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RESUMO

GRUBER, Y. L. Efeito da aplicacdo de diferentes concentracdes de acido
etilenodiamino tetra-acético (EDTA) na adesédo de pinos de fibra de vidro ao
canal radicular. Tese - Doutorado em Odontologia - Area de concentragdo em
Dentistica Restauradora. Ponta Grossa: Universidade Estadual de Ponta Grossa;
2020.

O objetivo do presente estudo foi comparar o efeito da aplicacdo do EDTA em duas
concentracbes comerciais (17% e 24%) na cimentacdo de pinos de fibra de vidro
(PFV) ao canal radicular, com o uso de cimentos resin0sos convencionais ou
autoadesivos. Foram selecionados 156 dentes unirradiculares permanentes que
tiveram suas coroas removidas e os canais radiculares tratados endodonticamente.
Apés a preparacao do conduto, os procedimentos adesivos para a cimentacédo de PFV
foram divididos em dois experimentos, de acordo com o tipo de estratégia adesiva de
cimento resinoso. Para o Experimento 1, utilizou-se os sistemas adesivos universais
Single Bond Universal e Ambar Universal, aplicados de forma self-etch, com seus
respectivos cimentos resinosos convencionais: RelyX Ultimate (RT) e Allcem Core
(AC). Para o Experimento 2, foram selecionados os cimentos resinosos autoadesivos
RelyX U200 (RL) e Multilink Speed (ML). Os grupos experimentais para os dois
experimentos foram os mesmos, sendo: irrigacdo com agua destilada (grupo controle),
EDTA 17% e EDTA 24%. Em cada raiz, foi irrigado 2mL do agente irrigante definido
no grupo experimental, e, ainda com a superficie umida, foi friccionado uma haste
descartavel durante 30s de forma ativa em cada conduto. Apds esses procedimentos,
os PFV foram cimentados adesivamente ao canal radicular de acordo com as
recomendacdes de cada fabricante. Neste estudo, seis raizes extras foram
selecionadas para a analise de Espectroscopia de raios X por dispersdao em energia
(EDS) para avaliacdo de composi¢cao mineral e padréo de condicionamento. Para o
Experimento 1, oito raizes foram selecionadas para o teste de resisténcia de unido
por teste de push-out (RU), e quatro para a andlise de nanoinfiltragdo (NI). No
Experimento 2, 8 raizes foram selecionadas para o teste de push-out e 3 para o teste
de microdureza Vickers (MD). Os dados dos experimentos foram analisados
estatisticamente por meio da analise de variancia (ANOVA) de dois fatores e teste de
Tukey para contraste de médias a um nivel de significancia de 5% (p = 0,05). Para os
cimentos convencionais, a aplicacdo das solucbes de EDTA ndo interferiram nos
valores de RU (p > 0,05) e aumentaram os valores de NI (p < 0,05). Para os cimentos
resinosos autoadesivos, 0s grupos cimentados com RL diminuiram os valores de
resisténcia de unido quando irrigados com EDTA 24%. Para o cimento ML, ndo houve
diferenca entre os grupos irrigantes. Os valores de microdureza diminuiram
significantemente com o uso do EDTA 24%, em ambos 0s cimentos autoadesivos. Por
aumentar um passo clinico no protocolo de cimentagédo e ndo apresentar beneficios
significantes da adesao dos PFV ao canal radicular, a utilizacédo de EDTA previamente
a cimentacao nao é indicada.

Palavras-Chave: Acido Edético; Cimentos de Resina; Dentina; Forca Compressiva;
Técnica para Retentor Intrarradicular.



ABSTRACT

GRUBER, Y. L. Effect of different concentrations of ethylenediamine tetraacetic
acid (EDTA) on the adhesion of fiber posts to the root canal. [Thesis - Doctorate
in Dentistry - Concentration Area in Restorative Dentistry]. Ponta Grossa: State
University of Ponta Grossa; 2020.

The aim of the present study was to compare the effect of applying EDTA in two
concentrations (17% and 24%) on the cementation of glass fiber posts (GFP) to the
root canal, using conventional or self-adhesive resin cements. For this purpose, 156
permanent uniradicular teeth were selected, which had theis crowns removed and root
canals treated endodontically. After preparing de conduits, the adhesive procedures
were divided into two experiments, according to the type of adhesive strategy for resin
cement. For Experiment 1, the Single Bond Universal and Ambar Universal adhesive
systems, used in self-etch form, with their respective conventional resin cements RelyX
Ultimate (RT) and Allcem Core (AC), were used. For Experiment 2, self-adhesive resin
cements RelyX U200 (RL) and Multilink Speed (ML) were selected. The experimental
groups for the two experiments were the same: irrigation with distilled water (control
group), EDTA 17% and EDTA 24%. In each root, 2mL of the solution defined in the
experimental group was irrigated, and, even with the wet surface, a disposable brush
was applied actively for 30s in each conduit. After these procedures, the GFP were
cemented to the root canal according to the recommendations of each manufacturer.
In this study, six extra roots were selected for the analysis of energy dispersion X-ray
spectroscopy (EDS) to assess mineral composition and conditioning pattern. For
Experiment 1, eight roots were selected for the test of bond strength by push-out test
(BS), and four for the analysis of nanoleakage (NL). In Experiment 2, 8 roots were
selected for the push-out test and 3 for the Vickers microhardness test (VHN). The
data from the experiments were analyzed statistically by means of two-way analysis of
variance (ANOVA) and Tukey's test for contrast of means at a significance level of 5%
(p = 0.05). For conventional cements, the application of EDTA solutions did not
interfere with the BS values (p> 0.05) and increased the NL values (p <0.05). For self-
adhesive resin cements, groups cemented with RL decreased the bond strength
values when irrigated with EDTA 24%. For ML cement, there was no difference
between irrigating groups. The microhardness values decreased significantly with the
use of EDTA 24%, in both self-adhesive cements. As it increases a clinical step in the
cementation protocol and does not show significant benefits from the adhesion of GFP
to the root canal, the use of EDTA prior to cementation is not indicated.

Keywords: Edetic Acid; Resin Cements; Dentin; Compressive Strength; Post and
Core Technique.
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1 INTRODUCAO

Dentes tratados endodonticamente muitas vezes possuem uma perda
significativa da integralidade das estruturas dentarias, tornando-se mais susceptiveis
a fraturas (Hussain et al. * 2007; Abou-Rass 2 1992). E comum que estes dentes
precisem de retentores intrarradiculares como recurso para que a reconstrucdo da

parte coronaria se torne efetiva (Wegner et al. 3 2006; Bitter e Kielbassa 4 2007).

Os pinos de fibra de vidro (PFV) foram introduzidos no mercado odontoldgico
com a finalidade de substituir o nucleo metélico fundido, e consistem em fibras de
vidro dispostas paralelamente formando um feixe, unidas por uma matriz resinosa
(Lamichhane et al. > 2014). Sao utilizados como retentores intrarradiculares e
possuem inumeras vantagens, entre elas o0 mddulo de elasticidade semelhante ao da
dentina, estética favoravel, auséncia de etapa laboratorial prévia e desgaste minimo

da estrutura radicular (Soares et al. ® 2012; Almohareb 7 2017).

Para fixagdo ao canal radicular, os PFV sdo cimentados adesivamente ao
substrato dentinario com o0 uso materiais resinosos. Os sistemas de cimentacao
resinosos promovem maior distribuicdo dos esforcos mastigatorios, garantindo assim
maior longevidade nesse tipo de reabilitacdo (Goracci e Ferrari 8 2011; Marchionatti
etal. ® 2017; Aggarwal e Garg 1° 2011; Dejak e Mlotkowski 1! 2011). A cimentagéo
do PFV ao canal radicular pode ser feita com a associacdo de um sistema adesivo e
seu cimento resinoso respectivo (convencional), ou entdo com cimentos resinosos

autoadesivos.

Os cimentos resinosos convencionais necessitam obrigatoriamente do
emprego de um sistema adesivo previamente a cimentacao, que pode ser do tipo etch-
and-rinse (com necessidade de condicionamento &cido prévio), self-etch
(autocondicionante) ou universal (Bitter e Kielbassa # 2007). Os sistemas adesivos
universais podem ser aplicados com ou sem condicionamento, por possuirem em sua
composicdo mondmeros acidicos e mais de um tipo de solvente, o que permite maior
versatilidade (Rosa et al. 12 2015). Os cimentos resinosos autoadesivos sdo sistemas
hibridos que combinam as caracteristicas de adesivos autocondicionantes com
resinas compostas (Makkar e Malhotra 3 2013). Por sua aplicacéo ser realizada em

uma Unica etapa, esse tipo de cimento € amplamente recomendado na literatura, uma
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vez gue a técnica é menos sensivel (Gomes et al. ** 2013), minimizando algumas
falhas que ocorrem durante a cimentacdo com cimentos resinosos convencionais,
como por exemplo a aplicagcdo do sistema adesivo de forma incorreta (Ferracane et
al. 15 2011).

A escolha do tipo de sistema de cimentacdo é uma etapa imprescindivel na
cimentagao de pinos de fibra de vidro e pode influenciar diretamente no sucesso deste
procedimento. Algumas caracteristicas como a estratégia adesiva, mecanismo de
polimerizacdo e até mesmo a composicdo especifica de cada marca comercial
precisam ser avaliados com cautela na escolha do material (Pedreira et al. 16 2016;
de Lima et al. Y7 2016; BORGES et al. ¥ 2019). Com isso, € interessante que 0s
trabalhos cientificos tentem abordar o maior nimero de tipo de biomateriais possiveis
em um mesmo estudo, tentando ao maximo chegar em conclusfes mais precisas
(Soares et al. 1° 2012; Sedrez-Porto et al. 2° 2017).

Apesar da melhoria dos materiais de cimentag&o, o principal tipo de falha no
tratamento com PFV ainda € a adesiva, ou seja, entre a interface do material resinoso
e o substrato dentinario (Maroulakos et al. 2t 2018). Para que se obtenha uma uniéo
adequada entre o cimento e a dentina radicular, o uso de solu¢cdes condicionantes
capazes de remover a camada de esfregaco apds a preparacdo do conduto é
imprescindivel (Van Meerbeek et al. 22 2011). Dessa forma, para minimizar os
problemas de adesao na dentina radicular, alguns cuidados tem sidos propostos na
literatura, como por exemplo, a escolha da solucao irrigante prévia a cimentacao
(Bitter et al. 2 2013; De-Deus et al. ¢ 2013; Faria-e-Silva et al. 2> 2013; Santos et al.
26 2011).

Entre as solu¢des irrigantes mais utilizadas no tratamento endoddntico, esta a
solucdo de &cido etilenodiamino tetra-acético (EDTA). Ela € comercializada
atualmente em duas formas: a primeira € em sua forma liquida, em uma concentracao
de 17%, e outra com solucdo espessante em gel, em 24%. O EDTA possui agao
guelante, sendo assim capaz de produzir a descalcificacdo das estruturas dentais em
pH neutro sem acdo deletéria sobre os tecidos, facilitando a instrumentacao
endodéntica. Por remover qualquer detrito oriundo do preparo radicular que possa
estar infiltrado nos tubulos dentinarios, promove assim uma superficie limpa e com

maior area de contato (Haapasalo et al. 27 2014).
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Lugue-Martinez et al 2015 22 avaliaram in vivo se a irrigacdo com EDTA 17%
em dentina esclerotica coronaria afetaria os resultados de resisténcia de unido no uso
de sistemas adesivos autocondicionantes, e essa abordagem apresentou-se bastante
promissora (Lugue-Martinez et al. 2 2015). Em estudos laboratoriais, esses
resultados ja haviam sido relatados, e a solu¢cdo de EDTA tem demonstrado interfaces
adesivas mais estaveis, com maior estabilidade das fibras colagenas dentinarias e
diminuicdo de degradacéo da camada hibrida (Osorio et al. 2° 2005; Thompson et al.
30 2012; Kwong et al. 31 2002; Toledano et al. 32 2012).

Ja em dentina radicular, Jalali et al. 2018 28 avaliaram em seu estudo a
aplicacdo de EDTA 17% durante 60 segundos (s) previamente a cimentacdo de PFV
com cimentos autoadesivos e obtiveram resultados favoraveis (Jalali et al. 33 2018).
No entanto, um minuto pode se tornar inviavel na pratica clinica do cirurgido-dentista,
uma vez que a cimentacado de PFV ao canal radicular ja € um procedimento sensivel

e prolongado (Skupien et al. 3 2015).

Sabe-se que o0 EDTA 24% ¢é significativamente mais eficaz na limpeza dos
tubulos dentinarios comparado com a mesma solucdo em menores concentracdes
(Blomlof et al. 3° 1997; Daghustani et al. 3¢ 2011). Dessa forma, sugere-se que talvez
sua aplicacédo nessa concentracdo em menos tempo em relagdo a outros estudos que
otimizaram a aplicacdo de EDTA na adeséao dentinaria (Lugue-Martinez et al. 22 2015;
Jalali et al. ¥ 2018) promova o mesmo efeito almejado, podendo assim, tornar-se

mais atrativo a pratica clinica.

Apesar de amplamente utilizado como irrigacdo endodontica, a quantidade de
estudos ainda € escassa quanto ao uso do EDTA isoladamente previamente a
cimentacdo de PFV. Em sua maioria, os estudos que avaliam a influéncia de agentes
irrigantes na cimentagdo de PFV ao canal radicular, trabalham o EDTA em
combinacdo com outros tipos de solugfes, como por exemplo o hipoclorito de sodio
(NaOCI) e o cloridrato de clorexidina (Garcia et al. 3 2018; Shafiei et al. 3 2018;

Mathew et al. 3° 2017).

Dessa forma, o0 objetivo desta tese foi avaliar o efeito da aplicagédo do EDTA em
diferentes concentragdes na cimentacao de PFV ao canal radicular, com o uso de: 1)
adesivos universais com cimentos resinosos convencionais e 2) cimentos resinosos

autoadesivos.
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2 PROPOSICAO

2.1 PROPOSICAO GERAL

Avaliar o efeito da aplicacédo de &cido etilenodiamino tetra-acético (EDTA) em
duas concentracdes (17% e 24%) na cimentac&o de pinos de fibra de vidro ao canal
radicular, com o uso de sistemas adesivos universais associados com cimentos

resinosos convencionais e cimentos resinosos autoadesivos.

2.2 PROPOSICAO ESPECIFICA

(1) Analisar a morfologia quimica e o padrdo de condicionamento da dentina
radicular ap6s a aplicacdo de EDTA em 17% e 24%, por meio de
Espectroscopia de Raios-X por Dispersao em Energia (EDS-MEV);

(2) Avaliar o efeito da aplicagcdo de EDTA em 17% e 24% nos valores de
resisténcia de unido, por meio do teste de push-out, em dois sistemas
adesivos universais com seus respectivos cimentos resinosos convencionais
nas diferentes regides radiculares (terco cervical, médio e apical);

(3) Avaliar o efeito da aplicacdo de EDTA em 17% e 24% na deposi¢cao de nitrato
de prata na camada hibrida dentinaria, por meio da analise de nanoinfiltracao
no Microscépio Eletrébnico de Varredura (MEV), em dois sistemas adesivos
universais com seus respectivos cimentos resinosos convencionais nas
diferentes regides radiculares (terco cervical, médio e apical);

(4) Avaliar o efeito da aplicacdo de EDTA em 17% e 24% nos valores de
resisténcia de unido, por meio do teste de push-out, em dois cimentos
resinosos autoadesivos nas diferentes regides radiculares (ter¢co cervical,
meédio e apical);

(5) Avaliar o efeito da aplicagcédo de EDTA em 17% e 24% na microdureza por
andlise de Vikers em dois cimentos resinosos autoadesivos nas diferentes

regides radiculares (terco cervical, médio e apical).
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3 MATERIAL E METODOS

Este projeto foi realizado com a aprovacdo do Comité de Etica do Parana
(COEP) da Universidade Estadual de Ponta Grossa (UEPG), pelo parecer
consubstanciado namero 1.552.855 (Anexo A). Os dentes selecionados para este

estudo foram divididos aleatoriamente de acordo com dois experimentos:

e Experimento 1: Efeito da aplicacdo de diferentes concentracdes de
EDTA na cimentagé&o de pinos de fibra de vidro ao canal radicular com o
uso de sistemas adesivos universais e cimentos resinosos
convencionais;

e Experimento 2: Efeito da aplicacdo de diferentes concentracdes de
EDTA na cimentagé&o de pinos de fibra de vidro ao canal radicular com o

uso de cimentos resinosos autoadesivos.

Como a diferenca entre os dois experimentos encontra-se basicamente no tipo
de cimentacdo, os procedimentos em comum serdo descritos a seguir. As

particularidades dos experimentos 1 e 2 serédo detalhadas posteriormente.

3.1 PREPARO DAS RAIZES PARA OS GRUPOS EXPERIMENTAIS

3.1.1 Selecao dos dentes

Foram selecionados 156 dentes humanos unirradiculares permanentes
higidos, obtidos no Bandos de Dentes Humanos (BDH) da Universidade Estadual de
Ponta Grossa (Anexo B). Os dentes selecionados para este estudo obedeceram aos
seguintes critérios de inclusdo: dentes unirradiculares de canal Unico sem tratamento
endododntico prévio, permanentes, higidos e sem dilacera¢fes radiculares. Todos 0s
dentes deveriam possuir um comprimento radicular medido da juncdo cemento-

esmalte (JCE) de pelo menos 14 mm (Figura 1).

ApoOs selecionados, todos os dentes foram limpos com curetas periodontais

(Duflex, SS White, Rio de Janeiro, RJ, Brasil) e armazenados em agua destilada a 4°C
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até 6 meses apos a extracdo, como preconizado pela ISO/TS 11405 (Standardization
40 1994).

Figura 1 - Exemplo de dente unirradicular selecionado. A raiz deveria ter um comprimento de no minimo

14 mm desde a jung&o cemento-esmalte.

3.1.2 Preparo dos dentes

Os dentes foram seccionados perpendicularmente em relagcdo ao seu longo
eixo com o uso de um disco diamantado acoplado em uma maquina de corte universal
(Isomet 1000, Buehler, Lake Bluff, IL, EUA) a uma velocidade de 300 rota¢des por
minuto (rpm) sob refrigeracdo com agua constante, no limite da JCE, de modo a criar

um acesso ao canal radicular (Figura 2).
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Figura 2 - Corte com disco diamantado no limite da JCE.

3.1.3 Tratamento endodobntico

As raizes tiveram seus condutos instrumentados com limas rotatorias de niquel-
titdnio Protaper SX, S1, S2, F1-F3 (Dentsply Maillefer; Ballaigues, Suica), com o uso
de um motor endodbntico (X-smart; Dentsply Maillefer; Ballaigues, Suiga), em
movimentos de cervical a apical sem presséo, a uma velocidade de 350 rpm e torque
de 3 N. Entre cada lima, os condutos foram irrigados com uma solugéao de Clorexidina
a 2% (Biodinamica; Rio de Janeiro, RJ, Brasil) durante 3 min, e aspiradas com uma
canula de succdo. Apos a ultima lima, foi realizada a irrigacdo e aspiracao final dos

condutos com soro fisiologico.

Terminada a instrumentacao, os condutos foram secos com pontas de papel

absorvente (Dentsply Maillefer, Petropolis, RJ, Brasil) e tiveram apenas os 4 mm
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apicais obturados por meio da técnica de condensacéao vertical de Schilder, utilizando
cones de gutta-percha (Tanari; Manacapuru, AM, Brasil) e cimento endodontico a

base de hidréxido de célcio (Sealer 26, Dentsply Maillefer; Ballaigues, Suica).

Apés o tratamento endoddntico, as raizes foram armazenadas em tubos
Eppendorf em umidade relativa com agua destilada em estufa imida a 37°C + 1°C por

uma semana.

3.1.4 Preparo dos pinos de fibra de vidro

Para ambos os Experimentos, em todos os grupos foram cimentados os pinos
de fibra de vidro Whitepost DC n° 2 (FGM, Joinvile, SC, Brasil). Antes dos
procedimentos adesivos, todos os pinos foram seccionados horizontalmente com o
uso de uma ponta diamantada #4138 (KG Sorensen, Cotia, SP, Brasil) em alta rotacao
sob refrigeracéo de 4gua constante, resultando em um comprimento de 13 mm, sendo
10 mm cimentados dentro do canal radicular e 3 mm como guia para a distancia do
aparelho fotoativador durante o procedimento. Todos o0s pinos foram limpos com

alcool 70% durante 5 s.

3.1.5 Preparo dos condutos

Passado uma semana do tratamento endoddntico, as raizes tiveram seus
condutos preparados com a broca correspondente ao diametro do pino de fibra de
vidro Whitepost DC #2 (FGM; Joinville, SC, Brasil), com irrigacdo constante em agua
destilada. Para cada seis dentes, a broca era descartada, de acordo com as
recomendacdes do fabricante. Terminado o preparo, os condutos foram irrigados com
10 mL de a4gua destilada e secos com jato de ar por 5 s a uma distancia de 2 cm e um
cone de papel absorvente #80 (Dentsply Maillefer; Ballaigues, Suica). O comprimento

de trabalho padronizado em todos os dentes foi de 10 mm.
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3.1.6 Grupos experimentais

Cento e cinquenta raizes foram divididas aleatoriamente em dois experimentos
e 6 foram separadas para andlise de morfologia quimica e padréo de condicionamento
da dentina radicular. Os dois experimentos foram divididos considerando dois tipos de
cimentos resinosos: 1- convencional; Single Bond Universal/RelyX Ultimate (3M
ESPE, St. Paul, EUA) ou Ambar Universal/Allcem CORE (FGM; Joinville, SC, Brasil)
e 2- autoadesivo; RelyX™ U200 (3M ESPE, St. Paul, EUA) e Multilink® Speed
(Ivoclar Vivadent; Barueri, SP, Brasil). O modelo esquematico dos dois experimentos

esta exemplificado nas Figura 3 e 4.



Figura 3 - Fluxograma esquematico do Experimento 1.
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Figura 4 - Fluxograma esquematico do Experimento 2.
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3.2 ANALISE DE COMPOSICAO MINERAL E PADRAO DE CONDICIONAMENTO
DA DENTINA RADICULAR POR ESPECTROSCOPIA DE RAIOS-X POR
DISPERSAO EM ENERGIA (EDS-MEV)

Como os sistemas adesivos universais e 0s cimentos resinosos autoadesivos
incluem em seu mecanismo de ligagdo substancias quimicas que interagem com o
calcio da hidroxiapatita, optou-se por realizar uma analise de superficie sobre as
raizes submetidas aos diferentes grupos experimentais. A Espectroscopia de Raios-
X por Dispersdo em Energia (EDS-MEV) analisa, por meio de fluorescéncia, a
presenca de todos os elementos quimicos presentes na superficie a ser analisada,
bem como a quantidade (em porcentagem) dos elementos na amostra (Shang-jun e
Ang 4! 2009; Sargentini-Maier et al. ¥ 1988). Com isso, poderemos observar se
existem diferencas entre os trés grupos de variavel irrigante: agua destilada, EDTA
17% ou EDTA 24%.

Para isso, as seis raizes separadas anteriormente foram seccionadas
paralelamente ao longo eixo, com o auxilio de uma ponta diamantada fina 3195 FG
(KG Sorensen, Cotia, SP, Brasil) em alta-rotacdo com irrigacdo constante, e alavanca
apical reta (Golgran, Sado Caetano do Sul, SP, Brasil), de modo com que cada raiz se
dividisse em duas partes (Figura 5). Cada solucao foi testada em dois dentes que,

ap0s esse processo, totalizaram 2 metades cada.
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Figura 5 - A: Raiz seccionada na JCE. B: Raiz seccionada paralelamente ao longo eixo.

A B

As solugbes de EDTA utlizadas nesse estudo foram a de 17% (EDTA;
Biodindmica; Rio de Janeiro, RJ, Brasil) e 24% (EDTA; Biodinadmica; Rio de Janeiro,
RJ, Brasil). As demais especificacdes estdo demonstradas no Quadro 1. Todas as
partes foram irrigadas com 2 ml de 4gua destilada e secas com jato de ar por 5 s.
Apos esse procedimento, 2 metades foram irrigadas com 2 mL de EDTA 17% e 2 com
EDTA 24%. Apés terem os condutos irrigados, ainda com a superficie Umida de
solucao, foi friccionada um aplicador descartavel (Microbrush, KG Sorensen, Cotia,
SP, Brasil) em todo o comprimento radicular durante 30 s. Terminado esse
procedimento, os condutos foram irrigados novamente com 2 mL de agua destilada e

entdo secados com jato de ar a uma distancia de 2 cm durante 5 s.



Quadro 1 - Quadro explicativo com a figura, material, fabricante, composicéo e lote das solu¢des quelantes utilizadas nos experimentos.

Iﬁ?ge:r:fe Apresentacdo Comercial Fabricante Composicéo Lote
Acido
EDTA 17% Biodinamica Etilenodiaminotetracético | 44316 (Jul
(liquido) Dissodico, Hidroxido de 2019)
Sdédio e Agua Deionizada.
Acido
Etilenodiaminotetracético
EDTA 24% A P T 612116
edta gel
(gel) g Biodinamica Dissadico, Hidroxido de (Set 19)

edla yci

o qe!

biodinamica

Sodio, Agua Deionizada e
espessante.

30
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Apos secas, as metades foram imediatamente fixadas em bases metalicas de
aluminio (stubs) com cola permanente (Superbonder Original, Henkel, Sdo Paulo, SP,
Brasil) e entdo armazenadas em um recipiente contendo silica coloidal, por 24 h. As
amostras foram entdo submetidas a uma andlise de superficie dentinaria, por meio de
Espectroscopia de Raios-X por Dispersdo de Energia (EDS) em um Microscopio
Eletronico de Varredura de alta resolucdo (FEG/MEV; Shimadzu, Kioto, Japao). A
microanalise quimica por EDS foi realizada ao longo de todo o comprimento das 12
metades das raizes e os dados foram submetidos a anélises qualitativas.

3.3 EXPERIMENTO 1

As setenta e duas raizes, ap0s o preparo mecanico descrito no item 3.1.5.,
foram divididas em seis grupos experimentais (n=12) por randomizacdo em bloco
(www.sealedenvelope.com) de acordo com o0s seguintes fatores: 1) sistema adesivo
com cimento resinoso convencional e 2) solucao irrigadora (Figura 3). Para cada
grupo, 8 raizes foram submetidas ao teste de resisténcia de unido (RU) por push-out
e 4 para analise de nanoinfiltracdo (NI).

As raizes foram divididas primeiramente em dois grupos, de acordo com seu
sistema de cimentacado: Single Bond Universal/RelyX Ultimate (3M ESPE, St. Paul,
EUA) ou Ambar Universal/Allcem CORE (FGM; Joinville, SC, Brasil) (Quadro 2); e
depois em trés grupos, de acordo com a solucao irrigadora previamente a cimentacao
dos PFV. As solucdes de escolha foram dgua destilada (controle), EDTA 17% e EDTA
24%.



Quadro 2 - Figura, material/fabricante, composicéo e lote dos sistemas adesivos e cimentos resinosos utilizados no Experimento 1.
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Material/Fabricante

Apresentacao Comercial

Composicéo

Lote

Single Bond Universal (3M

ESPE)

10-MDP; monémero
fosfato; resina

dimetacrilato; HEMAG®;

metacrilato modificado
copolimero acido

poliaguendico; etanol;
agua; iniciadores;

silano.

645025

RelyX Ultimate (3M ESPE)

Pasta base: Monémeros de metacrilato,
radiopacificadores, particulas de carga silanizadas,
componentes iniciadores, estabilizadores e aditivos

de reologia. Pasta catalisadora: Monémeros de
metacrilato, radiopacificadores, particulas de carga
alcalinas, estabilizadores, pigmentos, aditivos de
reologia, componentes fluorescentes, ativador de
polimerizacdo sem luz para o Single Bond Universal.

641595

Ambar Universal (FGM)

Ingredientes ativos: MDP (10-Metacriloiloxidecil
dihidrogénio fosfato), monémeros metacrilicos,
fotoiniciadores, co-iniciadores e estabilizante.
Ingredientes inativos: carga inerte (nanoparticulas de
silica) e veiculo (etanol).

280717

Allcem CORE (FGM)

Bis-GMA, Bis-EMA, TEGDMA, coiniciadores,
canforquinona e peroxido de dibenzoila,
estabilizantes, microparticulas de vidro de béario-
alumino silicato e nanoparticulas de diéxido de silicio
(carga).

170317
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Para o grupo controle, as raizes foram irrigadas com 2 mL de agua destilada,
secadas com jato de ar por 5 s e duas pontas de papel absorvente calibre #40
(Dentsply Maillefer; Ballaigues, Suiga). Para o grupo de EDTA 17%, o procedimento
foi semelhante ao descrito no item 3. 2.. As raizes desse grupo experimental foram
irrigadas com 2 mL de solucdo de EDTA 17% e, como as duas concentracdes de
EDTA variam em sua forma de apresentacéo (gel e liquido), a fim de padronizacgéao, a
solucao foi friccionada em toda a superficie do conduto com o auxilio de um aplicador
descartavel (Microbrush; KG Sorensen, Sdo Paulo, Brasil) durante 30 s. ApOs esse
procedimento, os condutos foram lavados com 2 mL de agua destilada e secos com
jato de ar por 5 s e duas pontas de papel absorvente calibre #40. Para o grupo EDTA
24%, os procedimentos foram realizados exatamente da mesma forma que descrito
anteriormente para o grupo de EDTA 17%, com a Unica diferenciacao sendo a solucao

irrigadora. O resumo dos grupos experimentais esta demonstrado no Quadro 3.

Quadro 3 - Descri¢do dos grupos experimentais do Experimento 1.

Grupo

. Solucgéo irrigadora Procedimentos
Experimental

Irrigag@o com 2 mL de 4gua destilada
o Secagem com jato de ar por 5s (2 cm de
Controle Agua destilada distancia)
o Secagem com dois cones de papel
absorvente #40
Irrigacdo com 2 mL de EDTA
Fricc@o no conduto com haste por 30 s
Irrigagdo com 2 mL de agua destilada
Secagem com jato de ar por 5s (2 cm de
distancia)
Secagem com dois cones de papel
absorvente #40
Irrigagdo com 2 mL de EDTA
Fricc@o no conduto com haste por 30 s
Irrigagdo com 2 mL de agua destilada
Secagem com jato de ar por 5s (2 cm de
distancia)
o Secagem com dois cones de papel
absorvente #40

O O O O

EDTA 17% EDTA 17% liquido

(@)

O O O O

EDTA 24% EDTA 24% em gel
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3.3.1 Procedimentos adesivos

Todos os PFV foram cimentados adesivamente ao canal radicular em conjunto
com um sistema adesivo universal na estratégia adesiva self-etch e seu respectivo

cimento resinoso, de acordo com as recomendacdes do fabricante (Quadro 4).

Quadro 4 - Modo de aplicacdo dos materiais utilizados (sistemas adesivos e cimentos resinosos).

ponta de papel
absorvente calibre
#15.

Sistema
Adesivo Modo de Cimento Modo de
(estratégia self- Aplicacéo Resinoso Aplicacéo
etch)
Manipulacdo do
Aplicacio vidorosa cimento resinoso na
P p(c;)r 20 g propor¢éo de 1:1 por
; Secar com jato de ar ; Insergéc}(r)ls.conduto
Single Bond por 5's. RelyX Ultimate ralicular com
Universa| Secar com uma

seringa Centryx.*
Posicionamento do
PFV.
Fotopolimerizar por
40 s.

Ambar Universal

Aplicacéo vigorosa
por 20 s.
Secar com jato de ar
por 10 s.
Fotopolimerizar por
20 s.

Allcem Core

Manipulacdo do
cimento resinoso na
propor¢éo de 1:1 por

10 s.
Insercdo no conduto
radicular com
seringa Centryx.*
Posicionamento do
PFV.
Fotopolimerizar por
40 s.

* Seringa Centryx (Maquira, Maringa, PR, Brasil).

Logo apdés o cimento ser inserido no interior do canal radicular, o PFV foi
posicionado paralelamente ao longo eixo com uma pressdo manual durante 30 s. A
fotoativacdo do conjunto cimento-pino foi realizada por um aparelho fotopolimerizador
com luz emitida por diodo (Radii Plus, SDI Limited, Victoria, Australia), com uma
intensidade de luz de 1200 mW/cmz2. A ponteira do fotopolimerizador foi posicionada
a 3 mm da JCE, como antes padronizada com o corte dos pinos. A intensidade de luz
do aparelho foi constantemente monitorada por meio de um radidbmetro (Curing
radiometer Model 100, Demetron Research Corp., Danburg, CT, EUA). ApGs o
processo de cimentacdo, todas as raizes foram armazenadas em agua destilada a

37°C + 1°C durante sete dias.
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3.3.2 Preparo dos espécimes para os testes

Para cada grupo experimental, 8 raizes foram aleatoriamente selecionadas
para o teste de resisténcia de unido e 4 para a analise de nanoinfiltracdo. Com esse
designio, apdés o periodo de armazenagem, os dentes foram seccionados
perpendicularmente ao seu longo eixo em 7 fatias. Para isso, as raizes foram
adaptadas com cera pegajosa (Asfer, Sdo Caetano do Sul, SP, Brasil) em um suporte
para a maquina de corte universal ISOMET 1000 (Buehler, Lake Bluff, IL, EUA), e
entdo seccionadas com um disco diamantado sob refrigeracdo com agua constante.
Todas as fatias possuiam espessura média de 1 mm = 0,1 mm, a qual foi verificada
com o auxilio de um paquimetro digital de precisdo de 0,1 mm (Digimatic Caliper,
Mitutoyo, Toquio, Japédo) (Figura 6). Por possuir excesso de cimento resinoso, a

primeira fatia de cada dente foi descartada.

Figura 6 - Preparo dos espécimes. (A) Corte das fatias com disco de diamante; (B) mensuracdo da

espessura das fatias com paquimetro digital.

A B

Para cada raiz, foram obtidos seis corpos-de-prova (fatias), que foram
distribuidos da seguinte forma: tergo cervical (duas fatias), terco médio (duas fatias) e

terco apical (duas fatias).
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3.3.3 Teste de resisténcia de unidao (push-out)

Para o teste de resisténcia de uni&o, todas as seis fatias dos 8 dentes foram
utilizadas. Cada fatia foi fotografada em seu lado cervical e apical, em microscopio
optico com aumento de 40X (Olympus, modelo BX 51, Olympus, Toquio, Japao), onde
foi realizada a mensuracéo da area adesiva de cada amostra, utilizando o Software
ImageJ (National Institutes of Health; Bethesda, MD, EUA).

Cada fatia foi posicionada sobre um dispositivo metalico com uma pequena
abertura central, com o lado cervical para baixo, onde uma ponta metalica cilindrica
(atuador) exercia uma forca compressiva constante, no sentido apico-cervical, até seu
deslocamento. Os atuadores eram posicionados exatamente no centro da area

adesiva, com diametros correspondentes ao diametro de cada pino (Figura 7).

Figura 7 - Atuador posicionado no centro do pino.

O teste foi realizado em uma maquina de ensaio universal (Instron Corp,
Canton, MA, EUA) com uma célula de carga de 50 Kg a uma velocidade de 0,5
mm/min até o deslocamento do pino. O valor da carga foi registrado em newtons (N),
sendo convertido em MPa, dividindo o valor da carga (em N) pelo valor da area
adesiva (em mm?). Para calcular a area adesiva, foi utilizada a férmula de superficie
lateral de um cone truncado: S =mr(R + r)[(h? + (R —1)?]°5, em que: 1T é a constante
3,1416; R representa o raio coronario do pino (mm); r representa o raio apical do pino

(mm) e h representa a espessura dos corpos-de-prova (mm).
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3.3.3.1 Andlise de padrao de fratura

Ao final de cada ensaio de push-out, foi avaliado o padrdo de fratura de cada
espécime. Para isso, cada fatia foi analisada em um microscoépio 6ptico (Olympus,
model BX 51, Olympus, Téquio, Japao) com ampliagdo de 40X e classificada da
seguinte forma: fratura adesiva (entre o cimento resinoso e a dentina radicular), fratura

coesiva (no cimento, na dentina ou no pino) ou fratura mista.

3.3.4 Analise de nanoinfiltracdo por microscopia eletrénica de varredura (MEV)

Para a avaliagdo da nanoinfiltracdo dentro da camada hibrida, foram
selecionados 4 dentes por grupo. Das 6 fatias de cada dente, 3 foram aleatoriamente
escolhidas para a realizacdo dessa analise, sendo 1 representativa de cada terco
radicular. As fatias foram imersas em uma solucéo de Nitrato de Prata Amoniacal 50%
(AgNO3NHa4 — Laboratério de quimica inorganica, UEPG, Ponta Grossa, PR, Brasil),
durante 24 h a 37° C em um recipiente escuro. Passado esse periodo, 0s espécimes
foram imersos em uma solucéo reveladora (Carestream, Sao Paulo, SP, Brasil) por 8

h em exposicao a iluminacédo fluorescente indireta.

Apos as 8 horas, os espécimes foram lavados abundantemente em agua
corrente e entdo fixados em bases metélicas de aluminio (stubs) com cola permanente
(SuperBonder Original, Henkel, Sdo Paulo, SP, Brasil). J& fixados nos stubs, os
espécimes foram lixados com lixas de Carbeto de Silicio # 600, 1200, 1500, 2000, e
3000 (3M ESPE, Sumaré, SP, Brasil) sob refrigeracdo constante e depois polidas com
discos de feltro e pasta para polimento de alumina (Bellinzoni, Rio de Janeiro, RJ,
Brasil) (Figura 8). Os espécimes foram entdo armazenados em recipientes contendo

silica coloidal a 37° C por 48 h, para completa remocé&o de umidade.
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Figura 8 - Preparo das amostras para analise de nanoinfiltracdo. A - Etapa de polimento. B - Espécimes

finalizados.

Para a analise, os stubs tiveram suas superficies metalizadas em ouro
(Belzers SCD 050 Sputter Coater, Bal-Tec, Alemanha) e entdo analisadas por
Microscopia Eletrbnica de Varredura (MEV; SSX — 550; Shimadzu, Téquio, Japao),
operando em alto vacuo numa poténcia de 15 kV de voltagem de aceleracédo, no qual
foram obtidas imagens em elétrons retro espalhados, em uma foto com aumento de
70X.

O perimetro total de cada interface adesiva foi mensurado com o auxilio do
software Image J. Apés essa mensuracao, apenas a interface com depésitos de nitrato
de prata foi medida (Figura 9). Com os valores obtidos, foi definida a porcentagem de

infiltracdo de nitrato de prata em cada fatia.

Figura 9 - Exemplo de mensuracéo de nanoinfiltracdo. D - Dentina, P - Pino, C - Cimento Resinoso,
CH - Camada Hibrida.

SEM HV: 150KV WO 14.92 mm ! VEGAI TESCAN  SEMHV: 15.0 kV WO 1492 mm pli VEGAI TESCAN  SEMHV: 15.0 KV WO 14.92 mm

View fiekd: 1.9 mm Det: BSE 400 pm View fiekd: 1.98 mm Det BSE 500 pm View fiedd: 1.9¢ mm Det: BSE
0 D ) 0007 p o Dateim 00771 o D g\t 0077
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3.3.5 Analise estatistica

Os dados obtidos nos testes de resisténcia de unido (push-out) e
nanoinfiltragdo para cada sistema de cimentacdo foram analisados estatisticamente
por meio da analise de variancia (ANOVA) de dois fatores (tratamento de superficie
vs. regido radicular) e teste de Tukey para contraste de médias a um nivel de
significancia de 5% (p = 0,05). Todos os célculos foram realizados com o software
estatistico Sigma Plot 11 (Systat Software; San Jose, Califérnia, EUA). Os dados do

padréao de fratura e de EDS/MEV foram avaliados de forma qualitativa.

3.4 EXPERIMENTO 2

Para este experimento, as 78 raizes restantes foram divididas em seis grupos
experimentais (n=13), de acordo com o0s seguintes fatores: 1) solucéo irrigadora
previamente aos procedimentos de cimentacéo e 2) cimento resinoso. Das 13 raizes
por grupo, 8 foram submetidas ao teste de resisténcia de unido por push-out e 5 para
o teste de microdureza. A aplicacdo das solucdes irrigadoras (item 3.3) ocorreu da
mesma maneira descrito no Experimento 1 desse projeto. As particularidades do
Experimento 2 serdo apresentadas nos tépicos a seguir.

3.4.1 Procedimentos adesivos

Apoés a aplicacdo das diferentes solucdes irrigadora (controle, EDTA 17% e
EDTA 24%) procedeu-se os procedimentos de cimentagéo dos pinos de fibra de vidro;
sendo que nesse Experimento (2), foram utlizados o0s cimentos resinosos
autoadesivos RelyX™ U200 (3M ESPE, St. Paul, EUA) e Multilink® Speed (lvoclar
Vivadent; Barueri, SP, Brasil) (Quadro 5).



Quadro 5 - Figura, material/fabricante, composicéo e lote dos cimentos resinosos utilizados no Experimento 2.
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Material/Fabricante

Apresentacao Comercial

Composicéo

Lote

RelyX™ U200 (3M ESPE)

Pasta base: P6 de vidro tratado com silano, acido 2-
propenodico, 2-metil, 1,1'-[1- (hydroxymetil)-1,2-ethanodiyl]
éster, dimetacrilato de trietileno glicol (TEG-DMA), silica
tratada com silano, fibra de vidro, persulfato de sodio e per-
3,5,5-trimetil-hexanoato t-butila. Pasta catalisadora: P6 de
vidro tratado com silano, dimetacrilato substituto, silica
tratada com silano, p-toluenosulfonato de sédio, 1-benzil-5-
fenil-acido barico, sais de calcio, 1,12- dodecano
dimetacrilato, hidroxido de calcio e diéxido de titanio.

1715800158

Multilink® Speed (lvoclar

Vivadent)

ili eed
vivadent ’

A matriz de mondmero é constituida por dimetacrilatos e
mondmeros acidos. O material de carga é constituido por
vidro de bario, trifluoreto de itérbio, copolimeros e didxido
de silicio altamente disperso. Componentes adicionais sao
catalisadores, estabilizantes e pigmentos (< 1 %). O
tamanho das particulas primérias dos materiais de carga
inorgénicos varia entre 0,1um e 7um. O tamanho médio das
particulas € de 5 um. O conteldo total da carga inorganica
€ de, aproximadamente, 40% em volume.

X11323/2019
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Para a cimentacdo dos pinos nos canais radiculares, foram executadas as

recomendacdes de cada fabricante (Quadro 6).

Quadro 6 - Modo de aplicacédo dos cimentos resinosos utilizados.

Cimento Resinoso Modo de Aplicacédo

Manipulacdo do cimento resinoso na proporcao de 1:1 por
10 s.
Insercdo no conduto radicular com seringa Centryx.*
Posicionamento do PFV.
Fotopolimerizar por 40 s.

RelyX™ U200

Manipulacdo do cimento resinoso na propor¢ao de 1:1 por
10 s.
Insercéo no conduto radicular com seringa Centryx.*
Posicionamento do PFV.
Fotopolimerizar por 40 s.

Multilink® Speed

* Seringa Centryx (Maquira, Maringa, PR, Brasil).

Ap6s o processo de cimentagdo, as raizes foram armazenadas em &gua
destilada a 37°C + 1°C durante sete dias. Passado esse periodo, o preparo dos
espécimes (item 3.3.2.), o teste de resisténcia de unido (item 3.3.3.) e a andlise de
padrdo de fratura (item 3.3.3.1.) foram realizadas da mesma forma que descritas

anteriormente.

3.4.2 Analise de microdureza vickers (VHN)

Para a analise de microdureza do cimento resinoso, foi utilizada uma fatia
representativa de cada terco radicular. Para este teste, as fatias foram embebidas em
resina acrilica com a superficie cervical virada para cima e polidas conforme descrito
para a andlise de nanoilfiltracdo do Experimento 1 (item 3.3.4.). ApoOs essa fase, as
fatias tiveram um polimento complementar com pastas diamantadas de polimento de
3,1,0,5e 0,03 um (Buehler Ltda, Lake Bluff, IL, EUA) por 1 min.

Apo6s armazenamento por 24 horas a 37°C, as amostras foram submetidas a
analise de microdureza Vickers, com uma carga de 100 g por 15 s, usando uma

maguina de teste (Shimadzu HMV2, Newage Testing Instruments Inc., Southampton,
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PA, EUA), com uma lente objetiva de 400X. Cada fatia foi submetida a quatro analises
de microdureza no cimento resinoso autoadesivo préximo a dentina, no sentido
horario (as 3, 6, 9 e 12 h). As impressdes de comprimento diagonal foram medidas e
os valores de Vickers foram convertidos em valores de microdureza usando a férmula:
VHN = 1,8544 F / d?, em que 1,8544 é uma constante; F representa a forca usada no

teste em kgf (0,1 kgf); d representa a média das diagonais da indentacdo (mm).

3.4.3 Analise estatistica

Os dados obtidos nos testes de resisténcia de unido (push-out), e microdureza
para cada cimento resinoso foram analisados estatisticamente por meio da analise de
variancia (ANOVA) de dois fatores (tratamento de superficie vs. regido radicular) e
teste de Tukey para contraste de médias a um nivel de significancia de 5% (p = 0,05).
Todos os calculos foram realizados com o software estatistico Sigma Plot 11 (Systat
Software; San Jose, Califérnia, EUA). Os dados do padrao de fratura foram avaliados

de forma qualitativa.
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4 DISCUSSAO GERAL

Em ambos os Experimentos, o EDTA nao foi benéfico para a cimentacdo de
PFV ao canal radicular. O EDTA, por possuir propriedade quelante, consegue remover
parcialmente o céalcio e algumas proteinas ndo coldgenas presentes na superficie
dentinaria (Carvalho et al. > 2000). Com a analise de composi¢do mineral por EDS-

MEYV realizada nesse trabalho, foi possivel observar esses mesmos resultados.

Apbs os preparos com as solugdes irrigadoras os canaliculos dentinérios
apresentaram uma superficie aparentemente mais limpa. A limpeza dos condutos com
irrigantes quelantes conservam os materiais interfibrilares, mantendo os canaliculos
dentinarios abertos, estdveis e com maior resisténcia a desidratacdo, o que pode
promover a melhor infiltragdo de materiais adesivos (Habelitz et al. 44 2002; Mena-

Serrano et al. 4> 2014).

Os beneficios da aplicacdo do EDTA ja haviam sido demonstrados em dentina
corondria (Osorio et al. ?° 2005; Kasraei et al. 46 2013; Lugue-Martinez et al. 4" 2018;
Martini et al. ¥ 2017). Contudo, contrariando nossas expectativas, a aplicacdo do
EDTA em diferentes concentracdes nao influenciou positivamente as propriedades
mecanicas dos cimentos resinosos na cimentacéo de pinos de fibra de vidro ao canal
radicular, em ambos os estudos. Diferente da dentina coronaria, a dentina radicular
apresenta tubulos com menor densidade e sua orientagdo varia de acordo com 0s
tercos radiculares (Ruschel e Chevitarese #° 2002). A diferenca de resultados com os

estudos em dentina coronaria pode estar atribuidos a esse fator.

Em geral, os procedimentos adesivos em dentina coronaria apresentam melhor
visibilidade e menor sensibilidade técnica do que procedimentos em dentina radicular
(Sousa-Neto et al. 3 2018; Vertucci °* 2005). Dentro do canal radicular, a remogéo
completa do EDTA torna-se um procedimento de maior complexidade, e pode néo
ocorrer apenas com a irrigacdo com agua destilada (como utilizada nesse estudo).
Essa dificuldade ndo ocorre em dentina coronaria, o que também pode justificar a

diferenca dos resultados entre os trabalhos.

No Experimento 1, foram utilizados dois adesivos universais aplicados em sua
forma self-etch. Ambos apresentam em sua composicdo o 10-MDP (Sofan et al. %2

2017), que é um mondmero funcional que possui a habilidade de reagir com o calcio
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presente na hidroxiapatita da dentina, garantindo estabilidade quimica (Sebold et al.
53 2017; Carrilho et al.  2019). Com base na analise da EDS, observamos que a
quantidade de calcio disponivel na superficie da dentina diminuiu com a aplicacédo do
EDTA e, portanto, a quantidade de calcio & qual os monémeros funcionais podem se
ligar (Sebold et al. > 2017; Zehnder et al. > 2005). Portanto, os beneficios de uma
interacdo melhorada com a dentina subjacente ndo foram observados, pois 0 mesmo
procedimento pode ter reduzido a interagdo quimica dos adesivos com o calcio da
dentina. A soma dessas ac¢bes concorrentes produziu valores semelhantes de

resisténcia de unido em todos os grupos experimentais do Experimento 1.

A predominancia de falhas adesivas no Experimento 1, bem como em outros
estudos (Habelitz et al. 4 2002; Bakaus et al. ®® 2019; Goracci et al. > 2007),
evidencia que o elo fraco ainda esta entre o cimento e a dentina radicular. Dessa
forma, ainda é de extrema importancia o cuidado com cada etapa clinica e
principalmente com o preparo do substrato dentinario na cimentacdo dos pinos de
fibra de vidro ao canal radicular.

s

O teste de nanoinfiltracdo € utilizado em muitos estudos que avaliam a
interacdo entre o substrato e o sistema adesivo (Bitter et al. 8 2017; Xiong et al. %°
2019). A infiltracdo de nitrato de prata representa regides potencialmente permeéaveis
nas camadas adesivas e hibridas, que podem diminuir o sucesso do tratamento (Tay
et al. 80 2002). Nesse projeto, por questdes de logistica, essa andlise foi realizada
apenas no Experimento 1. Em geral, as concentracdes de EDTA utilizadas nesse
experimento aumentaram significativamente os valores de NI nos dois sistemas de
cimentacdo testados, o que significa que essas interfaces sdo mais propensas a sofrer
degradacdo do que as do grupo controle. No entanto, essa hipétese precisa ser

investigada em estudos futuros.

Apesar de todos os procedimentos laboratoriais deste estudo serem realizados
por profissionais calibrados e experientes, os resultados obtidos no teste de push-out
do Experimento 2 ndo sdo corroborados pela maior parte da literatura. Para o grupo
cimentado com o cimento autoadesivo RelyX U200, a irrigagdo com EDTA 24%
apresentou 0s menores resultados de resisténcia de unido. Um estudo relativamente
recente avaliou a resisténcia de unido desse mesmo cimento resinoso com a
aplicacdo de EDTA 17% e promoveu resultados satisfatorios (Barreto et al. 62 2016).

No entanto, nesse estudo, a solugédo de EDTA foi aplicada e ativada por uma ponta
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ultrassoénica, o que pode justificar a diferenca de resultado com esta pesquisa. A
vibracdo sonica transmite energia para os fluidos, tornando-os capazes de alcancar
areas mais profundas do que a aplicacdo manual (Mena-Serrano et al. 4> 2014;
Cuadros-Sanchez et al. 62 2014).

Ainda no Experimento 2, para o cimento resinoso autoadesivo Multilink Speed,
os valores de resisténcia de unido apresentaram resultados conflitantes. Na maioria
dos estudos que avaliam a resisténcia de unido dos pinos de fibra ao canal radicular,
o terco cervical apresenta os valores mais altos, quase que por unanimidade (Memon
etal. 83 2016; Kambara et al. ® 2012; Yumi Umeda Suzuki et al. ¢ 2019). No entanto,
neste experimento, os tercos médio e apical apresentaram valores mais altos,
independentemente da irrigacao. As caracteristicas dos cimentos resinosos, tais como
propriedades hidrofobicas/hidrofilicas, potencial de unido e o comportamento de
polimerizacao pode interferir no desempenho adesivo entre as marcas (Kambara et
al. ¢ 2012; Pisani-Proenca et al. 6 2011). Deste modo, as diferencas entre os dois
cimentos autoadesivos testados podem ser atribuidas ndo apenas ao

condicionamento da dentina, mas a sua composi¢do quimica (Sarr et al. 87 2010).

Contrariamente aos valores de RU, os resultados da microdureza do
Experimento 2 corroboram com a literatura. Isso enfatiza a importancia de pelo menos
mais de um teste experimental nos estudos in vitro. Nos dois sistemas de cimentos
resinosos autoadesivos, a irrigacdo com EDTA 24% apresentou valores mais baixos.
Provavelmente, a maior concentracdo de EDTA 24% removeu excessivamente a
matriz interfibriliar, causando o colapso das fibrilas de colageno e comprometendo os

resultados da resisténcia de unido do cimento resinoso RelyX U200 e Multilink Speed.

Ao contrario do Experimento 1, o predominio do padrdo de fratura no
Experimento 2 foi do tipo mista e ndo adesiva. Um outro estudo recente que também
avaliou cimentos resinosos autoadesivos, encontraram resultados que corroboram
com o padréo de fratura encontrado neste experimento (Kul et al. 8 2016). As fraturas
mistas sao interessantes em termos de forca de unido, uma vez que promove melhor
interacdo do cimento resinoso com a dentina, a ponto de ndo soltar o pino de fibra de
vidro ao canal radicular tdo facilmente como em fraturas adesivas (Victorino et al. °
2016).
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Apesar do cuidado dos operadores desse estudo em diminuir a0 maximo o
namero de variaveis, a forma de apresentacédo das solucdes irrigantes também deve
ser levada em consideracgdo. A solugdo de EDTA 24% é vendida em embalagens mais
praticas (tubo de gel) que o EDTA 17% (liquido), o que pode torna-la mais atraente
para os dentistas. Solucfes em gel permanecem por mais tempo na superficie, uma
vez que seu grau de viscosidade é muito maior que em materiais fllidos (Parihar e
Pilania ° 2012), o que é uma vantagem na forma de apresentacéo de muitos materiais
odontoldgicos, como géis clareadores e acido fosforico. Contudo, para o EDTA, essa
caracteristica pode ndo ser a ideal, uma vez que a acdo em excesso da funcao

guelante na superficie do conduto ndo se demonstrou favoravel.

Como todos os estudos laboratoriais, esse estudo possui algumas limitagées.
Os desafios de replicar todas as condicbes do ambiente oral ndo foram superadas
neste estudo. Além disso, apenas quatro sistemas de cimentacdo foram testados,
impedindo-nos de tirar conclusdes generalizadas para todos os sistemas de
cimentacao disponiveis no mercado. Até o presente momento, as evidéncias sugerem
qgue a irrigacdo com EDTA néo foi capaz de produzir beneficios quando usada para
irrigar canais radiculares antes da cimentacdo de pinos de fibra de vidro ao canal
radicular, tanto com cimentos resinosos convencionais associados com sistemas
adesivos universais, quanto com cimentos resinosos autoadesivos. Devido a esse fato
e a inclusdo de uma etapa clinica extra no procedimento complexo de cimentacéo,

esse procedimento ndo é recomendado.
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5 CONCLUSAO

A irrigacao prévia dos canais radiculares com EDTA em diferentes concentragfes
(17% e 24%) ndo foi capaz de promover beneficios na cimentacdo de PFV,
independentemente do tipo de cimento resinoso utilizado (convencionais/adesivos

universais ou autoadesivos).
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Abstract

Purpose: To evaluate the application of different concentrations of ethylene-diamine-
tetraacetic acid (EDTA) on bond strength (BS) and nanoleakage (NL) of fiber posts

bonded to root canal.

Materials and Methods: Seventy-two single-roots were endodontically treated and
divided into six groups (n=12), according to the combination of the following factors:
surface treatment (no irrigation [control], 17% EDTA or 24% EDTA), and resin cement
applied with adhesive system used in a self-etch mode (Single Bond Universal/RelyX
Ultimate [SB] or Ambar Universal/Allcem [AM]). After fiber post cementation, six 1-mm
thick discs were obtained for each root. For evaluation of push-out bond strength (BS),
8 specimens per group were subjected and the other 4 specimens to the nanoleakage
(NL). Data from BS and NL of each cementation system were evaluated by two-way

ANOVA (surface treatment vs root region) and Tukey’s test (a=0.05).

Results: The application of EDTA 17% and 24% did not influence the BS values for
both cementation systems; and, in general, the application of EDTA 17% and 24%

increased NL values for both cementation systems.

Conclusion: The previous application of different concentrations of EDTA was not
able to improve the adhesion of fiber posts to the root canal with universal adhesive

systems.

Keywords: adhesive system, bond strength, fiber posts, root dentin.
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Introduction

The glass fiber posts are cemented adhesively to the root canal, which promotes
greater distribution of the masticatory efforts and superior longevity in this treatment.
11, 24, 34 These posts can be cemented on root canal with either self-adhesive or
conventional resin cements. Conventional resin cements require the application of an
adhesive system to the root surface, which can be used in etch-and-rinse or self-etch
strategy.’® When the adhesive is used in etch-and-rinse form, the cementation
technique presents some difficulties; since phosphoric acid is used, care must be taken
that the acid does not degrade dentin collagen fibrils overly.?” Attention should also be
paid to acid removal throughout the root canal and moisture control after drying, as
both can interfere with the adhesion of the fiber posts to the root canal.? 32

Adhesive systems used in self-etch form eliminate most of the aforementioned
difficulties. By not requiring the application of phosphoric acid, the technical sensitivity
decreases significantly.® As for moisture, self-etching adhesives generally have in their
composition two or more types of solvents, which guarantee an efficient adhesive

regardless of the dentin moisture condition.® 2°

However, irrespectively of the bonding approach used, the most frequent type
of failure is adhesive between the resin cement and the root dentin, 2 12 which indicates
lack of adequate bonding to the root canal. Complex smear layer is formed in root
canals due to the presence of obturating materials and the use of chemical solutions
for the endodontically treatment. An adequate bonding to the root dentin requires the
use of conditioning solutions capable to remove the smear layer after post-space
preparation.*! In order to reduce these unwanted effects, some strategies have been
proposed in the literature, such as care for irrigation of the root canal prior to the

cementation procedurers.t: 5 18

Among the conditioning solutions, sodium hypochorite (NaOCL), ethylene-
diamine-tetraacetic acid (EDTA) in combination with NaOCI, chlorhexidine, among
others have been reported in the literature.* 23 44 48 |rrigation with EDTA can have a
similar effect to phosporic acid etching on dentin and thus may improve the bonding of
universal adhesives when used in the self-etch mode. In coronary dentin, conditioning
with 17% EDTA prior to the use of self-etching adhesives increases the immediate

bond strength values.'® 2% 22.28 |n root dentin, EDTA is generally used in association
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with other irrigating solutions.*®* When used alone, it is commonly used in a
concentration of 17% and controversial results in terms of bond strength is reported in
the literature when EDTA is used prior to the cementation of the fiber posts to the root
canal.'® ** However, the effect of different EDTA concentrations on the bond strength
of universal adhesives, in the self-etch mode, to bond glass fiber posts to root canals

are still not known.

Therefore, the null hypotheses of the present study were that the different EDTA
concentrations to the root canal before fiber post cementation with universal adhesive
systems in self-etch mode did not influence: 1) the chemical morphology and
conditioning pattern of root dentin; 2) the push-out bond strength values and 3) the

nanoleakage at all root thirds.
Material and Methods

The Research Ethical Committee of the State University of Ponta Grossa, Brazil
approved this study under protocol number 1.552.855. Eighty human single-rooted
teeth had their crowns removed with a low-speed diamond saw (Isomet 1000, Buehler,
Lake Bluff, IL, USA) and the root canals were endodontically treated with OneShape
system (MicroMega, Besancon, BFC, France).

The files size #25 to #40 were employed using in-and-out movements without
pressure at a rotational speed of 350 rpm and torque of 300 g/cm. Between endodontic
files, the roots were irrigated with 30 mL of 1% sodium hypochlorite (NaOCI). A final
irrigation with distilled water was performed; the 4 mm apical were filled with gutta-
percha points (Densply Maillefer, Ballaigues, CH, Switzerland) and a calcium-
hidroxide-based canal sealer (Sealer 26; Dentsply Maillefer, Ballaigues, CH,
Switzerland) using the vertical condensation technique. A total of six teeth were
separated for surface analysis of the root canal after the application of the different
treatment’s prior fiber post cementation (they did not have the cemented fiber post).

After one week of storage in relative humidity of distilled water at 37°C £+ 1°C,
the root canals were prepared with the corresponding post drill of the fiber post
Whitepost DC #2 (FGM, Joinville, SC, Brazil) at 10-mm depth. Then, they were
randomly divided by block randomization (www.sealedenvelope.com) into six
experimental groups (n=12 each), according to the combination of the main factors:
surface treatment (no irrigation [control], EDTA 17% or EDTA 24%), and cementation
system (Single Bond Universal/RelyX Ultimate [SB] or Ambar Universal/Allcem [AM]):
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After root canal preparation, the root canals were irrigated with 10 mL of distilled
water (control group), 17% EDTA (Biodinamica, lbipord, PR, Brazil) or 24% EDTA
(Biodinamica, Ibipora, PR, Brazil) using a disposable syringe. A rigid microbrush (KG
Sorensen, Cotia, SP, Brazil) was also used to agitate the solution inside the root canal
for 30 s. Then, the universal adhesive systems (Table 1) were applied according to the
manufacture’s recommendations in the self-etch mode.

Prior to the cementation procedures, the glass fiber posts were horizontally
sectioned in the coronal region to reduce the post length to 13 mm. While 10 mm were
cemented inside the root canal, the coronal 3 mm served as a guide to standardize the
distance of the light curing device from the cervical root area. All the posts were

cleaned in 70% alcohol for 5 s.

The resin cements (Table 1) were handled according to the manufacturer's
recommendations and inserted into the root canal using a Centryx syringe (Maquira,
Maringd, PR, Brazil), and the fiber glass post was positioned. All light-curing
procedures were performed with a LED light-curing device (Radii Plus; SDI,

Bayswater, Australia) using a light intensity of 1200 mW/cm? at continuous mode.

All roots were stored in relative humidity at 37 + 1°C for one week before being
horizontally sectioned into seven 1-mme-thick slices: 3 slices from the coronal, 2 from
the middle and 2 from the apical root canal third, using a low-speed diamond saw. The
first coronal slice was discarded due the presence of excess resin cement. From the
twelve teeth per group, eight were randomly selected for push-out bond strength
testing and four roots were selected for nanoleakage evaluation within the hybrid layer.

Push-out bond strength test

Before testing, all slices were photographed on both sides under an optical
microscope (magnification 40x, Olympus BX 51; Olympus, Tokyo, Japan), to calculate
the cervical and apical post radius using the Image J software (National Institutes of
Health; Bethesda, MD, USA). To determine the adhesive area, the tapered design of
the glass fiber post was considered and the formula of a lateral surface of a truncated

cone was used, as previously reported in many push-out bonding tests.? 12 3245

In a universal testing machine (Shimadzu Autograph AGS 10Kn; Kyoto, Japan)
a compressive force (50-kg load cell) was applied on the post in an apical to cervical
direction until debonding. A cylindrical metallic tip compatible with the diameter of the
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post was used to apply the compressive forces. The load value for post dislodgment
was recorded in Newtons (N), and the bond strength values (MPa) were obtained by
dividing the load by the bonding area in mm?.

After the test, the failure mode of the dentin slices was analyzed under a
stereomicroscope (BX 5; Olympus, Tokyo, Japan) at 40x magnification and classified
as: adhesive failure between the resin cement and the root canal, adhesive failure
between the resin cement and the fiber post, cohesive failures and mixed failure.

Nanoleakage analysis by Scanning Electron Microscope (SEM)

A total of four teeth per group was randomly selected for this test. A random
slice of each root third (coronal, middle and apical) was used for each experimental
group. The specimens were immersed in a dark and small container with a 50wt%
ammoniacal silver nitrate solution (Inorganic Chemistry Laboratory; UEPG, Ponta
Grossa, PR, Brazil) for 24 h at 37°C, then photo-developed (Carestream; Sao Paulo,
SP, Brazil) during 8 h under indirect fluorescent light. The specimens were washed
with running tap water, fixed on metallic stubs, and polished down under wet condition
using 600-, 1200-, 1500-, 2000-, 2500-, and 3000-grit silicon carbide papers for 30 s
each. Finally, the samples were maintained in colloidal silica at 37°C for 48 h. Before
SEM evaluation (SSX 550; Shimadzu, Tokyo, Japan) in a backscattering mode, the
specimens were gold-sputtered (Balzers SCD 050 Sputter Coater; Bal-Tec, Balzer,

Liechtenstein).

From each slice, one image with a magnification of 70x was obtained and
analyzed at Image J software (National Institutes of Health; Bethesda, MD, USA). The
total perimeter of the cement-dentin adhesive interface and the interface infiltrated with
silver nitrate leakage length were measured and the percentage of leakage length over

total length was obtained. The evaluation mode is exemplified in the Figure 1.

Chemical Morphology and Conditioning Pattern of Root Dentin by Energy Dispersive
X-Ray Spectroscopy (EDS-SEM)

Six roots that did not receive fiber post cementation were divided according to
surface preparation of root dentin (no irrigation, irrigation with 17% EDTA and irrigation
with 24% EDTA) for dentin surface analysis by energy dispersive X-ray spectroscopy
(EDS). After surface treatments, the roots were directly sectioned parallel to the long
axis and placed on metallic stubs, dried on colloidal silica at 37°C for 48 h. The samples
were submitted to field-emission scanning electron microscopy (FEG/SEM, SSX 550;
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Shimadzu, Tokyo, Japan) under secondary electrons mode. The analysis was
performed along the entire length of the twelve halves of the roots. In each half, the
amount of each chemical element present on the surface was measured as a
percentage. SEM images were obtained at a magnification of 1000x. Specimens were

subjected to semiquantitative chemical microanalysis by EDS.

Statistical analysis

The data obtained from push-out bond strength and nanoleakage tests for each
cementation system were subjected to two-way ANOVA (surface treatment vs. root
region) and a post hoc Tukey (o = 0.05). All calculations were performed using the
statistical software Sigma Plot 11 (Systat Software; San Jose, California, USA). Data
from the fracture pattern and energy dispersive X-Ray spectroscopy were only
qualitatively assessed.

Results
Push-out bond strength

For the cementation system Single Bond Universal/RelyX Ultimate (3M ESPE;
Loughborough, LE, RU), the two-way ANOVA demonstrated that the cross-product
interaction (surface treatment vs. root region) was not significant (Table 2; p = 0.859),

as well as the main factors surface treatment (p = 0.177) and root region (p = 0.076).

For the cementation system Ambar Universal/AllCem (FGM; Joinville, SC,
Brazil) the two-way ANOVA also demonstrated that the cross-product interaction
(surface treatment vs. root region) was not significant (Table 3; p = 0.153), neither the
main factor surface treatment (p = 0.987). Just the main factor root region was
statistically significant (p < 0.001). The highest bond strength value was observed in

the cervical root region.

For both cementation systems the adhesive failures between resin cement and

root dentin was predominant for all groups, followed by mixed failures (Figure 2).
Nanoleakage

For the cementation system Single Bond Universal/RelyX Ultimate the two-way
ANOVA demonstrated that the cross-product interaction (surface treatment vs. root
region) was significant (Table 4; p < 0.001). In the EDTA 24%, for all root regions, the

nanoleakage values were statistically higher in comparison to the control group; and



65

in the EDTA 17% the values were also statistically higher in the middle and apical

regions in comparison to the control group (Figure 3).

For the cementation system Ambar Universal/AllCem, the two-way ANOVA also
demonstrated that the cross-product interaction (surface treatment vs. root region) was
significant (Table 5; p < 0.001). In the cervical region, the highest nanoleakage value
was observed to EDTA 24%, and in the apical region the highest values were observed
to the EDTA 17% and EDTA 24%; while in the middle region all the groups showed

similar results (Figure 4).
Chemical Morphology and Conditioning Pattern

In the SEM images, the dentin surface was considerably cleaner and dentinal
tubules were more orderly in the groups that were conditioned with both EDTA
solutions (Figure 5). In the control group, the smear layer is more present as
protuberances in the dentinal tubules. The EDS analysis showed similar chemical
composition of root dentin (Ca, P, O and C), regardless of the surface treatment.
However, the percentage of Ca present in the substrate decreased with increasing
EDTA concentration (Figure 6).

Discussion

As demonstrated in this study, the use of EDTA removes the superficial smear
layer and create a cleaner substrate with more retentive etching pattern.?® This occurs
due to the chelating ability of the EDTA that to detach biofilms adhering to the root
canal walls and facilitates chelation of the inorganic portion of dentin.30: 46

A cleaner dentin surfaces produces an intimate contact of the functional
monomers of the universal adhesives with dentin, allowing for a better chemical
interaction at a molecular level increasing adhesion strength in dentin.1® The benefits
of EDTA conditioning was already demonstrated in coronary dentin,6: 222528 gnd this
procedure was also shown to increase the retention rates of composite resin

restorations bonded with self-etch adhesive in non-carious cervical lesions .21

However, contrary to our previous expectation, the dentin treatment protocols
with different concentrations of EDTA did not influence the bond strength of the fiber
post to the root canal, conflicting with coronary dentin studies.6 2225 28 Differently than

coronal dentin, root dentin has a lower tubule density and their orientation vary within
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root thirds.33 Although these differences could be attributed to the controversial results,

there may be other factors involved.

When bonding to coronal dentin, the visibility and technical sensitivity is lower
than that observed in root procedures.®® 42 Studies have already demonstrated that
bonding self-etch adhesives to root canals can produce higher bond strength values
than those produced with etch-and-rinse systems, as the steps of conditioning,
washing and management of dentin moisture are suppressed in the self-etch mode.”
31 Inside the root dentin, the complete removal of EDTA is a very challenging procedure
and may not occur with a simple water irrigation usually performed by clinicians (and
used in this study). This difficulty does not occur in coronal dentin, which may be one
of the reasons for the different results in both dentin substrates.

One may consider that both adhesives, employed in the present study, contain
10-MDP,%7 which is a functional monomer that has the ability to react with the dentin
substrate, and establish chemical bonding with the calcium of the hydroxyapatite.” 3¢
On one hand, removal of the superficial smear layer by EDTA application increases
the likelihood of chemical bonding with the underlying dentin. But on the other hand,
EDTA competes for the same sites of bonding with calcium from dentin due to its

chelating action.

Therefore, the benefits of improved interaction with the underlying dentin were
not observed as the same procedure might have reduced the chemical interaction of
the adhesives with calcium from dentin. Based on the EDS analysis, we observed that
the amount of available calcium on the dentin surface decreased with EDTA
application, and so the amount of calcium to which the functional monomers may bond
t0.36: 47 The sum of these competing actions yielded similar bond strength values of all

experimental groups of this study.

Additionally, better conditioning of the root canals leaves the root surfaces
smoother?® 2 which may reduce the frictional bonding of the luting material and the
root dentin walls. The predominance of adhesive failures in this study, as well as
others,? 1012 js evidence that the weak link was still between the luting cement and the
root dentin. In some studies, root canal cleaning with irrigating solutions have shown
lower bond strength results.® 1% 35 It is even recommended that only distilled water or

saline be the irrigation of choice because, although it does not improve the interaction
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of the cementation system with the root dentin, it does not interact negatively with any

type of resin cement.3®

The nanoleakage test is used in many studies that evaluate the interaction
between the substrate and the adhesive system.® 43 Silver nitrate infiltration represents
potentially permeable regions in the adhesives and hybrid layers, which can potentially
decrease treatment success. “° In general, EDTA concentrations used in this study
significantly increased NL values for both cementation systems, meaning that these
interfaces are more prone to suffer from degradation than the ones from the control

groups. However, such hypothesis needs investigation in future studies.

As all laboratory studies, the present one has some limitations. The challenge
of replicating all conditions of the oral environment was not overcame in this study.
Additionally, only two cementation systems were used, prevent us from making
generalized conclusions to all available cementation systems presented in the market.
So far, evidence suggests that EDTA irrigation does not produce benefits when used
to irrigate root canals before fiber post cementation. Due to this fact and the inclusion
of an extra clinical step to the complicated cementation procedure, this procedure is

not recommended.

Conclusion:

The previous irrigation of root canals with different EDTA concentrations did not

improved the bonding of fiber posts to the root canal with universal adhesive systems.

Clinical relevance:

Irrigation of root canals with EDTA are commonly used in clinical practice.
However, this procedure did not show any benefits with two different cementation

systems for bonding fiber glass post to root canals and should be avoided.
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Table 1 — Luting procedures of the fiber posts on the root canal.

Material/Manufacture

Composition

Batch number

Procedure

Adhesive
system

Resin cement

Single Bond

Universal/3M

Ambar Universal/lFGM

RelyX Ultimate/3M

MDP Phosphate Monomer,
Dimethacrylate resins, HEMA,
Vitrebond™ Copolymer, Filler,

Ethanol, Water, Initiators, Silane

MDP Phosphate Monomer,
Methacrylic Monomers,
Photoinitiators, Coinitiators,
Stabilizer, Filler, Ethanol
Base Paste: Methacrylate
monomers, Radiopaque silanated
fillers, Initiators, Stabilizers,
Rheological additives.
Catalyst Paste: Methacrylate
monomers, Radiopaque alcaline
bacic fillers, Initiators, Stabilizers,
Pigments, Rheological additives,

Fluorescence dye, Dark Cure

645025/645026

280716

641371/645295

Applied with disposable
applicator for 20 sec. Directed a
gentle stream of air over the
liquid for about 5 sec. Lighted for
10 sec.

Applied two layers for 10 sec
each. Directed a gentle stream
of air over the liquid for about 10

sec. Ligthed for 20 sec.

Insertion in the root, post
positioning and ligthing for 40

Sec.

72



activator for Single Bond Universal

Adhesive.

Base Paste: Methacrylic monomers
(TEGDMA - BisEMA and BisGMA),
Canforquinone, Coinitiators, Barium,
Aluminum Silicate Glass
Microparticles, Nanoparticles of
Allcem/FGM Silicon Dioxide, Inorganic Pigments
and Conservants.
Catalyst Paste: Methacrylic
monomers, Dibenzoil, Peroxide and
Stabilizers, Aluminum Silicate Glass

Microparticles.

170317

Insertion in the root, post
positioning and ligthing for 40

sec.
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Table 2 - Mean values and standard deviation of bond strength (MPa) for the cementation system Single Bond Universal/RelyX Ultimate

SURFACE TREATMENT MAIN FACTOR ROOT
ROOT REGION —
Control (no irrigation) EDTA 17% EDTA 24% REGION

Cervical 13.4+4.4 13.1+3.3 11.6+3.5 13.1+3.1A

Middle 13.2+2.0 11.1+45 11.2+ 3.9 114+40A

Apical 12.8+2.9 10.1+3.0 85+3.2 105+3.6 A
MAIN FACTOR

+ + +

TREATMENT 12.7+3.6a 11.8+39a 105+34a

* Same letters indicate no statistically significant differences (p > 0.05)
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Table 3 - Mean values and standard deviation of bond strength (MPa) for the cementation system Ambar Universal/Allcem

SURFACE TREATMENT MAIN FACTOR ROOT
ROOT REGION —
Control (no irrigation) EDTA 17% EDTA 24% REGION

Cervical 6.3+1.7 52+1.3 6.1+1.7 59+16A

Middle 27+09 43+21 34+10 34+148B

Apical 3.1+09 26+1.6 26+1.1 27+1.2B
MAIN FACTOR

+ + +

TREATMENT 41+21a 41+20a 42+20a

* Different letters indicate statistically significant differences (p < 0.05)



Table 4 - Mean values and standard deviation of nanoleakage (%) for the cementation system Single Bond Universal/RelyX Ultimate

76

SURFACE TREATMENT

ROOT REGION
Control (no irrigation) EDTA 17% EDTA 24%
Cervical 47.1+39b 47.7+58b 73.3+2.3d
Middle 342+51a 604+7.1c 73.3+6.1d
Apical 48.3+2.1b 73.0+26d 60.5+3.2cC

* Different letters indicate statistically significant differences (p < 0.05)



77

Table 5 - Mean values and standard deviation of nanoleakage (%) for the cementation system Ambar Universal/Allcem

SURFACE TREATMENT
ROOT REGION
Control (no irrigation) EDTA 17% EDTA 24%
Cervical 50.3+2.0b 478+5.7b 71.0+70c
Middle 475+6.3b 50.5+52b 39.0+1.3ab
Apical 299+75a 50.2+7.1b 46.1+54b

* Different letters indicate statistically significant differences (p < 0.05).
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Figure 1 — Nanoleakage analysis. (A) 70X image obtained by SEM; (B) perimeter
calculation of adhesive interface between cement and dentin, (C) perimeter
measurement with silver nitrate infiltration. D: Root dentin; FP: Fiber Post; Ce: Resin

Cement; Ad: Adhesive interface.
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Figure 2 — Representation of the fracture patterns observed after the bond strength
test for the different experimental groups.

Single Bond Cervical Middle Apical
Universal/RelyX Ultimate

Control

EDTA 17%

EDTA 24%
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Figure 3 — Representative SEM photomicrographs (70X) of the middle third of each

experimental group from Single Bond Universal and RelyX Ultimate adhesive system.
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Figure 4 — Representative SEM photomicrographs (70X) of each experimental group
from Ambar Universal and AllCem adhesive system. The red arrow indicate the group

with lowest silver nitrate deposits.
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Figure 5 — Representative SEM images in 1000X and 5000X increases of different

surface treatments in root dentin.
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Figure 6 — Representative graphs showing the presence of the elements Ca, C, O, P

and Ca in proportion of the different surface treatments in root dentin.

CONTROL

17% EDTA 24% EDTA

SEM image

Element Wt% Element Wt% Element Wt%

C 17.8 C 19.31 C 34.25
0 40.32 (6] 43.23 0 33.41
Element Percentage
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Ca 28.59 Ca 24.84 Ca 21.68

Total: 100 Total: 100 Total: 100
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ABSTRACT

The purpose of this study was to analyze the effect of the application of different
concentrations of EDTA on the adhesion of fiber posts to root dentin using self-
adhesive resin cements. After endodontic treatment, seventy-eight single-roots were
randomly divided into six groups (n=13) according to the combination of the following
factors: surface dentin treatment — control (distilled water), EDTA 17% and EDTA 24%;
and self-adhesive resin cement - RelyX U200 (RX); and Multilink Speed (ML). After
fiber post cementation, six slices were obtained for each root. Ten roots of each group
were used for bond strength (BS) evaluation and three for microhardness (MH). Data
obtained from BS and MH tests for each resin cement were subjected to two-way
ANOVA (surface treatment vs. root region) and a post hoc Tukey (o = 0.05). In relation
to the BS, the lowest value was observed in the 24% EDTA group for RX cement; and
to ML cement, the highest values were observed for the control group in the middle
and apical regions. For the MH test, for the RX the lowest value was observed to EDTA
24% in the cervical region; and for the ML cement, the highest value was observed to
control group. For both self-adhesive resin cements tested, the application of EDTA
24% was not able to improve the adhesion of fiber posts to root canal.

KEYWORDS: Compressive Strength, Edetic Acid; Dentin; Post and Core Technique;
Resin Cements.
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Introduction:

Fiber posts are commonly used in the reconstruction of teeth with extensive
coronal destruction, since the endodontically-treated teeth are more prone to fractures
than vital teeth. The post systems minimize masticatory stress and serve as
mechanical retention of the definitive restorations. These retainers are cemented in the

root canal by resin cements which requires or does not previous acid etching.

Self-adhesive resin cements are hybrid materials that combine characteristics
of self-etching adhesive systems and composite resins. @ As the smear layer is not
completely removed, the cement reacts directly with the root dentin by the
simultaneous demineralization and infiltration of the acidic monomers, to ensure
bonding with the dental surface, like what occurs with self-etching adhesives. @ 4
Currently, self-adhesive resin cements have been widely recommended, since they
reduce the clinical steps of cementation and consequently decrease the technical

sensitivity of this treatment. 6

Although the self-adhesive resin cements are increasingly chemically better, the
main failure of this type of restoration is still adhesive, that is, between resin cement
and root dentin. &) Some strategies have been recommended in order to reduce this
type of facture. Among them, care with the surface treatment of the tooth substrate @
9 is a very important step, since the self-adhesive resin cements have direct contact

with the dentin substrate. ®

In coronary dentin, some studies recommend the application of ethylene
diamine tetra acetic acid (EDTA) solution prior to restoration with self-etch adhesives
as this approach increases the bond strength values to dentin. 1012 Due to the
chelating ability of EDTA, this acid removes the superficial smear layer, increases

dentin permeability which may favor the self-etch bonding strategy. 3

However, there are few studies in the literature evaluating the benefits of EDTA,
and the ones available presents conflicting results regarding the use of EDTA prior to
the application of self-adhesive cements in root dentin. 14-16) While there are authors
who concluded that EDTA application does not affect the adhesive properties of self-
adhesive cements, 4 other authors reported improved bonding. (1)
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Thus, the objective of this study was to evaluate the influence of different EDTA
concentrations root dentin conditioning before bonding glass fiber posts with self-
adhesive resin cements. The null hypothesis tested was that different concentration of
EDTA would not affect the bond strength, nanoleakage and microhardness of different

self-adhesive resin cements.
Material and Methods:

For this study, seventy-eight extracted human single root teeth were selected
upon approval of the Research Ethics Committee of the School of Dentistry, State
University of Ponta Grossa (protocol number 1.795.649). The selected teeth could not
present caries, root cracks, prior endodontic treatment or incomplete root apex. The
teeth should have root length of 14 mm measured from the cementoenamel junction
(CEJ).

Post space preparation

Dental crowns were removed at the CEJ using a low-speed diamond saw
(Isomet 1000, Buehler; Lake Bluff, IL, USA), and root spaces were endodontically
shaped with nickel-titanium rotary files size SX to F3 (Dentsply Maillefer; Ballaigues,
Switzerland) with a low-speed handpiece (X-smart; Dentsply Maillefer; Ballaigues,
Switzerland). Between files, the root canals were irrigated with chlorhexidine 2%
solution (Biodinamica; Rio de Janeiro, RJ, Brazil). Only the apical 4 mm were filled with
gutta-percha points (Tanari; Manacapuru, AM, Brazil) and calcium-hydroxide-based

root canal sealer (Sealer 26, Dentsply Maillefer; Ballaigues, Swtizerland).

Roots were stored for one week in eppendorf tubes with a gauze soaked in
distilled water at 37°C £ 1°C. After this period, the root canals were prepared with the
corresponding bur of the fiber post Whitepost DC #2 (FGM; Joinville, SC, Brazil);
irrigated abundantly with distilled water and subsequently dried for 5 s with an air
stream and two paper points #40 (Dentsply Maillefer; Ballaigues, Switzerland). The

working length of the post space was 10 mm for all teeth.
Experimental groups and sample preparation

The roots were then divided into six groups (n=13) by block randomization in a
freely available website (www.sealedenvelope.com) according to the combination of

the main g factors: 1) Surface dentin treatment (distilled water [control], EDTA 17%
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[Biodinamica; Rio de Janeiro, RJ, Brazil] and EDTA 24% [Biodinamica]) and 2) Self-
adhesive resin cement (RelyX™ U200 RX, 3M ESPE, St. Paul, EUA), Multilink® Speed
(ML, Ivoclar Vivadent; Barueri, SP, Brasil). Ten teeth were used for bond strength

evaluation while 3 were used for the microhardness analysis.

Root canals were irrigated with 2 mL of each irrigation solutions that where
agitate with a rigid microbrush (KG Sorensen, Cotia, SP, Brazil) inside the root canal
for 30 s and then, washed with 2 mL of distilled water. The root canals were dried with

compressed air for 5 s at 2 cm of distance and dried with two #40 paper points.

Glass fiber posts were horizontally sectioned in the coronal region with a water-
cooled diamond cutting instrument to reduce the post length to 13 mm (10 mm were
cemented inside the root canal and 3 mm served as a guide for the light curing

protocol). After this, the posts were cleaned in alcohol 70% for 5 s.

The two self-adhesive cements were handled and inserted into the root canal
using a Centryx syringe (Maquira, Maringa, PR, Brazil), following the manufacturer’s
recommendations. Glass fiber posts were then placed with finger pressure (equivalent
to 35 = 5 g, when performed on a surface of an analytical balance); excess of resin
cement were removed and light cured under continuous mode for 40 s using a light-
curing unit with a light intensity of 12200 mW/cm?2 (Radii Plus, SDI; Victoria, Australia).
All roots were stored in Eppendorf tubes, on the surface of gauze soaked in distilled

water, at 37°C + 1°C for one week.

Six 1-mm-thick slices were obtained by horizontal cutting of the roots with a low-
speed diamond saw (Isomet 1000, Buehler; Lake Bluff, IL, USA) to create 2 cervical,
2 middle, and 2 apical slices from each root.

Push-out bond strength test

All slices (10 roots per group) were photographed on both sides with an optical
microscope at 40X magnification (Olympus BX 51 model, Olympus; Tokyo, Japan),
and their individual bonding areas were calculated using the Image J software
(University of Wisconsin; Wisconsin, MA, USA). The formula of a lateral surface of a

truncated cone was used. @7

Each slice was positioned with the cervical side down and subjected to constant

compressive force (50 kg load cell at a crosshead speed of 0.5 mm/min) in a universal
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testing machine (Instron; Canton, MA, USA). For this purpose, cylindrical tips with
diameters compatible with the post in each third were used until debonding. The load
for post dislodgement was recorded in Newtons (N) and converted to MPa based on
the bonding area (mm?2). After debonding, the failure modes were classified as:
adhesive (between resin cement and root dentin), cohesive (post, cement or dentin) or

mixed under a stereomicroscope (40X).
Microhardness test

The first slice of each third (cervical, middle and apical) of the remaining three
roots per group was used to evaluate the microhardness of the resin cement close to
the root dentin. These sections were embedded in an acrylic resin with the cervical
side facing up and polished down under wet condition using 600-, 1200-, 1500-, 2000-
, 2500- and 3000-grit silicon carbide papers (3M ESPE; St Paul, MN, USA) for 30 s
each. After storage for 24 h at 37° C, the samples were submitted to microhardness
using a Vicker microhardness tester (Shimadzu HMV2, Newage Testing Instruments
Inc., Southampton, PA, USA) with a load of 100 g for 15 s. Four indentations per slice
was performed the closest to dentin in a clockwise direction (at 3, 6, 9 and 12 h). The
length of the diagonal of the indentation were measured and Vickers values calculated
using the formula: VHN = 1.8544 F/d?, where 1.8544 is a constant; F represents the
force used in the test in kgf (0.1 kgf), and d represents the average of the diagonals of

the indentation (mm).
SEM analysis

The second slice of each third (cervical, middle and apical) from the 3 roots per
group that were not used in the microhardness test were selected for SEM analysis of
the presence or not of silver nitrate in hybrid layer interface. For this purpose, the slices
were immersed in a 50 wt% silver nitrate ammonium solution for 24 h at 37° C and
photo developed (Carestream, S&o Paulo, SP, Brazil) for 8 h under indirect fluorescent
light. After washed, the slices were fixed on metallic stubs and polished under wet
condition at the same way for microhardness previously reported. The slices were
metallized in gold (Balzers SCD 050 Sputter Coater) and one image with a 60X
magnification each was obtained by a SEM evaluation (SSX 550, Shimadzu) to
qualitatively analyze the presence of nitrate in cement-dentin adhesive interface. All
images were acquired with a BSE radiation source, with MAG filters and 15.0 kV.
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Statistical Analysis

The data obtained from push-out bond strength and microhardness for each
self-adhesive resin cement were subjected to two-way ANOVA (surface treatment vs.
root region) and a post-hoc Tukey (o = 0.05). All calculations were performed using
the statistical software Sigma Plot 11 (Systat Software, San Jose, California, USA).
Data from the fracture pattern were only assessed qualitatively.

Results:
Push-out bond strength

For the self-adhesive resin cement RelyX U200 the two-way ANOVA
demonstrated that the cross-product interaction (surface treatment vs. root region) was
not significant (Table 1; p = 0.702), as well as the main factor root region (p = 0.473).
Surface treatment was statistically significant (p < 0.001). The lowest bond strength
value was observed in the EDTA 24% group, while the control and EDTA 17% groups

were similar one another.

For the self-adhesive resin cement Multilink Speed, the two-way ANOVA
demonstrated that the cross-product interaction (surface treatment vs. root region) was
statistically significant (Table 2; p = 0.001). While no difference among treatments were
observed in the cervical region (p > 0.05), higher bond strength values were observed

for the control group in the middle and apical regions.

Fracture pattern

The mixed failure mode was predominant in the control groups for both resin
cements. For the groups with EDTA application, the adhesive failures between resin
cement and root dentin were the most frequent, being more prevalent in the EDTA
24% groups. The only cohesive failure that occurs were within the post, in a lower
percentage (Fig 1).

Microhardness test



94

For the self-adhesive resin cement RelyX U200, the two-way ANOVA
demonstrated that the cross-product interaction (surface treatment vs. root region) was
statistically significant (Table 3; p = 0.001). The highest microhardness value was
observed in the cervical region for the control group and the lowest value in the cervical
region for the EDTA 24% group.

For the self-adhesive resin cement Multilink Speed, the two-way ANOVA
demonstrated that the cross-product interaction (surface treatment vs. root region) was
not significant (Table 4; p = 0.683), as well as the main factor root region (p = 0.234).
Just the main factor surface treatment was statistically significant (p < 0.05). The
highest microhardness value was observed in the control group, and the lowest value
was observed in the EDTA 24% group, while the EDTA 17% group showed

intermediate values.
Discussion

The results of this study indicated that the tested EDTA concentrations interfere
in the push-out bond strength and microhardness values; thus, the null hypothesis was
rejected. This whole study was performed by calibrated and experienced
professionals, however, for the push-out test, the results obtained do not match most

of the literature.

For the RL group, EDTA 24% irrigation showed the lowerst BS results. A
relatively recent study evaluated the bond strength of one of the resin cements of this
study (RelyX U200) with the application of EDTA 17% and promoted satisfactory
results for BS.(18) However, in that study, the EDTA solution was applied and
subsequently activated by an ultrasonic tip, which may justify the difference of result
with this research. The sonic vibration transmits energy to the fluids, making them able

to reach deeper areas than manual application.(19, 20)

For ML cement, the BS values were conflicting. In most studies evaluating the
bond strength of fiber posts, the cervical portion has the highest values, almost
unanimously. (21-23) However, in this study, the middle and apical third presented
higher values, regardless of the solution condition. The characteristics of resin cements
such as hydrophobic/hydrophilic properties, etching potential and polymerization

behavior may interfere in the adhesive performance between trademarks.(24, 25)
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Thus, the differences between the two resin cements tested can be attributed not only

to dentin conditioning, but to their chemical composition.(26)

Unlike BS values, MH results corroborate the literature. This emphasizes the
importance of at least more than one test for more conclusive results in in vitro studies.
For both self-adhesive resin cement systems, irrigation with EDTA 24% showed lower
values. EDTA has the ability to partially remove hydroxyapatite and non-collagen
proteins selectively, avoiding major changes in dentinal structure.(27, 28) The smaller
fiber alteration conserves the interfibrillar minerals, promoting stability and greater
resistance to dehydration, which improves the infiltration of adhesive materials. (20, 27)
Probably, the higher concentration of EDTA 24% excessively removed this matrix,
causing collagen fibrils to collapse and compromising bond strength results for RelyX

U200 and Multilink Speed resin cement.

Unlike most studies that evaluated the fracture pattern after the push-out test,
the predominance of the fracture pattern in this study was mixed and non-
adhesive.(29, 30) Another recent study that also evaluated cemented self-adhesives,
entered results that corroborated the fracture pattern found in this study.(9) Mixed
fractures is interesting in terms of bond strength, and represent promising values, once
promotes better interaction with dentin to the point where it cannot fracture the cement

of the substrate as easily as in adhesive fractures. (31)

Nanoleakage analysis can simply demonstrate how much a tooth may be
susceptible to the deleterious effects of restorative treatment.(32) For the self-adhesive
u200 cement, this analysis has become inconclusive. Possibly, some component of
the chemical formula of resin cement is not compatible with chelating solutions,
because, in its own package insert, the use of EDTA is not indicated. Nevertheless, for
MultiLink self-adhesive cement, the use of the 24% EDTA solution ensured satisfactory

results.

The use of 24% EDTA compared to other lower concentration EDTA solutions
ensures a cleaner surface and significantly increases the contact area of the dentin
substrate.(33) Some studies resemble the efficiency of multilink self-adhesive resin
cement with conventional cements (which require the application of adhesive
systems), for its consistency and chemical curing system.(34, 35) Thus, possibly the
ML cement infiltrated the dentinal canaliculi more easily.
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For the control group, the highest nanofiltration values were found in the cervical
portion. Although all laboratory steps are performed by calibrated professionals, these
values contradict the literature.(36-38) Probably, due to the randomization of the
samples, teeth with more obstructed canaliculi may have been randomly selected. This
underscores the importance of more than one experimental test in laboratory studies

to ensure conclusive results.

The EDTA 24% solution is sold in more practical packaging (gel tube) than
conventional EDTA 17% (liquid), which may make it more attractive to dentists.
Therefore, companies should be cautious about contraindications to the use of this
solution prior the self-adhesive cementation. Further studies to evaluate the long-term
adhesion in this study are still required.

Conclusion:

With the limitations of this study, the authors do not recommend the use of EDTA
24% as an irrigation agent previously cementing fiber posts to the root canal with self-
adhesive cements, since it directly affected the push-out, fracture pattern and

microhardness values.
Clinical Relevance:

Irrigation of root canal affect the mechanical properties of cementation systems.
The use of EDTA 24% negatively affects the bond strength values of fiber posts to the

root canal with the use of self-adhesive cements.
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TABLES

Table 1 - Mean values and standard deviation of bond strength (MPa) for the self-adhesive resin cement RelyX™ U200

SURFACE TREATMENT MAIN FACTOR ROOT
ROOT REGION
Control (no irrigation) EDTA 17% EDTA 24% REGION

Cervical 14.1+3.6 151+31 74+£25 12.3+45A

Middle 15.3+3.6 13.4+4.4 89+28 127144 A

Apical 141+26 12.7+ 3.9 7.2+27 114+ 42 A
MAIN FACTOR

145+32a 13.7+38a 7.8+260Db

TREATMENT

* Different letters (lowercase: comparison of surface treatments; uppercase: comparison between root regions) indicate statistically

significant differences (p< 0.05).



Table 2 - Mean values and standard deviation of bond strength (MPa) for the self-adhesive resin cement Multilink® Speed
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SURFACE TREATMENT
ROOT REGION
Control (no irrigation) EDTA 17% EDTA 24%
Cervical 87+1.8 cd 8.4+26¢cd 58+1.7d
Middle 13.3+1.7 ab 71+21cd 75+21 cd
Apical 16.8+31 a 10.6 + 2.6 bc 7.7+35 cd

* Different letters indicate statistically significant differences (p < 0.05)



Table 3 - Mean values and standard deviation of microhardness (Vickers) for the self-adhesive resin cement RelyX™ U200
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SURFACE TREATMENT
ROOT REGION
Control (no irrigation) EDTA 17% EDTA 24%
Cervical 944+6.4a 70.6 = 10.8 bcd 55.3+5.8d
Middle 73.8£5.7 bc 76.6+9.6Db 58.8+4.1cd
Apical 70.4 £ 4.7 bed 70.0 £ 9.2 bed 58.5+2.0cd

* Different letters indicate statistically significant differences (p < 0.05)
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Table 4 - Mean values and standard deviation of microhardness (Vickers) for the self-adhesive resin cement Multilink® Speed

SURFACE TREATMENT MAIN FACTOR ROOT
ROOT REGION
Control (no irrigation) EDTA 17% EDTA 24% REGION

Cervical 59.0+7.7 545+£6.5 53.5+4.7 559+ 6.6 A
Middle 57.8+6.8 58.2+4.38 50.9+3.3 55.8+6.0 A
Apical 55.3+7.6 504+1.6 51.0+11 525+5.1A

MAIN FACTOR

574+7.1a 54.4+54 ab 51.8+33b
TREATMENT

* Different letters (lowercase: comparison of surface treatments; uppercase:

significant differences (p< 0.05).

comparison between root regions) indicate statistically
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Figure 1 — Representative graphic of the fracture patterns observed after bond strength

testing for the different experimental groups
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Figure 2 — Representative photomicrographs of SEM images (60X) of the middle third
of each experimental group. The orange arrow indicates the silver nitrate infiltrated in

the hybrid layer.
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Effect of surface treatments
on repair strength,
roughness andmorphology
inaged metal-free crowns

Yancgana Luizy Gruber?, Thais
Emanuelle Bakaus?, Bruna Fortes
Bittencourtt, Jodo Carlos Gomes?,
Alessandra Reis?, Giovana Mongruel
Gomes?’

Aim: The roughness and micromorphology of
various surface treatments in aged metal-free
crowns and the bond strength of these
crowns repaired with composite resin (CR)
was evaluated in vitro. Methods: A CR core
build-up was confectioned in 60 premolars
and prepared for metal-free crowns. Prepared
teethwere molded with the addition of silicone,
and the laboratory ceromer/ fiber-reinforced
crowns (SR Adoro/Fibrex Lab) were
fabricated. Subsequently, the crowns were
cemented and artificially aged in a mechanical
fatigue device (1.2 X 10¢ cycles), then divided
into4 groups (n = 15) according to the surface
treatment: 1) phosphoric acid etching (PA); 2)
PA + silane application; 3) roughening with a
diamond bur + PA; and 4) sandblasting with
ALO, + PA. After the treatments, the crowns
(n = 2) were qualitatively analyzed by
scanning electron microscope (SEM) and
surface roughness (n = 5) was analyzed
before and after the surface treatment (Ra
parameter). The remaining crowns (n = 8)
received standard repair with an adhesive
system (Tetric N-Bond) and a nanohybrid CR
(Tetric N-Ceram), and the microshear bond
strength (SBS) test was performed (0.5
mm/min). Roughness and SBS data were
analyzed by one- and two-way ANOVA
respectively, as well as Tukey's post-test (0 =
0.05). Results: Sandblasting with Al,O, + PA
resulted in the highest final roughness and
SBS values. The lowest results were
observed in the PA group, whereas the silane
and diamond bur groups showed
intermediate values. Conclusion: It may be
concluded that indirect ceromer crowns
sandblasted with aluminum oxide prior to PA
etching promote increased roughness surface
and bond strength values.

Keywords: Ceramics. Composite resins.
Electron microscope tomography. Shear
strength. Surface properties.
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Introduction

Indirect restorations, also known as “ceromer,” “polymeric glass porcelain,” or “sec- ond-

generation laboratory CR,” are widely used in clinical practice because they mini- mize the
adverse effects of direct restorations, such as polymerization shrinkagel, poor marginal
adaptation, and postoperative sensitivity2 Inaddition, they can provide better standards of

translucency and can be low-cost alternatives to all-ceramic restorations3.

Although indirect resins possess high mechanical strength, these restorations are
subject to fractures as any other material. This type of failure should be carefully eval-
uated to define the best treatment. Clinically, the affected crowns can be classified

according to the extent of the fracture. A fracture can be minimal (e.g., cracks) or

extensive (e.g., displacement of more than half of the crown)#:9.

Corroborating in vitro studies®-8, clinical studies show that most cases of crown

fractures are repairableg’lo. This is advantageous because complete replacement of

indirect restorations may present more disadvantages than advantages, such as the

treatment complexity and expensell. With the evolution of adhesive techniques,

adhesive repair has been widely used and can be considered beneficial, allowing good

longevity in this type of dental restoration12.13,

For proper repair, the surface of the indirect restoration should be subjected to a pre-

treatmentto create micromechanical retention with the repair materiall4. Inthe available
literature, several surface treatments techniques are described for the repair of
composites. Roughening with diamond burs, sandblasting with aluminum oxide,

conditioning with hydrofluoric acid etching or PA etching, and silanization are the most

frequently reported11’15’ 16,

The current literature presents several studies comparing different surface treatments;

however, the best pre-treatment technique still generates controversial results17-19. Thus,
the present study aimed to evaluate the surface roughness, morphology, and repair
strength of aged indirect resin restorations with SEM, microshear bond strength test, and
digital roughness meter. The tested hypothesis was that differences would exist in

morphology, surface roughness, and bond strength after various surface treatments.
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Material and Methods

Sixty extracted human mandibular premolars, with the protocol number 1871/10 from
the research ethics committee of the State University of Ponta Grossa (Brazil), were

stored in distilled water at 49C and used within 6 months after extraction. To be included
in the study sample, teeth should be sound, without cracks, and not sub- mitted to
previous endodontic treatment. Teeth were transversally sectioned 2 mm above the
cement-enamel junction using a low-speed diamond saw (Isomet 1000, Buehler, Lake

Bluff, IL, USA) and received a standardized endodontic treatment.

After 1 week, the root canals were prepared to receive glass fiber posts (White- post
DC # 0.5, FGM, Joinville, SC, Brazil), which were cemented with the Excite DSC
(Ivoclar-Vivadent, Schaan, Liechtenstein) adhesive system and Variolink Il (Ivo- clar-
Vivadent) resin cement in accordance with the manufacturers instructions. After the post-
luting procedures, cores were built-up with a nanohybrid CR (Tetric N-Ceram, lvoclar-
Vivadent). An incremental technique was used to place the CR, and each 2 mm

increment was light cured for 20 s.

Indirect composite crowns cementation

The composite cores were prepared to receive a full indirect composite restoration
using a high-speed hand piece under water cooling. In all roots a ferrule was made in the

coronalending with2.0 mm height, 1.2 mm depth, and 1.5 mmocclusal reduction.

Full indirect composite restorations were fabricated with the SR Adoro (Ivoclar-Viva-
dent) restorative system reinforced by fibers (Fibrex-Lab Coronal, Angelus, Londrina,
PR, Brazil). After fitting and adjustment, the restorations were adhesively cemented with

Excite DSC and Variolink Il according to the manufacturers’ recommendations.

Teeth were then embedded in acrylic resin (Duralay, Reliance, Worth, IL, USA) and
periodontal ligament was simulated using a polyether impression material (Imp-
regum™ Soft, 3M ESPE, St Paul, MN, USA), according to the method described by

Soares et al. 20052,

Mechanical aging

To increase the study's reliabilityzo, the samples were subjected to mechanical
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fatigue in a controlled chewing simulator (Elquip, Sdo Carlos, SP, Brazil). The sam- ples

were placed at the base of a material-fatigue-testing machine at a 90° angle inrelation
tothe horizontal plane and were subjected to repetitive impacts directed on the occlusal

surface of the crown. A lower force of 40 N (to avoid possible frac- tures) at a frequency
of 2 Hz was applied for 1.2 X 106 cycles, which represents 5 years of clinical

service21,22 During the cycles, the samples were kept at 379C in relative humidity.

Surface treatments of the indirect restorations and experimental groups

The specimens were then randomly divided into 4 groups, according to the surface
treatments. Each treatment was performed on a square delimited area (3 mmx3 mm) on
the buccal surface of each crown. In the PA group, the buccal surfaces of the indi- rect
CR were treated with 35% PA for 2 min according the manufacture's recommen- dation,

washed for 2 min with distilled water, and gently air dried for5s at 2 cm.

For the silane group—after PA treatment as reported above—a silane coupling agent
(Prosil, FGM, Joinvile, SC, Brazil) was applied for 1 min with a disposable applicator,

and the surface was dried with compressed air for 5 s at 2 cm.

The buccal surfaces of the diamond bur group were roughened with a diamond bur (#
3195, KG Sorensen, Sdo Paulo, SP, Brazil) using a high-speed hand piece under
water cooling for 5 s, with weak movements and minimal wear. Then, the surface was

conditioned with PA as reported in the first group.

For the sandblasting group, the surfaces were sandblasted with 50 [Jm AloO3 (Micro-

blaster Standard Model, Bio-Art, S&o Carlos, SP, Brazil) for 10 s and then conditioned
with PA as reported in the first group.

Surface roughness test

After mechanical aging, the initial roughness (IR) of five random buccal surface resto-
rations per group was obtained with a digital roughness meter (Mitutoyo Surftest-301,
Mitutoyo-Kawasaki, Kanagawa, Japan). Three measures were performed on each
specimen, and the arithmetic mean was obtained from these values. The mean rep-

resents the IR.
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Surface roughness reading was performed using the Ra parameter (um) and the ISO

2001 measuring profile23, a 0.25 mm cut-off, 1.25 mm in length and

0.1 mm/s speed. Afterward, the specimens were submitted to the abovementioned

surface treatments and stored at 37°C in artificial saliva, simulating oral condition. After
48 h of the surface treatments procedures, we measured the final roughness (FR) in

the same way as the initial evaluation.

SEM analysis

Two restorations per group were prepared for the SEM (SSX — 550; Shimadzu, Tokyo,
Japan). The surfaces were sputter coated with gold in a vacuum evaporator (Belzers
SCD 050 SputterCoater, Bal-Tec, Germany) and photomicrographs of representative

areas were taken at 1.000x magnification.

Bond strength test

After surface treatment, eight crowns per group were submitted to microshear bond
strength test. For this purpose, one coat of the adhesive system (Tetric N-Bond, Ivo-
clarVivadent) was applied on the delimited area (3 mm x 3 mm) of the treated buccal

surfaces and then gently air dried for 5 s and light-cured for 10 s (Table 1).

Three Tygon tubes, approximately 0.75 mm in diameter and 1 mm high, were used for
each crown. The tubeswere positioned on the flattest areas of the treated buccal surface
(3 mm x 3 mm) of the indirect restorations, filled with CR (Tetric N-Ceram,
IvoclarVivadent), and individually photoactivated for 40 s. Each light-cured specimen
was protected with aluminum strip to afford protection from additional polymeriza- tion,

as

well as the unpolymerized specimens. All specimens were checked with an optical
microscope (OLYMPUS-BX 51, Olympus, Tokyo, Japan) at 10x magnification to discard

any specimens with air bubbles or evident gaps at the interface.
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Table 1. Manufacturer, composition and instructions for each material used inthe study.

Material

(M anufscturer) Composition Instructions foruse

Apply a thick layer of Jging M-Bond
Phosphoric acid acrylate, HEMA. BisGhiA. for at least 10 seconds. Remove

JTeknig. M-Bond
. . urethane dimeihanndaie. ethanol, film-formin excess material and the sohvent by a
(osiarMivasient) ¢ !
agent, catalysts and stabilizers. gentle stream of air and light-cure for 10
seconds.
Dimethanmlates (189-20wt. %); barium glass,
yiterbium frifluonide. mixed axide, copolymers {B0-
Teric M-Cearam 81wt %); sdditives, catalysts, stabilizers and Apply TetigM-Ceramin layers of mes. 2
. . pigments are additonal contents mim or 1. Polymerze each layer
(neskarvivarens) i _ ) ) -
(= 1wt.%). The total content ofinorganic fillers is ndividually for 40seconds.

5557 vol. %. The particle size of inorganic fillers

is between 40 nm and 3000 nm

Alllight-curing procedures of this study were performed witha LED light-curing device

(Radii Plus, SDI Limited, Victoria, Australia) using a 1200 mW/cm? power density. The
specimens were mounted in acrylic resin and placed in a universal testing machine
(Kratos, Sao Paulo, SP, Brazil), and a microshear force was applied using a shearing
blade as close as possible to the adhesive interface. The load was applied to the inter-
face at a crosshead speed of 1 mm/min until failure, and the bond strength values

were recorded in MPa.

Statistical analysis

Before running parametric statistical analysis, we tested whether the assumptions of
normality of the data and equality of variances were valid, using the Shapiro-Wilk and
Barlett tests at an alpha of 5%. The data from surface roughness and bond strength
were statistically analyzed by one- and two-way ANOVA, respectively, and Tukey's test

was used for pairwise comparisons at a 5% significance level.

All calculations were performed using SPSS® statistical software (Statistical Pack-

age for the Social Sciences, version 21.0 Mac, SPSS Inc., Chicago, IL, USA).
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Results

The means and standard deviations of surface roughness (Ra parameter) and microshear

bond strength values (MPa) for the experimental groups are demonstrated in Table 2.

In relation to the surface roughness, two-way ANOVA showed that the cross-product
interaction between the factors time and experimental groups were statistically sig-
nificant (p < 0.001). At baseline, all groups were statistically similar (p > 0.05). Rough-
ness increased significantly after the treatments in all groups (p < 0.001). The final
roughness was higher in the sandblasting group and lower in the PA group, whereas
the silane and diamond bur groups showed intermediate values.

For the microshear bond strength, one-way ANOVA showed significant statistical dif-
ferences between the experimental groups (p <0.0001). The lowest repair strength was
observed for the PA group and the highest was observed in the sandblasting group.
The silane and diamond bur groups were statistically similar and had an inter- mediate

performance.

In the SEM images (Figure 1), the diamond bur and sandblasting groups showed very

irregular surfaces. However, they differed in the direction of the grooves and depres
sions. Grooves are unidirectional in the diamond bur group, probably resulting from the
direction of the bur roughening, whereas in the sandblasting group they do not follow a

pattern due to the abrasion of aluminum oxide particles on the surface.

Table 2. Mean values * standard deviation of roughness (Ra parameter) and microshear bond strength (MPa) for each

experimental group (*).

ExperimentalGroups

Roughness

Baseline Post treatment
Shear bond strength
Phosphoric acid 0.24+0.08¢ 0.42+0.14° 9.4+3.1¢
Silane 0.21+0.07°¢ 0.64 £0.15°¢ 20.3+6.1°
Diamond bur 0.25+0.07°¢ 0.86+0.11° 183 +49°¢
Sandblasting 0.21+0.09°¢ 1.28+0.13* 37.1+87*

* Comparisons are valid just for the same property. Distinct letters show significant differences (p < 0.05).
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Figure 1. Images of the surface roughness obtained by the SEM (x 1,000). A: phosphoric acid group; B:

silane group; C: diamond bur group: D: sandblasting group.

Discussion

Fatigue studies can mimic the effect of mechanical and thermal cycles, as well as a

wet oral environment24. Mechanical aging better reproduces the clinical reality,
because failures and fractures in indirect CR restorations occur only after years of

clinical servicel3. Although previous studies have already investigated different sur-

face treatment techniques for the repair of indirect restorations29-2 7, most did not simulate
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three important clinical features found in this study's protocol: cementation of a fiber post
to stabilize the final restoration, simulation of the periodontal ligament, and simulation of
mechanical aging.

In a clinical scenario, the core and post are placed to retain the final restoration in

endodontically treated teeth, improving their integrity28. The presence of the periodon- tal
ligament and tooth-supporting structures partially absorb the masticatory loads;
therefore, studies that did not simulate these structures may have obtained unreli- able
values?!l. Finally, post-retained indirect crowns are subject to repetitive ordinary
chewing forces over time, as well as other environmental challenging factors29. Thus,
mechanical aging is essential to simulate closely the clinical conditions to which these
indirect restorations are subjected. In this study, all specimens were submitted to 1.2 X

106 cycles of mechanical fatigue, whichis commonly assumed to correspond to 5 years

of clinical service22,

In this study, the results showed that air abrasion with aluminum oxide promoted the

highest bond strength values30:31 and higher roughness. Although some authors
have reported that pre-treatment with diamond burs can yield higher repair strengths

than air abrasion with aluminum oxide32:33 other studies30:34.35 have shown the

opposite, with results similar to our observations.

The higher surface roughness produced by aluminum air abrasion increases the

surface area and wetting for the adhesive penetration36137, which may have yielded
the highest bond strength values. This positive correlation between increased sur-

face roughness and improved repair strength has already been demonstrated in other

studies38 39,

Indeed, the bond repair strength observed in the PA etching group might be lowest
because this procedure produced the lowest surface roughening on the aged resin

surface. Previous studies have demonstrated that acid etching alone is not enough to

guarantee adequate repair strength#0.

Although surface treatment with silane does not generate the roughest surfaces, this
group presented intermediate bond strength values, similar to that achieved by the
asperization with diamond bur. The chemical bond produced by this bifunc- tional

molecule betweenthe inorganic particles of glassy substrates (silicafiller par- ticles) and
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the adhesive CR matrix19 probably compensated for the reduced surface area. This
bonding agent has a general chemical structure, R'Si(OR)3, where R is the

organ functional group (typically a methacrylate) that reacts to the adhesive system

or the composite cement, creating a covalent bond after polymerization. The alkyl

group (R) is hydrolyzed to a silanol (SiOH), creating a covalent bond with the inor-

ganic silicon particles41.

This study has some limitations, due to which not all clinical conditions could be
reproduced. In addition, only a resin cement was used, the chewing forces of an occlu-
sion were not applied in the mechanical aging, and the treatments were performed on a
flat surface rather than a cusp area. In summary, the results of the present study
demonstrated that aged indirect CRs should be pre-treated with aluminum oxide + PA
prior to repair to increase the surface roughness and consequently the bond strength

repair. Thus, the tested hypothesis was accepted.

Sandblasting aged indirect resin restorations with aluminum oxide prior to PA etching

increases the surface roughness and repair bond strength values.

Conclusions

Sandblasting aged indirect resin restorations with aluminum oxide prior to PA etching

increases the surface roughness and repair bond strength values.
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Bulk-fill vs incremental filling the clinical performance of posterior resin

composite restorations: a systematic review and meta-analysis
Abstract

Purpose: To systematic review the risk and intensity of postoperative sensitivity, risk
of fractures, marginal adaptation and discoloration in posterior restorations placed with

bulk-fill or incremental filling composite resins.

Material and Methods: A comprehensive search was performed in the MEDLINE via
PubMed, Scopus, Web of Science, LILACS, BBO and Cochrane Library. The abstracts
of IADR (1990-2016), unpublished and ongoing trials registries were also searched,
as well as, dissertations and theses. We included randomized clinical trials that
compared composites for bulk-fill and incremental filling in posterior cavities of adult
patients. The risk of bias tool of the Cochrane Collaboration was used to assess the
risk of bias of the included studies. Random effects model was used for the meta-

analyses.

Results: After duplicates removal and non-eligible articles, 14 articles remained. Four
of them reported a longer period of follow-ups of the same study, and therefore the 14
articles represented ten studies were used for qualitative synthesis. Two studies were
judged to be “low” risk, and six at “unclear” risk of bias. No evidence of difference
between techniques was observed for postoperative sensitivity, risk of fractures,
marginal adaptation and marginal discoloration in any of the study follow-ups (p >
0.05).

Conclusion: The restoration technique did not influence the immediate postoperative
sensitivity of posterior restorations and the risk of fracture and marginal discrepancies

up to 6 years of clinical evaluation.

Keywords: bulk-fill; composite resin; layering technique; randomized clinical trials;

systematic review; postoperative sensitivity.
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Introduction:

Conventional composite resins are widely used for restoration of posterior teeth.
However, these restorative materials have a number of challenging characteristics
such as their inherent polymerization shrinkage and the resultant stress that eventually
cause marginal deficiencies, enamel fractures, marginal discoloration and cuspal .> 2°
Ad(ditionally, these materials do not cure adequately in depths higher than 2 mm.” To
minimize these problems, the use of incremental technique has been proposed.

According to this protocol, composite resin increments, with a maximum depth of 2
mm, is placed to ensure adequate curing depth,’* improved marginal adaptation and
reduced cytotoxicity.3> 32 Additionally, by reducing the volume of composite resin
placed, the detrimental effects of the C-factor, which is the ratio between bonded to
unbonded areas of the cavity preparation, are diminished as well.1”- 4> However, this
protocol has also limitations such as the likely contamination or incorporation of voids
between layers, the more time-demanding protocol,® *2 which is against the clinician’s

desire for simplification,* 46 the occurrence of discomfort and post-operative sensitivity.
3

In an effort to make the process simpler, bulk-fill composites were introduced into the
dental market allowing composite resin placement in increments of up to 4-5 mm
thickness.% 57 The use of these composites reduces the clinical time and some
possible difficulties in incremental filling technique.® Although the use of the bulk-fill
technique in the restoration of posterior teeth seems attractive, some dentists may be
wary of changing the clinical protocol for resin composite placement, mainly because
the older version of bulk-fill composite resins did not have high mechanical properties

when light-curing in increments up to 3-4 mm thickness.*: 69

Although the use of the bulk-fill technique in the restoration of posterior teeth seems
attractive, most clinical studies have conflicting methodologies regarding the use of
this technique,? 5456, 79-82, 88 which makes clinical standardization difficult to obtain
satisfactory results compared to the incremental technique. Actually, two recently
published reviews showed that, there are only a small number of clinical studies with
relatively short- to middle-term data available.®3 8 Also, it worth to mentioning that,
although an earlier systematic review that addressed the same research question was

recently published in the literature,®* it suffers from several methodological flaws, due
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to several bias in the systematic review process conducted by the authors. Therefore,
the aim of this systematic review of the literature was to identify the following focused
question: Is the bulk-fill technique influence the risk of postoperative sensibility,
fractures, marginal adaptation and marginal discoloration when compared to the

layering technique in patients with posterior restorations?
Materials and Methods:
Protocol and registration

This study was registered by the protocol number CRD 42016036771, at PROSPERO
database. To report this systematic review and meta-analyses, we followed the

recommendations of the PRISMA statement.>°
Information sources and search strategy

We defined the controlled vocabulary (mesh terms) and free keywords for the search

strategy based on the following PICO question:

1. Population (P): patients with direct resin restorations in permanent posterior teeth
(Class I and/or 11);

2. Intervention (I): composite restorations placed with bulk-fill technique;
3. Comparison (C): composite restorations placed with incremental technique;

4. The outcomes (O): risk and intensity of postoperative sensitivity (primary outcome),
risk of fractures, marginal discoloration and marginal adaptation (secondary

outcomes).

To identify trials to be included for this review, we searched on the electronic databases
MEDLINE via PubMeb, Scopus, Web of Science, Latin American and Caribbean
Health Sciences Literature database (LILACS), Brazilian Library in Dentistry (BBO)
and Cochrane Library. No restrictions were placed on the publication date or
languages. In case earlier systematic reviews of the literature were identified, their

reference lists were used as source information to identify eligible studies.

Other sources were also used to identify more articles. The abstracts of the annual
conference of the International Association for Dental Research (IADR) and their

regional divisions (1990-2016) were also searched and authors of relevant abstracts
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were contacted for further information. The grey literature was explored using the
database System for Information on Grey literature in Europe (SIGLE) and Google
Scholar. Dissertations and theses were searched using the ProQuest Dissertations
and Theses Full text database as well as the Periddicos Capes Theses database. We
also hand-searched the reference lists of all primary studies for additional relevant

publications.

The search strategy along with the date of search for all databases was included in
Table 1. This search strategy was appropriately modified for each database to identify
eligible studies. Full text versions of the papers that appeared to meet the eligibility

criteria were retrieved for further assessment and data extraction.
Eligibility criteria

Were included randomized clinical trials (RCTs) with parallel, multiple restorations per
patient or split-mouth designs that compared bulk-fill and incremental restorations
techniques in posterior teeth of adult patients. No restrictions to follow-up period were
established since one of the outcomes of interest was the POS after restoration
placement. RCT studies were excluded if 1) only one filling technique was evaluated;
2) the restoration techniqgue was unspecified and; 3) studies that included shallow

cavities.
Study selection and data collection process

The articles were selected by title and abstracts according to the previously described
search strategy. Articles that appeared in more than one database were considered
only once. Full-text reports were also obtained when there was insufficient information
in the title and abstract to make a clear decision. Subsequently, full-text articles were
acquired and two reviewers (Y.L.G and R.T.J.) classified those, which met the inclusion
criteria. Two reviewers (Y.L.G and R.T.J.) extracted relevant information about the
study design; participants, interventions and outcomes using customized extraction

forms, etc.

When the POS was reported in different time periods, we collected the data from the
shortest period. In regard to the risk of fractures, marginal discoloration and marginal
adaptation, we collected data from the studies and grouped them according to the

different follow-ups: 12 to 18 months; 2 to 3 years; and 4 to 6 years.
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Risk of bias in individual studies

Quality assessments of the included clinical trials were carried out by two independent
reviewers (Y.L.G. and R.T.J.), using the Cochrane Collaboration’s tool for assessing
risk of bias in randomized trials.?°® The assessment criteria contained five items:
random sequence generation, allocation concealment, blinding of outcome
assessment, incomplete outcome data and selective reporting. During data extraction
and quality assessment, any disagreements between the reviewers were resolved

through discussion, and if needed, by consulting a third reviewer (G.M.G.).

For each aspect of the quality assessment, the risk of bias was scored following
recommendations as described in the Cochrane Handbook for Systematic reviews of
Interventions 5.1.0 (http://handbook.cochrane.org). At the domain level, they could be
judged as at “low” risk of bias, “unclear” risk of bias and “high” risk of bias. Three out
of the five domains in the Cochrane risk of bias tool were considered as the key
domains for the assessment of the risk of bias (sequence generation, allocation

concealment and blinding (operators and participants).

After evaluation of all domains, the risk of bias was evaluated at the study level. Studies
were considered to be at “low” risk of bias if all three domains were judged as at “low”
risk. Studies were considered to be at “unclear” risk of bias if at least one of these
domains were judged as at “unclear” risk. Finally, studies were judged to be at “high”
risk of bias if there at least one of the three key domains were judged as at “high” risk
of bias. Only studies at “low” or “unclear” risk of bias were included in the meta-

analysis.
Summary measures and synthesis of the results

The extracted data were analyzed using Revman (Review Manager 5.3, The Cochrane
Collaboration, Copenhagen, Denmark). Data from all outcomes of the eligible studies
were dichotomous. To summarize the risk of POS after restoration, risk of fractures,
marginal adaptation and marginal discoloration, for each study, we calculated the
relative risk with a 95% confidence interval. The random-effects models were
employed. Heterogeneity was assessed using the Cochran Q test and I? statistics. No
subgroup analysis was performed. Additionally, whenever heterogeneity was detected,

we performed sensitivity analysis to identify the causes of the heterogeneity.
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Results:
Studies selection

A total of 6942 articles were selected after the database screening and removal of
duplicates (Figure 1). Of these, 350 articles remained after title screening and this
number was reduced to 50 articles after careful examination of the abstracts. Among
them, 36 articles were excluded due to the following reasons: 1) employed only one
restorative technique,“' 8, 10, 16, 18, 21-23, 27, 28, 33, 35, 36, 49-53, 58, 61, 64, 67, 68, 72, 74-78, 80, 87 2) dld
not specify the filling technique, 2> 30:34.66 and 3) used an ‘“in vitro” design.t® The other
14 articles, 2 6 9 19,20, 39, 54-56, 79-82, 88 remained for qualitative evaluation. From these 14
articles, four of them were reporting longer follow-ups of the same study, and therefore
the 14 articles represented 10 studies. The characteristics of the selected studies are
listed in Table 2.

Characteristics of included articles

The study follow-up ranged from 1 day 20 to 6 years. 8 The great majority of the
experiments used multiple restorations per patient, two used the split-mouth 2% 8 and
two employed the parallel design. 2 3° There was a great variability in the range of age
(7 to 70) and number of participants per group (19 to 100) included in the clinical trials.
The baseline POS was reported in all studies as the risk of POS sensitivity. Two studies
also reported the tooth sensitivity intensity. 2% 3° The assessment method was variable.
One study performed stimulation (temperature and chewing) for POS evaluation, 7% 82
one evaluated POS with tenderness to biting (with stimulation),®® and another one
performed stimulation with blowing air and temperature,8 while in three studies no

stimulation was performed. 20 54-56. 80,81 (Taple 2)
Assessment of the risk of bias

The assessment of the risk of bias of the selected studies is presented in Figure 2.
Two studies were at “low” risk of bias, while the remaining was judged as at “unclear

risk of bias.
Meta-analysis

Allincluded studies were included in the meta-analysis, but only the studies from which
the information about the outcomes could be extracted. The shortest period of POS

was used for meta-analyses and could not be longer than 1 month. For risk of fracture,
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marginal discoloration and marginal adaptation, the meta-analyses were performed

based on the following study follow-ups: 12 at 18 months, 2 at 3 years and 4 at 6 years.
Risk of post-operative sensitivity

No heterogeneity of the studies was observed (chi? test; p = 0.26; Figure 3) and the
variability of the studies is probably attributed to chance alone (12 = 23%). The overall
risk ratio of POS was 1.0 (95% CI 0.66 to 1.53; Figure 3), meaning that the type of

restoration technique did not influence the risk of POS in posterior teeth (p = 0.99).
Risk of fractures

We did not observe significant difference between bulk-fill and incremental filling, in
any of the follow-ups evaluated (p > 0.70; Figure 4). No heterogeneity of the data was
observed (chi? test; p > 0.29; 12 < 9%); Figure 4).

Marginal adaptation

No heterogeneity was detected in any of the follow-ups (chi? test; p > 0.80; 1% < 47%);
Figure 5). We did not gather evidence to detect differences between bulk-fill and
incremental filling at 12-18 months (p = 0.64), at 2-3 years (p = 0.62) and 4-6 years (p
= 0.58).

Marginal discoloration

No significant difference between filling technique was detected at 12-18 months, 2 to
3 years and 4 to 6 years follow-ups (p > 0.22; Figure 6). No heterogeneity was detected
in data from 12-18 months, and 4 to 6 years follow-ups (chi® test; p > 0.44; 12 = 0%).
However, data from 2 to 3 years (p = 0.10; 12 = 52%) was heterogeneous.

Discussion:

Meta-analysis is a statistical method used in the systematic review to integrate the
results of primary studies that address the same research question. It assesses the
applicability of the results, comparing the findings of a new versus a standard
treatment, and analyzing the limits between benefits and risks.*® Therefore, it is
important to assess the risk of bias in all studies in a review in order to produce an
evidence with high quality. An adequate sequence generation, allocation concealment,
blinding of participants and personnel, management of incomplete outcome data and

a study free of selective reporting were used to assess the risk of bias in most
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systematic reviews, as follows the recommendation of the Cochrane Collaboration.>®
However, the majority of clinical trials in this study did not describe allocation
concealment, and from a total of eight studies only two presented low risk of bias,® 56
which means that we still have to improve the quality of the randomized clinical trials

that evaluate posterior restorations.

According to Heintze and Rousson,38 the postoperative sensitivity in resin composite
posterior restoration was an infrequent finding and it was not considered a relevant
clinical problem by the authors. However, the depth and size of the cavities were not
taken into consideration. Few studies compared the postoperative sensitivity in
posterior cavities of different depths and widths. They usually reported risks of
postoperative sensitivity ranging from 25% to 40% when resin composite was applied
in deep and large cavities.® 12 15 8 Therefore, postoperative sensitivity is a relevant
problem to be studied, mainly when evaluating the clinical performance of bulk-fill

composites which are more beneficial in large and deep cavities.

Curiously, several of the primary studies included in the present meta-analysis did not
report this data or showed rates of postoperative sensitivity lower than 3%. 19 56 57,80
Usually, these studies did not report details of the cavity such as its extension or depth.
19,56, 79, 80, 88 Therefore, although the results of the present systematic review indicate
that no significant difference exists in the risk of postoperative sensitivity between the
placement techniques, these results should be carefully analyzed as previously
pointed by Veloso et al. 8 In a recently review published by Van Ende et al., & the
authors indicated that it is necessary to be conduct more clinical studies that
specifically focus on the evaluation of bulk-fill composite placed in deep and large

restorations.

The risk of fracture of resin composites in posterior teeth is one of the most frequent
reasons of failure. > % 8 The mechanical properties of resin composite, which was
influenced by the amount of filler, ®  and quality of the polymerization may be

responsible for such finding. 2°

Studies from the literature usually report that regular viscosity bulk-fill composite is
similar to regular viscosity conventional composite in terms of mechanical properties.
On the other hand, flowable bulk-fill composites exhibit significantly lower mechanical

properties than conventional composite materials, 43 48 but they are covered by regular
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viscosity composites 1% 79.80. 86 tg increase the mechanical properties of the restoration

to support masticatory forces under clinical service. 43 48 73

In terms of the polymerization, flowable or regular bulk-fill composite showed similar
polymerization pattern when compared to flowable or regular composite for
incremental filling. 4 48 73 These factors are probably the reason of why we have not
observed significant differences in the risk of fracture strength of teeth restored with
different filling techniques. 7 24

It is of common sense that restorations filled with bulk-fill restorations generate higher
polymerization shrinkage stresses compromising the marginal adaptation due to the
formation of open gaps that can be infiltrated by pigments from diet causing marginal
discoloration. However, in vitro studies show that flowable bulk-fill composites present
lower shrinkage stress than regular viscosity composite and regular bulk-fill
composite.1t 43 44 Additionally, in vitro studies either show similar marginal adaptation
of bulk-fill composites and regular composites 1% 24 37. 70 or show superiority of flowable
bulk-fill composites.*? 6062 The lower stress from polymerization shrinkage of bulk-fill
composites are probably the reason of why the marginal integrity (marginal adaptation
and discoloration) of both filling techniques were similar in the present systematic

review.

An important aspect of the included studies is the variability of techniques when using
bulk-fill composites. Some clinical trials have used a regular viscosity bulk-fill
composite placed in single increment up to 4 mm, 6 26.56.88 while other clinical studies
applied a flowable bulk-fill composite covered by a final layer of a conventional
composite.> 7% 80.86 Only on clinical trial have compared both bulk-fill techniques °.
Future clinical studies need to compare the results of bulk-fill materials when used in
regular viscosity (one increment) or used in a flowable viscosity associated with a

regular viscosity resin composite.

Although similar results were observed for all outcomes in the present systematic
review, it is worth mentioning that only few studies were included in the medium-term
follow-up (4-6 years). Thus, further long-term clinical trials need to be conducted to
evaluate the impact of the filling technique on the long-term survival or performance of

restorations.
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As previously described, an earlier systematic review that addressed the same
research question was recently published in the literature,®* however, it suffers from
several methodological flaws, not presented in the current systematic review. Rather
than evaluating the USPHS criteria individually, they characterized restorations into
acceptable and unacceptable based on the number of charlie and delta scores in the
USPHS criteria. However, this approach is not reliable as it may lead to restoration
double count when the same restoration was scored as charlie/delta in different

criteria.

Another double-count problem was observed in the published study,®* as multiple
groups from the same primary study were included individually in the meta-analysis
without considering that they share the same comparison group. This led to participant
double-counts and creates a unit-of-analysis error in the published meta-analysis.*
Additionally, when dealing with published studies from the literature, the random-
effects method rather than fixed-effect model, chosen by Veloso et al., is the most
plausible match as it incorporates the assumption that the different studies are
estimating different, yet related intervention effects.* Using fixed-effects method may

lead to estimates more precise than they really are. 14

Finally, it worth to mentioning that, it is of common sense that reduction of the number
of steps make the clinical procedure less prone to clinical mistakes.®® However,
another potential mistakes could be done when a bulk-fill materials are applied, such
as porosities at the outline and underpolymerisation in depth. Therefore future clinical
trials need to be done to confirm that bulk-fill technique is less prone to clinical errors

as compare to incremental filling.
Conclusions:

The use of incremental or bulk-fill technique did not influence the immediate
postoperative sensitivity of posterior restorations and the risk of fracture and marginal

discrepancies up to 6 years of clinical evaluation.
Clinical significance:

The use of incremental or bulk-fill technique did not influence the clinical performance

of posterior restorations up to 6 years of clinical evaluation.
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Table 1 — Electronic database and search strategy (06/11/2018)

Pubmed

#1  ((((((((((dental  restoration, | #2 ((((CCCCCCC((((Compaosite Resins[MeSH | #3 (randomized controlled trial[pt] OR controlled

permanentfMeSH Major Topic]) | Major Topic]) OR “resin | clinical trial[pt] OR randomized controlled trials
OR "posterior | composite"[Title/Abstract]) OR  "resin | [mh] OR random allocation[mh] OR double-blind
teeth"[Title/Abstract]) OR | composites"[Title/Abstract]) OR "composite | method[mh] OR single-blind method[mh] OR

"posterior  tooth"[Title/Abstract]) | resin"[Title/Abstract])) @ OR  "composite | clinical trial[pt] OR clinical trialsimh] OR ("clinical

OR "Class 1"[Title/Abstract]) OR | resins"[Title/Abstract]) OR "Bulk | trial"[tw]) OR ((singl*[tw] OR doubl*[tw] OR
"Class 2"[Title/Abstract]) OR | Fill"[Title/Abstract]) OR | trebl*[tw] OR tripI*[tw]) AND (mask*[tw] OR
"Class [I"[Title/Abstract])  OR | Bulkfill[Title/Abstract]) OR "Bulk- | blind*[tw])) OR random*[tw] OR research
"Class II"[Title/Abstract]) OR | fill"[Title/Abstract]) OR "bulk | design[mh:noexp] OR comparative study[pt] OR
"deep cavities"[Title/Abstract]) OR | filling"[Title/Abstract]) OR "bulk- | evaluation studies as topic[mh] OR follow-up
"deep cavity"[Title/Abstract] filling"[Title/Abstract]) OR | studies[mh] OR prospective studiesimh] OR

Bulk[Title/Abstract]) OR "insertion | control*[tw] OR prospective*[tw] OR

technique"[Title/Abstract]) OR "insertion | volunteer*[tw]) NOT  (animals[mh] NOT

techniques"[Title/Abstract] OR “ layering | humans[mh])
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technique” [Title/Abstract] OR “ layering
techniques” [Title/Abstract] OR
“‘incremental technique” [Title/Abstract] OR

“incremental techniques” [Title/Abstract]

#1 AND #2 AND #3

Scopus

#1 TITLE-ABS (“Permanent dental restoration” OR "posterior
t??th" OR "Class 1" OR "Class 2" OR "Class I" OR "Class II"

OR "deep cavit*")

#2 TITLE-ABS ("resin composite*" OR "composite resin*' OR "Bulk
Fill' OR "bulk filling" OR “Bulk” OR "insertion technique*" OR

"layering technique*" OR "incremental technique*")

#1 AND #2

Web of Science

#1 TS=("Permanent dental restoration”) OR TS=("posterior
t??th") OR TS=("Class 1") OR TS=("Class 2") OR TS=("Class

I") OR TS=("Class II") OR TS=("deep cavit*")

#2 TS=("resin composite$") OR TS=("composite resin$") OR

TS=(‘Bulk Fill") OR TS=("bulk filing") OR TS=(Bulk) OR
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TS=("insertion technique$") OR TS=(“layering technique$’) OR

TS=(“incremental technique™”)

#1 AND #2

Lilacs and BBO

#1 (MH:"dental restoration permanent” OR "posterior teeth”
OR "dentes posteriores" OR "dientes posteriores” OR
"posterior tooth" OR "dente posterior" OR "diente posterior"
OR "Class 1" OR "Classe 1" OR "Clase 1" OR "Class 2" OR
"Classe 2" OR "Clase 2" OR "Class I" OR "Classe I" OR
"Clase I"OR "Class II" OR "Classe II" OR "Clase II" OR "deep
cavities" OR "cavidades profundas" OR "deep cavity" OR

"cavidade profunda" OR "cavidad profunda”)

#2 (MH:"composite resins" OR "resina composta” OR "resina
compuesta” OR "resina compostas” OR "resina compuestas” OR
"composite resins” OR '"resinas compostas" OR "resinas
compuestas" OR "bulk fill" OR "bulkfill" OR "bulk-fill" OR "bulk filling"
OR "bulk-filling" OR "bulk" OR "insertion technique" OR "técnica de
insercao” OR "técnica de insercion” OR "insertion techniques" OR
"técnicas de insercdo” OR "técnicas de insercion” OR "layering
technique” OR "técnica de estratificacdo” OR "técnica de

estratificacion”™ OR "layering techniques" OR "técnicas de
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estraficacdo” OR "técnicas de estratificacion” OR "incremental
technique” OR "técnica incremental” OR "técnica incrementales” OR
"incremental tecnigues” OR "técnicas incrementais” OR "técnicas

incrementales™)

#1 AND #2

Cochrane Library

#1 MeSH descriptor: [Dental Restoration, Permanent]

explode all trees

#2 posterior near t*th:ti,ab,kw

been searched)

#3  "Class 1"ti,ab,kw
searched)

#4  "Class 2"ti,ab,kw
searched)
#5 "Class

[":ti,ab,kw

searched)

(Word variations have

(Word variations have

(Word variations have

(Word variations

have

been

been

been

#9 MeSH descriptor: [Composite Resins] explode all trees
#10 resin next composite*:ti,ab,kw (Word variations have been
searched)

#11 composite next resin*:ti,ab,kw (Word variations have been
searched)

#12 Bulk next Fill:ti,ab,kw (Word variations have been searched)
#13 Bulk next Filling:tiab,kw (Word variations have been

searched)

#14 Bulk:ti,ab,kw (Word variations have been searched)
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#6 "Class
searched)
#7

searched)

#8

[1":ti,ab,kw

(Word variations have been

#1 or #2 or #3 or #4 or #5 or #6 or #7

deep near cavit*:ti,ab,kw (Word variations have been

#15
been searched)
#16
searched)
#17

been searched)

insertion next technique*:ti,ab,kw

(Word variations have

layering next technique*:ti,ab,kw (Word variations have been

incremental next technique*:ti,ab,kw (Word variations have

#18 #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17

#8 AND #18

Table 2 - Characteristics of the included studies (12 articles / 8 studies)

Study | Follo | Stud | Subject’ | Num | Rub | Pulp | Adhesi | Composite | Size of | Restora BF Type Postoperative sensitivity
ID w-up y S age ber | ber | prote ve resin increm | tions/gr | Placeme | of BF evaluation
desi | Mean = | subje | dam | ction | strateg ent oup nt Materi
gn SD cts ? ? y Techniqu al
[Male e
, %]
Stimu | Type? | Outcom

lus? e
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evaluat
ed
Alkurdi | 3,6, | paral n.r. nr. | Yes| No | 2-ER | BF1: Tetric BF1l: | BF1: 19 BF 1: BF1: n.r. n.r. Risk of
2016 | 9and | lel Evo Ceram | 4 mm | BF2: 20 One Regula TS
(2) 12 Bulk Fill2 BF2:5 | IF:19 | incremen r
mths BF2: Sonic mm t viscosi
FillP IF: 2 BF 2: ty
IF: TetricEvo | mm One BF2:
Ceram? incremen | Flow
t with
sonic
vibration
Atabek | 3,6, | multi | 7-16 yrs | n.r. n.r. No | 1-SE BF: Sonic BF:5 | BF:30 One BF: n.r. n.r. Risk of
2017 | 9,12 | ple Fillb mm IF: 30 | incremen | Flow TS
(6) and IF: Herculite IF: 2 t IF:
24 UltraP mm Regula
mths r
viscosi
ty
Bayrak 6 multi | 25.8 = n.r. Rel | Yes BF1, BF1: Filtek BF1: 50 BF1: BF1 n.r. n.r. Risk of
tar mths | ple 7.49 ativ | (at BF2, | Bulk-Fill Flow | 2-4 incremen and TS
2016 |and1 e | deep | BF3 | +Filtek P60 | mm tal BF2:
(9) yr caviti and BF2: Tetric | BF2: 4 BF 2: Regula
es) | IF: SE | Evo Ceram mm incremen r
Bulk Fill2 BF3: 4 tal viscosi
BF3: Sonic mm BF3: One ty
FillP IF: 2 incremen | BF3:
IF: Clearfil mm t Flow
Photo

Posteriord




149

Costa | 1and | Spit- | 34+£10 | 27.7 | Yes | No BF: 1 BF and IF: BF: 4 59 incremen | Regula| No - Intensit
2016 7 mout - SE Tetric Evo mm tal r yof TS
(20) days h or2— | Ceram Bulk IF: 2 Viscosi
ER Filla mm ty
IF:1-
SE or
2-ER
Colak | 7dys, | multi | 33.74+ | 70.6 | Rel | Yes | 2-SE BF: Tetric BF:4 | BF:37 | incremen BF: n.r. n.r. Risk of
2017 | 6and | ple 6.82 ativ | (at Evo Ceram mm IF: 37 tal Regula TS
(29) 12 e | deep Bulk Fill2 IF: 2 r
mths caviti IF: Tetric Evo | mm viscosi
es Ceram? ty
IF:
Regula
r
viscosi
ty

Van 1,2, | multi| 55.3+ n.r. Rel No 1-SE BF: SDR + BF: 4 52 Bulk and | Flow Yes | Temper | Risk of
Dijken, | 3, 4, ple n.r. ativ Ceram X® mm incremen ature TS
Palles | 5 and e IF: Ceram X& | IF: 2 tal (last 2 and

en 6 yrs mm mm) chewing

2014

(79),

2017

(82)

Van 1,2 | multi| 52.4 + | 44/36 | Rel No 1-SE BF: SDR + BF: 4 100 Bulk and | Flow No - Risk of
Dijken, | and 3 | ple n.r. ativ Ceram X® mm incremen TS
Palles | yrs/ e IF: Ceram X IF: 2 tal (last 2

en 5yrs mono® mm mm)

2015

(80),




150

2016
(81)

Hickey | 2,7, | paral | 18-70 nr. | Yes| nr. |2—-ER| BF:SDR®+ | BF: 4 36 Bulk and | Flow Yes | Temper | Intensit
2016 14 lel yrs Filtek Z250¢ mm incremen ature yof TS
(39) and IF: Filtek IF: 2 tal (last 2 and

30th Z250° mm mm) chewing
days

Manha | 14 multi | 44.3 n.r. Rel No BF: 1- | BF: Quixfil® BF:4 | BF:46 | Bulkand | Regula| No - Risk of

rt dys, ple n.r. ativ SE IF: Tetric mm IF: 50 | incremen r TS

2008 3, 6, e IF: 2- Ceram? IF: 2 tal (last 2 | viscosi
(55), 18 ER mm mm) ty
2009 | mths,

(53), | 3and
2010 | 4yrs
(54)

Yazici 6 Spit- | 24-55 24 | Yes| nr. | 2-ER BF: Tetric BF: 4 52 One Regula | Yes | Blowing | Risk of
2017 | mths, | mout yrs EvoCeram mm incremen r and TS
(88) 1yr, h Bulk Fill2 IF: 2 t Viscosi tempera

18 IF: Filtek mm ty ture
mths, Ultimate®
2 and
3 yrs

ID — identification; SD — standard deviation; BF — bulk-fill technique; mths — months; n.r. — no reported in the study; IF — incremental
filling technique; TS — tooth sensitivity; yrs — years; SE — adhesive system self-etching; ER — adhesive system etch-and-rinse; n.a. —
no applicable.
alvoclar Vivadent, Schaan, Liechtenstein
bKerr, Orange, CA, USA

¢3M Oral Care, St Paul, MN, USA

d Kuraray, Osaka, Japan

¢ Dentsply Sirona, York, PA, USA




Figure 1 - Flow diagram of study identification.
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Figure 2 — Risk of bias of included studies.
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Figure 3 - Forest plot of the risk of tooth sensitivity for bulk-fill vs incremental filling restoration technique.
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Bulk-fill Ineremental fill Risk Ratio Risk Ratio
Study or Subgroup Events Total Ewvents Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Alkurdi et al. 2016 17 40 8 20 26.9% 1.06 [0.586, 2.03)
Atabek et al, 2017 0 30 0 30 Mot estimable
Bayraktar et al. 2016 3 150 3 50 6.5% 0.33 [0.07, 1.60] -
Costa et al. 2016 21 118 27 118  35.4% 0.78 [0.47, 1.30] —.-
Dijken et al. 2016 0 100 0 100 Mot estimable
Dijken et al. 2017 0 52 1 52 1.7% 0.33 [0.01, 8.00]
Hickey et al. 2016 17 36 10 3 27.8% 1.70 [0.91, 3.19] TR
Manhart et al. 2010 0 46 0 50 Mot estimable
Yazici et al. 2017 1 22 0 22 1.7% 3.00 [0.13, 71.99] -
Golak et al. 2017 0 a7 0 37 Not estimable
Total (95% Cl) 661 545 100.0% 1.00 [0.66, 1.53] <>
Total events 59 49
Heterogeneity: Tau® = 0.06; Ch® = 6.53, df = 5 (P = 0.26); I* = 23% I'u.m ni 3 3 150 r nu’l

Test for overall effect: £ = 0.01 (P = 0.99)

Favours [Bulk-filll] Favours [Incremental]
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Figure 4 - Forest plot of risk of fractures for bulk-fill vs incremental filling restoration technique (A: 12-18 months; B: 2-3 years and C:

4-6 years follow-ups).

A:

Bulk-fill Incremental fill Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Alkurdi et al. 2016 5 37 2 19 30.7% 1.28 [0.27, 6.01) L
Atabek et al. 2017 0 30 1 29 73% 0.32[0.01,7.61) bl
Bayraktar et al. 2016 4 129 0 43 B87% 3.05[0.17, 55.45) -
Dijken et al. 2016 3 98 1 98 14.5% 3.00 [0.32, 28.34) b
Manhart et al. 2010 3 45 2 49 241% 1.63 [0.29, 9.33) .
Yazici et al. 2017 0 49 1 49 7.3% 0.33[0.01, 7.99] -
Colak et al. 2017 0 35 1 34 73% 0.32[0.01, 7.69) -
Total (95% Cl) 423 321 100.0% 1.23 [0.52, 2.89) e
Total events 15 8
Heterogeneity: Tau? = 0.00; Chi* = 3.10, df = 6 (P = 0.80); ? = 0% =0.0 - of 3 1 1=0 - 00

Test for overall effect: Z = 0.47 (P = 0.64)

Favours [Bulk-fill] Favours [Incremental)
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Bulk-fill Incremental fill Risk Ratio Risk Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Atabek et al. 2017 0 30 1 20 6.5% 0.32[0.01, 7.61) .
Dijken et al. 2016 12 98 7 98 30.8% 1.71[0.70, 4.17) -
Dijken et al. 2017 2 52 6 52 18.6% 0.33 [0.07, 1.58) -
Manhart et al. 2010 - 40 2 46 17.3% 2.30 [0.44, 11.90] b
Yazici et al. 2017 4 41 10 40 26.8% 0.39[0.13, 1.14) R
Total (95% ClI) 261 265 100.0% 0.80 [0.34, 1.92) B
Total events 22 26
Heterogeneity: Tau? = 0.44; Chi* = 7.57, df =4 (P = 0.11), " = 47% :o v of . 2 1:0 - 00

Test for overall effect: Z = 0.49 (P = 0.62)

Favours [Bulk-fill] Favours [Incremental]
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Bulk-fill Incremental fill Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Dijken et al. 2016 23 90 12 90 42.8% 1.92[1.02, 3.61)
Dijken et al. 2017 10 49 13 49 37.9% 0.77 (0.37, 1.59]
Manhart et al. 2010 4 37 5 46 19.3% 0.99 [0.29, 3.44)
Total (95% Cl) 176 185 100.0% 1.19 [0.63, 2.25]
Total events 37 30
Heterogeneity: Tau® = 0.14; Chi* = 3.62, df = 2 (P = 0.16); I’ = 45% '5.01 °f1 3 140 3 00*

Test for overall effect: Z = 0.55 (P = 0.58) Favours [Bulk-fill] Favours [Incremental]
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Figure 5 - Forest plot of marginal adaptation for bulk-fill vs incremental filling restoration

technique (A: 12-18 months; B: 2-3 years and C: 4-6 years follow-ups).

A:
Bulk-fill Incremental fill

Study or Subgroup Events Total Events Total Weight
Alkurdi et al. 2016 5 37 2 19 30.7%
Atabek et al. 2017 0 30 1 29 73%
Bayraktar et al. 2016 4 129 0 43  87%
Dijken et al. 2016 3 98 1 98 14.5%
Manhart et al. 2010 3 45 2 49 241%
Yazici et al. 2017 0 49 1 49 73%
Golak et al. 2017 0 35 1 4 73%
Total (95% CI) 423 321 100.0%
Total events 15 8

Heterogeneity: Tau? = 0.00; Chi* = 3.10, df = 6 (P = 0.80); I’ = 0%

Risk Ratio Risk Ratio
M-H, Random, 95% CI M-H, Random, 95% CI
1.28[0.27, 6.01) o
0.32(0.01, 7.61) .
3.05(0.17, 55.45) .
3.00 (0.32, 28.34) —l—
1.63[0.29, 9.33] SE—  —

0.33 (0.01, 7.99]

0.32(0.01,7.69]

1.23 [0.52, 2.89]

1 4

T

1

0.01 0.1 1 10 100
Test for overall effect: Z = 0.47 (P = 0.64) Favours [Bulk-fill] Favours [Incremental]
B:
Bulk-fill Incremental fill Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Randem, 95% CI M-H, Random, 95% CI
Atabek et al. 2017 0 30 1 20 B.5% 0.32[0.01, 7.81]
Dijken et al. 2016 12 a8 7 98 30.8% 1.71[0.70, 4.17] -
Dijken et al. 2017 2 52 6 52 18.6% 0.33[0.07, 1.58] —_—
Manhart et al. 2010 4 40 2 46 17.3% 2.30 [0.44, 11.90] -1 =
Yazici et al. 2017 4 M4 10 40 26.8% 0.39[0.13, 1.14] - =
Total (95% CI) 2861 265 100.0% 0.80 [0.34, 1.92]
Total events 22 26
Heterogeneity: Tau® = 0.44; Chi* = 7.57, df = 4 (P = 0.11); I = 47% 1001 0=1 H t 1003
Test for overall effect: Z = 0.48 (P = 0.62) Favours [Bulk-filll Favours [Incremental]
C:
Bulk-fill Incremental fill Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Dijken et al. 2016 23 90 12 90 42.8% 1.92[1.02, 3.61) i
Dijken et al. 2017 10 49 13 49 37.9% 0.77 (0.37, 1.59) —
Manhart et al. 2010 B 37 5 46 19.3% 0.99 [0.29, 3.44) —
Total (95% CI) 176 185 100.0% 1.19 [0.63, 2.25)
Total events 37 30
Heterogeneity: Tau® = 0.14; Chi* = 3.62, df = 2 (P = 0.16); I* = 45% b0t °= 3 3 1=° 100

Test for overall effect: Z = 0.55 (P = 0.58)

Favours [Bulk-filll] Favours [Incremental]
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Figure 6 - Forest plot of marginal discoloration for bulk-fill vs incremental filling

restoration technique (A: 12-18 months; B: 2-3 years and C: 4-6 years follow-up.

A:
Bulk-fill Incremental fill Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Ci M-H, Random, 95% CI
Alkurdi et al, 2016 6 37 4 19 356% 0.77 [0.25, 2.40] —
Atabek et al. 2017 1 29 0 30 4.6% 3.10 [0.13, 73.14]
Bayraktar et al. 2016 3 128 1 43 9.2% 1.00 [0.11, 9.386]
Dijken et al. 2016 3 98 1 a8 91% 3.00 [0.32, 25.34) b
Manhart et al. 2010 6 45 3 49 26.2% 2.18 [0.58, 8.20] -
Yazici et al. 2017 0 49 2 49 51% 0.20 [0.01, 4.06]
Golak et al. 2017 1 34 4 31 101% 0.23 [0.03, 1.93] e —
Total (85% CI) 421 319 100.0% 1.03 [0.52, 2.04)
Total events 20 15
b 2= - = = = 2= t t T 1 1
ey T 40,530 =8 P -0 0% B S %k
est for overall effect: Z = 0.09 (P = 0.92) Favours [Bulkfilll Favours [Incremental]
B:
Bulk-fill Incremental fill Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events  Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Atabek et al. 2017 1 29 1 29 9,3% 1.00 [0.07, 15.24) v
Dijken et al. 2016 18 98 9 98 38.2% 2.00[0.85, 4.23) —a—
Dijken et al. 2017 0 52 0 52 Mot estimable
Manhart et al. 2010 6 40 6 46 30.7% 1.15 [0.40, 3.28] —
Yazici et al. 2017 2 41 8 40 21.8% 0.24 [0.06, 1.08] - =&
Total (95% CI) 260 265 100.0% 1.00 [0.40, 2.50] ~—
Total events 27 24
ity 1= - Chit = = = B= k 1 1 + 1
?Mfff:wnﬁn(l.l T:ru : gf:; E;Ir'P -6,12;.Jdl 3 (P=0.10); I* = 52% 0.01 01 1 10 100
est for overall effect: Z = 0.00 (P = 1.00) Favours [Bulk-fill] Favours [Incremental]
C:
Bulk-fill Incremental fill Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 85% CI M-H, Random, 95% CI
Dijken et al, 2016 24 80 18 90 57.1% 1.33[0.78, 2.28) -
Dijken et al. 2017 5 49 3 49 B.7% 1.67 [0.42, 6.60] —
Manhart et al. 2010 1 ar 12 46 34.2% 1.14 [0.57, 2.28] —I
Total (95% CI) 176 185 100.0% 1.29 [0.86, 1.93]
Total events 40 33

Heterogeneity: Tau® = 0,00; Chi* = 0.27, df = 2 (P = 0.87); I? = 0% 001 0' 7 1 1:3 100
Test for overall effect: Z = 1.22 (P = 0.22) Favours [Bulk-fill] Favours [Incremental]
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Numero do Parecer: 1.552.855

Apresentacao do Projeto:

Esse projeto de tese tem como objetivo inicial avaliar o efeito da aplicagao de diferentes concentragdes de
acido etilenodiamino tetra-acético (EDTA), na resisténcia de unido (RU) e na nanoinfiltragdo (NI) de pinos de
fibra de vidro ao canal radicular. Para isso, 140 dentes humanos unirradiculares serdo selecionados e
divididos em trés experimentos. Todos os dentes terdo suas coroas removidas abaixo da jungao cemento-
esmalte e suas raizes tratadas endodonticamente. Apés uma semana, 80 raizes serdo aleatoriamente
selecionadas para o Experimento 1, que consistirda em 8 grupos (n=10) sendo divididas de acordo com a
combinagado dos seguintes fatores: irrigacao pré-cimentacéo (sem irrigacao, EDTA 17% por 30s, EDTA 30%
por 30s e EDTA 50% por 30s) e sistema de cimentacdo dos pinos de fibra de vidro (Single Bond
Universal/RelyX Ultimate e Adhese Universal/Variolink 11). Apés 24 h de cimentacéo, as raizes serdo
seccionadas transversalmente ao longo eixo em 6 fatias (duas para cada tergo) e submetidas a cada teste.
Para cada grupo experimental, 8 raizes serao utilizadas para o teste de RU push-out e dois para a analise
de nanoinfiltragdo. Ap6s a analise estatistica dos dados, o agente de irrigagdo pré-cimentagdo que obtiver
os melhores resultados sera utilizado no Experimento 2. Neste, seus resultados serdao comparados com
mais quatro grupos (n=10) com sua verséo de cimentagéo autoadesiva. Os quatro grupos serdo submetidos
aos mesmos testes e, ap6s a andlise estatistica,
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os grupo que apresentarem os melhores resultados de cada sistema de cimentagao serdo refeitos (n=10) e
entdo avaliados ap6s 1 ano de cimentagdo. Para todos os experimentos os dados obtidos serdo analisados
estatisticamente por modelos paramétricos (analise de variancia), de medidas repetidas, para cada sistema
de cimentagao, considerando variaveis os seguintes fatores: agente de irrigagao e tergo radicular; sendo a
medida repetida o terco radicular. A seguir, sera aplicado o teste de Tukey para contraste das médias
(=0,05).

Objetivo da Pesquisa:

O objetivo do presente estudo é avaliar o efeito do uso de diferentes concentragdes de EDTA na irrigagio
prévia a cimentagao, na resisténcia de unido e nanoinfiltragdo, de pinos de fibra de vidro ao canal radicular.

Avaliacédo dos Riscos e Beneficios:

N&o havera riscos potenciais para os pesquisadores, pois serao utilizados nessa pesquisa experimental os
EPIs (Equipamentos de Protecao Individual), como luvas, mascaras, gorro, jaleco e éculos de protegao
pelos mesmos, de acordo com a Resolugdo CEPE/UEPG n.057, de 13 de julho de 2004; além do uso de
instrumentais clinicos e laboratoriais esterilizados. Além de que a referida pesquisa sera realizada in vitro,
ndo acarretando assim nenhum risco para o paciente, pois a mesma necessitara apenas do elemento dental
extraido por indicacdo periodontal ou por outra especialidade odontoldgica, antes da realizagdo do
experimento; sendo os mesmos oriundos do Banco de Dentes Humanos (BDH) da Universidade Estadual de
Ponta Grossa (UEPG).

Como beneficios, os autores citam que a realizagdo desse estudo possibilitara um conhecimento mais
aprofundado sobre o efeito da aplicagao de diferentes concentragcdes de EDTA, previamente a cimentagao
de pinos de fibra de vidro, na adeséo ao canal radicular. Os dados e resultados obtidos serdo encaminhados
para publicagdes e apresentados em eventos cientificos, gerando um crescimento técnico-cientifico na area
estudada.

Comentarios e Consideragoes sobre a Pesquisa:

Os autores apresentam como metodologia proposta para o estudo: 1. Selegédo dos dentesSerao
selecionados 140 dentes permanentes unirradiculares, obtidos no Banco de Dentes Humanos da
Universidade Estadual de Ponta Grossa, Parana, Brasil.2. Preparo dos dentes e tratamento endodénticoOs
dentes serdo seccionados perpendicularmente em relagao ao seu longo eixo imediatamente abaixo da JCE,
de modo a criar um acesso ao canal radicular. O esvaziamento dos condutos sera realizado com limas tipo
K # 10, associando solugdo de hipoclorito de sédio (NaOCI) 1% para suspensédo da matéria organica. A
instrumentagédo dos canais sera realizada com NaOCI
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1%, sendo o preparo apical realizado até lima # 40; e, em seguida, até lima # 55 pela técnica de
escalonamento. Apds esse procedimento, sera efetuada a neutralizagdo dos canais com soro fisiolégico,
irrigacédo e aspiracao final com solugao de acido etilenodiaminotetraacético (EDTA) 17% durante 3 min
seguidos de irrigagéo final com soro fisiologico. Terminada a instrumentagéo, os canais serédo secos com
pontas de papel absorvente e obturados somente os 4 mm apicais por meio do primeiro passo da técnica de
condensagao vertical de Schilder, utilizando cones de guta-percha aquecidos e cimento obturador a base de
resina epoéxica, o qual sera manipulado de acordo com as instrugdes do fabricante. Serdo realizadas
tomadas radiograficas periapicais dos canais radiculares para verificagdo da completa auséncia de material
obturador além dos 4 mm apicais dos canais. Em seguida, sera realizado um vedamento da entrada dos
canais radiculares de todos os dentes com cimento de ionémero de vidro convencional.3. Preparo do canal
radicular . O preparo dos canais radiculares sera realizado com as brocas de preparos indicadas pelo
fabricante do sistema de pinos Whitepost DC (FGM). O comprimento de trabalho sera de 10 mm para todos
os dentes, respeitando o limite apical do material obturador de 4 mm. 4. Preparo da solugao irrigadoraAs
solucdo irrigadoras de 4cido etilenodiaminotetraacético (EDTA) serdo manipuladas no laboratério de
Quimica Farmacéutica e Farmacodindmica (salas 76 e 22, respectivamente) — Campus de Uvaranas — Bloco
M, Universidade Estadual de Ponta Grossa. As porcentagens manipuladas serdo de 17%, 30% e 50%. 5.
Grupos ExperimentaisExperimento 1 Nessa etapa as raizes serao aleatoriamente divididas em oito grupos
(n=10), de acordo com a combinagdo dos seguintes fatores: irrigagdo prévia a cimentagédo - nenhuma (N),
EDTA 17%, EDTA 30% e EDTA 50%; e sistema de cimentagéo (sistema adesivo universal na maneira
autocondicionante associado com seu respectivo cimento resinoso) - Single Bond Universal/RelyX Ultimate
(SBR) e Adhese Universal/ Variolink (AUV). Experimento 20s grupos (n=10) ser&o dividos de acordo com o
sistema de cimentacao autoadesiva: RelyX U200 ou SpeedCEM e a solugdo irrigadora: nenhuma e a que
obtiver melhores valores no Experimento 1.Experimento 3Sera realizada a longevidade em 1 ano do sistema
de cimentagao que obtiver os melhores valores no Experimento 2.6. Preparo dos espécimes pros diferentes
testesOs espécimes serdo seccionados perpendicularmente em relacdo ao seu longo eixo em seis fatias.
Em cada grupo (n=10), 8 dentes serdo avaliados em resisténcia de unido (teste de push out) e 2 dentes
serdo avaliados em nanoinfiltragéo.

Consideragoes sobre os Termos de apresentacéo obrigatéria:

- apresenta folha de rosto adequadamente preenchida.

- propde dispensa de TCLE, ja que utilizara material do banco de dentes.

- apresenta concordancia do Banco de Dentes da UEPG para a condugao da pesquisa.
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Recomendacodes:

recomenda-se, ao final do estudo, o envio de relatério para a COEP, via plataforma Brasil,

PROPESP UEPG, para evitar pendéncias junto 8 PROPESP.

Conclusées ou Pendéncias e Lista de Inadequagées:
projeto adequado a sua execugao, sob a andlise dos aspectos éticos.

Consideracgoes Finais a critério do CEP:

e para a

Enviar relatério final apds a conclusao do projeto de pesquisa para evitar pendéncias com a PROPESP ou

com a COEP via notificacéo pela Plataforma Brasil (online).

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situagao
Informagdes Basicas| PB_INFORMAGOES_BASICAS_DO_P | 13/05/2016 Aceito
do Projeto ROJETO 716589.pdf 11:34:17
Declaragéo de BDHYan.pdf 13/05/2016 |Giovana Mongruel Aceito
Manuseio Material 11:33:34 [Gomes
Bioldgico /

Biorepositério /

Biobanco

Projeto Detalhado / | ProjetoYan.doc 13/05/2016 | Giovana Mongruel Aceito

Brochura 11:33:11 |Gomes

Investigador

Folha de Rosto FolhadeRostoYan.pdf 13/05/2016 |Giovana Mongruel Aceito
11:32:06  |Gomes

Situagao do Parecer:
Aprovado

Necessita Apreciacao da CONEP:
Nao

PONTA GROSSA, 20 de Maio de 2016

Assinado por:

ULISSES COELHO
(Coordenador)
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ANEXO B - DECLARACAO DO BANCO DE DENTES HUMANOS DA
UNIVERSIDADE ESTADUAL DE PONTA GROSSA.
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