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RESUMO

Devido ao seu curto periodo de presa, o Biodentine permite aos endodontistas
realizar o tratamento do canal radicular na mesma visita que o reparo da perfuracap
de furca. O objetivo deste estudo foi avaliar o emprego do Biodentine no reparo de
perfuragdes de furcas, através de analises de superficie e interface, avaliando o
efeito de diferentes protocolos de irrigagdo, associados ao uso de NaOCl e
diferentes agentes acidos / quelante na resisténcia de unido e morfologia do
Biodentine. Perfuragbes na regido de furca com diamentro de 1,5 mm foram
produzidas em 60 molares inferiores permanentes. As paredes da area perfurada
foram contaminadas com sangue. Para o selamento das perfuragbes empregou-se o
Biodentine, que foi manipulado de acordo com as recomendacgdes do fabricante. As
perfuracdes foram seladas e apds 10 minutos, tempo de presa do material, as
amostras foram avaliadas em relagdo a topografia por microscopia eletrénica de
varredura (MEV). Em seguida as amostras foram divididas em 6 grupos de acordo
com o regime de irrigacdo. No grupo de controle, todo procedimento de irrigagao foi
realizado com agua destilada. Nos outros 5 grupos, utilizou-se NaOCI 5,25% como
irrigante inicial, seguido de agua destilada no grupo DW; EDTA 17% no grupo EDTA,;
acido fosforico 37% no grupo PA; acido citrico 10% no grupo CA; e acido maleico
7% no grupo MA. ApOs os regimes de irrigagdo, os dentes foram novamente
avaliados por MEV. As fotomicrografias foram avaliadas comparativamente, em
relagdo a presenga de alteragcdes antes e apos os regimes de irrigagéo, utilizando
um sistema de escore. O teste de resisténcia de unido por push-out foi realizado 7
dias apdés o preparo das amostra e os dados foram analisados estatisticamente
usando os testes de Kruskal-Wallis e Dunn (p < 0,05). Todos os regimes de irrigagao
modificaram a topografia do Biodentine. Os efeitos do protocolos de irrigagdo na
superficie do Biodentine levaram a alteragdes na interface desse material com a
dentina. Os regimes que utilizaram agua destilada e EDTA como irrigante final
mostraram valores de resisténcia de unido estatisticamente inferiores aos demais
grupos. Os grupos controle, PA, CA e MA néo diferiram estatisticamente. Conclui-se
que todos os regimes de irrigagdo modificaram a topografia do Biodentine.
Protocolos de irrigagao utilizando NaOCI e NaOCI associado ao EDTA levaram a
uma reducdo nos valores de resisténcia de unido do Biodentine a dentina.

Palavras-chave: adesao, irrigantes, biodentine, reparo de furca, topografia.



ABSTRACT

Due to its short setting time, Biodentine permits endodontists to perform the root
canal treatment in the same visit of the furcal repair. The aim of this study was to
evaluate the use of Biodentine in furcal repair through surface and interface
analyzes, evaluating the effect of different irrigation protocols, associated to the use
of NaOCI and different acids / chelating agents on the push-out bond strength and
morphology of Biodentine. Furcal perforations with diameter of 1.5 mm were
produced in 60 permanent mandibular molars. The walls of the perforated area were
contaminated with blood. Biodentine was used for the perforations sealing, which
was manipulated according to the manufacturer's recommendations. The
perforations were sealed. After 10 minutes, the setting time, the samples were
topographically evaluated by scanning electron microscopy (SEM). The samples
were then divided into 6 groups according to the irrigation regime. In control group,
all irrigation procedure was performed using distilled water. In the others 5 groups,
5.25% NaOCI was used as initial irrigant followed by distilled water in DW group;
17% EDTA in EDTA group; 37% phosphoric acid in PA group; 10% citric acid in CA
group; and 7% maleic acid in MA group. Once more, after the irrigation regimens, the
teeth were evaluated by SEM. The photomicrographs were evaluated comparatively,
in relation to the presence of alterations before and after the irrigation regimes using
a score system. Push-out bond strength (POBS) test was performed 7 days after
sample preparation and data were statistically analyzed using Kruskal-Wallis and
Dunn tests (p < 0.05). All irrigation regimens modified the topography of Biodentine.
The effects of irrigation protocols on Biodentine surface led to changes in the
interface of this material with dentin. The regimens that used DW and EDTA as final
irrigant showed bond strength values statistically lower than the other groups. Control
PA, CA, and MA groups did not differ statistically. In conclusion, all irrigation
regimens modified the topography of Biodentine. Irrigation protocols, using NaOCI
and NaOCI associated with EDTA, led to a reduction in bond strength values from
Biodentine to dentin.

Keywords: Adhesion, irrigatants, biodentine, furcal repair, topography.
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1 INTRODUGAO

A terapia endoddntica desempenha um papel vital na manutencdo da
integridade da denticdo natural. No entanto, durante o tratamento endoddntico
podem ocorrer complicagdes, dentre elas a perfuracdo na area de furca. Tal
complicacido consiste em uma comunicagado do espago endodbéntico com o espacgo
periodontal no assoalho da camara pulpar (SANGHAVI et al., 2013; JEEVANI et al.,
2014). Tem sido relatado que as perfuragbes sdo a segunda maior causa de
insucesso na terapia endodontica (SELTZER, 1967; JEEVANI et al., 2014). Para
prevenir a contaminacao bacteriana, a perfuracao deve ser reparada o mais rapido
possivel com um material biocompativel (BALACHANDRAN e GURUCHARAN,
2013). Apos o selamento da perfuragdo, o tratamento endoddntico deve ser
realizado de maneira adequada com o uso de solugbes irrigadoras auxiliares para
desinfectar o sistema de canais radiculares (YAN et al., 2006), onde ha o contato
dos irrigantes com o material de reparacgéo.

Dentre os materiais propostos para o reparo de perfuragdes, o agregado de
trioxido mineral (MTA) & o mais utilizado devido a sua biocompatibilidade, qualidade
de vedacdo proporcionada e sua capacidade de presa na presenga de sangue
(FERRIS e BAUMGARTNER, 2004; YAN et al., 2006; GRECH et al., 2013). No
entanto, este material tem algumas desvantagens, tais como longo tempo de presa e
dificuldade de manipulagdo (FERRIS e BAUMGARTNER, 2004; YAN et al., 2006;
GRECH et al., 2013). Com o objetivo de melhorar tais deficiéncias do MTA, novos
materiais a base de silicato de calcio foram desenvolvidos nos ultimos anos dentre
eles o Biodentine (Septodont, Saint Maur des Fosses, Francga).

Em relagdo a composicédo do Biodentine, quando comparado ao MTA, Grech,;
Mallia; Camilleri (2013) avaliaram a constituigdo elementar desses cimentos e
observaram que os cimentos investigados tinham uma composigcdo de Oxido
semelhante, sendo o 6xido de calcio e oxido de silicio os principais constituintes. O
MTA Angelus apresentava 6xido de aluminio em sua composi¢do. Os cimentos
avaliados continham radiopacificadores. Em relagcdo ao teor de arsénio e de
chumbo, todos os materiais apresentaram um teor aceitavel das substancias.
Ainda, Camilleri; Sorrentino; Damidot (2013) verificaram que os cimentos n&o
hidratados eram compostos por silicato tricalcico e radiopacificador. O Biodentine
apresentava oxido de zircdnio enquanto o MTA apresentava 6xido de bismuto. Além
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disso, o Biodentine mostrava a presenca de particulas de carbonato de calcio e o
MTA Angelus exibia a presenga de silicato dicalcico, aluminato tricalcico, calcio,
aluminio e 6xidos de silicio.

Em relacdo ao tempo de presa, de acordo com o fabricante o Biodentine
apresenta um tempo de presa de 10 minutos. No entanto, Grech; Mallia; Camilleri
(2013) encontraram um tempo de presa de 45 minutos para o Biodentine. Ja Jang et
al. (2014) encontraram um tempo de 15 + 1 min. Ao passo que Kaup et al. (2015)
mostraram valores de 85,66 +6,03 min. Tendo ainda sido relatado por Butt et al.
(2014) um tempo de presa inicial de 8,5 £ 2,4 min.

Entre outras caracteristicas do Biodentine, incluem-se alta resisténcia a
compressao, biocompatibilidade, bioatividade e propriedades de biomineralizagao
(LAURENT et al., 2008; HAN E OKIJI, 2011; KOUBI et al., 2012; LAURENT et al.,
2012; GUNESER et al., 2013) .

Considerando a aplicagao clinica do Biodentine, sabe-se que a resisténcia de
unido (RU) do material reparador de furca com a dentina é um fator importante na
obtencédo de uma vedacao adequada entre as superficies interna e externa do dente
(ASGARY et al., 2008; SAGHIRI et al., 2010; SHAHI et al., 2012). Neste sentido, o
teste de resisténcia de unido por push-out tem sido considerado uma técnica
adequada para a avaliagdo da adesdo entre os materiais dentarios e a dentina
(SHOKOUHINEJAD et al., 2010, HASHEN e AMIN, 2012).

Devido ao curto tempo de presa do Biodentine, em uma mesma consulta &
possivel realizar o reparo da perfuragao e o tratamento endoddntico ou pelo menos
0 preparo quimico-mecanico. Tendo em vista o uso de diferentes irrigantes durante o
preparo dos canais radiculares, estudos avaliaram o efeito dos irrigantes na
superficie do Biodentine. Guneser et al. (2013) avaliaram o efeito do NaOCI a 3,5%,
da clorexidina 2% e solugao salina sobre a RU do Biodentine e do ProRoot MTA e
observaram que os irrigantes avaliados n&o mostraram efeito significativo no
Biodentine e que a clorexidina mostrou efeito deletério no MTA. Ainda, Elnaghy
(2014) observou que o QMix n&o afetou os valores de RU do Biodentine.

Nagas et al. (2017) observaram que o Biodentine apresentou RU
significativamente maior do que ProRoot MTA e que ativagdo do NaOCI 5,25% com
laser ndo afetou os niveis de RU.

Em relagdo a capacidade seladora do Biodentine e MTA, Al-Zubaidi e Al-

Azzawi (2014) observaram que n&o houve diferenca entre o grau de infiltracdo de
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corante entre os materiais avaliados e que o soro e o NaOCl aumentaram a
capacidade seladora dos materiais, enquanto o EDTA aumentou significativamente a
penetracado de corante no Biodentine e no MTA.

Avaliando a contaminagéo da perfuragdo por sangue, Aggarwal et al. (2013)
observaram que a presenga de sangue afetava negativamente a resisténcia de
unido do Biodentine. No entanto, de acordo com Ustiin et al. (2015) a contaminagéo
sanguinea nao afetou a resisténcia de unido deste material.

Embora estudos prévios tenham avaliado o efeito de alguns irrigantes, até o
presente momento a analise de resisténcia de unido de acidos, utilizados para
remogao de smear layer, como o acido fosférico e o acido citrico, e o efeito desses
acidos em comparagdo ao EDTA €& desconhecido. Ainda, embora o efeito de
irrigantes tenha sido avaliado, nenhum estudo avaliou diferentes protocolos de
irrigacéo, associando do uso do NaOCI a agente quelante/acidos.

Assim sendo, torna-se proposta deste estudo avaliar, por analises de superficie e
interface, o efeito de diferentes protocolos de irrigagédo, associando o NaOCI 5,25%
a diferentes acidos/agente quelante, na topografia do Biodentine e resisténcia de

unido entre este material e a dentina, no reparo de furca.
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2 PROPOSICAO

O objetivo deste estudo foi avaliar o emprego do Biodentine no reparo de
furcas, através de analises de superficie e interface, avaliando o efeito de diferentes
protocolos de irrigacdo, associados ao uso de NaOCI e diferentes agentes acidos /

quelante na resisténcia de unido e morfologia do Biodentine.

2.1 Objetivos especificos:

+ Avaliar o efeito de diferentes protocolos de irrigagdo, associando o NaOCI
5,25% a diferentes acidos/agente quelante, por microscopia eletrénica de varredura
na superficie e interface do Biodentine, quando utilizado no reparo de furcas, com a
dentina;

» Avaliar o efeito desses diferentes protocolos na resisténcia de unido por
push-out entre o Biodentine e a dentina.
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3 MATERIAL E METODOS

3.1 SELECAO DA AMOSTRA

Foram utilizados 60 (sessenta) molares inferiores permanentes humanos
coletados no Banco de Dentes Humanos (Biobanco) da Faculdade de Odontologia
da Universidade Federal de Juiz de Fora. Este projeto foi aprovado pelo Comité de

Etica em Pesquisa Humana desta Universidade (Protocolo 1.840.821).

3.1.1 Critérios de inclusao

a) molar inferior permanente;

b) raizes mesial e distal completamente separadas
c) dentes sem tratamento endodéntico;

d) dentes sem calcificagdes e reabsorgoes;

3.1.2 Critérios de exclusao

a) demais dentes unirradiculares e multirradiculares;

b) dentes tratados endodonticamente;

3.2 DESCRIGCAO DO EXPERIMENTO

3.2.1 Preparo das amostras

As coroas foram removidas na jungdo cemento-esmalte e as raizes foram
padronizadas em 6 mm a partir da regido inferior da furca com auxilio de maquina de
corte e disco diamantado (Isomet 2000; Buehler, Lake Bluff, IL, EUA) (Figura 1A).
Em seguida, os ultimos 3 mm das raizes foram incluidos em moldes com resina
epoxi (Redelease, Sdo Paulo, SP, Brasil) a fim de que 3 mm da raiz permanecesse
fora da resina epoxi (Figura 1 — B e C).
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A perfuragéo na regido de furca foi realizada com caneta de alta rotagado sob
refrigeracdo utilizando-se uma broca de 1,5 mm de didametro (no. 1014, KG
Sorensen, Sao Paulo, SP, Brasil), perpendicular ao soalho e paralela ao eixo
longitudinal do dente (Figura 1D). Em seguida, um pedaco de esponja colagena
(Hemospon, Technew, Rio de Janeiro, RJ, Brasil) foi introduzida pela perfuragao
utilizando um condensador de Schilder (humero 3, Odous De Deus, Belo Horizonte,
MG, Brasil), a fim de produzir um anteparo para a colocagao do material (Figura 1E).

Figura 1 — Passo a passo da inclusdo das amostras: (A) Corte das amostras; (B) colagem de fita

adesiva na parte inferior do cilindro, fixagdo do dente e visualizagcdo do dente apds inclusdo com
resina epoxi; (C) imagem mostrando a presenga de 3 mm entre a regido inferior da forma e area de
raiz incluida em resina epoxi; (D) Perfuragédo realizada com auxilio de caneta de alta rotacdo; (E)
Preenchimento com esponja colagena da area abaixo da furca, para servir de anteparo para

colocacao do material reparador.

Apos o preparo das perfuragdes e criagdo do batente com esponja colagena,
as perfuragdes foram preenchidas com o sangue do pesquisador (Figura 2 - A).
Apds 1 minuto, as amostras foram irrigadas com 5 mL de agua destilada usando
uma seringa de 5 mL e agulha de calibre 27G (Gauge) para remover o excesso de
sangue (Figura 2 - B) e secas com cone de papel absorvente (EndoPoints,
Manacapuru, AM, Brasil). Com o auxilio de uma sonda milimetrada periodontal (Hu-

Friedy), mediu-se as alturas das paredes da area perfurada.
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Figura 2 — Contaminacdo das perfuragbes com sangue (A) seguida de lavagem e secagem da
cavidade (B).

O Biodentine (BD) foi manipulado de acordo com as recomendagdes do
fabricante, que consiste em dispensar 5 gotas do liquido na capsula contendo o po.
Fechar a capsula, levar ao amalgamador e agitar durante 30s. Apds este periodo

remover do amalgamador, abrir a capsula e o produto esta pronto para o uso (Figura
3).
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Figura 3 — Instrucbes de uso e apresentagao comercial do produto (Biodentine Septodont).

O material foi introduzido nas perfuracées com o auxilio do condensador de
Schilder (Figura 4). Terminado o reparo, as amostras permaneceram em estufa a
37°C envoltas por gaze umedecida durante 10 minutos para a presa do material. Em
seguida as amostras foram levadas a analise inicial por microscopia eletronica de
varredura (MEV).
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Figura 4 — Introdugao do material reparador na perfuragéo (C) e com vista final (D) imediatamente

apods o reparo.

Terminada as analises iniciais em MEV, as amostras foram divididas em 6

grupos experimentais (Quadro 1), de acordo com o protocolo de irrigagéo utilizado.

Quadro 1 — Protocolos de irrigagao

Irrigante inicial Irrigante final

DW NaOCI 5,25% Agua destilada
EDTA NaOCl 5,25% EDTA17%
PA NaOCl 5,25% Acido fosforico 37%
CA NaOCI 5,25% Acido citrico 10%
MA NaOCl 5,25% Acido maleico 7%
Controle Agua destilada Agua destilada

No grupo controle foram utilizados 10 mL de agua destilada, durante 20
minutos, com troca a cada 2 minutos, totalizando 10 irrigagdes (1 mL por irrigagéo),
simulando o tempo de contato do irrigante com a dentina durante o preparo quimico-
mecanico e 3mL de agua destilada como irrigante final, numa vazdo de 1 mL por

minuto, totalizando 3 minutos.
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Nos demais grupos, as raizes foram irrigadas com NaOCI 5,25% pelo mesmo
tempo e volume descrito no grupo controle, isto €, durante 20 minutos, com troca do
irrigante a cada 2 minutos, totalizando 10 irriga¢des (1 mL por irrigagao).

No grupo DW, foram utilizados 3 mL de agua destilada como irrigante final.
Nos demais grupos, foram utilizados 3 mL dos diferentes acidos/ quelante avaliados
(1 mL por minuto, totalizando 3 minutos).

Apods os regimes de irrigagao, as amostras foram irrigadas com 1 mL de agua
destilada para remover os vestigios de irrigantes.

Todo o regime de irrigacao foi realizado com seringas de 5 mL e agulha de
calibre 27G. A agulha foi introduzida no canal distal, no final do tergo cervical (Figura
5). Terminado o procedimento de irrigagao, as amostras foram secas com jatos de

ar.

Figura 5 — Irrigac&o do canal radicular.

3.2.2 Andlise por microscopia eletrénica de varredura

Os dentes foram fixados em stubs metalicos e analisados no microscopio
eletrénico de varredura JEOL (Téquio, Jap&o), em modo de baixo vacuo (Figura 6).
Duas imagens foram adquiridas por amostra, com ampliagdo de 50x, para analise
de toda a area selada com o material, e em ampliacdo de 1.000x, para avaliar a
morfologia na superficie do BD. A imagem de 1.000x foi selecionada a partir da area
central da imagem de 50x.
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Por se tratar de analise em baixo vacuo nao foi relizada a metalizagado das
amostras. Ainda, tal procedimento de analise permitiu a avaliagdo dos dentes antes
e apos os diferentes protocolos de irrigagdo avaliados nesta pesquisa.

As imagens foram avaliadas qualitativamente, de forma comparativa, em
relagdo a modificagdes na superficie antes e apos os regimes de irrigacdo. As
imagens foram importadas para o programa Power point (Microsoft, EUA). Para
facilitar a comparagéao entre as imagens, em um mesmo slide a imagem inicial (antes
da irrigagao e final (ap0s irrigagcéo) era colocada lado a lado. Este procedimento foi
realizado para todas as imagens, nos diferentes aumentos. As imagens de 50x
foram avaliadas em relagdo a modificagdes na interface material/dentina e as
imagens de 1.000x em relagdo a alteragbes na topografia do material. Quando
modificagdes em relagdo as imagens inicial e final eram observadas, o escore 1 era
adotado. Na auséncia de modificagdes, o escore 0 era escolhido. A avaliagao foi
realizada por 2 avaliadores independentes, previamente calibrados. O teste Kappa
foi utilizado para avaliar o grau de confiabilidade entre os avaliadores.

Figura 6 — Amostras posicionadas para analise no microscopio eletrénico de varredura.
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3.2.3 Analise de resisténcia de uniao por push-out

As amostras foram mantidas em estufa a 37°C com umidade relativa de 100%
por 7 dias. Em sequéncia, as esponjas foram removidas e realizou-se o teste de
resisténcia de unido por push-out.

Para o teste de push-out foi utilizada uma maquina de Ensaios Universal
(Instron, José dos Pinhais, PR, Brasil) a uma velocidade de 0,5 mm/min e célula de
carga de 200 Kgf. Um aparato com uma ponta de 1,2 mm de didmetro foi
confeccionado para se ajustar ao local da perfuragédo. A ponta foi posicionada sobre
o material de reparagao de perfuragao (Biodentine) e uma forga foi aplicada no dente
(Figura 7). A forca maxima até o momento da ruptura foi computada.

Figura 7 — Ensaio de resisténcia de unido por push-out: Posicionamento do aparato na regido de

furca.
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Para calcular a resisténcia de unido em Mega Pascal (MPa), a carga no
momento da extrusdo obtida em Newton (N) foi transformada, dividindo-a pela area
adesiva (AA).

MPa= Carga (N)
AA (mm?)

A area adesiva foi encontrada pela férmula:
AA= 21rrh

Onde 1 = 3,14; r = 0,75 (tendo em vista a padronizagao da perfuragdo com 1,5mm)
e h = altura da furca na perfuragéo

Apos o teste de push-out, as amostras foram observadas em estereoscépio
(SMZ800, Nikon Instruments, Sdo Paulo, SP, Brasil) com ampliacdo de 10x para
determinar o padrao de fratura O padrdo de fratura foi classificado em trés tipos
(Figura 7): fratura adesiva - falha na interface dentina-biodentine; fratura coesiva -

falha no material; e fratura mista - uma combinacgao dos 2 padrdes anteriores.

Figura 7 — Padrao de fratura: Adesiva (A), coesiva (B) e mista (C)

3.3 PROCESSAMENTO E ANALISE DE DADOS

Os testes de Kolmogorov-Smirnov e Levene foram utilizados para avaliar a
normalidade e a heterocedasticidade dos dados. Os resultados de RU foram entédo
analisados estatisticamente utilizando testes de Kruskal-Wallis e Dunn (a = 0,05). A
analise topografica foi realizada de forma descritiva, qualitativamente.
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SUMMARY

The aim of this study was to evaluate the effect of various endodontic
irrigation regimens, using NaOCI followed by different agents for smear layer
removal, on surface and interface of Biodentine with dentine. Furcal perforations with
diameter of 1.5 mm were produced in 60 permanent mandibular molars. The walls of
the perforated area were contaminated with blood. Then, perforations were irrigated
with distilled water. Biodentine was mixed according to manufacturer's
recommendations and packed into the perforations using a Schilder plugger. After 10
minutes, the setting time, the samples were topographically evaluated by scanning
electron microscopy (SEM). After, the samples were divided into 6 groups according
to the irrigation regime. In control group, all irrigation procedure was performed using
distiled water. In the others 5 groups, 5.25% NaOCI| was used as initial irrigant
followed by distilled water in DW group; 17% EDTA in EDTA group; 37% phosphoric
acid in PA group; 10% citric acid in CA group; and 7% maleic acid in MA group. Once
more, after the irrigation regimens, the teeth were evaluated by SEM. SEM images
were analyzed qualitatively using a score system (Score 0 — no modification; score 1-
there is modification). Push-out bond strength (POBS) test was performed 7 days
after sample preparation and data were statistically analyzed using Kruskal-Wallis
and Dunn tests (p < 0.05). All irrigation regimens produced changes on surface and
interface of Biodentine. The regimens that used DW and EDTA as final irrigant
showed the lower push-out bond strength values. PA, CA, MA and control groups did
not differ statistically. It was concluded that all irrigation regimens modified the
surface of Biodentine. The regimens using NaOCI or NaOCI/EDTA compromised the
push-out bond strength results when compared with control group.

Keywords: acids, Biodentine, blood contamination, chelating agent, furcal perforation

repair.
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INTRODUCTION

Furcal perforation is a procedural complication that can occur during
endodontic treatment or post space preparation (1). The prognosis of perforation
repair depends on the location of the perforation, time delay before perforation repair,
and the ability of the material to seal the defect (2,3).

Perforations in the cervical areas of the root canal and in the floor of the pulp
chamber have worse prognosis compared with those in other areas of the root canal,
because of proximity to the gingival sulcus, which might result in the loss of epithelial
attachments and bone loss (4,5). Therefore, the resultant periodontal breakdown can
compromise the treatment outcome (6). Furthermore, the delay of perforation repair
can cause microbial contamination of the defect resulting in endoperio lesions. Furcal
perforation should be repaired as soon as possible, before root canal treatment or
post space preparation (2,7).

Gorni et al. (8) investigated patient/clinical characteristics affecting treatment
outcomes and long-term prognosis of mineral trioxide aggregate (MTA) in treating
root canal perforations. They provided good evidence of the combined effectiveness
of experienced operators and use of state-of-the-art materials

Many dental materials have been suggested and used for perforation repair
including amalgam, Cavit (ESPE, Seefeld, Germany), composite resin, glass ionomer
cement, calcium hydroxide, Super EBA (Harry J Bosworth, Skokie, IL), and MTA
(1,3,9-11). MTA has been widely used as a biomaterial to repair perforations
because of its excellent biocompatibility, superior sealing abilities, and ability to set in
the presence of blood (9,10,12). However, this material presents long setting time
and difficulty of handling (5,13).

A variety of new calcium silicate-based materials have been developed to
improve MTA shortcomings. Biodentine (Septodont, St.-Maur-des-Fossés, France) is
an outcome of this process. It is a calcium silicate-based cement that use
synthetically created pure raw materials, differently from MTA. Its composition
consists of tri- and dicalcium silicate as the main material, calcium carbonate as filler
(for enhancing mechanical properties and accelerating the hardening of the cement),
and zirconium dioxide as a radiopacifier (14). Different from MTA, which uses only

distilled water for setting, Biodentine uses a mix of distilled water, calcium chloride
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and a hydrosoluble polymer. Calcium chloride acts as an accelerator of the setting
reaction (14,15). Due to the short setting time, around 10 to 12 minutes (1),
endodontists can immediately repair the furcal perforations and perform the root
canal treatment.

After the repair of furcal perforation, the endodontic treatment could be
performed with various irrigants such as 2% chlorhexidine or sodium hypochlorite
(NaOCil) to disinfect the root canal system. Afterwards chelating agents or acids are
used for smear layer removal (1,7,12). However, the irrigation procedure causes
unavoidable contact of irrigants with the repair materials. There is limited information
about the effect of irrigation regimens and the irrigation procedure itself on
Biodentine. Thus, the purpose of this in vitro study was to evaluate the effect of
various endodontic irrigation regimens, using NaOCI followed by different agents for
smear layer removal, on surface and interface of Biodentine (BD) with dentine.

MATERIALS AND METHODS

Sample preparation

The present study was approved by the Human Research Ethics Committee
of Federal University of Juiz de Fora (UFJF) protocol 1.840.821. Sixty permanent
human mandibular molars were used. A formula was applied to calculate the sample
size (16). This sample size was also used on previous similar studies (1,17-19).

The crowns were removed at cementoenamel junction using diamond disc
(Horico Dental, Germany) under water cooling. The roots were standardized to 6 mm
from the lower region of the furcation. The last 3 mm of roots were mounted in epoxy
resin blocks to leave 3 mm at furcal area out of epoxy resin.

Perforation was carried out by using a 1.5 mm bur (n. 1014 KG Sorensen, Sao
Paulo, SP, Brazil) perpendicular to the furcal floor and parallel to tooth long axis. A
piece of Hemospon (Technew, Rio de Janeiro, RJ, Brazil) was packed under the
furcal area by using a manual Schilder plugger (Odous De Deus, Belo Horizonte,
MG, Brazil). Then, blood, which was taken from one of the researchers, was injected
in the pulp chamber, to simulate clinical conditions (Figure 1A). After 1 minute, teeth
were irrigated with distilled water using a 27-gauge side vented needle (Vista Dental,
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USA) to remove the excess of blood. Perforation was then dried with paper points
(Endo Points, Manacapuru, AM, Brazil) (Figure 1B).

Biodentine (Septodont, Saint-Maur-des-Fossés, France) was mixed according
to manufacturer's recommendations using an amalgamator (Amalga Mix Il, Gnatus,
S&o Paulo, SP, Brazil). Five drops from the liquid were poured into the capsule and
the capsule was vibrated for 30 seconds at 4000 rpm. The freshly mixed BD had a
putty-like consistency and was packed into the perforations using a Schilder plugger
(Figure 1C) until the cavity and the margins were completely filled (Figure 1D).
Subsequently, the samples were wrapped in wet gauze, placed in an incubator, and
allowed to set for 10 minutes at 37°C with 100% humidity (1).

Irrigation procedure

After material setting, scanning electron microscopy initial analysis was made.
Then (around 1 hour after material setting), irrigation protocols were performed. In
control group, initially 10 mL of distilled water was used. Samples were irrigated for
20 minutes, (1mL/2min), with a total of 10 mL of irrigating solution, simulating the
contact time of irrigant with dentine during chemomechanical preparation. Then, 3
mL of distilled water was used as final irrigant (1 mL per minute).

In the five other groups, roots were initially irrigated with 5.25% NaOCI for 20
minutes (1mL/2min), with a total of 10 mL of NaOCI. Then, in DW group, 3 mL of
distilled water was used. In the others groups, 3 mL of irrigant for smear layer
removal (1 mL/min) was used (17% EDTA, 37% phosphoric acid, 10% citric acid, and
7% maleic acid). After final irrigation regimens, samples were irrigated with 1 mL of
DW for 1 minute to remove the traces of irrigants (Table 1).

All irrigation procedures were performed using a 27-gauge vented needles
(Vista Dental, USA) and 5 mL syringes. Needle was introduced in the distal canal, at
the end of the cervical third (Figure 1E). After the irrigation procedure, samples were
air-dried for 10 seconds to remove the final irrigant (Figure 1F).

Scanning electron microscopy (SEM) analysis

The specimens were mounted on metal stubs, uncoated and immediately

analyzed with scanning electron microscope (JEOL, Tokyo, Japan), in low-vacuum
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mode. Four images were taken per sample. Before the irrigation procedure, first
image was taken with 50x magnification, to observe the overall surface and interface
of dentine-BD, and second with 1,000x magnification, to evaluate the surface
morphology of BD. After irrigation, third (50x) and fourth (1,000x) images were taken.
Both 1,000x images were magnifications of the center of the 50x images. In total,
there were 40 images per group.

Images were evaluated qualitatively with respect to modification on surface
before and after the irrigation regimens. First, the images were imported to
PowerPoint Sofware (Microsoft, USA) to facilitate to the before-after comparison. In
each slide, the initial and final images of the same tooth, with the same magnification,
were placed. This procedure was performed for both 50x and 1,000x images. Then,
initial and final images were compared in relation to the absence or presence of
modifications at the interface (50x magnification) and topography (1,000x
magnification) of the material. When modifications were observed in comparison of
final with initial image, Score 1 was adopted; in the absence of modification, Score 0
was chosen. It was a blinded evaluation performed by two independent observers.

Interexaminer reliability for the SEM evaluation was verified by Kappa test.
Data were analyzed using Kruskal-Wallis test (a = 0.05).

After SEM analysis, samples were stored for 7 days at 37°C with 100%

humidity in an incubator.
Push-out bond strength analysis

Bond strength was analyzed with the push-out test by using a universal testing
machine (Instron, Sdo José dos Pinhais, PR, Brazil) at a cross-head speed of 0.5
mm/min and a cylindrical post of 1.2-mm diameter and 20-mm length with 200-kgf
load cell. The highest force intensity before dislodgment was recorded in Newtons.

To express the bond strength in megapascals (MPa), the load value recorded
in Newtons (N) was divided by the area (mm?) of the bonded interface, using the
formula: A= 2trrh, where 1 is equal to 3.14, r is 0.75 (perforation was standardized
with diameter of 1.5mm) and h is the height of perforation.

All fractured specimens were observed under a stereoscope (SMZ800, Nikon
Instruments, S&o Paulo, SP, Brazil) at 10x magnification to determine the failure
mode. The failure mode was classified into three types, as presented in Figure 2.
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Adhesive failure (failure at dentine-material interface); cohesive failure (failure within
the material); and mixed failure (a combination of the 2 failure modes above). The
evaluation was carried out by a single evaluator.

The Kolmogorov-Smirnov and Levene’s tests were used to evaluate normality
and heteroskedasticity. The push-out bond strength data were then analyzed
statistically using Kruskal-Wallis and Dunn tests (a = 0.05).

RESULTS

The Kappa test showed perfect agreement between observers (Kappa=1).
Representative photomicrography (50x magnification) of the groups evaluated before
and after irrigation regimens are presented in Figure 3. The similar behavior was
observed for all images, in all groups (score 1 - modification of the final image in
relation to the initial image). In initial images, the interface BD/dentine is not clearly
evidenced, because BD covers it. After irrigation regimens, a partial removal of the
outer surface of BD can be observed for all the groups both in interface and on
surface of Biodentine, clearly evidencing the BD/dentine interface in the images.
Regarding the effect of irrigation regimens on Biodentine topography (Figure 4),
modifications on surface were observed in all groups.

Regarding the push-out bond strength analysis, there were significant
differences among the groups (Kruskal Wallis test; p=0.003). Table 2 shows the
push-out bond strength values of the groups (median, minimum and maximum) and
the failure mode associated. The regimens that associated NaOCI/DW and
NaOCI/EDTA showed the lowest values, which were statistically different to
NaOCI/PA, NaOCI/CA, NaOCI/MA and control. There was no statistical difference
between NaOCI/DW and NaOCI/EDTA. Similarly, there were no significant
differences in the regimens associating NaOCI/PA, NaOCI/CA, NaOCI/MA and
control group. All acids showed bond strength values statistically similar to control
group.

Regarding the failure mode, in all the groups it was mainly cohesive. In the
groups with higher bond strength values (PA, CA, MA) the adhesive mode was not
observed.
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Discussion

Due to its short setting time (1), BD makes it possible for endodontists to
perform the root canal treatment in the same visit when furcal perforation is repaired.
However, the use of irrigants and its association during preparation can affect the BD
properties (1,7,14,20,21). Hence, the aim of this study was to evaluate the effect of
various regimens of irrigation, associating the use of NaOCI with different agents for
smear layer removal, on surface and interface of Biodentine with dentine.

The methodology in the present study differed from Guneser et al. (1) and
Elnaghy et al. (20,22), in which root canal slices containing the material were
immersed in the irrigating solutions. In the present study, the authors opted to use
the furcal region and to perform the irrigation procedure as done in the clinical set up
(Figure 1E). Additionally, to simulate the clinical scenario, the perforation was filled
with blood (Figure 1A). After blood contamination, the perforation area was rinsed
with distilled water to remove the excess of blood and dried with paper point (Figure
1B), as performed clinically. Although this procedure removes the excess of blood,
some parts of dentine walls remained covered by blood. According to Rahimi et al.
(5), blood contamination can influence the retention characteristics of different
biomaterials in simulated furcation perforations. This finding was confirmed by Akcay
et al. (23) evaluating the BD. However, according to Ustiin et al. (24), blood
contamination did not affect the dislocation resistance of BD.

Roots were irrigated using 5.25% NaOCI during 20 minutes, with change after
2 minutes, with a total of 10 mL (1mL per irrigation), simulating the contact time of
irrigant with dentine during chemomechanical preparation in systems with multiple
instruments (25). The final irrigant was used for 3 minutes (1 mL per minute) based
on a previous study that observed an effective smear layer removal using EDTA, CA
and PA during this period of time (26).

In the present study SEM was used to evaluate the overall surface, the
interface of the material with dentine, and modifications caused by irrigation regimens
on topography. There are some disadvantages with SEM when using high vacuum:
its two dimensional nature; the potential separation of the filling material from the
dentine; crack formation in hard tissue and in the surface of the material evaluated
(27). In order to overcome these limitations, the SEM analysis was performed in the

low-vacuum mode. It is a non-destructive technique, which does not need samples
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dehydration and coating of samples with conductive materials. It minimizes any
changes caused to the material, such as stress induced by the quick loss of humidity
from the samples (28). Additionally, low-vacuum mode permitted that the same
sample was analyzed before and after irrigation regimen in the present study.

During the perforation repair procedure, the cavity was completely filled with
BD including the margins (Figure 1D and Figure 2A-F). Then, samples were stored
for 10 minutes to allow the setting of the material (1). After this period, the initial
images of SEM were performed in a period of around one hour. After this period,
samples were subjected to the irrigation procedure. During irrigation, in all groups an
excess of material was released from the surface, as well as in the interface of BD
with dentine. It can be clearly observed in Figure 1F and Figure 2A’-F’. Although
there is a loss of material, it was partial and did not compromise the perforation
repair.

The setting time of Biodentine is a controversial issue in the literature.
According to manufacturer, Biodentine would set in 10-12 minutes
(http://www.plandent.no/images/Marketing/Infosenter/Biodentin%20Scientific%20File
_web_dokumentasjon.pdf). Guneser et al. (1) considered 10 minutes as the setting
time. In the same year, Grech et al. (10) claimed that the material needs 45 minutes
to set. Jang et al. (29) found a setting time of 15 + 1 min. Already, Kaup et al. (14)
showed values of 85.66 + 6.03 min. In the present study, the loss of material verified
during the irrigation procedure may have occurred because the setting was not
concluded, in view of the fact that the setting time verified by Kaup et al. (14) was
longer than the time between material’s placement and irrigation protocols in the
present study (around 70-80 minutes). Considering that after 70 minutes the material
has not completely set, the authors believe that the furcal repair should be performed
in a session prior to the endodontic treatment.

Regarding the effect of irrigation regimens on BD surface, all irrigation
regimens caused modifications on BD surface. The present study findings are in line
with previous studies. Guneser et al. (1) and Elnaghy (22) observed modifications on
BD surface after immersion in different irrigants. Additionally, not only the different
irrigants, but also different pHs from the same irrigant can alter the BD topography
(20).

Although the irrigant is applied on BD surface, the present study evaluated if
the irrigation regimens could affect the interface dentine/BD using the push-out bond
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strength test, while previous studies observed that irrigants influenced the sealing
ability of MTA based materials used to repair furcal perforations (3,7). The push-out
test was performed seven days after the perforation repair, since Kaup et al. (14)
observed no significant difference in the bond strength of Biodentine after 7 days and
14 days. Also, the bond strength of Biodentine increased significantly from 2 days to
one week. The authors justify this last result due to the setting time of the material.

The push-out bond strength results showed that the regimens associating
NaOCl/distilled water and NaOCI/EDTA had the lowest values. When acids were
used as final irrigant, after the NaOCI usage, the POBS values were statistically
similar to control. The use of PA, CA and MA showed bond strength values
statistically similar and superior to EDTA. The inferior performance of EDTA may be
due to its demineralization effect on Ca-containing materials (7,12). Also,
Govindaraju et al. (30) observed that the contact of Biodentine with EDTA reduced
the compressive strength of the material. Similar to the present study, Alsubait (31)
observed a negative effect in the bond strength results of Biodentine to dentine after
immersion in 2.5% NaOCI. However, Guneser et al. (1) did not observe the influence
of 3.5% NaOCI on the push-out bond strength of BD. The differences in results can
be associated with differences in the methodology.

In all groups, the failure mode was mainly cohesive. In the groups with higher
bond strength values (PA, CA, MA) adhesive failure was not observed. The favorable
union of BD with dentine, evidenced by the predominance of cohesive failure, may be
due to the biomineralization ability of BD and calcium ion uptake into dentine leading
to the formation of tag-like structure (7,12).

In summary, all irrigation regimens modified the topography of Biodentine. The
regimens using NaOCI or NaOCI/EDTA compromised the push-out bond strength

results when compared with control group.
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RESUMO

O objetivo deste estudo foi avaliar o efeito de diferentes regimes de irrigagao
endodéntica, utilizando NaOCI, seguido por diferentes irrigantes usados para
remocado de smear layer, na superficie e interface do Biodentine com a dentina.
Perfuracdes de furca foram produzidas em 60 permanentes molares inferiores. As
paredes da area perfurada foram contaminadas com sangue. Em seguida, as
perfuragdes foram irrigadas com agua destilada, secas e divididas em 6 grupos. No
grupo controle, todo o procedimento da irrigagao foi realizado com agua destilada.
Nos outros 5 grupos, 5,25% NaOCI foi usado como irrigante inicial seguido por agua
destilada no grupo AD; EDTA 17% no grupo EDTA; acido fosférico 37% no grupo
AF; acido citrico 10% no grupo AC e o acido maleico 7% no grupo AM. Os
espécimes foram analisados pela microscopia eletrénica de varredura antes e apds
o procedimento de irrigagdo para avaliar a superficie e interface do Biodentine.
Imagens de MEV foram analisadas qualitativamente, usando um sistema de escores
(Escore 0 - sem modificagao; Escore 1 - com modificagdo). O teste de push-out foi
realizado 7 dias apdés o preparo das amostras. Os dados foram analisados
estatisticamente usando os testes de Kruskal-Wallis e Dunn (p < 0,05). Todos os
regimes de irrigacdo causaram modificagées na superficie e interface do Biodentine.
Os grupos AD e EDTA mostraram os menores valores de resisténcia de unido. Os
grupos controle, AC, AM e AF n&o diferiram estatisticamente. Concluiu-se que todos
os regimes de irrigagdo modificaram a topografia da Biodentine. Os regimes usando
hipoclorito ou NaOCI/EDTA comprometeram os resultados de resisténcia de unido
quando comparados com grupo controle.
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TABLES

Table 1: Irrigation regimens evaluated.

Smear layer removal

Groups Initial Irrigant irrigant Final irrigant
DW 5.25% NaOCl Distilled water Distilled water
EDTA 5.25% NaOCI 17% EDTA Distilled water
PA 5.25% NaOCl 37% phosphoric acid Distilled water
CA 5.25% NaOCI 10% citric acid Distilled water
MA 5.25% NaOCI 7% maleic acid Distilled water

Control Distilled water Distilled water

Distilled water

37
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Table 2: Push-out bond strength (POBS) values and failure mode observed in the

different groups.

Groups POBS values (MPa)

Failure Mode (%)

Median
DW 0.79°
EDTA 1.50 ©
PA 547~
CA 3.83 7B
MA 3.70 "B

Control 3.19 78

Minimum
0.50
0.44
0.85
0.59
1.33
1.61

Maximum
2.95
7.00
9.69
6.29
6.27
5.18

Adhesive
30

10

0

0

0

10

Cohesive
70
70
80
90
90
90

Mixed
0

30

30

10

10

0

Note: Different letters (A-C) indicate statistically significant values (Dunn test;

p<0.05).



39

Figures

Figure 1: The setup of sample preparation steps: Blood was injected in the pulp
chamber, to simulate clinical conditions (A). Perforation was washed and dried with
paper points (B). Biodentine was packed into the perforations using a Schilder
plugger (C) until the cavity and the margins were completely filled (D). Needle was
introduced in the distal canal, at the end of the cervical third (E). After the irrigation

procedure, samples were air-dried for 10 seconds to remove the final irrigant (F).

Figure 2: Representative images of the failures mode: (A) adhesive, (B) cohesive and
(C) mixed.
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Figure 3: Representative photomicrography (50x magnification) of the groups
evaluated before [DW group (A), EDTA group (B), PA group (C), CA group (D), MA
group (E), Control group (F)] and after [DW group (A’), EDTA group (B’), PA group
(C’), CA group (D’), MA group (E’), Control group (F’)] irrigation.
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Figure 4: Representative photomicrography (1,000x magnification) of the groups
evaluated before [DW group (A), EDTA group (B), PA group (C), CA group (D), MA
group (E), Control group (F)] and after [DW group (A’), EDTA group (B’), PA group
(C’), CA group (D’), MA group (E’), Control group (F’)] irrigation.
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5 CONSIDERAGOES FINAIS

Com o objetivo de melhorar as deficiéncias do MTA, o Biodentine foi langado
tendo como diferencial, entre outras caracteristicas, seu reduzido tempo de presa.
De acordo com o fabricante, este material apresenta um tempo de presa de 10
minutos. No entanto, a literatura mostra tempos médios de presa para este material
variando de 8,5 minutos a até 85,66 minutos (GRECH et al., 2013; BUTT et al.,
2014; JANG et al., 2014; KAUP et al., 2015).

No presente estudo, apos a introdugdo do material, aguardou-se o tempo de
presa e entdo as analises por MEV foram realizadas. Tendo em vista o tempo de
analise ter durado cerca de 60 minutos, os protocolos de irrigacdo foram testados
apos este tempo e mesmo assim observou-se que o fluxo-refluxo do irrigante levou a
remocao de material, indicando que sua presa nao estava completa.

Os protocolos de irrigagado foram empregados em contato com a superficie do
material, e modificacbes em relacdo a esses protocolos foram verificadas nao
apenas na superficie do material, com alteragdes na topografia, como também
verificou-se a influéncia desses protocolos na interface do material com a dentina,
em relacdo aos valores de resisténcia de unido.

Assim, concluiu-se com o presente estudo que os diferentes protocolos de
irrigacéo. associando o NaOCI 5,25% a diferentes acidos/agente quelante, geram
modificagdes na topografia do Biodentine e que o tempo de presa informado pelo
fabricante ndo é seguro para permitir o tratamento endodéntico na mesma sessé&o
do vedamento da perfuragéo.

Considerando a aplicacdo clinica do Biodentine, onde a resisténcia de unido
do material reparador de furca com a dentina € um fator importante na obtencao de
uma vedagao adequada entre as superficies interna e externa do dente, este estudo
observou que protocolos de irrigagao utilizando apenas NaOCI ou NaOCI associado
a EDTA geram uma redugao nos valores de resisténcia de unido do Biodentine.
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The first page of the manuscript must contain: title of the manuscript, short
tile with no more than 40 characters, and NO authors' names or
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Material and Methods
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Results
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Do not repeat the same data in tables and figures.
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Discussion
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