V-L (9,0 mm) e M-D (7,0 mm) dos dentes foram padronizadas por meio
de um paquimetro digital, aceitando-se variacdes de até 1,0 mm em ambas as
dimensdes. A seguir, foi efetuada a desinfec¢cdo dos dentes com solugéo de timol a
0,1%. Posteriormente foram armazenados em &gua destilada a 4°C, até o momento

de prepara-los para a obtencéo dos espécimes.
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Para possibilitar a confec¢cdo dos espécimes para o ensaio de resisténcia a
fratura, 40 dentes foram incluidos pela raiz, até aproximadamente 2 mm da juncao
cemento/esmalte, em resina epdxi no interior de uma cilindro plastico com diametro
e altura de 20 mm, de modo que a superficie oclusal dos dentes ficasse paralela a
base do cilindro, uma vez que, na realizacdo dos testes de resisténcia a fratura, a
forca compressiva deveria ser aplicada paralelamente ao longo eixo dos dentes.

Em seguida, os 40 dentes foram divididos aleatoriamente com a finalidade de

se obter cinco grupos experimentais (n=8) (Tabela A2).

Tabela A2 - Grupos experimentais do ensaio de resisténcia a fratura

GRUPOS CONDICAO DOS DENTES
1F Higidos
2F Preparados sem restauracao
3F Restaurados com resina SDR™
4F Restaurados com resina SDR™ + resina nano-hibrida
5F Restaurados com resina nano-hibrida

Para o ensaio de mastigacédo, 24 dentes foram selecionados e o
comprimento radicular de cada um foi ajustado de modo a permitir que se
encaixassem na camara de teste do equipamento de carga mecanica (Department
of Cariology, Endodontics and Pedodontics, University of Geneva). Os espécimes
foram entdo devidamente posicionados e fixados com resina foto-ativada em um
suporte metalico (Figura Al), e a base das raizes recoberta com resina acrilica de

auto-polimerizagdo para completar a estabilizagcdo dos espécimes (Figura A2). Na
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sequéncia, eles foram distribuidos aleatoriamente em trés grupos experimentais

(n=8), os quais estao descritos na Tabela A3.

Figura Al - Suporte metéalico para posicionamento dos dentes.

Figura A2 — Matriz plastica sendo preenchida com resina acrilica.
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Tabela A3 - Grupos experimentais do ensaio de mastigagao/adaptagao marginal.

GRUPOS CONDICAO DOS DENTES
1A Restaurados com resina SDR™
2A Restaurados com resina SDR™ + resina nano-hibrida
3A Restaurados com resina nano-hibrida

Os preparos cavitarios foram confeccionados de maneira padronizada.
Foram preparadas cavidades de classe 1| MOD com paredes paralelas e margens de
esmalte biseladas, com margens proximais localizadas 1,0 mm além (mesial) e
aquém (distal) da juncdo cemento-esmalte. A Figura A3 ilustra as dimensdes do
preparo. As cavidades foram preparadas utilizando-se pontas diamantadas
cilindricas de extremidade plana de granulacdo grossa, sob spray de &gua
abundante, e tiveram acabamento realizado com pontas de granulacéo fina com o
mesmo formato. As dimensdes dos preparos foram monitoradas por meio da
utilizacdo de paquimetro e sonda periodontal. Os preparos foram realizados com o
auxilio de um estereomicroscopio com magnificacdo de 6.3:1 (Leica MZ6, Leica

Microsystems, Wetzlar, Germany — Figura 4).

Figura A3 — Dimensdes dos preparos classe Il

Parede cervical em esmalte

Parede cervical
em dentina

Parede cervical em'dentina
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Figura A4 — Preparo sendo realizado com o auxilio de um
estereomicroscopio.

Procedimentos restauradores

Os dentes alocados nos grupos 3F, 4F, 5F, 1A, 2A e 3A foram submetidos aos

seguintes procedimentos restauradores:

Grupos 3F e 1A: apés terminados os preparos de classe Il, as cavidades
foram lavadas e secas com papel absorvente. Em seguida, o adesivo auto-
condicionante de frasco tnico Xeno® V (Dentsply Caulk, Milford, Delaware)
foi aplicado de acordo com as instrugdes do fabricante e fotoativado por 20 s.
O material restaurador SureFil® SDR™ flow foi dispensado diretamente no
preparo cavitario com o auxilio de uma seringa Centrix (Sistema Centrix,
DFL, Jacarepagua, Rio de Janeiro) sob pressdo lenta e constante. O
preenchimento foi realizado a partir da por¢do mais profunda da cavidade até
a margem cavo-superficial, em incrementos de até 4 mm de altura. Os

incrementos foram fotoativados por meio de um aparelho fotoativador a base
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de LEDs Bluephase G2 (lvoclar Vivadent, Schaan, Liechtenstein), com
irradiancia de aproximadamente 1100 mW/cm?. Durante todo o0 experimento,
a poténcia de saida do aparelho fotoativador foi medida através de um
potencidmetro calibrado (Fieldmaster Power Meter, Coherentmodel, EUA). O
acabamento imediato das restauracdes foi realizado com pontas de

granulacao fina e extra-fina.

Grupos 4F e 2A: foram realizados os mesmos procedimentos ja mencionados
para o grupo 3 até a aplicacdo do sistema adesivo. Em seguida, o material
restaurador SureFil® SDR™ flow foi dispensado diretamente no preparo
cavitario com o auxilio de uma seringa Centrix sob presséao lenta e constante.
A cavidade foi preenchida a partir de sua por¢cdo mais profunda até 2 mm
aguém da margem cavo-superficial. Este incremento foi entdo fotoativado por
meio de um aparelho fotoativador & base de LEDs Bluephase G2 (lvoclar
Vivadent, Schaan, Liechtenstein), e a porcdo oclusal da cavidade foi
preenchida com uma resina composta nano-hibrida a base de metacrilato
EsthetX™ HD (Dentsply Caulk, Milford, Delaware) de acordo com as
instrucbes do fabricante, seguido pela fotoativacdo desta resina também de
acordo com o fabricante da mesma. O acabamento imediato das

restauracoes foi realizado com pontas de granulacéo fina e extra-fina.

Grupos 5F e 3A: foram realizados os mesmos procedimentos ja mencionados
para os demais grupos até a aplicagdo do sistema adesivo. Em seguida, a
cavidade foi preenchida com incrementos obliquos de aproximadamente 2
mm de espessura, com a resina composta nano-hibrida EsthetX™ HD,

seguindo-se as instru¢cdes do fabricante. Apdés a fotoativagdo de cada
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incremento separadamente, foi realizado acabamento das restauragdes com

pontas de granulagéo fina e extra-fina.

Apbés a etapa restauradora, a qual foi realizada por um mesmo
operador, todos os grupos experimentais foram armazenados em 4gua destilada, ao

abrigo de luz, a uma temperatura de 37°C.

Ensaio de resisténcia a fratura (Capitulo 1)

Apds uma semana, 0s espécimes dos cinco grupos foram removidos
das condi¢Bes de armazenamento e submetidos ao teste de resisténcia a fratura por
meio de uma carga compressiva axial, através do emprego de uma esfera metalica
medindo 8 mm de didmetro. Esta esfera foi adaptada a uma maquina de ensaio
universal EMIC DL-2000 (S&o José dos Pinhais, PR, Brasil — Figura A5), com célula
de carga de 10 kN, acionada a uma velocidade de 5 mm/min até que ocorresse a

fratura do dente (Figuras A6 e A7).

Figura A5 — Maquina de ensaio universal EMIC DL-2000
(S&o José dos Pinhais, PR, Brasil).
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Figura A6 — Esfera metalica em contato com as cuspides
do dente.

Figura A7 — Momento da fratura do dente.

Ensaios de ciclagem termo-mecéanica e adaptacdo marginal (Capitulo 3)

Os espécimes foram submetidos simultaneamente a desafios termo-
mecanicos em uma maquina de mastigagdo controlada por computador. A
termociclagem foi executada em banhos de agua em duas diferentes temperaturas

(5 e 50°C) por 600 vezes, com um intervalo de permanéncia de dois minutos para
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cada temperatura. Simultaneamente, os espécimes foram submetidos a carga
mecanica que consistiu de 240.000 ciclos a uma frequéncia de 1,7 Hz, com carga
méxima de 49N transferida ao centro da superficie oclusal por meio de cuspides

antagonistas naturais (Figuras 8 e 9).

Figura A8 — Espécimes sendo submetidos a desafios termo-
mecéanicos em maquina de simulacdo mastigatoria.
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A adaptacdo marginal antes e apo0s a ciclagem termo-mecénica foi
avaliada por meio da técnica da réplica e analise guantitativa em microscopia
eletronica de varredura (MEV) com ampliagdo de 200x, de acordo com o protocolo
previamente estabelecido por Krejci®® et al. (1993). Para isso, antes e apds a
ciclagem as margens das restauragfes foram limpas com escova e pedra-pomes.
Apés a limpeza, foram realizadas impressdes utilizando silicona por adicdo (Aquasil
Ultra, Dentsply Caulk, Milford, Delaware), as quais foram posteriormente
preenchidas com resina epoxi (Epofix, Struers, Copenhagen, Denmark) para a
obtencdo de réplicas. Apds cobertura aurica, as réplicas foram observadas
guantitativamente com relagdo a integridade marginal. A micromorfologia marginal
foi avaliada com relacdo as seguintes qualidades: “margem continua” e “margem
ndo-continua” ao longo da periferia das restauracdes. As diferentes qualidades
marginais foram quantificadas como um percentual do perimetro total de margens

analisadas.

Anélise da contracdo volumétrica de polimerizacédo (Capitulo 3)

A mensuracdo da contracdo volumétrica das resinas SureFil® SDR™
flow e EsthetX™ HD foi realizada por meio do dispositivo de video-imagem AcuVol®
(Bisco, Schaumburg, EUA) do Laboratério de Bioengenharia do Departamento de
Materiais Odontoldgicos e Protese da Faculdade de Odontologia da UNESP (Sao
José dos Campos) e o aparelho de fotoativagéo utilizado foi o Bluephase G2 (lvoclar

Vivadent, Schaan, Liechtenstein).
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O AcuVol® captura e analisa imagens das amostras utilizando uma
camera de video CCD em preto e branco equipada com macrolentes de 45 mm com
abertura de 1,0 cm. A amostra de resina iluminada por LEDs vermelhos tem sua
imagem capturada a uma distancia de 10 mm. Em seguida, um processador de
video digitaliza a imagem a uma resolucdo de 512 x 486 pixels e 8 bits/pixel. Um
software especifico (MIOD Detection Technologies) para analise de imagem é entéo
utilizado para calcular o volume da amostra através da divisdo da imagem capturada
em centenas de fatias (slices) horizontais, cada uma com altura de 1 pixel. O
software emprega um método de limite de detec¢do no qual o computador determina
a localizacdo dos limites esquerdo e direito da amostra, através da comparacdo do
brilho do pixel contra um valor padrdo recomendado pelo fabricante que é
significativamente mais brilhante do que os niveis de intensidade dos pixels do
background. Os valores limite sdo entdo subtraidos para se obter a largura dos
slices em pixels. O calculo do volume da amostra é realizado pelo software de
andlise de imagem pela adi¢éo dos valores de volume de todos os slices horizontais.

Para mensuracdo da contragdo, foram confeccionados cinco corpos-
de-prova, cada um com cerca de 15 pl (x 1) das resinas compostas, que foram
manualmente moldados em uma semi-esfera e colocados em um pedestal de
politetrafluoretiieno com 4,2 mm de diametro na frente da camera (CCD) da
maquina. A imagem obtida foi capturada e digitalizada pelo software AcuVol® e
depois do escoamento do material por 2 minutos, o perimetro das amostras foi
mensurado por uma linha pontilhada virtual.

O tamanho mensurado foi armazenado no programa, representando o

volume inicial da amostra. Em seguida, o compdsito foi foto-ativado por 20 s de
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modo que a ponteira do foto-polimerizador ficou posicionada a 5 mm da superficie

de topo da resina composta (Figura A10).

Figura A10 — Fotoativacdo da resina dentro do aparelho AcuVol®.

Antes dos procedimentos de fotoativacao, a poténcia de saida do
aparelho fotoativador foi medida através de um potencidmetro calibrado (Fieldmaster
Power Meter, Coherentmodel, EUA) e o diametro da ponteira do aparelho
fotoativador foi medido com um paquimetro digital (Mitutoyo, Téquio, Japéo). A
densidade de poténcia (mW/cm?) foi calculada como a razdo entre a poténcia de
saida pela area da ponteira através da seguinte formula: | = P / A, onde P é a
poténcia em miliwatts e A é a area da ponteira em centimetros quadrados.

Ao final do periodo de polimerizagéo, outra linha pontilhada contornou
o perimetro do volume final apresentado pelo material. Como as linhas (inicial e
final) sdo representadas em uma mesma imagem, torna-se possivel a visualizagcéo
da contracdo do corpo-de-prova por meio da diferenca entre as linhas virtuais
pontilhadas inicial e final. O software calcula entdo, de forma automatizada, o

percentual de contracdo volumétrica (Figura A11).
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Figura A11 — Célculo da contragdo volumétrica de polimerizacéo pelo software.

T T —

Analise do grau de conversao (Capitulo 2)
Confeccado dos espécimes

De acordo com o fabricante da resina SureFil® SDR™ flow, ela pode
ser dispensada em uma cavidade em incrementos de até 4mm de espessura, com
efetiva polimerizagdo. Portanto, com o intuito de analisar a qualidade da
polimerizagao foi avaliado o grau de conversdo da resina em diferentes
profundidades. Foram confeccionados oito espécimes cilindricos (4mm de diametro
X 4mm de espessura) da resina SDR™. Cada espécime foi dividido em quatro
discos que representaram as profundidades de polimerizacado de 1mm, 2mm, 3mm e
4mm, a partir da superficie de topo do espécime (superficie voltada para a fonte de
luz). Os espécimes foram confeccionados de acordo com o esquema ilustrado na
Figura Al12. Quatro matrizes metalicas com orificio central medindo 4mm de
didmetro por 1mm de espessura foram posicionadas em uma base metdlica, de
modo que cada uma foi preenchida com a resina testada e ficaram interpostas por

tiras de poliéster. Apds as matrizes estarem totalmente preenchidas pela resina, foi
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posicionada sobre a superficie de topo outra tira de poliéster, e sobre esta uma
lamina de vidro. Realizou-se pressdo digital sobre a lamina, com o intuito de
promover adequado escoamento do material e padronizar a superficie dos corpos-
de-prova. A ponta do aparelho fotoativador Bluephase G2 (lvoclar Vivadent, Schaan,
Liechtenstein) foi posicionada no centro da matriz, em contato com a lamina de

vidro. A foto-ativagao foi realizada nos tempos de 20 e 40 segundos.

Figura A12 - Representacdo esquematica da confec¢do dos espécimes.
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Os espécimes foram armazenados em recipientes ao abrigo da luz

devidamente identificados (nimero do espécime / profundidade), em estufa a
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temperatura de 37°C. Vinte e quatro horas apos a confec¢do dos espécimes, estes
foram triturados em grau e pistilo de agata até a obtencdo de um fino pé (Figura
Al13). Em balanca de preciséo foram pesados 5 mg da resina testada. A quantidade
pesada foi misturada & 100 mg da substancia translicida brometo de potassio (KBr -
Merk). Apés homogeneizacdo, o pdé obtido foi colocado em pastilhador metalico
(Figura Al14), e em seguida levado a prensa (Figura Al15) sob pressdao de 8
toneladas durante 1 minuto para obtencéo de uma pastilha (Figura A16) a qual foi
analisada em espectrofotbmetro no infravermelho (FT-IR). Foram também
confeccionados oito espécimes da resina ndo curada, misturando-se uma pequena
por¢cdo da mesma com 100mg de KBr para posterior avaliagao.

Figuras A13 e Al4 — Trituracdo do espécime em grau e pistilo de agata e
pastilhador metalico.

Figuras A15 e A16 - Pastilhador metalico levado a prensa e pastilha obtida.
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Para a obtencdo dos espectros na regido do infravermelho, foi
empregado o espectrofotbmetro FT-IR (Nexus-470, Figura Al7) equipado com
detector TGS na faixa de 4000 — 300 cm™, utilizando acessério de refletancia difusa
operando com 32 scans, resolucéo de 4 cm™ acoplado a microcomputador servidor.
Os espectros foram obtidos pela técnica de transmissdo observando-se 0s picos de
absorbancia.

Figura A17 - Espectrofotometro FT-IR (Nexus-470).

Apdés a obtencdo dos picos de absorbéncia, o percentual de duplas
ligacbes carbonicas n&o convertidas (%C=C) foi determinado pela taxa de
intensidade de absorcao entre ligacées C=C em 1.637cm™ e ligacdes C-C em 1.610
cm™, antes e apds a polimerizacdo. O grau de conversdo (GC) correspondente foi

calculado pela férmula:

, (1637cm%6 10cm‘1}:u rada

GC(%) =1- _
@637‘3““%6 100m‘1)qa0 —curada
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