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RESUMO

Um desafio frequente na pratica clinica com reatgigs de resina composta € conseguir um
bom selamento e consequentemente, boa adaptac@pnahaPara as restauracbées com
cimentos de ionémero de vidro (CIV), especialmerds periodos iniciais apds a mistura, o
desafio é assegurar que o material atinja bonsisnile resisténcia mecéanica. Uma das
alternativas propostas para contornar esses prableam sido o pré-aguecimento das resinas
antes da insercdo do material na cavidade e o iaggreto do CIV recém-manipulado com
fontes de calor. Neste contexto, o objetivo destbatho foi avaliar a influéncia do pré-
aquecimento de resinas compodiakk-fill e de CIV nas propriedades fisico-mecéanicas. Para
tanto, foram realizados quatro trabalhos, sendo uvew&sdo sistematica e trés ensaios
laboratoriais. Os objetivos de cada estudo forgmedlizar uma revisdo sistematica sobre a
influéncia do pré-aquecimento e/ou aguecimento deemais resinosos e ionoméricos nas
propriedades fisicas e mecanicas e discutir osfio@ee as formas de pré-agquecimento que
tém sido realizadas; 2) avaliar o efeito do préeagquento de cimentos de ionémero de vidro
no tempo de estabilizacdo (TS) das ligac6es qusmaaa microdureza; 3) avaliar o efeito do
pré-aquecimento na liberagdo e absorcdo de fluer @/ Equia Forte/GC e Ketac
Universal/3M ESPE; 4) avaliar o comportamento dedle viscoelasticidade sob tenséo de
cisalhamento continuo, a microdureza e o grau deersedo de resinas compodbask-fill de
consisténciaflow (BFF), em diferentes temperaturas de pré-aquecomébdm base nos
achados desses estudos, verificou-se que o prétacpreo de BFF e CIV é uma técnica
simples, segura e com bons resultados. Com baseesalados da revisdo sistematica
verifica-se que o pré-aquecimento melhora as prdpdes mecénicas e fisicas dos materiais
resinosos e ionoméricos. Os resultados dos estndago realizados mostraram que o preé-
aquecimento de CIV reduziu o TS para o Equia Farges aumentou para o Ketac Universal,
bem como aumentou significativamente a microdudez&etac Universal e Equia Forte. O
pré-aquecimento dos CIV nao alterou o padrao a@edifio e absorcdo de flior. Com relacéo
ao pré-aguecimento de BFFerificou-se umareducdo da viscosidade, melhora da
microdureza para alguns materiais e que o procedanweio influenciou o grau de conversao
em todas as profundidades da restauracao. Comchyiks as vantagens da indicagdo de mais
uma etapa de pré-aquecimento das resinas comskasll flow ou iondbmeros de vidro ao
procedimento restaurador sdo questionaveis. Pangirabons resultados é necessario

agilidade para que os materiais ndo percam catas aitomento do procedimento restaurador



e cuidado para néo incluir bolhas e evitar a fodnagtegaps o que compromete o melhor
desempenho da restauragéo.

Palavras-chave: Resinas Compostas; londmero de;\@dlefacéo; Testes de Dureza.



ABSTRACT

A frequent challenge in clinical practice with coosfie resin restorations is to achieve a good
seal and, consequently, good marginal adaptatiam. rEstorations with glass ionomer
cements (GIC), especially in the initial periodgeamixing, the challenge is to ensure that the
material reaches good levels of mechanical resista@ne of the proposed alternatives to
overcome these problems has been the preheatitite afesins before the insertion of the
material in the cavity and heating the newly GICnipalated with heat sources. In this
context, the objective of this work was to evaluduie influence of the preheating lodilk-fill

and GIC composite resins on the physical-mecharpcaperties. For this purpose, four
articles were carried out, one being a systematitew and three laboratory tests. The
objectives of each study were: 1) to carry out stespatic review on the influence of the
preheating and / or heating of resinous and ionmmeraterials on the physical and
mechanical properties and to discuss the benefdslae forms of preheating that have been
carried out for resinous materials and glass iomoo®ments; 2) evaluate the effect of
preheating glass ionomer cements on the stabodizdatme (ST) of chemical bonds and on
microhardness; 3) to evaluate the effect of prehgain the fluoride release and absorption of
the GIC Equia Forte / GC and Ketac Universal / 38PE; 4) to evaluate the behavioffloiv
and viscoelasticity under continuous shear stréss, microhardness and the degree of
conversion obulk-fill resins of flow consistency (BFF), at differentlpgating temperatures.
Based on the findings of these studies, it was dotivat the preheating of BFF and CIV
composite resins is a simple, safe technique atfdgaod results. Based on the results of the
systematic review, it appears that preheating imggdhe mechanical and physical properties
of resin and ionomeric materials. According to iheitro studies carried out, the following
results were found: the pre-heating of GIC redutedST for Equia Forte, but increased for
Ketac Universal, as well as significantly increasieel microhardness of Ketac Universal and
Equia Forte. The preheating of the GIC did not ¢geathe fluoride release and absorption
pattern. Regarding the preheating of BFF, a rednctin viscosity was observed,
improvement of microhardness for some materials thatl the procedure did not influence
the degree of conversion in all depths of the rasitin. It is concluded that the advantages of
indicating yet another preheating step for bulkffdw resins or glass ionomers still in the
restorative procedure are questionable. To aclgewe results, agility is required so that the

materials do not lose heat until the moment of rixstorative procedure and care not to



include bubbles and avoid the formation of gapsciwlcompromises the best performance of
the restoration.

Key words:Composite resinGlass-ionomer Cements; Heating; Hardness Tests.
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1. CONTEXTUALIZACAO

1.1.Introducéo e justificativas

A durabilidade das primeiras restauracdes de reingosta em dentes posteriores
era bem menor quando comparada as restauracoesmalgama (COLLINS; BRYANT;
HODGE, 1998). Com o passar do tempo, as primemasulacoes dos materiais resinosos e
de cimentos de ionémero de vidro foram melhoradasualmente, o desempenho clinico de
restauracdes diretas com esses materiais tem attanpelhores taxas de sucesso (DE
AMORIM; LEAL; FRENCKEN, 2012; DE SOUZA et al., 201DIAS et al., 2018; F.
MANGANI , S. MARINI , N. BARABANTI , A. PRETI, 2017 LEMPEL et al., 2015;
SIDHU, 2010). Este desempenho é resultado de vé&egagtivas para aumentar a

durabilidade, incluindo modificacbes nas formula;de€los materiais, levando ao



desenvolvimento das resindmilk-fill (FERRACANE, 2011) e aos novos cimentos de
ionbmero de vidro (CIV), os cimentos de alta visgade (DIAS et al., 2018).

As resinas compostas do tipulk-fill apresentam caracteristicas otimizadas como
menor contragcdo volumétrica e de tensdo de polmmgip na interface adesiva e sao
indicadas especialmente para restauracéo de deosésriores (ABDULRAZZAQ JERRI,
2015). A principal vantagem € que, segundo os dabtes e os resultados de algumas
pesquisas, podem ser inseridas em incrementosati® @ mm (KIM et al., 2015; LI et al.,
2015), diminuindo consideravelmente o tempo deathaopara confeccéo das restauracgoes.

Os CIV modernos, também denominados de CIV de \adteosidade, apresentam
melhoria em seu componente liquido e também na@®o modificacdo no tamanho das
particulas de carga e distribuicdo das particuavidro. Tém a vantagem sobre os CIV
convencionais, pois 0os CIV sdo encapsulados epssmite a padronizacdo na proporcao
pé/liquido, o que deve reduzir a variagdo nos tadab clinicos. Com essas melhorias, as
restauracbes apresentam menor porosidade e masistérneia mecanica, além de
apresentarem menor taxa de falha quando comparmusos CIV convencionais (néo
encapsulados) (FREITAS et al., 2018).

Um dos grandes desafios na pratica clinica aintanéeguir boa adaptagdo marginal,
estavel e duravel ao longo do tempo, particularmmenm incrementos maiores de material.
Uma das alternativas propostas para contornar pgiblema em resinas compostas
convencionais tem sido o pré-aquecimento antesndargdo (BAUSCH; DELANGE;
DAVIDSON, 1981; LOVELL; NEWMAN; BOWMAN, 1999). Jagra os CIV, o uso de luz
de LED e ultrassom como fontes de calor tém sidiaados para melhorar suas propriedades
mecanicas (GAVIC et al., 2016; GORSETA; GLAVINA, 0 KLEVERLAAN; VAN
DUINEN; FEILZER, 2004; MENNE-HAPP; ILIE, 2013; O'BEN et al., 2010; TOWLER et
al., 2001).

O pré-aquecimento dos materiais restauradores @dgitos € utilizado h& quase 40
anos (BAUSCH; DELANGE; DAVIDSON, 1981). Porém, caesando que as resinbalk-
fill estdo relativamente ha pouco tempo no mercado, exd&tem muitos trabalhos
(ABDULMAJEED et al.,, 2019; DIONYSOPOULOS; TOLIDISGERASIMOU, 2016;
LEMPEL et al., 2019; TAUBOCK et al., 2015; THEOBAKDet al., 2017) que avaliaram o
efeito do pré-aquecimento nas suas propriedadespdd&os relatos na literatura (AL-
AHDAL; SILIKAS; WATTS, 2014; PAPADOGIANNIS et al.2015) sobre a reologia do

material e o efeito do pré-aquecimento no compatdamnde fluxo e de viscoelasticidade.
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Também ha poucos estudos (KHOROUSHI; KARVANDI; SARHH, 2012; O'BRIEN et

al., 2010) que avaliaram o efeito do pré-aquecimeabre 0s cimentos de iondmero de vidro.
A seguir, uma breve revisdo da literatura sobreemsaios e protocolos de pré-

aguecimento ja disponiveis sdo apresentados, faent® resinas compostas quanto para

cimentos de iondbmero de vidro.

1.2.Pré-aquecimento de resinas compostas

Os primeiros estudos que avaliaram a influénciatetaperatura na inducéo de
polimerizacdo em mondmeros datam de 1977 (BAJARTAJ BABU, 1977), mas foi em
1981 que foi publicado o primeiro trabalho avaliamdinfluéncia do aumento da temperatura
nas propriedades mecanicas de resinas compostasoldgdicas (BAUSCH; DELANGE;
DAVIDSON, 1981).

Subsequente ao trabalho de Bausch, vieram ougballios que também avaliaram a
influéncia do pré-aquecimento, confirmando umaesdd beneficios para os procedimentos
restauradores. Os estudos que avaliaram a infa&wipré-aquecimento foram feitos com
véarios tipos e marcas de resinas como: resinagdag(DEB et al., 2011; LUCEY et al.,
2010; SANTANA et al., 2009), microhibridas (DA SlIkVet al., 2015; JAFARZADEH-
KASHI et al., 2011), nanohibrida (MUNDIM et al., 20), nanoparticulada (DA COSTA et
al., 2009), condensavelflow (WAGNER et al.,, 2008) e também resindmlk-fill
(ABDULMAJEED et al., 2019; DIONYSOPOULOS; TOLIDISGERASIMOU, 2016;
LEMPEL et al., 2019; TAUBOCK et al., 2015; THEOBAIDet al., 2017).

Daronch; Rueggeberg; Goes, em 2005, estudaramedssetio pré-aquecimento de
resinas compostas em diferentes condi¢cbes de tatuer(3°C até 60°C) e a duracdo da
exposicdo de luz na polimerizacdo. Ao avaliaremraugde conversao de uma resina
composta encontraram valores de grau de conversémras ou iguais aos controles para
todas as condi¢cOes de pré-aquecimento e, mesmbaamintensidade luminosa, o aumento
da temperatura promoveu uma contracdo de polingdéiizadequada. As mesmas condi¢des
também foram encontradas por Elhejazi, em 2006.

Outros estudos confirmaram que o pré-aquecimergaaiinas compostas melhora a
adaptacao marginal de restauracdes e reduz a nfitratdo quando compara-se com as
resinas utilizadas em temperatura ambiente (FROHESS8DO et al., 2010; WAGNER et
al., 2008). O estudo de Deb et al. de 2011, aléravédiar a contracdo de polimerizacao

também estudou a qualidade da adaptacdo margait@cempatibilidade do material apds o

21



pré-aguecimento a 60°C de resinas hibriddl®eve Os resultados do estudo mostraram o
aumento da contracdo de polimerizacdo, mas serarat@daptacdo marginal.

Acreditava-se que o tratamento térmico das resioagostas podia torna-las menos
suscetivel a degradacdo e também promover estadglide cor. Mundim et al., em 2011
estudaram a influéncia da temperatura nas mudategsopriedades opticas da resina e
tiveram como resultados que o pré-aquecimento, Embenha aumentado o grau de
conversao das resinas, ndo influenciou a estattdida cor e as propriedades oOpticas.

Davari et al., em 2014, avaliaram o efeito do gr@e@imento na resisténcia de unido
entre resina composta e dentina e tiveram comdtadsuque o pré-aquecimento a 37°C
promoveu a reducdo da viscosidade do material eemomda resisténcia a tracdo. Esse
aumento na resisténcia de unido entre dentinairearesmposta ocorre, pois com 0 aumento
da fluidez h& penetracdo mais profunda de resiaareas micro-retentivas da dentina e isso
aumenta significativamente a resisténcia da ul@@®@ACCHINI et al., 2007).

Também é importante citar que as caracteristicddgieas das resinas compostas sao
modificadas com o pré-aquecimento, como o aumeatitugdiez. Nos estudos de reologia as
resinas foram classificadas como tendo um compertgompseudoplastico e as variaveis na
sua composicao influenciam na viscoelasticidadeag caracteristicas reoldgicas desses
materiais. O aumento da temperatura atua inverdgamea viscosidade (AL-AHDAL;
SILIKAS; WATTS, 2014). No estudo de Ayub et al., 2814, os materiais resinosos pré-
aquecidos se mostraram menos Vviscosos e apoeepalicao, microdureza superficial mais
elevada quando comparado as resinas sem tratabdéemico. Estes resultados confirmam o
trabalho anterior realizado por Lucey et al., erh@0

Um estudo recente (DA SILVA et al., 2015) mostroe @ pré-aguecimento reduziu a
degradacédo do material resinoso. Encontrou-seedifer significativa na penetracdo de prata
nos compositos pré-aquecidos a 60°C quando congsammn o material a temperatura
ambiente (25°C). A reducdo do perfil de degradad@ material pré-aquecido foi
demonstrada pelo aumento do grau de conversadcelaefio da matriz resinosa, o qual
absorve e libera menos solvente. O espaco redenitle as cadeias poliméricas e a reducao
de regides hidrofilas levaram a resina a se degrades lentamente.

Taubdck et al., em 2015, avaliaram a influénciaetaperatura em resinésilk fill
comprovando o aumento do grau de converséao e redhactorca de contracao induzida pela
polimerizacdo, Dionysopoulos; Tolidis; Gerasimem 2016, avaliaram o efeito positivo da
temperatura na microdureza e Lempel et al.,, em 2fdrvaram aumento do grau de

conversdo em resinas refor¢cadas por fibra, porémefeito negativo no grau de conversao
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na base das amostras. Abdulmajeed et al., em 28[Eam que o pré-aquecimento das
resinasbulk-fill ndo afeta a resisténcia flexural e resisténciaagdd, porém aumenta a
resisténcia a fratura.

Em resumo, as principais vantagens relacionadapré@@aquecimento de resinas
compostas séao:

- maior grau de conversdo dos mondmeros (AYUB .et28l14; CANTORO et al.,
2008; DA COSTA et al., 2009; DEB et al., 2011; LUCEt al., 2010; STEINHAUS et al.,
2016);

- melhoria das caracteristicas fisicas, quimicABARZADEH-KASHI et al., 2011) e
mecéanicas (LOVELL; NEWMAN; BOWMAN, 1999);

- melhor adaptacio marginal (FROES-SALGADO et 2010; WAGNER et al.,
2008);

- maior profundidade de polimerizacéo (MUNOZ et 2008);

- aumento da microdureza (AYUB et al., 2014; LUCEtYal., 2010; MUNOZ et al.,
2008);

- reducdo do tempo de polimerizacdo (DARONCH; RUEBERG; GOES, 2005;
ELHEJAZI, 2006) e reducao de degradacgéo (DA SILYAlg 2015);

- reducdo da sorcdo de agua e alteracdo de corRIRERNE, 1985; LOVELL;
NEWMAN; BOWMAN, 1999; MUNDIM et al., 2011).

1.3. Pré-aquecimento de cimentos de ionémero de vidro

A partir da técnica de pré-aquecimento dos magenasinosos, alguns autores
avaliaram o efeito do aquecimento nos cimentos todtogicos. Brune em 1982 (BRUNE,
1982) avaliou a resisténcia a compressao de cimgmtmndémero de vidro e cimento de
silicato ap6s o aquecimento do p6 a°Mntes da mistura, e observou um aumento de 10%
na resisténcia a compressao. No ano seguinte, Brual®u a influéncia do aquecimento dos
CIV ap6s a mistura & 80 e a 78C durante 1 hora e também observou aumento da
resisténcia & compresséo 4G0

Woolford, em 1994, avaliou o efeito da irradiagafsavermelho e luz halégena e
observou que a aplicacdo de irradiacéo infravermndB®C) por 60s teve um efeito
ligeiramente maior na dureza superficial do CIVque a luz halégena (BD). Porém, o uso
da irradiacdo infravermelho € inviavel para usmicti. Assim, 0os estudos subsequentes

aplicaram luz halégena, luz de LED e também ultnaspara o aguecimento dos CIV. Os
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estudos se concentraram em varias marcas de Ct@uradores convencionais e poucos
trabalhos avaliaram os CIV em capsula.

A metodologia utilizada para o aquecimento de Ghd gm torno da aplicacéo de luz
de LED, variando o tempo de aplicacédo e poténciapdoelho, ultrassom e também banho
maria para as capsulas. Segundo a literatura eagb de luz de LED por 60s pode atingir
até 60C.

Através da metodologia de estudo de calorimetriavalteedura diferencial (DSC)
observou-se que o aumento da temperatura promtaragdo dimensional do CIV (BAN et
al., 1990). Porém, se esta temperatura de aqueinsenlimitar & 68C ndo ha alteracdo
dimensional do material (YAN; SIDHU; MCCABE, 2007).

A reacao de presa dos CIV ocorre a partir de waeédo acido/base, portanto acredita-
se gue supostamente o aquecimento deixa 0 acide atigd e assim mais rapidamente
degrada os vidros acelerando a reacdao (WOOLFORD4)190s CIV s&o materiais
compostos basicamente por acidos poliméricos ssl@rm agua, particulas de vidro e agua.
Apoés a mistura dos componentes inicia-se a reag&wedtralizacdo entre os poliacidos e as
particulas de vidro, com formacédo imediata de oabi estréncio poliacrilico e formacgéao
tardia de aluminio poliacrilico. Esta reacgéo ifioeorre dentro de 2-6 minutos, mas a reacao
continua a sofrer mudancas no primeiro més aténtsas apos a mistura. Este processo
tardio é denominado de maturacdo. Com o processoatigracdo ha aumento da forca de
compressdo, ou seja, o CIV fica mais forte e rmesist com o passar do tempo
(NICHOLSON, 2018; SIDHU; NICHOLSON, 2016).

O aquecimento ativa os acidos presentes nos Giamdo este entra em contato com
a superficie das particulas de vidro, eles reagam rapidamente. Um acido mais reativo e
uma maior taxa de liberacdo de ions levardo a fgamanais rapida de cimento por
geleificacdo dos produtos insollUveis do acido epdaticulas de vidro. O efeito final dessa
aceleracdo serd a formagcdo mais rapida da matripotlalquenoato de célcio, assim
acelerando a reacéo de presa inicial do materi@l@QWFORD, 1994).

Os CIV foram criados no inicio de 1970 por WilseiKent, e desde entdo sofreram
algumas modificacbes em sua composicao para mallasrauas propriedades mecanicas. Os
CIV contemporaneos, também chamados de CIV devaltasidade, sdo formulados com
particulas de vidro melhoradas e tamanho das pksi@primorados. Isso confere as novas
formulacdes uma presa mais rapida e restauracdssesstentes e duraveis (SIDHU, 2011).

Porém, os CIV ainda tém limitacdes, principalmdag® apds a mistura; sabe-se que

pelo menos durante 150 minutos o material ainda esineravel. E nesse periodo que
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acontece o processo de formacgéo das ligacdes @sididentina (YAMAKAMI et al., 2018);
e 0 material apresenta baixa resisténcia a abrasasibilidade a humidade e longo tempo de
presa (NICHOLSON, 2018; SIDHU; NICHOLSON, 2016).

Na tentativa de contornar essas limitacdes iniciai€1V, foi proposta a aplicacéo de
calor (ultrassom e luz de LED) para melhoria dappedades mecanicas do material. Alguns
estudos mostraram efeitos benéficos do aquecinieitdocom luz de LED:

« Aceleracao da reacdo de formacao da matriz (WOOIFQR94);
+ Melhoria das propriedades mecanicas (KLEVERLAAN; NAOUINEN; FEILZER,

2004; WOOLFORD, 1994), com aumento da microdur@z24 horas (GAVIC et al.,

2016; WOOLFORD, 1994);

« Aumento da resisténcia a compressao (KLEVERLAAN;N/BUINEN; FEILZER,

2004).

Outros autores também mostraram os efeitos doasttrdssom como fonte de calor:

+ Aumento da adesdo ao dente e aumenta a liberacBidoddéALGERA et al., 2005;

THANJAL et al., 2010);

+ Aumento da microdureza (O'BRIEN et al., 2010; TOWREt al., 2001);

+ Reducao da porosidade (COLDEBELLA; SANTOS-PINTO;ANON, 2011);

+ Reducéo da microinfiltracdo (GORSETA; GLAVINA; SKRIARIC, 2012);

- Atinge propriedade mecéanicas mais rapidas e mah(BORSETA; GLAVINA;

SKRINJARIC, 2012; TOWLER et al., 2001).

Ha também autores que ndo encontraram diferemgafisativa nas propriedades
mecanicas dos CIV apds a aplicacdo do calor. Aeredi que a reacdo de presa e as
propriedades mecéanicas sao influenciadas pelo tamdas cargas e sua distribuicdo na
matriz (MENNE-HAPP; ILIE, 2014). DE OLIVEIRA et al.2019, sugerem que as
dificuldades no desempenho do CIV apos a aplicdedmalor podem estar relacionada com a
composicdo do material, assim como as diferencasporasidade, hidrofilicidade e
propriedades térmicas. A microdureza dos CIV postarerelacionada com os diferentes
formatos e tamanhos das particulas, quanto mepanti@ula, maior a dureza.

Ao contrario dos materiais resinosos, para o @ldguecimento ndo gera aumento na
contragdo no momento da reacdo de presa. Algumsiosstrelatam que o aquecimento
melhora a adaptacdo do material as paredes daadayideduzindo a microinfiltracdo

marginal. Acredita-se também que as moléculas megtvas formem uma matriz mais
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rigida, reduzindo até a porosidade da restaurdado,isso reduz a capacidade de liberagéo e
absorcao de fluor pelo material.

Também é importante ressaltar que ao contrario rdateriais resinosos, o CIV
aumenta sua viscosidade com o aquecimento, pois da@monstrado por Algera et al., em
2006, o aumento da temperatura no CIV reduz o tetegoabalho e o tempo de presa. Neste
contexto, o aquecimento dos CIV mostraram benefigiara as propriedades mecéanicas
iniciais do material e perda da capacidade dedi#er de flior apds o aquecimento do CIV
depois da mistura. Entretanto, outras pesquisagspre ser desenvolvidas para avaliar se

estes efeitos também estdo observados nos CIV ariadps.

2. OBJETIVO GERAL

Apresentar quatro artigos sobre a influéncia degorgecimento de resinas compostas
bulk-fill e de cimentos de iondbmero de vidro nas propriedfisieas e mecanicas.

2.1. Objetivos especificos

- Artigo 1: Realizar uma revisao sistematica sohirélaéncia do pré-aquecimento e/ou
aguecimento de materiais resinosos e ionoméricas prapriedades fisicas e
mecanicas e discutir os beneficios e as formasréleaquecimento que tém sido
realizadas para materiais resinosos e cimentasndeniero de vidro;

+ Artigo 2: Avaliar o efeito do pré-aquecimento denentos de ionémero de vidro no
tempo de estabilizacdo das ligacdes quimicas dcradureza;

« Artigo 3: Avaliar o efeito do pré-aquecimento rizeliacdo e absorcéo de fluoretos dos
cimentos de iondmero de vidro Equia Forte/GC e KElaiversal/3M ESPE;

« Artigo 4: Avaliar o comportamento de fluxo e vistasticidade sob tensao de
cisalhamento continuo, a microdureza e o grau degeredo de resindsulk-fill, em

diferentes temperaturas de pré-aquecimento.
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3. ARTIGO 1 — Heating and Preheating of dental restoréive materials - a review

Abstract:
Objectives:To perform a systematic review on the influencem@heating and/or heating of
resinous and ionomeric materials on their physacel mechanical properties and to discuss

the benefits and methods of preheating/heatinghtvae been useMaterial and methodsA
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search was performed in the Pubmed, Scopus, Samelagrey literature databases. In vitro
studies published from 1980 until now were searalsdg the descriptors "composite resins
OR glass ionomer cements OR resin cements OR adseAND heating OR preheating".
Data extraction and quality of work evaluation weperformed by two independent
evaluators.Results:At the end of reading the search titles and abistra@t articles were
selected. Preheating of composite resins reducgsity, facilitates adaptation to cavity
preparation walls, increases the degree of cororerand decreases the polymerization
shrinkage. Preheating of resin cements improvesgtin, adhesion and degree of conversion.
Dental adhesives showed good results such as hlghed strength to dentin. However,
unlike resinous materials, ionomeric materials hameincrease in viscosity upon heating.
Conclusions:Preheating improves the mechanical and physicalepties. However, there is
a lack of clinical studies to confirm the advantagef preheating techniqueClinical
relevance: Preheating of dental restorative materials is apEmsafe and successful
techniqgue. In order to achieve good results agditg training are necessary so the material
would not lose heat until the restorative proceddso, care is necessary to avoid bubbles

and formation of gaps, which compromises the kestbration performance.

3.1.Introduction

There are currently a wide variety of restorativatenials available for dentists. Since
early formulations, resinous materials and glas®neer cements had been improving their
clinical behavior, with good success rates [1-5].tle other hand, these restorative options
still present some limitations and more improversare needed, including the influence of
individuals’ variables on the quality and longewitiythe restoration [6,7].

Several innovations and new techniques have beea idoorder to increase durability
and clinical behavior of restorative materials,luiing the change in material composition,
such as the bulk-fill resins [8] and new glass imeo cements [9]; the development of
alternative photoinitiators and new multi-peak LEght-curing units with a larger spectral
emission profile [10], and the minimally invasivepaoach that conserves more tooth
structures [11]. Another proposed alternative fptimizing the characteristics of dental
materials has been preheating [12,13].

The preheating of the resin-based materials has Ipegformed by commercial
devices, such as the Calset (AdDent Inc, DanburydSA) [14-16], ENA Heat (Micerium
SpA, Avegno GE, lItaly) [17,18], Hotset [19], Heat8y[20] and Caps Warmer (VOCO
GmbH, Cuxhaven NI, Germany) [21]. Also it is beinged with a water bath [22-24],
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incubator [25—-27] and digital wax heaters [28]. Thess ionomer cements have already been
heated using [9,29,30] LED liglats an externally applied ‘command satid ultrasoundo
mechanically energized GICs rather than directghpat thenf30], which provide energy in
the form of heat, as well as obtaining heated dapswy water bath [31]. The heating can be
done prior to manipulation and insertion into thevity / tooth (preheating) or after the
restorative materials have been mixed.

Although many studies have addressed the perforenahdifferent materials with
preheating techniques, there is lack of evidenaer#éstorative materials preheating improves
the quality and durability of restorations. Someadages reported in the literature with the
preheating technique of resinous materials includereased degree of conversion [27],
improved marginal adaptation of restorations duereiduce the viscosity [14,16,22] and
decreased polymerization contraction [15]. Thug dbjective of this study was: (1) to
perform a systematic review on the influence ohpeding and / or heating of resinous and
ionomeric commercial materials on their physicatl anechanical properties and (2) to
discuss the benefits and methods of preheatingfigetitat have been used for resin-based

and ionomeric materials.

3.2. Material and Methods

This is a systematic review of the literature tewer the following question: Does
preheating / heating of restorative materials (resin cement, adhesive and glass ionomer
cement) influence physical and mechanical propsttie

3.2.1. Eligibility Criteria

In vitro studies published from 1980 onwards reported niflaegnce of preheating /
heating of restorative materials on physical andhaeical properties (degree of conversion,
microhardness, viscosity, color, compressive stienfiexural strength, adhesion) without
restriction of language were included.

Studies were excluded if: (1) did not evaluate petd / heated restorative materials;
(2) no control group; (3) in vivo studies or cliaicstudy; (4) studies that evaluated

orthodontics adhesive systems or experimental méger

3.2.2. Database and Search Strategy

A search was conducted in the PubMed (USoNatiLibrary of Medicine National
Institutes of Health), Scopus (Elsevier) Scielo gnaly literature databases until July 2020.
MeSH terms were used along with the listed entmyseto construct a highly sensitive search
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strategy. The search strategy used for PubMed (Me@mposite resins"[MeSH Terms] OR
("composite"[All Fields] AND "resins"[All Fields])OR "composite resins"[All Fields]) OR
("glass ionomer cements"[MeSH Terms] OR ("glasd'Aélds] AND "ionomer"[All Fields]
AND "cements"[All Fields]) OR "glass ionomer cem&All Fields])) OR ("resin
cements"[MeSH Terms] OR ("resin"[All Fields] AND éments"[All Fields]) OR "resin
cements"[All Fields])) OR ("adhesives"[Pharmacotagi Action] OR "adhesives"[MeSH
Terms] OR "adhesives"[All Fields])) AND ("heatingeSH Terms] OR “heating"[All
Fields])) OR preheating[All Fields], and complemahtwith references being cited in the
selected papers.

3.3. Selection of studies and calibration of investigats

Initially, titles and abstracts were selected anglwated by two independent
researchers (LCPL and FMT). Selected studies vetaded for reading the full article. Each
selected article was independently analyzed byrésearchers and included or not in the
review, based on the inclusion and exclusion gatdn case of disagreement between the

investigators, a third reviewer (RSST) evaluatexldtticle to reach a consensus.

3.4.Risk of bias and quality of work

Data extraction and quality of work evaluation weexformed by two independent
evaluators (LCPL and FMT). The risk of bias assesgnwas performed following the
guidelines of the Guidelines OHAT Risk of Bias T@Whational Health and Medical Research
Council, 2015) [32], taking into account 11 crigerEach item analyzed received the answers
according to the guideline: Befinitely Low risk of bias; Probably Low risk of bias; -NR
Probably High risk of bias; -Befinitely High risk of bias.

3.5.Results
We found 1921 articles in the Pubmed databasealfi9es in the Scopus database and 288
in Scielo. At the end of reading the search tilaed abstracts, 83 articles from the Pubmed
database and 71 articles from the Scopus datalpaisé article from Scielo database were
selected. After reading the full texts, excludimgpeated titles and evaluating the eligibility
criteria, 65 articles were selected and 9 referermmeed from the selected articles were
included, totaling 74 articles at the end (FiguyeAfter analyzing the risk of bias based on
the guidelines of the OHAT Risk of Bias Tool Guidek [32], it was found that the included

37



articles were classified as probably low rof bias, since most studies presented at le:
items assessed as "definitely low risk of bias" ahlgast 5 or more items rated "probably
risk of bias". Only 4 papers had at least 1 "priypdigh risk of bias" response and only
paper had 5 itemsted "definitely high risk of bias

—
- 2388 Records identified through database searching
= (Pubmed n = 1921, Scielo n = 288, Scopus n = 179)
=
g
Ed:
g » 71 Duplicate removed
=
==
(— 2317 Records after duplicates removed
—
a0 2252 Records excluded based on review of
-E tittle, abstract and/or full-texts, and
o evaluating the eligibility criteria
3
65 Full-text articles for eligibility
— assessment
pr—
9 Additional records identified
z through other sources
=
= ;
2 74 Full-text articles assessed for
= eligibility
—
—
B
= 74 Studies included
]
=
L]
—

Figure 1. Flowchart showing the number of publications idgedi, retrieved

extracted, and included in the final analy

The articles selected were fr 17 different countries (Table 1). Most of the selec
studies evaluated composite resin (73.9%), folloedlass ionomer cement (11.5%), re

cements (10.1%) and adhesives (4..

Table 1- Countries of origin of articleselected for analysis.

Continent (Country of Origin) Percentage (%)
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Ameérica (Brazil 23.2%; USA 11.6%; Argentina 1.4%) 36.2%

Europe (Greece 8.7%, Holland 4.3% Italy, Turkey and Ciaa{.4%;

0,
England 5.8%, Germany 2.9%, Switzerland, IrelardiRoland 4.5%) 43.6%
Africa (Egypt 5.8%) 5.8%
Asia (Iran 10.1%, India 2.9%, Korea 1.4%) 14.4%

Table 2 presents a summary of the heating methbds liave been employed
depending on the restorative material and the ingatrotocol and Table 3 the main results

obtained.
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Table 2 -Publication characteristics of the articles in€lddn the analysis.

Material Manufacturer Commercial Name Heating Type Preheatln 9/Heating Temperatures
Type Time
gentsply Prime&Bond 2.1 [33]
aulk 40C [23]
voclar Exci'te [25] 5°C [33]
Vivadent Tetric N-Bond [25] Waterbath [23] 20°C [33]
XP Bond [25] Calset [34] 30 min [23] 22°C [34]
. Kurara . Oven [25] 1lh [33] 25°C [23,25]
Adhesive Noritaki; Clearfil SE Bond [23] Halogen Light 2 h [25] 37°C [33]
Adper Single Bond 2 [33] 40°C [23]
[23,25,33] 50°C [33]
3M ESPE Adper Easy One [25] 58°C [34]
Scotchbond Multi-Purpose 60°C [25]
[34]
Bisico Micro Esthetic [35] Caps Warmel 1 h[75] ()(';C [40,72]
: : : [21,65] 2 min [54] 3°C [41]
Bisco Aelite LS Posterior [35] Calset [14— 3 min [55,65] 4°C [22,26,52,54,78]
Coltene Synergy [36,37] 16,37,42-45,57—| 5 min [15,19,28,66,76] 5°C [20]
CeramX [37-39] 60,62,66,70,71,77 10°C/min [36] 8°C [12,62]
Core Max |1 [40] 78] 10 min 10°C [41,61]
Dyract Extra [35] Differential [20,39,58,70] 15°C [40]
Dyract Flow [35] scanning 8 h [47] 20°C [41,54]
Compos Esthet-X [37,41-45] calorimetry [40] 12 min [48] 21°C [39,42,48]
ite resin | Dentsply Esthet-X Flow [37,43] Digital Wax [28] 15 min 22°C [14,21,28,40,41,47]
Caulk QuixFil [15] EASE-IT [64] [24,26,46,51,67] 23°C
SDR Bulk fill [27] Ena Heat 20 min [21,42] [12,15,17,18,22,35,50,56,58,61,
Spectrum TPH [14,35,46] [17,18,35,39,48,4 24 h [44] 65,73,77]
Surefil [47] 9] 30 s [38,41,62,65] 24°C [45,46,60,66,76]
TPH [21,37,42] Incubator 30 min [22,37,71] 25°C
Vytol [12] [26,38,68] 40 min [60,73] [16,24,26,41,53,57,62,63,69,72]
FGM Opallis [39,48] Infrared  heating 27°C [41]




GC Corp.

EverX Posterior [49]
Grandia Direct [37,50]
Kalore [50]

Heraeus
Kulzer

Charisma [35,51,52]
Charisma Diamond [35]
Charisma Opal Flow [35]
Durafil VS [53,54,55]
Venus [28,50,56,57]
Venus Bulk fill [49]

Ivoclar
Vivadent

Ceram X [37]
Compoglass F [35]
Compoglass flow [35]
Heliomolar [14,35,37]
Helioseal F [51]

Isocap [12]

IPS Empress Direct [19]
Matrixx [37]

Tetric Ceram [58-60]
Tetric
EvoCeram([15,21,37,51,57,6
]

Tetric EvoCeram Bulk fill
[15,35, 49]

Tetric Evo Flow [35,51]
Tetric Flow [51,58]

Tetric N- Ceram [62]
Tetric N- Ceram Bulk fill
[63] Te-Econom Plus [35]
4 Seasons [37]

| —

source [12]
Heated platform
[52]

Heater [22]
HeatSync [20]
Hotset [19]
Non-commercial
heater [53,72]
Oven [54,55,61]
Programmable
temperature
controller  (type
680) [51]
Therma-flo ™
[76]

Thermal
mechanical
analyzer [36]
Water bath
[24,63,67]

30°C [41,56]

36°C [37]

37°C
[12,17,21,22,24,40,42,45,47,50,
52,54,56-59,68,70]

39°C [39,61]

40°C [38,41,64]

44°C [56]

45°C [26,48,64,69]

50°C [38,64,72]

54°C
[35,37,59,67,68,70,73,77,41,43—
45,47,49,54,57,58]

55°C [17,18,20,69] 5% [24]

60°C
[12,14,35,38,40,42,44,46,52,53,
55,62,67,69,73,74]

64°C [28]

68°C [15,37,45,54,57—
61,63,65,66,70,71,76-78]
70°C[47]

75°C [72]

100°C [72]

25-69C [36]

25-250C [51]
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Kerr Dental

Herculite Classic [55]
Herculite XRV
[14,37,44,47,51] Point 4 Floy
[37]

Point [37]

Premise [37,56]

Sonic Fill Bulk fill [15]
Harmonize [21]

King Dental
Corp.

King Dental [40]

Kuraray

Clearfil AP-X [35,37,56]
Clearfil Majesty Posterior
[45]

<

Micerium

Enamel Plus HFO [39,48]
Enamel Plus HRI [48]

SDI

Conseal [51]
Wave [14,35]

Shofu

Beautifil Il [35]

Beautifil Bulk Restoration
[49] Beaultifil Bulk flowable
[49]

Ultradent

PermaFlo [37]
Vit-1-essence [37,60]

VOCO GmbH

Admira Fusion [21]
Grandio [17,35,37,50,64]
Viscalor [21,65]

Xtra base [49,63]

Xtra fill Bulk fill [15,49,63]
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Tokuyama

Estelite Omega [19]

3M ESPE

Concise [12]

F2000 [14]

Filtek A110 [47]

Filtek Bulk fill [49, 66]
Filtek Bulk fill Posterior [67]
Filtek Flow [35,37]

Filtek One Bulk Fill [20]
Filtek P60 [14,22,35,68]
Filtek P90 [26,69]

Filtek 2100 [19,37,55,70]
Filtek Z250 universal/XT
[17,18,22,24,26,28,35,37,51
3,56,64,66, 69,71, 72]
Filtek Z350Flow/XT1
[16,53,68,73,74,75]

Filtek Z350XT [76]

Filtek Z 550 [49]

Filtek Silorane
[18,24,35,77,78], Filtek
Supreme XT/Ultra
[20,21,35,37,50,57,60,70,71
8], Silar [12]

5

v

lonomeri
Material

Dentsply
Caulk

Chemfil Rock [79]

GC Corp.

Equia Fil [29,79]

Fuji Il LC [36,80]

Fuji VII [30]

Fuji 1X [9,30,36,79,81,82]
Fuji Triage capsule [82]

Megadenta

Megacem [30]

External heat source
[30,82]

Led [9,29,79,83]
Thermal mechanical
analyzer [36]
Ultrasonic [30,82]
Reometro [81]
Water Bath [80]

11%

40 s [9, 82]
60 s [79]
90 s [80]

20°C [81]

30°C [81]

24°C -54C [9]
32°C -57°C [79]
40°C [80,81]
50°C [81]

60°C [81]

70°C [81]
25°C-70°C [36]
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lonofil Molar [29,30,82]

VOCO GmbH lonoStar Molar [83]
Ketac Cem [36]
3M ESPE Ketac fil Plus Aplicap [83]
Ketac Molar [9,29,36,79,81]
Bisco Dental BisCem [84] Digital wax heater 4°C [84,85]
Dentsply Dyract Extra [51] [28] 22°C [28]
Caulk XP Bond/Calibra [84,86] Hotset [19] 23C [75]
GC Corp. G-Cem [84] Programmable 24°C [84,85]
| YA Excite DSC [86] controller (type 680) 1,y (79, g2] 37°C 84,85
Resin Multilink Sprint [84] [51] 1 min [80] 50°C [86]
Cement : Water Bath [87] 54°C [75]
Kuraray Panavia 2.0 [85,87] Incubator [75] 55°C [87]
Noritake SAC-A [84] Heating stirrer 60°C [84,85,87]
RelyX ARC [28,75] éurfacpé 58213 ggzg Eg}
i ven [84,
3M ESPE RelyX Ultimate [75] [ ]

RelyX Veneer [19,75]
RelyX Unicem [85]

25°C-69°C [19]
25°C-250C [51]
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Table 3 -Advantages and disadvantages of preheating.

Material Advantage Disadvantage
Adhesives  Improve of dentin bond streng{23] Increase of water sorption
and solubility [25]
Increase of penetration rate and high
evaporation of monomej23]
Increase of degree of conversion [25]
Reduction of sorption and solubility [25]
Increase of microhardnes$/odification in resin color
[12,17,18,24,46,59,67] [61,65]
Composite
resin Increase of degree of conversiomcrease of volumetric
[27,38,41,47,58,59,61,68] contraction [25,30,47,52]
Increase of fluidity [19,37,46,59,64,70] Reduction of  flexural
strength [48]
Improvement of marginal adaptation
[14,16,37,43,45,70,73]
Microleakage Reduction [49]
Reduction in the extrusion force and
increased extruded mass [21]
lonomeric Reduction of setting time and working tim&luoride release reduction
Material [9,76] [78]

Increase of microhardness [31,78]
Improve of adhesion [77]

Improvement in marginal adaptation and
reduction in microleakage [30]

Resin cement

Water sorption reduction and solubility [71] Reduction of root canal

bond strength [81]
Increased dentin adhesion [80,82]
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3.6.Discussion

Preheating dental restorative materials has beet fos almost forty years. The first
material to be subjected to the preheating teclnigaas a composite resin of regular
consistency [12] and subsequently fluid resins aesin cements. Preheating apparently
increases the flowability of regular consistencymposites [60], which improves the
adaptation of the material in the cavity walls #3], Another situation that preheating would
be indicated was for dentists who store the resimsa refrigerator, following the
manufacturer's guidelines. In this context, sonth@s report that the cooling of composite
resins may disrupt some characteristics and itigortant that they return to environment
temperature before use [44]. Also, incomplete pe@ypation and unreacted monomers may
leach into saliva promoting undesirable consequereel acting plasticizers that decrease
mechanical strength and dimensional stability, icalbange and allow bacterial growth.
Unreacted monomers can also cause allergic andisgyseactions [14].

The heating technique has been applied to glassrien cements after manipulation
using external heat energy as a command set tooirapmechanical properties too. Some
studies [31,80] have shown that the applicatioheztt in glass ionomer cements after mixing
increases surface microhardness by up to 4 mm,owepr marginal adaptation, reduces
working time and crack propagation.

Various types of resin-based materials (hybrid cosite resin, methacrylates,
silorane, resin cements) have been tested in lalogro evaluate the influence of preheating
on their physical, mechanical and photoactivatiawpprties. The average preheating
temperature found in the literature is 54®8considered a safe temperature for some authors
[29,67,77], since it does not cause damage to tife tssue. Clinically, other situations can
commonly cause increased pulp temperature sucheasse of diamond burs during cavity
preparation and photoactivation of resin materiatsssibly, the heating caused by the use of
high irradiance from light-curing units is similar greater than the heating of restorative
materials. The temperature of the heated matelaaled into the cavity is not the same, as
there is a rapid dropping of approximately 50% imihutes counted after removing the
material from the heating device [44]. A pulp temgtere rise of 5& is considered as the
potential damaging threshold for human pulp tig88# and the remaining dentin thickness
still appears to be one of the most important factor the protection of the pulp since dentin
acts as a thermal barrier against harmful stim&ifi].However, Knezevic et al. [70], when
assessing cellular toxicity resulting from prehegtof resins at 6& suggested that this

procedure may not be safe.
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Another important consideration about preheatintpésrequired time to achieve good
fluidity and improvement of restorative materialoperties. Not all papers mention this
information. From studies that mentioned the rezfitirme for material heating, the minimum
and maximum times found were 40 seconds to 24 haersthere is a very wide variation.
However, a reasonable clinical time is approximal& min, as used in some studj2s, 26,
46, 51, 67]. For another study]l minutes was enoudb reach the temperature requifed.

The most common device for preheating is CalseDgd Inc, Danbury, CT, USA).
The manufacturer's instructions recommend it t@ating many types of instruments and
materials like compules or syringes of composit®ng composite dispenser, anesthetics,
spatulas, and laminate venners. The device is mexsevith different trays, depending on
what the clinician needs for preheating. It offénsee different temperatures and permits
preheat or maintain the temperature in"G7%4C or 68C, as Caps Warmer (VOCO) [21].
Another device, ENA Heat (Micerium SpA, Avegno GEHaly), offers two different
temperatures: 3€ and 55C, Hotset 38C and 69C [19] and HeatSync [20].

The composite resins reduce their viscosity wheatdtk facilitating the adaptation to
the walls of the cavity preparationl4,16,22,37,43,44,56,57,68,74and there is an
improvement of many physical propertigs’,18,24,26,42,46,51,60,62,7&uch as a higher
degree of conversion27,38,41,47,53,59,72and lower polymerization shrinkage [15].
Preheating of resin-based materials enhances camerithout hastening the time at which
maximum cure rate occurs. This enhancement is plplettained by increased molecular
mobility and collision frequency of reactive spexieThe phenomenon involves a
postponement of diffusion-controlled propagaticgaation-diffusion-controlled termination,
and autodeceleration, thereby allowing the systemedch higher limiting conversions before
vitrification [89]. It is further known that, in aition to preheating, resin properties can be
improved due to other situations such as increightactivation time and the power of the
LED light-curing units [42,60,69,74]. Usually, theemperature used to enhance these
properties is 5% to 68C, depending on the type of device available. A¢ thoment no
work searched the differences between preheatifd’@t or 68C.

It should be considered that resin composites witferent compositions may take
different times to reach stable temperature anficgrit time is mandatory for they reach and
maintain the temperature [44]. Also, when the effe€ compules/composite types on
temperature values was evaluated it seems thagrelff compule types did not affect
temperature values and maximum compule temperattagmed was 48.3 £ 0.7°C when the
Calset unit was preset to 54°C, and 54.7 = 1.9°€nnreset to 60°C [44]. But the composite

a7



compule already loaded into a delivery syringe wase efficient. higher temperatures were
attained with this method as opposed to prehe#itmgompule separately.

Although much work has shown the benefits of preéhgacomposite resins, others
have shown that preheating did not influence onesphysical and mechanical properties of
resin [71], such as flexural strength [16,39], mi@ardness [52], degree of conversion
[61,66,90], polymerization shrinkage [54] andrginal microleakage [73]. Repeated heating
of the resin may not be detrimental to flexuragsgth [48] but can cause color change [69].
Also, re-heating of unused composite may not affeaegree of conversion, thus decreasing
material waste [44]. These results may be a functb different methodologies, but the
benefits of preheating are achieved when lightvattn is performed with the resin still
warm [43,45]. Thus, to succeed with this techniques important to insert the material into
the cavity quickly and efficiently, also avoidiniget formation of bubbles and gaps [45]. The
success of the technique also depends on othexbl@s| such as the formulation of the
material itself [49,91], quantity and organic mattype [92], inorganic load filling [17],
heating time and temperature, light-activation teghe [42,71], in addition to theperator
variability [40,43].

The same preheating technique has also been appliadhesives with incongruent
results. Some studies have reported dentin bordgttr of Adper Single Bond improvement
[23], degree of conversion increasing and lessbddly for Adper Single Bond 2 [25],
solubility and water sorption increasing for XP Baadhesive [25] and others have not found
significant difference in dentin bond strength ngsScotchbond Multipurpose Adhesive [34],
Prime&Bond 2.1 and Adper Single Bond 2 [33], aslhaslClearfil SE Bond [23].

There are many manufacturers developing resin cemeith color and consistency
appropriate for aesthetic and efficient cementatitmwever, there are alternative materials to
be used in prosthetic cementation. The greatestfiberi preheating composite resins is the
reduction in viscosity, enabling the use for ceragoh of indirect restorations [28].
Clinically, it looks easier to apply than resin @nts. Preheating of regular consistency resins
also appears to reduce cement line thickness by[28%5]. Composite resins may perform
better than resin cement on restoration marginda@uo®re inorganic load filling and the long
term color stability should be better because thayt have the autopolymerization reaction
[28]. On the other hand, the benefits of preheatesyn cements are still controversial. Lima
et al. [75] observed that preheating of luting ageat 54C for 15s reduced water sorption
and oral solubility. Improvement in microtensileestgth has been reported for dual-cure

resin cements at 80 [86], because the monomeric conversion incredsithgving a specific
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light-activation, condition [93]. However, some lanits have reported that heating af@G0
was not beneficial [84], leading to hardening oflyRe Unicem cement before being
dispensed from the syringe [85] or reduction ofireement bonding in the root canal [87]. In
contrast, other types of resin cements such asvilkaBd and self-adhesives had their bond
strength improved [85]. The divergence of resudtpriobably due to differences in research
methodologies and material composition, light-aaion time or even technical and operator
variability.

Although some studies have reported that intratdalidemperature [94] and relative
humidity [95] do not interfere in the bond strengths important to consider that despite the
fact laboratory studies were careful and well cateld, they do not bring clinical evidence.
There are few case reports or clinical trials simgwihe advantages of preheating resinous
materials in these conditions. Also, as mentionieova, according to Daronch et al. [44],
when a compound is heated to 60°C and removed tinerheat source, its temperature drops
50% after 2min and 90% after 5min. So, the climamaust work very fast to ensure the least
temperature drop possible. The clinician shoulgelise the material, adapt it, remove the
excess and sculp it if necessary and light-curetevthe material is still heated to obtain the
advantages of higher monomeric conversion.

Another concern is related with time necessaryttiercomposite resins stored in the
refrigerator to reach room temperature. The clamcshould wait at least eleven minutes
before using composite within a compule stored nmefagerator [46]. This time should be
higher when the clinician uses a bigger compula syringe, for example.

Unlike resin materials, heating of glass ionomemepts promotes an increase in
viscosity. Heating is believed to increase the difusion rate, accelerating the reaction,
reducing working time and hardening time [81]. Hoe® it can be seen that heating glass
ionomer cements after mixing promotes an improvementheir physical and chemical
properties. The heating of the ionomeric materielgse been performed with LED light or
mechanically energized withltrasound and there was improvement in margidaptation;
reduction in microleakage [30]; increase in flexwtaength [9,79], increase in microhardness
[83], increase in bond strength [82] and accelenatf gelification reaction that protects the
material in the early periods that are most criteggainst contamination with saliva [9]. Glass
ionomer cement showed the smallest dimensionalgehamen heated to 0D [36]. O'Brien,
2010 [31] observed that the preheating of glassnuer capsules before mixing had better
influence on the depth microhardness than heaicgpipin after mixing with ultrasound and
LED light.
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It is suggested that the heating of the glass i@rocement after mixing promotes
water evaporation and this promotes acceleratiagheothemical reaction of the material [96].
The positive effect of preheating on the glass imapcement is not well established and clear
yet, because there are few reports on this maftee. differences in the results can be
attributed to complexity of the material settingegon. It is known that the reaction of glass
ionomer cement happens not only by the neutratimadf polyacids, but also the phosphates
proved to be key components in the reaction [97,880, any change in the proportion of
components, such as the polyacid concentratioe, @m shape of the glass particles may
influence the end result of the reaction [99]. Retlng glass ionomer cement is also
considered to be a safe procedure as it does isetttee pulp temperature significantly [29].
There are still few studies that make it clear Wwbheheating of glass ionomer cement is really
beneficial, so more research is needed to confilmgromising technique.

Despite the fact thathe investigated commercial materials are not $paty
designed for preheating/heating and more cliniealilts are necessary, heating or preheating
is still a technique to be more investigated. Theee new resins in the market like Viscalor
[21,65] designed specifically for preheating/hegiwith easy manipulation due to enhanced
handling properties. Because the indication of atgele composite resin technique is
increasing, furthem vitro andin vivo studies are necessary to answer the performance of

these new techniques and heated materials.

3.7.Conclusions

Based on the results of laboratory studies, pratgatocedures for dental restorative
materials is a simple, safe and relatively succeésschnique. In general, for resinous
materials there is an increase in microhardness deglee of conversion, reduction in
viscosity and better adaptation to cavity wallsr kmomeric materials, heating promotes
reduction of setting time, working time and porgsihd increase of microhardness. However,
there is a lack of clinical research proving thevaadages of indication of pre-heating
technigue. In order to achieve good results ggditd training are necessary so the material
would not lose heat until the restorative procedideo care is necessary to avoid bubbles
and formation of gaps, which compromises the kestbration performance.

50



3.8.REFERENCES

[1] de Amorim RG, Leal SC, Frencken JE (2012)yvimal of atraumatic restorative
treatment (ART) sealants and restorations: a meddysis. Clin Oral Investig 16(2):429-441.
https://doi.org/10.1007/s00784-011-0513-3

[2] E. Lempel E, T6th A, Fabian T, Krajczar KzeBma J (2015) Retrospective evaluation

of posterior direct composite restorations: 10-Yé&adings. Dent Mater 31(2):115-122.
https://doi.org/10.1016/j.dental.2014.11.001
[3] Mangani F, Marini S, Barabanti N, Preti Aef@tti A (2015) The success of indirect

restorations in posterior teeth: a systematic wevad the literature. Minerva Stomatol.
64(5):231-240

[4] De Souza GM, Braga RR, Cesar PF, Lopes GI15p Correlation between clinical
performance and degree of conversion of resin ce&marliterature review. J Appl Oral Sci
23(4):358-368https://doi.org/10.1590/1678-775720140524

[5] Dias AGA, Magno MB, Delbem ACB, Cunha RF, isl&d.C, Pessan JP (2018) Clinical
performance of glass ionomer cement and compassia m Class Il restorations in primary

teeth: a systematic review and meta-analysis. J t De3(6):1-13.
https://doi.org/10.1016/j.jdent.2018.04.004

[6] Demarco FF, Collares K, Correa MB, de CeR&, Moraes MS, Opdam NJ (2017)
Should my composite restorations last forever? \Afieythey failing? Braz Oral Res3Lppl
1):92—-99.https://doi.org/10.1590/1807-3107BOR-2017.vol31 605

[7] Cumerlato CBF, Demarco FF, Barros AJD, Pekbs, Peres KG, Cascaes AM,
Camargo MBJ, dos Santos IS, Matijasevich A, Cork#a (2019) Reasons for direct
restoration failure from childhood to adolescenaebirth cohort study. J Dent 89:103183.
https://doi.org/10.1016/j.jdent.2019.103183

[8] Ferracane JL (2011) Resin composite - stdtéhe art. Dent Mater 27(1):29-38.
https://doi.org/10.1016/j.dental.2010.10.020

[9] Gorseta K, Borzabadi-Farahani A, MoshaveriAi Glavina D, Lynch E (2017) Effect
of different thermo-light polymerization on flexlistrength of two glass ionomer cements

and a glass carbomer cement. J Prosthet Dent 11821107.
https://doi.org/10.1016/].prosdent.2016.09.019

51



[10] Rueggeberg FA, Giannini M, Arrais CAG, Prie8T (2017) Light curing in dentistry
and clinical implications: a literature review. 8appll1):64-91https://doi.org/10.1590/1807-
3107BOR-2017.v0l31.0061

[11] Rosenberg JM (2017) Minimally invasive detriisa conservative approach to smile
makeover. Compend Contin Educ Dent 38(1):38—42.

[12] Bausch JR, de Lange C, Davidson CL (1981) ififleence of temperature on some

physical properties of dental composites. J Oral haRé 8(4):309-317.
https://doi.org/10.1111/j.1365-2842.1981.tb00505.x

[13] Lovell LG, Newman SM, Bowman CN (1999) Thefeets of light intensity,
temperature, and comonomer composition on the paiyation behavior of dimethacrylate
dental resins. J Dent Res 78(8):1469-14if.s://doi.org/10.1177/00220345990780081301
[14] Deb S, Di Silvio L, MacKler HE, Millar BJ 1) Pre-warming of dental
composites. Dent Mater 27(4):e51—-eb8ps://doi.org/10.1016/].dental.2010.11.009

[15] Taubock TT, Tarle Z, Marovic D, Attin T (20LPre-heating of high-viscosity bulk-
fill resin composites: Effects on shrinkage forcadamonomer conversion. J Dent
43(11):1358-1364ttps://doi.org/10.1016/).jdent.2015.07.014

[16] Froes-Salgado NR, Silva LM, Kawano Y, Fran€giReis A, Loguercio AD (2010)
Composite pre-heating: Effects on marginal adamatiiegree of conversion and mechanical
properties. Dent Mater 26(9):908—9hdtps://doi.org/10.1016/].dental.2010.03.023

[17] Dionysopoulos D, Papadopoulos C, Koliniotoatknpia E (2015) Effect of

temperature, curing time, and filler composition sarface microhardness of composite
resins. J Conserv Dent 18(2):114—-1A®ps://doi.org/10.4103/0972-0707.153071

[18] Theodoridis M, Dionysopoulos D, Koliniotou-kmpia E, Dionysopoulos P,

Gerasimou P (2017) Effect of preheating and sladsurface microhardness of silorane-
based composites. J Investig Clin Dent 8(2): 1ihs://doi.org/10.1111/jicd.12204

[19] Coelho NF, Barbon FJ, Machado RG, Bocato Myréds RR (2019) Response of
composite resins to preheating and the resultiremgthening of luted feldspar ceramic. Dent
Mater 35(10):1430-1438itps://doi.org/10.1016/].dental.2019.07.021

[20] Abdulmajeed AA, Donovan TE, Cook R, SulaimdA (2019) Effect of preheating
and fatiguing on mechanical properties of bulk-&tid conventional composite resin. Oper
Dent .https://doi.org/10.2341/19-092-I

[21] Yang J, Silikas N, Watts DC (2019) Pre-hegteffects on extrusion force, stickiness
and packability of resin-based composite. Dent Mate85(11):1594-1602.
https://doi.org/10.1016/j.dental.2019.08.101

52



[22] Davari A, Daneshkazemi A, Behniafar B, SheahimM (2014) Effect of pre-heating
on microtensile bond strength of composite residewotin. J Dent 11(5):569-75.

[23] Sharafeddin F, Nouri H, Koohpeima F (2013)eTeffect of temperature on shear
bond strength of Clearfil SE Bond and Adper Sirgtend adhesive systems to dentin. J Dent
16(1):10-6.

[24] Mohammadi N, Jafari-Navimipour E, Kimyai Sjatni AA, Bahari M, Ansarin M,
Ansarin M (2016) Effect of pre-heating on the metbal properties of silorane-based and
methacrylate-based composites. J Clin Exp Dent :B(8)-378.
https://doi.org/10.4317/jced.52807

[25] Vale MR, Afonso FA, Borges BC, Freitas AC Barias-Neto A, Almeida EO, Souza-

Junior EJ, Geraldeli S (2014) Preheating impacttlon degree of conversion and water

sorption/solubility of selected single-bottle adkiessystems. Oper Dent 39(6):637—-643.
https://doi.org/10.2341/13-201-L
[26] Sharafeddin F, Motamedi M, Fattah Z (201%e& of preheating and precooling on

the flexural strength and modulus of elasticitynahohybrid and silorane-based composite. J
Dent 16:224-9.

[27] Theobaldo JD, Aguiar, FHB Pini NIP, Lima DANLiporoni PCS, Catelan A (2017)
Effect of preheating and light-curing unit on plogsihemical properties of a bulk fill
composite. Clin Cosmet Investig Dent 9:39-#B8ps://doi.org/10.2147/CCIDE.S130803

[28] Goulart M, Borges Veleda B, Damin D, Bovi Ambkano GM, Coelho de Souza FH,
Erhardt MCG (2018) Preheated composite resin useda aluting agent for indirect

restorations: effects on bond strength and resmhudénterfaces. Int J Esthet Dent 13(1):86—
97.

[29] Gavic L, Gorseta K, Glavina D, Czarnecka Bg¢chdlson JW (2015) Heat transfer
properties and thermal cure of glass-ionomer deoghents. J Mater Sci Mater Med
26(10):1-6https://doi.org/10.1007/s10856-015-5578-0

[30] Gorseta K, Glavina D, Skrinjaric | (2012)llrence of ultrasonic excitation and heat

application on the microleakage of glass ionomenamgs. Aust Dent J 57(4):453-457.
https://doi.org/10.1111/].1834-7819.2012.01724.X

[31] O'Brien T, Shoja-Assadi F, Lea SC, Burke Palin WM (2010) Extrinsic energy
sources affect hardness through depth during set djlass-ionomer cement. J Dent
38(6):490-495https://doi.org/10.1016/j.jJdent.2010.03.004

[32] OHAT (2015) OHAT Risk of Bias Rating Tool fétuman and Animal Studies, 1-37.
https://ntp.niehs.nih.gov/ntp/ohat/pubs/riskofbast 508.pdf Accessed 14 August 2019

53



[33] Reis A, Klein-Junior CA, Accorinte M de L, @énde RH, dos Santos CB, Loguercio
AD (2009) Effects of adhesive temperature on tiiyeand 6-month dentin bonding. J Dent
37(10):791-798Nhttps://doi.org/10.1016/j.jdent.2009.06.007

[34] Holanda DB, Franca FM, do Amaral FL, FlériMFBasting RT (2013) Influence of
preheating the bonding agent of a conventionaletstep adhesive system and the light
activated resin cement on dentin bond strength. ahs@&v Dent 16(6):536-539.
https://doi.org/10.4103/0972-0707.120965

[35] Dionysopoulos D, Tolidis K, Gerasimou P, Kodtou-Koumpia E (2014) Effect of
preheating on the film thickness of contemporamnposite restorative materials. J Dent Sci
9(4):313-319https://doi.org/10.1016/}.jds.2014.03.006

[36] Yan Z, Sidhu SK, Carrick TE, McCabe JF (20&&sponse to thermal stimuli of glass
ionomer cements. Dent Mater 23(5):597—800os://doi.org/10.1016/].dental.2006.05.001
[37] da Costa J, McPharlin R, Hilton T, Ferracang009) Effect of heat on the flow of
commercial composites. Am J Dent 22(2):92-96.

[38] Prasanna N, Pallavi RY, Kavitha &akshmi Narayanan L(2007) Degree of
conversion and residual stress of preheated and-temperature composites. Indian J Dent
Res 18(4):173-176.

[39] D’Amario M, De Angelis F, Vadini M, MarchilN, Mummolo S, D’Arcangelo C
(2015) Influence of a repeated preheating procedarenechanical properties of three resin
composites. Oper Dent 40(2):181-1B8ps://doi.org/10.2341/13-238-L

[40] Jafarzadeh-Kashi TS, Mirzaii M, Erfan M, Fazg Eskandarion S, Rakhshan V
(2011) Polymerization behavior and thermal charettes of two new composites at five

temperatures: Refrigeration to preheating. J Advostiodont 3(4):216-220.
https://doi.org/10.4047/jap.2011.3.4.216

[41] Daronch M, Rueggeberg F, De Goes MF (2005ndoer conversion of pre-heated
composite. J Dent Res 84(7):663—66Tps://doi.org/10.1177/154405910508400716

[42] Muioz CA, Bond PRSy-Mufioz J Tan D, Peterson J (2008) Effect of pre-heating on
depth of cure and surface hardness of light-polyzedr resin composites. Am J Dent
21(4):215-222.

[43] Wagner W, Asku M, Neme AML, Linger JB, PinlEFWalker S (2008) Effect of pre-
heating resin composite on restoration microleakageper Dent 33(1):72-78.
https://doi.org/10.2341/07-41

54



[44] Daronch M, Rueggeberg FA, Moss L, de Goes (2006) Clinically relevant issues
related to preheating composites. J Esthet Restoent D 18(6):340-350.
https://doi.org/10.1111/j.1708-8240.2006.00046.x

[45] Karaarslan ES, Usumez A, Ozturk B, Cebe MA12) Effect of cavity preparation

technigues and different preheating procedures icrolaakage of class V resin restorations.
Eur J Dent 6(1):87-94ttps://doi.org/10.1055/s-0039-1698935

[46] Lucey S, Lynch CD, Ray NJ, Burke FM, Hannigar§2010) Effect of pre-heating on

the viscosity and microhardness of a resin comeosit Oral Rehabil 37(4):278-282.
https://doi.org/10.1111/].1365-2842.2009.02045.x

[47] Trujillo M, Newman SM, Stansbury JW (2004)s&J) of near-IR to monitor the

influence of external heating on dental compositeotppolymerization. Dent Mater

20(8):766—777https://doi.org/10.1016/|.dental.2004.02.003

[48] D’Amario M, Pacioni S, Capogreco M, Gatto Baldi M (2013) Effect of repeated

preheating cycles on flexural strength of resin posites. Oper Dent 38(1):33-38.
https://doi.org/10.2341/11-476-L

[49] Dionysopoulos D, Tolidis K, Gerasimou P (2D1%he effect of composition,

temperature and post-irradiation curing of buld fiégsin composites on polymerization
efficiency. Mater Res 19(2):466—47#8tps://doi.org/10.1590/1980-5373-MR-2015-0614
[50] Watts DC, Alnazzawi A (2014) Temperature-dagent polymerization shrinkage

stress kinetics of resin-composites. Dent Mater  6B654—660.
https://doi.org/10.1016/j.dental.2014.03.004

[51] Marcinkowska A, Gauza-Wlodarczyk M, Kubisz L, Held#eW (2017) The electrical
properties and glass transition of some dental ma¢deafter temperature exposure. J Mater
Sci Mater Med28(12):186 https://doi.org/10.1007/s10856-017-5996-2

[52] Osternack FH, Caldas DB, Almeida JB, Souza EM, M&RE (2013) Effects of
preheating and precooling on the hardness andksigegnof a composite resin cured with
QTH and LED. Oper Der88(3)50-57.https://doi.org/10.2341/11-411 -

[53] Silva JC, Rogério Vieira R, Rege IC, Cruz CA, Vaz,lEstrela C, Castro F(2015)
Pre-heating mitigates composite degradation. J Agptal Sci 23(6):571-579.
https://doi.org/10.1590/1678-775720150284

[54] Walter R, Swift EJ Jr, Sheikh H, Ferracane (A009) Effects of temperature on

composite resin shrinkage. Quintessence Int 4§48):847.

55



[55] Gugelmin BP, Miguel L, Baratto Filho F, CunhaCorrer GM, Gonzaga CC (2020)
Color stability of ceramic veneers luted with resements and pre-heated composites: 12
months follow-up. Braz Dent J 31(1):69-77. httmhoi/org/10.1590/0103-6440202002842

[56] Jongsma LA, Kleverlaan Q2015) Influence of temperature on volumetric iskaige

and contraction stress of dental composites. DentateM 31(6):721-725.
https://doi.org/10.1016/j.dental.2015.03.009

[57] Kramer MR, Edelhoff D, Stawarczyk B (2016)ekural strength of preheated resin
composites and bonding properties to glass-ceramic dentin. Materials (Base$)(2):83
https://doi.org/10.3390/ma9020083

[58] Elsayad I. (2009) Cuspal movement and gamébion in premolars restored with
preheated resin composite, Oper. Dent. 34(6):72b-+i®s://doi.org/10.2341/09-012-L

[59] El-Korashy D.l. (2010) Post-gel shrinkagegast and degree of conversion of

preheated resin composite cured using differeninmexgs. Oper Dent 35(2):172-179.
https://doi.org/10.2341/09-072-L

[60] Ayub KV, Santos GC Jr, Rizkalla AS, Bohay R, PegoraF, Rubo JH, Santos MJ
(2014) Effect of preheating on microhardness asdosity of 4 resin composites. J Can Dent
Assoc (Tor)30:e12

[61] Lohbauer U, Zinelis S, Rahiotis C, Petschelt Aalidis G(2009) The effect of resin
composite pre-heating on monomer conversion angnpaization shrinkage. Dent Mater
25(4):514-519nhttps://doi.org/10.1016/].dental.2008.10.006

[62] Mundim FM, Garcia Lda F, Cruvinel DR, Lima FA, Bawsann L, Pires-de-Souza Fde
C (2011) Color stability, opacity and degree of casian of pre-heated composites. J Dent
39 Suppl 1:e25-2%ttps://doi.org/10.1016/].jdent.2010.12.001

[63] Ebrahimi Chaharom ME, Bahari M, Safyari L, SafamvaH, Shafaei H, Jafari
Navimipour E, Alizadeh Oskoee P, Ajami AA, Abed Kamouei M (2020) Effect of
preheating on the cytotoxicity of bulk-fill comptsiresins. J Dent Res Dent Clin Dent
Prospects 14(1):19-25ttps://doi:10.34172/joddd.2020.003

[64] Uctasli MB, Arisu HD, Lasilla LV, Valittu PK Z008) Effect of preheating on the
mechanical  properties of resin composites. Eur J ntDe2(4):263-268.
https://doi.org/10.1055/s-0039-1697390

[65] Yang J, Silikas N, Watts DC (2020) Pre-heatimge and exposure duration: Effects

on post-irradiation properties of a thermo-viscoasin-composite. Dent Mater 36(6):787-
793.https://doi.org/10.1016/j.dental.2020.03.025

56



[66] Erhardt M, Goulart M, Jacques RC, Rodrigues Pheifer CS (2020) Effect of
different composite modulation protocols on thewasion and polymerization stress profile
of bulk-filled resin restorations. Dent Mater 368D09-837.
https://doi.org/10.1016/j.dental.2020.03.019

[67] Karacan AO, Ozyurt P (2019) Effect of preheabailk-fill composite temperature on

intrapulpal temperature increase in vitro. J EstHeestor Dent 31(6):583 1588
https://doi.org/10.1111/jerd.12503

[68] Choudhary N, Kamat S, Mangala TM, Thomas M 1(P0 Effect of pre-heating
composite resin on gap formation at three diffetenperatures. J Conserv Dent 14(2):191—
195. https://doi.org/10.4103/0972-0707.82618

[69] Abed Kahnamouei M, Gholizadeh S, Rikhtegaran S, eBapooy M, Kimyai S,
Alizadeh Oskoee P, Rezaei 2017) Effect of preheat repetition on color stépilof

methacrylate- and silorane-based composite redirBent Res Dent Clin Dent Prospects
11(4):222-228https://doi.org/10.15171/joddd.2017.039

[70] Knezevic A, Zeljezic D, Kopjar N, Duarte S Jr, RéyTarle Z(2018) Toxicity of pre-
heated composites polymerized directly and thro@#D/CAM overlay. Acta Stomatol
Croat 52(3):203-21'https://doi.org/10.15644/asc52/3/4

[71] Tantbirojn D, Chongvisal S, Augustson DG, Versl&ig2011) Hardness and postgel

shrinkage of preheated composites. Quintessene2(8):51-60.

[72] da Silva-Junior ME, de Fz Lizarelli R, Bagnato V)netto MR, Simdes F, Borges
AH, Bandéca MC, de Andrade ME018) Effect of the curing temperature of dental
composites evaluated with a fluorescent dye. J &opt Dent Pract 19(1):3-12.
https://doi.org/10.5005/JP-JOURNALS-10024-2204

[73] dos Santos RE, Lima AF, Soares GP, Ambrosano GMciaM, Lovadino JR,
Aguiar FH (2011) Effect of preheating resin composite arghticuring units on the

microleakage of class Il restorations submittedh®rmocycling. Oper Dent 36(1):60—65.
https://doi.org/10.2341/10-226-LR1

[74] Ahn KH, Lim S, Kum KY, Chang SW (2015) Effeot preheating on the viscoelastic
properties of dental composite under different deftion conditions. Dent Mater J
34(5):702—706https://doi.org/10.4012/dm|.2015-042

[75] Lima MO, Catelan A, Marchi GM, Lima DANL, Marts LRM, Aguiar FHB (2018)
Influence of pre-heating and ceramic thickness bysigal properties of luting agents, J.
Appl. Biomater. Funct. Mater. 16 :252-25%8@tps://doi.org/10.1177/2280800018782842

57



[76] Elkaffass AA, Eltoukhy RI, Elnegoly SA, MahmaduSH (2020) Influence of
preheating on mechanical and surface propertiggapnbfilled resin composites. J Clin Exp
Dent 12(5):e494-e500itps://doi.org/10.4317/jced.56469

[77] EI-Deeb HA, Abd El-Aziz S, Mobarak EH (2015)fféct of preheating of low
shrinking resin composite on intrapulpal tempeetand microtensile bond strength to
dentin. J Adv Res 6(3):471-478tps://doi.org/10.1016/.jare.2014.11.013

[78] Demirbuga S, Ucar FI, Cayabatmaz M, Zorba Bantekin K, Topcuglu HS, Kilinc

HI (2016) Microshear bond strength of preheatearaile- and methacrylate-based composite
resins to dentin. Scanning 38(1):63—68ps://doi.org/10.1002/sca.21242

[79] Fabian Molina G, Cabral RJ, Mazzola |, Braiascano L, Frencken JE (2013) Biaxial
flexural strength of high-viscosity glass-ionomesnents heat-cured with an LED lamp
during setting. Biomed Res Int 2018tps://doi.org/10.1155/2013/838460

[80] Khoroushi M, Karvandi TM, Sadeghi R (2012) &dt of prewarming and/or delayed
light activation on resin-modified glass ionomentdastrength to tooth structures. Oper Dent
37(1):54-62https://doi.org/10.2341/11-137-L

[81] Algera TJ, Kleverlaan CJ, Prahl-Andersen BjlZee AJ (2006) The influence of
environmental conditions on the material propertésetting glass-ionomer cements. Dent
Mater 22(9):852—856ttps://doi.org/10.1016/].dental.2005.11.013

[82] GorSeta K, Skrinjaéi T, Glavina D (2012) The effect of heating andadtund on the
shear bond strength of glass ionomer cement. Qualofol 36(4):1307-1312.

[83] Dionysopoulos D, Tolidis K, Sfeikos T, Karamas C, Parisi X (2017) Evaluation of
surface microhardness and abrasion resistancecotiéntal glass ionomer cement materials
after radiant heat treatment. Adv Mater Sci Enj720ttps://doi.org/10.1155/2017/5824562
[84] Cantoro A, Goracci C, Carvalho CA, ConiglioHerrari M (2009) Bonding potential
of self-adhesive luting agents used at differentgeratures to lute composite onlays. J Dent
37(6):454—-461https://doi.org/10.1016/j.jJdent.2009.02.006

[85] Cantoro A, Goracci C, Papacchini F, Mazzit€lliFadda GM, Ferrari M (2008) Effect
of pre-cure temperature on the bonding potentiaetffetch and self-adhesive resin cements.
Dent Mater 24(5):577-583. https://doi.org/10.1016/j.dental.2007.06.012
[86] Morais A, dos Santos ARA, Giannini M, Reis ARodrigues JA, Arrais CAG (2012)
Effect of pre-heated dual-cured resin cements erbtind strength of indirect restorations to
dentin. Braz Oral Res 26(2):170-116ps://doi.org/10.1590/S1806-83242012000200014
[87] Alizadeh Oskoee P, Nooroloyouni A, Pornaghi AzarSgjjadi Oskoee J, Pirzadeh
Ashraf A (2015) Effect of resin cement pre-heating on tbhshpout bond strength of fiber

58



post to root canal dentin. J Dent Res Dent Clin tDéhrospects 9(4):233-238.
https://doi.org/10.15171/joddd.2015.042
[88] Gross DJ, Davila-Sanchez A, Runnacles P, Zarp&@GnKiratcz F, Campagnoli EB,

Alegria-Acevedo LF, Coelho U, Rueggeberg FA, Ari€020)In vivotemperature rise and
acute inflammatory response in anesthetized humgmtissue of premolars having Class V
preparations after exposure to Polywave® LED lighting units. Dent MateiS0109-
5641(20)30168-&ttps://doi.org/10.1016/j.dental.2020.05.015

[89] Daronch M, Rueggeberg FA, De Goes MF, Giudiqi2R06) Polymerization kinetics
of pre-heated composite. J Dent Res 85(1):38-43.
https://doi.org:10.1177/154405910608500106

[90] Almeida LN, Mendes GAM, Favarao IN, Kasuya AVB, Bes MG, Menezes MS,
Fonseca RB(2018) Influence of preheating and post-curing omaael fiber-reinforced
composite post material. Braz Oral Res 32:e8#ps://doi.org/10.1590/1807-3107bor-
2018.v0132.0097

[91] Zhao S, Qian Y, Liu H, Jiang L, Zhou L (20I®)e effect of preheating on light cured
resin composites, J. Hard Tissue Biol. 21(3):278-8#ps://doi.org/10.2485/jhtb.21.273

[92] Ban S, Takahashi Y, Tanase H, Hasega&090) Heat curing investigated behavior

of light-cured by dynamic differential compositesires scanning calorimetry. Dent Mater J
9(2):153-162.https://doi.org/10.4012/dm|.9.153

[93] Franca FA, de Oliveira M, Rodrigues JA, Arr@#&G (2011) Pre-heated dual-cured
resin cements: Analysis of the degree of converaimh ultimate tensile strength. Braz Oral
Res 25(2):174-17%ttps://doi.org/10.1590/S1806-83242011000200013

[94] Caiado ACRL, Azevedo CGS, Giannini M., De Gd4B, Rueggeberg FA (2019) In
vivo measurement of root canal wall temperaturedifferent stages prior to fiber post
cementation. Eur J Dent 13(1):69—-R4ps://doi.org/10.1055/s-0039-1688539

[95] Saraiva LO, Aguiar TR, Costa L, Cavalcanti ASjannini M, Mathias P (2015)
Influence of intraoral temperature and relative kdity on the dentin bond strength: An in
situ study. J Esthet Restor Dent 27(2):92+8@s://doi.org/10.1111/jerd.12098

[96] Nicholson JW, Czarnecka B (2009) Role of aloamh in glass-ionomer dental

cements and its biological effects. J Biomater AppR4(4):293-308.
https://doi.org/10.1177/0885328209344441

[97] Wasson EA, Nicholson JW (1993) New aspectsth# setting of glass-ionomer
cements. J Dent Res 72(2):481-488ps://doi.org/10.1177/00220345930720020201

59



[98] Shahid S, Billington RW, Pearson GJ (2008) Thke of glass composition in the
behaviour of glass acetic acid and glass lactid a@ments. J Mater Sci Mater Med
19(2):541-545https://doi.org/10.1007/s10856-007-0160-z

[99] Xie D, Brantley WA, Culbertson BM, Wang G (d)0Mechanical properties and
microstructures of glass-ionomer cements. Dent Matel6(2):129-138.
https://doi.org/10.1016/S0109-5641(99)00093-7

60



4. ARTIGO 2 - In vitro evaluation of the stabilization time of chemical bnds during

setting reaction and microhardness of preheated gés-ionomer cements

Clinical Relevance:The preheating of glass-ionomer cements can inflei¢he performance

of the restoration, potentially maintaining it hretmouth for longer.

Running Title: Preheating of glass-ionomer cements

4.1. ABSTRACT
OBJECTIVES: To evaluate the effect of preheating giiss-ionomer cement (GIC)
restorative materials on stabilization time (ST) tbéir metal carboxylate bonds and on
microhardness. METHODS AND MATERIALSTwo conventional high viscosity GICs,
Ketac Universal (3M ESPE) and Equia Forte (GC), ewevaluated. The thermographic
camera was used to measure the temperature ihgidgass-ionomer cement capsules before
and after heating. The preheating of capsules performed at 54°C over 30s, in a
commercial device. Characterization of ST in th€&Wwas determined by Fourier Transform
Infrared (FTIR) spectroscopy. For this, 10 sampiesach material were prepared, 5 in the
non-preheated group (control) and 5 with preheatidR spectra were obtained 10 min after
mixing (control group) or after heating and thenemyv 10min over 120min. For the
microhardness test, 20 cylindrical specimens (3nemght x 6mm diameter) were prepared
for each material (10 preheated, 10 control). Therghardness was determined at three time
intervals: 10min after mixing, after the ST as d&#d through the FTIR part of the study, and
after one week. Knoop microhardness was assesseglaidiamond indenter with a 25g load
and 15s dwell time. RESULTS: Ketac Universal showexnlease in temperatures of 15.7°C
for powder and 3.6°C for liquid, while Equia Fodieowed 16.4°C for powder and 8.5°C for
liquid. FTIR spectra indicated that preheatinguetl the ST for Equia Forte but increased it
for Ketac Universal. Preheating increased theahmicrohardness (J of Equia Forte. With
maturation over one week, it was observed that gathg significantly improved the
microhardness of both materials compared to thetraorspecimens. CONCLUSION
Preheating influenced the ST and the microhardokkgtac Universal and Equia Forte. The
ST and microhardness of Ketac Universal increased @ days. On the other hand, Equia
Forte showed a reduced ST and increased microhesdireen the outset.
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Keywords: heating; glass-ionomer cement; microhardness;t&seopy, Fourieffransform

Infrared

4.2.INTRODUCTION

Glass-ionomer cement (GIC) is a widely-used mdtehig to its properties such as
biocompatibility in the mouth, fluoride release,liyp to promote remineralization of dental
structures, chemical adhesion to todtand bioactivity without shrinkage during the switi
reaction’ It is a material that hardens following an acidéareaction between
fluoroaluminosilicate glass powder and an aquealstisn of polyacid® According to the
ISO standard (ISO 9917-1)estorative GICs have setting times in the rarfge ®to 6min.
The hardening reaction occurs in a short period degpite this, it does not mean that the
material has reached complete chemical stafSilitfter its initial hardening, the GIC material
continues to undergo changes (maturation processpfne timé:® A recent study about the
dynamics of the setting process of GIC demonstrétatithe time required for Ketac Molar
Easy Mix (3M ESPE) to acquire stabilization timeitsfchemical bonds takes up to 150 fin.
The manufacturer of this material states that #tgng time is only 5 min. The setting time is
different from the time to reach chemical bond #itgh(stabilization time), as evaluated by

FTIR spectroscop§’

Contemporary GICs have improved over previous vessand have a wide range of
usess Modern glass-ionomers for clinical use, the sdecalhigh-viscosity materials, are
formulated with improved particle size and partisize distribution glasses, which have more
rapid set than previous types, and result in mdchliy strong and durable restorations.
However, glass-ionomer cements do have limitationsluding their physical resistance,
sensitivity to humidity, opacity and relatively sisetting reaction:

In an attempt to reduce these limitations, soménaat have suggested applying
external energy such as ultrasound, LED light drrhetal elements after mixing the material
so as to speed up the setting reaction and imghevenechanical properties of the set GfC.

13 preheating has been used successfully with comepossin materials to improve the
mechanical and physical propertt83® but only a few studies evaluated heating before
mixing the GIC***®Currently, it is not clear if there is an effe¢theating before mixing GIC

restorative materials. Although GICs and composigins show different behavior due to
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their individual composition, heating GICs beforeximg may similarly improve the
mechanical and physical properties.

For composite resins, preheating increases the mer® degree of conversion by
reducing the viscosity of the material, increasifg microhardness and flowability,
increasing diametral tensile strendtimproving marginal adaptation, as well as reducing
microleakage?® Previous researchers have found that externaberamplied to hand-mixed
GIC after mixing potentially increases benefitaeafapplying thermo-light curing for 663,
such as increased superficial microhardness up tieph of 4mm, reduction of crack
propagation and working tinte’ as well as an improvement in marginal microleakage

The aim of this study was to evaluate the influeotereheating (before mixing the
material) on stabilization time of the metal carfdate bonds and surface microhardness in
capsulated restorative glass-ionomer cement migefibe null hypothesdassted were 1) the
application of extrinsic thermal energy does nodifyothe time needed to stabilize the metal
carboxylate bonds during the setting reaction stamtive glass-ionomer cement materials,
2) the preheating of glass-ionomer does not chahge physical property of surface

microhardness.

4.3.METHODS AND MATERIALS

This was ann vitro study to assess the effect of preheating on twinnas/e GIC
materials on the dynamics of their setting reactamnevaluated by infrared spectroscopy, and
on the microhardness, as assessed by the Knoopdsardest. Preheating of capsules was
performed at 54°C for 30s. For each of these aizalysethods (spectroscopy and
microhardness), 10 and 20 samples respectivelyach enaterial were made, half without
preheating (control) and half with preheating @ thaterial.

The GICs, batch numbers and manufacturers of thdugts evaluated in this study

are listed in Table 1.
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Table 1 -Brand names, batch numbers and manufacturers pfdeicts.

Material Chemical Composition Batch rr Manufacturer

Water 40-60%
Acrylic — maleic acid copolymer
Ketac 30-50%
Universal Tartaric acid 1-10%
Benzoic acid <0.2%
Glass oxide >95%

3817763| 3M ESPE, Seefeld, Germany

: . e 100
Polybasic carboxylic acid 5-10 1706191 GC, Europe N.V., Leuven,

SAIEL RS Iron oxide (lll) <0.5% Belgium

4.3.1. Measurement of glass-ionomer cement temperatuigeitiie capsules

To determine the actual or eventual temperatutbéefjlass-ionomer cement material
inside the capsules when preheated, an additioreysis was conducted. A thermographic
camera (Imagel® 7300, InfraTec, Dresden, Germany), which operatethe wavelength
range from 2 to 5.7um was used; this was mounteghtpand the sample positioned in its

focal lens position at 25cm. The temperature measents of this camera ranges from -40°C

to 300°C, with a resolution of £0.002°C. Measuretaemere performed at room temperature,
which was around 22°C. The samples were placed watarproof paper (SDI, Victoria,
Australia) suitable for GIC handling. First, thregact capsules were preheated and the
internal thermographic images of both precursoosyder and liquid, were collected. After
that, three new capsules were selected for thepgBd@aration. They were heated for 30s and
immediately transferred to the mechanical agitdtor mixing. Then, immediately after
removal from the capsule the thermal image of €akh was collected, using the IRBIS® 3
software (Infratec, Dresden, Germany). The samvaoé calculated the average temperature

variations of the samples (n=3) of each material.

4.3.2. Sample preparation
Samples of each material were prepared and dividedwo equal groups: one group
with preheating (test group) and one group withanatheating (control). For preheating the
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GICs, the capsule tips of the materials were dijghbdified to enable them to be fitted into a
heating device (Figure 1) (Calset; AdDent, Danb@Vy, USA) using a tungsten carbide bur
n°1251 (American Burrs, Pedra Branca, Palhoca, iBraz a slow-speed handpiece. The
material capsules were either preheated to 54°C3@gr prior to mixing or not preheated
(control). The mixing of each capsule was conductextording to each manufacturer's
instructions for both groups

Figure 1 - A and B) Schematic drawings showing the origingbstdes and the
slightly modified capsules overlapped. The fille@ain each drawing represents the final
modified capsule (A: Equia Forte, GC Corp.; B: Ketdniversal, 3M ESPE). C) The
modified capsule inside the heating device.

For theFourier Transform Infrared (FTIR) spectroscogagalysis, 10 samples of each
material were prepared and divided into 2 grouger 3he non-preheated group (control) and
5 for the preheated group (test group). For prejmaraf these samples, each mixed material
was placed between two polyester tapes, pressedettwo plates of glass and loaded with

a constant force of 0.4N for 30s generated velyicalthe specimen via the upper glass plate.
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After the first 5min of setting, the samples of Gi@re prepared for measurements. The GICs
were ground in a mortar using an agate pestle.r Afftat, they were mixed with potassium
bromide (KBr) powder and pressed with a manual éwililt press (Specac, Orpington, Kent,
UK) under 10 SI (tons), for 2min to obtain pell&s analysis’

Following the protocol of Xieet af® for microhardness measurement, 20 cylindrical
specimens of each material were prepared usingtastgel mold with internal dimensions of
3 mm height and 6 mm diameter. To prepare eachirspacthe mixed GIC was placed into
the mold, and compressed with polyester tapes timdides of the mold with a screw clamp
for 10min. Control (non-preheated) specimens (n=d0Deach material were mixed and
fabricated at room temperature, according to theufeeturer's instructions. In the test group
(preheated) specimens (n=10) of each materialcéipsules were preheated to 54°C in the
heating unit as in the previous section for 30serm mixing according to the manufacturer's

instructions.

4.3.3. Analysis of the stabilization time (ST) of the civarbonds by Fourier
Transform Infrared (FTIR) spectroscopy

The characterization of the molecular stabilizatiiome (ST) of GICs was determined
with a FTIR research spectrometer (Vertex 70v, BruRptik GmbH, Ettlingen, Germany).
To produce pellets (n=5) for this analysis, 0.002¢ICs was diluted with 0.198g potassium
bromide (KBr), weighed with an analytical scale (@62, A&D Weighing, San José, CA,
USA), and compressed with a manual hydraulic press é@pé&rpington, Kent, UK) under
10 SI (tons) for 2min. The spectra of the KBr-sagnpellets were collected by making an
average of 128 scans with a 4tmesolution in the spectral range of 4000-400cfTIR
spectra were collected 10min after mixing the GiCbibth preheated and non-preheated
samples, and again every 10min for 120min thereafte

The samples were kept in the FTIR spectrometerntaiaing the vacuum condition
throughout the whole analysis. The setting proeess analyzed in the spectra by the ratio of
the intensities of the bands associated with thadtion of the COO- carboxylate salts of the
polyacid (1637cit) and C=0 acid group (1720ch as a function of timefollowing the
same methodology described by De Oliveitaal (2019)! Analysis was performed by the
variation of the ratio band intensities as a fumctof time. The fitting was done using an

exponential decay-type function written as (Equafij:
y(t) = yo +y, YD
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with yp being the area of the bands after the materigheghstabilization, ythe amplitude of
the area variation, t the instant times of the measents, and the characteristic decay time
representing the instant t when the area of theldbadecay to 1/e (approximately 37% af y
value). In this type of mathematical analysis, ¢hheve shape tends to a constant value with
time (approximately five times the value 9f meaning that 99.95% of the decay variation
has been reached and the material can be consiskatatized in terms of the changes of the
chemical bond This analysis was performed to observe the dyrawfipossible changes in

the chemical bonds of the restorative materiak gifteheating.

4.3.4. Microhardness measurement: Knoop microhardness test

For each specimen, the microhardness test wasrpwfoat three time intervals:
10min after mixing, after the stabilization time cfemical bonds as detected through the
FTIR spectroscopy (Table 2) and after one week.irguthis period, the specimens were
stored in a dry, closed environment at a room teatpee of 22°C.

The microhardness was determined using a microkasdester (FM-ARS 900,
FUTURE-TECH Corp., Tokyo, Japan). The Knoop hardnest was performed using a
diamond indenter with a 259 load and 15s dwell tifteree measurements were made on the
surface of each of the ten specimens for the ptetleand non-preheated materials
investigated.

4.3.5. Statistical Analysis

Data collected from FTIR spectra were submitte&hapiro-Wilk normality, Levene
homogeneity and Student t-test at the 5% signiGiealevel. To analyze the influence of
preheating on microhardness by the time (initial, &d 7 days) the repeated measures
factorial One-way Analysis of Variance (ANOVA) apdst hoc comparison of means (Tukey
test) were performed to determine any significaoger time (p=0.05). To analyze the
influence of preheating on GIC the t-test was aupliThe statistical analysis was carried out
with SigmaPlot 12.0 (Systat Software Inc., San JGsdifornia, USA) software.

4.4, RESULTS

Figure 2 shows the thermal images obtained withthleemographic camera. On the
left side and in the middle are the images for rasrambient temperature in the capsule and
after preheating at 54°C for 30s, respectively, bmth powder and liquid precursors

positioned inside the capsules. On the right side tae images for the capsule after
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preheating and mixing. Ketac Universal (A) shovadincrease in temperature from the
ambient temperature in the capsule of 15.7°C favdew and 3.6°C for liquid, after 30s of
preheating, while Equia Forte (B) showed increase46.4°C for powder and 8.5°C for
liquid. On the right, after preheating and mixirlge temperature rise in the two GICs in
relation to room temperature was 7.3°C for Ketao/ersal and 5.7°C for Equia Forte.

Room 30 seconds 30 seconds preheating
temperature preheating and after mixing

~ Liquid 29.8°C

=4 " Powder 41.9°C
g

Figur
e 2 —
Ther

mogra

26.2°C 33.5°%C

phic

image

s of
the

32.40c | Precur

-Liquid 35.2°C sors

Powder 43.1°C pOWd

er and
liquid, at room temperature (left) and 30s afterh@ating at 54°C (middle). On the right are
images for the heated and mixed GICs, Ketac Unaérs and Equia Forte (B).

4.4.1. FTIR spectroscopy
The FTIR results (Figure 3) showed that preheategcapsules of Ketac Universal

increased the time of stabilization of chemical d®mand reduced the ST for Equia Forte
(Table 2).
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Figure 3 - FTIR spectra: (A) non-preheated Ketac Universah{ml), (B) preheated
Ketac Universal, (C) non-preheated Equia Fortetfobnand (D) preheated Equia Forte. The
inserts show the changes of the COO-/C=0 ratidHersamples (n=5) as a function of time

adjusted with the exponential function (Equation 1)
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Table 2 - Mean stabilization times (in mins with standaeliations) of chemical bonds

obtained with Fourier Transform Infrared (FTIR) Spescopy

Time in minutes

Roomtemperature (22°C) Preheated
Stabilization time (ST) Stabilization time (ST)
Groups T T
(5%1) (5%1)
Ketac
_ 26.26+5.49 131.30+27.46 35.55+6.02 177.75+30.08
Universal

Equia Forte = 29.61+2.23 148.08+11.12 23.79+3.14 118.99+15.72

Means followed by the same letter comparing theimools (materials preheated and
non-preheated), are not statistically differgo(.05). n=5 specimens/group=is the time
characteristic of the chemical reaction and 5x ttime was considered the time of
stabilization, 99.95% of the reaction occurrechiattperiod.

4.4.2. Microhardness measurement: Knoop microhardness test

Based on the stabilization time of chemical bont®e microhardness test was
performed on the materials with and without preingatat 3 different time intervals: 10min
after mixing (t), after the stabilization time of chemical bontl§ 4nd after 7 dayst The
means and standard deviation values of the micdoless test are shown in Table 3 and
Table 4.
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Table 3 - Meansand standard deviationsf the surface microhardne$kg/mnt)

values of the groups studiati3 different time intervals

Ketac Universal 36.0+10.4 64.3+ 7. 74.3+7.8
Preheated Ketac
_ 39.9+7.2 69.0+7.6 87.6+9.6
Universal
Equia Forte 32.1+6.7 61.1+6.3 68.5+7.2
Preheated Equia
g 37.8+ 3.9 58.6+9.7 77.0+7.3

Forte
Means followed by the same lettee(time: initial, after stabilization and after 7yda
of each material) are not statistically differgor@.05). n=10 specimens/group.

Table 4 - Meansand standard deviationsf the surface microhardnegkg/mnr)

values of materials preheated or not preheaté&ddifferent time intervals

36.0+10.4

64.3+7.2 74.3+7.8

0.464 0.171 0.003*
39.9+7.2 69.0+7.6 87.6+9.6
32.1+6.7 61.1+6.3 68.5+7.2
* *
37.8+£3.9 0.041 58.6%9.1 0.504 77.0£7.2 0.017

* Statistical significance (p>0.05).

Analyzing the microhardness values over time (TaB)e for Equia Forte non-

preheated there was a significant increase in in&aness betweento t, and tto t but not
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between .tto t. For each GIC, preheating showed a significarferdhce in microhardness
between all time intervals.

It was observed that preheating increasgsificantly the microhardness of Equia
Forte at t(p<0.05; Table 4). With maturation after one week, it wasabed that the
microhardness increased significantly comparing -mi@heated with preheated Ketac
Universal £<0.05; Table 4) and Equia Fortp<0.05; Table 4).

4.5.DISCUSSION

The null hypotheses tested were rejected becaasapilication of heat before mixing
modified the time of stabilization of the chemitainds and the surface microhardness of the
GICs tested. With the spectroscopy analysis, afgignt increase in the stabilization time of
the chemical bonds for Ketac Universal and a sicgmit reduction in the ST of Equia Forte
were observed. It was also observed that prehesigmificantly increased the microhardness
of the two materials. Menezes-Silea af* reported that the longer the stabilization time of
the chemical bonds the greater will be the meclahpioperties of the material. In the present
study, it was observed that preheating Ketac Usaleincreased the ST by approximately
40min, with a significant increase in surface mianess over time.

The differences between the two materials testedbeaattributed to the complexity
of the setting reaction. It was initially previoysthown that the setting of glass-ionomer
cements involved not only neutralization of theyasid component, but also reaction of
inorganic species arising from the ion-depletedsglaarticle$?> Subsequent studies
suggested that the key components were phospha&eiesp Preheating the cement
components is likely to affect both possible sgttieactions with two possible consequences.
Depending on the relative speeds, both reactioryssp@ed up and result in increased rates of
formation of both the ionically-crosslinked polydcchains and the inorganic network.
Alternatively, if the inorganic network forms toauigkly, this will reduce the mobility of
polymer chains, and could reduce the rate at wthiehacid functional groups react to form
carboxylate salts. It is this latter reaction whwhs observed using FTIR and on which the
calculation of stabilization time was based. Congadjy, it is possible that either an increase
or decrease in stabilization time may occur witathalso we would not expect these changes
to be correlated with variations in hardness deitggchmechanically.

Although preheating has different effects on thabisization time of the chemical
bonds within GICs, the heating is believed to iasee the rate of diffusion of ions,
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accelerating the overall settingaction, with consequent reduction in work timne aeaction
time® Therefore, GIC heating would be beneficial for imping its initial properties, when
the material is more susceptible. It is suggedtatithe application of heat to GI€specially

in the hand-mixed versionsyaporates part of the water in the cement matrikaccelerates
the chemical reaction of the matefialHowever, it is important to point out that the
hardening time (setting time) of the material présd by the manufacturer is different from
the time to reach chemical stabilizafibriThere are certainly advantages of a shorter wgrki
time, i.e. reduction of contamination with salivgpesure and increase of the initial resistance
of the materiaf® Although it has been observed that GIC loses masit is heated in a dry
environment after mixing, at the same time therkeat absorption that generates expansion
of the materiaf® Nevertheless, heating up to 50°C promotes mindimknsional changes in
the material, keeping in balance the voluth&Vith the application of external energy and
consequent temperature rise in the GIC after mjxivepk water bonds are the first to be lost
promoting mass loss and small structural changbeghacan be reversed after contact with
water?’

The analysis of spectra data showed a differentleeinntensity of the peaks with no
displacement (Figure 3). This suggests that thkgaing promotes a modification in the time
of the chemical reaction of the cement, but it was possible to observe the presence of
damage or changes to its molecular structure. Gt@dlations consist of glass particles with
complex structure and several componéhtény change in the proportion of these
components as well as the polyacid concentratio®,stze and shape of the glass particles,
may influence the final reaction restfltDe Oliveiraet al’ suggest that the variation in the
behavior of GIC after heating can be attributedhi different compositions of the material,
as well as porosity, hydrophilicity and thermal pedies.

The first few hours after handling and insertiortled material into the cavity are the
most critical. The material is more vulnerable toisture, which influences the susceptibility
to fracture and initial wedr Clinically, a protective agent is used to avoie firoblems of
syneresis and imbibition. This aspect was not itigated in this work because the protective
material could interfere in the hardening procesthe GIC and also may present additional
FTIR bands that could overlap with those from thkC.GFurthermore, for the FTIR test,
protection was not possible because the readingpedsrmed during the hardening of the
material. For the microhardness test, the protecivas also not performed because it was
intended to maintain the same condition in bothste$o prevent dehydration during the

microhardness test, the samples were maintainedidra small closed environment
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controlling the dehydration of the material, withlpthe water present in the liquid allowing
the material to harden after 7 days. It is felt timaintaining the water balance of the cement
is important. The specimens were maintained fomirffutes inside the mold, without contact
with oxygen. In cement, the water undergoes somd &i interaction with other chemical
species present and is strongly linked. There sieebe several ways in which water gets
attached to ionomer cements over titr@ne is the hydration of the cations released ly th
glass, they are all present in the anhydrous staig, they are capable of strongly
"coordinating” the water and all will form highlyytirated ions under appropriate
conditions® It seems like this occurs inside the cement aatlttie hydrated ions formed are
stable and capable of retaining their water mokessubven under desiccation conditiéns.

Clinically, the faster the material hardens, thédreits initial mechanical properties
will be and the less susceptible it will be to geely masticatory loaif. However, recently it
has been demonstrated that the slower the ST of tB&Cmore the chemical bonds will be
formed, consequently improving the final mechanjmalperties of the materi&l. Therefore,
with the reduction of working time and setting olGGthe restorations are expected to have
increased durability and for patients with diffictlandling, GICs may be the material of
choice. Some authors also found an increase immiceohardness of GICs after applying
external energy in the form of heat after mixingg attributed this to the composition of the
material’ %3t O'Brien et af® observed that the preheating of capsules prienitong had a
greater influence on the microhardness depth ofat@ compared to the application of heat
with ultrasound and LED light after mixing. Unlilkamposite resins, the viscosity of GICs
apparently increased with preheating, which conigair the adaptation of the material to the
cavity and encourage the inclusion of air voids.

To date there is little wotR*® on preheated GICs, making it difficult to compére
data. Most of the studies involved warming the mal after mixing. In the present study,
the time required for preheating was establishenhfa pilot study conducted by the authors.
It was observed that 30s was sufficient to pronattanges in the stabilization time of the
chemical bonds of the material and allow a suffiti@orking time. With time greater than
30s, the material became very viscous and wagdliffio express from the capsules.

Analyzing the results of the thermographic camérajas observed that the material
inside the capsule did not reach the temperatwwemmended by the heating device. This
may have occurred because the capsule preventddhtisnission of healhe temperature
of 54°C was determined from the literatdfeand it was observed that there is significant

improvement of the superficial initial hardness whgIC is heated to a maximum of 60°C.
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Previous research on external energy applied wiD Light, showed that the light
temperature reaches a maximum of 60°C after 60actvation. As GIC has low thermal
conductivity, heating is considered a safe procetfuiTherefore, training and working
rapidly are necessary so that the material doeksetheat before the restorative procedure is
carried out. Also, care is necessary to avoid keslaind formation of gap3he literature
shows that composite resin loses 50% of temperaippeoximately 2min after preheatirfy.
This may also occur with GICs.

Commercial GIC capsules are not uniform in consitpancand contain a volume of air
in the powder region of the capsule. Furthermdre |ocation of the GIC liquid is different in
each product. The Equia Forte liquid is in a mosat@al region of the capsule, while the
Ketac Universal capsule has the liquid in a smathpartment more at the capsule periphery.
Thus, there are unequal internal heating patteet@wden the two capsulated materials and
this was demonstrated with the thermographic cardata. The thermographic camera was
found to be a useful method for measure the tertymerahanges in this kind of research.

Preheating is an easy method that could be usaeddental office. The devices used
for preheating composites could also be used with &psules with slight modification.
This may prompt manufacturers to modify the desifjtheir GIC capsules to fit into standard
preheating devices or alternatively, to produceiadsy specifically for their capsulated
materials.

A huge benefit of using GIC as a restorative malesiits ability to release fluoride. If
preheating will be able to improve the mechanicaipprties and the ability to release
fluoride, the preheating technique could be adofacthprove the material properties. Future
research should be conducted to further clarifyodeefits of preheating GIC.

4.6.CONCLUSIONS

Preheating influences the stabilization time of themical bonds and increases the
microhardness of the GICs tested. For the microtessl test, the heating influenced the
maturation of the cements in the stabilization tamel in 7 days. These results demonstrate
that preheating is a promising technique.
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5. ARTIGO 3 - Influence of preheating of glass-ionomecement on fluoride release and

uptake: An in vitro study

5.1. Abstract
Objectives: To evaluate the effect of preheating on the releasl uptake of fluoride {jFn
two glass-ionomer cementglaterials and Methods: Sixty specimens (5.5mm x 3mm) from
Equia Forte (GC) or Ketac Universal (3M ESPE) werepared for three storage times (1
day, 7 days and 1 month). Half were preheated 8C5ér 30 s and the other half were not.
After mixing, each specimen was weighed, immerse8 ¢n? of deionized water and stored
at 37°C. After each time period the specimens were dradghed and immersed in 5 taf
NaF solution (1000 ppmF) for 24 h and the was determined. The specimens were
transferred to 5cnof deionized water and stored for an additionahzdter which the -Fwvas
measured. Data were analyzed by ANOVA and Tuke®.(@5).Results: For both materials,
there was mass gain after immersion in deionize@mand mass loss after immersion in NaF
solution. All materials showed uptake of &ter immersion in NaF solution, but without
significant difference in uptake between groupssiite the Fuptake, there was no change in
F release on subsequent storage in deionized walss, F release showed no difference
between preheated and unheated samples at angestorge.Conclusion: Preheating of the
glass-ionomers Equia Forte and Ketac Universal doeslter their pattern of Felease and
uptake.Clinical Relevance:Preheating glass ionomer cements does not compgdhamide
release.

Keywords: Heating, Glass-ionomer Cements, Fluoride Releaptiéd

5.2.Introduction

Glass-ionomer cement (GIC) was launched tme market in 1975, and since then it
has been the material of choice for several clirsitaations due to its physical and biological
properties. It is biocompatible in the mouth [1,Bgs chemical adhesion to tooth [3],
possesses coefficients of thermal expansion closleat of the teeth, releases fluoride and is

able to promote remineralization of tooth structdie
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Modern glass-ionomers are greatly improeethpared with the earliest versions of
these cements. In particular, the particle sizé sime distribution of the glass powder is
different, which makes them [5]. However, the finsturs after placement of the material into
the cavity are still critical, as it is during thi®riod that the material is vulnerable to water
loss/gain and is also when the chemical bonds dathtin are formed [3]. This has led to
proposals for methods of accelerating the initaldening (setting) so that the material can
resist water loss/gain and achieve high strengtremepidly. Possible means of accelerating
setting include application of external energy e form of heat from a halogen or LED
dental curing lamp, or ultrasonication once the @strhas been placed [6-11]. Another
possibility involves preheating the cement compdsqmior to mixing using a water bath
[10,12]. Preheating in this way does not lead topée increase in setting, and it has been
observed that some GICs show a longer stabilizaiioe for the carboxylate chemical bonds
within the cement when heated [6], which implieattthis aspect of setting may be inhibited
by heating in certain cement formulations. On o¢tiger hand, preheating has always been
found to lead to increased microhardness [7], reduwrack propagation [10,11] and better
resistance to marginal microleakage [8].

Although the effect of preheating of glass-ionomers mechanical properties is
known, the effect on fluoride release and uptake @ been reported. By contrast, where
heating is applied after placement, using an LEDplathe amount of fluoride released was
found to be reduced [13,14]. This is potentiallgisadvantage, as release of fluoride by GIC
is assumed to have clinical benefits, especialtyitiitial relative high levels of release [15].
According to Menezes-Silva et al. [16], applicatiof heat in this way increases the
stabilization time of chemical bonds, specificalhose associated with neutralization and
formation of carboxylate salts from the polyacryicid component. For reasons which are
not clear, these changes are associated with mieahgroperties and may be responsible for
the reduced amount of fluoride released.

The current work has been undertaken to addressqtiestion of the effect of
preheating glass-ionomers on their fluoride releas®also subsequent fluoride uptake. Two
commercial glass-ionomer cements were studied, stdhage under different conditions and
time intervals. The null hypothesis was that thpliaption of heating to GICs before mixing
does not alter the fluoride release or uptake @isématerials.
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5.3. Materials and Methods

This was ann vitro study in which 40 specimens of each material weaglerfor 3
different storage times (1 day, 7 days and 1 momwfi)ng a total of 120 specimens. Half of
the specimens were made using preheated materialthen other half were not heated.
Preheating of capsules was performed afG4or 30 s, as described below. The materials
used in this study are listed in Table 1.

Table 1: Brand names, batch numbers and manufacturers pfroleicts

Material Composition Batch n°. Manufacturer

Water 40-60%
Acrylic - maleic acid
3817763
copolymer
Ketac 651704
30 - 50% 3M ESPE, Seefeld, Germany
Tartaric acid 1 - 10%
Benzoic acid <0,2%

Glass oxide > 95%

Universal

Polybasic carboxylic acid 5 - 1801251
Equia Forte 10% 1809061
Iron oxide (lll) < 0,5% 1706091

GC, Europe N.V., Leuven,

Belgium

For preheating, the tips of the GIC capsules wendified slightly to fit a device and
then preheated to 5ZC in a dental heating unit designed for use witmposite resins
(Calset; AdDent, Danbury, CT, USA). Heating wagied out for 30 s prior to mixing.

The capsules (preheated or non-heated) were adivatd immediately transferred to
a rotating mixer (RotoMiX"; 3M ESPE) for mixing. Subsequently, the materiabvextruded
into a PTFE mold to prepare discs of dimensionsnan® diameter and 3.0 mm height. The
material was pressed flat with polyester stripsboth sides of the mold. After 10 min, the
samples were removed carefully from the molds aetgled using an analytical balance
(Metller HK 160 - Greifensee - Zurich). They weteen immersed individually in 5 ¢m

volumes of deionised water and stored at@Tor 1 day, 7 days and 1 month.
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After the relevant time of storage (1 day, 7 days & month) the samples were again
weighed, then placed in 5 émolumes of sodium fluoride (NaF) at 1000 ppm inofide
(Fluoride standard, Fisher Scientific, UK) for 2éuns. After this, the specimens were
removed, dabbed dry with a tissue, weighed andltiogide concentration was determined
from the storage solution. The specimens were thmsferred to individual 5 ctrvolumes
of deionized water and stored for an additionah@drs the specimens were removed, dabbed
dry with a tissue, weighed and after that the fld®rconcentration was measured from the
storage solution.

In all cases, the fluoride concentrations were rdateed using a calibrated fluoride-
selective electrode (type 4048, Thermo Orion Eurdechford, Cambridgeshire, UK). The
electrode was connected to a pH/ISE meter analgmeedel 710A, also Thermo Orion
Europe, Witchford, Cambridgeshire, UK) via a cabi¢h dual electrode head (ELIT 201,
NICO2000 Ltd, Harrow, Middlesex, UK). The electrosas calibrated using standards
prepared by serial dilution of a commercially aabie 1000 ppm fluoride solution (as NaF)
(supplied by Sigma-Aldrich, Poole, Dorset, UK). Alioride determinations were carried out
with samples or standards diluted by 1:1 additidnT¢SAB IV to ensure complete
decomplexation of all available fluoride.

Following the above experimental work, data obtdimesre analysed for statistical
significance using ANOVA followed by the Tukey HS&st (p<0.05).

5.4.Results

Mass changes for specimens in different storagatieas and for different time
intervals are shown in Table 2. Results showedrsistent pattern of mass gain on initial
storage in water followed by mass loss on subsdgterage in fluoride solution. Although
all specimens lost mass during the storage in ifflecsolution, the value did not drop below

the initial mass over the total storage period.
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Table 2: Mass changes for glass-ionomer specimens (%). &tdrdkviations are given in

parentheses
Change (%)
Material Storage time Medium compared with
initial mass*

Water 1.98 (0.34) A

1 day :
NaF solution 1.50 (0.28) a
: Water 2.54 (0.30) B
S e | 7o NaF solution 2.21 (0.30) b
Water 3.26 (0.21) AB
1 month NaF solution 2.74 (0.28) b
Water 2.12 (0.37) C
1 day NaF solution 1.84 (0.29) C
Equia Forte 7 davs Water 2.54 (0.30) C
preheated y NaF solution 2.21 (0.20) d
Water 3.26 (0.21) C
Lmonth 1\ aF solution 2.74 (0.28) d
Water 2.82(0.28) D

1 day :
NaF solution 3.07 (0.25) d
Ketac 7 davs Water 2.95 (0.24) D
Universal y NaF solution 3.27 (0.29) d
Water 2.77 (0.36) D
1 month NaF solution 2.67 (0.38) d
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1 day Water' 2.03 (0.23) E

Ketac NaF solution 2.31 (0.25) e
Universal 7 days Water' 2.74 (0.46) F
oreheated NaF solution 3.02 (0.80) ef
1 month Water 3.05 (0.48) F

NaF solution 2.94 (0.44) f

*Means followed by the same letter indicate no gigant difference in the group (p>0.05),
(uppercase compares storage medium water, anddaseeicompares NaF solution storage,

values based on initial mass before immersion).

Amounts of fluoride released after storage in diegieth water are shown in Table 3.

All samples released fluoride under these conditiamd in all cases there was no significant
difference in release between unheated and prehsataples of the same material. In the
case of Equia Forte, there were significant difiess between the various storage times, i.e.
between 1 day and 7 days and between 7 days amchth nshowing that longer storage times
progressively increased the amount of fluoride thas released by the cements. For Ketac
Universal, the difference between the 1 day andys étorage periods was significant, but
the difference between 7 days and 1 month was However, for both unheated and
preheated specimens, there was an increase inben of fluoride released after 1 month
of storage compared with 7 days. These results shatfor this material too, longer storage
increases the amount of fluoride that can be rett&®m the cement.

Table 3: Means and (standard deviations) of fluoride redestsl day, 1 week and 1 month
(Ppm).

Material Storage time Fluoride
release/ppm*

1 day 25.0 (4.7) A
Equia Forte 7 days 43.6 (7.8) B
1 month 88.7 (4.2) C
: 1 day 23.8 (5.0) A
Eqr‘;'se';‘t);e 7 days 40.6 (6.9) B
P 1 month 90.2 (8.8) C
1 day 16.6 (2.4) A
Ketac Universal 7 days 35.5(3.8) B
1 month 45.4 (7.9) B
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1 day 12.9 (1.9) D
7 days 28.7 (4.8) B
1 month 48.9 (6.8) B

*Means followed by the same letter are not statidlty different (p>0.001).

Ketac Universal
preheated

The fluoride concentrations in storage solutiorterathe samples had been stored in
them for 24 hours are shown in Table 4. In allesashe initial concentrations were 1000
ppm, so all of these values represent a reductidiuoride concentration. This shows that
these specimens take up fluoride from the storamjetisn. Although the values varied

slightly, none of the differences was significant.

Table 4:. Mean and (standard deviations) of fluoride uptaksamples (ppm)

Amount of fluoride

Material Storage time
absorbed *
1 day 783.2 (17.0) A
Equia Forte 7 days 811.4 (17.7) A
1 month 829.2 (13.3) A
. 1 day 806.2 (12.2) A
Equia Forte
7 days 806.2 (12.9) A
preheated
1 month 811.0 (14.4) A
1 day 801.1 (47.6) A
Ketac Universal 7 days 831.3 (28.3) A
1 month 838.4 (34.2) A
_ 1 day 834.6 (15.8) A
Ketac Universal
7 days 836.6 (30.2) A
preheated
1 month 834.2 (31.0) A

*Means followed by the same letter are not statidity different (p>0.001).

Table 5 shows the results for fluoridecasie following 24 hours storage in NaF

solution, together with the corresponding figures%% release and % retention. These figures
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are based on the amount of fluoride taken up dusitogage in NaF solution, so that %
retention figures show that, in all cases, the nitgjof the fluoride taken up is retained by the
cements. There was no significant difference betwenheated and preheated specimens of
either material at any storage time, and no cosigidtends as storage time increased. The
smallest retention amounts were shown by Ketac &fsat preheated at 7 days storage, but
even these specimens retained over 70% of theideiglaken up on exposure to NaF

solution.

Table 5: Means and (standard deviations) of fluoride exckhaafier exposure to NaF

solution.
Fluoride release ) )
) ) _ Proportion  Proportion
Material Storage time after storage in _
. released/% retained/%
NaF solution/ppm

1 day 32.0 (4.7) 14.7 85.3
Equia Forte 7 days 23.7 (3.7) 12.6 87.4
1 month 26.3 (3.9) 15.4 84.6
_ 1 day 33.0 (10.2) 15.5 84.5

Equia Forte
7 days 21.1 (4.3) 15.5 84.5

preheated
1 month 24.0 (2.8) 12.7 87.3
1 day 37.3(8.1) 18.8 81.2

Ketac

_ 7 days 45.5 (7.8) 27.0 73.0

Universal
1 month 28.7 (8.3) 17.8 82.2
Ketac 1 day 32.6 (4.7) 19.7 80.3
Universal 7 days 48.9 (6.8) 29.9 70.1
preheated 1 month 30.9 (8.8) 18.6 81.4
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5.5.Discussion

The null hypothesis was accepted because bothlubade release and subsequent
uptake were unaltered by preheating the GIC matePieeheating made no difference to
either fluoride release or fluoride uptake at atorage time; it also made no difference to
mass change on storage.

Specimens for all storage times and whether undeat@reheated showed a gain in
mass on initial storage in water. The subsequemnage in fluoride solution caused a slight
loss relative to the final value after 24 hoursviater, but this was still higher than the initial
mass prior to immersion. The third immersion, ttime in deionized water once more,
showed a further reduction in mass compared wihvllue after 24 hours in water, but there
was still a gain in all cases relative to the pneriersion masses. This is similar to behavior
previously reported for glass-ionomer cements, wtstorage in aqueous media leads to an
initial increase in mass at 24 hours, followed lgradual loss for some time afterwards [17].

The application of heat after mixing amddeeheating the glass-ionomer cements has
been previously undertaken in an attempt to imprtheir mechanical properties. Some
authors have shown that warming brings about imgmtawnicrohardness [10]. It also seems to
cause a reduction in porosit [18] and also impraagidesion to dental structures [19]. Prior to
the present work, there have been no studies @rffect of preheating glass-ionomers on
their fluoride release.

However, heating of glass-ionomer samgtdowing initial hardening has been
studied and shown to have an adverse effect onftheride release. Woolford [20] showed
that the application of radiant heat led to reduaiaiity to release fluoride. More recently, the
application of light from LED lamps has also bedmwn to reduce fluoride release
[15,21,14]. By contrast, ultrasound applied to @asgtionomer cement while setting leads to a
material which shows increased levels of fluorideease [22]. This is despite the fact that
ultrasound, like external heat, speeds up thenggttiocess and leads to stronger cements.

It is not clear why heating the components of t@ent prior to mixing does not have
similar effects on fluoride release. Our resul®uigh, are quite clear; preheating the cement
capsule causes no significant differences in filerior either material at any storage time.
Further work is necessary in order to explain thedsservations.

Our results show another feature that has not begorted previously, namely, that
no matter how much fluoride is released by the certiee uptake does not vary, at least not
significantly. Both brands show increased fluonidkease at longer storage times, yet there is

no increase in the amount of fluoride later tak@nby those samples matured for longer

87



times. Furthermore, as shown in previous studi&}, the amount of fluoride taken up is
much greater than the amount previously released. shows that fluoride exchange does not
simply happen from specific, well-defined sitestbha cement surface. It is not the case that
fluoride ions are released, leaving vacancies énsilirface and that subsequent immersion in
fluoride solution leads to these vacancies beingcreipied. Rather, there are sites on the
surface that are capable of taking up fluoride ioependently of any prior loss of fluoride.
Moreover, these sites generally bind that fluoiideversibly. Our results confirm previous
observations in this regard and confirm that mdsthe fluoride taken up from a fluoride

solution is retained by the cement when it is lataced in deionised water [24,23].

5.6. Conclusion

The effect of preheating on fluoride release anékgfrom the glass-ionomer brands
Equia Forte and Ketac Universal has been studidgee amount of fluoride released varies
with storage time, but increased fluoride releasmr—ger storage times did not change the
amount of fluoride subsequently taken up. It folothiat fluoride release and fluoride uptake
are independent events, and take place at diffesiged on the cement surface. Preheating
made no difference to the amount of fluoride redeasr taken up, regardless of storage time,
from which we conclude that the rate of settingsioet affect the sites of fluoride exchange.
Application of external heat after mixing has bgeeviously shown to affect fluoride release,

and the difference between these observations arsdheeds further investigation.
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6. ARTIGO 4 - Avaliacdo da influéncia do pré-aquecimeto de resinasbulk-fill nas
propriedades reoldgicas e de fotoativacdo

6.1.Resumo
OBJETIVOS: Avaliar o comportamento de fluxo e viscoelastcd sob tensdo de
cisalhamento continuo, a microdureza em profundidad grau de conversao de resimalk-
fil de consisténciaflow (BFF), em diferentes temperaturas de pré-aqueconent
MATERIAIS E METODOS: Trata-se de um estudn vitro realizado com cinco resinas
BFF: Tetric N-Flow Bulk fill (TNF); Opus Bulk fillflow (OBF); X-tra base/Voco (XTR);
Filtek bulk fill flow (FBF) e Surefill SDR Flow (SBR). e uma resindlow convencional,
Tetric N-Flow (TNC). As resinas foram avaliadas mfoaao comportamento reoldgico de
cisalhamento continuo nas temperaturas de 24, 8% 68°C, utilizando um redmetro de
gradiente e tenséo de cisalhamento controlado rw e fluxo, geometria cone-placa de 35
mm de diametro, angulo de 2°, separadas por urténdia fixa de 0.052 mm. Para a analise
da microdureza e do grau de conversao foram relakzeestauracfes mesio-ocluso-distais em
terceiros molares humanos, com o material pré-admectemperatura de 24u 68C em
uma unidade de aquecimento. A microdureza foi asalcom um indentador Knoop, apos 30
dias, com carga de 25 g por 10 s, sendo 4 indexgaté caixa mesial e 6 na distal. Para a
analise do grau de conversdo, em profundidadegiagas dos espectros das restauractes
foram realizadas por meio de um espectofotometmaRa com laser 532 nm, objetiva de
20x, fenda de 50x1000m, 20 coaditionse 3 s. Foram realizadas 12 leituras na superficie
interna da restauracdo da caixa mesial e 18 Isitlaaaixa distaRESULTADOS: Todas as
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formulacdes apresentaram reducéo significativaistzosidade com o aumento da tensao de
cisalhamento (indice de fluxo <1), ou seja, apresam comportamento pseudoplatisco.
Com o aumento da temperatura, para todos os matErstados ocorreu reducao nos indice
de consisténcia e valor de cedéncia. A 24°C todasateriais apresentaram area de histerese
significativamente maior que as demais temperataas exce¢do do grupo controle (TNC)
que apresentou area de histerese menor a 24°C., TNE XTR apresentam aumento
significativo da microdureza, OBF apresentou redwsjgnificativa do valor da microdureza
com o aquecimento. O pré-aquecimento nédo influenoigrau de conversdo dos materiais
testados. CONCLUSAO: O pré-aquecimento de BFF reduz a viscosidade, areela
microdureza de alguns materiais (TNC, TNF, XTR@e mfluencia o grau de conversédo em

todas as profundidades da restauracéao.

6.2. Introducao

A durabilidade das primeiras restauracdes de rengosta em dentes posteriores
era bem menor quando comparada as restauracOesaligama. (1) Atualmente, a taxa de
sucesso de restauracbes em dentes posterioresesora composta pode atingir até 97.9%
apos 10 anos de acompanhamento. (2) Um dos fajaeesontribui para a longevidade das
restauracdes de resina composta € a qualidaderalzildiade da adaptacdo marginal. Por sua
vez, a adaptacdo marginal é influenciada pela agétr volumétrica do material. (3,4)

Dentre as resinas compostas utilizadas para rastaurde dentes posteriores, as
resinasbulk-fill apresentam caracteristicas otimizadas como membracéo volumétrica e
de tenséo de polimerizacdo na interface adesiva §ap utilizadas especialmente em dentes
posteriores. (5) A principal vantagem desses naaseg que, segundo os fabricantes e os
resultados de algumas pesquisas, (6,7) elas poeleimseridas em incrementos de 4 mm até
5 mm , diminuindo consideravelmente o tempo clinico

Particularmente com incrementos maiores e 0 usorednas compostas de
consisténcia regular, ha a possibilidade de inoluk#ibolhas no interior das restauracdes e
uma boa adaptacdo pode ficar ainda mais dificil.altias alternativas propostas para
contornar este problema em resinas compostas ccioweis tem sido o pré-aquecimento
antes da restauracédo. (8,9) A principal fonte dbva da reacdo de polimerizagdo da resina
composta é a luz, porém o calor também pode selousamo tratamento para melhorar o
desempenho. (10,11) O aguecimento aumenta a flumeque melhora a adaptacdo do

material ao preparo cavitério. (12,13)
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O pré-aquecimento de resinas compostas convensionalhora as propriedades
fisicas e quimicas, promovmaior grau de conversdo dos monémeros influencpda
reducao da viscosidade do material, (14—-19) auneentecrodureza e fluidez, (18) aumenta a
resisténcia a tracdo diametral, (20) melhora a tagap marginal, bem como reduz
significativamente a microinfiltracdo. (12,21) Ermasinasbulk-fill, Taubocket al. (22),
avaliaram a influéncia da temperatura e observanathora na contracédo de polimerizagéo e
no grau de conversdao e Dionysopoukisal. (23) avaliou o efeito da temperatura na
microdureza; Lempekt al. (2) observou aumento do grau de conversdo emamesin
reforcadas por fibra, porém efeito negativo no Gase das amostras e Abdulmajetdl.
(24) relatam que o pré-aquecimento das redindis-fill ndo afeta a resisténcia flexural e
resisténcia a tracdo, porém aumenta a resistém@suea.

Entretanto, até onde sabemos, ha poucos relatiitenadura (25,26) sobre a reologia
do material e o efeito do pré-aquecimento no comapmnto de fluxo e de viscoelasticidade e
ainda ha controvérsias sobre a influéncia do pugeimento nas propriedades fisicas das
resinas compostdsulk-fill com consisténcia fluida. Neste contexto, o objetleste trabalho
foi avaliar o comportamento de fluxo e viscoeladtide sob tensédo de cisalhamento
continuo, a microdureza e o grau de conversaositgasbulk-fill, em diferentes temperaturas
de pré-aguecimentds hipéteses nulas testadas foram; HO aquecimento de resinbslk-
fill de consisténcilow ndo influencia a viscoelasticidade; H® pré-aguecimento de resinas
bulk-fill de consisténcidlow ndo influencia a microdureza; k@ o pré-aquecimento de
resinasbulk-fill de consisténcidlow nado influencia o grau de conversao;,H00 pré-
aquecimento de resinasulk-fill de consisténcidlow ndo aumenta a profundidade de

polimerizagao.

6.3. Materiais e Métodos

6.3.1. Delineamento experimental

Trata-se de um estuda vitro para avaliar a influéncia do aguecimento de cinco
resinasbulk-fill de consisténcifiow (Tabela 1) nas propriedades reolégicas, na micezdue
no grau de conversao em profundidade. Quatro tatyas diferentes (24°C, 37°C, 54°C e
68°C) foram utilizadas na analise de indice dedlaxduas (24°C e 68°C) para avaliar o grau
de conversdo e microdureza em profundidade. Parsalise da microdureza e do grau de
conversado foram realizadas restauracdes meésioeadlstis em terceiros molares humanos e

0s materiais foram pré-aguecidos em uma unida@gedecimento Calset (AdDent, Danbury,
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CT, USA). Esta pesquisa foi aprovada pelo ComiténBeente de Etica em Pesquisa com
Seres Humanos da Universidade Estadual de Marif(@GAEE No. 87404918.6.0000.0104).
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Tabela 1 -Materiais avaliados e informacdes dos fabricantes

Classificacéo

Resina
composta
convencional

" flow"

Bulk-fill:
baixa
viscosidade

Abreviacao

TNC

TNF

OBF

Nome
comercial

Tetric N-Flow

Tetric N-Flow
Bulk fill

Opus Bulk fill
flow

Fabricante

Ivoclar
Vivadent,
AG, Schaan,
Liechtenstein

Ivoclar
Vivadent,
AG, Schaan,
Liechtenstein

FGM,
Joinvile, SC

Composicéao

Bis-GMA,
Bis-EMA,
UDMA
(27.8%)

Bis-GMA,
Bis-EMA,
UDMA

Bis-GMA,
TEGDMA,
UDMA
(26%)

Tipo de Carga

Vidro de bario,
trifluoreto de
itérbio, 6xidos
mistos, dioxido
de silicio e
copolimeros
Vidro de bario,
trifluoreto de
itérbio, 6xidos
mistos e
copolimeros

Vidro de Bario
Silanizado,
Silica
silanizada, 4-etil
dimetil
aminobenzoato
(DABE),
Trifluoreto e
Ytérbio,
Canforoquinona
Tinuvin P,
Butil
hidroxitolueno e
corantes

Conteudo
total de
carga
(peso, %)

63.8%

68.2%

68.0%

Escala

de cor

A3.5

VB

A2

Tempo de
fotoativacao

()

20

20

20

NUmero de

lote

X12552

W15996

290517
190618
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XTR ba?s((-et/r\z;loco Voco BII?/II\E/II\AA\A’ Vidro de Silicio | 75.0% A2 20 1724340
Bis-GMA, - ] .
Filtek Bulk BisEMA, | et NBB6476
FBF Fill Flow/3M 3M UDMA, tErbio 64.5% A2 40 1808600331
ESPE TEGDMA, |
Procrylat
Vidro de bario
aluminio boro
EBPADMA | fl(or silicato;
_ TEGDMA, Vidro de
Surefill SDR e 0 : 1610251
SDR Flow/Dentsply Dentsply UD_I\_/IA est,ro_ncu? 68.0% | Universal 20 1607291
modificado | aluminio flGor
silicato

Abreviacdes: AFM, Monomero de fragmentado de adic§dJDMA, dimetacrilato uretano aromatico; Bis-GMA, bisfenol-A
Dimetacrilato de éter diglicidilico; Bis-EMA, Dimetacrilato de bisfenol-A etoxilado; Bis-MPEPP,2,2-big4-
metacriloxipolietoxifenil) propano; DDDMA, Dimetacrilato de 1,12-dodecanodiol; EPDMA, Dimetacrilato dévisfenol-A
etoxilado; PMMA, metacrilato polimetil; TEGDMA, dim etracrilato trietilenoglicol; TMGDMA, Dimetacrilato de trimetileno

glicol; UDMA, Dimetacrilato de uretano.
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6.3.2. Andlise da viscoelasticidade

Para mensurar as propriedades dindmicas visdeakasias resinas composhagk-fill
(Tabela 1) foi utilizado um redmetro de gradienteresao de cisalhamento controlado MARS
II, Haake® (Thermo Fisher Scientific. Waltham, MASKH), no modo de fluxo. As resinas
foram avaliadas quanto ao comportamento reoldgieo ctsalhamento continuo nas
temperaturas de 24, 37, 54 e 68°C, analisando gusnses parametros: valor de cedéncia
(7o), indice de consisténcia)( indice de fluxo (n) e area de histerese.

Utilizou-se a geometria cone-placa de 35mm de di@mnangulo de 2°, separadas por
uma distancia fixa de 0.052 mm. (27,28) Uma pomgéquena de resina suficiente para
realizar a leitura, de aproximadamente 0.1g, faladosamente aplicadas a placa inferior do
redbmetro diretamente da seringa comercial sem deip@mn assegurando o minimo de
cisalhamento da formulagdo e permitindo um tempaegp®uso de 5 min antes de cada
analise. As curvas ascendentes de fluxo foram abtwbm um gradiente de cisalhamento
partindo de 04 a 1108 e descendente de 110sté 05, de acordo com cada formulacdo. O
gradiente de cisalhamento foi aumentado duranteperodo de 150 s, mantido no limite
superior por 10 s e posteriormente diminuido deramh periodo de 150 s. (29) Em cada
caso, as propriedades de cisalhamento continum fdederminadas em triplicatas. As curvas
ascendentes e descendentes foram analisadasndgkilizaecquacdo deswald de WaelélLei

da Poténcia - Power Law; Equacéo 1), para obtetgsidndicex e n (27,29-31):

c=x.y" 1)

onde:c = Tens&o de cisalhamenio= indice de consisténcig = Gradiente de cisalhamento
n = indice de fluxo.

Os modelos reoldgicos de Casson e Her&inekley foram utilizados para obtencéo
do valor de cedéncia e estao respectivamente aypaess abaixo pelas equacdes 2 e 3 (32):

T= ”\/(rg + (]’/.np))n

2)
T= 15 +ky"

3)

onde:t= tensdo de cisalhamentg= valor de cedéncia (valor de rendimento); k= iadie
consisténciay = gradiente de cisalhamento; n= indice de fluxps viscosidade plastica de

Casson.
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Ademais, foram calculadas as areas de histeresenpmr do programa RheoWin
4.10.0000 (Haake® - Thermo Fisher Scientific. Kaithe, Germany).

6.3.3. Preparo dos espécimes para analise do grau de ecsawee microdureza

Para a andlise do grau de conversdo em profundielgoshra a microdureza foram
realizadas restauracdes simulando a posi¢éo de dardrcada e os grupos foram compostos
por 7 espécimes, totalizando 84 terceiros molaresside carie.

Foram selecionados 84 terceiros molares humanamidgos e livres de carie,
armazenados apos a extracdo em solucao de tin%l @2 temperatura ambiente, por um
periodo de tempo inferior a 6 meses. (33) Para cedearial (Tabela 1) e cada temperatura de
pré-aquecimento (2€ ou 68C) foram utilizados 7 dentes humanos. As pontas(gpide
foram previamente removidas com o auxilio de unmeadora de preciséo a fim de padronizar
a distancia da incidéncia da luz do fotoativadoaddade.

Foram realizados preparos de classe Il complexalemnwdo as faces oclusal, mesial e
distal. As dimensdes na caixa oclusal foram de 3 denprofundidade a partir da margem
oclusal e 4 mm de extensao vestibulo-lingual; ares@o mésio-distal foi determinado até o
rompimento da crista marginal, com caixa mesial ctistdncia cérvico-oclusal de 4 mm e
distal com distancia cérvico-oclusal de 6 mm e yrdidade &xio-proximal de 1.5mm. Os
preparos foram realizados com ponta diamantada @l@5Sorensen - San José, Cotia - SP)
em alta rotacéo, e polimento da cavidade com aapdiaimantada 3145 FF (KG Sorensen-
San José, Cotia - SP) com Contra Angulo Multiplaratt5 (Kavo — Joinville, SC). Para a
realizagcdo dos procedimentos restauradores os sdéotem acoplados a um manequim
odontoldgico (M.O.M. - Manequins Odontolégicos MiariLtda, Marilia, SP). A abertura
bucal do manequim foi determinada pela média ddwabebucal da populacédo. (34)

Os dentes foram distribuidos aleatoriamente ensegpos. Foi inicialmente
realizado o ataque acido em esmalte durante 30tedms os dentes, os quais foram lavados
abundantemente e secos com jato de ar, com o awsdlium microbrush foi aplicado o
adesivo Single Bond Universal (3M — ESPE, SumangégiPtodo o preparo e fotoativado por
20 s. ApOs esta etapa os dentes foram inseridosnawequim para a realizacdo do
procedimento restaurador. Para tal, foi utilizadaadriz Unimatrix (TDV - Pomerode, SC) e
cunhas de madeira. As resinas compostas foram daansiob as temperaturas de 24 °C
(temperatura ambiente) ou durante 15 min em un@adei de aquecimento (Calset; AdDent,
Danbury, CT, USA) a 68 °C. Assim, a cavidade fataaerada com as resinaslk-fill que

sofreram ou n&o a alteracdo de temperatura. Pdes @s resinabulk-fill a cavidade foi

99



preenchida em apenas em um unico incremento, pasirea TNC, o material foi inserido e
fotoativada a cada 2 milimetros até o preenchimdetéoda a cavidade. O tempo maximo
entre a remocdo do material na unidade de aquetoneea fotoativacéo foi de 40s. (13) O
material foi fotoativado com um aparelho Valo (100@V/cnt - Ultradent Product Inc.,
South Jordan, UT, USA), por 20 ou 40 s, seguindoentacao do fabricante (Tabela 1). Os
dentes foram cortados ao meio no sentido mésiatdisim o auxilio de uma cortadora de
precisdo (IsoMet™ Low Speed, Buehler. Lake Blufindis, EUA) e um disco de diamante,
por meio de um corte perpendicular ao longo do dixalente. Os dentes restaurados foram
armazenados em estufa a seco 37 °C, por 7 diasa(@8% da leitura de para o grau de
conversao e armazenados por 30 dias nhas mesmasGamgara o teste de microdureza. A
metade vestibular de cada espécime foi utilizada padeste de grau de conversdo e a metade
lingual/palatina foi destinada ao teste de micredar

Os espécimes que foram reservados para analiseiatadoreza receberam um
tratamento de superficie. As superficies foramdaglicom discos de 6xido de aluminio com
granulacéo de 400, 600, 800 e 1200 e pastas deawliarde 6-, 3- eyln com o auxilio de
uma politriz (APL 4, Arotec; Cotia, SP, Brasil).

6.3.4. Andlise da microdureza

A microdureza do material restaurador foi avaliattavés de um indentador Knoop
(HMV-2, Shimadzu, Téquio, Japao), apos 30 dias, ecoma carga de 25 g por 10 s. As
indentacdes foram feitas a partir do topo da superfla cavidade restaurada mais proxima a
ponta do fotoativador até o fundo da cavidade,at®l® uma margem de 0.3mm de resina
entre o dente e a indentacdo, sendo que na castalrfiram realizadas 4 leituras e na distal

6 leituras, totalizando 10 leituras por espécimeguia 1).
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Figura 1 - Desenho esquemético do local das indentacdegadal para analise da
microdureza. Total de leituras = 10.

6.3.5. Analise do grau de conversao

As leituras dos espectros das restauracbes foradizagas por meio de um
espectofotometro Raman (VERTEX 70v - RAM Il moduldruker®, lllinois, Chicago,
USA), laser 532 nm, objetiva de 20 x, fenda de H000um, 20coaditionse 3 s. Para cada
espécime foram realizadas 12 leituras na supelfitéena da restauracao da caixa mesial e
18 leituras da caixa distal. Partindo-se do toposulgerficie da cavidade restaurada mais
préxima a ponta do fotoativador até o fundo da dae, para cada milimetro em
profundidade foram realizadas 3 leituras. Assimmagada espécime realizou-se 30 leituras
no total. Os espectros foram tratados no prografESD(Bruker Optik GmbH, Ettlingen,
Germany) e os picos em 1610 e 1640doram selecionados para avaliacdo do grau de
conversdo. Para tanto, foi utilizada a formula:

GC (%)= (1

R Polimerizada[‘l'jl 100
" R N&o Polimeriza

Onde: R= Raz&o entre os picos 1610 e 1646 cm

Profundidade (mm)

—000000000000000000

Figura 2 - Desenho esquematico dos pontos de leitura reabzpdra a analise do grau de
conversdao. Total de leituras = 30.
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6.3.6. Andlise estatistica

Os dados da analise da reologia foram tabuladospegramas especificos e
analisados posteriormente no programa StatSofistitat 12 (Dell, Eldorado do Sul, RS).
Para cada hipotese a ser testada foi realizadeste tke aderéncia a curva normal para
verificar a presenca ou nao de distribuicdo normimahveés dos testes Shapiro-Wilks,
Kolmogorov-Smirnov e Cramer-von Mises. Para osodadle grau de converséo e
microdureza utilizou-se o programa R (R Foundafion Statistical Computing, Vienna,
Austria), no qual foi utilizado um modelo ajustadi® equacdes de estimativas generalizadas
(GEE). Para todos os dados foram a analise dancia (ANOVA) e posteriormente test
Tukey. Foi também aplicado analise de residuosgajaste do modelo.

6.4. Resultados

6.4.1. Reometria de cisalhamento continuo

Todas as formulacbes apresentaram reducdo sagivBicda viscosidade com o
aumento da tensdo de cisalhamento (indice de flmjo<1), ou seja, apresentaram
comportamentshear-thinning(pseudoplatisco). Os reogramas de tensdo por gtadie
cisalhamento (Figura 1) evidenciaram o comportameshtear-thinningdos materiais.
Avaliando o indice de fluxo (n) (Tabela 2), apeaagsina SDR ndo apresentou diferenca
significativa entre as temperaturas; ja TNF apresediferenca significativa entre todas as
temperaturas.

Com relagdo ao parametro indice de consisténciaTapela 3), para todos os
materiais testados ocorreu reducdo no k com o awonuentemperatura. Verificou-se que a
24°C o TNF apresentou o maior k e TNC o menor, €C354°C e 68°C a resina XTR
apresentou o maior k. J& a SDR mostrou o men@&@.

Com o aumento da temperatura houve reducdo no @alaedéncia (Tabela 3), ou
seja, o material fluiu mais facilmente com o aqgunexito. Apenas a resina SDR nao
apresentou diferenca significativa entre as tentpers. Os demais materiais apresentaram
diferenca significativa entre 24°C e as outras &xempras, ou seja, a partir de 37°C o
material flui com menos resisténcia.

Observou-se também que em geral a area de hist@ablela 2) diminuiu com o
aumento da temperatura. A 24 °C a area de histéreggificativamente maior para todas

das resinabulk-fill testadas. Isto se deve provavelmente pelo siststaa mais estruturado
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a 24 °C. Apenas o grupo controle (TNC) apresentea ée histerese menor a 24 °C, com
diferenca significativa entre as demais temperatar@ambém diferenca entre 54 °C e 68 °C.

103



10°4 SRD OBF
1084 Up-curve —s=— Up-curve L 10°
| Down-curve —o— Down-curve
10* - 107
10°
10+ B
10'1 -10°
10° 1
1011 24°C  37°C 54°C  €8'C Al 24°%c 37°c s4°c 68°C B[
—_— 10 1 1 1 1 1 I ] 10
© TNF XTR -
e, 1034 —=— Up-curve —s— Up-curve L 10° 2]
- —o— Down-curve —o— Down-curve 3
£ 107 -102 £
@ 8
o 1| T
5 . 10 5
D 1001 -10° B
= w
g) 10" @ 0 0 0 0 0 0 0 -10" O
~ . 24C 37C 54C 68°C cl24C 37C 54C 68C D .
10 FBF T T T TNC T T T 10
10°4 —=— Up-curve —=— Up-curve L 10°
—o— Down-curve —o— Down-curve
10°1 -10*
10"~ 10"
10°- -10°
-1 P
1071 24°c  37°c 54°C  68°C el 24°%¢c 37°%c s4°c  68°C =l
T T T T T T
0.1 1 10 100 01 1 10 100

Log,, Shear Rate (1/S)

Figura 3 — Gréficos dos reogramastdasio por gradier de cisalhamento nas temperaturas de 24, 37,8Ce 6
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Tabela 2 -Efeito das diferentes temperaturas nos valorésdiee de fluxo (n) e na area de histerese em daa/diferentes resinas compostas.

0.66+0.08 0.83+0.06 0.66x0.6  0.52+0.0f
0.91+0.08 0.86+0.08 0.86+0.015 0.84+0.03
0.42+0.02 0.80+0.0f 0.73:0.02 0.64+0.0F
0.48+0.1f 0.60+0.04° 0.42+0.04 0.39+0.67¢
0.64+0.08 0.73+0.03 0.71x0.08° 0.66+0.03°
0.71+0.0f 0.73+0.06 0.56x0.0f  0.41zx0.0f

N=3. Médias seguidas da mesma letra comparam asas({temperaturas). s = desvio-padrdo
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Tabela 3.Efeito das diferentes temperaturas no valor deregadr,), em Pa, e no indice de consisténcia (k), em (s)Rtas diferentes

resinas compostas.

24°C 37°C 54°C 68°C
27.80+6.54 6.05+0.38  3.96+1.03  6.54+0.78
437+4.28  4.43+0560  1.02+0.17  0.32+0.16
59.35+15.89 5.05+0.3%2  3.18x0.3F  2.57:0.28
40.80+9.89 22.12+9.08 25.07+1.84°% 15.42+2.0&

20.72+2.98 8.95+2.98  3.85+0.18 4.47+0.76

13.14+1.47% 3.75+0.66 5.50+0.57¢ 6.78+0.76

N=3. Médias seguidas da mesma letra comparam asa(temperaturas) para a mesma linha (resindgssm-padrao.
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6.4.2. Microdureza

A Tabela 4 apresenta os resultados de microdyrama 0s materiais estudados, nas
temperaturas de 24°C e 68°C. Apenas o grupo TNCNE& H&apresentam diferencas
significativamente maior no valor da microdurezacaixa mesial. Apenas os grupos OBF e
XTR apresentam diferenca significativa com maidovda microdureza na caixa distal. OBF
diminuiu significativamente o valor da microdurezan o0 aquecimento, principalmente nos
altimos milimetros. XTR aumentou significativamente valor da microdureza com o
aquecimento, além de ter sido o material com madwreza. A Figura 4 representa

graficamente os resultados.

6.4.3. Grau de conversao

A Tabela 5 apresenta os resultados de grau deers#iov para todos os materiais, nas
temperaturas de 24°C e 68°C. Os resultados naeeapiaeam diferenca significativa no grau
de conversdao com o aquecimento. Houve apenasruiesegnificativa no grau de conversao
em profundidade em todos os materiais na caixaainesire o 1e 4 milimetro, ja na caixa
distal ndo houve diferenca significativa entre esfumdidades 4e 2, e 4, £ e 5. A

Figura 5 representa graficamente 0S resultados.
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Tabela 4 —Média (desvio-padrao) dos valores de microdurkgannT) de restauracdes mésio-ocluso-distais, em prafiadei (mm).

24°C
47.7(7.3)2
44.3(5.9F°
37.9(5.2)2
35.9(3.9?

52.2(10.1)®
43.2(8.1)F°
43.2(3.9f2
42.1(4.4P2
35.2 (6.8
31.7(6.97?

68°C
54.3(6.9f"
46.9(4.95°
44.4(4.6)°
42.9(5.4F°

49.9(4.3)%
47.6(6.3f°
46.0 (2.1%°
44.0(5.9)°2
37.7 (18.9}*
31.6(17.6f

24C
61.8(11.1)%
56.2(6.1F*
50.5(3.6)®
42.8(6.91°

73.1(13.3f%
63.2(11.1f2
54.6(8.1)
45.6(2.91°
43.0(6.8*
31.3(6.1)

68C
74.8(14.2f"
63.2(8.9F"
55.1(7.6)°
49.8(6.5f"

73.5(12.1)f*
62.5(11.1f"
60.3(11.5f?
59.4(12.9"
49.9 (17.5%°
39.8(21.05°

24°C
63.3(3.8)
61.1(5.6f*
54.6(4.5)2
50.7(4.72

56.2(8.3)
52.0(5.3f*
48.5(5.5
45.0(5.4F?
39.5(7.0
30.2(6.4f?

68°C
61.3(11.1)%
53.9(8.4F2
49.9(10.3f
46.2(15.3f2

53.7(9.1)%
46.7(4.12
41.8(6.4)?
39.2 (7.3%°
35.9(6.3°
29.1(5.7F°

24C
71.7(19.1)%
59.0 (10.5}
55.8 (7.6)°
49.8(10.6Y?2

77.6(28.3f%
64.2(12.7f2
60.4(9.4)
55.4(8.1)2
47.7(5.7F
37.7(10.0¥?

68C
76.3(17.9y
65.5(11.8f°
60.8 (11.9%%
52.2(18.4f?

72.3(13.4f
62.5(10.1f2

24°C
54.4(7.7Y2
46.3(6.77°
41.5(6.5)°
34.2(6.6)

49.8(8.8)"
48.9(8.3°

68°C 24c

68C

47.4(7.2f® 83.2 (14.4)* 96.6(28.8)"
42.3(6.6* 71.5(10.3f* 84.9(25.2f?

35.8(6.2)2
34.0(9.5/°

64.6 (6.4%°
59.9 (7.1%*

47.0(10.4f° 80,5(8.3%
46.3(5.5F° 72,0(7.7f°

56.9(14.8f* 43.8(11.8f* 37.3(6.3f> 63,5(6.3)*
50.2(10.0f? 42.8(11.9P* 36.4(4.8)> 57,8(6.0f?
48.6(6.5P* 34.9(18.4F* 26.2(4.6/* 44,7(9.9F°

36.4(11.2f* 23.9(22.8f* 3.5(9.2F"
As letras minusculas representam diferenca sigtifia entre as colunas (temperatura) e as maissoefmesentam diferenca entre as linhas (profuddjd@<0,05.

38,9(9.3

70.3 (17.2%*
64.4(17.4F2

85,2(17.05"
78,3(10.9F°
73,5(4.9°°
64,7(8.9)°
60,1(10.97°
53,1(15.7f?
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Tabela 5 Média (desvio-padrao) dos valores do grau de @m@o (em %), nas caixas mesial e distal, em diteserofundidades (mm).

24°C 68°C 24c 68C 24°C 68°C 248c 68C 24°C 68°C 24c 68C

1 62.02.0/* 550(6.0® 62.0(12.7)* 56.0(7.1" 55.0(4.3® 51.0(.6)® 62.0(5.6/® 63.03.2)"* 72.08.9/* 71.03.6) 53.0(5.2/ 54.0(5.7f*
2 57.0(5.37 53.0(5.0f* 55.0(11.8f* 53.0(6.4f* 51.0(6.3F* 53.0(4.7f* 56.08.0f* 62.0(9.2f* 69.0(4.5°* 70.0(3.9F* 52.0(6.8f* 56.0(6.7*
3 55.0(5.6f* 52.0(6.8f* 56.0(12.5f* 50.0(11.7f* 54.0(7.0/"* 56.0(8.2f* 55.0(12.0f* 54.0(9.4F* 61.0(8.6/* 62.0(9.2f* 56.0(7.4F* 56.0(7.4%
4 41.0(24.3f* 52.0(17.1f* 42.0(15.0f* 47.0(10.7f* 47.0(8.6* 49.0(7.7)* 50.0(14.0f* 56.0(5.7* 47.0(15.0f* 62.0(12.3f? 52.0(13.3f* 53.0(7.6)"?

1 59.0(7.8/** 60.0(8.8/® 54.0(13.2f* 57.0(10.0f* 56.0(4.5"® 53.0(11.8f* 63.0(6.2f® 62.0(5.8/** 71.0(11.3/** 75.0(4.1* 56.0(6.2/* 61.0(10.7)*
2 56.0(7.8/* 54.0(7.6/® 58.0(6.8/* 56.04.7)* 57.0(0.5\** 51.0(10.0f* 61.0(6.0"® 55.0(10.4* 59.0(23.9° 73.0(2.9* 55.0(3.6/* 61.0(5.5/*
3 55.0(13.3f* 56.0(3.9F* 41.0(22.4F* 49.0(13.5F* 55.0(3.7F* 44.0(6.8f* 54.0(5.6f* 54.0(8.1F* 59.0(16.1F* 68.0(11.0f* 54.0(4.8/* 53.0(6.0**
4 58.0(5.4F° 56.0(6.08 49.0(16.2F°® 45.0(16.0F°*39.C (21.3F°* 38.0(13.4F? 55.0(21.4F°*50.0(13.0F°® 52.0(25.7F% 68.0(6.6F“? 52.0(5.6°“® 54.0(8.3F*
5 52.0(13.6f* 51.0(6.95® 42.0(19.4f* 52.0(10.9f* 39.0 (9.0* 48.0(8.8* 51.0(12.2f* 49.0(17.0f* 42.0(29.5f* 64.0(2.3* 43.0(3.7\* 50.0(4.8)?

6 39.0(15.9F% 46.0(18.4P* 43.0(17.8f* 36.0(8.6°* 30.0(10.9* 35.0(9.5°* 42.0(15.1f* 47.0(19.1f* 31.0(30.7f* 39.0(6.5°* 46.0(11.3f* 48.0(7.2)*
* Letras minusculas representam diferencga sigrifia@ntre as colunas (temperatura) e mailscufassentam diferencas entre as linhas (profundidade)
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* diferenca significativa entre as temperatura’C e 68C.

Figura 4 - Apresentacéo grafica dos valores encontrados fisesuigtmicrodurezKnoop (kg/mm) de resinas

bulk-fill flow, em diferentes profundidades (.
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Figura 5 - Apresentacao grafica das variacdes encontradaslisealo grau de conversao (%) de rediols

fill flow, em diferentes profundidades (mm).
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6.5. Discusséao

A investigacdo das propriedades reoldgicas de agsinompostas ajuda a
compreender melhor os diferentes comportamentdlsxte durante o seu manuseio. (36) As
resinas testadas apresentaram certa resisténcias@am removidas das seringas e maior
rigidez a temperatura ambiente; porém, com o awngattemperatura, tornaram-se menos
viscosas e mais faceis de serem acomodadas aa@Epatario, o que pode melhorar a
adaptacdo marginal como ja demonstrado em outragless (37,38) O aumento da
temperatura promoveu maior liberdade de movimentagds mondomeros da matriz
polimérica da resina devido as forcas vibracionéisiicas. (37) Além disso, somada a
caracteristica de fluxehear thinning o valor de cedéncia e a linearizacédo dos grafieos
tensdo por taxa de cisalhamento, pode-se clagsdgaesinabulk-fill flow em materiais
pseudoplasticos, com valor de cedéncia ou pladedingham o que indica que as resinas
analisadas necessitam atingir um limiar de tenséia pomecar a extruir da seringa, assim
como outros materiais ja testados. (39) Este masdluko também foi observado em
trabalhos anteriores. (25,40,41)

O valor de cedéncia diminuiu com o aumento da teatpe, evidenciando diferenca
significativa entre a temperatura de 24 °C e asaike(p<0.05), como observa-se na Tabela
3. Desta forma, pode-se inferir que, na praticd7 4C as resinas compostas ja apresentam
um manuseio melhor, o que também ja foi demonsteadam outro trabalho recente. (42)
Comparando as temperaturas de 37, 54 e 68 °C,volisse que de maneira geral ndo ha
diferenca significativa (p>0.05) entre as tempeestumais altas (54 e 68 °C), ou seja,
aquecer o material acima de 54 °C nao denota @itesasignificativas na resisténcia ao
fluxo. Corroborando com os resultados encontradeos @ indice de consisténcia (k) a 24 °C,
a resina TNF apresentou o maior valor de cedéseralo o material com maior resisténcia a
fluir, provavelment~ devido ao alto volume de ca(§8.2%) e por apresentar em sua
composicao BisGMA, BisSEMA e UDMA, monémeros de gleso molecular. (19) Por outro
lado, a SDR, com 68% de carga, EBPADMA e TEGDMA ridroeros de pelo molecular
mais baixo) e UDMA modificado na sua composi¢cag43pPapresentou um menor valor de
k, fluindo mais facilmente. Desta forma, foi postigbservar que a composicado do material
influencia o indice de consisténcia de um mateasalnoso, como observado por outros
autores (25,41). A interacéo entre as particulasadga e a matriz resinosa sao fundamentais
para as propriedades viscoelasticas das resingsostes. (44)

Durante a analise reoldgica de fluxo cardi as amostras sdo submetidas a um

gradiente de cisalhamento de zero até um valorm@xiesultando em um valor extremo de
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tensdo de cisalhamento configurando a curva aseend@uando este processo é reduzido,
de modo gradual, até zero, obtém-se a curva desatngossibilitando a determinagéo da
area de histerese, um processo tempo-dependeds @) Analisando este parametro para
as temperaturas, nota-se que a restauracdo dguwagfio molecular relaxada resultou em
uma viscosidade aparente menor apds a remocamskotee cisalhamento, indicando que
as resinas apresentam tixotropia. (27,40,47,48a [Esracteristica pode indicar maior
flexibilidade e resisténcia a quebra, influindoetiimente em melhores caracteristicas
mecanicas do material. A 24 °C, a area de histgrase todas as amostras é maior em
relacdo as demais temperaturas, com excecdo da [ENI€C.se deve provavelmente pelo
sistema estar mais estruturado nesta temperatuesia TNC apresentou area de histerese
bem menor a 24 °C e houve aumento da area com endnirda temperatura. I1sso pode ser
explicado pelo fato de a resina apresentar um meadir reolégico que desconhecemos,
mas que segundo o fabricante (lvoclar Vivadent, SGhaan, Liechtenstein) faz com que
haja um deslocamento linear da estrutura polimépizado € aplicada uma forga sobre ela.
O tempo de recuperacédo da resina composta pode canforme o tamanho da carga e o
proprio tipo de carga, estando a viscosidade dceenmmatestritamente relacionada com o
tempo necessario para o relaxamento das cadeiasepiohs. (49) Portanto, a hipétese nula
1 foi rejeitada, pois o pré-aquecimento influencioucomportamento de fluxo e a
viscoelasticidade das resinas testadas.

Um dos parametros mais importantes que influenciarapriedades mecanicas e
fisicas das resina € o processo de polimerizab@d A polimerizacdo das resinas depende de
uma série de fatores como: composicédo do matéoiairficiadores, tamanho e quantidade de
particula de carga, tipo de matriz organica), fodee luz fotoativadora, condi¢cdes de
fotoativacdo e espessura do incremento. (51) Ni&cardlinica, muitas vezes nos deparamos
com cavidades complexas e extensas nos dentegigesteo que demanda mais tempo
durante o processo restaurador. Com o desenvoltontas resinabulk-fill esta etapa pode
ser acelerada com a insercdo de incrementos mgirasm). De acordo com 0S NOSS0S
achados, a resina TNC, inserida de acordo com iastagbes do fabricante (2 mm de
espessura e 20 s de ativacao) apresentou os valaiedaixos de microdureza. Esta resina
tem a menor quantidade de carga (63,8%) dentre aieriais testados. Sabe-se que a
guantidade de carga dentro da matriz resinosa gedeum obstaculo no processo de
polimerizacdo da matriz resinosa. (52) Em conttagmr observamos um aumento

significativo na microdureza com o pré-aquecimel@gste material.
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Trabalhos recentes mostram que o pré-aquecimenteesirasbulk-fill promove
aumento da microdureza dos materiais (22,23) Neepte trabalho, observamos aumento
significativo da microdureza apenas para as resitG, TNF e XTR. As resinas TNC e
TNF apresentam alta translucidez e a presenca d®tomiciador mais reativo (lvocerim),
além de particulas de carga pequenas que variadildem a 30 um. Essas caracteristicas
favorecem a passagem e difusdo da luz na matirmsss 0 que ajuda na fotoativacao dos
materiais. Ja a resina XTR apresenta a maior p@gem de carga (75%) entre os materiais
testados. Entretanto, para a resina OBF houve &@edwignificativa da microdureza,
principalmente nas camadas mais profundas. Osdifes resultados podem ter ocorrido em
funcéo da quantidade, tipo e tamanho das partidel@srga do material, pois quanto maior a
quantidade de carga de uma resina composta, mai@radureza. (53) Por outro lado, uma
maior quantidade de carga pode reduzir a dispelsdoz através do material, dificultando a
conversdo dos monémeros em polimeros. (54) Assicofgosicdo do material certamente
influenciou nos resultados encontrados e a hipdtelse2 foi aceita parcialmente, pois o pré-
aguecimento alterou positiva e significativamenteierodureza de 3 resinbslk-fill.

O pré-aguecimento provavelmente promove maior nualgie dos monémeros devido
a energia térmica, tornando a resina mais fluigeoenovendo maior mobilidade das cadeias
poliméricas. (16) Com isso, esperava-se que odgaronversdo aumentasse e a microdureza
gue representa indiretamente esta propriedade gtamio entanto, com o presente trabalho
nao podemos fazer esta afirmacdo pois o pré-ageatdmdos materiais ndo promoveu
aumento no grau de conversdo para henhuma residam®s hipotetizar que possivelmente
a resina tenha resfriado antes mesmo de ser faddati em fungéo do contato do material
com as paredes cavitarias ou mesmo pelo tempo riidpeentre a remocao da seringa do
dispositivo de aquecimento até o procedimento uestidr. Todos 0s procedimentos
restauradores foram realizados pelo mesmo opefadorado e com experiéncia clinica) e o
tempo entre a remocao da resina do aquecedoradiéagdo com a luz foi de até 40s, como
preconizado na literatura. (22) Alguns estudos detmaram que a temperatura da resina
reduz rapidamente depois de removida do aquec&)@2.,55,56) De acordo com Daronch et
al. (57), quando a resina € aquecida a 60°C e rielmola fonte de calor, sua temperatura cai
50% apds 2min e 90% apds 5min. Neste presentelhicabaprocedimento restaurador foi
realizado em temperatura ambiente controlada a 287¢ aparelho ar-condicionado, e iSso
pode ter contribuido para o rapido resfriamento naterial ndo alcancando resultados
significativamente maiores para os valores de geaconversdo. A temperatura intra-oral e a

humidade relativa sdo maiores que a temperaturaeatebo que poderia favorecer a
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manutencdo da temperatura da resina até a fotgativg58) Um outro fator que pode

justificar os resultados é a temperatura do Cal®eaparelho utilizado foi adquirido para o

desenvolvimento desta pesquisa, mas trabalhosofutpoderiam avaliar se, de fato, a
temperatura estipulada pelos fabricantes € dealatmcada. Yang et al. (42), relata que "a
resina se apresentou mais fria do que a temperdtuaguecedor Caps Warmer” (VOCO,

Germany), o que pode ter acontecido no nosso esRaltanto, a hipotese nula 3 foi aceita,
pois o pré-aquecimento das resibhak-fill ndo alterou o grau de conversao dos materiais.

Os primeiros milimetros apresentaram os maioresre@slde microdureza e grau de
conversado e houve reducéo significativa dessesesmloom o aumento da profundidade,
porém sem aumento significativo dos valores pargrogos pré-aquecidos. Estes resultados
estdo de acordo com outros estudos. (23,59) Isle poontecer pois a luz é dispersa pelas
particulas de carga e absorvida pelos fotoiniceslerpigmentos, o que reduz a penetracdo de
luz. (10,60,61) Logo, a hipotese nula 4 foi aceitais o pré-aguecimento de resitask-fill
de consisténcilow ndo aumenta a profundidade de polimerizacéo.

Estudos laboratoriais diferem da realidade cliei¢cém suas limitacdes, porém sao os
precursores de possiveis estudos clinicos subsegu@ois avaliam se sera viavel aplicar a
metodologian vivo. Considerando a metodologia adotada no preseattaliio que possibilite
comparacdes com o0s resultados da literatura vesicque ha poucos estudos que avaliaram
as propriedades viscoelasticas das resmadk-fill. (25,26) Para o teste da microdureza
adotou-se a dureza Knoop apos 30 dias, pois algstosios mostraram que a microdureza
aumenta em até 30 dias. (62,63) A avaliacdo dodgaronversao foi realizada apos 7 dias de
confeccdo dos espécimes e armazenagem a 37°C,ejaa quaior parte da reacdo de
polimerizagcdo acontece nos primeiros minutos (64)nas primeiras 24 horas. (65) Na
tentativa de criar uma padronizacdo da profundidd®lepenetracdo da luz, as pontas de
cuspide dos dentes foram removidas. Clinicameat®ereos que na maioria das vezes a luz
ndo é colocada perpendicularmente ou diretamenteatato com superficie do material por
questao de dificuldade de acesso de algumas pmiaiascurvas e biosseguranca. Um auxiliar
que efetua a fotoativagcdo mais desatento, bem cmpoesenca de uma cavidade mais
profunda, dentes mal posicionados, diferencas ddotogia das fossulas e cuspides, séo
outros fatores que podem prejudicar a eficacia alanprizacdo. Assim, a confeccdo de
caixas mais amplas para cervical na parte diss#éfiga-se por simular situagées como essas.
Ainda, optou-se por utilizar resinflew pois elas apresentam maior capacidade de adaptacéo
as paredes do preparo e facilidade de insercéocipaimente nos casos de cavidades

complexas e mais extensas em dentes posteriores.
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Com o pré-aquecimento da resimalk-fill flow pode-se observar que a viscosidade
diminui muito, tornando o material bem fluido eidif de manter-se estavel no interior da
cavidade. Devido a maior fluidez, durante a etasdauradora observarmos que quando o
material é inserido na cavidade ha uma tendéncescdeamento para a distal, principalmente
em dentes superiores em fungdo da posicdo supin@abaca. Nessas condigbes, €
imprescindivel a indicagdo de um bom conjunto dgimaunha e anel, muito bem adaptados
a parede gengival da caixa proximal do prepara pamaterial ndo fluir além da cavidade.
Assim, para atingir bons resultados é necessar® @uprofissional tenha agilidade e
treinamento para que o material ndo perca caloadt@oativacdo. Também é necessario
muito cuidado para evitar a inclusdo de bolhasredgao degaps o que compromete o
desempenho e sucesso da restauracdo. Atualmentxaasde sucesso obtidas com resinas
compostas sao altas. (66) Neste contexto, com haseresultados do nosso trabalho, é
precoce afirmar que devemos adicionar uma nova&tamo 0 pré-aguecimento de resinas
bulk-fill flow no procedimento restaurador. Mais estudosesalreologia de outros materiais
como as resinaBulk-fill de consisténcia regular, analise da adaptacadamabem microCT
e ensaios clinicos deveriam ser conduzidos parfirmam a indicacdo do pré-aquecimento

das resinabulk-fill nas mesmas condigdes.

6.6. Conclusao
O pré-aquecimento de resinbslk-fill reduz a viscosidade, melhora a microdureza
para alguns materiais (TNC, TNF, XTR) e né&o infeiaro grau de conversao em todas as

profundidades da restauracao.
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ANEXO A

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Gostariamos de convida-lo a participar da pesquisa intitulada Avaliacdo da
influéncia do pré-aquecimento de resinas nas propri edades reoldgicas e de
fotoativacdo, que faz parte do curso de pos graduacdo em odontologia, nivel de
doutorado e é orientada pelo prof Dra. Raquel Sano Suga Terada da Universidade
Estadual de Maringd. O objetivo da pesquisa é avaliar a influéncia do pré-
aguecimento de resinas compostas bulk-fill nas propriedades reolégicas, fisicas e de
adesividade. A adesividade sera avaliada a partir da unido do material restaurado
Bulk-fill e dente humano que é conseguido através dos adesivos dentarios, que séao
materiais que desenvolvem um mecanismo de unido fisico/quimica entre a resina
composta e o dente, por meio da permeacao nos espacos existente na superficie do
dente. Os testes serdo realizados em laboratério (in vitro) com a utilizacdo de
dentes humanos extraidos que ndo apresentem a lesdo cariosa, ap0s a aprovagao

do projeto pelo Comité de Etica em Pesquisa.

Os resultados obtidos servirdo como base de dados para a realizacéo,
publicacdo e apresentacdo de trabalhos cientificos. E direito do participante o
esclarecimento de qualquer duvida relacionada a realizacdo da pesquisa. A
participacdo serd isenta de qualquer gasto ou recompensa, sendo totalmente
voluntaria. Além disso, o participante tera a liberdade de retirar seu consentimento a

qualquer momento e deixar de participar do estudo.

Para isto a sua participacdo é muito importante, e ela se daria da seguinte
forma: ApoOs a exodontia dos seus dentes indicados para extracdo por motivos
periodontais, ortoddnticos e/ou retencdo dental, vocé assinara um termo de cessao
desses dentes, estando ciente de que eles serdo utilizados com a finalidade de
realizagcdo de pesquisas laboratoriais. Quando desejar, vocé podera requisitar
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novamente os dentes que foram cedidos, mesmo que estejam restaurados ou

seccionados.

Informamos que apds o procedimento de extracdo existe a possibilidade de
ocorréncia de alguns riscos como hemorragia, dor e inchaco, e é de extrema
importancia que vocé siga todas as orientacbes e recomendacbes apos o
procedimento de extragcdo a fim de minimizar estes riscos. Entretanto os beneficios
compensam 0s riscos, pois complicagdes futuras poderiam surgir do dente nao
extraido. Gostariamos de esclarecer que sua participacdo € totalmente voluntéria,
podendo vocé: recusar-se a participar, ou mesmo desistir a qualquer momento sem
que isto acarrete qualquer 6nus ou prejuizo a sua pessoa. Informamos ainda que as
informagdes serdo utilizadas somente para os fins desta pesquisa, e seréo tratadas
com o0 mais absoluto sigilo e confidencialidade, de modo a preservar a sua
identidade. ApoOs a utilizacdo do dente cedido, este material biolégico sera
descartado da mesma forma como seria ap0s sua extracdo, ou seja, em lixo

hospitalar de material contaminado.

Os beneficios serdo indiretos, e espera-se que com o0s resultados da
pesquisa possamos estabelecer padroes de temperatura de armazenamento e
protocolos de restauracdes de resinas odontolégicas que aumentem a longevidade
clinica de restauracfes dentarias. Caso vocé tenha mais duvidas ou necessite
maiores esclarecimentos, pode nos contatar nos enderegos abaixo ou procurar 0
Comité de Etica em Pesquisa da UEM, cujo endereco consta deste documento. Este
termo deverd ser preenchido em duas vias de igual teor, sendo uma delas,

devidamente preenchida e assinada entregue a vocé.

Além da assinatura nos campos especificos pelo pesquisador e por vocé,
solicitamos que sejam rubricadas todas as folhas deste documento. Isto deve ser
feito por ambos (pelo pesquisador e por vocé, como sujeito ou responsavel pelo
sujeito de pesquisa) de tal forma a garantir o acesso ao documento completo.

R (nome por extenso do sujeito de
pesquisa) declaro que fui devidamente esclarecido e concordo em participar
VOLUNTARIAMENTE da pesquisa coordenada pela Prof?2 Dra. Raquel Sano Suga
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Terada, aceitando ceder dente(s) permanente(s) para o

Departamento de Odontologia da UEM.

No caso de menor de idade, €U, .......ccvevviii i, (nome por extenso
do responsavel pelo sujeito de pesquisa), responsavel pelo menor
declaro que fui

devidamente esclarecido e concordo em que ele (a) participe VOLUNTARIAMENTE
da pesquisa coordenada pela Prof? Dra. Raquel Sano Suga Terada , aceitando
ceder dente(s) permanente(s) para o Departamento de
Odontologia da UEM.

Estou ciente de que este(s) dente(s) foi (foram) extraido(s) por indicacao
terapéutica, como documentado em meu prontuario e de que o(s) mesmo(s)

sera(ao) utilizado(s) para pesquisa.

EU, e (nome do pesquisador ou do
membro da equipe que aplicou o TCLE), declaro que forneci todas as informacdes

referentes ao projeto de pesquisa supra-nominado.

Assinatura do pesquisador

Qualquer duavida com relacdo a pesquisa poderad ser esclarecida com o
pesquisador, conforme o enderec¢o abaixo:
Nome: Larissa Coelho Pires Lopes e Raquel Sano Suga Terada

Endereco: Av. Mandacaru, 1550, Maringa,PR (telefone/e-mail): 3011-9051

E-mail: larissapires.uem@gmail.com

Qualquer duvida com relacdo aos aspectos éticos da pesquisa poderd ser
esclarecida com o Comité Permanente de Etica em Pesquisa (COPEP) envolvendo

Seres Humanos da UEM, no endereco abaixo:
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COPEP/UEM

Universidade Estadual de Maringa.

Av. Colombo, 5790. UEM-PPG-sala 4.

CEP 87020-900. Maringa-Pr. Tel: (44) 3261-4444

E-mail; copep@uem.br
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PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Avaliacdo da influéncia do pré-aquecimento de resinas nas propriedades reologicas e
de fotoativacgao

Pesquisador: Raquel Sano Suga Terada

Area Tematica:

Versao: 1

CAAE: 87404918.6.0000.0104

Instituicao Proponente: Universidade Estadual de Maringa
Patrocinador Principal: Financiamento Préprio

DADOS DO PARECER

Numero do Parecer: 2.648.664

Apresentacao do Projeto:
Trata-se de projeto de pesquisa proposto por pesquisador vinculado a Universidade Estadual de Maringa.

Objetivo da Pesquisa:

Avaliar a influéncia do pré-aquecimento de resinas compostas bulk-fill nas propriedades reoldgicas e fisicas.
Objetivos secundarios: 1. Avaliar as caracteristicas viscoelasticas de resinas bulk-fill; 2. Avaliar a
microdureza de resinas bulk-fill inseridas em diferentes temperaturas de pré-aquecimento; 3. Avaliar o grau
de conversao em profundidade em funcdo da variagcao da temperatura de pré-aquecimento de resinas bulk-
fill.

Avaliacao dos Riscos e Beneficios:
Avalia-se que os possiveis riscos a que estardo submetidos os sujeitos da pesquisa serao suportados pelos
beneficios apontados.

Comentarios e Consideragcoes sobre a Pesquisa:

Trata-se de projeto de pesquisa proposto por pesquisador vinculado ao Programa de Pés-Graduagéao
(doutorado) em Odontologia da Universidade Estadual de Maringa. O estudo pretende avaliar a influéncia do
pré-aquecimento de resinas bulk-fill utilizadas no processo de restauragdes dentarias, a partir de uma
amostra de 126 terceiros molares livres de céries. 1. Desenho/Metodologia: Estudo in vitro para avaliar a
influéncia do pré-aquecimento nas

Endereco: Av. Colombo, 5790, UEM-PPG, sala 4

Bairro: Jardim Universitario CEP: 87.020-900
UF: PR Municipio: MARINGA
Telefone: (44)3011-4597 Fax: (44)3011-4444 E-mail: copep@uem.br

Pagina 01 de 03

128



(- UNIVERSIDADE ESTADUAL DE £~ Plataforma
J’%\“E MARINGA Q%ymﬂ

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Avaliagéo da influéncia do pré-aquecimento de resinas nas propriedades reologicas e
de fotoativagéo

Pesquisador: Raquel Sano Suga Terada

Area Tematica:

Versao: 1
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pré-aquecimento de resinas bulk-fill utilizadas no processo de restauragdes dentérias, a partir de uma
amostra de 126 terceiros molares livres de caries. 1. Desenho/Metodologia: Estudo in vitro para avaliar a
influéncia do pré-aquecimento nas
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UNIVERSIDADE ESTADUAL DE

MARINGA
Continuagéo do Parecer: 2.648.664
Tipo Documento Arquivo Postagem Autor Situagéo
Informagdes Bésicas| PB_LINFORMACOES_BASICAS_DO_P | 10/04/2018 Aceito
do Projeto ROJETO_1084065.pdf 09:28:18
Outros autorizacao.pdf 10/04/2018 |LARISSA COELHO Aceito
09:27:32__|PIRES LOPES
TCLE / Termos de | TCLE.pdf 27/03/2018 [LARISSA COELHO Aceito
Assentimento / 09:38:39 |PIRES LOPES
Justificativa de
Auséncia
Folha de Rosto folhaderosto.pdf 14/03/2018 |LARISSA COELHO Aceito
15:51:10 |PIRES LOPES
Projeto Detalhado / | ProjetoDoutorado_LarissaPires.pdf 14/03/2018 |LARISSA COELHO Aceito
Brochura 15:50:23 |PIRES LOPES

Investigador

Situacdo do Parecer:
Aprovado

Necessita Apreciacao da CONEP:

Nao

Endereco: Av. Colombo

MARINGA, 10 de Maio de 2018

Assinado por:

Ricardo Cesar Gardiolo

, 5790, UEM-PPG, sala 4

Bairro: Jardim Universitario

UF: PR
Telefone:

Municipio:
(44)3011-4597

MARINGA
Fax:

(44)3011-4444

(Coordenador)

CEP: 87.020-900

E-mail:

copep@uem.br
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