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RESUMO

O objetivo neste estudo foi comparar duas técnicas restauradoras simplificadas,
utilizando resinas de preenchimento em incremento uUnico (“bulk-filling”), com a técnica
incremental convencional para realizar restauracGes posteriores em resinas compostas, por
meio de um estudo clinico randomizado, controlado e duplo-cego. Para isso, 27 voluntarios
foram selecionados, de acordo com os seguintes critérios de inclusdo: apresentar boa saude
geral e higiene oral, ndo ter habitos parafuncionais, apresentar estabilidade oclusal e ter pelo
menos 3 molares permanentes com cavidades Classe | ou Classe Il (com profundidade
superior a 3mm) que requeriam tratamento restaurador. Dessa forma, 105 molares
permanentes foram incluidos na pesquisa e alocados, aleatoriamente (n=35), nos seguintes
grupos: 1) AMS: restauracdo posterior em resina composta microhibrida (Amaris, Voco,
Cuxhaven, Germany) pela técnica incremental (controle); 2) RBD: restauracdo posterior pela
técnica “bulk filling” com resina de preenchimento de polimerizacdo dupla (Rebilda DC,
Voco) associado a uma cobertura com resina composta microhibrida (Amaris) e; 3) XBS:
restauracdo posterior pela técnica “bulk filling” com uma resina fluida de baixa contracdo (X-
tra Base, Voco) associado a uma cobertura com resina composta microhibrida (Amaris). As
restauracOes foram realizadas por um Unico operador experiente e avaliadas por dois
examinadores independentes, cegos e calibrados (Kappa=0,8). As avaliacdes foram realizadas
utilizando o critério United States Public Health Service (USPHS) modificado, apds 7 dias de
confeccdo das restauracdes (inicial) e apds 6 e 12 meses. Os critérios avaliados foram: forma
anatomica, adaptacdo marginal, descoloracdo marginal, cor, rugosidade superficial, carie
secunddria, sensibilidade pds-operatodria e fratura. Uma anadlise descritiva da distribui¢ao da
frequéncia cumulativa relativa dos escores do critério USPHS modificado foi realizada, o teste
Friedman’s 1-critério foi aplicado para verificar diferengas entre as técnicas restauradoras e o
teste de postos sinalizados de Wilcoxon para medidas repetidas foi aplicado para verificar o
efeito do tempo e a interacdo do tempo com as técnicas restauradoras, ambos testes com
nivel de significdncia de 5%. Os resultados indicaram que ndo houve diferengas estatisticas
entre as técnicas restauradoras (p>0,05), nem entre os tempos de avaliagdo (p>0,05).
Também ndo houve interagdo entre tempo de avaliacdo e técnica restauradora (p>0,05). A
analise descritiva mostrou a incidéncia de descoloracdo marginal associada a desadaptacao

marginal, clinicamente aceitavel, apenas em 2 restauracdes AMS (5,7%), 1 restauracdo RBD



(2,9%) e 1 XBS (2,9%), apds 12 meses. Apenas uma restauracdo foi perdida apds 12 meses no
grupo XBS, devido a ocorréncia de pulpite irreversivel (taxa de falha anual de 2,9% para XBS).
Conclui-se que as técnicas simplificadas que utilizaram a resina de preenchimento de
polimerizacdo dupla ou a resina "bulk fill' apresentou desempenho clinico satisfatorio,

comparado a técnica incremental, ao longo do tempo.

Palavras-chave: Resinas compostas. Restauracdo dentdria permanente. Falha de restauracao

dentaria.



ABSTRACT

The aim of this study was to compare two simplified restorative techniques, using
bulk-filling resins, with the conventional incremental technique to perform posterior
restorations in composite resins, by means of a randomized, controlled and double-blind
clinical trial. For this purpose, 27 volunteers were selected according to the following
inclusion criteria: good oral hygiene, no parafunctional habits, occlusal stability and present
at least 3 permanent molars with Class | or Class Il cavities (depth>3mm) that require
restorative treatment. Thus, 105 permanent molars were included in the study and randomly
allocated (n=35) in the following groups: 1) AMS: posterior restoration using microhybrid
composite resin (Amaris, Voco) by incremental technique (control); 2) RBD: posterior
restoration by bulk filling technique with dual cure core composite (Rebilda DC, Voco)
associated to a covering made of microhybrid composite resin (Amaris) and; 3) XBS: bulk
filling with a low-contraction flowable composite resin (X-tra Base, Voco) covered with
microhybrid composite resin (Amaris). The restorations were performed by a single
experienced operator and evaluated by two independent, blind and calibrated examiners
(Kappa=0.8). The evaluations were performed using the modified United States Public Health
Service (USPHS) criteria, after 7 days of restorations performed (baseline) and after 6 and 12
months. The evaluated criteria were: anatomic form, marginal adaptation, marginal
discoloration, color match, surface roughness, secondary caries, postoperative sensitive and
fracture. A descriptive analysis was performed to report relative cumulative frequency
distribution of the scores of modified USPHS criteria, the Friedman's one-way test was
applied to verify differences among restorative techniques and the Wilcoxon signed rank test
for repeated measures was applied to verify the effect of follow-up time and the interaction
of time and restorative techniques, both tests with significance level of 5%. The results
indicated that there were no statistical differences among the restorative techniques
(p>0.05), nor differences between the follow-ups periods (p>0.05). There was also no
interaction between follow-up period and restorative technique (p>0.05). The descriptive
analysis showed the incidence of marginal discoloration associated with clinically acceptable
marginal disadaptation in only 2 AMS restorations (5.7%), 1 RBD restoration (2.9%) and 1 XBS
restoration (2.9%) after 12 months. Only one restoration failed after 12 months in the XBS

group, due to the irreversible pulpitis occurrence (Annual Failure Rate of 2.9% for XBS).



Therefore, it is concluded that the simplified techniques, which use the dual cure core resin

composite or the bulk fill resin composite, presented satisfactory clinical behavior, compared

to the incremental technique, over time.

Key-words: Composite resin. Dental restoration, permanent. Dental restoration failure.
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1 INTRODUGAO

A utilizacdo de resinas compostas como material restaurador para dentes
posteriores cresceu consideravelmente nos Ultimos anos. Esse aumento se deve ao
desenvolvimento dos sistemas adesivos que promovem unido entre a restauragdo e o
substrato dental e a melhora nas propriedades mecanicas das resinas compostas
restauradoras. Entretanto, a tensdo gerada pela sua contracdo de polimerizacdo ainda é um

desafio a ser superado (Ferracane, 2008; Ferracane, 2011; Campos et al., 2014).

A grande maioria das resinas compostas sao baseadas em mondmeros de
dimetacrilatos que polimerizam em funcdo da formacdo de radicais livres, por meio dos
sistemas de fotoiniciagdo. Conforme a reagdo de polimerizagao acontece, ha um aumento
nas ligacBes cruzadas das cadeias de polimero e a resina torna-se rigida o suficiente para
resistir ao escoamento plastico que compensa a alteracdo de volume inicial, ocorrendo uma
contracdo. Essa contracdo de polimerizacdo manifesta-se como tensGes geradas na interface
adesiva com as paredes do preparo cavitario (Versluis et al., 1996; Min et al., 2010; Kwon,
Ferracane e Lee, 2012). Dependendo do grau de tensdo gerado pode haver danos a essa
interface que se manifesta como microfraturas de esmalte, deflexdo e/ou fratura de cuspides
e formacdo de fendas marginais (Ferracane, 2011). Todos esses fatores podem gerar sinais e
sintomas clinicos como sensibilidade pds-operatéria, desadaptacdo ou descoloracao

marginal e formacdo de cérie secundaria (Ferracane e Hilton, 2015; Veloso, 2018).

Além disso, as cavidades em dentes posteriores possuem alto fator de
configuracdo cavitaria (Fator-C), definido como a razdo entre a area de paredes aderidas
sobre a area das paredes livres do preparo cavitario (Feilzer, De Gee e Davidson, 1987). Em
tese, quanto maior o numero de paredes a serem aderidas durante o procedimento
restaurador, maior a possibilidade de desenvolvimento de tensdo nessas interfaces, pois
menor serd a area de resina livre para relaxar esse estresse (Feilzer, De Gee e Davidson,
1987). Entretanto, estudos mais recentes mostram que o fator-C ndo é o Unico fator que
define os efeitos da tensdo de contracdo, ou seja, além do preparo cavitario, outros fatores
como: resisténcia de unido na interface adesiva, “compliance" das paredes cavitdrias e
“compliance" do préprio instrumento utilizado para mensurar a contracdo de polimerizacao,

podem interferir na caracteristica da tensdo gerada nas interfaces da restauragao (Fok and
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Aregawi, 2018). Portanto, para minimizar os efeitos da tensdo de polimerizacdio em
cavidades com alto fator-C, alguns métodos foram descritos na literatura, tais como: técnicas
de polimerizacdo que retardam a fase pods-gel, permitindo maior tempo de escoamento
plastico (Atlas et al., 2009), aplicacdo de materiais intermediarios que “absorvem” a tensao
de contracdo, conhecida como técnica sanduiche (Van Dijken, Kieri e Carlen, 1999),
confeccdo de restauragGes indiretas (Jongsma, Kleverlaan e Feilzer, 2012) e colocac¢do da
resina composta em pequenos incrementos (Park et al., 2008; Kwon, Ferracane e Lee, 2012;
Bicalho et al., 2014). Esta ultima técnica ainda é a mais utilizada para adequada fotoativacao
em profundidade e para reduzir os efeitos da contragao de polimerizagdao em restauragdes
diretas (Versluis et al., 1996). Entretanto, alguns estudos tém demonstrado que esta técnica
gera tensdes em cada incremento, cuja tensao residual total pode resultar em deflexao de
cuspides (Versluis et al.,, 1996; Bicalho et al., 2014). Além disso, a inser¢cdo de resina
composta em multiplos incrementos aumenta a possibilidade de incorporagao de bolhas no
corpo da restauracdo e demanda maior tempo clinico para sua execucdo (Campos et al.,

2014).

A técnica de inser¢do de resina composta em incremento Unico (“bulk filling”)
reduz o numero de passos clinicos e, por isso, torna o procedimento restaurador mais
simples e menos demorado (Campos et al., 2014; El-Safty, Silikas e Watts, 2012). Dois tipos
de resinas compostas foram desenvolvidas para utilizacdo em grandes incrementos para
preenchimento de cavidades extensas. O primeiro tipo desenvolvido tem a finalidade de
confeccionar nucleo de preenchimento e baseia-se na sua capacidade de escoamento e
polimerizagdo dupla para o alivio da tensdo de contragdo (Koubi et al., 2009). O processo de
polimerizacdao quimica estende a fase pré-gel e permite maior tempo para a acomodacgao e
escoamento plastico dos mondmeros de dimetacrilatos, compensando a contracdo de
polimerizacdao (Bolhuis et al., 2006), e a fotoativacdo adicional permite maior grau de
conversdo da resina, consequentemente melhora suas propriedades mecanicas (Riittermann
et al., 2011). Isso so é possivel porque as resinas compostas de polimerizagao dupla possuem
formulacdo diferenciada em relacdo as primeiras resinas de polimerizacdo quimica
(Riattermann et al.,, 2011); dessa forma, a incorporacdo de mondmeros de alto peso
molecular e incorporacdo de particulas de carga permitiu que essas resinas apresentem
propriedades mecanicas melhoradas com menor contragdo de polimerizagcao, modulada pela
menor taxa de polimerizacdo (Agrawal e Mala, 2014). Portanto, sdo indicadas para

reconstrucdes de dentes com extensa perda de estrutura sob restauragdes indiretas.
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O segundo tipo de resina composta para preenchimento foi recentemente
desenvolvido e é denominado “bulk fill” pois permitem insercdo de Unico incremento de
4dmm de material, devido a sua capacidade de gerar menor tensdo de contracdo e alta
reatividade a fotopolimerizacdo (Roggendorf et al., 2011; llie e Hickel, 2011; Leprince et al.,
2014). Sdo comercialmente oferecidas em dois tipos: de base ou para corpo de restauracao.
As resinas de base apresentam baixa viscosidade e geralmente requerem o recobrimento
com uma resina restauradora convencional (llie, Bucuta e Draenert, 2013; Van Ende et al.
2017). As resinas de corpo sdo altamente viscosas e permitem a realizacdo de escultura,
portanto, ndo necessitam de recobrimento (Leprince et al., 2014; Van Ende et al. 2017;
Veloso et al., 2018). Entretanto, ambas possuem formulacdo diferenciada para permitir uma
maior reatividade a fotopolimerizagdo e menor geragdo de tensdo de contragdo (Van Ende et
al. 2017). Cada fabricante utiliza de uma estratégia diferente para atingir este resultado,
algumas resinas apresentam matriz monomeérica predominantemente composta de
monoémeros de alto peso molecular (llie e Hickel, 2011); outras resinas tém a adicdo de
ativadores ou catalisadores de reagdo em seu sistema de fotoiniciagdo (Van Ende et al. 2017)
e; outras possuem modificacdo ou tratamento de superficie em suas particulas de carga (Van

Ende et al. 2017; Veloso et al., 2018).

Em geral, as resinas "bulk fill" apresentam translucidez elevada para permitir a
penetracdo e difusdo da luz no corpo da resina (Veloso et al., 2018), e apresentam menor
oferta de cores quando comparadas as resinas convencionais. Da mesma maneira, as resinas
de preenchimento de polimerizagdo dupla sdo comercialmente vendidas em cores universais
ou apenas cores de dentina, uma vez que é indicada para substituir dentina (Koubi et al.,
2009). Portanto, a associacdao de uma resina de preenchimento Unico, seja de polimerizacdo
dupla ou "bulk-fill", com uma resina restauradora convencional para recobrimento pode
reduzir o tempo clinico para realizar uma restauragdo posterior e, ainda, alcangar uma
estética satisfatdria (Van Ende et al., 2017). Além disso, as resinas de polimeriza¢do dupla
possuem moédulo de elasticidade semelhante a dentina e boa resisténcia a compressao
(Ruttermann et al., 2011) e as resinas "bulk-fill" de baixa viscosidade possuem alto mdédulo
de elasticidade comparado as resinas de baixa viscosidade convencionais, ou “flowable" (llie,
Bucuta e Draenert, 2013). Portanto, a associacdo de uma resina de maior dureza
(convencionais) com uma resina que pode ser usada como substituto de dentina pode ser

vantajosa para realizar restauracdes com melhor dissipacdo das forcas mastigatorias e,
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consequentemente, podem reduzir os problemas na interface adesiva (llie, Bucuta e

Draenert, 2013; Veloso et al., 2018).

Considerando que existe uma tendéncia para a simplificacdo da Odontologia
Restauradora, a utilizacdo de técnicas que reduzam o tempo clinico é desejavel para trazer
conforto ao paciente e minimizar danos ocupacionais ao profissional. Além disso, apesar de
estudos in vitro demonstrarem bom desempenho mecanico e eficicia na reducdo da tensao
de contracdo da resina de preenchimento e “bulk fill” estudadas (Van Ende et al., 2017),
poucos estudos clinicos foram conduzidos para avaliar seu comportamento numa condicdao
real (Veloso et al., 2018). Portanto, o objetivo desse trabalho foi de avaliar clinicamente o
desempenho de restauracGes realizadas por duas técnicas restauradoras diretas
simplificadas, uma utilizando a resina de preenchimento de polimerizacdo dupla e outra
utilizando uma resina bulk-fill de baixa viscosidade, comparadas as restauracdes realizadas

pela técnica incremental ao longo do tempo.
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2 ARTIGO: A randomized controlled clinical trial for posterior resin

composite restorations based on bulk-filling techniques.

Artigo submetido ao peridédico Dental Materials (Anexo 2)

Cristiane Rumi Fujiwara Yanikian, Felipe Yanikian, Rodrigo Barros Esteves Lins, Luis Roberto

Marcondes Martins.

ABSTRACT

Objective: To investigate the clinical performance of three different techniques
for posterior adhesive restorations, using microhibrid, dual-cure or bulk fill composites.
Methods: Twenty-seven volunteers received 105 restorations (n=35), according to the three
restorative technique. The AMS group (control) restorations were performed by incremental
technique using a microhybrid composite (Amaris, Voco, Cuxhaven, Germany); the RBD group,
restorations were performed by an association of a dual curing core build up composite (Rebilda DC,
Voco) with covering of microhybrid composite (Amaris) and; the XBS group, restorations was
performed by an association of a low contraction bulk filling composite (X-tra Base, Voco,) with
covering of microhybrid composite (Amaris). The Clearfill SE Bond was used to bonding in all
techniques. The modified USPHS criteria was used to evaluate restorations after 7 days (baseline), 6
months and 12 months by two calibrated examiners. The cumulative relative frequency distributions
was used to describe USPHS scores, Friedman’s one-way test (p<0.05) analyzes differences among
restorative techniques, and Wilcoxon sign rank test for repeated measures was applied to detect
effects of follow-ups period and its interaction with restorative technique (a=0.05). Results: Marginal
discoloration associated with clinically acceptable marginal disadaptation were detected in 2 AMS
restorations (5.7%), 1 RBD restoration (2.9%) and 1 XBS (2.9%), after 12 months. Only one restoration
failure after 12 months due to the irreversible pulpitis (AFR= 2.9% for XBS). There was no statistical
differences among groups (p>0.05) and among follow-ups periods (p>0.05). No interactions between
restorative technique and follow-up period was detected (p>0.05). Clinical significance: Simplification

in restorative technique has interest to reduce chair-time and occupational injuries.

Keywords: Composite resin; Dental restoration, permanent; Dental restoration failure.
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INTRODUCTION

Resin composites are widely used in restorative dentistry, including for posterior
direct restorations, due to the dentin bonding agents development and the improvement in
the mechanical properties of the restorative composite resins. However, polymerization
shrinkage stress is still a challenge to be overcome (1-3). The majority of composite are
dimethacrylate-based resins, which photopolymerization process is triggered by free radicals
generated by irradiation of a light-sensitive initiators. The double bond of methacrylate
groups (C=C) is opened and a chain reaction is initiated. During photopolymerization, the
degree of conversion and crosslinking density increase rapidly, resulting in a rapid increase of
the system viscosity, becoming it so high that limits diffusion for monomer molecules,
resulting in composite shrinkage. During post-gel point, stress development at the tooth/
adhesive interface or at cavity walls is known to be increased due to a significant increase in
elastic modulus (4-6). The incremental restoration technique has been developed to modify
the shrinkage pattern in direct restorations and enable adequate light penetration/
polymerization, which uses conventional composite resin inserted into the cavity in 2mm
increments (7,8). However, it is a time-consuming procedure and would incorporate voids by
loading of air bubbles during incremental insertion (9,10). Furthermore, recent studies have
demonstrated that additional increments may increase the cuspal deformation of the

weakened cusps (11).

The latest trend in Operative Dentistry is the development of materials and
techniques that can simplify restorative procedures to save chair time. Most of these
simplifications have concerned a reduction in the number of steps and the use of self-etching
adhesive systems (12,13). The bulk filling technique reduces the number of clinical steps and
makes the restorative procedure simpler and less time-consuming (3,9,14). Some types of
composite resins have been developed for use in large increments to fill large cavities. One of
them, the dual-curing core build up composites have been developed with the purpose of
filling core and is based on its self-curing capacity, promoting lower shrinkage stress, due to
lower polymerization rate (15) and lower elastic modulus (15,16). This provides more time
for molecules to relax stresses during cross-linking (17). This ability to generate lower
shrinkage stress when compared to conventional composites resin is due to the
improvement in their monomer composition and the incorporation of filler particles (15).

Moreover, it was found that the composition modification of these materials provide
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appropriate mechanical properties (16,17) and dual curing method also promotes adequate
polymerization into deeper cavities (18). Therefore, they are indicated for reconstruction of
tooth with extensive structure loss before indirect restorations (18), and for dentin replace in

direct sandwich restorations (19).

On the other hand, the bulk-fill composite have been recently developed, as
another group of low-shrinkage composites, allowing the insertion of a single 4-5-mm size
increment (20,21). This is possible due to changes in the resin matrix, including monomers
that act as modulators of the polymerization reaction, as high molecular weight monomers.
As well as modification of quantity (3,22,23), shape and/or surface treatment of the
inorganic particle (3,24), and incorporation of more reactive photoinitiator system, which
enable a greater depth of cure (3,25). These composites have been popular among clinicians
due to their advantages compared to conventional composites, such as improving light
penetration and depth of cure (12,24), reduced polymerization shrinkage stress (26),
reduced the number of composite layer, shortening chair time (3,27) and reducing cuspal
deflection (28,29). Bulk-fill composites are commercially available as base and full-body
materials. Base bulk-fill composites presents low-viscosity and are used as a liner/base,
followed by capping with the conventional resin composites (3,27). Full-body bulk-fill
composites are referred to as sculptable or paste-like and can be applied without the need

for capping (3,24,27).

Although in vitro studies have demonstrated satisfactory biomechanical
performance and effectiveness in reducing the shrinkage stress of these bulk filling
composites (9,24,30-32), few clinical studies have been conducted to evaluate their clinical
behavior (33). The use of techniques that may reduce clinical steps and time is desirable for
patient comfort and to minimize occupational injuries to the professional. Therefore, the
objective of this clinical trial was to evaluate the long-term clinical biomechanical
performance of two bulk filling restorative techniques compared to the traditional
incremental technique. The null hypothesis tested was that the bulk-filling techniques, using
a dual-curing core build up composite or a bulk-fill composite, will present satisfactory
clinical behavior, as well as the incremental technique using a conventional composite, over

time.
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MATERIALS AND METHODS

This research was a controlled, randomized and double blind clinical study, which
followed the Consolidated Standards of Reporting Trials (CONSORT) guidelines (34). Approval
for the clinical trial was obtained from the Human Ethics Committee of the Piracicaba Dental
School (protocol #096/2015), and all participants signed a written informed consent form

prior to research.

- Sample selection

During the period June 2016 to July 2017, 128 patients aged between 17 and 49
years old, attending the public dental care service at the Ribeirdo Grande Public Health
Service, were asked to participate in the study. Twenty-seven patients were included to
participate in the research, totalizing 105 restorations. The inclusion criteria for patients
were as follows: good oral hygiene, minimal periodontal disease, absence of deleterious
habits (eg, mouth breathing, nail biting, bruxism), the presence of at least three similar-sized
molars presenting primary caries or requiring replacement of medium or deep (>3mm
height) Class | or Class Il restorations, molars with occlusal contact and at least one contact
with adjacent tooth. Subjects were excluded from participating in the study if they had a
history of adverse reaction to the test materials, were pregnant or lactating, pulp exposure
during caries removal or cavities with imminent risk of pulp exposure; spontaneous pain or
sensitivity to percussion and were potentially unable to attend recall visits. The sample

characteristics are described in Tablel.
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Tablel. Sample characteristics.

n %
Gender
Male 4 14.9
Female 23 85.1
Dental element
Maxillary molar 34 32.4
Mandibular molar 71 67.6
Dental condition
Primary caries 21 20.0
Restoration replacement 84 80.0
Cavity depth
3mm-4mm 94 89.5
>4mm 11 10.5
Cavity width
<1/3 buccal-palatal width 26 24.8
>1/3 buccal-palatal width 79 75.2
Cavity type
Class | 57 54.3
Class Il 48 45.7

The sample size was calculated based on a 10% of lost rate and power test of
80% (B=0.8). Each participant received one or two restorations from each restorative
technique assessed in this research. Before restorative procedures, the Class | or Class Il
cavities were randomly allocated using sealed envelopes to establish in which group each
tooth would be placed. From a total 105 teeth, 35 were allocated to each group (n=35), as
follows: AMS (Amaris, VOCO, Cuxhaven, Germany); RBD (Rebilda DC, VOCO, Cuxhaven,
Germany) and; XBS (X-tra Base, VOCO, Cuxhaven, Germany). Neither the participants nor the
examiners were aware of which cavity received the experimental or the control restoration.

Figure 1 shows the CONSORT flow diagram of the study.
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Assessed for eligibility: 128 volunteers
Excluded: 101
Not meeting inclusion criteria: 101
) o Enrollment
Decline to participate: o
* Other reasons: o
v
Randomized: 27 volunteers
Total of 105 restorations (n=35)
Microhybrid Amaris (AMS) Dual cure Rebilda DC (RBD) Bulk fill X-tra Base (XBS) A
ocation
35 restorations 35 restorations 35 restorations
27 volunteers 27 volunteers 27 volunteers )
] ) ) Baseline
35 restorations 35 restorations 35 restorations
27 volunteers 27 volunteers 27 volunteers
) ) ) 6 months
35 restorations 35 restorations 35 restorations
l l l *Loss of 1 restoration
27 volunteers 27 volunteers 27 volunteers
) ) ) 12 months
35 restorations 35 restorations 34 restorations

Figure 1. CONSORT flow chart for study.

-Clinical procedures

The teeth were cleaned using pumice and Robinson brush (Microdont, Sdo Paulo,
Brazil) prior to restoration and all participants were oriented regarding oral hygiene. Then,
the tooth shade was selected and operative field was isolated using rubber dam. Cavity
access were performed using diamond bur at high speed under water cooling (KG Sorensen,
Sao Paulo, Brazil) and caries removal was completed using a round steel bur in a slow-speed
hand piece (SSWhite, Rio de Janeiro, Brazil). The dimension of the preparation was
determined by the extent of caries. A self-etching adhesive system Clearfill SE Bond (Kuraray,
Tokyo, Japan) was applied in all cavities according to the manufacturer’s instructions (Table

2), however the selective enamel etching was performed. Thereafter, an extra layer of
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hydrophobic bond of Clearfil SE Bond was applied in all groups. Base or pulp cap materials

were not applied.

A single experienced operator performed all restorations. The restorative
materials have been placed as described in Table 2, and the restorative procedure in each

group, performed as follow:

- AMS: Insertions of oblique 2mm increments of microhybrid composite (Amaris,

VOCO) until complete the proper anatomical form, representing the control group;

- RBD: bulk filling with dual cure core build up composite (Rebilda DC, VOCO),
associated with a 1mm covering of microhybrid composite (Amaris, VOCO) to complete the

proper anatomical form.

- XBS: bulk filling with low viscosity bulk-fill composite (X-tra Base, VOCO),
associated with a Imm covering of microhybrid composite (Amaris, VOCO) to complete the

proper anatomical form.

The Rebilda DC and X-tra Base were placed in horizontal bulk increments up to 4
mm as needed to fill the cavity 1 mm short of the occlusal cavosurface. After curing of the
bulk increment, the occlusal part of the restoration was completed using the Amaris
microhybrid composite. Class Il cavities were transformed in Class | cavities using a thin
metallic matrix and wooden wedges. The Amaris microhybrid composite was used in all Class

Il cavities, even in the experimental groups, to replace the lost proximal wall.

Light curing of dental adhesive and restorative composites was performed using a
Light Emitting Diode (LED) device at an irradiance of 1100mW/cm? (VALO, Ultradent, South

Jordan, USA). Curing time for all materials are described in Table2.
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Material Composition Application mode Manufacturer  Batch number
Clearfill SE Primer: MPD, HEMA, Selective enamel etch by Kuraray, Primer: 6F0206
Bond hydrophilic dimethacrylates, 37% phosphoric acid for Tokyo Japan Bond:5A0405

camphoroquinone, N- 30sec. Priming for 20sec.

diethanol-p-toluidine, and Dry with mild air for 5 sec.

water. Bond application and
gentle air flow to make an

Bond: MDP, HEMA, Bis-GMA, uniform bond film. Light

hydrophobic curing for 20sec.

dimethacrylates,

camphoroquinone, N-

diethanol-p-toluidine, and

silanized coloidal silica.

Amaris Bis-GMA, UDMA, Insertion in increments, VOCO, 0OA3:1441395

TEGDMA not exceeding 2mm in Cuxhaven, 0A2:1437321
thickness, until complete  Germany TN:1423104
80%wt silica, the proper anatomical
bariumborosilicate glass form. Light curing of each
ceramic, ytterbium increment for 10sec or
trifluoride 40sec, depending on the
shade.

Rebilda DC Bis-GMA, UDMA, DDDMA, Direct application into VOCO, 1726506
BHT, dibenzoylperoxide, cavity, filling it Imm short  Cuxhaven,
camphorogquinone, of occlusal cavosurface. Germany

Wait for 5 min for dual
71%wt silica, cure process. Light curing
. . for 40sec.
bariumborosilicate
glass ceramic,
accelerators

X-tra Base BisGMA, BisEMA, UDMA, Direct application into VOCO, 1545853
and Procrylat cavity, filling it Imm short  Cuxhaven,

of occlusal cavosurface. Germany

75%wt silica,
bariumborosilicate glass
ceramic, ytterbium
trifluoride

Light curing for 20sec.

MDP, 10-methacryloyloxydecyl dihydrogen phosphate; HEMA, hydroxyethyl methacrylate;
diglycidyl dimethacrylate; UDMA, urethane dimethacrylate; TEGDMA, triethylene glycol dimethacrylate;

BisGMA, bisphenol A
DDDMA,

dodecanediol dimethacrylate; BHT: butylhydroxytoluene; Bis-EMA, ethoxylated bisphenol A glycol dimethacrylate.
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-Restorations evaluation

The evaluations were performed by two independents, blinded and previously
intra- and inter- calibrated (Kappa=0.8) examiners at baseline (7 days), 6-month and 1-year
follow-ups. The restorations were previously cleaned using toothpaste (Colgate Total 12,
Colgate-Palmolive, Sdo Paulo, Brazil) and Robinson brush (Microdont, Sdo Paulo, Brazil), and
then assessed by the following parameters: anatomic form, marginal adaptation, marginal
discoloration, color match, surface roughness, secondary caries, postoperative sensitivity and
fracture by modified United States Public Health Service criteria (Table3)(35). All parameters
were visual and tactile, except postoperative sensitive, which was evaluated by questioning
the presence or absence of pain after applying a frost swab and applying an occlusal load
over restoration. Interproximal radiographs were taken in each evaluation to assist secondary

caries diagnosis.

Table 3. Descriptions for the clinical evaluation according to modified USPHS criteria [35]

Score
Category Criteria
Acceptable Unacceptable
0 The restoration is contiguous with tooth anatomy
1 Slightly under- or over-contoured restoration; marginal

ridges slightly under-contoured; contact slightly open
(may be self-correcting); occlusal height reduced locally

2 Restoration is undercontoured, dentin or base exposed;
contact is faulty, not self-correcting; occlusal height
reduced; occlusion affected

Anatomic form

3 Restoration is missing partially or totally; fracture of
tooth structure; shows traumatic occlusion; restoration
causes pain in tooth or adjacent tissue
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Restoration is contiguous with existing anatomic form,
explorer does not catch

Explorer catches, no crevice is visible into which
explorer will penetrate

Marginal . .
g . Crevice at margin, enamel exposed
adaptation
Obvious crevice at margin, dentin or base exposed
Restoration mobile, fractured or missing
No discoloration evident
Slight staining, can be polished away
Marginal

discoloration

Obvious staining can not be polished away

Gross staining

Very good color match

Good color match

Color match Slight mismatch in color, shade or translucency
Obvious mismatch, outside the normal range
Gross mismatch
Smooth surface
Slightly rough or pitted

Surface

roughness Rough, cannot be refinished

Surface deeply pitted, irregular grooves

Secondary caries

No evidence of caries contiguous with the margin of
the restoration

Caries is evident contiguous with the margin of the
restoration

No postoperative sensitivity, after the restorative

Postoperative procedure and during the study

sensitive Sensitivity at any stage of the study
Absent

Fracture Small fracture, clinically acceptable

Clinically unacceptable fracture
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-Statistical analysis

Descriptive statistics were used to describe the cumulative relative frequency
distributions of the modified USPHS scores, including the number of not-acceptable
restorations (failures). Differences in these qualitative criteria among the 3 restorative
techniques were analyzed using the non-parametric Friedman’s one-way test and Wilcoxon
signed rank test for repeated measures was applied to analyze different follow-up periods
and for interactions between restorative techniques and follow-ups at a significance level of

5 % (SAS 9.3 software, SAS Institute Inc., Cary, NC, USA).

RESULTS

The scores at baseline, 6 months and 12 months for the evaluated restorations
are given as relative frequencies in Table 4. All patients attended recall examinations. After
12 months, 2(5.7%) AMS restorations, 1(2.9%) RBD restoration and 1(2.9%) XBS restoration
presented clinically acceptable marginal disadaptation and marginal discoloration. The
marginal disadaptation and discoloration were presented in the same evaluated teeth. Only
one upper molar restored by X-tra Base showed spontaneous dental pain after 12 months
and endodontic treatment was performed, which resulted in annual failure rates (AFRs) of
2,9% for XBS after 12 months. No restoration debonded or fractured at follow-up periods. No
statistical differences among restorative techniques (p>0.05) and follow-up periods (p>0.05)
were detected. Furthermore, there was no interaction between restorative technique and

follow-up period (p>0.05).
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Table 4. Percent distribution of modified USPHS scores for the posterior restorations

evaluated at baseline, 6 and 12 months’ follow-up for the AMS, RBD and XBS.

Baseline, n(%) 6 months, n(%) 12 months, N(%)
Category Score
AMS RBD XBS AMS RBD XBS AMS RBD XBS
0 35 35 35 35 35 35 35 35 35
(100) (100) (100) (100) (100) (100) (100) (100) (100)
Anatomic 1
form
2
3
0 35 35 35 35 35 35 33 34 34
(100) (100) (100) (100) (100) (100) (94.3) (97.1) (97.1)
1 2 1 1
Marginal (5.7) (2.9) (2.9)
adaptation )
3
4
0 35 35 35 35 35 35 33 34 34
(100) (100) (100) (100) (100) (100) (94.3) (97.1) (97.1)
Marginal 1 2 1 1
gi
discoloration (5.7) (2.9) (2.9)
2
3
0 35 35 35 35 35 35 35 35 35
(100) (100) (100) (100) (100) (100) (100) (100) (100)
y
Color match 2
3
4
0 35 35 35 35 35 35 35 35 35
(100) (100) (100) (100) (100) (100) (100) (100) (100)
Surface 1
roughness
2
3
0 35 35 35 35 35 35 35 35 35
Secondary (100) (100) (100) (100) (100) (100) (100) (100) (100)

caries
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0 35 35 35 35 35 35 35 35 34
Postoperative (100) (100) (100) (100) (100) (100) (100) (100) (97.1)
sensitivity 1 1
(2.9)
0 35 35 35 35 35 35 35 35 35
(100) (100) (100) (100) (100) (100) (100) (100) (100)
Fracture 1

Figure 2. Clinical representative photographs at baseline AMS (A); RBD (B) and; XBS (C).
Clinical representative photographs at 12 months follow-up AMS (D); RBD (E) and; XBS (F).
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Figure 3. Representative Scanning Electron Microscope (SEM) photographs (30x

magnification) at baseline AMS (A); RBD (B) and; XBS (C). Representative SEM photographs
(30x magnification) at 12 months AMS (G); RBD (H) and; XBS (I). Black arrows indicate

changes in marginal adaptation after 12 months.

DISCUSSION

Since no statistical differences among restorative techniques (p>0.05) and follow-
ups periods (p>0.05) were detected, the hypothesis of this study was not rejected.
Furthermore, there was no interaction between restorative technique and follow-up period
(p>0.05), indicating that the assessed posterior bulk-filling restorations presented satisfactory
performance, similar to those obtained using the traditional 2-mm layering technique. The
12 months follow-up in this study presented no statistical differences among restorative
techniques and were supported for previous clinical studies using the modified USPHS

criteria to investigate bulk-filling techniques, which reported variations in the score and
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increasing in annual failure rates only after 2 or 3 years of follow-ups (12,35,36). The
modified USPHS criteria have been designed to measure clinically important features of
restorations and are still widely used in randomized clinical studies and reflect an appropriate
guide to assess the clinical behavior of current restorative materials (27). While the residual
shrinkage stress would be relieved by the water sorption into composite (36), a high
shrinkage stress can be considered as any stress that approaches or exceeds the local
adhesive force or residual tooth structure strength, resulting in gap formation or tooth
fracture (33). Therefore, even the clinical effects of shrinkage stress on the composite
restoration would not be expected to be present after the first few months of tooth
restoration. Long-term clinical outcomes would be loss of retention, marginal caries,
marginal gaps, marginal staining, fracture of the material (due to the presence of internal
stresses), fracture of the tooth (due to compromised bonding and support), and post-
operative sensitivity (27,33).

Regarding dentin bonding agent, it was not considered an independent variable,
since the Clearfill SE Bond was chosen and applied in all tested groups, due to its self-etching
primer system that dissolves the smear layer and demineralizes the underlying dentin,
resulting in mild surface etching and good hybrid layer formation (37). Since the caries-
affected intertubular dentin is already partially demineralized and more porous (38), a etch-
and-rinse adhesive system might cause a greater injury in the pulp and consequently
postoperative sensitivity or irreversible pulpitis (37). Furthermore, an extra layer of
hydrophobic bond was applied in all groups in order to minimize the deleterious effects of
acidic monomers of Clearfill SE Bond primer, as the remaining acidic monomers can react
and inactivate the tertiary amine in the dual cure Rebilda DC (39,40). Since the stress
development is also related to the strength of the adhesive-dentin bond, it becomes difficult
to separate the effects of shrinkage stress and inadequate bonding (41). Studies have shown
that poorer adhesion of composite to the tooth tends to generate high shrinkage stress,
however, it is not possible to ensure perfect adhesion under all conditions, attributing
restoration failures only to the shrinkage stress (33). The Clearfill SE Bond is widely studied
and was the adhesive of choice because its efficacy and longevity is consolidated (37).
Furthermore, a recent meta-analysis reported that the use of rubber dam to perform
composite restorations enhance adhesion to the entire tooth structure, demonstrated the

best results (42), thus, it is suggested that the satisfactory clinical performance of all the
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restorations in this study is due to the adequate application of the adhesive system enabling

good dentin hybridization and enamel margins sealing.

The bulk-filling techniques investigated in the present study represent some of
the attempts during recent years to simplify the placement of resin composites. Both bulk
filling composites, Rebilda DC and X-tra Base, promote lower shrinkage stress due to their
differentiated composition. TEGDMA is commonly used as a diluent monomer, however it is
a hydrophilic low molecular weight dimethacrylate that increases water sorption and
polymerization shrinkage (43). The conventional composite Amaris has TEGDMA as diluent
monomer, in contrast, Rebilda DC has DDDMA and Xtra-base has Bis-EMA as diluent monomer.
The DDDMA and Bis-EMA are high molecular weight monomer, which present a hydrophobic
backbone that increases its molecular mobility, therefore promoting lower polymerization
shrinkage and higher hydrophobicity (44). Rebilda DC and X-tra Base present lower viscosity
when compared to conventional composite resin, and according the manufacturers’ claims a
conventional composite resin covering is recommended. A thin base of low viscosity resin
presents positive effects on restoration, such as reduced postoperative sensitivity and better
wetting and adaptation of composite on the cavity walls (6). Consequently, less void are
formed at the resin/adhesive interface when compared to restoration using only
conventional composite and adhesive system (6,45). However, conventional flowable
composites have lower amounts of inorganic filler and a higher amount of low molecular
weight monomers, as TEGDMA, than micro- nanohybrid composites, therefore, its generates
higher shrinkage stress and lower mechanical resistance when applied in large amounts
(6,40,41). Furthermore, the studied Rebilda DC and X-tra Base present higher amount of filler
and than conventional flowable composites, with filler content more than 70%wt providing
suitable mechanical properties (16,17,24,31,45) and can be used as base in sandwich
restorations. Furthermore, the studied Rebilda DC was used with dual-curing approach,
which the degree of monomer conversion was found to significantly increased as compared
to self-curing (17). Therefore, delayed light activation of Rebilda DC reduces the
polymerization stress without jeopardizing monomers conversion (47). In addition, the
elastic modulus and compressive strength of dual cured composites is higher than a light
cured composites (17), and the low viscosity bulk-fill presents higher elastic modulus than a
conventional flowable composites (48). It is suggested that elastic modulus similar to that of
dentin, enables the restoration to withstand the mastication forces and polymerization

shrinkage stresses (17,48).
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The use of a covering performed of conventional composite improves the
biomechanical properties of the restoration, due to their higher modulus of elasticity and
hardness (48). Therefore, in this study the use of a conventional microhybrid composite as
the last layer might improved the restorations performance, since the enamel margins were
sealed by a composite with higher mechanical strength. Another advantage of associating
Rebilda DC or X-tra Base with a microhybrid Amaris is the final aesthetics of restoration. Bulk-
filling composites require greater translucency to allow greater light dissipation through the
material (27), thus are not capable to mask darker substrates or achieve an excellent color
match. Moreover, a small range of shades of Rebilda DC and X-tra Base is available in the
market, compared to Amaris composite, therefore, the use of a capping of Amaris allowed to
obtain satisfactory esthetics, classifying all the restorations in the score 0 of color match in
the modified USPHS criteria. Figure 2 has shown some representative photographs of each
restoration at baseline and after 12 months.

This study presented 2 restorations performed by Amaris, 1 restoration using
Rebilda DC and 1 restoration using X-tra Base with clinically acceptable marginal
disadaptation and discoloration after 12 months. Marginal adaptation and discoloration
would lead to restorative failure mainly when associated with secondary caries (33). Stained
margins is clinically detectable in dental composite restorations and these discoloration
would be not associated to the effects of shrinkage stress (33,49), in many cases, these
defects can be easily resolved by polishing or remarginating, and do not lead to secondary
caries (27,33,49). Scanning Electron Microscopy images of the teeth presented in Figure 2
are shown in Figure 3, for better viewing of the cavossuperficial margins of the restorations
and representing each group. The literature review has found little correlation between
marginal quality and clinical success of dental restorations, mainly due to the individual
characteristics, such as oral hygiene and the bacterial composition of plaque at restoration
margins (33). In this study, the same restorations classified as discolored margin was found
classified as marginal disadapted, and all restorations was performed in a single participant,

which has achieved all inclusion criteria, including good oral hygiene.

Regarding Annual Failure Rates, only one upper molar restored using X-tra Base
was failed due to an occurrence of irreversible pulpitis (AFR: 0,95%). Postoperative sensitivity
can be considered an early manifestation of shrinkage stress in dental composite
restorations, however, in controlled clinical trials it is typically very low (33). The main

reasons for restoration failure are still fracture/debonding and secondary caries incidence.
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Endodontic complications are typically related to the first year of service, which can be
explained by the pulpal damage of the condition that caused the restoration and the
restorative procedure itself (36). In this study, the occurrence of irreversible pulpitis is may
be due to the cavity depth (>3mm), which exposes large dentine tubules enabling adhesive

monomers penetration and dental pulp reaction for its injury (50).

While the effects of shrinkage stress would not be expected to be clinically
present after the first few months of tooth restoration, short-term studies remain useful to
exclude materials with initial catastrophic failures. Meanwhile, it is found that cumulative
AFRs achieves significant relevance between 5 and 10 years of follow-ups (36). Therefore,
annual assessments of the restorations will be performed to better elucidate the clinical

behavior of the tested restorative techniques over time.

CONCLUSIONS

Under the conditions of this clinical trial, it was concluded that the different bulk
filling techniques has demonstrated satisfactory clinical behavior comparable to the

traditional incremental filling technique.
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3 CONCLUSAO

De acordo com as condicBes deste ensaio clinico e baseado nos seus resultados,
pode-se concluir que restauracbes que utilizaram as resinas de preenchimento de
polimerizacdo dupla (Rebilda DC) ou "bulk fill" (X-tra Base) em cavidades de Classe | ou
Classe Il demonstram desempenho clinico comparavel as restauragdes confeccionadas com

resinas compostas convencionais (Amaris) pela técnica incremental.
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APENDICE: Material e Métodos llustrado

- Delineamento experimental

Trés diferentes técnicas adesivas para restauracdes posteriores diretas foram

avaliadas por meio de um estudo clinico experimental randomizado, controlado e duplo-

cego. Os fator de estudo foi a técnica restauradora e as varidveis foram descritivas e

nominais por meio dos escores do critério USPHS modificado (Figura 1).

Usuarios da Unidade Basica de
Saude (UBS) de Ribeirdo Grande-SP

128 individuos examinados

27 Individuos incluidos
105 molares posteriores

Randomizagéo (n=35)

101 Individuos excluidos
|

Encaminhados para
assisténcia
odontoldgica na UBS

RBD
Restauragao pela técnica

AMS (controle)

Restauragzo pela técnica bulk-fill” de resina com

cura dual RebildaDCe
associagédo com resina

incremental com resina

micro-hibrida Amaris.
micro-hibrida Amaris.

Avaliagdes clinicas
- Inicial (7dias)
- 6 meses
- 12 meses

Restauragao pela técnica
“bulk-fill” de resina de baixa
contragdo X-tra Base e
associagado com resina
micro-hibrida Amaris.

XBS

* Restauragdes realizadas por
um unico operador e avaliadas por 2
examinadores independentes calibrados

(kappa>0.8). Individuo e examinadores foram

cegos para a técnica restauradora.

Figura 1. Esquema do delineamento experimental,

Standards of Reporting Trials (CONSORT).

baseado nas recomendagdes da Consolidated
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- Local da Pesquisa

A pesquisa foi conduzida na Unidade Basica de Saude (UBS) de Ribeirdo Grande
(Figura 2), que apresenta consultérios odontoldgicos com estrutura adequada para
realizacdo dos procedimentos restauradores. A utilizacdo das instalagdes foi formalmente

autorizada pela Diretoria de Saude do municipio de Ribeirdo Grande.

Antes da execuc¢do da pesquisa, o projeto foi submetido a analise pelo Comité de
Etica em Pesquisas da Faculdade de Odontologia de Piracicaba e aprovado sob o protocolo

096/2015 (Anexo1l).

Figura 2. Operadora durante a execu¢do das restauragdes no consultério da

Unidade Basica de Saude de Ribeirdo Grande-SP.

- Fontes de obten¢ao do material da pesquisa

A populacdo estudada consistiu em adolescentes e adultos do género feminino
ou masculino, entre 17 e 49 anos de idade, que fazem uso da UBS do municipio de Ribeirdo
Grande-SP, por meio do Sistema Unico de Saude. Os individuos foram contactados por meio
de carta e convidados a comparecerem em dias e horarios agendados para avaliagdo clinica
no consultdrio odontolégico da UBS. Aos individuos com menos de 18 anos de idade, um

responsdvel foi convocado para acompanhar o menor. A condicdo de saude geral dos
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individuos foi avaliada como boa, confirmada por registros no prontuario da UBS. A amostra
consistiu em 105 dentes posteriores, em 27 individuos, e foi calculada com poder do teste de
80% e considerando uma taxa de perda de 10%. A sele¢dado da amostra foi baseada nos

critérios de inclusdo e exclusdo previamente determinados (Figura 3).
Os critérios de inclusdo foram:
-Apresentar boa saude geral e higiene oral;

- Apresentar pelo menos 3 molares permanentes que requeriam substituicdo de
restauracdo deficiente ou apresentaram carie primdaria (cavidades Classe | ou Classe Il),

diagnosticado por exame clinico e radiografico;

- Os molares permanentes que requeriam restauragdo apresentassem cavidades
médias e profundas (acima de 3mm de profundidade), medidas com régua na radiografia e/

ou sonda periodontal in loco;
- O preparo cavitario deveria ter margem cavossuperficial em esmalte;

- Os dentes a serem restaurados deveriam estar em oclusdo com o antagonista e

apresentar pelo menos um contato com o dente adjacente, ¢;

- Ndo apresentar histérico de hipersensibilidade ao anestésico ou a algum

componente dos materiais a serem utilizados.

Os critérios de exclusao foram:
- Estar grdvida ou amamentando;

- Apresentar sinais de parafuncdo grave, como desgaste acentuado ou fraturas

dos dentes por bruxismo;

- Apresentar lesdes cariosas ou restauragdes deficientes em outras faces dos

molares que ndo caracterizassem cavidades do tipo Classe | ou Classe Il;

- Apresentar dentes com cavidades rasas que impossibilitassem a inser¢ao de

pelo menos 3mm de resina composta;

- Apresentar areas na margem cavossuperficial em dentina;
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- Dentes que ndo apresentassem vitalidade pulpar ou apresentassem sinais claros

de pulpite irreversivel e;

- Dentes com necessidade de prote¢do pulpar ou exposi¢cdo pulpar durante a

remogao do tecido cariado.

Todos os individuos selecionados foram adequadamente informados sobre os
maleficios e beneficios da pesquisa e assinaram um Termo de Consentimento Livre e
Esclarecido em duas vias. Uma via ficou de posse do voluntario e outra com a equipe de

pesquisa.

Figura 3. Critérios de inclusdo e exclusdo relacionados ao dente. Radiografia interproximal de um

dente incluido (dente 16), cavidade com profundidade >3mm (A); aspecto clinico inicial (B) e; aspecto
clinico do preparo cavitario de Classe | (C). Radiografia interproximal de um dente excluido (dente
26), cavidade com profundidade >3mm, mas com grande comprometimento de estrutura dentdria
(D); aspecto clinico inicial (E) e; aspecto clinico do preparo cavitario, com perda de esmalte na parede

gengival e perda da cuspide disto-palatina, descaracterizando uma cavidade Classe Il (F).
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- Procedimentos restauradores

As restauracdes foram realizadas por um Unico operador com experiéncia clinica
em Dentistica Restauradora e Saude Publica. Para cada individuo foi realizado sorteio, por
meio de envelope branco selado, para definir quais dentes representariam cada uma das
técnicas restauradoras. Todos os procedimentos foram detalhados em prontudrio padrdo
utilizado na UBS e em outro prontuario arquivado junto com os dados da pesquisa (didrio de

pesquisa).

O voluntario foi adequado com profilaxia de todos os dentes, posteriormente, os
dentes a serem restaurados foram previamente anestesiados com lidocaina 2% com 1:50000
de hemitartarato de norepinefrina e isolados de forma absoluta com lengol de borracha, arco
de Young e grampos. A seguir, a restauracao deficiente ou esmalte cavitado foi removido com
ponta diamantada esférica (KG Sorensen, Cotia, SP, Brasil) de tamanho compativel com a
cavidade. Cdrie secundaria ou incipiente foi removida com broca esférica carbide (KG
Sorensen, Cotia, SP, Brasil) de tamanho compativel com a cavidade. O acabamento das
cavidades limitou-se a remover prismas de esmalte sem suporte na margem cavossuperficial
e arredondamento de possiveis angulos internos na cavidade com pontas diamantadas

extrafinas (KG Sorensen, Cotia, SP, Brasil) (Figura4).

Figura 4. Preparo cavitario. Remoc¢ao de restauracdo deficiente ou esmalte sobre dentina cariada

com ponta esférica diamantada (A); remocdo de carie com broca esférica carbide (B) e; preparo final

limitando-se a remocgdo da cérie e acabamento do esmalte cavossuperficial (C).
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O procedimento adesivo foi feito de igual maneira para todas as técnicas (Figura
5). A margem cavossuperficial em esmalte foi condicionada com 4cido fosférico a 37%
(Ultraetch, Ultradent, South Jordan, USA) por 30 segundos, lavado com jato de spray agua/ar
por 15 segundos e seca com jato de ar por 15 segundos. Entdo, um primer acido (Clearfill SE
primer, Kuraray, Toquio, Japdo) foi aplicado com pincel descartdvel na dentina por 20
segundos e o solvente volatilizado por aplicacdo de leve jato de ar por 5 segundos. Sobre o
primer na dentina foi aplicado o adesivo hidréfobo (Clearfill SE bond, Kuraray, Toquio, Japao)
com um novo pincel descartdvel e todo o sistema adesivo fotopolimerizado (VALO, Ultradent,
South Jordan, USA) por 20 segundos a uma irradidncia de 1100mW/cm?. Uma camada
adicional de adesivo hidréfobo foi aplicada com um novo pincel descartavel e
fotopolimerizado por 20 segundos a uma irradidncia de 1100mW/cm?. Essa camada adicional
de adesivo hidrofobo assegura que a ultima camada do sistema de adesdo ndo apresente

acidez que o torna incompativel com sistemas de polimeriza¢ao dual de resinas compostas.
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Figura 5. Aplicacdo do sistema adesivo. Condicionamento acido seletivo do esmalte (A); lavagem com

spray de agua por 15 segundos (B) e secagem com spray de ar por 15 segundos; aplicacdo do primer
acido por 20 segundos (C); volatizacdo do solvente com leve jato de ar por 5 segundos (D); aplicagdo
do adesivo hidréfobo (E); fotopolimerizagdo por 20 segundos (F); aplicagdo de uma nova camada de
adesivo hidréfobo (G); aplicacdo de leve jato de ar por 5 segundos para uniformizar a camcada (H) e;

fotopolimerizagdo por 20 segundos (l).
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Os grupos de estudo contemplaram diferentes técnicas restauradoras conforme

descrito a seguir:

- AMS (controle): restauracdo pela técnica incremental com uma resina
composta microhibrida (Amaris, Voco GmbH, Cuxhaven, Alemanha). Inicialmente realizou-
se a sele¢do de cor da resina para dentina e resina para esmalte. Em cavidades Classe I,
foi adaptada uma matriz metalica e cunha nas caixas proximais e a restauracdo iniciada
por estas caixas com colocag¢do de incrementos obliquos. Apds a reconstrucdo da parede
proximal, a restauracdo foi realizada como uma cavidade de Classe |. As cavidades de
classe | foram restauradas com incrementos obliquos com no maximo 2mm de espessura
de resina composta microhibrida (Amaris), até a configuracdo da anatomia final do dente.
Cada incremento foi fotopolimerizado por 10 ou 40 segundos, dependendo da cor e

opacidade da resina, a uma irradiancia de 1100mW/cm? (Figura 6).

- RBD: restauracdo pela técnica Sanduiche fechado com utilizacdo de uma resina
composta de polimerizacdo dual para nucleo de preenchimento (Rebilda DC, Voco GmbH,
Cuxhaven, Alemanha) associada a uma resina composta microhibrida (Amaris). Em
cavidades Classe Il, foi adaptada uma matriz metalica e cunha nas caixas proximais e a
restauracdo iniciada por estas caixas com colocacdo de incrementos obliquos de resina
microhibrida (Amaris). Apds a reconstru¢cdo da parede proximal, a restauracdo foi
realizada como uma cavidade de Classe |. As cavidades classe | foram preenchidas até o
limite de 1mm aquém da margem oclusal, ndo excedendo 4mm de espessura, em Unico
incremento horizontal de resina composta dual de preenchimento (Rebilda DC). Este
incremento foi mantido estatico por 5 minutos para favorecer a sua ativagao quimica e
permitir maior tempo pré-gel e, apds este periodo, foi fotopolimerizado por 40 segundos
a uma irradiancia de 1100mW/cm?, conforme instrucdes do fabricante. Sobre esta camada
de resina de preenchimento foi colocada uma camada de 1mm de espessura de resina
composta nanohibrida (Amaris) pela técnica incremental para realizacdo de anatomia
oclusal final. Cada incremento foi fotopolimerizado por 20 segundos a uma irradiancia de

1100mW/cm? (Figura 7).

- XBS: restauragao pela técnica Sanduiche fechado com utilizagao de uma resina
composta fluida “bulk fill” de baixa contracdo (X-tra base, Voco GmbH, Cuxhaven,
Alemanha) associada a uma resina composta microhibrida (Amaris). Em cavidades Classe

I, foi adaptada uma matriz metdlica e cunha nas caixas proximais e a restauracdo iniciada
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por estas caixas com colocag¢do de incrementos obliquos de resina composta microhibrida
(Amaris). Apds a reconstrucdo da parede proximal, a restauragdo foi realizada como uma
cavidade de Classe I. As cavidades classe | foram preenchidas até o limite de 1mm aquém
da margem oclusal, ndo excedendo 4mm de espessura, em Unico incremento horizontal
de resina composta fluida de baixa contracdo (X-tra base). Este incremento foi
fotopolimerizado por 20 segundos a uma irradidncia de 1100mW/cm?, conforme
instrucdes do fabricante. Sobre esta camada de resina fluida foi colocada uma camada de
1mm de espessura de resina composta microhibrida (Amaris) pela técnica incremental
para realizacdo de anatomia oclusal final, conforme indica o fabricante. Cada incremento

foi fotopolimerizado por 20 segundos a uma irradidncia de 1100mW/cm? (Figura 8).

Figura 6. Confeccdo da restauracdo pela técnica incremental usando resina microhibrida (AMS).

Aplicacdo de incrementos obliquos de até 2mm da resina Amaris (A); nas paredes disto-palatina e
mésio-vestibular (B) e; nas paredes mésio-palatina e disto-vestibular (C) para substituicdo da dentina
perdida. Aplicacdo de resina de esmalte em incrementos nas paredes disto-palatina e mésio-
vestibular (D); parede mésio-palatina (E) e; disto-vestibular para finalizagdo da anatomia da

restauracao.
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Figura 7. Confeccdo da restauracdo pela técnica simplificada, associando uma resina de

preenchimento de cura dual a uma resina microhibrida (RBD). Aplica¢do de incremento horizontal
Unico de até 4mm da resina Rebilda DC (A); deixando um espac¢o de Imm aquém da superficie oclusal
e espera de 5 minutos para permitir a polimerizacdo quimica (B); fotopolimeriza¢do por 40 segundos
(C) e; aplicagdo de resina microhibrida Amaris em incrementos de até 2mm para finalizagdo da

anatomia da restauragdo (E). Restauracdo concluida (F).
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Figura 8. Confecgdo da restauragdo pela técnica simplificada, associando uma resina bulk fill a uma

resina microhibrida (XBS). Aplicagdo de incremento horizontal Unico de até 4mm da resina X-tra Base
(A); deixando um espaco de 1mm aquém da superficie oclusal (B); fotopolimerizagdo por 20
segundos (C) e; aplicacdo de resina microhibrida Amaris em incrementos de até 2mm para finalizagdo

da anatomia da restaurac¢do (E). Restauracdo concluida (F).

Apds a conclusdo das restauracdes, o isolamento absoluto foi removido e a oclusdao
checada com fita de carbono e o ajuste oclusal foi realizado com pontas diamantadas
extrafinas (KG Sorensen, Cotia, SP, Brasil). O acabamento e polimento foi realizado apds 7
dias da confecgdao da restauragdo, com pontas de borrachas de diferentes granulagdes
(Flexpoint, Cosmedent, Chicago, EUA) e ponta de carbeto de silicio (Flexbrush, Cosmedent,

Chicago, EUA) (Figura 9).
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Figura 9. Acabamento e polimento das restauracées. Ajuste oclusal realizado logo apds a remocdo do

isolamento absoluto (A); pré-polimento com pontas de borracha de granulagdo grossa, apds 7 dias
de realizacdo da restauracdo (B); polimento com ponta de borracha de granula¢do fina (C) e;
polimento final com ponta de carbeto de silicio (D). Aspecto final da restauragdo logo apds o

polimento (E). Radiografia interproximal realizada logo apds o procedimento de polimento (F).

- AvaliagOes das restauragoes

As observacdes das restauracdes foram realizadas por dois examinadores
calibrados e cegos quanto a técnica restauradora utilizada, apds 7 dias, 6 meses e 12 meses
apdés a confeccdo das restauracdes. O coeficiente kappa foi calculado para calibracdo
intraexaminador e posteriormente interexaminadores a partir de observacbes de 15
restauracOes por cada examinador. Os resultados das observacdes foram aplicadas numa

tabela 2x2, junto com o resultado padrdo esperado para se calcular a taxa de concordéancia,



57

segundo a razdo da soma das observagdes coincidentes sobre o total de observagdes. Feito o

calculo da taxa de concordancia, ela foi aplicada na formula:

Coeficiente = concordancia observada - concordancia esperada

Kappa N- concorddncia esperada

Essas observagdes foram repetidas quantas vezes necessarias, com intervalo de
30 minutos, sempre com discussdao entre os examinadores até a obtencdo de um coeficiente
Kappa maior ou igual a 0,8. As restauragdes foram classificadas de acordo com o critério
USPHS modificado (United States Public Health Service), descrito na Tabelal. Radiografias

interproximais das restauragdes foram realizadas em todas as avaliagdes.

Tabela 1. Escores do critério USPHS modificado.

Score

Categoria i i Critério
Aceitavel Inaceitavel

0 A restauragdo continua com a forma anatémica
existente
1 A restauragdo descontinua com a forma anatémica
existente, mas a perda é insuficiente para expor dentina
ou base
2 A restauracdo descontinua com a forma anatémica
Forma anatomica existente, mas a perda é insuficiente para exp6or dentina
ou base, contato falho, sem possibilidade de corregdo e
oclusdo afetada
3 Perda total ou parcial da restauracdo, fratura da
estrutura dentdria, apresenta trauma oclusal e a
restauragao causa dor no dente ou tecidos adjacentes.

0 A restauracdo continua com a forma anatémica
existente, sonda exploradora ndo prende
1 Sonda exploradora prende, fendas marginais pequenas
Adaptacdo marginal 2 Fendas na margem, exposi¢do de esmalte
3 Fendas claramente visiveis na margem, exposicao de

dentina ou base
4 Mobilidade da restauragao, fratura ou perda
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Descoloragdo
marginal

Nenhuma alteracdo evidente

Pequeno manchamento passivel de correcdo com
polimento

Manchamento claramente perceptivel sem
possibilidade de corregdo com polimento
Manchamento profundo

Cor

Excelente correspondéncia de cor da restauragdao com o
dente

Boa correspondéncia de cor da restauragdo com o
dente

Pequena diferenca de cor da restauracdo com o dente
no croma ou translucéncia.

Diferenga ébvia de cor da restauragdo com o dente, fora
dos padrGes considerados normais

Diferenca de cor inaceitavel da restauracdo com o dente

Rugosidade
superficial

Superficie lisa

Apresenta pequena rugosidade ou depressdes na
superficie
Superficie rugosa, sem possibilidade de repolimento

Superficie com depressdes profundas e fendas
irregulares

Carie secundaria

Sem evidéncia de carie, margem com soluc¢do de
continuidade

Carie evidente com perda de solucdo de continuidade
na margem

Sensibilidade pos-

Sem sensibilidade pds-operatdria apds a confecgdo da
restauragdo, nem durante as avaliagdes

operatéria Sensibilidade pds-operatoria em algum estagio das
avaliacOes
Ausente

Fratura Pequena fratura clinicamente aceitavel

Fratura clinicamente inaceitavel

- Microscopia eletronica de varredura (MEV)

Um individuo foi aleatoriamente selecionado para realizacdo de imagens

representativas das restauracfes feitas pelas trés diferentes técnicas. Foram realizadas

moldagens dos dentes restaurados com um material a base de polivinilsiloxano (Express, 3M

ESPE, St. Paul, MN, EUA) pela técnica da moldagem dupla e sobre os moldes foram vertidos
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resina epodxica (Epoxi Cure, Buehler, Lake Bluff, EUA). Dessa maneira foram obtidos réplicas
das restauragbes que foram lavadas em ultrassom com agua deionizada por 15 minutos,
secas em estufa 37°C por 24 horas e montadas em "stubs" metdlicos. Esse conjunto foi
coberto com ouro e levado para visualizagdo em MEV (JSM 5600LV, Jeol Inc., Peabody, MA,

EUA), operando a 15kV e aumento de 30x (Figura 10).

Figura 10. Confecgdo e preparo das réplicas para observa¢gdo em MEV. Obtengdo dos modelos em

polivinilsiloxano (A); Mensuracdo do volume de cada reagente da resina epdxica com pipeta
descartdvel (B); mistura vagarosa dos reagentes por 5 minutos (C); insercdo da resina epdxica dentro
do molde com outra pipeta descartavel (D); réplicas polimerizadas (E). Réplicas devidamente limpas,

montadas em “stubs” metalicos e cobertas com ouro (F).
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