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RESUMO

As resinas compostas sdo materiais restauradores versateis e amplamente
utilizados na odontologia, apresentam excelentes propriedades fisicas e mecanicas,
abrangendo uma vasta possibilidade estética e funcional. O pré-aquecimento dos
compositos tem sido investigado ha alguns anos e tem demonstrado alguns beneficios
clinicos e laboratoriais associados a técnica de cimentagdo. Embora seu uso esteja
ganhando espaco, é necessario que o profissional tenha conhecimento sobre os
fatores que podem interferir nos resultados esperados, buscando a maior longevidade
para os elementos dentais. Com o objetivo de identificar as metodologias de
aquecimento empregadas na técnica de cimentagdo com resinas compostas pré-
aquecidas, uma revisdo da literatura foi conduzida em plataformas de busca,
identificando 304 artigos, dos quais 14 foram incluidos para analise. Além da revisao,
um estudo in vitro foi executado para determinar o tempo necessario de aquecimento
para resinas de diferentes marcas e com formulagdes distintas, bem como analisar o
comportamento viscoelastico de cada resina sob diferentes temperaturas. O trabalho
mostrou que o uso de aquecedores que mantenham as resinas sem umidade a uma
temperatura entre 54 e 68°C podem ser utilizados. Ao serem submetidas a 60°C (+4),
foram necessarios 10 minutos para que as resinas testadas alcancassem a
temperatura pré-estabelecida e apresentassem reducdo de sua viscosidade inicial
com valores entre 84 e 94%. No entanto, apds a remogao dos materiais da fonte
aquecedora, 48% da temperatura foi perdida apos 1 minuto e, em apenas 5 minutos,
todas as resinas testadas retornaram a temperatura ambiente e viscosidade inicial,
limitando consideravelmente o tempo de trabalho. A técnica de pré-aquecimento tem
sido vinculada a uma melhor adaptacdo marginal da restauragéo indireta devido ao
escoamento do material as paredes cavitarias, promovido pela consideravel redugao
de sua viscosidade e espessura adequada de pelicula de cimentagdo. No entanto,
fatores como a composi¢ao do material, forma de aquecimento, tempo de trabalho,
caracteristicas da restauragao indireta e tempo de fotoativacdo podem influenciar
diretamente na longevidade do procedimento e devem nortear a decisao do cirurgido-
dentista quanto a escolha da técnica. Deste modo, estudos que simulem sua aplicagao
clinica, determinando o tempo de trabalho ideal e melhor protocolo de aplicagdo, com



enfoque na manutencdo e melhora das propriedades dos materiais devem ser

conduzidos para que a técnica alcance maior praticidade e eficiéncia.



ABSTRACT

The composite resins are versatile restorative materials widely used in dentistry, they
have excellent physical and mechanical properties, covering a wide range of esthetic
and functional possibilities. The preheating of composites has been investigated for
some years and has demonstrated some clinical and laboratory benefits associated
with the cementation technique. It is necessary that the clinician have knowledge about
the factors that can interfere with the results. The research was performed by scanning
papers that use preheated resins, and it has been found 304 articles, 14 of which were
included for review. In addition to the review, a different in vitro study was well
determined to determine the time marks required for resins with different formulations,
such as studying the viscoelastic behavior under different temperatures. The work
showed that the use of heaters can keep a resin free of moisture between 54 and 68°C.
Upon reaching 8 minutes at the initial temperature at 60°C (+4), the values at 80
minutes for resin-1 reduction were presented, the values reaching 8 its initial reduction
at 60°C. However, after removing the materials from the heating source, 48% of the
temperature was lost in the first minute, and after 5 minutes all the resins returned to
the minute and minute temperature of the initial temperature, limiting themselves to
considering the working time. The increase of the temperature improves a better
marginal adaptation and better reduction of the thickness of the cement film. However,
the composition of the material, the characteristics of the technique, and the time
necessary for the procedure can directly influence the technique. In this way, new
research can determine the ideal working time and simulation protocol, focusing on the
application of materials and improving the technical properties, greater practicality, and

efficiency.
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1 INTRODUGAO, REVISAO DA LITERATURA E OBJETIVOS

1.1 INTRODUCAO

As resinas compostas sdo consideradas materiais restauradores definitivos
com ampla utilizagdo na odontologia restauradora. Esses materiais s&o constituidos
por uma matriz polimérica, a base de dimetacrilatos, particulas minerais de natureza
inorganica (quartzo, vidro ou silica), agente de unido, além de diluentes e outras
particulas que conferem propriedades fisicas e mecéanicas adequadas e modulam a
reacao de polimerizagao, tornando-as um material versatil na odontologia adesiva. (1-
4) Inicialmente, sua indicagdo estava restrita a procedimentos restauradores diretos,
no entanto, sua utilizagdo passou a ser investigada em procedimentos semidiretos e,
até mesmo, indiretos, independente da regido. (1) As resinas podem apresentar
formulagdes distintas, variando em relagcdo aos seus componentes, tamanhos de
particulas, consisténcia de manipulacéo, caracteristicas de polimento, valores de
resisténcia, dentre outros aspectos. (1, 4, 5)

Esses materiais sofreram mudangas ao longo do tempo, principalmente no
desenvolvimento de sistemas que sejam capazes de reduzir a contragdo de
polimerizagdo e melhorar a biocompatibilidade com o remanescente dentario. (1)
Dependendo da formulag&o, podem variar entre si em relagdo a viscosidade, sendo
possivel distingui-las em regulares e fluidas, estas permitindo uma melhor adaptagao
pelo escoamento da resina no substrato dentario, principalmente em regides
pequenas ou de dificil acesso. (1, 6) Embora apresentem propriedades mecéanicas e
estéticas satisfatorias, as resinas compostas possuem limitagdes que ndo devem ser
negligenciadas, como a contracdo de polimerizagdo, resisténcia as tensdes
excéntricas oriundas da mastigagao, grau de conversao, adaptabilidade, escoamento,

manchamento, entre outros. (7)

O aquecimento de resinas compostas regulares tem sido investigado ha anos. (8-
11) Inicialmente sua proposta era aumentar a taxa de conversao submetendo

restauracdes extra orais de resina ao aquecimento tardio, apds a fotopolimerizacéao,



como uma etapa complementar. No entanto, seu uso passou a ser empregado como
uma fase prévia a restauragdo com o objetivo de alterar a viscosidade do material,
dessa forma, a técnica passou a ser aplicada sob resinas utilizadas para restaurar
diretamente cavidades classe Il. (10, 12) Quando utilizadas com esse objetivo, pode
ser observada uma menor formacéo de microgaps nas regides cervicais, devido ao
maior escoamento, facilidade de insercdo e adaptacdo as areas mais criticas do
preparo, (13, 14) demonstrando uma redugéo da infiltragcdo marginal em relagéo a
resina em temperatura ambiente. (14) Além disso, a técnica poderia ser capaz de
superar as desvantagens apresentadas pelas resinas fluidas, uma vez que esses
materiais sdo tipicamente produzidos a partir da redu¢cdo do percentual da carga
inorganica (1, 7), o que pode acarretar em prejuizo das propriedades mecénicas e
aumentar a possibilidade de falha, interferindo na longevidade das restauracdes e
limitando sua indicagao. (1, 5, 6)

Devido sua reducgao da viscosidade frente ao aquecimento, as resinas compostas
regulares passaram a ser cogitadas como agentes de cimentagdo. Os cimentos
resinosos sao comumente considerados o material de escolha para cimentagdes de
restauragdes, apresentando boas caracteristicas de escoamento, espessura de
pelicula e adaptagao. (15) No entanto, esses materiais podem ser menos resistentes
a degradagao marginal pela exposigao da linha de cimentagdo em meio oral e menor
resisténcia a fratura, quando comparados as resinas compostas regulares. (15, 16)
Devido sua maior quantidade de particulas inorganicas, apresentam vantagens
mecanicas também em relagcdo aos cimentos resinosos. (11, 17) Por esse motivo,
protocolos alternativos tém sido sugeridos para combinar e melhorar ainda mais as
propriedades das resinas compostas, como, por exemplo, o aquecimento desses
materiais previamente ao procedimento cimentagado. Isso porque sao consideradas
um material pseudoplastico, sendo possivel alterar suas caracteristicas de
viscosidade, tornando-as mais fluidas ao submeté-las a temperaturas elevadas. (18)
Dessa maneira, essa condi¢gao poderia melhorar a capacidade de adaptacéao, além de
promover um aumento no grau de conversao de monémeros em polimeros, somando-
se as vantagens ja existentes desses materiais. (1, 5) Com resultados laboratoriais
positivos e controle de casos por até 10 anos, o uso de resinas aquecidas poderia ser
considerado uma excelente opg¢ao, onde aspectos bioldgicos excepcionais, estéticos



e mecanicos sdo observados, como aumento da resisténcia a sor¢do, melhor
performance marginal a longo prazo, menor estresse de polimeriza¢ao, além de maior

disponibilidade de cores para mimetizar o elemento dentario. (12, 19, 20)

1.2 REVISAO DA LITERATURA

1.2.1 Resinas Compostas

Atualmente, os compdésitos odontoldégicos sdo constituidos basicamente por um
mondmero multifuncional capaz de formar uma rede de ligagdes cruzadas, se unindo
a particulas inorgénicas revestidas por silano (1, 5, 7, 21, 22). Diluentes e outras
moléculas como iniciadores, estabilizadores e pigmentos também estdo presentes em
suas formulacdes e, embora diferentes sistemas de polimerizacdo tenham sido
desenvolvidos, as resinas compostas atuais sao consideradas como fotoativaveis.
(18) A partir da ativagao de iniciadores presentes por um determinado comprimento
de luz visivel e o consumo dos inibidores, os radicais livres dos monémeros ficam
disponiveis para reagir com outras moléculas, formando um radical de cadeia que
podera continuar reagindo com outros monémeros consecutivamente até formar uma
cadeia polimérica, sendo esse processo conhecido como polimerizagéo. (1, 5, 7, 21,
22)

As resinas compostas podem ser moduladas a partir da disposicao e
quantidade dos componentes presentes em sua composi¢cdo, por exemplo, o Bis-
GMA, comumente encontrado, € um monémero resinoso de alto peso molecular e alta
viscosidade, caracterizado por ser uma molécula de cadeia longa e rigida. (1-4, 18)
Quanto maior for a extensdao da molécula monomérica, menor sera a contracéo de
polimerizagao, entretanto, se o Bis-GMA estiver em alta concentragédo, maior sera a
quantidade de mondmeros residuais resultantes da polimerizagéo. (1, 5, 7, 21, 22)

Resinas com alto teor de Bis-GMA s&o mais consistentes a manipulagao e, para driblar



isso, podem ser incorporados diluentes, como o UDMA, monémero de peso molecular
proximo ao Bis-GMA que apresenta baixa viscosidade e, por ser altamente flexivel,
produz menor contracdo de polimerizagdo. (1, 5, 7, 21, 22) Por sua vez, o co-
mondmero e diluente TEGDMA também é flexivel e consegue se dobrar e reagir mais
tardiamente, fazendo ligagdes inter e intramoleculares. (1, 5, 7, 21, 22) Se um diluente
for incorporado em excesso com objetivo de facilitar a mobilidade dos monémeros e
consequentemente a manipulacdo da resina, a contracido de polimerizacdo sera
maior. (18) A distancia entre dois monémeros é de 0,3 a 0,4 nanbmetros (nm),
determinada pela distancia de Van Der Waals, porém ao serem fotoativados, é
estabelecida uma unido covalente com distancia de 0,15nm entre os mondmeros,
aumentando a densidade do material e originando uma contragdo volumétrica de

aproximadamente 1,5 a 3% nas resinas compostas. (23)

A velocidade em que a reacao de polimerizagao acontece também representa
um aspecto importante, uma vez que, conforme a reacdo quimica continua, as
cadeiras poliméricas vao formando estruturas emaranhadas, tornando-as rigidas e
fazendo com que as taxas de conversdo mondmero-polimero ndo atinjam sua
totalidade, devido a rapida formacao de um sélido densamente reticulado, provocando
um aumento da viscosidade em toda a matriz organica e limitando a mobilidade dos
mondmeros ainda disponiveis. (1, 5, 7, 21, 22) Isso impede que os radicais continuem
reagindo e suas ligagdes duplas acontegam, resultando em uma grande diminui¢ao
na taxa de conversao. (18, 22) A conversdo monomérica de uma resina composta
comercial atinge valores em torno de 45 a 75%, dependendo da composi¢cao dos
mondmeros e das particulas de carga, tipo de fotoiniciador e do protocolo de
fotoativagdo. (22) Uma porcéo significante de monémeros nao reagidos, ou seja, nao
convertidos ficam disponiveis na massa resinosa, afetando as propriedades
mecanicas do material, em geral. Quanto menor o grau de conversao, pior sera a
dureza superficial, a resisténcia a flexdo, o médulo de elasticidade, a tenacidade a
fratura, a resisténcia a tragdo e ao desgaste. (9) Ademais, os mondmeros residuais
podem ser facilmente extraidos para a saliva num processo de lixiviagao, além de
estimular o crescimento bacteriano ao redor pela rugosidade superficial, aumentar a

sorgédo e o manchamento, e contar com um consideravel potencial alergénico. (1)



Com o objetivo de analisar e modular essas desvantagens, o aquecimento das
resinas compostas foi proposto ha aproximadamente 16 anos e tem ganhado enfoque
principalmente nos ultimos anos, com base nos resultados laboratoriais favoraveis,
como o aumento do grau de conversdo, menor sor¢ado e degradagdo marginal. (5, 8,
10, 22, 24-26).

1.2.2 Influéncia do aquecimento nas resinas compostas

Inicialmente o uso do calor era realizado de forma complementar ao processo
de polimerizagdo em restauragbes extraorais, ou seja, apos a fotoativagdo e
conversao total possivel dos monémeros. Estudos que avaliaram a relagao entre o
aquecimento tardio e o grau de conversao de materiais resinosos como resinas e
cimentos s&o capazes de mostrar o aumento significativo desses valores, permitindo

uma converséo final aumentada. (21, 22, 27-30)

Seguindo essa mesma logica, diversos estudos foram conduzidos a fim de
avaliar a influéncia do aquecimento de resinas compostas e cimentos resinosos
previamente a fotopolimerizagdo nesses mesmos aspectos. (21, 22, 27-29) Ao serem
comparados a temperatura ambiente (22°C), o aquecimento prévio a 60°C foi capaz
de provocar um aumento do grau de conversdo em 38% na base de restauragdes de
2 milimetros (mm) de profundidade e de até 36% quando se avaliou a superficie. (5,
8, 22) A influéncia térmica, nesse caso, exige menos energia para quebrar as ligagdes
duplas de carbono (C=C) e permite que a fotoativagdo seja realizada por tempos
menores, além de favorecer a propagagao da reagao por um periodo mais longo antes
do ponto de geleificacdo. (5, 8, 22). Por sua vez, resinas compostas armazenadas em
refrigeradores devem ser trazidas a temperatura ambiente, pois sua taxa de
conversdo pode chegar somente a 10%, demonstrando mais uma vez a influéncia da

temperatura em relagdo as propriedades desses materiais. (8, 9)

Outros tépicos também tém sido investigados, como resisténcia flexural,
resisténcia de unido, contracdo volumétrica, alteracdo de cor, selamento marginal,

propensdo a microinfiltracdo e espessura de pelicula. (11) Aquecendo a resina



composta entre 55-60°C (Celsius), ocorre uma maior mobilidade das moléculas,
afetando consequentemente sua viscosidade, resultando em um maior escoamento
dos compdsitos pré-aquecidos, o que torna possivel uma melhor adaptagdo as
paredes cavitarias. (9-11) Quando utilizada para cimentar restauragdes, isso pode ser
traduzido em uma espessura de pelicula mais delgada em relagdo as resinas em
temperatura ambiente, devido sua fluidez. (8) Apesar disso, ndo ha consenso sobre a
influéncia quantitativa nesta espessura (18), assim como também n&o ha
concordancia sobre qual seria a espessura ideal para essas situagdes clinicas (10),
embora haja um encorajamento por parte dos autores ao sugerirem que a linha de
cimentagao, independente do material, ndo ultrapasse 120pm (micrémetros). (10, 19,
31)

Por sua vez, cimentagdes com resinas compostas aquecidas tém ganhado
enfoque e apresentam adaptagdo marginal superior com uma menor contragao de
polimerizagao, (32) menor sorgdo de agua e maior resisténcia a solubilidade oral. (20,
33) Em referéncia aos cimentos resinosos e avaliadas sob microscopia eletrénica de
varredura, as resinas pré-aquecidas também apresentam valores de adaptacédo e
selamento maiores. (13, 14, 34) Ainda que o aquecimento das resinas nido seja capaz
de garantir por si s6 uma adaptagdo adequada da restauragado indireta, é possivel
afirmar que ha uma influéncia na fluidez e manipulagdo desses materiais. (13, 14, 34)
E sob essa 6tica, € de extrema importancia avaliar a forma do preparo, bem como a
adaptacdo da restauracdo antes da cimentagdo, pois esses fatores também tém
impacto direto na espessura da pelicula e adaptacédo da restauracdo como um todo.
Além disso, a indicagao e espessura da restauracdo devem ser respeitadas para que
haja passagem de luz suficiente e consequente grau de conversao adequado. (13)

Os procedimentos que utilizam o pré-aquecimento das resinas compostas
podem ser considerados simples, seguros e, no geral, uma técnica benéfica. (9)
Entretanto, apesar de apresentar resultados promissores, a propor¢do de cada um
dos monbmeros e as diferencas nas formulagdes resinosas sdo relevantes as
propriedades do compdsito e, por isso, cada resina pode reagir de maneiras distintas

frente ao aquecimento. (10, 14, 18)



Adicionalmente, existem outros critérios muito importantes a serem
considerados quando essa técnica de aquecimento prévio é adotada como, por
exemplo, a preservacéo do tecido pulpar a qualquer injuria. Ao serem aquecidos, 0s
compositos podem oferecer risco a polpa caso sejam inseridos nas cavidades em
temperaturas muito altas (24, 35), uma vez que um pequeno aumento de 5,5°C da
temperatura intrapulpar poderia acarretar na perda da vitalidade de dentes higidos.
(24, 35) Embora isso possa ser decisivo para o protocolo clinico, as resinas aquecidas
ao serem removidas do dispositivo de aquecimento, sofrem uma queda exponencial
da temperatura, além de haver a equilibrio térmico também por parte do remanescente
dentario, sendo assim, o aquecimento da resina a 54-60°C nao é capaz de causar

uma agressao pulpar. (24)

Diferentes métodos de aquecimento, utilizando equipamentos variados, tém
sido reportados na literatura, abrangendo variagées amplas de temperatura (23°C a
68°C) e do tempo necessario para o aquecimento dos compdésitos (5 a 60 minutos).
(36) Esses fatores podem influenciar diretamente no sucesso da técnica e, por isso,
devem ser determinados. Para se alcancar bons resultados, sao necessarios
conhecimento e treinamento para se combinar as vantagens conseguidas dentro de
uma aplicacdo clinica correta e atenciosa quantos aos detalhes que permeiam a

técnica. (9)

1.3 OBJETIVOS

1.3.1 Objetivo Geral

Determinar os parametros relacionados a técnica de pré-aquecimento das resinas

compostas com enfoque na cimentagao de restauracoes.



1.3.2 Objetivos Especificos

A tese foi dividida em duas etapas, resultando em dois artigos independentes que
seguem o0s seguintes objetivos: (1) Avaliar quais equipamentos tém sido utilizados
para este fim, quanto tempo de aquecimento, quais temperaturas empregadas, bem
como entender as influéncias que o pré-aquecimento gera sobre as propriedades das
resinas compostas. (2) Avaliar in vitro e quantificar a interferéncia do aquecimento de

diferentes resinas compostas em relagcao a sua viscosidade.

Os artigos estao dispostos em capitulos a seguir e constam no apéndice deste
trabalho em seu formato original de artigo conforme as normas das revistas em que

foram submetidos.



2 COMPOSITE RESIN PREHEATING TECHNIQUES FOR CEMENTATION OF
INDIRECT RESTORATIONS

ABSTRACT

Purpose: Resin-based materials have been preheated by using different techniques
and commercial devices. However, a consensus on the clinical protocol for cementing
with preheated composite resins is lacking. The aim of this scoping review was to
identify the different methods used for heating composite resins as used for cementing
indirect adhesive restorations and to determine benefits and limitations. Study
selection: A search was performed on PubMed/MEDLINE, Embase, Cochrane, Web
of Science, Scopus, Livivo, and the nonpeer-reviewed literature database. Studies on
preheating composite resins for cementing indirect restorations were included, with no
restrictions on the type of study, year of publication, or language. The following data
were extracted: preheating technique, device used for preheating, preset temperature,
and warming time. Results: In total, 304 studies were identified. After removing
duplicates, 270 articles were selected, and 14 articles were included in the final
evaluation. Half of the included studies reported similar preheating techniques using
the Calset device for composite resins. The temperatures of 54 °C and 68 °C were
most frequently reported, with a mean warming time of 5 minutes. Conclusions:
Preheating composite resins for the cementation of indirect restorations reduces
viscosity, but the material must be used promptly after removal from the device.

Practical Implications

Different methodologies for preheating composite resins have been reported and used
in clinical dental practice. To achieve good results and guide the clinician on use, the
techniques for heating composite resins for cementation need to be standardized.
Keeping the material warm until the restorative procedure, the thickness of the indirect
restoration, and the composition of the composite resins can directly affect the
outcome of the procedure.

KEYWORDS: composite resin, preheating, dental materials, cementation



1. INTRODUCTION

Following the concept of adhesion as described by Buonocore et al. in 1955 [1],
the basic concepts of dentistry have changed, with a focus on the most conservative
intervention. Among the restorative treatments available, direct composite resin
restorations are indicated for teeth with minor loss of structure, while indirect
restorations are indicated for teeth with significant functional, structural, and/or esthetic
deficiencies [2]. The indirect restorative treatment, which includes laminates,
onlays/inlays, and crowns using ceramic, metal, or laboratory-fabricated composite
resin as materials, allows for better mechanical properties and marginal adaptation
when compared with directly placed composite resins, avoiding polymerization
shrinkage and improving wear resistance [3]. Ceramic restorations are resistant to
fatigue, with low thermal conductivity and satisfactory biocompatibility [3]. Moreover,
indirect restorations which are cemented to the prepared teeth using luting cements
have better marginal adaptation [4,5]. Of the various materials available for
cementation, resin cements, available in light-, chemically, or dual-polymerized forms,
are currently preferred because of their hardness, low solubility in oral fluid, and micro-
mechanical bonding to enamel and dentin [2]. Given the different indirect restorative
cements, other materials, including different types of composite resins, have been
studied for this purpose. Light-polymerized composite resins have advantages over
dual-polymerized resin cements that include stain resistance, color stability, and
mechanical wear resistance because of increased inorganic filler loading [6,7]. The
high inorganic filler content directly influences the viscosity of the composite resin,
making it less fluid and leading to a thicker, undesirable, cementation line at the
adhesive interface [8].

As an alternative to reduced viscosity luting agents, the preheating of these
materials has been suggested [8-15]. By increasing the temperature from 54 °C to 70
°C, the degree of conversion of the resin becomes similar to that of dual-polymerizing
resin cement, the consistency of flow improves, and a thinner cementation line
becomes possible [8,10,14,16,17]. Different preheating techniques, devices,
temperatures, heating durations, and transport methods have been reported [8,11,13].

A systematic review of the heating and preheating of dental restorative materials
(composite resins and glass ionomer cements) has recently been published [16].



Although the authors concluded that the preheating technique can improve the
physical and mechanical properties of these materials, clinical studies to confirm the
advantages of this technique in improving restoration performance are lacking [16].
Many studies have demonstrated the performance of preheating different materials
[8,10,14,16], but there remains a lack of evidence that preheating of restorative
materials improves the quality and durability of indirect restorations.

Thus, this study aimed to review the influence of the heating protocols for and
methods of preheating composite resins used as the luting agent for indirect adhesive

restorations.
2. MATERIAL AND METHODS
2.1 Selection criteria and search methods

This scoping review was performed according to The Joanna Briggs Institute
(JBI) Reviewers Manual 2015 - Methodology for JBI Scoping Reviews [18] and
Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for
Scoping Reviews (PRISMA-ScR) Checklist [19]. It was registered at the Open Science
Framework (https://osf.io) under the number DOI:10.17605/0SF.I0/GXMQE.

The studies were selected according to the eligibility criteria based on the PCC
strategy [20] as follows: population (P), composite resins; concept (C), preheating
techniques; and context (C), cementation of indirect restorations. There were no
restrictions on language, date or type of studies. The exclusion criteria were studies
that investigated resin cements, preheating associated with restorative techniques
other than cementation of indirect restorations, or studies that analyzed only composite
resin properties.

Studies were screened using a search strategy adapted for the following
electronic databases: PubMed (MEDLINE), Embase, Cochrane, Scopus, Web of
Science, and Livivo [Table 1]. The search strategy was developed by using the MeSH
terms and associated terms. Hand searches were performed on the reference lists to
identify additional studies. In addition, non-peer-reviewed studies (OpenGrey,
Proquest, and Google Scholar) were searched by screening the titles and abstracts.
The first 100 hits were selected (filtered by ‘relevance’) on Google Scholar. A specialist



opinion was also consulted. Duplicate studies were excluded by using the EndNote
Web [21] and Rayyan [22] software programs. The search was conducted on July 21,
2020. A new search was conducted on January 4, 2021, and additional studies were
included.

2.2 Data collection

A Kappa test (K) was applied to measure the calibration between the first and
second reviewers. After analyzing 10% of all included studies, a 0.81 value of Kappa
was obtained. The study selection followed three steps. First, two investigators
screened the titles of the studies that appeared to meet the inclusion criteria. In the
second phase, the same reviewers independently read the abstracts of potentially
relevant articles. Finally, they independently read the full text of the selected articles
and excluded those that did not meet the inclusion criteria. Disagreements at any of
the three stages were resolved by discussion and mutual agreement among the
reviewers. If no consensus was reached, a third author was consulted to reach the final

decision.
2.3 Data analyses

Data extraction was performed by the first investigator and followed the mean
characteristics of the study: author(s), year of publication, objective, conclusion,
primary and secondary testing methods, number of specimens, materials used,
preheating device, temperature tested, mean preheating duration, and all details
relating to the technique. The second author examined all the retrieved information for
the analysis. In an attempt to retrieve missing information, the corresponding author of
the studies was contacted when important data were not described in the studies.
Information was obtained from two of the four authors contacted.

3. RESULTS
3.1 Description of studies

Based on the search strategy, 304 studies were identified, including the first 100
studies detected on Google Scholar. After the removal of duplicates, 270 studies were
analyzed by title and abstract. The inclusion process resulted in 14 studies [11,13,23-

34] in the second phase. Of these, 12 were in vitro research studies [11,13,23-27, 30-



34] and two were clinical case reports [28,29]. The flow chart was adapted from
PRISMA [20] and is illustrated in Figure 1. The timeline of the publications in the
English language and from six countries, namely, Brazil [13,27-30], Chile [28], the
United States [23,24,26,31-34], Italy [11], the Czech Republic [25], and Thailand [29]
from 2009-2018 is shown in Table 2.

3.2 Preheating device

Ten studies used the Calset oven (AdDent Inc.) device to preheat composite
resin [11,23,24,26,29-34]. The other preheating devices described were the Digital wax
pot (SJK) [13], ENA heat (Micerium S.p.A) [25], and Wax Heater Pot 4 (manufacturer
not mentioned) [28]. Only one study used an incubator (manufacturer not mentioned)
for preheating, but its specifications were not provided [27].

3.3 Temperatures and preheating times

The temperatures used to preheat composite resins were 54 °C [11,23,29,
32,34],55°C [25],58 °C [28],60 °C [27],64 °C [13], and 68 °C [24,30,33]. The reported
range was from 54 °C to 68 °C. The temperatures of 54 °C and 68 °C were most
frequently reported. Two studies did not report the preheating temperature [26,31]. A
warming time of 5 min was specified in eight studies [13,23,24,26,28,31,32,34] and of
30, 15, and 60 min in three other studies [25,27,29]. Three studies did not report the
time used for heating composite resins [11,30,33].

3.4 Preheating methods and mean required time of the clinical procedure

Only one study reported details relating to the glass container in which the resin
was placed when heated in the device [27]. Almeida et al. [27] reported removing the
increment from the oven and immediately applying it to the ceramic. However, the
transport time was not specified. Goulart et al. [13] stated that the time taken for the
material to be removed from the heating device until the assessed property was
measured was less than 30 s. Other studies did not report this aspect.

3.5 Composite resins tested and light-polymerizing units

Seven studies preheated the micro-hybrid composite resin Filtek Z100 (3M
ESPE) [23,24,26,30,32-34]. Other micro-hybrid composite resins used were Gradia
Direct posterior (GC) [31] and Venus1 (Kulzer) [11,13]. Four articles preheated



composite resins with nano-hybrid particles, including Filtek Z350 XT (3M ESPE) [27],
Tetric N-Ceram (lvoclar Vivadent) [28], 2250 XT (3M ESPE) [13], Miris 2 (Coltene-
Whaledent) [29], and other composite resins such as Enamel Plus Hri (Micerium) [25].
Goulart et al. [13] compared the use of composite resins at room temperature (+23°C)
for cementing indirect restorations. Acquaviva et al. [11] conducted a study comparing
composite resin at room temperature, heated composite resin, and resin cement.
Another five studies focused on the preheating of composite resin and resin cement
[13,24,27] for cementing indirect restorations. Two clinical case reports [28,29] and
seven in vitro studies [23,24,26,30-34] used heated composite resin. In no study were
details provided regarding the amount of preheated composite resins used for

cementing indirect restorations.

The following brands of light-polymerization unit were used: halogen lamp Swiss
Master Light1 (EMS, Neun, Switzerland), FlashLight (Dental Discus), Optilight Max
(Gnatus), Den-Mat (Allegro) and Valo (Ultradent). The light-polymerization power was
between 400 mW/cm? and 1200 mW/cm?, and the duration ranged from 40 s to 120 s.

3.6 Property testing

From the included in vitro studies, different properties of composite resins were
evaluated, including the degree of conversion [11], color stability [27], microtensile
bond strength-adhesive interfaces [13], fatigue resistance [23,26,30-34], vertical
seating [24], and vertical marginal discrepancy [25].

4. DISCUSSION

Indirect adhesive restorations can be cemented with preheated composite
resins yielding reduced viscosity materials that provide a clinically acceptable cement
film thickness and have better mechanical properties than those of conventional
cements [8-11,14]. Despite clinical and laboratory evidence suggesting the advantages
of preheating composite resins [8-11,14], their protocol for use as a cementation agent
for indirect restorations has not yet been fully elucidated. Advantages reported in
studies on preheating resin materials include an increased degree of conversion [10],
improved marginal adaptation of restorations because of reduced viscosity [35], and
decreased polymerization contraction [36]. However, the methodologies used in the



preheating of composite resins, their mechanical properties, and their performance as

luting cements for indirect restorations must be analyzed.

The composite resin is typically preheated in a device that is programed to reach
a certain temperature that should be confirmed for accuracy and monitored and
controlled during storage in the heater [37]. The time taken to dispense the preheated
composite resin is approximately 50% in 2 min [37], as it cools rapidly when removed
from the heating device. Thus, the material should be placed, adapted, the restoration
seated, and light-polymerized rapidly. When the high temperature is maintained,

monomer conversion will be greater than at room temperature (£23 °C) [11].

Seven of the included articles reported similar preheating techniques with a
commercially available device (Calset, AdDent Inc.) that the manufacturer claims
preheats and stores composite resins at temperatures of 54 °C, 60 °C, or 64 °C until
they are ready for use. Composite resin syringes can be heated and the resin can
then be directly injected onto the restoration or prepared toot, reducing the clinical
time [8,37,38]. Despite what was specified by the manufacturer, Daronch et al. [37],
who used Calset (Calset, Addent Inc.) in their study, reported that the maximum
temperature reached was 48.3 °C and 54.7 °C when the preset temperature of the
device was set at 54 °C and 60 °C, respectively. The equipment (ENA heat, Micerium)
used for heating composite resins in the study by Mounajjed et al. [25] was preset at
temperatures from 39 °C to 55 °C. A temperature of 55 °C was recommended by the
manufacturer for heating composite resins for cementation and had six spaces for

heating syringes of composite resin.

Previous studies evaluated the use of this heating equipment [39-41], but
Goulart et al. [13] and Olivares et al. [28] used wax pot heaters in their studies (Digital
wax pot, SJK and Wax Heater Pot 4, Denshine) because these devices allowed setting
the temperature according to clinical needs. The preheating of composite resins in a
wax pot heater has also been described in another study where the heating time of the
composite resins was around 2 to 3 min. The authors concluded that the wax pot was
a straightforward, rapid, and economical option [42]. Almeida et al. [27] used an
incubator oven to heat composite resins at 60 °C for 30 min. However, they did not

provide manufacturer specifications for the equipment. However, a preheating



technique in a bacteriological oven (model 502, Fanem) at a temperature of 54 °C has
been described [43].

Composite resins can be heated in different dry heating devices, as long as the
temperature is controlled and remains stable until clinical use. The use of a specifically
marketed device such as Calset (AdDent Inc.) facilitates the technique and ensures
standardization of the preheating process. The use of parallel heaters requires the
preset temperature of the device to be measured and checked until the required
temperature is reached.

The temperatures for preheating composite resins described in the studies
ranged from 54 °C to 68 °C. The authors are unaware of a published study that
evaluated the differences between preheating at 54 °C and 68 °C [16], and this range
has been considered ideal for improving the working properties of the material.
Daronch et al. [10] evaluated the degree of conversion at temperatures ranging from 3
°C to 60 °C and reported that, at the highest temperature, a greater degree of
conversion was reached and that ,even if the composite resin reached temperatures
between 40 °C and 30 °C, the degree of conversion increased to over 22°C. Daronch
et al. [37] used the Calset device (AdDent Inc.) and reported a drop in the degree of
conversion after a certain temperature because of degradation of the photoinitiator. In
monomers such as bisphenol A diglycidyl ether dimethacrylate (Bis-GMA) or
ethoxylated bisphenol A dimethacrylate (Bis-EMA), the volatility limit of dimethacrylate
monomers used in resin formulations occurs close to 90°C, a temperature that could
damage some composite resin components and harm pulpal tissue. However, 90 °C
is above the maximum temperature allowed by the heating device. In addition, because
of incomplete polymerization, unreacted monomers may leach into the saliva,
promoting undesirable consequences, and the loss of plasticizers may decrease
mechanical strength, dimensional stability, and color change and allow bacterial
growth. Unreacted monomers can also cause allergic and sensitivity reactions [44].

The heating time for the composite resin inside the heater is also an important
evaluation parameter, with the average time for the device to reach both tested preset
temperatures (54°C or 60°C) being 11 min [37]. Therefore, in addition to ensuring that
the heating device can maintain a controlled and predefined temperature, the
temperature should be reached in a predictable time. A drop in the temperature of the



composite resin was reported between its removal from the heating device and the
mouth, estimated to be 50% after 2 min and 90% after 5 min when heated to 60 °C
and removed from the device, indicating the need for calibration during all processes.
In addition, heated composite resins have been reported to provide better results than
composite resins at room temperature [10,16,37]. Composite resins with different
compositions can take different times to reach a stable temperature, and some low-
molecular-weight components of the photo-initiator system can be volatilized with
prolonged heating [10,37]. Therefore, different heating methods have been used for in
vitro studies and for clinical techniques. Lopes et al. [16] reported that some studies
used the reasonable clinical time of approximately 15 min.

The temperature must be controlled to avoid causing pulpal damage, but
increasing the composite resin temperature to between 54 °C and 60 °C does not
significantly change the intrapulpal temperature [45]. Lopes et al. [16] noted that dentin

thickness acts as a thermal barrier, preventing harmful stimuli and protecting the dental

pulp.

According to manufacturers, the Calset (AdDent Inc.) and ENA heat (Micerium)
devices are designed to attach a syringe, acting as a container. The wax pot heaters
(Digital wax pot, SJUK and wax heater pot 4, Denshine) can directly heat the composite
resin inside of the syringe. Comparing the two preheating methods, Daronch et al. [37]
concluded that the composite resins already assembled in the application syringe
showed a significantly higher maximum temperature (36.6 °C £ 2.2 °C) than the
composite resins that were heated without a container (33.6 °C £ 0.5 °C). Thus, the
composite compule preloaded into a delivery syringe was more efficient. Higher
temperatures were attained with this method as opposed to preheating the compule

separately [16].

The way the composite resins is arranged and placed in the preheating device
affects its clinical application, as the working time should be minimum owing to the
decrease in temperature after its removal from the heater [10,37]. Once the composite
resin is attached to a syringe or loaded into the indirect restoration to be cemented, the
dentist can simply remove and apply it to the teeth, without concerns about assembling
the application system, thus reducing the working time, and maintaining the
temperature as high as possible [37].



The viscosity of composite resins is linked to factors in their composition such
as the organic matrix and amount and size of inorganic fillers [46]. Analyzing the
particle size, materials with smaller particles appear more fluid when compared with
those that contain bigger particles. Regarding the amount of filler, the higher the filler
load, the higher the viscosity [46]. The amount and type of monomer can also cause
an increase in viscosity, as monomers such as Bis-GMA and urethane dimethacrylate
are quite viscous, whereas Bis-EMA and triethylene glycol dimethacrylate are more
fluid [46,47]. Among the studies included, Goulart et al. [13] compared the use of two
preheated composite resins, a micro-hybrid (Venus 1, Kulzer) and a nano-hybrid (Z250
XT, 3M ESPE) with the same preheating protocol and mechanical test. The nano-
hybrid resin, as evaluated by SEM after cementation, formed a thicker film than the
micro-hybrid resin.

The degree of conversion can be increased by preheating, decreasing the light-
polymerization time and maintaining a degree of conversion similar to or even better
than when the composite resins are irradiated for longer at 22 °C [10,11]. Preheating
the resins to 60 °C increased the conversion of monomers by increasing molecular
mobility. Compounds with higher conversion have greater crosslinking, reducing the
free space of the polymers and improving their mechanical properties [10]. A 5-s light-
polymerization time with a composite resin preheated to 57 °C resulted in a higher
conversion rate than that observed after a 40-s exposure at 22 °C [10]. According to
Acquaviva et al. [11], the thickness of the onlays affected the degree of conversion of
both composite resins and dual-polymerizing cements, and an excellent degree of
conversion can be achieved by preheating the light-polymerizing composite resins. No
ideal light-polymerizing time or intensity have yet been determined. Thus, purely light-
polymerizing cements or resins must be used with care, as there must be enough light
to pass through the materials for adequate conversion of the monomers. If an indirect
restoration is thinner than 2 mm, the light passage should be adequate [48].

A consensus on the limits for a clinically acceptable film thickness is lacking.
Marcondes et al. [49] stated that composite resins, being restorative materials, are
designed to provide intraoral resistance. Therefore, an increased cementation
thickness, even if it exceeds the value defined by ISO 4049 [50], should be clinically
acceptable. Composite resins are designed for color stability and abrasion resistance,



as shown in laboratory and clinical studies [10,11,37,48,49]. In general, when
composite resins are preheated, viscosity is reduced and adaptation to cavity walls
improved [49].

The presence of amines in chemically polymerized resins, including dual-resin
cements, may eventually result in the staining of indirect restorations, and, therefore,
they should be avoided for cementation of translucent or thin restorations [7]. Almeida
et al. [27] reported that dual-resin cements showed greater color variation than
preheated composite resins, light-polymerized resin cements, and flowable composite
resins. Goulart et al. [13] reported that preheating composite resins did not increase
the cementation bond strength of indirect restorations, even though increased
mechanical properties have been reported because of increased conversion [8,12].
The results could be explained by the loss of temperature of the material during the
bonding procedure and not reaching an adequate degree of conversion. In contrast,
the conclusion was that the material can still be used to reduce its viscosity and
improve the fit of the restoration [13]. The use of different luting agents provides many
alternatives for cementation, which also can produce varying results in vertical
discrepancy of the definitive restoration [51]. Mounajjed et al. [25] compared the
vertical marginal discrepancy of pressed crowns of lithium disilicate by using different
cementing agents. The preheated composite resin Enamel Plus Hri (Micerium)
obtained higher values of marginal discrepancies than a cement flow resin (Harvard
Premium Flow) and the dual-resin cement, RelyX Ultimate (3M ESPE). The authors
stated that the methodology used may have affected the results of the study. For
example, using a specimen at low temperature, which could have reduced the fluidity
of the resin, and the difficulty of standardizing the seating pressure at different
viscosities. Magne et al. [24] investigated the vertical displacement of composite resin
inlays, onlays, and computer-aided designand computer-aided manufactured
overlays. The preheated composite resin used in cementation resulted in the better
seating of inlays, onlays, and overlays than the dual-polymerizing resin cement [24].
Magne et al. [23,24,32-34], Oderich et al. [26], Schlichting et al. [30], and Soares et al.
[31] evaluated the fatigue strength of different restorative materials. However,
preheated composite resins were not evaluated; only the use of unheated composite



resins was reported. Olivares et al. [28] and Rickmasn et al. [29] did not evaluate

properties in their clinical case studies.

This scoping review observed a large variation in the use of preheating
techniques on composite resins used for cementation of indirect restorations. No
consensus was found regarding the recommended preheating devices, heating
durations, or temperatures for this clinical procedure. Some aspects can be considered
relevant when considering preheating techniques for composite resins: (1) All heating
devices demonstrated effectiveness in heating composite resins used for the
cementation of indirect restorations. (2) The ideal heating device must be free of
moisture and calibrated to reach a predetermined temperature (between 54 °C and 68
°C) on heating and must maintain stability at the predetermined temperature after
heating. (3) The preheated material must be used as soon as possible after being
removed from the device, as the temperature of the composite resin will decrease
quickly. (4) Preheating the material directly in the prosthetic restoration or the
dispensing syringe reduces clinical time. (5) The indirect restoration must be less than
2 mm thick if a light-polymerizing luting cement or composite reins is to be used. (6)
The composition of the composite resins directly affects the viscosity reached after
preheating. Therefore, materials indicated for this purpose or that show increased
fluidity when heated should be used.

Based on the results of the included studies, more research is needed on
preheating techniques for composite resins used for the cementation of indirect
restorations; in particular, longitudinal clinical evaluations are needed. Furthermore,
studies correlating the composition of composite resins and their behavior when
heated are required.
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Table 1 — Electronic database and search strategy (PubMed)

(("composite resins"[MeSH Terms] OR "composite resin"[All Fields] OR "composite dental resin"[MeSH
Terms] OR "composite dental resin"[All Fields] OR "composite dental resin"[All Fields] OR "bisphenol a-
glycidyl methacrylate"[MeSH Terms] OR "bisphenol a-glycidyl methacrylate"[All Fields] OR "composite
properties"[All Fields] OR "composite dental material"[All Fields] OR "composite dental restorative"[All
Fields] OR "composite dental restoratives"[All Fields] OR "composite dental restorative material"[All Fields]
OR "composite dental restorative materials"[All Fields] OR "composite dental filling"[All Fields] OR
"composite dental filling material"[All Fields] OR "composite dental filling materials"[All Fields] OR
"Methacrylate, Bisphenol A-Glydidyl"[All Fields] OR "Bis(Phenol A-Glycydyl Methacrylate)"[All Fields] OR
"Bis-GMA"[All Fields] OR "Bis GMA"[All Fields] OR "Bisphenol A-Glycidyl Methacrylate
Homopolymer"[All Fields] OR "Bisphenol A Glycidyl Methacrylate Homopolymer"[All Fields] OR
"Bis(Phenol A-Glycidyl Methacrylate), Homopolymer"[All Fields] OR "Poly(Bis-GMA)" [All Fields] OR
"Bis-GMA Resin"[All Fields] OR "Bis GMA Resin"[All Fields] OR "Bis-GMA Resins"[All Fields] OR "Resin,
Bis-GMA"[AIll Fields] OR "Resins, Bis-GMA"[AIll Fields] OR "Bisphenol A-Glycidyl Methacrylate
Polymer"[All Fields] OR "Bisphenol A Glycidyl Methacrylate Polymer"[All Fields] OR "2-Propenoic acid, 2-
methyl-, (1-methylethylidene)bis(4,1-phenyleneoxy(2-hydroxy-3,1-propanediyl)) ester, homopolymer"[All
Fields] OR "Bis-GMA Polymer"[All Fields] OR "Bis GMA Polymer"[All Fields] OR "Bis-GMA
Polymers"[All Fields] OR "Polymer, Bis-GMA"[AIl Fields] OR "Polymers, Bis-GMA"[AIIl Fields]) AND
("preheat"[All Fields] OR "preheated"[All Fields] OR "preheating"[All Fields] OR "hot temperature"[MeSH
Terms] OR "hot temperature"[All Fields]) AND ("cementation"[MeSH Terms] OR "cementations"[MeSH
Terms] OR "cementation"[All Fields] OR "cementations"[All Fields] OR "dental cement"[All Fields] OR
"dental cements"[MeSH Terms] OR "dental cements"[All Fields] OR "luting agent"[All Fields] OR "luting
agents"[All Fields] OR "cementation agents"[All Fields] OR "cementation agent"[All Fields] OR "Cement,
Dental"[All Fields] AND "Permanent dental restoration"[MeSH Terms] OR "Permanent dental
restorations"[All Fields] OR "Restorations, Permanent Dental"[All Fields] OR "Dental Restoration,
Permanent"[All Fields] OR "Restoration, Permanent Dental"[All Fields] OR "Dental Restorations,
Permanent"[All Fields] OR "Dental Permanent Fillings"[ All Fields] OR "Filling, Permanent Dental "[ All Fields]
OR "Permanent Dental Fillings"[All Fields] OR "Permanent Fillings, Dental"[All Fields] OR "Permanent
Filling, Dental"[All Fields] OR "Dental Filling, Permanent"[All Fields] OR "Dental Permanent Filling"[All
Fields] OR "Filling, Dental Permanent"[ All Fields] OR "Filling, Permanent Dental"[All Fields] OR "Permanent
Dental Filling"[All Fields] OR "Fillings, Dental Permanent"[All Fields] OR "Dental Fillings, Permanent"[All
Fields]))




Table 2. Main characteristics of the included studies.

N/A

N°  Author, Total "n" Heated
year, of composite
country specimens resin
trademark,
classification,
color and
volume
1 Acquaviva  180; Venusl
etal., (Kulzer);
20009, Italy 5 micro-hybrid
preheated  composite
resin; N/A;
N/A
2 Almeida et 40; Filtek Z350
al., 2015, XT
Brazil 10 (3M/Espe);
preheated nano-hybrid
composite
resin; Al;
N/A
3 Goulart et 50; Venusl
al., 2018, (Kulzer);
Brazil 50 micro-hybrid
preheated  composite
resin; A2;
N/A and
7250 XT
(3M/Espe);
nano-hybrid
4 Magne et 30; Filtek Z100
al., 2009, 30 (3M/Espe);
United preheated micro-hybrid
States composite
resin; N/A;
N/A
5 Magne et 30; Filtek Z100
al., 2010, (3M/Espe);
United 30 micro-hybrid
States  preheated composite
resin; N/A;

Preheating Temperature, Valued property Light curing Valued property|

device warm-up and assessment  trademark, control group
time, means device light curing (non-preheated)
of transport time and
and characteristics
transport
time
Calset 54°C; N/A; Degree of Halogen lamp Calibral
(AdDent N/A; N/A conversion; Swiss Master (Dentsply), dual-
Inc.) Spectrometer ~ Lightl (EMS); cured resin
micro-raman dilor 40 s, 60 s, 120 cement;
(HR LabRam) s; 1200 Variolink! IT
mW/cm?; 800 (Ivoclar-
mW/cm?; 400 Vivadent), dual-
mW/cm? cured resin
cement; Venusl
(Kulzer), micro-
hybrid composite
resin
Incubator 60°C; 30 min;  Color stability; FlashLight RelyX ARC
(N/A) glass Spectrophotometer (Discus (3M/Espe), dual-
container;  (Easyshade, Vita Dental); 1 min; cured resin
"Immediately”  Zahnfabrik) 800 mW/cm?  cement; RelyX
Veneer
(3M/Espe),
lightpolymerizing
cement; Filtek
7350 Flow
(3M/Espe),
flowable
Digital ~ 64°C; 5 min; Microtensile bond Optilight Max Venusl (Kulzer),
wax pot N/A; “reduced  strenghtand  (Gnatus); 40's;  micro-hybrid
(SJK) to 30 s” adhesive 900 mW/cm?>  composite resin
interfaces; color A2; 7250
Stereomicroscope XT (3M), micro-
(EMZ, Meji hybrid composite
Techno) resin color A2;
RelyX ARC
(3M), dual-cured
resin
Calset 54°C; 5 min; Fatigue resistance; N/A; 60 s; N/A None
(AdDent  N/A; N/A Closed-loop
Inc.) servohydraulics
(Mini Bionix II,
MTS Systems)
Calset 68°C; N/A; Fatigue resistance; Allegro (Den- None
(AdDent N/A; N/A Closed-loop Mat); 60 s;
Inc.) servohydraulics 1000 mW/cm?
(Mini Bionix II,

MTS Systems)




6 Magne et 30;
al., 20009,
United 30
States  preheated
7 Magne et 28;
al., 2011,
United 28
States  preheated
8 Magne et 60;
al., 2018,
United 30
States  preheated
9 Mounajjed 18;
etal.,
2017, 6
Czech  preheated
Republic
10 Oderich et 60;
al., 2011,
United 60
States  preheated
11 Olivares et 10;
al., 2011,
Chile 10
preheated
12 Rickman 7;
etal.,
2011, 7
Thailand preheated
13 Schlichting 40;
etal.,
2011, 40
Brazil  preheated

Filtek Z100
(3M/Espe);
micro-hybrid
composite
resin; N/A;
N/A
Filtek Z100
(3M/Espe);
micro-hybrid
composite
resin; N/A;
N/A
Filtek Z100
(3M/Espe);
micro-hybrid
composite
resin; N/A;
N/A
Enamel Plus
Hri
(Micerium
S.p.A); nano-
hybrid
composite
resin; N/A;
N/A

Filtek Z100
(3M/Espe);
micro-hybrid
composite
resin; N/A;
N/A
Tetric N-
ceram
(Ivoclar
Vivadent
AG); nano-
hybrid
composite
resin; A2;
N/A
Miris 2
(Coltene-
Whaledent);
nano-hybrid
composite
resin; A2;
N/A
Filtek Z100
(3M/Espe);
micro-hybrid
composite
resin; N/A;
N/A

MTS Systems)

Calset 54°C; 5 min; Fatigue resistance; Allegro (Den- None
(AdDent N/A; N/A Closed-loop Mat); 60 s;
Inc.) servohydraulics N/A
(Mini Bionix I,
MTS Systems)
Calset 54°C; 5 min; Fatigue resistance; Valo None
(AdDent  N/A; N/A Closed-loop  (Ultradent); 60
Inc.) servohydraulics s; 1000
(Mini Bionix II, mW/cm?
MTS Systems)
Calset  68°C; Smin; Vertical seating; Valo RelyX Ultimate
(AdDent N/A; N/A Acumen III (MTS (Ultradent); 60 cement (3M),
Inc.) Systems) s; N/A dual-cured resin
cement
Heater  55°C; 1 hour; Vertical marginal Valo Harvard
ENA heat N/A; N/A discrepancy;  (Ultradent); 60 PremiumFlow
(Micerium Microscopy at s; N/A cement (GmbH),
S.p.A) x200 nano-hybrid
magnification with composite resin;
special image RelyX Ultimate
analysis software cement
(Keyence) (3M/Espe), dual-
cured resin
cement
Calset N/A; 5 min; Fatigue resistance; Valo None
(AdDent N/A; N/A Closed-loop (Ultradent); 60
Inc.) servohydraulics s; N/A
(Mini Bionix II,
MTS Systems)
Wax 58°C; 5 min; None N/A; 60 s; N/A None
Heater Pot  N/A; N/A
4
(Denshine)
Calset  54°C; 15 min; None N/A; N/A, None
(AdDent N/A; N/A N/A
Inc.)
Calset 68°C; N/A; Fatigue resistance; Allegro (Den- None
(AdDent N/A; N/A Closed-loop Mat); 60 s;
Inc.) servohydraulics 1000 mW/cm?
(Mini Bionix II,




14 Soares et 45; Gradia Direct  Calset N/A; 5 min;
al., 2018, posterior (AdDent N/A; N/A
United 30 (GC); micro- Inc.)
States  preheated hybrid
composite
resin; N/A;
N/A

Fatigue resistance; Valo
Closed-loop (Ultradent); 60
servohydraulics s; 1000
(Mini Bionix II, mW/cm?
MTS Systems)

None

*N/A — not available // None — not applicable




3 EFFECT OF PREHEATING ON THE VISCOSITY OF COMPOSITE RESINS

ABSTRACT

Aim To determine the effects of time and temperature on the viscosity of preheated
composite resins. Methods Eleven composite resins were heated to 60°C, and
temperature analyses were performed at intervals of 1 minute until they had cooled to
25°C. The permanent oscillatory shear test was performed at 25°C, 35°C, 50°C, and
60°C for three composite resins under a shear rate of 1s™'. One- and two-way ANOVA
were used for the analysis (a=0.05). Results There was no significant interaction
between the composite resin and time (p=0.9304), and only the main effect time was
significantly different (p<0.0001). A difference was observed between TO and T6
(p<0.001), but not after T7. The increase in temperature resulted in a viscosity
reduction (p<0.05). At 25°C, Beautifil Il presented higher viscosity. Palfique LX5
showed a significant viscosity reduction with increasing temperature compared with
the others (p<0.05). For Beautifil Il and Z100, there was no difference at temperatures
of 50°C and 60°C, while for Palfique LX5, no statistical difference was observed at
35°C, 50°C, and 60°C. Conclusions Ten minutes of preheating were sufficient to reach
a temperature of 60°C, reducing viscosity by at least 84%. However, 5 min after

removal, the composite resin cooled to room temperature.

Clinical Significance

Preheating composite resin has potential benefits. To determine how this approach will
work in clinical practice, it is important to define the protocols of this technique and

understand its limitations.

Keywords: composite resin, dental materials, preheating, viscosity



INTRODUCTION

Adhesive dentistry is a major component of contemporary practice that is used
in virtually all clinical situations, including direct and indirect restorations. When indirect
restorations are cemented, both the dental substrate and the chosen restorative
material must be considered, and resin cements are currently the materials of choice
for providing a bond between ceramics or resins and tooth structure.!? Resin cements
have low solubility in oral fluids and favorable mechanical resistance.® Despite the
many available cementing agents, other materials have been used for this purpose,

including light-polymerized composite resins.*

Composite resins, because of their high inorganic filler content, have greater
resistance to wear compared with resin cement®, as well as greater stain and
mechanical resistance.® However, the higher inorganic filler content of composite
resins leads to a higher viscosity than that of a resin cement.® Heating composite resins
has been used as a strategy to decrease their viscosity, reducing the cement line at
the adhesive interface.”® When heated to between 54°C and 70°C, the degree of
conversion of the resin is similar to that of a dual-polymerizing resin cement.*"8 In
addition, preheating this material can reduce polymerization shrinkage’® and reduce
photopolymerization time by approximately 75%, resulting in a similar or better
conversion than when the composite resin is light polymerized at room temperature for
the manufacturer's recommendation time.”® However, when the composite resin is

removed from the heater at 60°C, there is significant and immediate cooling.”:

Composite resins have different compositions and particle content, which leads
to different degrees of fluidity after heating.>%'° Although rapid heat loss can avoid
pulpal damage, any delay before restoration cementation will increase viscosity,
leading to a thicker cement line, preventing complete seating, and adversely affecting
restoration longevity.>%'" Determining the time that a composite resin takes to reach
the heating temperature and then cool down to room temperature is important to define

the working time and to ensure that the heated composite resin technique is optimized.



Thus, the objectives of the present study were to determine the time required for
different resins to reach a stable heating temperature, the cooling time required to
return to room temperature, and the influence of different heating temperatures on
viscosity. The research hypothesis was that time and temperature would affect the
viscosity of preheated composite resins.

MATERIALS AND METHODS

Time-Temperature Analysis

This study analyzed the effects of time and temperature on different composite
resins (Tab. 1), shade A2, and on their viscosity under heating with precise
temperature control based on rheometer tests at the Department of Pharmaceutical
Sciences (LabMac — ULEG, UnB, Brazil). The names and brands of the composite
resins were hidden during testing, and all experimental tests were conducted blind and
by the same researcher.

Table 1 — Characteristics and formulation of composite resins tested

Materials Type Manufacturer ~ Formulation
Resin phase Filler wt%
(vol%)
Beautifil 11 Nanohybrid Shofu Bis-GMA, TEGDMA 83.3 (68.6)
Charisma Micro-hybrid ~ Kulzer Bis-GMA (61)
Classic
Charisma Nanohybrid Kulzer Bis-GMA, UDMA, TEGDMA, TCD- (64)
Diamond DI-HEA
Filtek Z100 Micro-hybrid ~ 3M ESPE Bis-GMA, TEGDMA 84,5 (66)
Filtek Z250 Micro-hybrid ~ 3M ESPE Bis-GMA, UDMA, Bis-EMA, 81,8 (67,8)
PEGDMA e TEGDMA
Filtek Z350XT  Nanofill 3M ESPE Bis-GMA, UDMA, Bis-EMA, 78.50 (63.3)

PEGDMA, TEGDMA



Forma Nanohybrid Ultradent Bis-GMA, TEGDMA, Bis-EMA,

UDMA
Llis Micro-hybrid ~ FGM Bis-GMA, Bis-EMA, TEGDMA 77,5 (56)
Opallis Microfill FGM Bis-GMA, Bis-EMA, TEGDMA 80 (72)
Palfique LXS5 Supernanofill ~ Tukuyama Bis-GMA, TEGDMA 82 (71)
Vittra Nanofill FGM Bis-GMA, Bis-EMA, UDMA, 82 (60)
TEGDMA

Bis-GMA, bispehn ol-A glycidyl dimethacrylate; TEGDMA, triethylene glycol dimethacrylate; UDMA,
urethane dimethacrylate; TCD-DI-HEA, Bis-(acryloyloxymethyl) tricyclodecane; Bis-EMA, bisphenol-A
ethoxylated dimethacrylate; PEGDMA, plyethylene glycol dimethacrylate

A portable device with digital temperature control was used to heat the
composite resins. The temperature reported on the display was the same as the actual
temperature inside the device. This was confirmed after five tests at different times and
on different days with the thermal sensor (Simpla TA21, AKSO, Sao Leopoldo, RS,
Brazil). The heating protocol was determined for this digital oven as follows: After
turning on the device, the temperature was set to 60°C; this was followed by waiting
for 40 min so that the device could stably reach the preset temperature. A variation of

+ 4°C was observed.

To determine the time required for the resins to reach this preheating
temperature, each composite resin was tested individually at 60°C (£ 4°C). The resins
were kept in a refrigerator at 5 °C until the tests were performed when they were
removed from the refrigerator and kept at room temperature (approximately 25°C) for
20 min until their temperature stabilized at the laboratory temperature.’? As soon as
their temperature was stable, the resins were individually weighed, and a
predetermined volume (0.6 mL) was dispensed as a @1-cm specimen onto a glass
plate and heated. The thermal sensor was positioned close to the composite resin
specimens. All tests were conducted in triplicate (n=3), and the means and standard



deviations of the results were determined, thus obtaining the time required for each
resin to reach the predetermined temperature.

As soon as the resin reached the heating temperature, the glass plate was
removed, and the specimen temperature read with an infrared thermometer (Simpla
TI138, 8:1, AKSO, Sé&o Leopoldo, RS, Brazil) with a detection range of -5°C to 380°C.
The thermometer was fixed at a distance of 8 cm from the @1-cm composite resin
specimen on the glass plate. The temperature was analyzed at controlled intervals of
1 min until the resin returned to room temperature (25°C) as follows: TO, immediately
after removal of the heat device; T1 1 minute; T2, 2 minutes; T3, 3 minutes; T4, 4
minutes; T5, 5 minutes; T6, 6 minutes; T7, 7 minutes; T8, 8 minutes; T9, 9 minutes;
and T10, 10 minutes after removal. The data were analyzed with the statistical software
program Stata SE 15.1 (StataCorp, College Station, TX, USA). For the analysis, a two-
way analysis of variance (ANOVA), with temperature as the dependent variable and
resin-based composite and time as the two independent variables, as well as a post
hoc Tukey test, were used (0=0.05).

Viscosity Analysis

After the first phase, 11 resins of different brands and characteristics were
tested. The three heated resins with the highest fluidity were selected for viscosity
testing to determine the rheological properties with the MCR 301 rheometer (Anton
Paar Physica). All measurements were performed in a temperature-controlled room
(25°C), and the instrument was isolated from external vibrations on a rigid support
table.

A permanent oscillatory shear test was performed at 25°C, 35°C, 50°C, and
60°C for the Z100 (3M ESPE, SP, SP, Brazil), Beautifil Il (Shofu, SP, SP, Brazil), and
Palfique LX5 (Tokuyama, Via Chizzalung, Sandrigo, Italy) composite resins under 1s-
1 shear rate with a rotating rheometer. The composite resins were removed from their
packaging with a spatula and placed in a semicircular mold to standardize the 0.6-mL
volume. The test material was dispensed on the lower plate of the rheometer,



positioned with a 0.05-mm gap between the plates, and heated with the rheometer.
The viscosity (Pa-s) was measured until the designated temperature was reached.

To perform the ramp analysis, the composite resins were coupled to the device
at room temperature, heated to 60°C for 10 min, remained stable for 5 min more, and
returned to room temperature (25°C) in 5 min, with the values defined in the time-
temperature analysis. The measurements were performed at 25°C, 35°C, 50°C, and
60°C. Each composite resin was tested four times. Data were analyzed using the
statistical software program Stata SE 15.1 (StataCorp). One-way ANOVA and post hoc
Tukey tests were used to compare the viscosity at each temperature (0=0.05).

RESULTS

The original data were entered into the Figshare repository (DOI:
10.6084/m9.figshare.17708510).

Eleven different composite resins were evaluated at 11 time periods (0-10
minutes after the removal of the heat device). As presented in Table 2, the two-way
ANOVA found no statistically significant interaction between the composite resin and
time (F=0.77, p=0.9304), and only the main effect time was significantly different
(p<0.0001).

Table 2 — Two-way ANOVA of dependent variable as temperature and the two independent

variables (resin-based composite and time)

Source Partial SS+ DF+ MS+ Ff p-value
Model 50863.029 120 423.85857 386.65 <0.0001
Composite 10.360285 10 1.0360285 0.95 0.4925

Time 50767.952 10 5076.7952 4631.16 <0.0001*



Composite 84.716705 100 .84716705 0.77 0.9304
#T1ime

Total 51128.316 362 141.23844

1 SS: Sum-of-Squares; DF: Degrees of Freedom; MS: Mean Square; F: F ratio

* Indicates significant difference (p<0.05)

Regarding the main effect time, a difference was observed between TO, T1, T2,
T3, T4, T5, and T6 (Tukey, p<0.001). However, this difference was not observed after
6 min. T6 was not statistically different from T7 (p=0.39); T7 was not statistically
different from T8 (p=1.0), T8 was not statistically different from T9 (p=1.0), and T9 was
not statistically different from T10 (p=1.0). All experimental composite resins returned
to the initial temperature (25 °C) within 5 minutes of removal from the heating device

(Fig.1).

The composite resins showed a rapid loss of temperature, losing 100% of the
temperature acquired after 5 minutes, that is, returning to the ambient temperature
(25°C). An average of —48% of the temperature was recorded after 1 minute, -74%

after 2 minutes, —87% after 3 minutes, and —95% after 4 minutes.
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Fig. 1 — Cooling analysis of preheated composite resins according to time (T0-

T5) in minutes after removing the heater.

The results for viscosity at 25°C, 35°C, 50°C, and 60°C are shown in Table 3.
For the three composite resins analyzed, the increased temperature resulted in a
significantly reduced viscosity (p<0.05). At the initial temperature (25°C), Beautifil Il
(Shofu) had a significantly higher viscosity than Palfique LX5 (Tokuyama) and Z100
(3M ESPE). Palfique LX5 (3M ESPE) started with the lowest viscosity, and, with
increasing temperature, showed a significant viscosity reduction compared with the
other two composite resins (p<0.05). For both Beautifil Il (Shofu) and Z100 (3M ESPE),
there was no difference in the viscosity at the temperatures of 50°C and 60°C, while
for Palfique LX5 (Tokuyama), no statistical difference was observed at 35°C, 50°C, and
60°C. The hypothesis that time and temperature would influence viscosity properties

was accepted.



Table 3 — Mean and SD* of viscosity experimental test (Pa St)

Temperature

25°C 35°C 50°C 60°C
Beautifil 11 8442.5 (1361)** 4592.5 (454)~° 931 (187)*¢ 452.5 (112)*¢
Palfique LX5  3012.5 (493)"* 576 (58)"® 272.75 (11)*® 206.5 (13)*®
7100 4595 (442)>4 2035 (103)*" 1115.5 (118)¢ 690 (61)°¢

+ SD: Standard Deviation

1 Pa S: Pascal-second, unit of dynamic viscosity

*b< Different lower-case letters identify statistical difference between groups in the same
columns; € Different upper-case letters identify statistical difference between groups in the

same row.

DISCUSSION

Composite resins are direct restorative materials, although they can also be
used as cementing agents for indirect restorations. The indication for these materials
can vary according to their composition and physical and chemical properties, and
additional protocols have been suggested to improve the characteristics of the
composite resins, including warming. As the use of preheated resins in dentistry has

become popular, the criteria for this technique require clarification.

The composite resins can be preheated in different dry-heating devices. The
temperatures for preheating composite resins described in the literature range from
54°C to 68° C, with warm-up times of 5 to 60 minutes.>’-'® Daronch et al.’?> (2006) used
a device (Calset, Addent Inc.) in their study and reported that the maximum
temperatures reached were 48.3°C and 54.7°C when the preset temperature of the
device was set at 54°C and 60°C, respectively.'? The digital heater used in the present
study had been previously tested to avoid possible errors. After repeating the
experiments on different days, the temperatures appearing on the digital display and
inside the device were confirmed to be identical. Considering this, the experimental
resins were subjected to heating at 60°C, with possible variations of + 4°C. A device



developed specifically for this purpose facilitates this technique clinically and ensures
the standardization of the preheating process, but similar heaters can also be used,

provided that the temperature is controlled and remains stable until clinical use.

A wide range of heating times have been specified in the literature, varying from
5 to 60 minutes.>”' Eleven composite resins were tested with respect to time-
temperature, and, although the materials had different compositions and
characteristics, they behaved similarly in terms of heating and cooling, and a statistical
difference was not found. The hypothesis tested that time and temperature would
influence viscosity properties was accepted A 10-minute heating time at 60°C (+ 4°C)
was sufficient for all the tested composite resins to reach the desired temperature,

which seems a reasonable time for clinical application.

To implement this technique, the speed at which the temperature loss of each
resin occurs needs to be established. According to Marcondes et al.’® (2020),
composite resins preheated to 68°C showed temperature losses ranging between 45%
and 61% 15 sec after being removed from the heater, an 84% loss of temperature in
30 sec, and a 96% loss in 60 sec, suggesting that clinicians have a working time of
between 10 and 15 sec when seating a restoration with preheated composite resin."°
This can also be seen in this study in part because the composite resins showed a
considerable loss of temperature. However, this loss occurred over a longer time
period (-48%, 1 minute; —-74%, 2 minutes; —-87%, 3 minutes; -95%, 4 minutes; and
-99%, 5 minutes), thus allowing additional working time and preserving the benefits
of viscosity. Other in vitro and clinical studies are needed to determine an ideal working
time based on these findings by considering all the criteria and sequences for the
procedures. Pulpal damage has been a concern with the use of heated composite
resins in dental procedures. One reason to consider the procedure safe and unlikely
to damage the pulp is the rapid drop in temperature. Daronch et al.'® (2007) reported
that intrapulpal temperature values may not change significantly because the
preheated resins are not as hot as expected when the restoration is delivered.'® The
luting procedure using preheated resins is limited to restorations of less than 2 mm
thick because sufficient light needs to pass through to ensure complete
polymerization.*® Even if the technique is indicated for thin restorations, there would



still be a considerable amount of excess, further reducing the chances of any pulpal

damage.>1213

Regarding viscoelastic properties, restorative composite resins with different
formulations can react differently to preheating.’®'4'S The characteristics of the
inorganic particles may also influence flowability, affecting the thickness of the film
when used as a cement.’® Preheating to 69°C has been reported to reduce the
viscosity of restorative resin composites by 47% to 92% compared with that at 37°C."°
Therefore, thermal conductivity must also be considered in the choice of material in
addition to its handling characteristics'>:'8, including filler content, particle type, shape,
size, nature of the particle surface, and spatial arrangement of the filler within the
composite resin'®, because only the relationship between viscosity and the filler
content is negative.'®'” Although there is a relationship between viscosity and
temperature, no change was noted in the mechanical properties of the composite
resins at the same loading of particles of different sizes.'®

The viscosity of composite resins, however, is affected by the resin matrix
formulation, the interlocking between the filler particles, and the interfacial interaction
between the filler particles and resin matrix. An inverse relationship was observed
between viscosity and polymerization shrinkage, depending primarily on the monomer
types and ratio of the resin matrix'®, and the filler volume has been reported to be more
important than the filler weight.'® Regarding the filler size, composite resins with a small
filler size were more viscous than those with a larger filler size, even though the filler
content was the same because the number of filler particles was higher for identical
filler volumes. As a result, the increased surface area led to a greatly increased
interaction between the resin matrix and filler particles and between filler particles.®
The viscosity of the composite resin with a round filler seems to be much lower than
that with an irregular filler because of the lower friction at similar filler sizes.'® Diluents
such as triethyleneglycol-dimethacrylate and urethane dimethacrylate have lower
molecular weights and lower viscosities than bisphenol A-glycidyl methacrylate(18,
37).1%16 Therefore, their low molecular weights and resultant high numbers of double
bonds per unit of weight create a high degree of cross-linking and a relatively high
amount of shrinkage.'® However, manufacturers do not always disclose all the

formulation details.



Resins that showed greater fluidity for handling after being heated to 60°C were
selected for the analysis of viscosity. These were the nanohybrid composite Beauitifil ||
(Shofu), micro-hybrid Filtek Z100 (3M ESPE), and supernanofill Palfique (Tokuyama).
Increased temperature led to a significant viscosity reduction, ranging between 84%
and 94%. However, it is expected that the preheated resin composite resins will not
show viscosity values in the range of the flowable composite or resin cements.'® For
both Beautifil Il (Shofu) and Z100 (3M ESPE), there was no difference in the viscosity
from temperatures 50°C to 60°C, while for Palfique LX5 (Tokuyama), no statistical
difference between 35°C, 50°C, and 60°C was observed. Among them, Palfique LX5
(Tokuyama) showed the lowest viscosity when heated. Although there is no difference
between 50°C and 60°C in the viscosity analysis for the three resins, adopting higher
temperatures will extend the working time, since the rapid loss of temperature is a
limiting factor of the technique. The overall performance of the preheated composite
resin technique depends on proper material selection and correct procedure because
the change in viscosity upon preheating alone is not an appropriate parameter for
selecting a restorative composite resin for luting purposes.'®'% The filler content of the
resins does not interfere directly with the thickness of the film'S, and Marcondes et al.°
(2020) reported that some composite resins that showed the highest reduction in

viscosity were not always able to yield the thinnest films.°

Based on the results of this in vitro study, heating composite resins influences
their viscosity, consistent with previous studies.’1620 Ahn et al.?° (2015) speculated
that preheating increased the mobility of the unpolymerized monomer and allowed a
better distribution of the filler particles, becoming more fluid when it was manipulated.
Even though preheating alters the structure of composite resins, it seems to be
beneficial because this improvement in the internal structure persists, even after

cooling.?®

Limitations of this study included that only 11 composite resins (shade A2) were
investigated. Even though the preheating of composite resins affects their viscosity,
future studies should be conducted on how different monomers and filler features might
influence the reaction of composite resin to preheating. A working time from 30
seconds to 1 minute may preserve their benefits and allows for better manipulation of
composite resins during the luting procedure, but it seems not to be reproducible in the



clinical scenario. In addition, clinical and laboratory studies should be developed to
simulate the clinical procedure and determine the protocol for composite preheating.

CONCLUSIONS

The preheating of composite resins affects their viscosity; however, the
following aspects are relevant to this technique. The time of 10 minutes at >60 °C
seems to be adequate to heat composite resins, reducing their viscosity by at least
84%. All tested resins lost 100% of the temperature gained during heating after 5

minutes.
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4 DISCUSSAO GERAL E CONCLUSOES
4.1 DISCUSSAO GERAL

O pré-aquecimento das resinas compostas para cimentacdo de restauragoes
indiretas pode ser considerado uma técnica viavel do ponto de vista clinico e bioldgico,
no entanto, ha uma discrepancia na literatura quanto aos parametros que a norteiam,
uma vez que ha no mercado diversas marcas e formulagdes resinosas que podem
interferir diretamente sobre o resultado final esperado. Os detalhes metodolégicos,
como tempo de aquecimento, dispositivo de escolha, a forma de aplicacéo, entre
outros, também sdo considerados decisivos. (38) A partir de uma revisdo ampla da
literatura acerca desse pré-tratamento utilizando calor, € possivel observar que o
dispositivo utilizado para aquecer pode variar entre os testes, porém o mais
comumente relatado é o Calset (AdDent Inc.). (27, 39, 40) Esse dispositivo permite
aquecer os materiais e manter a temperatura constante a 37°C, 54°C e 68°C, além de
disponibilizar diversas opg¢des de armazenamento (seringas, compules, bisnagas,

diretamente sobre a restauracao). (Fig. 1)
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Figura 1 — Calset (AdDent Inc., Cosmedent), dispositivo de aquecimento com suas formas de aplicagao.
Imagem retirada diretamente do site do fabricante, disponivel no link

https://cosmedent.com.br/produto/calset/




Outras fontes de calor foram relatadas na literatura, nas quais se fazem
determinantes o0 aquecimento a seco e a estabilidade da temperatura do dispositivo
para que o material atinja o resultado esperado. No estudo laboratorial realizado neste
trabalho, foi utilizado um dispositivo genérico de aquecimento a seco, digital e, para
garantir que a temperatura pré-programada no display fosse mesma do interior da
camara de aquecimento, foi realizada quintuplicata de conferéncia a partir de um
termdmetro digital com capacidade de aferigao de -5°C e 380°C (Simpla TA21, AKSO,
S&o Leopoldo, RS, Brasil), em dias diferentes. Apos observagédo de estabilidade e
checagem da temperatura, observou-se que quando a temperatura selecionada era
de 60°C, havia uma variagao no termémetro com valores aproximados a 60°C (+4), o
que seria compativel com os equipamentos utilizados e relatados na literatura. (38) O
estudo de Daronch et. al., utilizando o Calset, verificou que a temperatura maxima
alcancada foi de 48,3°C e 54,7°C, quando selecionadas 54°C e 60°C,
respectivamente. (8) Esse achado, bem como o respaldo de outros estudos cientificos
que utilizaram outros equipamentos com o0 mesmo fim, como aquecedores de cera,
incubadoras e fornos, tornam a técnica ainda mais viavel clinicamente, ndo sendo

obrigatério o uso de aquecedores especificos. (8, 38, 41, 42)

Outro ponto a ser observado € se ha discrepancia do tempo necessario para que
diferentes resinas atinjam a mesma temperatura. No teste laboratorial conduzido,
onze espécimes de diferentes resinas com 1 cm de didmetro e volume de 0,6mL foram
testados em triplicatas, observando-se que o tempo de 10 minutos sob aquecimento
a 60°C (x4) é suficiente para que todos os compositos testados alcancem a
temperatura pré-definida, ndo havendo diferenga significativa entre eles. Isso esta de
acordo com os achados da literatura, onde apds revisado sistematica criteriosa, o
aquecimento por um tempo de 15 minutos, pareceu ser razoavel para que as resinas
alcancem e estabilizem a temperatura (9, 38) e essa variagado de tempo pode estar
diretamente relacionada ao volume do material a ser aquecido. Contudo, ao serem
removidas da fonte de aquecimento e armazenadas em temperatura ambiente (25°C),
as resinas tiveram uma queda térmica exponencial, retornando aos valores iniciais em
apenas 5 minutos, o que afetaria diretamente o tempo de trabalho do clinico. Em
consonancia a isso, o0 método como a resina sera aquecida também pode exercer

influéncia na temperatura alcangada. Comparando dois protocolos distintos, Daronch



et. al. observaram que quando aquecida diretamente nas seringas de aplicagao, a
temperatura real da resina € mais alta do que nos outros métodos. (8) Levando em
consideragao esses aspectos, pode-se justificar o uso das resinas diretamente em
dispositivos de insergéo (seringas ou compules) no caso de restauracdes diretas e,
no caso de cimentagdes, diretamente sob a restauragéo indireta. (8-10, 38) Dessa
forma, o clinico conseguiria uma maior facilidade e velocidade de aplicagao durante o

procedimento.

O aumento da temperatura diminui a viscosidade do sistema, por permitir uma
maior mobilidade molecular dos grupos reativos presentes na matriz resinosa,
resultando em uma polimerizagao adicional e uma possivel interferéncia na taxa de
conversdo. (14) Também ocorre um aumento do volume-livre, ou seja, do espaco
entre as cadeias moleculares que ndo se acomodaram com perfeicdo, aumentando a
mobilidade de alguns radicais aprisionados na rede polimérica. (22) Embora as
resinas se tornem mais fluidas ao serem submetidas a fonte de calor, por
apresentarem diferentes formulagcdes e componentes, pode haver diferenca dessa
influéncia entre as marcas e tipos de resinas, ainda que com a mesma classificagéo.
(18) Isso porque quanto maior a % de volume de carga em sua composigao, maior
sera viscosidade. (18) Entretanto, no estudo in vitro realizado neste trabalho, foram
testadas trés resinas que se comportaram de maneira similar sob elevadas
temperaturas, tendo sua viscosidade reduzida em 84-95% quando comparadas a
temperatura ambiente. Essa caracteristica se faz muito importante para
procedimentos de cimentacdo, uma vez que pode torna-los mais praticos, além de
combinar algumas vantagens conseguidas com a técnica, como por exemplo, melhor

adaptacao marginal e escoamento.

Baseado nos resultados de Darabi et. al., o pré-aquecimento de resinas
compostas regulares diminui as falhas marginais, tanto em esmalte quanto em
dentina, quando comparadas as restauracdes realizadas utilizando compdsitos em
temperatura ambiente. (43) Isso devido a maior capacidade de escoamento,
permitindo uma melhor e mais rapida adaptagéo as paredes cavitarias, (43) além do
adequado assentamento da restauracdo com uma menor exposicdo da linha de
cimentagdo em meio oral. (10) Quando comparadas com as resinas fluidas, as resinas

convencionais aquecidas apresentam menor fluidez, todavia é possivel observar uma



maior quantidade de carga inorganica, bem como propriedades mecéanicas superiores.
(1-4, 6) Os aspectos reologicos e sua influéncia nas propriedades mecanicas n&o so
afetam a viscosidade e caracteristica de manipulacdo, mas também afetam sua
durabilidade. (6) As resinas que foram testadas quanto a viscosidade nesse trabalho
in vitro e que apresentaram uma importante e similar redugéo da viscosidade inicial
podem ser consideradas mais maleaveis em detrimento de outras op¢des disponiveis
no mercado, mesmo em temperatura ambiente, tendendo a reagir seguindo a mesma
l6gica quando aquecidas, (10, 19) o que poderia direcionar a escolha da resina

composta utilizada na referida técnica.

As resinas compostas submetidas ao calor podem apresentar redugao entre 4 e
77% da espessura de pelicula, dependendo do material, porém somente essa
alteracdo nao seria um parametro suficiente para a escolha da resina composta
indicada para o procedimento, sobretudo em casos de cimentagao, pois a espessura
de pelicula conseguida n&o é diretamente proporcional a redugao da viscosidade. (10)
N&o é possivel afirmar que ha uma correlagédo linear entre a concentragdo das
particulas inorganicas, a redugao da viscosidade e a espessura da pelicula, isso
porque n&o sé a concentragdo da carga afetaria essa propriedade, mas também o tipo
de particula, tamanho, volume, natureza da particula e o arranjo especial entre elas.
(10, 19, 44, 45) O inadequado escoamento do material e assentamento de
restauragcdes delgadas, como laminados ceramicos, poderia provocar a fratura da
restauracéo pela pressao exercida durante o posicionamento da restauragdo. (19) A
consequéncia de uma espessura maior exposta ao meio oral é adaptacdo marginal
pobre e microinfiltragdo a longo prazo, além de uma maior interferéncia estética pela
instabilidade de cor que as resinas podem apresentar a longo prazo. (11, 27) A linha
formada pela resina composta aquecida é 4,5 vezes mais espessa do que linhas
conseguidas com cimentos resinosos, utilizando o mesmo sistema adesivo. (17)
Dessa forma, uma possivel compensacido clinica seria a associacdo entre
aquecimento e o uso de vibragao ultrassdnica, promovendo ainda mais a redugao da
espessura de pelicula com valores abaixo de 50um, sendo recomendado apds os trés
minutos iniciais, onde a restauragao ja teria sido posicionada, bem como os excessos

mais grosseiros removidos. (10, 12, 19, 45) Apesar disso, a adigdo de outra etapa



clinica necessaria vai de encontro com o conceito de simplificacdo dos sistemas

atuais.

Embora as resinas, de maneira geral, fiquem mais flluidas com o aquecimento,
nem todas s&o indicadas para a técnica. (19) Resinas como Z350XT (3M ESPE), TPH
Spectrum (Dentsply), Charisma Diamond (Kulzer), Essentia (GC) n&o parecem ser a
melhor alternativa em casos de cimentagdo por apresentarem uma espessura de
pelicula mais espessa dos que outras resinas testadas, como a Gradia, IPS Empress
Direct e a Z100. (10, 38, 46) Outros fatores também devem ser levados em
consideragao para pautar a escolha do material, como estabilidade de cor, resisténcia
a abrasao, resisténcia a solubilidade, microdureza, capacidade de polimerizagao,
entre outras propriedades fisicas e mecanicas. (8, 10, 19, 32, 47) De acordo com o0s
resultados encontrados no trabalho laboratorial executado, as resinas que tinham em
sua composicdo apenas moléculas de Bis-GMA e TEGDMA apresentaram maior
facilidade de manipulagdo do que resinas com outros componentes adicionais, no
entanto, a concentragdo de cada particula presente na matriz resinosa poderia afetar

diretamente esse aspecto e essa informagao n&o é fornecida pelas empresas.

Apesar de alguns estudos confirmarem a interferéncia positiva no grau de
converséo, (28, 29, 48) somente essa associa¢do isolada ndo deve ser usada como
critério, pois devem ser levadas em consideragdo as caracteristicas da rede
polimérica, ou seja, embora um polimero tenha grau de conversdo similar, a
densidade das ligagbes cruzadas pode ser diferente, afetando a estabilidade das
resinas compostas. (4, 22) Além disso, a espessura das restauracdes indiretas pode
afetar diretamente no grau de conversdo monomeérico por constituir uma barreira fisica
criada entre o fotoativador e o agente cimentante, em outras palavras, a espessura
dessas restauracdes, assim como a opacidade delas podem interferir nos resultados,
sendo observadas que espessuras maiores que 1,0mm provocam uma queda
consideravel no grau de conversdo, independente do material de escolha utilizado
para cimentacéo. (19, 27, 29, 46) Outros autores n&o observaram essa vantagem em
relagdo ao grau de conversdo, apesar de sugerirem o uso da resina composta
aquecida em fungao dos seus beneficios clinicos, como melhor adaptagdo marginal e
menor taxa de degradacgao, isso porque a matriz polimérica absorve menos solvente

e perde menos componentes para o meio oral, diminuindo essa taxa. (19, 26, 27, 49)



Com o objetivo de analisar os resultados apresentados pelas resinas
compostas aquecidas utilizadas como agente cimentante, os cimentos resinosos sé&o
usados como controle na maioria dos artigos. Sob essa 6tica, no que diz respeito a
resisténcia de unido, as resinas aquecidas ndo foram significativamente diferentes
quando comparado aos cimentos resinosos, garantindo, no minimo, a mesma
efetividade (13, 34) Além disso, o aquecimento gera maior resisténcia a fratura do que
restauragdes cimentadas com cimentos resinosos. (17) Em contrapartida, visando o
sucesso clinico, a interposicao da restauracao é fator decisivo, pois resinas compostas
nao apresentam dois tipos de curas de polimerizagdo, sendo obrigatério seu uso
somente em casos onde haja passagem adequada de luz. (6)

Muitos fatores exercem influéncia na cinética de fotopolimerizagdo, como a
concentracdo de fotoiniciador, a taxa de produgdo de radicais, a quantidade ou
concentracdo de monémero, a razao entre as taxas de propagacao e terminagéao, a
mudanc¢a na viscosidade do sistema, a densidade de poténcia do aparelho
fotoativador e o tempo de exposicao de luz, a espessura do material, a diferenga nos
indices de refragao das particulas de carga e da matriz resinosa, o tipo de particula,
seu tamanho, distribuigdo da massa resinosa, a opacidade da resina e a sua cor. (5)
Além do mais, o pré-aquecimento das resinas compostas acelera a reagcdo de
polimerizagdo, podendo estar associado a um maior estresse de polimerizagdo. (28)
Apesar disso, a fotopolimerizacdo conduzida no modo “soft start” € capaz de
compensar essa tensao, sem reduzir o grau de conversdo. (48, 50) Por ser inerente
ao processo de endurecimento do material, a contragdo de polimerizagéo é inevitavel
e essas forgas de contragcdo geradas internamente no material podem ser
transmitidas, em parte, a interface adesiva dente-restauragdo, comprometendo a
integridade marginal e apresentando, como consequéncia, a formagdo de fendas
marginais que podem levar a microinfiltragdo da restauragéo e a sensibilidade pos-
operatéria. (23) E nessa situacéo especifica que os valores da tensdo de contragéo
gerada pela resina composta passam a ter maior importancia do que os valores de
contragdo volumétrica. (23) A tensédo gerada pela contragdo volumétrica da matriz
resinosa € diretamente dependente do volume total do material inserido na cavidade,
ou seja, no caso de restauragdes diretas utilizando resinas aquecidas, ainda assim é

recomendado a insercdo de forma incremental, evitando a deflexdo das paredes



envolvidas no preparo ao mesmo tempo. (5, 8, 22) Para cimentagdes, o uso das
resinas aquecidas ja se da em volume reduzido, uma vez que a quantidade de material
utilizado acaba sendo limitada pela espessura entre a restauracédo a ser cimentada e

0 remanescente.

Outra preocupacéo por parte do clinico € a possibilidade de uma injuria pulpar
ocasionada pelo sobreaquecimento do remanescente ao entrar em contato com o
material aquecido. No entanto, esse risco ndo é considerado maior do que algumas
etapas ja executadas e que também geram o aquecimento, como o preparo cavitario
e a fotoativagao. (5, 8, 28) O aumento dessa temperatura depende da intensidade do
fotopolimerizador, tempo de exposicdo da luz, distancia entre a ponta do
fotopolimerizador e a superficie da resina composta, composi¢cédo e cor do compasito,
espessura do material e da dentina remanescente. (5, 8, 28) A espessura da dentina
entre a parede pulpar ou axial e a polpa dental parece ser um dos fatores mais
importantes na determinagdo da protegao pulpar, pois a dentina age como uma
barreira de protegao contra estimulos lesivos, promovendo um equilibrio térmico. (9)
Em soma disso, em casos de cimentagdo, o selamento dentinario imediato e seu
reforco e recobrimento com resina fluida tém sido indicados apds o preparo cavitario
e antes da etapa de moldagem. (51) Com isso, quando a cimentag&o ocorrer, a
dentina estara devidamente protegida contra estimulos externos, favorecendo ainda
mais essa possivel protecdo contra o aquecimento gerado. (51) Em paralelo a isso, o
tempo entre a remocdo do material da fonte aquecedora até sua insergdo promove
uma queda exponencial da temperatura, corroborando com os achados de que a
técnica é segura do ponto de vista biolégico. (9, 10)

Apesar de estar vinculada a algumas vantagens clinicas e laboratoriais, 0 uso
das resinas compostas aquecidas ndo deve ser empregado de modo indiscriminado.
(11) Sobretudo porque o clinico deve trabalhar de maneira rapida, dispensando o
material, adaptando, removendo os excessos e esculpindo, quando necessario,
dentro de um tempo limitado. Dessa maneira, protocolos de aplicacdo devem ser
estabelecidos e testados tanto em aspectos laboratoriais, mas principalmente visando
sua eficiéncia e praticidade, para que seja de facil acesso e reprodugédo. Um tempo
de trabalho extremamente reduzido inviabiliza a técnica do ponto de vista clinico, por

isso, estudos com enfoque nessa aplicagdo devem ser realizados, testando



metodologias de aplicagdo, cronometrando o tempo das etapas e buscando encontrar
formas mais praticas para que o procedimento seja executado seguindo o rigor

cientifico, porém com eficiéncia e eficacia clinica.

4.2 CONCLUSOES

Baseado nos resultados dos trabalhos realizados (scoping review e estudo in
vitro), € possivel avaliar que o pré-aquecimento das resinas compostas € um método
que interfere na sua viscosidade e favorece sua caracteristica de manipulacédo e
insercao do material, por torna-la mais fluida. Os aquecedores utilizados para esse
fim, precisam ter ajuste e controle de temperatura, bem como manter a temperatura
interna estavel para que a resina alcance os valores desejados. O aquecimento deve
ser realizado por, pelo menos, 10 minutos a 60°C (+4) e o tempo de trabalho deve ser
respeitado com rigor, visto que apos 5 minutos todas as resinas retornaram a

temperatura ambiente e, consequentemente, a sua viscosidade inicial.
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6 PRESS RELEASE

A odontologia restauradora, muito mais do que simplesmente devolver uma
estrutura perdida, deve priorizar o elemento dentario. Dessa forma, os tratamentos
propostos devem ser baseados na longevidade ndo sé do procedimento executado,
mas na manutengdo do remanescente de forma saudavel e funcional pelo maior
tempo possivel. Para que isso seja alcangado, diversas técnicas restauradoras tém
sido constantemente investigadas e atualizadas, como, por exemplo, o uso de
materiais ja consolidados nos meios cientifico e clinico, porém com aplicagbes
distintas do habitual. As resinas compostas, por exemplo, sdo consideradas
excelentes materiais restauradores que, além de serem indicadas para procedimentos
diretos, também tém sido empregadas na confec¢do de restauragcbes semidiretas.
Ademais, seu uso tem sido extrapolado para cimentagdes de restauracdes protéticas,
desde que submetidas ao aquecimento prévio, alcangando beneficios em relagcéo a
sua viscosidade e outras propriedades.

Por meio deste trabalho, foi possivel extenuar a literatura acerca dos aspectos
relacionados ao pré-aquecimento das resinas compostas utilizadas para cimentacéo,
demonstrando respaldo cientifico para que técnica seja empregada, porém apontando
detalhes imprescindiveis para o sucesso e longevidade do procedimento.
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Purpose. Resin-based materials have been preheated by using different techniques and commercial devices. However, a consensus
on the clinical protocol for cementing with preheated composite resins is lacking. The aim of this scoping review was to identify
the different methods used for heating composite resins as used for cementing indirect adhesive restorations and to determine the
benefits and limitations. Study Selection. A search was performed on PubMed/MEDLINE, Embase, Cochrane, Web of Science,
Scopus, LIVIVO, and the nonpeer-reviewed literature database. Studies on preheating composite resins for cementing indirect
restorations were included, with no restrictions on the type of study, year of publication, or language. The following data were
extracted: preheating technique, the device used for preheating, preset temperature, and warming time. Results. In total, 304
studies were identified. After removing duplicates, 270 articles were selected, and 14 articles were included in the final evaluation.
Half of the included studies reported similar preheating techniques using the Calset device for composite resins. The temperatures
of 54°C and 68°C were most frequently reported, with a mean warming time of 5 minutes. Conclusions. Preheating composite
resins for the cementation of indirect restorations reduces viscosity, but the material must be used promptly after removal from
the device. Practical Implications. Different methodologies for preheating composite resins have been reported and used in clinical
dental practice. To achieve good results and guide the clinician on use, the techniques for heating composite resins for cementation
need to be standardized. Keeping the material warm until the restorative procedure, the thickness of the indirect restoration, and
the composition of the composite resins can directly affect the outcome of the procedure.

1. Introduction

Following the concept of adhesion, as described by Buo-
nocore in 1955 [1], the basic concepts of dentistry have
changed, with a focus on the most conservative intervention.
Among the restorative treatments available, direct com-
posite resin restorations are indicated for teeth with minor
loss of structure, while indirect restorations are indicated for
teeth with significant functional, structural, and/or esthetic
deficiencies [2]. The indirect restorative treatment, which
includes laminates, onlays/inlays, and crowns using ceramic,
metal, or laboratory-fabricated composite resin as materials,
allows for better mechanical properties and marginal

adaptation when compared with directly placed composite
resins, avoiding polymerization shrinkage and improving
wear resistance [3]. Ceramic restorations are resistant to
fatigue, with low thermal conductivity and satisfactory
biocompatibility [3]. Moreover, indirect restorations which
are cemented to the prepared teeth using luting types of
cement have better marginal adaptation [4, 5]. Of the various
materials available for cementation, resin types of cement,
available in light-, chemically, or dual-polymerized forms,
are currently preferred because of their hardness, low sol-
ubility in oral fluid, and micromechanical bonding to
enamel and dentin [2]. Given the different indirect restor-
ative types of cement, other materials, including different



types of composite resins, have been studied for this pur-
pose. Light-polymerized composite resins have advantages
over dual-polymerized resin types of cement that include
stain resistance, color stability, and mechanical wear resis-
tance because of increased inorganic filler loading [6, 7]. The
high inorganic filler content directly influences the viscosity
of the composite resin, making it less fluid and leading to a
thicker, undesirable, cementation line at the adhesive in-
terface [8].

As an alternative to reduced viscosity luting agents, the
preheating of composite resins has been suggested [8-15]. By
increasing the temperature from 54°C to 70°C, the degree of
conversion of the resin becomes similar to that of dual-
polymerizing resin cement, the consistency of flow im-
proves, and a thinner cementation line becomes possible
[8, 10, 14, 16, 17]. Different preheating techniques, devices,
temperatures, heating durations, and transport methods
have been reported [8, 11, 13].

A systematic review of the heating and preheating of
dental restorative materials (composite resins and glass
ionomer types of cement) has recently been published [16].
Although the authors concluded that the preheating tech-
nique can improve the physical and mechanical properties of
these materials, clinical studies to confirm the advantages of
this technique in improving restoration performance are
lacking [16]. Many studies have demonstrated the perfor-
mance of preheating different materials 8, 10, 14, 16], but
there remains a lack of evidence that preheating of restor-
ative materials improves the quality and durability of in-
direct restorations.

Thus, this study aimed to review the influence of the
heating protocols for and methods of preheating composite
resins used as the luting agent for indirect adhesive
restorations.

2. Materials and Methods

2.1. Selection Criteria and Search Methods. This scoping
review was performed according to The Joanna Briggs In-
stitute (JBI) Reviewers Manual 2015-Methodology for JBI
Scoping Reviews [18] and Preferred Reporting Items for
Systematic reviews and Meta-Analyses extension for Scop-
ing Reviews (PRISMA-ScR) Checklist [19]. It was registered
at the Open Science Framework (https://osf.io) under the
number DOI: 10.17605/OSF.I0O/GXMQE.

The studies were selected according to the eligibility
criteria based on the PCC strategy [20] as follows: pop-
ulation (P), composite resins; concept (C), preheating
techniques; and context (C), cementation of indirect res-
torations. There were no restrictions on language, date, or
type of studies. The exclusion criteria were studies that
investigated resin types of cement, preheating associated
with restorative techniques other than cementation of in-
direct restorations, or studies that analyzed only composite
resin properties.

Studies were screened using a search strategy adapted
for the following electronic databases: PubMed
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(MEDLINE), Embase, Cochrane, Scopus, Web of Science,
and LIVIVO (Table 1). The search strategy was developed
by using the MeSH terms and associated terms. Hand
searches were performed on the reference lists to identify
additional studies. In addition, non-peer-reviewed studies
(OpenGrey, Proquest, and Google Scholar) were searched
by screening the titles and abstracts. The first 100 hits were
selected (filtered by ‘relevance’) on Google Scholar. A
specialist opinion was also consulted. Duplicate studies
were excluded by using the EndNote Web [21] and Rayyan
[22] software programs. The search was conducted on July
21, 2020. A new search was conducted on January 4, 2021,
and additional studies were included.

2.2. Data Collection. A Kappa test (K) was applied to
measure the calibration between the first and second re-
viewers. After analyzing 10% of all included studies, a 0.81
value of Kappa was obtained. The study selection followed
three steps. First, two investigators screened the titles of the
studies that appeared to meet the inclusion criteria. In the
second phase, the same reviewers independently read the
abstracts of potentially relevant articles. Finally, they inde-
pendently read the full text of the selected articles and ex-
cluded those that did not meet the inclusion criteria.
Disagreements at any of the three stages were resolved by
discussion and mutual agreement among the reviewers. If no
consensus was reached, a third author was consulted to
reach the final decision.

2.3. Data Analyses. Data extraction was performed by the
first investigator and followed the mean characteristics of the
study: author(s), year of publication, objective, conclusion,
primary and secondary testing methods, number of speci-
mens, materials used, preheating device, temperature tested,
mean preheating duration, and all details relating to the
technique. The second author examined all the retrieved
information for the analysis. In an attempt to retrieve
missing information, the corresponding author of the
studies was contacted when important data were not de-
scribed in the studies. Information was obtained from two of
the four authors contacted.

3. Results

3.1. Description of Studies. Based on the search strategy, 304
studies were identified, including the first 100 studies de-
tected on Google Scholar. After the removal of duplicates,
270 studies were analyzed by title and abstract. The inclusion
process resulted in 14 studies [11, 13, 23-34] in the second
phase. Of these, 12 were in vitro research studies
[11, 13, 23-27, 30-34] and two were clinical case reports
[28, 29]. The flow chart was adapted from PRISMA [20] and
is illustrated in Figure 1. The timeline of the publications in
the English language and from six countries, namely, Brazil
[13, 27-30], Chile [28], the United States [23, 24, 26, 31-34],
Italy [11], the Czech Republic [25], and Thailand [29] from
2009 to 2018 is shown in Table 2 [35].
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TasLe 1: Electronic database and search strategy (PubMed).

((“Composite resins”[MeSH terms] OR “composite resin”[All fields] OR “composite dental resin”[MeSH terms] OR “composite dental
resin”[All fields] OR “composite dental resin”[All fields] OR “bisphenol a-glycidyl methacrylate”[MeSH terms] OR “bisphenol a-glycidyl
methacrylate”[All fields] OR “composite properties”[All fields] OR “composite dental material”’[All fields] OR “composite dental
restorative”[All fields] OR “composite dental restoratives”[All fields] OR “composite dental restorative material”[All fields] OR “composite
dental restorative materials”[All fields] OR “composite dental filling”[All fields] OR “composite dental filling material”[All fields] OR
“composite dental filling materials”[All fields] OR “methacrylate, bisphenol A-Glydidyl”[All fields] OR “Bis(Phenol A-Glycydyl
Methacrylate)”[All fields] OR “Bis-GMA”[All fields] OR “bis-GMA”[All fields] OR “bisphenol A-Glycidyl methacrylate
Homopolymer”[All fields] OR “bisphenol a-glycidyl methacrylate Homopolymer”[All fields] OR “Bis(Phenol A-Glycidyl methacrylate),
Homopolymer”[All fields] OR “Poly(Bis-GMA)” [all fields] OR “Bis-GMA Resin”[All fields] OR “bis-GMA Resin”[All fields] OR “Bis-
GMA Resins”[All fields] OR “resin, Bis-GMA”[All fields] OR “resins, Bis-GMA”[All fields] OR “bisphenol A-Glycidyl methacrylate
Polymer”[All fields] OR “bisphenol a glycidyl methacrylate Polymer”[All fields] OR “2-propenoic acid, 2-methyl-, (1-methylethylidene)
bis(4,1-phenyleneoxy(2-hydroxy-3,1-propanediyl)) ester, homopolymer”[All fields] OR “Bis-GMA Polymer”[All fields] OR “bis-GMA
Polymer”[All fields] OR “Bis-GMA Polymers”[All fields] OR “polymer, Bis-GMA”[All fields] OR “polymers, Bis-GMA”[All fields]) AND
(“preheat”[All fields] OR “preheated”[All fields] OR “preheating”[All fields] OR “hot temperature”[MeSH terms] OR “hot
temperature”[All fields]) AND (“cementation”[MeSH terms] OR “cementations”[MeSH terms] OR “cementation”[All fields] OR
“cementations”[All fields] OR “dental cement”[All fields] OR “dental cements”[MeSH terms] OR “dental cements”[All fields] OR “luting
agent”[All fields] OR “luting agents”[All fields] OR “cementation agents”[All fields] OR “cementation agent”[All fields] OR “cement,
Dental”[All fields] AND “permanent dental restoration”[MeSH terms] OR “permanent dental restorations”[All fields] OR “restorations,
permanent Dental”[All fields] OR “dental restoration, Permanent”[All fields] OR “restoration, permanent Dental”[All fields] OR “dental
restorations, Permanent”[All fields] OR “dental permanent Fillings”[All fields] OR “filling, permanent Dental”[All fields] OR “permanent
dental Fillings”[All fields] OR “permanent fillings, Dental”’[All fields] OR “permanent filling, Dental”[All fields] OR “dental filling,
Permanent”[All fields] OR “dental permanent Filling”[All fields] OR “filling, dental Permanent”[All fields] OR “filling, permanent
Dental”[All fields] OR “permanent dental Filling”[All fields] OR “fillings, dental Permanent”[All fields] OR “dental fillings, Permanent”[All

fields]))

3.2. Preheating Device. Ten studies used the Calset oven
(AdDent Inc.) device to preheat composite resin
[11, 23, 24, 26, 29-34]. The other preheating devices de-
scribed were the Digital wax pot (SJK) [13], ENA heat
(Micerium S.p.A) [25], and Wax Heater Pot 4 (manufacturer
not mentioned) [28]. Only one study used an incubator
(manufacturer not mentioned) for preheating, but its
specifications were not provided [27].

3.3. Temperatures and Preheating times. The temperatures
used to preheat composite resins were 54°C
[11, 23,29, 32, 34], 55°C [25], 58°C [28], 60°C [27], 64°C [13],
and 68°C [24, 30, 33]. The reported range was from 54°C to
68°C. The temperatures of 54°C and 68°C were most fre-
quently reported. Two studies did not report the preheating
temperature [26, 31]. A warming time of 5 min was specified
in eight studies [13, 23, 24, 26, 28, 31, 32, 34] and of 30, 15,
and 60 min in three other studies [25, 27, 29]. Three studies
did not report the time used for heating composite resins
[11, 30, 33].

3.4. Preheating Methods and Mean Required Time of the
Clinical Procedure. Only one study reported details re-
lated to the glass container in which the resin was placed
when heated in the device [27]. Almeida et al. [27] re-
ported removing the increment from the oven and im-
mediately applying it to the ceramic. However, the
transport time was not specified. Goulart et al. [13] stated
that the time taken for the material to be removed from
the heating device until the assessed property was
measured was less than 30 s. Other studies did not report
this aspect.

3.5. Composite Resins Tested and Light-Polymerizing Units.
Seven studies preheated the microhybrid composite resin Filtek
7100 (3M ESPE) (23, 24, 26, 30, 32-34]. Other microhybrid
composite resins used were Gradia Direct posterior (GC) [31]
and Venusl (Kulzer) [11, 13]. Four articles preheated com-
posite resins with nanohybrid particles, including Filtek Z350
XT (3M ESPE) [27], Tetric N-Ceram (Ivoclar-Vivadent) [28],
7250 XT (3M ESPE) [13], Miris 2 (Coltene-Whaledent) [29],
and other composite resins such as Enamel Plus Hri (Mice-
rium) [25]. Goulart et al. [13] compared the use of composite
resins at room temperature (+23°C) for cementing indirect
restorations. Acquaviva etal. [11] conducted a study comparing
composite resin at room temperature, heated composite resin,
and resin cement. Another five studies focused on the pre-
heating of composite resin and resin cement [13, 24, 27] for
cementing indirect restorations. Two clinical case reports
[28, 29] and seven in vitro studies [23, 24, 26, 30-34] used
heated composite resin. In no study were details provided
regarding the amount of preheated composite resins used for
cementing indirect restorations.

The following brands of the light-polymerization unit
were used: halogen lamp Swiss Master Lightl (EMS, Neun,
Switzerland), FlashLight (Dental Discus), Optilight Max
(Gnatus), Den-Mat (Allegro), and Valo (Ultradent). The
light-polymerization power was between 400 mW/cm? and
1200 mW/cm?, and the duration ranged from 40's to 120's.

3.6. Property Testing. From the included in vitro studies,
different properties of composite resins were evaluated,
including the degree of conversion [11], color stability [27],
microtensile bond strength-adhesive interfaces [13], fatigue
resistance [23, 26, 30-34], vertical seating [24], and vertical
marginal discrepancy [25].
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Figure 1: Description of included records in the scoping review.

4. Discussion

Indirect adhesive restorations can be cemented with pre-
heated composite resins yielding reduced viscosity materials
that provide a clinically acceptable cement film thickness
and have better mechanical properties than those of con-
ventional types of cement [8-11, 14]. Despite clinical and
laboratory evidence suggesting the advantages of preheating
composite resins [8-11, 14], their protocol for use as a
cementation agent for indirect restorations has not yet been
fully elucidated. Advantages reported in studies on pre-
heating resin materials include an increased degree of
conversion [10], improved marginal adaptation of restora-
tions because of reduced viscosity [36], and decreased

polymerization contraction [37]. However, the methodol-
ogies used in the preheating of composite resins, their
mechanical properties, and their performance as luting types
of cement for indirect restorations must be analyzed.

The composite resin is typically preheated in a device
that is programmed to reach a certain temperature that
should be confirmed for accuracy and monitored and
controlled during storage in the heater [38]. The temperature
of the preheated composite resin cools rapidly when re-
moved from the heating device, approximately 50% in 2 min
[38]. Thus, the material should be placed, adapted, the
restoration seated, and light-polymerized rapidly. When the
high temperature is maintained, monomer conversion will
be greater than at room temperature (+23°C) [11].
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Table 2 is reproduced from “Técnicas de aquecimento de resinas compostas para cimentagio de restauragdes indiretas: Scoping review” © 2022 by Zanon
AEG, Poubel DLN, and Garcia FCP under CC BY 4.0 (http://creativecommons.org/licenses/by/4.0/) [35]. N/A: not available; none: not applicable.
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Seven of the included articles reported similar preheating
techniques with a commercially available device (Calset,
AdDent Inc.) that the manufacturer claims preheats and stores
composite resins at temperatures of 54°C, 60°C, or 64°C until
they are ready for use. Composite resin syringes can be heated
and the resin can then be directly injected onto the restoration
or prepared toot, reducing the clinical time [8, 38, 39]. Despite
what was specified by the manufacturer, Daronch et al. [38],
who used Calset (Addent Inc.) in their study, reported that the
maximum temperature reached was 48.3°C and 54.7°C when
the preset temperature of the device was set at 54°C and 60°C,
respectively. The equipment (ENA heat, Micerium) used for
heating composite resins in the study by Mounajjed et al. [25]
was preset at temperatures from 39°C to 55°C. A temperature
of 55°C was recommended by the manufacturer for heating
composite resins for cementation and had six spaces for
heating syringes of composite resin.

Previous studies evaluated the use of this heating
equipment [40-42], but Goulart et al. [13] and Olivares et al.
[28] used wax pot heaters in their studies (Digital wax pot,
SJK and Wax Heater Pot 4, Denshine) because these devices
allowed setting the temperature according to clinical needs.
The preheating of composite resins in a wax pot heater has
also been described in another study where the heating time
of the composite resins was around 2 to 3 min [11]. The
authors concluded that the wax pot was a straightforward,
rapid, and economical option [43]. Almeida et al. [27] used
an incubator oven to heat composite resins at 60°C for
30min. However, they did not provide manufacturer
specifications for the equipment. However, a preheating
technique in a bacteriological oven (model 502, Fanem) at a
temperature of 54°C has been described [44].

Composite resins can be heated in different dry heating
devices, as long as the temperature is controlled and remains
stable until clinical use. The use of a specifically marketed
device such as Calset (AdDent Inc.) facilitates the technique
and ensures standardization of the preheating process. The
use of parallel heaters requires the preset temperature of the
device to be measured and checked until the required
temperature is reached.

The temperatures for preheating composite resins de-
scribed in the studies ranged from 54°C to 68°C, and this
range has been considered ideal for improving the working
properties of the material [11, 13, 23-27, 30-34]. Daronch
etal. [10] evaluated the degree of conversion at temperatures
ranging from 3°C to 60°C and reported that, at the highest
temperature, a greater degree of conversion was reached.
Daronch et al. [38] used the Calset device (AdDent Inc.) and
reported a drop in the degree of conversion after a certain
temperature because of degradation of the photoinitiator. In
monomers such as bisphenol A diglycidyl ether dimetha-
crylate (Bis-GMA) or ethoxylated bisphenol A dimetha-
crylate (Bis-EMA), the volatility limit of dimethacrylate
monomers used in resin formulations occurs close to 90°C, a
temperature that could damage some composite resin
components and harm pulpal tissue. However, 90°C is above
the maximum temperature allowed by the heating device. In
addition, because of incomplete polymerization, unreacted
monomers may leach into the saliva, promoting undesirable

consequences, and the loss of plasticizers may decrease
mechanical strength, dimensional stability, and color change
and allow bacterial growth. Unreacted monomers can also
cause allergic and sensitivity reactions [45].

The heating time for the composite resin inside the
heater is also an important evaluation parameter, with the
average time for the device to reach both tested preset
temperatures (54°C or 60°C) being 11 min [38]. Therefore, in
addition to ensuring that the heating device can maintain a
controlled and predefined temperature, the temperature
should be reached in a predictable time. A drop in the
temperature of the composite resin was reported between its
removal from the heating device and the mouth, estimated
to be 50% after 2 min and 90% after 5 min when heated to
60°C and removed from the device, indicating the need for
calibration during all processes. In addition, heated com-
posite resins have been reported to provide better results
than composite resins at room temperature [10, 16, 38].
Composite resins with different compositions can take
different times to reach a stable temperature, and some low-
molecular-weight components of the photoinitiator system
can be volatilized with prolonged heating [10, 38]. Therefore,
different heating methods have been used for in vitro studies
and for clinical techniques. Lopes et al. [16] reported that
some studies used a reasonable clinical time of approxi-
mately 15 min.

The temperature must be controlled to avoid causing
pulpal damage, but increasing the composite resin tem-
perature to between 54°C and 60°C does not significantly
change the intrapulpal temperature [46]. Lopes et al. [16]
noted that dentin thickness acts as a thermal barrier, pre-
venting harmful stimuli and protecting the dental pulp.

According to manufacturers, the Calset (AdDent Inc.)
and ENA heat (Micerium) devices are designed to attach a
syringe, acting as a container. The wax pot heaters (Digital
wax pot, SJK and Wax Heater Pot 4, Denshine) can directly
heat the composite resin inside of the syringe. Comparing
the two preheating methods, Daronch et al. [38] concluded
that the composite resins already assembled in the appli-
cation syringe showed a significantly higher maximum
temperature (36.6°C +2.2°C) than the composite resins that
were heated without a container (33.6°C +£0.5°C). Thus, the
composite compule preloaded into a delivery syringe was
more efficient. Higher temperatures were attained with this
method as opposed to preheating the compule separately
[16].

The way the composite resins are arranged and placed in
the preheating device affects its clinical application, as the
working time should be minimum owing to the decrease in
temperature after its removal from the heater [10, 38]. Once
the composite resin is attached to a syringe or loaded into the
indirect restoration to be cemented, the dentist can simply
remove and apply it to the teeth, without concerns about
assembling the application system, thus reducing the
working time, and maintaining the temperature as high as
possible [38].

The viscosity of composite resins is linked to factors in
their composition such as the organic matrix and amount
and size of inorganic fillers [47]. Analyzing the particle size,



materials with smaller particles appear more fluid when
compared with those that contain bigger particles. Re-
garding the amount of filler, the higher the filler load, the
higher the viscosity [46]. The amount and type of monomer
can also cause an increase in viscosity, as monomers such as
Bis-GMA and urethane dimethacrylate are quite viscous,
whereas Bis-EMA and triethylene glycol dimethacrylate are
more fluid [47, 48]. Among the studies included, Goulart
et al. [13] compared the use of two preheated composite
resins, a microhybrid (Venus 1, Kulzer) and a nanohybrid
(7250 XT, 3M ESPE) with the same preheating protocol and
mechanical test. The nanohybrid resin, as evaluated by SEM
after cementation, formed a thicker film than the micro-
hybrid resin.

The degree of conversion can be increased by preheating,
decreasing the light-polymerization time, and maintaining a
degree of conversion similar to or even better than when the
composite resins are irradiated for longer at 22°C [10, 11].
Preheating the resins to 60°C increased the conversion of
monomers by increasing molecular mobility. Compounds
with higher conversion have greater crosslinking, reducing
the free space of the polymers and improving their me-
chanical properties [10]. A 5 s light-polymerization time
with a composite resin preheated to 57°C resulted in a higher
conversion rate than that observed after a 40 s exposure at
22°C [10]. According to Acquaviva et al. [11], the thickness of
the onlays affected the degree of conversion of both com-
posite resins and dual-polymerizing types of cement, and an
excellent degree of conversion can be achieved by preheating
the light-polymerizing composite resins. No ideal light-
polymerizing time or intensity has yet been determined.
Thus, purely light-polymerizing types of cement or resins
must be used with care, as there must be enough light to pass
through the materials for adequate conversion of the
monomers. If an indirect restoration is thinner than 2 mm,
the light passage should be adequate [49].

A consensus on the limits for a clinically acceptable film
thickness is lacking. Marcondes et al. [50] stated that
composite resins, being restorative materials, are designed to
provide intraoral resistance. Therefore, an increased ce-
mentation thickness, even if it exceeds the value defined by
ISO 4049 [51], should be clinically acceptable. Composite
resins are designed for color stability and abrasion resis-
tance, as shown in laboratory and clinical studies
[10, 11, 38, 49, 50]. In general, when composite resins are
preheated, viscosity is reduced and adaptation to cavity walls
is improved [50].

The presence of amines in chemically polymerized
resins, including dual-resin types of cement, may even-
tually result in the staining of indirect restorations, and,
therefore, they should be avoided for cementation of
translucent or thin restorations [7]. Almeida et al. [27]
reported that dual-resin types of cement showed greater
color variation than preheated composite resins, light-
polymerized resin types of cement, and flowable com-
posite resins. Goulart et al. [13] reported that preheating
composite resins did not increase the cementation bond
strength of indirect restorations, even though increased
mechanical properties have been reported because of
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increased conversion [8, 12]. The results could be
explained by the loss of temperature of the material
during the bonding procedure and not reaching an ad-
equate degree of conversion. In contrast, the conclusion
was that the material can still be used to reduce its vis-
cosity and improve the fit of the restoration [13]. The use
of different luting agents provides many alternatives for
cementation, which also can produce varying results in a
vertical discrepancy of the definitive restoration [52].
Mounajjed et al. [25] compared the vertical marginal
discrepancy of pressed crowns of lithium disilicate by
using different cementing agents. The preheated com-
posite resin Enamel Plus HRi (Micerium) obtained higher
values of marginal discrepancies than a cement flow resin
(Harvard Premium Flow) and the dual-resin cement,
RelyX Ultimate (3M ESPE). The authors stated that the
methodology used may have affected the results of the
study, for example, using a specimen at low temperature,
which could have reduced the fluidity of the resin, and the
difficulty of standardizing the seating pressure at different
viscosities. Magne et al. [24] investigated the vertical
displacement of composite resin inlays, onlays, and
computer-aided design and computer-aided manufac-
tured overlays. The preheated composite resin used in
cementation resulted in the better seating of inlays,
onlays, and overlays than the dual-polymerizing resin
cement [24].

5. Conclusion

This scoping review observed a large variation in the use
of preheating techniques on composite resins used for
cementation of indirect restorations. No consensus was
found regarding the recommended preheating devices,
heating durations, or temperatures for this clinical
procedure. Some aspects can be considered relevant when
considering preheating techniques for composite resins.
(1) All heating devices demonstrated effectiveness in
heating composite resins used for the cementation of
indirect restorations. (2) The ideal heating device must be
free of moisture and calibrated to reach a predetermined
temperature (between 54°C and 68°C) on heating and
must maintain stability at the predetermined temperature
after heating. (3) The preheated material must be used as
soon as possible after being removed from the device, as
the temperature of the composite resin will decrease
quickly. (4) Preheating the material directly in the
prosthetic restoration or the dispensing syringe reduces
clinical time. (5) The indirect restoration must be less
than 2 mm thick if a light-polymerizing luting cement or
composite reins is to be used. (6) The composition of the
composite resins directly affects the viscosity reached
after preheating. Therefore, materials indicated for this
purpose or that show increased fluidity when heated
should be used.

Based on the results of the included studies, more re-
search is needed on preheating techniques for composite
resins used for the cementation of indirect restorations; in
particular, longitudinal clinical evaluations are needed.
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Furthermore, studies correlating the composition of com-
posite resins and their behavior when heated are required.
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Effect of preheating on the viscosity of composite resins

ABSTRACT

Aim To determine the effects of time and temperature on the viscosity of
preheated composite resins. Methods Eleven composite resins were heated to
60°C, and temperature analyses were performed at intervals of 1 minute until
they had cooled to 25°C. The permanent oscillatory shear test was performed at
25°C, 35°C, 50°C, and 60°C for three composite resins under a shear rate of 1s-
1. One- and two-way ANOVA were used for the analysis (a=0.05). Results There
was no significant interaction between the composite resin and time (p=0.9304),
and only the main effect time was significantly different (p<0.0001). A difference
was observed between TO and T6 (p<0.001), but not after T7. The increase in
temperature resulted in a viscosity reduction (p<0.05). At 25°C, Beautifil Il
presented higher viscosity. Palfique LX5 showed a significant viscosity reduction
with increasing temperature compared with the others (p<0.05). For Beauitifil Il
and Z100, there was no difference at temperatures of 50°C and 60°C, while for
Palfique LX5, no statistical difference was observed at 35°C, 50°C, and
60°C. Conclusions Ten minutes of preheating were sufficient to reach a
temperature of 60°C, reducing viscosity by at least 84%. However, 5 min after

removal, the composite resin cooled to room temperature.

Clinical Significance
Preheating composite resin has potential benefits. To determine how this
approach will work in clinical practice, it is important to define the protocols of this

technique and understand its limitations.

Keywords: composite resin, dental materials, preheating, viscosity



INTRODUCTION

Adhesive dentistry is a major component of contemporary practice that is
used in virtually all clinical situations, including direct and indirect restorations.
When indirect restorations are cemented, both the dental substrate and the
chosen restorative material must be considered, and resin cements are currently
the materials of choice for providing a bond between ceramics or resins and tooth
structure.’ Resin cements have low solubility in oral fluids and favorable
mechanical resistance.® Despite the many available cementing agents, other
materials have been used for this purpose, including light-polymerized composite
resins.*

Composite resins, because of their high inorganic filler content, have
greater resistance to wear compared with resin cement®, as well as greater stain
and mechanical resistance.® However, the higher inorganic filler content of
composite resins leads to a higher viscosity than that of a resin cement.® Heating
composite resins has been used as a strategy to decrease their viscosity,
reducing the cement line at the adhesive interface.”® When heated to between
54°C and 70°C, the degree of conversion of the resin is similar to that of a dual-
polymerizing resin cement.*”8 In addition, preheating this material can reduce
polymerization shrinkage’® and reduce photopolymerization time by
approximately 75%, resulting in a similar or better conversion than when the
composite resin is light polymerized at room temperature for the manufacturer's
recommendation time.”-® However, when the composite resin is removed from the
heater at 60°C, there is significant and immediate cooling.”:

Composite resins have different compositions and particle content, which
leads to different degrees of fluidity after heating.>®'° Although rapid heat loss
can avoid pulpal damage, any delay before restoration cementation will increase
viscosity, leading to a thicker cement line, preventing complete seating, and
adversely affecting restoration longevity.>%'" Determining the time that a
composite resin takes to reach the heating temperature and then cool down to
room temperature is important to define the working time and to ensure that the

heated composite resin technique is optimized. Thus, the objectives of the



present study were to determine the time required for different resins to reach a
stable heating temperature, the cooling time required to return to room
temperature, and the influence of different heating temperatures on viscosity. The
research hypothesis was that time and temperature would affect the viscosity of

preheated composite resins.

MATERIALS AND METHODS

Time-Temperature Analysis

This study analyzed the effects of time and temperature on different
composite resins (Tab. 1), shade A2, and on their viscosity under heating with
precise temperature control based on rheometer tests at the Department of
Pharmaceutical Sciences (LabMac — ULEG, UnB, Brazil). The names and brands
of the composite resins were hidden during testing, and all experimental tests

were conducted blind and by the same researcher.

Table 1 — Characteristics and formulation of composite resins tested

Materials Type Manufacturer Formulation
Resin phase Filler wt%
(vol%)
Beautifil I Nanohybrid ~ Shofu Bis-GMA, TEGDMA 83.3
(68.6)
Charisma Micro-hybrid Kulzer Bis-GMA (61)
Classic
Charisma Nanohybrid  Kulzer Bis-GMA, UDMA, TEGDMA, (64)
Diamond TCD-DI-HEA
Filtek Z100 Micro-hybrid 3M ESPE Bis-GMA, TEGDMA 84,5 (66)
Filtek Z250 Micro-hybrid 3M ESPE Bis-GMA, UDMA, Bis-EMA, 81,8
PEGDMA e TEGDMA (67,8)
Filtek Nanofill 3M ESPE Bis-GMA, UDMA, Bis-EMA, 78.50
Z350XT PEGDMA, TEGDMA (63.3)
Forma Nanohybrid  Ultradent Bis-GMA, TEGDMA., Bis-

EMA, UDMA



Llis Micro-hybrid FGM Bis-GMA, Bis-EMA, 77.5 (56)

TEGDMA

Opallis Microfill FGM Bis-GMA, Bis-EMA, 80 (72)
TEGDMA

Palfique LX5  Supernanofill Tukuyama Bis-GMA, TEGDMA 82 (71)

Vittra Nanofill FGM Bis-GMA, Bis-EMA, UDMA, 82 (60)
TEGDMA

Bis-GMA, bispehn ol-A glycidyl dimethacrylate;, TEGDMA, triethylene glycol
dimethacrylate; UDMA, urethane dimethacrylate; TCD-DI-HEA, Bis-(acryloyloxymethyl)
tricyclodecane; Bis-EMA, bisphenol-A ethoxylated dimethacrylate; PEGDMA, plyethylene
glycol dimethacrylate

A portable device with digital temperature control was used to heat the
composite resins. The temperature reported on the display was the same as the
actual temperature inside the device. This was confirmed after five tests at
different times and on different days with the thermal sensor (Simpla TA21,
AKSO, Sao Leopoldo, RS, Brazil). The heating protocol was determined for this
digital oven as follows: After turning on the device, the temperature was set to
60°C; this was followed by waiting for 40 min so that the device could stably reach
the preset temperature. A variation of + 4°C was observed.

To determine the time required for the resins to reach this preheating
temperature, each composite resin was tested individually at 60°C (+ 4°C). The
resins were kept in a refrigerator at 5 °C until the tests were performed when they
were removed from the refrigerator and kept at room temperature (approximately
25°C) for 20 min until their temperature stabilized at the laboratory temperature.’?
As soon as their temperature was stable, the resins were individually weighed,
and a predetermined volume (0.6 mL) was dispensed as a @1-cm specimen onto
a glass plate and heated. The thermal sensor was positioned close to the
composite resin specimens. All tests were conducted in triplicate (n=3), and the
means and standard deviations of the results were determined, thus obtaining

the time required for each resin to reach the predetermined temperature.



As soon as the resin reached the heating temperature, the glass plate was
removed, and the specimen temperature read with an infrared thermometer
(Simpla TI38, 8:1, AKSO, Sao Leopoldo, RS, Brazil) with a detection range of -
5°C to 380°C. The thermometer was fixed at a distance of 8 cm from the @1-cm
composite resin specimen on the glass plate. The temperature was analyzed at
controlled intervals of 1 min until the resin returned to room temperature (25°C)
as follows: TO, immediately after removal of the heat device; T1 1 minute; T2, 2
minutes; T3, 3 minutes; T4, 4 minutes; TS5, 5 minutes; T6, 6 minutes; T7, 7
minutes; T8, 8 minutes; T9, 9 minutes; and T10, 10 minutes after removal. The
data were analyzed with the statistical software program Stata SE 15.1
(StataCorp, College Station, TX, USA). For the analysis, a two-way analysis of
variance (ANOVA), with temperature as the dependent variable and resin-based
composite and time as the two independent variables, as well as a post hoc
Tukey test, were used (a=0.05).

Viscosity Analysis

After the first phase, 11 resins of different brands and characteristics were
tested. The three heated resins with the highest fluidity were selected for viscosity
testing to determine the rheological properties with the MCR 301 rheometer
(Anton Paar Physica). All measurements were performed in a temperature-
controlled room (25°C), and the instrument was isolated from external vibrations
on a rigid support table.

A permanent oscillatory shear test was performed at 25°C, 35°C, 50°C,
and 60°C for the 2100 (3M ESPE, SP, SP, Brazil), Beautifil Il (Shofu, SP, SP,
Brazil), and Palfique LX5 (Tokuyama, Via Chizzalung, Sandrigo, Italy) composite
resins under 1s-1 shear rate with a rotating rheometer. The composite resins
were removed from their packaging with a spatula and placed in a semicircular
mold to standardize the 0.6-mL volume. The test material was dispensed on the
lower plate of the rheometer, positioned with a 0.05-mm gap between the plates,
and heated with the rheometer. The viscosity (Pa-s) was measured until the

designated temperature was reached.



To perform the ramp analysis, the composite resins were coupled to the
device at room temperature, heated to 60°C for 10 min, remained stable for 5 min
more, and returned to room temperature (25°C) in 5 min, with the values defined
in the time-temperature analysis. The measurements were performed at 25°C,
35°C, 50°C, and 60°C. Each composite resin was tested four times. Data were
analyzed using the statistical software program Stata SE 15.1 (StataCorp). One-
way ANOVA and post hoc Tukey tests were used to compare the viscosity at

each temperature (a=0.05).

RESULTS

The original data were entered into the Figshare repository (DOI:
10.6084/m9.figshare.17708510).

Eleven different composite resins were evaluated at 11 time periods (0-10
minutes after the removal of the heat device). As presented in Table 2, the two-
way ANOVA found no statistically significant interaction between the composite
resin and time (F=0.77, p=0.9304), and only the main effect time was significantly
different (p<0.0001).

Table 2 — Two-way ANOVA of dependent variable as temperature and the two

independent variables (resin-based composite and time)

Source Partial SST DFt MST F1 p-value
Model 50863.029 120 423.85857 386.65 <0.0001
Composite 10.360285 10 1.0360285 0.95 0.4925
Time 50767.952 10 5076.7952 4631.16 <0.0001%*
Composite 84.716705 100 .84716705 0.77 0.9304
#Time

Total 51128.316 362 141.23844




7 SS: Sum-of-Squares; DF: Degrees of Freedom; MS: Mean Square; F: F ratio
* Indicates significant difference (p<0.05)

Regarding the main effect time, a difference was observed between TO,
T1, T2, T3, T4, T5, and T6 (Tukey, p<0.001). However, this difference was not
observed after 6 min. T6 was not statistically different from T7 (p=0.39); T7 was
not statistically different from T8 (p=1.0), T8 was not statistically different from T9
(p=1.0), and T9 was not statistically different from T10 (p=1.0). All experimental
composite resins returned to the initial temperature (25 °C) within 5 minutes of
removal from the heating device (Fig.1).

The composite resins showed a rapid loss of temperature, losing 100% of
the temperature acquired after 5 minutes, that is, returning to the ambient
temperature (25°C). An average of —48% of the temperature was recorded after

1 minute, —74% after 2 minutes, —87% after 3 minutes, and —95% after 4 minutes.
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Fig. 1 — Cooling analysis of preheated composite resins according to time

(TO-T5) in minutes after removing the heater.

The results for viscosity at 25°C, 35°C, 50°C, and 60°C are shown in Table
3. For the three composite resins analyzed, the increased temperature resulted
in a significantly reduced viscosity (p<0.05). At the initial temperature (25°C),
Beautifil Il (Shofu) had a significantly higher viscosity than Palfique LX5
(Tokuyama) and Z100 (3M ESPE). Palfique LX5 (3M ESPE) started with the
lowest viscosity, and, with increasing temperature, showed a significant viscosity
reduction compared with the other two composite resins (p<0.05). For both
Beauitifil Il (Shofu) and Z100 (3M ESPE), there was no difference in the viscosity
at the temperatures of 50°C and 60°C, while for Palfique LX5 (Tokuyama), no
statistical difference was observed at 35°C, 50°C, and 60°C. The hypothesis that

time and temperature would influence viscosity properties was accepted.

Table 3 — Mean and SD of viscosity experimental test (Pa Si)

Temperature

25°C 35°C 50°C 60°C
Beautifil II 8442.5 (1361)** 4592.5 (454)*B 931 (187)* 452.5 (112)*€
Palfique LX5  3012.5 (493)># 576 (58)>8 272.75 (11)>® 206.5 (13)>B
7100 4595 (442)>A 2035 (103)-B 1115.5 (118)*¢ 690 (61)°C

+ SD: Standard Deviation

I Pa S: Pascal-second, unit of dynamic viscosity

*b<Different lower-case letters identify statistical difference between groups in the same
columns; **€ Different upper-case letters identify statistical difference between groups in the

same row.

DISCUSSION

Composite resins are direct restorative materials, although they can also
be used as cementing agents for indirect restorations. The indication for these

materials can vary according to their composition and physical and chemical



properties, and additional protocols have been suggested to improve the
characteristics of the composite resins, including warming. As the use of
preheated resins in dentistry has become popular, the criteria for this technique
require clarification.

The composite resins can be preheated in different dry-heating devices.
The temperatures for preheating composite resins described in the literature
range from 54°C to 68 C, with warm-up times of 5 to 60 minutes.>”-'3 Daronch et
al.'? (2006) used a device (Calset, Addent Inc.) in their study and reported that
the maximum temperatures reached were 48.3°C and 54.7°C when the preset
temperature of the device was set at 54°C and 60°C, respectively.'? The digital
heater used in the present study had been previously tested to avoid possible
errors. After repeating the experiments on different days, the temperatures
appearing on the digital display and inside the device were confirmed to be
identical. Considering this, the experimental resins were subjected to heating at
60°C, with possible variations of + 4°C. A device developed specifically for this
purpose facilitates this technique clinically and ensures the standardization of the
preheating process, but similar heaters can also be used, provided that the
temperature is controlled and remains stable until clinical use.

A wide range of heating times have been specified in the literature, varying
from 5 to 60 minutes.>”-3 Eleven composite resins were tested with respect to
time-temperature, and, although the materials had different compositions and
characteristics, they behaved similarly in terms of heating and cooling, and a
statistical difference was not found. The hypothesis tested that time and
temperature would influence viscosity properties was accepted A 10-minute
heating time at 60°C (+ 4°C) was sufficient for all the tested composite resins to
reach the desired temperature, which seems a reasonable time for clinical
application.

To implement this technique, the speed at which the temperature loss of
each resin occurs needs to be established. According to Marcondes et al.”®
(2020), composite resins preheated to 68°C showed temperature losses ranging
between 45% and 61% 15 sec after being removed from the heater, an 84% loss

of temperature in 30 sec, and a 96% loss in 60 sec, suggesting that clinicians



have a working time of between 10 and 15 sec when seating a restoration with
preheated composite resin.'® This can also be seen in this study in part because
the composite resins showed a considerable loss of temperature. However, this
loss occurred over a longer time period (-48%, 1 minute; -74%, 2 minutes;
-87%, 3 minutes; -95%, 4 minutes; and -99%, 5 minutes), thus allowing
additional working time and preserving the benefits of viscosity. Other in vitro and
clinical studies are needed to determine an ideal working time based on these
findings by considering all the criteria and sequences for the procedures. Pulpal
damage has been a concern with the use of heated composite resins in dental
procedures. One reason to consider the procedure safe and unlikely to damage
the pulp is the rapid drop in temperature. Daronch et al.’® (2007) reported that
intrapulpal temperature values may not change significantly because the
preheated resins are not as hot as expected when the restoration is delivered.'
The luting procedure using preheated resins is limited to restorations of less than
2 mm thick because sufficient light needs to pass through to ensure complete
polymerization.*® Even if the technique is indicated for thin restorations, there
would still be a considerable amount of excess, further reducing the chances of
any pulpal damage.51213

Regarding viscoelastic properties, restorative composite resins with
different formulations can react differently to preheating.'®'4'S The
characteristics of the inorganic particles may also influence flowability, affecting
the thickness of the film when used as a cement.'® Preheating to 69°C has been
reported to reduce the viscosity of restorative resin composites by 47% to 92%
compared with that at 37°C."° Therefore, thermal conductivity must also be
considered in the choice of material in addition to its handling characteristics51,
including filler content, particle type, shape, size, nature of the particle surface,
and spatial arrangement of the filler within the composite resin'®, because only
the relationship between viscosity and the filler content is negative.'®'7 Although
there is a relationship between viscosity and temperature, no change was noted
in the mechanical properties of the composite resins at the same loading of

particles of different sizes.'®
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The viscosity of composite resins, however, is affected by the resin matrix
formulation, the interlocking between the filler particles, and the interfacial
interaction between the filler particles and resin matrix. An inverse relationship
was observed between viscosity and polymerization shrinkage, depending
primarily on the monomer types and ratio of the resin matrix'®, and the filler
volume has been reported to be more important than the filler weight.'> Regarding
the filler size, composite resins with a small filler size were more viscous than
those with a larger filler size, even though the filler content was the same because
the number of filler particles was higher for identical filler volumes. As a result,
the increased surface area led to a greatly increased interaction between the
resin matrix and filler particles and between filler particles.'® The viscosity of the
composite resin with a round filler seems to be much lower than that with an
irregular filler because of the lower friction at similar filler sizes.® Diluents such
as triethyleneglycol-dimethacrylate and urethane dimethacrylate have lower
molecular weights and lower viscosities than bisphenol A-glycidyl
methacrylate.’®'® Therefore, their low molecular weights and resultant high
numbers of double bonds per unit of weight create a high degree of cross-linking
and a relatively high amount of shrinkage.'® However, manufacturers do not
always disclose all the formulation details.

Resins that showed greater fluidity for handling after being heated to 60°C
were selected for the analysis of viscosity. These were the nanohybrid composite
Beautifil I (Shofu), micro-hybrid Filtek Z100 (3M ESPE), and supernanofill
Palfique (Tokuyama). Increased temperature led to a significant viscosity
reduction, ranging between 84% and 94%. However, it is expected that the
preheated resin composite resins will not show viscosity values in the range of
the flowable composite or resin cements.'® For both Beautifil Il (Shofu) and Z100
(3M ESPE), there was no difference in the viscosity from temperatures 50°C to
60°C, while for Palfique LX5 (Tokuyama), no statistical difference between 35°C,
50°C, and 60°C was observed. Among them, Palfique LX5 (Tokuyama) showed
the lowest viscosity when heated. Although there is no difference between 50°C
and 60°C in the viscosity analysis for the three resins, adopting higher
temperatures will extend the working time, since the rapid loss of temperature is

11



a limiting factor of the technique. The overall performance of the preheated
composite resin technique depends on proper material selection and correct
procedure because the change in viscosity upon preheating alone is not an
appropriate parameter for selecting a restorative composite resin for luting
purposes.’®'® The filler content of the resins does not interfere directly with the
thickness of the film'S, and Marcondes et al.’® (2020) reported that some
composite resins that showed the highest reduction in viscosity were not always
able to yield the thinnest films."°

Based on the results of this in vitro study, heating composite resins
influences their viscosity, consistent with previous studies.'#16.20 Ahn et al.?°
(2015) speculated that preheating increased the mobility of the unpolymerized
monomer and allowed a better distribution of the filler particles, becoming more
fluid when it was manipulated. Even though preheating alters the structure of
composite resins, it seems to be beneficial because this improvement in the
internal structure persists, even after cooling.?°

Limitations of this study included that only 11 composite resins (shade A2)
were investigated. Even though the preheating of composite resins affects their
viscosity, future studies should be conducted on how different monomers and
filler features might influence the reaction of composite resin to preheating. A
working time from 30 seconds to 1 minute may preserve their benefits and allows
for better manipulation of composite resins during the luting procedure, but it
seems not to be reproducible in the clinical scenario. In addition, clinical and
laboratory studies should be developed to simulate the clinical procedure and
determine the protocol for composite preheating.

CONCLUSIONS

The preheating of composite resins affects their viscosity; however, the
following aspects are relevant to this technique. The time of 10 minutes at >60 °C
seems to be adequate to heat composite resins, reducing their viscosity by at
least 84%. All tested resins lost 100% of the temperature gained during heating

after 5 minutes.
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