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RESUMO 

 

RESUMO 

Desde o surgimento do primeiro cimento à base de silicato de cálcio, vários 

outros têm sido lançados no mercado, alguns na forma de pó e líquido e outros 

prontos pra uso. Não se sabe ainda como é a atuação desse material em 

diferentes tipos celulares encontrados na região periapical e as dificuldades 

que podem ser encontradas durante a limpeza das paredes dentinárias na 

desobturação para cimentação de pino de fibra. Ou mesmo se podem ocorrer 

alterações na composição dos cimentos e suas propriedades, devido ao uso de 

soluções irrigadoras para remoção de resíduos remanescentes destes 

cimentos. Portanto, este trabalho envolveu cinco objetivos específicos in vitro. 

Objetivo 1: avaliar a citotoxicidade e liberação de citocinas após a exposição 

de monócitos e polimorfonucleares de cultura primária humana frente a 

diferentes cimentos endodônticos frescos (Sealer 26, AH Plus e EndoSequence 

BC Sealer). Foi avaliada apoptose e necrose por citometria de fluxo e dosagem 

de citocinas (IL-4, IL-6, IL-8, IL-10, IL-12) por ELISA. Foi demonstrado que o 

efeito dos agentes tóxicos liberados variou dependendo do tipo celular e que a 

composição dos cimentos parece alterar a forma de auto-regulação na 

produção dessas citocinas pelas células. Objetivo 2: avaliar as propriedades 

físico-químicas e biológicas de cimentos à base de silicato de cálcio prontos 

pra uso (EndoSequence BC Sealer [END], Bio-C Sealer [BC] e Sealer Plus BC 

[SPBC]), utilizando cultura primária de osteoclastos. A citotoxicidade foi 

avaliada por meio do teste de MTT e a inibição da osteoclastogênese por meio 

do TRAP. A solubilidade dos cimentos foi testada pelo cálculo da perda de 

massa em meio de cultura e água deionizada. O pH das soluções foi 

mensurado, assim como a presença de íons cálcio e silício por meio de 

espectroscopia de fluorescência de raios-x (XRF). END mostrou maior 

viabilidade celular em relação aos demais cimentos e BC mostrou maior 

inibição de osteoclastos. Todos os cimentos revelaram alta solubilidade, maior 
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do que a recomendada pelos padrões da Organização Internacional de 

Normalização (ISO). A presença de íons silício foi extremamente baixa para 

todos os cimentos. Objetivo 3: avaliar a citotoxicidade, adesão celular e as 

características químicas dos cimentos à base de silicato de cálcio (BioRoot 

RCS [BR], Bio-C Sealer [BC] e Sealer Plus BC [SPBC]), utilizando células 

RAW264.7. A citotoxicidade foi avaliada por meio do teste de MTT e discos dos 

cimentos foram usados para avaliar a adesão celular, além da caracterização 

química com XRF, microscopia eletrônica de varredura (MEV) e espectroscopia 

por energia dispersiva de raios-x (EDX). A composição dos cimentos frescos e 

após a presa também foi avaliada utilizando a espectroscopia infravermelha 

transformada de Fourier (FTIR). SPBC revelou a menor viabilidade celular em 

relação aos demais cimentos. Comparando os grupos experimentais com o 

grupo controle, a diluição de 1:1 mostrou uma significativa redução na 

viabilidade para todos os materiais. BC e SPBC apresentaram espectros 

parecidos em FTIR. EDX demonstrou maior presença de cálcio para BR e 

SPBC, com presença de alumínio nos cimentos prontos pra uso. XRF também 

mostrou quantidade de cálcio significativamente maior para BR em relação aos 

outros cimentos. Precipitados foram encontrados na superfície de todos os 

materiais. BR apresentou maior grau de pureza e quantidade de cálcio, 

enquanto BC e SPBC revelaram composição similar. Todos os cimentos 

mantiveram a viabilidade acima de 70%. Objetivo 4: avaliar se soluções 

(NaOCl e NaOCl+EDTA) e suas ativações (manual, irrigação ultrassônica 

passiva e com ponta Easy Clean) são capazes de promover a limpeza das 

paredes dentinárias após desobturação do canal, onde foi utilizado cimento 

MTA Fillapex, por meio de microtomografia computadorizada (micro-CT); e se 

estes protocolos de limpeza são capazes de alterar a microdureza da dentina, 

avaliada por indentação Knoop. Este objetivo mostrou que a ponta Easy Clean 

removeu mais debris no interior do canal após a desobturação e que o terço 

cervical foi o que apresentou maior limpeza. Além disso, a solução 

NaOCl+EDTA teve maior eficácia de limpeza, independente do método de 

ativação. Nenhum protocolo de limpeza foi capaz de alterar a microdureza 

dentinária. Objetivo 5: avaliar se protocolos de limpeza usando soluções 
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(NaOCl e NaOCl+EDTA) e a irrigação ultrassônica passiva, alteram a 

composição de cimentos à base de silicato de cálcio (EndoSequence BC 

Sealer, BioRoot RCS e Bio-C Sealer) frescos e após a presa em um canal 

radicular desobturado, por meio de um dispositivo que foi criado para a 

simulação. A composição dos cimentos após os protocolos de limpeza foi 

avaliada usando espectroscopia Raman e EDX. Foi observado que 

independente dos protocolos, a limpeza dos remanescentes em canal 

desobturado para instalação de pino de fibra de vidro deve ser preconizada 

somente após a presa do cimento biocerâmico. Pode-se concluir a partir dos 

objetivos apresentados, que os novos cimentos endodônticos à base de silicato 

de cálcio apresentam propriedades físico-químicas adequadas, com exceção 

da solubilidade. Em relação às propriedades biológicas, comportam-se de 

formas variadas frente a diferentes tipos celulares presentes na região 

periapical. Além disso, diante da necessidade de reabilitação com pino de fibra 

de vidro posteriormente a obturação com essa classe de material, os 

protocolos de limpeza empregados mostraram eficácia, sem causar alterações 

na composição dos cimentos à base de silicato de cálcio e que a ponta Easy 

Clean promove melhor limpeza dos remanescentes aderidos às paredes 

dentinárias.  

 

Palavras-chaves: cimentos endodônticos; citotoxicidade; silicato de cálcio  
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ABSTRACT 

 

ABSTRACT 

Since the appearance of the first calcium silicate-based sealer, several others 

sealers have been launched on the market, some in powder and liquid form and 

others ready-for-use. It is not yet known how is the performance of this material 

in different cell types found in the periapical region and the difficulties that may 

be discovered during the cleaning of the dentinal walls in post space for fiber 

post cementation. Or even if may occur changes in the composition of the 

sealers and their properties, due to the use of irrigating solutions to remove the 

remaining residues of these sealers. Therefore, the present study involved five 

specific in vitro objectives. Objective 1: to evaluate the cytotoxicity and cytokine 

release after exposure of monocytes and polymorphonuclears cells obtained 

from the peripheral blood of humans to different fresh root canal sealers (Sealer 

26, AH Plus and EndoSequence BC Sealer). Apoptosis and necrosis was 

assessed by flow cytometry and cytokine measurement (IL-4, IL-6, IL-8, IL-10, 

IL-12) by ELISA. It was demonstrated that the effect of toxic agents released 

varied depending on the cell type and that the composition of the sealers 

appeared to alter the form of self-regulation in the production of these cytokines 

by cells. Objective 2: to evaluate the physicochemical and biological properties 

of ready-to-use calcium silicate-based sealers (EndoSequence BC Sealer 

[END], Bio-C Sealer [BC] and Sealer Plus BC [SPBC]), using osteoclast primary 

culture. The cytotoxicity was assessed using the MTT test and the inhibition of 

osteoclastogenesis by TRAP. The solubility of the sealers was tested by 

calculating the mass loss in culture medium and deionized water. The pH of the 

solutions was measured, as well as the presence of calcium and silicon ions by 

X-ray fluorescence spectroscopy (XRF). END showed greater cell viability 

compared to other sealers and BC showed greater inhibition of osteoclasts. All 

sealers showed high solubility, greater than that recommended by the 

standards of the International Organization for Standardization (ISO). The 
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presence of silicon ions was extremely low for all sealers. Objective 3: to 

evaluate the cytotoxicity, cell adhesion and chemical characteristics of calcium 

silicate-based sealers (BioRoot RCS [BR], Bio-C Sealer [BC] and Sealer Plus 

BC [SPBC]), using RAW264.7 cells. The cytotoxicity was assessed by MTT test 

and sealer discs were used to evaluate cell adhesion, beyond to chemical 

characterization with XRF, scanning electron microscopy (SEM) and energy 

dispersive X-ray spectroscopy (EDX). The composition of unset sealers and 

after setting was also evaluated by Fourier-transform infrared spectroscopy 

(FTIR). SPBC revealed the lowest cell viability compared to the other sealers. 

Comparing the experimental groups with the control group, the 1: 1 dilution 

showed a reduction significant in viability for all materials. BC and SPBC 

presented similar spectra in FTIR. EDX demonstrated a greater presence of 

calcium for BR and SPBC, with the presence of aluminum in ready-to-use 

sealers. XRF also showed an amount of calcium significantly higher for BR 

compared to other sealers. Precipitates were found on the surface of all 

materials. BR showed the greatest degree of purity and the highest calcium 

content, while BC and SPBC presented similar compositions. All the sealers 

maintained viability above 70%. Objective 4: to evaluate whether solutions 

(NaOCl and NaOCl+EDTA) and their activations (manual, passive ultrasonic 

irrigation and Easy Clean tip) are able to promote the cleaning of the dentinal 

walls after post space preparation, where MTA Fillapex sealer was used, by 

microcomputed tomography (micro-CT); and whether these cleaning protocols 

are capable to change the dentin microhardness, assessed by Knoop 

indentation. This objective showed that the Easy Clean tip removed more debris 

inside the root canal after post space and that the cervical third presented the 

greatest cleanliness. In addition, the NaOCl+EDTA solution was more effective 

in cleaning, regardless of the activation method. No cleaning protocol was able 

to modify the dentin microhardness. Objective 5: to evaluate whether cleaning 

protocols using solutions (NaOCl and NaOCl+EDTA) and passive ultrasonic 

irrigation, change the composition of calcium silicate-based sealers 

(EndoSequence BC Sealer, BioRoot RCS and Bio-C Sealer) fresh and after 

setting in a post space root canal, using a device that was created for the 
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simulation. The composition of the sealers after the cleaning protocols was 

evaluated using Raman and EDX spectroscopy. It was observed that regardless 

of the protocols, the cleaning of the remnants in a post space root canal for 

installing a fiberglass post should be recommended only after setting of the 

bioceramic sealer. It can be concluded from the presented objectives, the new 

calcium silicate-based endodontic sealers showed adequate physico-chemical 

properties, except for solubility. Regarding the biological properties, behave in 

different ways in face of different cell types present in the periapical region. In 

addition, in the face of need for rehabilitation with a fiberglass post posteriorly 

the filling with this type of material, the cleaning protocols used showed 

effectiveness, without causing changes in the composition of calcium silicate-

based sealers and that the Easy Clean tip promotes better cleaning of the 

remnants adhered to the dentinal walls. 

 

Keywords: calcium silicate; cytotoxicity; endodontic sealers 
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INTRODUÇÃO E REFERENCIAL TEÓRICO 

1. INTRODUÇÃO E REFERENCIAL TEÓRICO 

Os cimentos endodônticos à base de silicato de cálcio fazem parte de uma 

nova família de biomateriais da Endodontia Contemporânea formada por 

cimentos contendo mineral trióxido agregado (MTA) e por cimentos 

biocerâmicos (Prati & Gandolfi 2015; Jafari & Jafari 2017; Silva Almeida et al., 

2017; Donnermeyer et al., 2019). Esta nova classe de cimentos surgiu baseada 

nos componentes do cimento de Portland (Prati & Gandolfi 2015; Torabinejad 

et al., 2018; Donnermeyer et al., 2019), apresentando como característica 

comum a bioatividade, ou seja, a capacidade de induzir a formação de tecido 

duro tanto no ligamento periodontal quanto no osso (Bryan et al., 2010; Chang 

et al., 2014; Prati & Gandolfi 2015; Kebudi Benezra et al., 2018; Torabinejad et 

al., 2018; Zordan-Bronzel et al., 2019; Oh et al., 2020).  

Um dos primeiros cimentos introduzido no mercado contendo MTA foi o 

MTA Fillapex (Angelus, Londrina, PR, Brasil), o qual já está disponível há mais 

de 5 anos, apresentando inúmeras publicações (Vitti et al., 2013; Kebudi 

Benezra et al., 2018). No entanto, este cimento apresenta resina em sua 

composição e o MTA corresponde à apenas uma pequena fração do produto, 

atuando como um preenchedor. O primeiro cimento biocerâmico lançado foi o 

iRoot SP (Innovative Bioceramics, Vancouver, CB, Canadá) e, posteriormente, 

surgiu o cimento EndoSequence BC (Brasseler USA, Savannah, GA, Estados 

Unidos) com composição similar (Silva Almeida et al., 2017; Donnermeyer et 

al., 2019). Ambos tornaram-se os materiais com o maior número de estudos 

publicados (Candeiro et al., 2012; Silva Almeida et al., 2017; Donnermeyer et 

al., 2019). Dentre esses novos cimentos, existem os que necessitam ser 

manipulados conforme a indicação do fabricante, apresentados no sistema de 

pó e líquido (Viapiana et al., 2016; Siboni et al., 2017; Kharouf et al., 2020), e 

também os prontos pra uso (Alves Silva et al., 2020), disponíveis dentro de 

seringas para serem injetados no interior do canal radicular otimizando a 

prática clínica.  
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Entre os cimentos à base de silicato de cálcio prontos para uso, ganharam 

destaque no mercado nacional os cimentos Bio-C Sealer (Angelus, Londrina, 

PR, Brazil) (López-García et al., 2019; Zordan-Bronzel et al., 2019; Alves Silva 

et al., 2020; Okamura et al., 2020) e Sealer Plus BC (MK Life, Porto Alegre, RS, 

Brazil) (Mendes et al., 2018; Benetti et al., 2019; Alves Silva et al., 2020; Silva 

et al., 2021). Embora a literatura já apresente várias pesquisas utilizando estes 

cimentos, até o momento não foi avaliada a interação do Bio-C Sealer e Sealer 

Plus BC com células presentes na região periapical envolvidas nos processos 

inflamatórios e de reabsorção óssea periapical. Estudos in vitro têm avaliado o 

comportamento desses cimentos na presença principalmente de células como 

os fibroblastos e osteoblastos (Camps et al., 2015; Candeiro et al., 2016; Jung 

et al., 2018). Porém, é importante avaliar outros modelos celulares envolvidos 

no reparo periapical como os macrófagos e neutrófilos (Braga et al., 2014; 

Souza et al., 2019), além do papel dessas células na inibição dos osteoclastos 

(Zhang et al., 2015; Cheng et al., 2017).  

Além da biocompatibilidade, aspectos relacionados à composição química e 

propriedades físicas dos cimentos endodônticos são foco de constante 

interesse quando surgem novos materiais no mercado. Particularmente, em 

relação aos cimentos biocerâmicos, chama à atenção a necessidade de 

umidade proveniente dos fluidos dentinários para concluir a reação de presa 

(Prati & Gandolfi 2015; Silva Almeida et al., 2017), caracterizando-os como 

cimentos hidrofílicos ou hidráulicos (Prati & Gandolfi 2015; Kebudi Benezra et 

al., 2018). A partir dessa reação de hidratação do cimento, ele forma como sub-

produto o hidróxido de cálcio (Camilleri 2011; Bolhari et al., 2014; Ashofteh 

Yazdi et al., 2019; Grazziotin-Soares et al., 2019) e também ocorre a liberação 

de diversos íons, principalmente cálcio (Silva Almeida et al., 2017; Mendes et 

al., 2018; Kharouf et al., 2020) e silício (Prati & Gandolfi 2015; Kebudi Benezra 

et al., 2018; López-García et al., 2019). Dessa forma, acontece atividade 

antimicrobiana pelo aumento do pH (Khalil et al., 2016; Silva Almeida et al., 

2017; Mendes et al., 2018; Zordan-Bronzel et al., 2019), o que acelera o 

processo de reparo. Entretanto, diversos estudos demonstraram alta 

solubilidade desses novos cimentos (Silva Almeida et al., 2017; Tanomaru-
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Filho et al., 2017; Mendes et al., 2018; Donnermeyer et al., 2019; Silva et al., 

2021), extrapolando as normas definidas pelos padrões da ISO (6876/2012). 

Portanto, a associação de metodologias para melhor compreender o 

comportamento dos cimentos biocerâmicos torna-se importante, assim como 

também é relevante avaliar as propriedades dos materiais em diferentes meios, 

já preconizado em alguns trabalhos (do Carmo et al., 2018; Kebudi Benezra et 

al., 2018; Urban et al., 2018; López-García et al., 2019; Torres et al., 2020). 

Dependendo do meio e do tempo de contato, ocorre a formação de 

precipitados de fosfato de cálcio e apatita que são responsáveis pela atividade 

osteogênica destes novos cimentos (Gandolfi et al., 2010; Gandolfi et al., 2011; 

Taddei et al., 2011; Prati & Gandolfi 2015).   

Outro ponto de interesse em relação aos cimentos à base de silicato de 

cálcio, diz respeito à reabilitação oral em dentes obturados com esses 

cimentos. Na maioria dos casos, dentes que passaram por tratamento 

endodôntico possuem pouca estrutura dental e precisam ser reabilitados com 

retentor intrarradicular (Soares et al., 2012; Rodrigues et al., 2017). Há algum 

tempo a escolha tem sido pelos pinos de fibra de vidro, devido à distribuição 

homogênea de tensão dentro da dentina, evitando fratura radicular (Santos-

Filho et al., 2008; Veríssimo et al., 2014). Dessa forma, torna-se importante 

avaliar a remoção dos debris remanescentes da desobturação do canal 

(Oliveira et al., 2018) para que haja sucesso na cimentação adesiva desses 

pinos. Atualmente, tem sido preconizada a obturação com cone único utilizando 

os cimentos à base de silicato de cálcio (Moinzadeh et al., 2015; Chybowski et 

al., 2018; Guivarc'h et al., 2020). Contudo, esta técnica apresenta maior 

porcentagem de cimento endodôntico ao redor do cone de guta-percha (Garrib 

& Camilleri 2020) e torna a desobturação do canal uma etapa muito delicada 

(Rosatto et al., 2020). Alguns estudos já mostram que os remanescentes 

biocerâmicos são mais difíceis de serem removidos das paredes dentinárias 

(de Siqueira Zuolo et al., 2016; Oltra et al., 2017; Donnermeyer et al., 2019; 

Garrib & Camilleri 2020). Portanto, ainda não está claro na literatura se a 

limpeza das paredes utilizando diversos protocolos de irrigação e ativação das 

soluções (Akyuz Ekim & Erdemir 2015; Kato et al., 2016; Lo Giudice et al., 
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2016; Poletto et al., 2017; Simezo et al., 2017; Pedullà et al., 2019) é eficiente 

em canais que foram obturados com cimentos biocerâmicos e passaram por 

alívio. Também não é evidente se esses protocolos podem ocasionar algum 

prejuízo na microdureza da dentina (Garrib & Camilleri 2020).  

Como a desobturação do canal geralmente é realizada imediatamente após 

a sessão de obturação (Dos Reis-Prado et al., 2021) e o cimento biocerâmico 

presente no terço apical ainda não tomou presa, a limpeza das paredes da 

dentina para instalação do pino de fibra usando soluções e/ou ativação torna-

se uma etapa preocupante. Os radiopacificadores presentes nestes materiais 

permitem que eles sejam visualizados em tomadas radiográficas e também 

sofreram evolução em sua composição (Camilleri & Gandolfi 2010; Kebudi 

Benezra et al., 2018). O óxido de bismuto tem sido substituído pelo óxido de 

zircônio (Khalil et al., 2016; Atmeh & AlShwaimi 2017; Zordan-Bronzel et al., 

2019), óxido de tântalo (Khalil et al., 2016) e tungstênio de cálcio (Kebudi 

Benezra et al., 2018), evitando a descoloração dos dentes (Camilleri et al., 

2014; Torabinejad et al., 2018) e tornando os cimentos menos tóxicos ao 

organismo humano (Silva et al., 2014; Li et al., 2017). A maioria dos estudos já 

realizados mostrou que apesar dessa mudança, os cimentos biocerâmicos 

exibiram níveis de radiopacidade mais baixos que os cimentos convencionais 

(Khalil et al., 2016; Jafari & Jafari 2017; Siboni et al., 2017). Portanto, as 

alterações que podem ocorrer na composição desses cimentos impactam de 

forma direta no resultado e proservação do tratamento endodôntico em longo 

prazo. Sendo assim, existe também a possibilidade de realizar a desobturação 

em um segundo momento, após a presa do cimento, evitando o deslocamento 

do cone único (Rosatto et al., 2020) e permitindo maior segurança na 

realização do procedimento. Contudo, no estudo realizado previamente pelo 

nosso grupo de pesquisa, concluiu-se que quando a desobturação foi realizada 

tardiamente com termocompactador houve maior presença de resíduos 

remanescentes da obturação (Rosatto et al., 2020). Dessa forma, torna-se 

importante analisar melhor os dois momentos (Nagas et al., 2016; Long et al., 

2019) assim como as soluções e ativações utilizadas para limpeza dentinária 

(Akyuz Ekim & Erdemir 2015; Kato et al., 2016; Lo Giudice et al., 2016; Poletto 
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et al., 2017; Simezo et al., 2017; Pedullà et al., 2019) prévia à instalação de 

pinos.  

Diante do exposto, o objetivo deste trabalho foi comparar as propriedades 

de diferentes cimentos à base de silicato de cálcio entre si, compreendendo 

suas características biológicas juntamente com as físico-químicas. Nos 

capítulos a seguir, iremos apresentar por meio de estudos in vitro as 

características específicas desses novos cimentos, assim como os protocolos 

de limpeza dos canais após desobturação para cimentação de pinos, que 

podem ser adotados e não estão bem estabelecidos na literatura. Dessa forma, 

será possível esclarecer melhor o comportamento desta nova classe de 

material obturador comparando a dados já existentes na literatura. 
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OBJETIVOS 

2. OBJETIVOS 

 

Objetivo geral 

Avaliar por meio de estudos in vitro as propriedades biológicas e físico-

químicas de cimentos à base de silicato de cálcio. Nesse contexto, avaliar 

também qual o melhor protocolo de irrigação e ativação para a limpeza das 

paredes dentinárias em canal radicular que foi obturado com este tipo de 

cimento e passou por alívio para cimentação adesiva de pino de fibra, e 

também avaliar o melhor momento para essa limpeza.  

 

Objetivos específicos 

 

Objetivo específico 1 

Capítulo 1 – Evaluation of apoptosis/necrosis and cytokine release provoked by 

three root canal sealers in human polymorphonuclears and monocytes  

Avaliar a citotoxicidade e liberação de citocinas após a exposição de 

monócitos e polimorfonucleares de cultura primária humana frente a diferentes 

cimentos endodônticos frescos (Sealer 26, AH Plus e EndoSequence BC 

Sealer). 

 

Objetivo específico 2 

Capítulo 2 - Evaluation of premixed calcium silicate-based sealers and their role 

on osteoclastogenesis 

Avaliar as propriedades físico-químicas e biológicas de cimentos à base 

de silicato de cálcio prontos pra uso (EndoSequence BC Sealer [END], Bio-C 

Sealer [BC] e Sealer Plus BC [SPBC]), utilizando cultura primária de 

osteoclastos. 
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Objetivo específico 3 

Capítulo 3 - Evaluation of cytotoxicity, cell attachment and chemical 

characterization of three calcium silicate-based sealers 

Avaliar a citotoxicidade, adesão celular e as características químicas dos 

cimentos à base de silicato de cálcio (BioRoot RCS [BR], Bio-C Sealer [BC] e 

Sealer Plus BC [SPBC]), utilizando células RAW264.7. 

 

Objetivo específico 4 

Capítulo 4 - Effect of irrigation protocols on root canal wall after post 

preparation: micro-CT and microhardness study 

Avaliar se soluções (NaOCl e NaOCl+EDTA) e suas ativações (manual, 

irrigação ultrassônica passiva e com ponta Easy Clean) são capazes de 

promover a limpeza das paredes dentinárias após desobturação do canal, onde 

foi utilizado cimento MTA Fillapex. 

 

Objetivo específico 5 

Capítulo 5 – Effect of solutions and passive ultrasonic irrigation in the 

composition of calcium silicate-based sealers after post space preparation 

Avaliar se protocolos de limpeza usando soluções (NaOCl e 

NaOCl+EDTA) e a irrigação ultrassônica passiva, alteram a composição de 

cimentos à base de silicato de cálcio (EndoSequence BC Sealer, BioRoot RCS 

e Bio-C Sealer) frescos e após a presa em um canal radicular desobturado, que 

foi criado para a simulação. 
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CAPÍTULOS 

3. CAPÍTULOS 

 

CAPÍTULO 1 

 

3.1 Capítulo 1 

Artigo publicado no periódico International Endodontic Journal 
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Abstract

Souza GL, Rosatto CMP, Silva MJB, Silva MV,

Rocha Rodrigues DB, Moura CCG. Evaluation of

apoptosis/necrosis and cytokine release provoked by three

root canal sealers in human polymorphonuclears and

monocytes. International Endodontic Journal.

Aim To evaluate the in vitro cytotoxicity and cyto-

kine release of three fresh root canal sealers and to

determine the type of cell death they induce.

Methodology The sealers tested were Sealer 26

(S26), AH Plus (AHP), and Endosequence BC Sealer

(END). Fresh sealers were cultivated in contact with

monocytes and polymorphonuclears (PMNs) obtained

from the peripheral blood of humans. Cell viability,

apoptosis and necrosis were analysed at 4 h (PMNs)

or 24 h (monocytes) using Annexin-V and propidium

iodide in a cytometer. The supernatants were used to

quantify Interleukin (IL)-4, IL-6, IL-10, IL-12 and

tumour necrosis factor-a (TNF-a) in monocytes and

IL-8 in PMNs by ELISA. One-way ANOVA and the

Tukey post-test were used to compare data for

cytotoxicity, and the multiple T-test was used to deter-

mine the differences between sealers in the release of

cytokines that were statistically significant.

Results After 4 h of treatment, S26 was associated

with greater cell viability than the other sealers

(P < 0.05) in the PMN culture and had similar values

of necrosis as END (P > 0.05). After 24 h of treat-

ment, AHP and END had greater monocyte cell viabil-

ity than S26 (P < 0.05), which had more necrosis

(P < 0.05). END had the lowest levels of IL-12 com-

pared to the other sealers (P < 0.05) and higher

levels of IL-6 compared to S26 (P < 0.05). The tested

sealers did not differ in the release of IL-8,

IL-10, TNF-a and IL-4 (P > 0.05).

Conclusions The effect of toxic agents released var-

ied depending on the cell type studied. The composition

of the sealers appeared to alter the form of self-regula-

tion in the production of these cytokines by cells.

Keywords: cell culture, cell viability, cytokines,

cytotoxicity, endodontic sealers.
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Introduction

Root filling results in an intimate and complex interface

between filling materials and periradicular tissues

(Brackett et al. 2012). Although sealers and root filling

materials are intended to be contained within the root

canal space, they may be extruded through the apical

constriction, influencing the outcome of root canal

treatment (Al-Hiyasat et al. 2009). In this sense, it is

essential that materials used for root fillings, especially

the sealers, are not cytotoxic or mutagenic and do not

induce or perpetuate an inflammatory reaction in the

periapical tissues, thereby delaying the healing process

(Baraba et al. 2011).
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The biological safety of endodontic materials are

currently tested in vitro (Brackett et al. 2008, 2010,

2012) and in vivo (Zmener 2004, Onay et al. 2007).

Despite criticism involving the in vitro tests (Browne

1988), they have fewer ethical limitations and are

more rapid and less expensive than in vivo animal

tests (Brackett et al. 2010). Contemporary sealing

materials have been evaluated extensively by cell cul-

ture tests, which often use primary or immortalized

fibroblasts (Camargo et al. 2014, Candeiro et al.

2016, Cintra et al. 2017, Szczurko et al. 2018) and

osteoblasts (Bryan et al. 2010) as models. However,

extruded sealer compounds also enter into contact

with immune-competent cells in the periapical region,

which have been neglected by in vitro study models.

The recruitment of inflammatory cells and the

release of proinflammatory and immune regulatory

mediators occurs in the periapical region (de Brito

et al. 2012). Among these cells are the polymor-

phonuclears (PMNs) and monocytes. Polymorphonu-

clears (PMNs) may elicit the progression of the host

immune system by their ability to release inflamma-

tory mediators, such as chemokines and cytokines

(Velard et al. 2009, Moura et al. 2013), influencing

the subsequent cell response to biomaterials (Kaplan

et al. 1996). After colonization of the wound site by

neutrophils, monocyte migration occurs (Anderson &

Miller 1984). Monocytes work in an orchestrated way

with PMNs (Soehnlein & Lindbom 2010) and differen-

tiate into macrophages playing an important role in

periapical repair (Sjogren et al. 1998). However, little

is known about the effect of endodontic sealers on

PMNs and their response in vitro and/or in vivo.

Although some studies have evaluated the effects of

various endodontic materials on monocyte viability

and cytokine secretion (Rezende et al. 2005, 2007, de

Oliveira Mendes et al. 2010), until now, the role of

fresh endodontic sealer with different compositions on

the mechanisms of cell death has not been evaluated.

The biomaterial chemistry increases or decreases

the process of cell death process which is regulated by

a variety of extracellular signals (Kaplan et al. 1996).

In the present study, AH Plus (AHP), Sealer 26 (S26)

and Endosequence (END) were evaluated. While AHP

is an epoxy resin-based sealer (Marciano et al. 2011)

and S26 is an epoxy resin-based sealer containing

calcium hydroxide (Tanomaru-Filho et al. 2011), END

contains zirconium oxide, calcium silicates, calcium

phosphate monobasic and calcium hydroxide (Hess

et al. 2011). Thus, it is crucial to evaluate the cyto-

toxicity of root canal sealers on monocyte and PMN

cells, mimicking the possible effects of sealer com-

pounds on the release of key mediators involved in

inflammation and cell death pathways.

The objectives of this study were to determine the

cytotoxicity of three contemporary freshly prepared

root canal sealers using human monocytes and PMNs

and to determine the type of cell death they induce.

Furthermore, the release of inflammatory mediators

induced by these materials was compared using two

primary cell cultures that occur in periradicular tis-

sues. The null hypothesis was that the different seal-

ers did not affect PMN and monocyte responses.

Materials and methods

Specimen preparation

Three endodontic sealers commonly used in contem-

porary endodontic treatment were tested: AH Plus

(AHP) (Dentsply, Rio de Janeiro, RJ, Brazil), Sealer 26

(S26) (Dentsply) and Endosequence (END) (Brasseler,

Savannah, GA, USA). Specimens were prepared fol-

lowing the manufacturers’ directions inside laminar

flow. The mixed sealers were dispensed into sterile

polyethylene tubes (0.6 mm internal diameter and

10 mm long) (Embramed, S~ao Paulo, SP, Brasil) with

the aid of a syringe attached to a needle compatible

with the diameter of tubes, ensuring complete filling

of the tube without overflow. Immediately, each tube

with endodontic sealer was conditioned in a well con-

taining culture medium. Empty tubes were used as

controls. PMNs and monocytes were incubated at

37 °C and 5% CO2 for 4 and 24 h, respectively.

Monocytes and PMN cells isolation from human

peripheral blood

Venous blood was collected from 3 healthy donors fol-

lowing approval of the Ethics Committee of Federal

University of Uberlândia (Protocol no 2.720.405).

PMNs were purified according to a previously pub-

lished method (Moura et al. 2013) from whole

human blood using a two-step centrifugation protocol

with Ficoll (Pharmacia Fine Chemicals, Uppsala, Swe-

den), followed by Percoll (Pharmacia). The resulting

PMNs were resuspended in RPMI 1640 with gen-

tamycin (Sigma-Aldrich, St. Louis, MI, USA) at

120 U L�1 and supplemented with 5% heat-inacti-

vated foetal bovine serum (Invitrogen, Carlsbad, CA,

USA). PMNs were counted and plated in 24-well cul-

ture plates in contact with polyethylene tubes
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containing the endodontic sealers at a cell density of

5 9 105 cells/well at 37 °C, 5% CO2 for 4 h. After

that, the supernatant was collected and stored at

�20 °C for further cytokine quantification.

Monocytes were obtained from whole human blood

using Percoll gradient separation medium (Pharma-

cia) by centrifugation at room temperature for

30 min at 800 g to separate monocytes and lympho-

cytes from the remaining blood elements. The

mononuclear cells (1 9 106 cell/well) were plated in

24-well culture plates and were incubated for 3 h in

a humidified, 5% CO2 incubator at 37 °C to allow the

monocytes/macrophages to settle on the polystyrene

surface. Then, the plates were centrifuged at 400 g

for 10 min, and nonadherent cells were removed by

aspiration. Fresh medium was added to each well; the

plates were then returned to the incubator and culti-

vated for 24 h. After this period, the tubes containing

fresh sealer were placed in contact with the cells.

The viability of PMN and monocyte suspensions was

assayed by Annexin-V/Propidium Iodide (AnnV/PI)

double stain using the FACSCalibur cytometer (Becton-

Dickinson, Franklin Lakes, NJ, USA). All treatments

were performed in triplicate for each donor.

Assessment of apoptosis/necrosis by AnnV/PI

double stain assay

PMNs and monocytes were washed with phosphate

buffered saline (PBS) and detached from the plate

using 5 mmol L�1 EDTA (Sigma-Aldrich) in PBS for

5 min on ice. They were placed in an incubator for

approximately 15 min. After washing, isolated cells

were resuspended with PBS, followed by incubation

with Annexin-V (AnnV) and propidium iodide (PI) to

identify apoptotic and necrotic cells according to man-

ufacturer’s instructions (BD Biosciences Pharmingen,

San Jose, CA, USA). Flow cytometry analyses were

performed using a FACSCalibur flow cytometer

(Becton-Dickinson, Franklin Lakes, NJ, USA). Data

were collected from a minimum of 1x104 cells and

analysed using cell quest software (Becton-Dickinson).

PMNs and monocytes gating were done using side

scatter and forward scatter properties. Heat-killed cells

(70 °C, 30 min) were used as a positive control for PI

staining.

Cytokines and chemokines measurements

Human-specific ELISA kits were used to measure Inter-

leukin-4 (IL-4), Interleukin-6 (IL-6), Interleukin-10

(IL-10), Interleukin-12 (IL-12) and tumour necrosis

factor-alpha (TNF-a) in monocyte cultures and Inter-

leukin-8 (IL-8) in PMN cultures. All procedures were

performed in triplicate, following the manufacturer’s

instructions (BD Pharmingen).

Statistical analyses

The data on apoptosis/necrosis and release of cytoki-

nes were analysed for normality and homoscedasticity

using Shapiro-Wilk’s and Levene’s tests. One-way

ANOVA and the Tukey post-test were used to com-

pare data for cytotoxicity between the treated groups.

The multiple T-test was used to determine if differ-

ences observed among the effects of sealers in the

release of cytokines were statistically significant. Sta-

tistical significance was set at a = 0.05. Statistical

analysis was performed using Sigma Plot v.12.0 (Sys-

tat Software, San Jose, CA, USA) and GraphPad Prism

v.6 (GraphPad Software, La Jolla, CA, USA).

Results

Assessment of apoptosis/necrosis by AnnV/PI

double stain assay

Figure 1 a–c shows the effect of various sealers on the

viability, apoptosis and necrosis of PMN cells. The expo-

sure of PMNs to AHP and END materials resulted in a

significant reduction in the percentage of viable cells

compared with the control (P < 0.0001). Most of the

cells treated with AHP and END underwent apoptosis

compared with the control cells (P = 0.0037;

P = 0.0030). END also increased the proportion of

necrotic cells compared with the control (P = 0.0171),

and the AHP (P = 0.0193) and had a similar percent-

age as S26 (P = 0.8571; Fig. 1c). S26 had a greater

percentage of living cells compared with AHP

(P = 0.0053) and END (P = 0.0001) and a similar per-

centage as the control group (P = 0.2129; Fig. 1a).

Figure 2 a–c shows the effect of different sealer

materials on the viability, apoptosis and necrosis of

monocytes. The exposure of monocytes to S26 and

END sealers resulted in a significant reduction in the

percentage of viable cells compared with the control

(P < 0.0001; P = 0.0080). The lowest percentage of

viable cells was recorded for the S26 sealer, which

was significantly lower compared with other sealers

(P < 0.05). The greatest percentage of viable cells,

similar to that in the control group, was observed for

AHP (P = 0.1457; Fig. 2a). S26 induced a

Souza et al. Effects of sealers in PMNs and monocytes
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significantly greater percentage of apoptotic cells com-

pared with the control group (P = 0.0265; Fig. 2b)

and increased the proportion of necrotic cells in the

culture compared with the other materials and con-

trol (P < 0.05; Fig. 2c).

Cytokine and chemokine measurements

The cytokines and chemokines measured were IL-8

for the PMN cultures and IL-4, IL-6, IL-10, IL-12 e

TNF-a for the monocyte cultures.

Figure 3a shows means and standard errors for the

release of IL-8 induced by the sealers on PMNs in cul-

ture. AHP (P = 0.0226) and S26 (P = 0.0004) seal-

ers were able to stimulate the PMNs to produce IL-8,

with differences in relation to the control group.

Figure 3b–f shows means and standard error for the

release of cytokines and chemokines induced by the

sealers on monocytes in culture. AHP (P = 0.0386)

and END (P = 0.0280) induced a lower release of IL-10

than the control group (Fig. 3b). END and S26 induced

a lower release of IL-12 (P = 0.0056) and IL-6

(P = 0.0263), respectively, than the control group

(Fig. 3c,d). END induced the lowest release of IL-12 in

the culture among the sealers evaluated. No significant

differences were found among the sealers and the con-

trol group regarding the release of IL-4 (P > 0.05) and

TNF-ɑ (P > 0.05; Fig. 3e,f).

Discussion

Studies have shown a relationship between the out-

come of root canal treatment with root fillings ending

0–2 mm short of the apex (Schaeffer et al. 2005,

Ricucci et al. 2011). A possible explanation for the

lower healing rates of cases associated with overfillings

would be related to the cytotoxicity of endodontic seal-

ers, their solubility in tissue fluids, their susceptibility to

phagocytosis (Ricucci et al. 2016) or induction of a for-

eign body reaction (Ricucci et al. 2009). Although the

extraradicular presence of the endodontic filling mate-

rial may not be directly associated with endodontic

post-treatment disease, it has been suggested that the

presence of endodontic sealers in periapical tissues may

delay the healing process in teeth with apical periodon-

titis (Fristad et al. 2004, Ricucci et al. 2016). There-

fore, it is important to evaluate cytotoxicity and

investigate the activities of immunological biomarkers

produced by cells present in the periapical tissues pro-

voked by sealers with different compositions.

Figure 1 Cell death determination of PMNs after treatment with AH Plus (AHP), Sealer 26 (S26) and Endosequence (END).

Effects of sealers on the cell viability (a), apoptosis (b) and necrosis (c) of PMNs.

Figure 2 Cell death determination of monocytes after treatment with AH Plus (AHP), Sealer 26 (S26) and Endosequence

(END). Effects of sealers on the cell viability (a), apoptosis (b) and necrosis (c) of monocytes.

Effects of sealers in PMNs and monocytes Souza et al.
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This is the first study evaluating the effect of fresh

endodontic sealers with different compositions, includ-

ing Endosequence BC Sealer, on monocyte and PMN

cell culture models, specifically evaluating the induc-

tion of necrosis, apoptosis and secretion of mediators

by these cells. In this way, mature nondividing pri-

mary cells obtained from peripheral blood were used.

Although studies using human monocytic cell lines

allow greater control of variables and easy repro-

ducibility, the use of primary cultures are more likely

to correspond to PMN and monocyte behaviour

in situ (Brackett et al. 2010). Normal diploid cells

have mitotic rates and functions different from those

of transformed or tumour cells; thus, their use to

record the biomaterials effect on the DNA level, espe-

cially on cell death pathways, are preferable (Baraba

et al. 2011). However, one of the limitations of stud-

ies with primary cultures obtained from peripheral

blood is the time course, since these cells are not able

to multiply and rapidly undergo apoptosis when

cultured in vitro (Bogdanski et al. 2004). Therefore,

PMNs were analysed after 4 h of incubation, and

monocytes were analysed after 24 h of incubation.

Although this model does not allow an analysis of the

cytotoxicity of the materials over time, the cells used

mimic the classical view of periapical inflammation,

which is characterized by an infiltration of leucocytes,

primarily PMNs, followed by monocytes (Velard et al.

2009, 2010). Furthermore, the cytotoxicity of freshly

mixed sealers was evaluated. Previous studies using

different experimental designs confirmed that the

cytotoxicity of endodontic sealers declines over time

(Zhang et al. 2010, Loushine et al. 2011, Camargo

et al. 2014). Considering that, clinically, sealer is

inserted into root canals in a freshly mixed stage, this

strategy was chosen to evaluate the harmful effects

considering apoptosis and necrosis.

In the current study, an epoxy resin endodontic sea-

ler (AHP), an epoxy resin containing calcium hydrox-

ide (S26), and a calcium phosphate silicate-based

Figure 3 Cytokine production in PMNs and monocytes after incubation with AH Plus (AHP), Sealer 26 (S26) and Endose-

quence (END). PMN IL-8 production after 4 h of incubation with sealers (a). Monocyte IL-10, IL-12, IL-6, IL-4 and TNF-a pro-

duction after 24 h of incubation with sealers (b–f).

Souza et al. Effects of sealers in PMNs and monocytes
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sealer (END) were tested. These sealers have been

extensively evaluated regarding their cytotoxicity in

various types of cells (Brackett et al. 2008, 2010,

Zhang et al. 2010, Loushine et al. 2011, Camargo

et al. 2014, Cintra et al. 2017), often using filter diffu-

sion models (Zhang et al. 2010), extracts (Camargo

et al. 2014, Cintra et al. 2017) or moulds (Brackett

et al. 2009, 2010, 2012). However, there are no previ-

ous studies evaluating AHP, S26 and END, on PMNs

and monocytes in human primary cell culture.

The contact of PMNs and monocytes with sealers

induced distinct effects regarding apoptosis and necro-

sis. END and AHP were responsible for apoptosis in

PMNs but not in monocytes. Monocytes underwent

apoptosis in contact with only S26. Such divergence

could be explained by differences in the molecular

control of PMN apoptosis compared to monocytes,

and the difference regarding Ca2+ release over time

by the sealers, which result in pH alterations (Tano-

maru-Filho et al. 2011, Candeiro et al. 2012). These

results diverge from other cellular analyses, which

confirm the biocompatibility of Endosequence BC Sea-

ler (Zhou et al. 2015, Alsubait et al. 2018). However,

the cell types used in these studies were different, and

culture models used were based on cellular contact

with extracts, not direct contact which could justify

the differing results.

The difference in the sensitivity of PMNs and mono-

cytes to sealer components was also confirmed by

analysing the percentage of necrotic cells. END was

responsible for necrosis in PMNs, but, in monocytes

culture, S26 was associated with the greatest percent-

age of necrotic cells. In these conditions, cell cultures

of PMNs and monocytes are more susceptible to

necrosis, which could result in intracellular pH alter-

ation that change the behaviour of necrosis molecular

regulators such as receptor-interacting protein kinase

(RIPK) 1/3, making these cells more susceptible to

necrosis (Zhang et al. 2017). Calcium hydroxide-

based sealers release calcium ions (Ca2+) in the neigh-

bouring environment; however, the concentration of

this ion in the medium varies among the studied seal-

ers (Tanomaru-Filho et al. 2011, Candeiro et al.

2012). According to a previous study, S26 is capable

of releasing 0.118 mg mL�1 of Ca2+ during an exper-

imental period of 3 h and 0.730 mg mL�1 of Ca2+

during a period of 24 h (Tanomaru-Filho et al.

2011), which is probably related to the greater per-

centage of necrosis after exposure to this sealer in

monocyte cells, which was evaluated after 24 h. On

the other hand, Endosequence BC sealer releases

0.329 mg mL�1 of Ca2+ at 3 h and 0.204 mg mL�1

of Ca2+ at 24 h (Candeiro et al. 2012), indicating

that such a reduction on Ca2+ release could be related

to the differences in necrosis observed at 4 and 24 h

in the current study.

Additionally, it has been established that an over-

load of extracellular Ca2+ may increase its intracellu-

lar concentration (Berridge et al. 2003). Intracellular

Ca2+ has been implicated in most aspects of cell phys-

iology and has been associated with cell death regula-

tion (Zhivotovsky & Orrenius 2011, Smaili et al.

2013, Orrenius et al. 2015). It has been asserted that

necrotic cell death is associated with intracellular

Ca2+ overload, and multiple functions in the apoptotic

process have subsequently been found to be governed

by Ca2+ signalling (Zhivotovsky & Orrenius 2011,

Orrenius et al. 2015). Previous studies analysing

other biomaterials that are able to release calcium

found profound changes in the behaviour of neu-

trophils cultured in contact with them (Liao et al.

2006, Edwards et al. 2011). Furthermore, it is impor-

tant to emphasize that the culture model used was

based on direct contact with the sealers, mimicking

an extreme condition of the contact of sealers with

periapical tissues beyond the apical foramen.

Although this study can prove that the endodontic

sealers induce apoptosis and/or necrosis, it is not pos-

sible to state a relationship of cause/effects for a possi-

ble failure of root canal treatment, as the success

depends on other factors.

In addition to the possible interference of cell death

modalities in the present findings, it is also important

to remember that the time of analysis was different

between PMNs and monocytes. It is likely that the

amount and effect of components released by the seal-

ers at 4 and 24 h were also not the same. Previous

studies evaluating other endodontic sealers have

shown that the initial cytotoxicity is different from

that observed over time (Brackett et al. 2008, Pinna

et al. 2008, Camargo et al. 2014). Considering the

methodological differences between the present study,

regarding the cellular models used and their evalua-

tion methodology, the present findings cannot be

directly compared with the literature.

In addition to interfering in the mechanisms of cell

death, the characteristics of a biomaterial might acti-

vate intracellular motifs that result in the release of

mediators that trigger and maintain the inflammatory

process or else suppress it (Baraba et al. 2011, Brown

et al. 2012). Until this time, relatively few studies

have evaluated the effect of components released by

Effects of sealers in PMNs and monocytes Souza et al.
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endodontic materials on the profile of monocytes/

macrophages or on the release of cytokines and other

mediators related to inflammation (Rezende et al.

2005, 2007, Brackett et al. 2010, 2012, de Oliveira

Mendes et al. 2010, Braga et al. 2014). However, the

referred studies used peritoneal mouse macrophages

(Rezende et al. 2005, 2007, de Oliveira Mendes et al.

2010, Braga et al. 2014) or THP-1 macrophages

(Brackett et al. 2010, 2012) and did not use human

primary cultures as a model. Controversy exists

regarding the choice of permanent cell lines or pri-

mary cell cultures as study models (Honegger 2001,

Martinho et al. 2018). Despite the greater use of per-

manent lineage cultures, these have unnatural beha-

viour, altering the biological responses against

materials (Honegger 2001).

In the current study, the proinflammatory media-

tors IL-6, IL-12, TNF-a and IL-8 (de Brito et al. 2012,

M�arton & Kiss 2014) were evaluated, as well as

immunoregulatory/reparative IL-4 and IL-10 (de Brito

et al. 2012, M�arton & Kiss 2014) induced by AHP,

S26 and END. These cytokines are key players of a

cascade that initiates, maintains and repairs periapical

inflammation and bone resorption, including apical

periodontitis (M�arton & Kiss 2014). Considering that

root canal sealer may extrude and establish direct

contact with periapical tissues, it is important to

know the cytokine profile induced by sealers on

monocytes and IL-8, the principal chemokine pro-

duced by PMNs. It is important to evaluate these

effects because some endodontic materials that are

extruded beyond the apical foramen could recruit

inflammatory cells that release proinflammatory and

immunoregulatory cytokines (Braga et al. 2014,

Ricucci et al. 2016); thus, they were evaluated in the

current experimental model.

Previous studies evaluating the cytokines produced

by monocytes/macrophages in contact with endodontic

materials used macrophage polarization models

(Rezende et al. 2005, de Oliveira Mendes et al. 2010,

Braga et al. 2014). Macrophages are polarized into two

types according to function, receptor relationship, and

cytokine production: M1 is characterized by its inflam-

matory profile, and M2 is recognized by its

immunomodulatory/anti-inflammatory activities (Kou

& Babensee 2010, de Oliveira Mendes et al. 2010,

Brown et al. 2012). Macrophages can be directed

towards M1 phenotypes by Th1-type cytokines, such as

IFN-ɣ, or microbial pathogen-associated molecular pat-

terns, such as LPS (Martinez et al. 2008). M2 represents

a continuum of functionally and phenotypically related

cells subdivided into M2a, M2b and M2c (Martinez et al.

2008). IL-4 and IL-10 promote the alternative activa-

tion of macrophages into M2 cells (M2a and M2c,

respectively) and inhibit the classical activation of

macrophages into M1 cells (Martinez et al. 2008, Kou &

Babensee 2010). The absence of significant differences

in IL-4 levels among the sealers and the control group

could suggest that the sealers do not interfere with the

production and secretion of this cytokine. On the other

hand, the lower levels of IL-10 detected in AHP and

END when compared with the control might indicate a

reduction in monocyte/macrophage scavenging activity

and prohealing activity. TNF-ɑ has often been evaluated

in studies enrolling the cytokine production by macro-

phage subsets induced by endodontic sealers (Rezende

et al. 2005, de Oliveira Mendes et al. 2010, Braga et al.

2014). The lack of difference between the evaluated

sealers and control group are in agreement with de Oli-

veira Mendes et al. (2010), which suggests that, in the

absence of a residual infection, the sealer does not inter-

fere with TNF-ɑ production. Considering that, in the pre-

sent study, external agents were not added to induce the

polarization of macrophages, it is not possible to make

inferences about the role of the sealers studied in the M1

or M2 profile.

IL-12 promotes cell-mediated immune responses,

acting at the intersection of the innate and adaptive

immune responses (de Oliveira Mendes et al. 2010)

and increasing in the presence of Gram-positive and

Gram-negative bacteria (Rezende et al. 2005). In this

study, END had the lowest levels of IL-12 compared

to the control and other sealers, which differs from

previous studies that demonstrated that endodontic

materials did not affect the capacity of macrophages

to produce IL-12 in the absence of microbial stimuli

(Rezende et al. 2005, de Oliveira Mendes et al. 2010).

On the other hand, Braga et al. (2014) detected

higher levels of IL-12 produced by macrophages in

the presence of extracts of endodontic sealers than in

control group, in both stimulated and nonstimulated

cultures. Despite the differences regarding sealer com-

position and cellular models used, those results con-

firm the present study, since they demonstrate that,

depending on the composition of the sealer, sealers

can stimulate the production of IL-12.

Regarding IL-6, this is the first study to evaluate the

interference of sealer composition on the release of this

cytokine in monocyte cultures. IL-6 acts as both a

proinflammatory and anti-inflammatory cytokine,

depending on the induction or inhibition provided by

other mediators present in the microenvironment. The

Souza et al. Effects of sealers in PMNs and monocytes
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present findings, in which the sealers AHP and END did

not differ from control, indicate that these sealers did

not modify the pattern of cytokine release by mono-

cytes, which probably indicates that these sealers do

not activate a proinflammatory response. The lowest

levels of IL-6 were induced by S26, probably because of

its cytotoxic effects. A previous study showed similar

findings that sealers did not interfere with IL-6 produc-

tion (Brackett et al. 2009). On the other hand, Mart-

inho et al. (2018), using pulp cells in contact with

extracts of different sealers, among them AHP, found

higher levels of IL-6 and an absence of difference for IL-

12 when compared to the control group. Those differ-

ences could be related to the cell model used, experi-

mental design regarding sealer contact with cells and

sealer composition. Further studies using LPS activa-

tion are necessary to know the effect of these sealer

compounds on activated macrophages.

IL-8 is one of the main PMN inflammatory media-

tors; it is known to recruit and activate PMNs, as well

as other inflammatory cells (Velard et al. 2009). In

the present study, it was postulated that the products

released by the fresh sealers would be able to influence

the production of this mediator. In fact, the presence

of components of the sealers in the culture medium

served as a stimulus for the release of IL-8, which was

significantly lower in the control group than in cells

cultivated with sealers. Despite the present findings, it

is important to take into account that results enrolling

cell culture models should not be extrapolated clini-

cally due to this model’s lack of a mechanism for the

removal of irritating agents (Bryan et al. 2010).

The influence of the sealer on viability is dependent

on the cell type. AHP was more cytotoxic for PMNs;

meanwhile, S26 was more cytotoxicity for monocytes.

Both sealers induced apoptosis, justifying the reduc-

tion in cellular viability. Sealer composition appeared

to alter the form of self-regulation of the production

of these cytokines by cells. There was broad variation

in the effects of sealers on cytokine production, and it

was not possible define a precise cytokine profile.

Therefore, more studies must be conducted using

other cell models and cocultures in order to under-

stand the steps that may be involved in periradicular

reactions to extruded material.

Conclusions

END and AHP increased the percentage of apoptotic

and necrotic cells in PMNs and monocytes, respec-

tively, with higher cytotoxicity to these cells.

Regarding the release of cytokines, END had the low-

est levels of IL-12 compared to the other sealers and

higher levels of IL-6 compared with S26. The tested

sealers did not differ in the release of IL-8, IL-10,

TNF-a and IL-4.
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Evaluation of premixed calcium silicate-based sealers and their role on 

osteoclastogenesis 

 

Abstract: Solubility, pH, ion release, cytotoxicity and osteoclastogenesis inhibition in 

bone marrow-derived monocyte macrophages (BMMs) were evaluated for: 

EndoSequence BC Sealer (Brasseler) [END], Bio-C Sealer (Angelus) [BC], and Sealer 

Plus BC (MK Life) [SPBC]. pH was evaluated after immersion in deionised water 

(DW) and α-MEM. Solubility was obtained by mass loss. Ion release was measured by 

using X-ray fluorescence spectroscopy (XRF). Cytotoxicity was evaluated by MTT 

assay. Inhibition of osteoclastogenesis was evaluated by tartrate-resistant acid 

phosphatase (TRAP). Statistical analyses were performed using ANOVA, Tukey’s and 

Dunnett’s tests or t-tests (α = 0.05). END presented highest pH in DW (p < 0.05), and 

BC in α-MEM (p < 0.05). Solubility in DW was lower for SPBC (p < 0.005). The 

highest calcium release was observed for BC in DW at 12 h (p < 0.05) and in α-MEM at 

12 and 24 h (p < 0.05). Lowest toxicity was detected for END (p < 0.05). BC presented 

higher inhibitory effect on osteoclast (p < 0.05). All calcium silicate-based sealers 

demonstrated higher solubility than ISO standards. Calcium release was higher for BC. 

END showed greater cell viability, and BC showed greater inhibition of osteoclasts.  

 

Keywords: Bioceramics; Calcium Silicate; Cytotoxicity; Physicochemical Properties; 

Root Canal Sealer 
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Evaluation of premixed calcium silicate-based sealers and their role on osteoclastogenesis

Introduction

Root canal sealers may extrude through the foramen, or leachable compounds from the 

sealers may come into contact with periradicular tissues influencing the healing process.1 Teeth 

with periapical periodontitis in which local immunoinflammatory reactions led to alveolar bone 

resorption adjacent to the root apex and dentin.1, 2 The reciprocal coordination between 

osteoblasts and osteoclasts is essential to provide repair of periapical periodontitis.3 Particularly, 

the upregulation of osteoclastic activity has been associated with the control of lesion 

expansion.4 In recent years, research has evaluated the effect of calcium silicate-based materials 

on the modulation of osteoclastogenesis.5-8

Calcium silicate-based sealers, a new class of endodontic sealers characterised as 

bioceramics.9, 10 have been described as bioactive and osteoconductive with the potential to be 

used as adjuvants in periapical remineralization, favouring regeneration.11, 12 Bio-C Sealer 

(Angelus, Londrina, PR, Brazil) and Sealer Plus BC (MK Life, Porto Alegre, RS, Brazil) are 

premixed and ready-to-use calcium silicate-based endodontic sealers, which were recently 

evaluated regarding their physiochemical 13, 14 and biological properties.15-18 However, there is 

no evidence regarding ions leached in solution by both sealers and their effects on osteoclastic 

differentiation compared to the gold standard bioceramics sealer, EndoSequence BC Sealer 

(Brasseler, Savannah, GA, USA). 

The aim of this study was to evaluate the effect of premixed calcium silicate-based 

endodontic sealers EndoSequence BC Sealer, Sealer Plus BC and Bio-C Sealer on bone marrow- 

derived monocyte-macrophages (BMMs) cytotoxicity, inhibition of osteoclastogenesis, pH, 

solubility and ion release. The null hypothesis was that there would be no difference between the 

sealers on all the evaluated parameters.
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Methodology

Preparation of sealer discs and extracts

The following endodontic sealers were tested: EndoSequence BC Sealer (Brasseler) – 

END, Bio-C Sealer (Angelus) - BC, and Sealer Plus BC (MK Life) - SPBC. Acrylic plates, with 

six perforations each measuring 7.75 mm in diameter x 1.5 mm in thickness,19 were moulded 

with silicone. The moulds were filled with the sealers and kept in a humidified chamber at 37 °C 

for 24 h according to methodology proposed by Tanomaru-Filho et al.20 for analysis of pH, 

solubility and chemical compounds by X-ray fluorescence spectroscopy. 

Sealer extracts were prepared according to standards (ISO 10993–5/2009)21. With an 

insulin syringe, 0.3 mL of each sealer was placed at the bottom of a 24-well plate, and each well 

was filled with 1.5 mL of Minimum Essential Medium Eagle (α-MEM) (LGC Biotecnologia, 

Cotia, SP, Brazil), supplemented with 10% heat-inactivated foetal bovine serum (FBS) (LGC 

Biotecnologia) and 1% penicillin-streptomycin (Sigma-Aldrich, Saint Louis, MO, USA) – 10% 

α-MEM. The plates were kept for an additional 24 h in a humidified incubator at 37 °C (5% 

CO2/air) before extracts preparation.22 The tested sealers were manipulated according to the 

manufacturers’ directions.

Sealer pH, solubility and ion release

The same samples were used for the three methodologies. The sealer discs were removed 

from moulds, kept in a desiccator, and weighed on an analytical balance (Shimadzu Corporation, 

Kyoto, Kansai, Japan) until stabilisation of the initial mass. From each sealer, six discs were 

placed inside plastic tubes containing 10 mL of deionised water (DW) and the other six on tubes 

containing 10 mL of α-MEM. These samples were kept in a humidified incubator at 37 °C for a 

total of 48 h. The pH values were determined after 12, 24 and 48 h of immersion in DW or α-

MEM using a previously calibrated digital pH metre (MicroNal B 374, São Paulo, SP, Brazil). 

The controls were based on both solutions in which no sealers were immersed. The mean pH of 

each sample in each experimental period for DW and α-MEM was calculated after three 
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measurements. After each measurement, DW and α-MEM were carefully moved to new tubes 

for X-ray fluorescence spectroscopy measurement and were replaced by fresh solutions. After 48 

h, the discs were removed from the tubes, placed in a desiccator again and then reweighed as 

described by Torres et al.13 The solubility for samples stored in DW and α-MEM was obtained 

by calculating the mass loss and is expressed as a percentage.

The percentage of ion released by sealers on DW or α-MEM was obtained by 

fluorescence spectra of liquid samples collected each time using X-ray fluorescence 

spectroscopy (XRF; model S8 Tiger Series 2, Bruker, Kontich, Flanders, Belgium). Trace 

elements can be analysed in concentration of parts per million (ppm). From each sample to be 

analysed, 10 mL of liquid was transferred to sample cups of 40 mm (model SC-4340, 

PremierLab Supply, Port St. Lucie, FL, USA) and weighed on an analytical balance for further 

normalisation of data. Quantitative analysis of constituents was performed by Quant Express for 

fast and reliable analysis of unknown liquid samples. Data acquisition time for each sample 

measurement was 420 s, and the spectra were processed using the software Spectra Plus, which 

automatically determines the intensities of X-ray peaks for the elements and quantifies their 

concentration. 

Bone-marrow derived monocyte-macrophages (BMMs) culture and exposure to the sealer 

extracts

Animal procedures were performed with approval of the ethics committee in animal 

experimentation at the Federal University of Uberlândia (protocol number 003/2019). Bone 

marrow cells (BMCs) were isolated from 6-week-old C57BL/6 mouse femurs as previously 

described.23 BMCs were seeded in 6 well/plates containing 10% α-MEM and 30 ng/mL of 

recombinant murine monocyte colony stimulating factor (M-CSF) (PeproTech, London, United 

Kingdom). After 3 days, the BMMs were plated on 96-well plates (2 × 104 cells/well) in 10% α-

MEM, allowed to adhere overnight, and the cultures were exposed to the sealer extracts at all 

dilutions (1:20, 1:100, 1:500, and 1:2500) with the presence of M-CSF at 30 ng/mL during 12 h, 

24 h and 48 h. After the incubation periods, the cells were immediately tested for cytotoxicity by 

the MTT assay. The control group was maintained in α-MEM with M-CSF.  
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MTT assay 

Cytotoxicity of sealer extracts on BMMs was evaluated at 12 h, 24 h and 48 h. MTT 

solution (Sigma-Aldrich) (5 mg/mL) was added to each well, and the cells were incubated at 37 

ºC for 4 h. Supernatants were removed, and then 100 μL of dimethyl sulfoxide (DMSO) (LGC 

Biotecnologia) was added. The optical density at 570 nm was measured using a microplate 

reader (Biochrom, Cambridge, EN, United Kingdom).

Differentiation of BMMs into osteoclasts (osteoclastogenesis), exposure to the sealer 

extracts and tartrate-resistant acid phosphatase (TRAP) stain

BMMs were simultaneously exposed to the sealer extracts, 50 ng/mL of recombinant 

murines RANK Ligand (RANKL) (PeproTech) and 30 ng/mL of M-CSF (PeproTech) during a 

period of 5 days. The extracts and reagents were replaced on day 3. The positive control group 

contained cells kept in 10% α-MEM stimulated with M-CSF and RANKL, and the negative 

control group contained cells maintained only in 10% α-MEM and M-CSF (not induced to 

differentiation). At day 5, the cells were stained for TRAP using a commercially available 

staining kit (Sigma-Aldrich) according to the manufacturer’s protocol. TRAP-positive 

multinucleated (>3 nuclei) cells were counted as osteoclasts and expressed as percentage. Images 

were obtained with 10x magnification using a Leica DM IRB-inverted microscope coupled with 

a DFC490 camera (Leica, Wetzlar, HE, Germany).

Statistical analysis

All data were collected and tabulated in Microsoft Excel sheets (Microsoft Corporation, 

Redmond, WA, USA). The data were analysed for normal distribution using the Shapiro-Wilk 

test and homoscedasticity using the Levene test. Two-way ANOVA, Tukey’s and Dunnett’s tests 

were used for pH and osteoclastic differentiation (TRAP stain). Two-way ANOVA and Tukey’s 

tests were used for ion release (XRF). Two-way and three-way ANOVA were used for viability. 

One-way ANOVA and Tukey’s tests for multiple comparisons were used for solubility between 

the sealers in each solution, and the unpaired t-test was used for comparisons of the same sealer 
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in different solutions. Statistical analyses were performed with GraphPad Prism software v8.2.0 

(San Diego, CA, USA), and the significance was set at α = 0.05.

Results

Solubility, pH and ion release 

Solubility values were significantly lower for SPBC than END and BC (p < 0.0001) after 

DW immersion. After α-MEM immersion, BC presented significantly higher values than END 

and SPBC (p < 0.0001). The results are shown in Table 1. Figure 1 shows the mean pH values 

for the three evaluated sealers and respective controls in DW and α-MEM. DW analysis revealed 

that BC and SPBC groups were associated with pH reduction in the evaluation times (p < 

0.0001) (Figure 1A); in contrast, END presented high pH values in 48 h (p < 0.0001). 

Comparisons among sealers in DW showed the lowest pH values for SPBC in the three 

experimental periods (p < 0.0001). Samples stored in α-MEM did not demonstrate differences by 

evaluation time for END and SPBC groups (p = 0.1748), while in BC, the lowest pH values were 

demonstrated in 48 h (p < 0.0095) (Figure 1B). Comparisons among sealers in α-MEM showed 

the highest pH values for BC in 12 h (p < 0.0087) and 24 h (p = 0.0025). In contrast, in 48 h, the 

highest pH values were observed for SPBC (p = 0.0009). In general, the values after α-MEM 

immersion for solubility and pH were significantly lower than after DW immersion (p < 0.0001). 

The results for ion release are shown in Figure 2. BC leached calcium ions in DW, 

reaching a peak at 12 h with expressive reduction along with time (p = 0.0073) (Figure 2A). On 

the other hand, END exhibited low leaching of calcium in the early stages of hydration with 

substantial reduction at 48 h (p < 0.0001) in both soak solutions (Figure 2A,B). In general, 

calcium levels were similar for BC and END, except for α-MEM 12 h (p < 0.0001) in which BC 

presented the highest amount of this element (Figure 2B). Calcium levels were practically 

undetectable for SPBC at all times evaluated with results significantly reduced in comparison to 

those for END and BC at 12 h (p < 0.0001) and 24 h (p < 0.0001), for DW solution. In α-MEM, 

only BC was significantly different from SPBC in both periods (p < 0.0001 and p = 0.0145, 
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respectively). The silicon ion release was extremely low in all sealers for both soak solutions (p 

> 0.9999), which is expressed in ppm (Figure 2C,D). 

Viability

The dilution and time-dependent effects of the extracts on cell viability for each sealer are 

shown in Figure 3. Two-way ANOVA demonstrated that END group at different extract 

dilutions and at different experimental times showed similar viability, except 1:20-1:2500 at 48 h 

(p = 0.035) (Figure 3A). BC (Figure 3B) and SPBC (Figure 3C) groups presented a significant 

reduction in the percentage of cell viability at 48 h for all dilutions, however no significant 

differences were observed in the interaction of dilutions and time (p = 0.560 and p = 0.661, 

respectively). Compared to the control, significant reduction in the cell viability was observed 

for all extract dilutions at different experimental times for END, BC, and SPBC sealers (p = 

0.031, p < 0.001, and p < 0.001 respectively) (Figure 3D-F). Three-way ANOVA and Tukey’s 

post-tests comparing the sealers (p < 0.001), dilutions (p = 0.002) and time of evaluation (p < 

0.001) presented significant differences. END showed the highest viability (p < 0.001). SPBC 

presented a similar viability percentage compared with that of BC (p = 0.156). 

Effects of the sealer extracts on osteoclastic differentiation and function

 The dose-dependent effects of the sealer extracts on TRAP stain are shown in Figure 4. 

In negative control, unstimulated cells (the negative control) did not show TRAP stain, whereas 

cultures treated with M-CSF and RANKL (the positive control) exhibited significantly higher 

values (Figure 4A,B). END inhibited TRAP stain in a dose-dependent manner (p < 0.001), 

except between dilutions 1:500-1:2500 (p = 0.078). Cultures exposed to SPBC presented similar 

values of TRAP-positive cells at dilutions of 1:20 and 1:100 (p = 0.464), with lower inhibition in 

more diluted extracts (p < 0.001). BC presented higher inhibitory effects at extract 

concentrations of 1:20 (p < 0.001) with a tendency to stabilise on more diluted samples. 

Comparisons between sealers in each extract dilution did not present significant 

differences in the inhibitory effects at 1:20 dilution (p < 0.001). At 1:100 dilution, the highest 
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number of TRAP-positive multinucleated cells was found in END (p < 0.003). Similar TRAP 

stain was detected in BC and SPBC (p = 0.215). At dilutions of 1:500 and 1:2500, there were no 

significant differences between SPBC-END (p = 0.860 and p = 0.139, respectively), and BC 

presented the greater inhibitory values (p < 0.001). The number of TRAP-positive multinucleated 

cells on the positive control was superior to all sealers and dilutions tested (p < 0.001).

Discussion

The null hypothesis was rejected since differences were detected between the premixed 

calcium silicate-based sealers regarding physicochemical and biological parameters evaluated. 

Although pH, solubility and release of calcium ions promoted by END, BC and SPBC have been 

previously evaluated,13, 14, 24-27 the periods of analysis were different. In the present study, these 

parameters were evaluated at periods corresponding to the cytotoxicity analysis on BMMs 

culture. Additionally, no studies have compared BC or SPBC with END, which has a relevant 

number of publications.9, 12, 24, 26

Solubility and pH were evaluated both in DW, as recommended by American National 

Institute/American Dental Association and the International Organization for Standardization 

tests (nº 57 ANSI/ADA – 2008; and ISO 6876/2012),28, 29 and in the cell culture medium, which 

is the condition used for cell treatment. It has been argued that the immersion of endodontic 

sealers in liquids that simulate body fluids (SBF) better mimics the clinical conditions.9, 13, 30-32 In 

agreement with the present results, previous studies have demonstrated reduced solubility of 

calcium silicate-based materials when immersed in SBF 18, 31 or phosphate buffered saline 
(PBS).13, 32 It has been speculated that in such conditions, calcium ions combined with phosphate 

promote the formation of superficial hydroxyapatite,33 which may compensate the solubility.32 In 

general, the mean solubility values were slightly divergent from the current literature for the 

three sealers.12, 13, 25, 27 Nevertheless, the present results confirm that BC presents higher 

solubility than SPBC, despite the storage solution.13 As previously reported, the solubility of 

calcium silicate-based sealers remained above the minimum level recommended by ISO 6876.10, 

13, 14, 25, 29, 30 This kind of solubility test presents limitations when used to evaluate biomaterials 
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that present water absorption,11, 13, 20 reflecting the loss of mass overestimated due to the drying 

process.14 

Solubility has been straightforwardly related to ion release and pH values,9, 12, 30 

especially calcium ions, which may favour the establishment of an alkaline pH.12 SPBC stored in 

DW showed the lowest pH values in the three experimental periods. According to Mendes et 

al.,25 the alkalizing effect of SPBC remains stable for 7 days, ranging from 9.09 to 10.05. In the 

current study, SPBC maintained a constant pH over time only when stored in α-MEM. It is not 

possible to explain exactly why the culture medium and DW results showed different pH 

patterns, but it is clear that the type of soaking medium used affects the material properties.30 

The calcium ion release has been often evaluated when analysing tri-calcium silicate-

based materials 9, 12, 30, 33 because of its relationship with biomineralization and repair. In the 

present study, the XRF methodology allowed simultaneous multi-element analysis although only 

the levels of calcium and silicon have been subjected to quantitative analysis because of their 

presence on END, BC, and SPBC.17, 24, 25 In contrast to Mendes et al.,25 the levels of calcium in 

DW for SPBC were almost undetectable and were not increasing over time, which is probably 

related to its low solubility.13 On the other hand, the highest levels of calcium in BC are probably 

related to the high solubility of this material as previously described.13, 14 In general, the leaching 

of calcium in DW was higher than in α-MEM, which is probably related to material solubility 

and soaking solution.30 The silicon levels were close to zero in DW and are presented in ppm. 

The silicon levels were slightly higher in the culture medium than in DW, but this result is 

different from that in the literature,17 which is probably related to the method of analysis.

The components leached by endodontic sealers may influence the other physicochemical 

parameters evaluated and affect cell behaviour.22, 34 It was postulated that the components eluted 

by fresh sealers on extracts could affect the viability of BMMs and the osteoclastic 

differentiation. In fact, sealer extracts caused a dose-dependent reduction in the cell viability, 

except for END. The lower toxicity of END confirms the data obtained in two systematic 

reviews 11, 12 although this is a parameter affected by the type of cell evaluated.34 BC and SPBC 

showed similar viabilities, close to 80% within the first 24 h of contact, which did not classify 

them as initially cytotoxic. The biocompatibility of BC and SPBC 15, 16 and cytotoxicity on 
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distinct cell models 16-18 were previously evaluated, demonstrating that both were biocompatible 

and that cytotoxicity is reduced in more-diluted extracts. In BMMs, the increased cytotoxicity in 

48 h may probably reflect a cumulative effect of toxic compounds on BC and SPBC. 

Regarding osteoclastic differentiation, the inhibitory effect of BC in RANKL-induced 

BMMs was evident when compared to that of the other sealers. RANKL-stimulated BMMs are 

often used for investigation of osteoclastogenesis.7, 23 To avoid bias caused by the differences in 

the number of viable cells, the same number of cells was counted per field. The suppression of 

osteoclastic differentiation, obtained by TRAP-stain, seems to be an interesting property of BC 

compared to the other sealers. Although molecular analyses are often used to confirm 

osteoclastic differentiation,5, 6, 22, 34 assessments of TRAP-positive cells are an appropriate 

method for preliminary studies. The increased pH in the inflamed periapical region 32 may 

neutralise the acid environment promoted by osteoclasts or reduce its differentiation,12, 35 

contributing to hard tissue deposition in resorbed areas. 

Taken together, the present results indicate that the material properties and composition 

were affected by the soaking medium, which is probably influenced by the testing methodology 

used. The BC and SPBC showed reduced cytotoxicity in higher dilutions, while in END, the 

cytotoxicity was reduced and remained constant along with time. Although it is not possible, 

according to the present methodology, to know the mechanisms of osteoclastic inhibition, BC 

seems to be superior to the other sealers, and inferior results were observed for SPBC.

Conclusions

The biological and physicochemical properties of calcium silicate-based sealers evaluated 

in this in vitro study were affected by the soak solutions. All sealers demonstrated a higher 

solubility than ISO standards. The presence of calcium was higher for BC, while silicon ions in 

all sealers were extremely low. END showed significantly greater cell viability, and BC 

presented higher inhibitory effects of osteoclastogenesis; both END and BC are considered the 

more favourable materials for periapical tissue repair.
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Figure captions

Figure 1. Graphic representation of mean pH curves for all calcium silicate-based sealers 

comparing with the control soak solutions in the different experimental times. (A) After 

immersion in DW; and (B) after immersion in α-MEM.

Figure 2. Concentration of ion release between the calcium silicate-based sealers for each soak 

solution in the evaluation times. (A) Calcium release after immersion in DW; (B) calcium release 

after immersion in α-MEM; (C) silicon release after immersion in DW; and (D) silicon release 

after immersion in α-MEM.

Figure 3. Viable cells (%) by an MTT assay of the sealer extracts in several dilutions at different 

experimental times. (A) END dilutions; (B) BC dilutions; and (C) SPBC dilutions. Time-

dependent effects of (D) END; (E) BC; and (F) SPBC extracts. 100% cell viability was 

considered for the control group (α-MEM). Asterisk indicated the significant difference (p < 

0.05).

Figure 4. TRAP stain. (A) Osteoclastic differentiation by TRAP-positive multinucleated cells 

compared with positive control (RANKL) and negative control group (α-MEM); (B) *p < 0.05 

compared each sealer at dilutions; **p < 0.05 compared between the sealers; ***p < 0.05 

compared each sealer with the positive control group.
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TABLES

Table 1. Mean solubility values and (standard deviation) revealed in calcium silicate-based 

sealers after storage in DW and α-MEM.

Calcium silicate-based sealers
Solubility (% mass loss)

END BC SPBC

DW 6.82 (0.41) Aa 6.67 (1.21) Aa 4.56 (1.88) Ab

α-MEM 3.84 (1.04) Bb 5.38 (0.87) Ba 3.66 (0.96) Bb

Different uppercase letters in the same column represent significant differences for the same 

sealer after immersion in different solutions, calculated by using unpaired T test (p < 0.05); 

Different lowercase letters on the same line represent significant differences between 

different sealers, calculated by using One-Way ANOVA and Tukey’s test (p < 0.05).
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Evaluation of cytotoxicity, cell attachment and chemical characterization of three calcium 

silicate-based sealers 

 

ABSTRACT 

Objectives To conduct an in vitro investigation to determine the chemical characterization of 

calcium silicate-based sealers (CSBS), their cytotoxicity, and their attachment to RAW264.7 

cells. 

Materials and Methods The tested CSBSs were: BioRoot RCS - BR (Septodont), Bio-C Sealer 

- BC (Angelus), and Sealer Plus BC – SPBC (MKLife). The cytotoxicity of sealer extracts at 1:1, 

1:2 and 1:5 dilutions was evaluated using the MTT assay. Sealer discs (n=4) were used to 

determine chemical characterization by X-Ray Fluorescence Spectroscopy (XRF), Scanning 

Electron Microscopy (SEM), Energy-Dispersive X-Ray (EDX) and cell adhesion. The 

composition of the unset and set sealers was detected by Fourier-transform infrared 

spectroscopy (FTIR). Cell viability and XRF data were analyzed using one-way ANOVA, 

Tukey’s and Dunnett’s tests (p<0.05). Qualitative comparisons were performed for other 

analyses. 

Results SPBC at 1:2 dilution presented the lowest cell viability compared with BR (p=0.0456) 

and BC (p=0.0347). CSBS produced a statistically significant reduction in cellular viability at 1:1 

dilution, compared with the control group (p<0.0001). BC and SPBC exhibited similar spectra, in 

relation to unset and set samples, as detected by FTIR. EDX detected higher calcium content 

for BR and SPBC, and aluminum only in the premixed sealers. The surface morphology showed 

irregular precipitates for all sealers. XRF detected the highest calcium release for BR (p<0.05). 

Conclusions BR has the greatest degree of purity, and the highest calcium content. BC and 

SPBC presented similar compositions, with heavy metals, such as aluminum. All the sealers 

maintained viability above 70%.   

 

Keywords: Bioceramic sealer; Calcium silicate; Cytotoxicity; Physicochemical properties; Root 

canal filling materials 
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INTRODUCTION 

 

The concept of foraminal patency [1] and apical enlargement [2] have been 

recommended in endodontic practice to prevent the packing of debris in the apical third, and to 

remove the bacteria present in this critical region of the root canal. These procedures can lead 

to unintentional sealer extrusion through the root apex during obturation [3]. Extrusion of sealer 

in periapical tissues should not be considered undamaging [3], bearing in mind that there have 

been reports of postoperative pain occurring in the initial periods [4].  This represents a concern 

mainly regarding endodontic sealers that have greater fluidity [5] and solubility [6]. 

Calcium silicate-based sealers (CSBS) in particular have shown a significantly greater 

amount of extrusion through the root apex than conventional sealers, because of their greater 

flowability [3,7]. The high solubility of this class of material has already been reported [6,8,9]. 

However, this aspect is still controversial, and some new endodontic CSBSs have 

demonstrated higher solubility than that recommended by ISO 6876/2012 [6,10,11].  

A possible relationship has been established among the factors of high solubility of 

CSBS, its increased release of calcium ions, and its high pH values [8,11]. This combination 

could contribute to greater than 50% cytotoxicity, initially observed in these new sealers [12,13]. 

However, in vivo studies have detected new bone growth and apical healing for CSBS [5,14]. In 

fact, the biological responses of CSBS obtained in in vitro [12,13,15-17] and in vivo studies 

[5,14] may be related to variations of different CSBS compositions and proportions of 

compounds [8,18,19].  

Fibroblasts, pulp cells and osteoblasts are often used in vitro evaluations of new 

endodontic sealers [12,13,15,16]. Macrophages are also an interesting experimental model, 

because they allow evaluation of the effect of the sealers on cells enrolled in the 

immunoinflammatory events in the periapical region [17,20]. Bio-C Sealer (BC) (Angelus, 

Londrina, PR, Brazil) and Sealer Plus BC (SPBC) (MK Life, Porto Alegre, RS, Brazil) are ready-

to-use CSBSs recently introduced in the market, and have not yet been tested on macrophage 

cell culture models. Although BC and SPBC have been characterized by some physicochemical 
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tests [21,22], few publications have compared the composition of these sealers using 

complementary tests. 

The present research aimed to evaluate the chemical composition and compare the 

biological properties of three CSBSs (BioRoot RCS, Bio-C Sealer and Sealer Plus BC) in 

RAW264.7 cells, in relation to cell cytotoxicity, attachment, ion release and surface morphology. 

The null hypotheses were that there is no difference among the tested sealers in regard to 

chemical properties and biological effects. 

 

MATERIAL AND METHODS 

 

Material preparation and characterization 

BC and SPBC were packed directly into sterile molds. BioRoot RCS (BR) (Septodont, 

Saint-Maur-des-Fossés, PAR, France) was prepared following the manufacturer’s directions, 

and inserted into syringes immediately before deposition into molds, in order to allow the same 

conditions for the insertion of all the sealers. The sealers were placed in silicone molds 

measuring 7.75 mm diameter x 1.5 mm thick, and kept in a humidified chamber at 37°C for 24 h 

[22] for the cell attachment assay and the chemical composition analysis by X-Ray 

Fluorescence Spectroscopy (XRF), scanning electron microscopy (SEM) and energy-dispersive 

X-ray (EDX).  

The sealer discs (n = 4) were removed from the molds and placed inside sterile plastic 

tubes containing 10 mL of Minimum Essential Medium Eagle (α-MEM) (LGC Biotecnologia, 

Cotia, SP, Brazil) and 1% penicillin-streptomycin (Sigma-Aldrich, Saint Louis, MO, USA) for 24 

h. The medium for each sealer sample was carefully moved to a sample cup (model SC-4340, 

PremierLab Supply, Port St. Lucie, FL, USA) for XRF analysis (model S8 Tiger Series 2, Bruker, 

Kontich, ANR, Belgium), while the disc was processed for SEM-EDX analysis. 

The XRF quantitative analysis of the components released by the sealers on α-MEM at 

24 h was performed by Quant-Express, and processed using the Spectra Plus software 

program, which automatically determines the intensities of X-ray peaks for the elements. The 

SEM (EVO 10, Carl Zeiss, Oberkochen, BW, Germany) evaluation was performed by washing 
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hydrated discs (n = 4) in 0.05 M Na-cacodylate buffer, fixed in 2.5% glutaraldehyde in 0.1 M Na-

cacodylate buffer, dehydrated in serial ethanol solutions of 50-100% followed by drying using 

hexamethyldisilazane. After drying, the samples were mounted on stubs and sputter-coated 

with 30 nm of gold (model Leica EM SCD050 table-top device, Wetzlar, HE, Germany). The 

samples were analyzed in three distinct regions under 700x, 2340x and 5000x magnifications at 

5.0 kV and 20 µm, and under EDX (Oxford model 51-ADD0048, Abingdon, OXON, England), at 

a working distance of 8.5 mm, and at an acquisition time of 30 s for each point of analysis. The 

same protocol was used for the cell-plated discs.  

Fourier-transform infrared (FTIR) (Vertex 70, Bruker Optik GmbH, Ettlingen, BW, 

Germany) was used to evaluate unset and set sealers using the OPUS (Bruker) software 

program. The spectra were obtained over a range of 4000–400 cm−1, with a 4 cm−1 resolution, in 

32 scans acquired using transmittance spectroscopy.  

 

Cell assays 

 

Cell cytotoxicity 

Fresh CSBSs were inserted into 24-well plates under aseptic conditions in a laminar 

flow cabinet using 0.22 mL. All the materials were immediately covered with 2.5 mL of α-MEM 

containing 1% penicillin-streptomycin (Sigma-Aldrich) supplemented with 10% heat-inactivated 

fetal bovine serum (FBS), and with 10% α-MEM (LGC Biotecnologia), and then incubated in the 

dark for 24 h at 37°C. The original extracts (1:1) were prepared following ISO 10993-5/2009 

recommendations [23]. The medium was collected, filtered at 0.22 µm and diluted at 1:1, 1:2 

and 1:5 concentrations [24]. RAW264.7 were seeded in 96-well culture plates (1 x 104 cells/mL) 

in 10% α-MEM. After cell adherence, the effect of the sealer extracts (1:1, 1:2 and 1:5 dilutions) 

on cell viability in 24 h was assessed using the MTT technique, as previously described [25]. 

The control group contained cells that did not come into contact with any sealer extract. Each 

dilution was analyzed in triplicate in three distinct experiments, and the data obtained for each 

group were expressed as mean ± standard deviation. 
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Cell attachment 

Direct testing was used to determine cell attachment, by seeding 2 x 104 RAW264.7 

cells (passages 5–7; BCBRJ, Rio de Janeiro, RJ, Brazil) on top of the sealer discs, inside 48-

well culture plates in 10% α-MEM for 24 h (n = 4). Afterwards, the samples were processed and 

analyzed, as described above for SEM. The cells seeded over the glass coverslips were 

considered as the control. 

 

Statistical analysis 

The data were analyzed for normal distribution using the Shapiro-Wilk test, and for 

homoscedasticity using the Levene test. One-way ANOVA complemented by Tukey’s post-hoc 

test were applied to perform XRF analysis. Cell viability was analyzed initially by comparing 

different extract dilutions of the sealer. Next, the sealers were compared with one another in the 

same dilution, and later with the control, using one-way ANOVA, Tukey’s and Dunnett’s tests. 

This project was mostly qualitative in nature. The level of significance was set at p < 0.05 and all 

the analyses were performed using the GraphPad Prism software program v8.2.0 (San Diego, 

CA, USA).  

 

RESULTS 

 

XRF analysis 

The results for the leaching of elements by hydrated sealers are shown in Table 1, and 

are expressed in ppm. BR leached higher amounts of calcium ions into the solution at 24 h and 

at 3200 ppm, and was significantly different from SPBC (p = 0.0201) and BC (p = 0.0403). On 

the other hand, all the sealers exhibited a low level of silicon leaching, which was similar 

(insignificant) among the groups (p = 0.5302). Zirconium was detected only in the BC samples, 

at 4 ppm (p = 0.4219). 
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SEM-EDX analysis 

Representative SEM images of the hydrated sealer discs are shown in Figure 1. EDX 

analysis of the components are shown in Figure 2. The surface morphology of all the sealers 

showed crystallite deposits and crystal precipitates, each belonging to a different type of 

crystalline. BR exhibited a globular and cubical crystallite appearance, with a mostly grainy 

microstructure (Figure 1A), and more numerous deposits of crystals than BC and SPBC. BC 

showed the most regular surface (Figure 1B). In general, the surface particles of SPBC showed 

varied morphologies, mostly very coarse and elongated (Figure 1C).  

The EDX analysis showed carbon, calcium, zirconium, silicon, and oxygen peaks for all 

CSBSs (Figure 2A, 2B and 2C). Regarding the chemical composition of each sealer, BR and 

SPBC showed the greatest presence of calcium (Ca) content. BC presented a high percentage 

of zirconium (Zr), and all the sealers showed low silicon (Si), but especially SPBC. The main 

difference in the composition was the presence of aluminum (Al) in BC and SPBC, titanium (Ti) 

in SPBC, and chlorine (Cl) in BR.  

 

FTIR analysis 

The chemical composition analyzed using the FTIR spectra of the unset and set CSBSs 

is displayed in Figure 3. In general, a qualitative comparison of FTIR spectroscopy revealed 

slight differences for each sealer after the setting reaction, in relation to spectroscopic plots and 

intensities. Intrinsic comparisons of unset and set sealers demonstrated more relevant 

differences in BR (Figure 3A and 3B), whereas BC (Figure 3C and 3D) and SPBC (Figure 3E 

and 3F) exhibited similar spectra. BR had more expressive peaks than the other sealers for the 

unset sample; in contrast, it had low peak intensities for the set sample.  

The unset sealers (Figure 3A, 3C, 3E) showed dicalcium silicate between 494-912 cm-1 

bands and tricalcium silicate between 573-1112 cm-1 bands [26]. Spectra values higher than 

1000 cm-1 (1101 cm-1, 1246 cm-1, 1348 cm-1, 1456 cm-1, 1647 cm-1, and 2868 cm-1) indicated the 

dispersing agent component of the sealer as polyethylene glycol [27].  
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After setting (Figure 3B, 3D, 3F), all the samples indicated absorption intensities of 

carbonates at 878 and at ~1400 cm-1 [28-30]. The formation of calcium silicate hydrate (CSH) 

was observed in all the sealers as characteristic bands from ~900 to ~1200 cm-1 and at 1350 

cm–1, indicating a Si-O combination [28,30]. All the specimens showed a small absorption band 

at ~3640 cm-1, indicating the formation of calcium hydroxide [26,31,32], with a more evident 

peak for SPBC. BR and SPBC exhibited similar peaks at 560 and 600 cm-1, indicating 

phosphate ions [30] for unset and set samples.  

 

Cell morphology and adhesion 

The qualitative analysis of RAW264.7 morphology, and the adhesion onto the surfaces 

of the different sealers showed only a few, mainly round cells, and some debris, indicating cell 

death. In the control groups, the cells adhered to the coverslip surface, and spread over a wider 

area than the sealer samples (Figure 4). 

 

Cell viability 

The effects of CSBS extract dilution on cell viability are shown in Figure 5. Intragroup 

analysis showed statistical differences between the 1:1 and 1:2 dilutions (p < 0.0001 and p = 

0.0001, respectively), and the 1:1 and 1:5 (p < 0.0001) dilutions for the BR and BC groups, with 

a lower percentage of viable cells at 1:1 dilution. The SPBC was significantly different, as seen 

by comparing all the extract dilutions (p < 0.0001), considering that the higher percentage of 

viable cells occurred at the 1:5 dilution (Figure 5A). Intergroup analysis found no statistical 

differences among the sealers at 1:1 and 1:5 dilutions (p = 0.2886 and p = 0.2272, 

respectively). At 1:2 dilution, SPBC presented the lowest cell viability compared to BR (p = 

0.0456) and BC (p = 0.0347) (Figure 5B). 

The CSBS produced a statistically significant reduction in cellular viability at 1:1 dilution, 

compared with the control group (p < 0.0001). On the other hand, BR and SPBC exhibited 

higher cell viability at 1:5 dilution, compared with the control condition (p = 0.0053 and p = 

0.0068, respectively) (Figure 5B).  
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DISCUSSION 

 

 The null hypothesis was rejected, since the CSBS showed differences in several of the 

aspects analyzed. Some in vitro studies have been published regarding BR [33-36] and BC 

[14,19,32]. More recent studies have evaluated the physicochemical [6,11] and biological 

properties [14,37] of SPBC. However, this was the first in vitro study to date that compared the 

chemical composition of the new ready-to-use CSBS, BC and SPBC, using complementary 

methodologies such as XRF, FTIR and SEM-EDX.  

FTIR and SEM-EDX have already been used to reveal the formation of calcium 

phosphate and hydroxyapatite deposits on the CSBS after soaking it in different solutions [38-

41]. When CSBS comes into contact with humidity, it incorporates the water needed to bring 

about the setting reaction, and produces CSH [32,42,43] in the form of a gel. Subsequently, the 

sealer reacts with the CSH gel, thus initiating the setting procedure, and producing calcium 

hydroxide [42,44-46]. In the present study, small bands (~3640 cm-1) of set sealer indicated the 

formation of calcium hydroxide, as corroborated by Mollah et al. [26]. However, in the present 

study, the samples were not immersed in water or any other solution for FTIR analysis; they 

were merely hydrated in a humidified chamber at 37°C for 24 h during the setting reaction. The 

moisture in this class of endodontic sealer has also been responsible for creating a suitable 

surface for calcium phosphate and apatite layer formation [47]. Both chemical compounds are 

precursors of hydroxyapatite [Ca10(PO4)6(OH)2], which may induce hard tissue deposition 

[12,48]. In previous studies, BR and SPBC showed phosphate ions at 560 and 600 cm-1 [30], in 

agreement with the current results. Other FTIR analyses for BR [49] and BC [32] revealed 

similar results. 

The difference in the results observed for BR samples, compared with the other sealers, 

may be attributed to BR being the only two-component sealer evaluated; as such, it must be 

mixed manually, and any change in its powder-liquid ratio can influence its properties [49,50]. In 

addition, the premixed sealers used in this study presented organic structures in their 

compositions, which made them act as thickening agents or fillers, a structure not found in BR 

[49]. The unset BR sample showed the highest peak intensities, probably due to the calcium 
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release that was detected in the material by XRF, and that was statistically different from the 

other sealers.  

XRF analysis was carried out to monitor the CSBS ion release. In a clinical situation, 

tissue fluids in the apical region can penetrate the root canal and degrade the sealer, leading to 

the leaching of ions by the sealers [51], as demonstrated by BR. Although the biomineralization 

potential of these sealers in contact with apical tissues was not evaluated in the present study, 

all sealers were found to release calcium ions. The highest calcium content found in BR, in 

relation to SPBC and BC, is supported by Kharouf et al. [36], who reported that the percentage 

of calcium was higher for BR than the other premixed sealers tested in their study. XRF 

revealed the presence of calcium and silicon ions such as EDX, and is distinctly able to detect 

these components in liquid samples. XRF has the advantage of being able to accurately detect 

very small amounts of the elements present, in ppm [34]. The three sealers analyzed showed a 

similar chemical composition in relation to silicon, at low concentrations, as previously described 

in a literature review [47].  

EDX analysis confirmed the presence of carbon, oxygen, silicon, calcium and zirconium 

[19,35]. This methodology gave different weight percentages of elements for each sealer. The 

differences among the various CSBSs were not significant for the elements composing the 

sealers, except for zirconium, which was higher in BC. It is known that zirconium oxide in the 

new CSBS is a radiopacifying agent, and has acceptable physicochemical properties [52]. 

Aluminum was detected in both BC and SPBC. The presence of aluminum in the BC 

composition is in agreement with the findings of a recent study [19]. Chlorine is part of the liquid 

composition of the BR sealer [36,49], and was not found in the other sealers. 

Regarding the CSBS surface morphology, the interaction between the sealer and the 

fluids needed to trigger the setting reaction may induce the formation of bioactive mineral 

crystals [53,54]. Although this stage is difficult to explore under SEM [47], BR apparently 

presented more crystallites on the surface than BC and SPBC. BR previously demonstrated 

more numerous crystals than another premixed CSBS [36]. In addition, a phosphate band 

detected for BR using FTIR may be associated with the precipitation of a globular amorphous 

calcium phosphate over the surface of the set sealer [55,56]. On the other hand, BC showed the 
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most regular surface, which is probably related to its more homogenous characteristics, seeing 

that it comes in a package with a ready-to-use premixed vial [32]. This regular surface differs 

from the irregular crystalline structures noticed in this same sealer in a previous study [19]. 

However, it must be borne in mind that these studies used different solutions to trigger the 

setting reaction of the CSBS, and these solutions could have modified the results. 

The cell parameters evaluated have already been tested for the same sealers in 

previous studies, using other cell models [13-15,19,43]. However, it is known that the host 

response pattern for different biomaterials varies according to the cell type studied [17]. 

Considering that macrophages are essential for the inflammatory response and repair 

established in the periapical area, their evaluation in in vitro models for new materials is relevant 

[20]. In the present study, we opted to use a lineage of macrophages, because of the difficulty 

of working with human primary cultures in today’s SARS-COV-2 pandemic scenario.  In 

addition, RAW264.7 cells are a well-known and widely used immortalized cell line for studies in 

endodontics [57,58]. Regarding the cell viability, the results showed a lower percentage of 

viable cells for SPBC; however, a comparison with a previously published study cannot be 

drawn, since fibroblasts were used in that study, and the tested dilutions were much greater 

[37]. 

RAW264.7 cells were seeded onto the surfaces of the three sealers to observe the 

effect of the direct contact of these sealers on cell adhesion and morphology. The parameters 

were described in previous reports [16,59], and indicate adequate attachment of cells to CSBS. 

However, in the present study, very few cells with a rounded aspect were found adhered to the 

surfaces of the materials, unlike the studies referred to. Although we do not know the exact 

mechanisms that caused the detachment of cells, we can infer that the high number of sprayed 

cells in the cover slips (control) may indicate that dissolution of the superficial layer of the sealer 

in the culture medium may be responsible for this detachment.  

It is important to address the limitations of this study, which were the use of BR, a hand-

mixed sealer, and the RAW264.7 cell lineage, instead of human primary cells, which are more 

relevant for biocompatibility studies [13]. On the other hand, BR has been on the market for 
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more than five years, is widely distributed throughout the world, and has been researched in a 

large number of publications [33-36].  

 

CONCLUSIONS 

Among the different CSBSs evaluated in this study, BR features the greatest degree of 

purity, and the highest calcium content. Both premixed sealers, BC and SPBC, presented a 

similar composition, and contained heavy metals, such as aluminum. All sealers maintained a 

viability above 70%.   
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FIGURE LEGENDS 

 

Figure 1. Scanning electron microscopy (SEM) of hydrated CSBS surface morphology at 700x 

and 2340x magnification after 24 h in α-MEM: BR (A), BC (B), and SPBC (C). 

 

Figure 2. Energy dispersive X-ray (EDX) results of the CSBS chemical elements: BR (A), BC 

(B), and SPBC (C).  

 

Figure 3. Graphic illustrations of Fourier-transform infrared spectroscopy (FTIR) for the unset 

and set CSBS: BR (A, B), BC (C, D), SPBC (E, F). 

 

Figure 4. Cell attachment of RAW264.7 onto the surfaces of the CSBSs (Control: A; BR: B; BC: 

C; SPBC: D). The arrows indicate areas with cells. 

 

Figure 5. The extract dilution effects of the CSBS on cell viability of RAW264.7 evaluated using 

the MTT formazan assay. 100% cell viability was considered for the control group: (A) Asterisks 

allow comparisons among different extract dilution for the same sealer; (B) comparisons among 

CSBS and with the control group. 

*p < 0.05 compared intragroup; **p < 0.05 compared intergroup at same extract dilution; ***p < 

0.05 compared with the control. 
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TABLE 

 

Table 1. Ion release of hydrated CSBS according to XRF analysis (ppms) 

 

 CSBS  

Elements identified (ppm) BR BC SPBC p 

Calcium (Ca) 3200 200 800 0.0201 

Silicon (Si) 19 20 12 0.5302 

Zirconium (Zr) - 4 - 0.4219 
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FIGURES 

 

 

Figure 1. Scanning electron microscopy (SEM) of hydrated CSBS surface morphology at 700x 

and 2340x magnification after 24 h in α-MEM: BR (A), BC (B), and SPBC (C). 
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Figure 2. Energy dispersive X-ray (EDX) results of the CSBS chemical elements: BR (A), BC 

(B), and SPBC (C).  

 

 

 

Figure 3. Graphic illustrations of Fourier-transform infrared spectroscopy (FTIR) for the unset 

and set CSBS: BR (A, B), BC (C, D), SPBC (E, F). 
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Figure 4. Cell attachment of RAW264.7 onto the surfaces of the CSBSs (Control: A; BR: B; BC: 

C; SPBC: D). The arrows indicate areas with cells. 
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Figure 5. The extract dilution effects of the CSBS on cell viability of RAW264.7 evaluated using 

the MTT formazan assay. 100% cell viability was considered for the control group: (A) Asterisks 

allow comparisons among different extract dilution for the same sealer; (B) comparisons among 

CSBS and with the control group. 

*p < 0.05 compared intragroup; **p < 0.05 compared intergroup at same extract dilution; ***p < 

0.05 compared with the control. 
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ABSTRACT

The aim of this study was to investigate the effects of different post space irrigation 

protocols for removing residual filling material from dentin walls, by using 

microcomputed tomography (micro-CT), and the influence of these protocols on 

dentin microhardness. Bovine incisors (n = 35) were filled with the single-cone 

technique and MTA Fillapex (Angelus, Londrina, PR, Brazil). Post space preparation 

(PSP) was performed 7 days after filling, using the Odous Touch electrical system 

(Odous De Deus Ind. e Com., Belo Horizonte, MG, Brazil), followed by post space 

irrigation using manual irrigation, passive ultrasonic irrigation, or Easy Clean, 

together with 2.5% sodium hypochlorite (NaOCl), or with 2.5% NaOCl and 17% 

EDTA (NaOCl/EDTA). Micro-CT scans were performed at three time points. The 

residual filling material was evaluated at three levels: cervical, middle and apical. The 

Knoop test was measured with four indentations around the canal lumen at three 

dentin depths: X (100 μm), Y (200 μm) and Z (400 μm). Statistical analysis was 

performed using ANOVA (P < .05). The effects of the activation method (P < .001), 

and the root level (P = .013), as well as the interaction between the irrigant and the 

activation method (P = .041), led to different percentages of residual filling material. 

Lower amounts of residual filling material were observed at the cervical versus the 

middle and apical levels (P < .05). No significant differences were observed in dentin 

microhardness (P > .05). The best removal of the residual filling material was 

performed using the Easy Clean tip and NaOCl/EDTA, regardless of the activation 

methods.

Keywords: Hardness Tests, X-Ray Microtomography, Root canal irrigants
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INTRODUCTION

Post space preparation (PSP) leads to the formation of a smear layer that 

contains the residual filling material used to fill the root canal,1, 2 and this layer on the 

root canal wall may influence the retention of fiberglass posts.3 Considering that the 

adhesive failure of fiberglass posts is mainly related to debonding at the resin 

cement/dentin interface,2, 3, 4, 5 the residual filling material bonded to the canal walls 

should be removed to improve fiberglass post retention.3, 6

Several solutions and protocols have been proposed for post space irrigation,4, 

7, 8 including sodium hypochlorite (NaOCl)9 and acid ethylenediaminetetraacetic acid 

(EDTA).4, 6, 8, 10 NaOCl acts on the organic part of dentin and modifies collagen fibers, 

whereas EDTA acts on the inorganic part and chelates calcium ions.11 Both chemical 

irrigants can change the structural properties of dentin, such as its microhardness.12, 

13

The effects of irrigating solutions can be enhanced by activation protocols 

such as passive ultrasonic irrigation (PUI).1, 10 Easy Clean (EC) (Easy Dental 

Equipment, Belo Horizonte, MG, Brazil) was developed as a simple alternative to 

PUI.14, 15, 16 Neither of these strategies has been studied at length in regard to irrigant 

activation in the root canal after PSP, but both have been shown to improve debris 

removal and bond strength of fiber posts.3, 10, 16 The effect of EC used in continuous 

rotation was observed for debris removal from the main canal and the isthmus of the 

mesial root of mandibular molars, and was found to be adequate.17, 18 However, no 

studies have investigated the effect of EC under low-speed continuous rotation as a 

post space irrigation (PSI) strategy.

The aim of this study was to investigate the effects of different post space 

irrigation protocols for removing the residual filling material on dentin walls, using 
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microcomputed tomography (micro-CT), and the influence of these protocols on 

dentin microhardness. The null hypotheses were as follows: 1) the solutions and the 

activation methods used for post space irrigation would not improve the outcome of 

residual filling material cleaning; 2) the solutions and activation methods would not 

affect dentin microhardness.

METHODOLOGY

Tooth selection and root embedment

The sample size was calculated using the BioEstat 5.3 (Mamirauá Institute, 

Tefé, AM, Brazil) statistical software program.15, 19 Five teeth per group were required 

to detect a 90% chance of finding significant differences at the 5% level (2-sided 

test), with a minimum detectable mean difference of 13.54, and an expected 

standard deviation of 3.58 with regard to microhardness, the secondary outcome.

Thirty-five bovine incisors with a single root canal, completely formed apices, 

and similar external morphology were selected. The root dimensions were measured 

with a digital caliper (Mitutoyo Sul Americana, Suzano, SP, Brazil) in the buccolingual 

and mesiodistal directions for the 3 thirds of the root. The teeth were also scanned 

using digital radiography (Sensor Fit T1, Micro Imagem, Indaiatuba, SP, Brazil), so 

that the mean area of the root canals could be measured by the ImageJ software 

program (National Institutes of Health, Bethesda, MD, USA). Maximum deviations of 

10% from the mean value were included. The teeth were cleaned and then stored in 

distilled water to prevent the effects of confounding factors on the microhardness 

tests. The crowns were removed with a diamond disc (KG Sorensen, Barueri, SP, 
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Brazil), and the mean root length was standardized at 15.0 mm. The working length 

was determined with a #10 K-file (Dentsply Sirona, York, PA, USA), which was 

introduced until its tip was visible at the apical foramen, and 1 mm was subtracted 

from this measurement. The roots were embedded in polystyrene resin (Cristal, 

Piracicaba, SP, Brazil) to simulate the alveolar bone,20 and allow the samples to be 

inserted in the same position during the micro-CT scan (Fig. 1A).

Endodontic treatment and post space preparation

All the procedures were performed by different experienced endodontic 

specialists. The root canals were prepared using a reciprocating nickel-titanium 

#50.05 file (Reciproc system - VDW, Munich, Germany) with an endodontic motor 

(Dentsply Sirona, York, PA, USA). Irrigation was performed using 12 mL of 2.5% 

NaOCl (Asfer Indústria Química, São Caetano do Sul, SP, Brazil) for all the 

specimens. Next, the root canals were rinsed with 3 cycles of 1 mL of 17% EDTA 

(Biodinâmica, Ibiporã, PR, Brazil) for 1 minute, followed by 5 mL of 2.5% NaOCl, and 

a final flush with 5 mL of distilled water. The canals were dried with paper points 

(VDW), and obturated with the single-cone technique using gutta-percha points R50 

(VDW) and MTA Fillapex (batch no. #40006 and #40063; Angelus, Londrina, PR, 

Brazil).

The specimens were stored at 37°C in a moist environment for 7 days to allow 

the sealer to set completely. PSP was performed with thermoplasticized gutta-percha 

for each sample, using M and FM tips from Odous Touch (Odous De Deus Ind. e 

Com., Belo Horizonte, MG, Brazil); 10 mL of distilled water was used to irrigate a 

space of 10 mm in length, leaving 4 mm of the apically sealed region untouched.
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Post space irrigation protocols

The roots were randomly divided (www.random.org) into two experimental 

groups (n = 15), according to the irrigant: 2.5% NaOCl and 2.5% NaOCl followed by 

17% EDTA (NaOCl/EDTA). Each group was further divided into 3 subgroups, 

according to the following irrigating activation methods (n = 5): manual irrigation (MI), 

PUI, or EC tip, yielding the final groups of NaOCl/MI, NaOCl/PUI, NaOCl/EC, 

NaOCl/EDTA/MI, NaOCl/EDTA/PUI, and NaOCl/EDTA/EC. As for the controls, the 

micro-CT evaluations considered manual irrigation as the control for each subgroup 

(NaOCl/MI and NaOCl/EDTA/MI), and the dentin microhardness assessment 

considered the root that was obturated and subjected to PSP (n = 5) as the control 

group.

Manual irrigation (n = 10) was performed with a 30-g open-ended needle 

(NaviTip, Ultradent, South Jordan, UT, USA) introduced with an “in-and-out” motion. 

PUI (n = 10) was performed with an Irrisonic E1 (20/01) tip (Helse Dental 

Technology, Santa Rosa de Viterbo, SP, Brazil) attached to the ultrasonic unit of a 

Piezon Master 200 (EMS, São Bernardo do Campo, SP, Brazil), on a power level of 

2. The EC (n = 10) had a 25.04 tip attached to a low-speed contra-angle handpiece 

(KaVo Kerr Group, Charlotte, USA), running at approximately 20,000 continuous 

rotations per minute. In all subgroups, the devices were placed 1 mm short of the 

remaining gutta-percha.

The irrigation sequence for using NaOCl was 1 mL of solution for 20 seconds 

in 6 cycles.15, 16 In the NaOCl/EDTA group, 3 mL was used for each solution,10 with 3 
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cycles of 1 mL of NaOCl followed by 3 cycles of 1 mL of EDTA, resulting in the same 

volume and time of irrigation. All irrigants were applied with a 30-g open-ended 

needle (NaviTip, Ultradent, South Jordan, UT, USA). A final flush with 10 mL of 

distilled water was performed to remove any chemical solution residue.13

Micro-CT analysis

The specimens were scanned in a micro-CT device (SkyScan 1272; Bruker 

micro-CT, Kontich, Belgium) at three time points to evaluate the residual filling 

material: after obturation, at PSP and at post space irrigation. Scanning was 

conducted under the following conditions: 100 KV and 100 μA, 21.7 μm pixel size, 

2000 ms exposure time, 180° rotation angle at a rotation step of 0.8, frame averaging 

of 2, random movement of 20, and Cu filter of 0.11 mm. The images acquired by 

micro-CT were reconstructed by a NRecon software program (version 1.6.3.3, Bruker 

micro-CT) with a beam hardening correction of 2%, a smoothing level of 1, and a ring 

artifact correction level of 7.

A CTAn (version 1.14.4.1, SkyScan, Bruker, Belgium) was used to identify the 

region of interest (ROI), corresponding to the amount of residual filling material. The 

ROI selected for each slice was the area around the root canal, used to calculate the 

volume of residual filling material (mm3). The presence of residual filling material was 

processed with the original grayscale in the cervical, middle and apical levels, with 

130 slices for each level (Fig. 1B). The residual filling material values obtained before 

applying the irrigating activation method were recorded in mm3 and converted into a 

percentage using the following formula: VA-PSP*FP/VF, where VA-PSP indicates the 

object volume after PSP (mm3), FP indicates the filling percentage (%), and VF 
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indicates the filling object volume (mm3). After the post space irrigation protocols 

were performed, the VA-CP*VA-PSP/VPSP formula was used, where VA-CP indicates the 

object volume after performing the irrigating activation method (mm3), VA-PSP indicates 

the residue after PSP (%), and VPSP indicates the PSP object volume (mm3). 

A CTAn software program was used to generate 3D models for the residual 

filling material before and after applying the irrigating activation method (Fig. 2). One 

examiner previously calibrated and blinded to the study groups performed all the 

measurements. 

Dentin microhardness assessment - Knoop test

The roots previously used for micro-CT analysis were prepared according to 

previously described methods (Fig. 1C).20 The Knoop indentation values were 

determined with a microhardness tester (FM700; FutureTech, Kawasaki, Japan) at 

the cervical, middle and apical levels, after a load of 50 g was applied for 15 

seconds.21 Four indentations were made around the canal lumen at three dentin 

depths (Fig. 1D). The average values of dentin microhardness were recorded.

Statistical Analysis

The normality of the data was tested using the Shapiro-Wilk test, and 

homoscedasticity was tested using the Levene test, after which parametric statistical 

tests were performed. The micro-CT analysis used three-way ANOVA with Tukey’s 

and Dunnett’s tests to evaluate the overall effects of the irrigant activation method 

and the root level (cervical, medium and apical). The subgroup analysis used post 

hoc Tukey’s test for two-by-two comparisons. Two-way repeated measures ANOVA 
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was used to compare the irrigants and activation methods at the cervical, medium 

and apical levels.

The dentin microhardness analysis used two-way ANOVA to compare the 

irrigants and activation methods for each dentin depth of the canal lumen at the same 

root level, after which Tukey’s and Dunnett’s tests were performed. The significance 

level was set at α = .05 for all the tests. Statistical analysis of the data was conducted 

by using SigmaPlot, version 13.1 (Systat Software, San Jose, CA, USA).

RESULTS

Residual filling material

Three-way ANOVA showed that the activation methods (P < .001), the root 

levels (P = .013), and the interaction between the irrigants and the activation 

methods (P = .041) led to significant differences in the percentage of residual filling 

material. Overall, the samples cleaned with EC showed less residual filling material 

than those cleaned with PUI or MI (P < .05). Significantly more residual filling material 

was removed at the cervical than middle and apical levels (P < .05). Table 1 presents 

the mean and standard deviation of each post space irrigation subgroup, regardless 

of the third level.

The repeated measures did not present statistically significant differences 

among the irrigant solutions at the cervical, middle and apical levels (P = .991; P = 

.699; P = .750, respectively). The EC group showed lower residue values at the 
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middle and apical levels than the MI group (control; P < .027 and P = .044, 

respectively).

Dentin microhardness

The means and standard deviations of dentin microhardness at the three root 

levels (cervical, middle and apical) are summarized in Table 2. Two-way ANOVA and 

Dunnett’s test at the cervical, middle and apical root levels, and at X (100 μm), Y 

(200 μm) and Z (400 μm) distances did not detect any differences in dentin 

microhardness among the irrigants, the activation methods or the interactions (P > 

.05).

DISCUSSION

Based on the results observed in this study, the null hypotheses were partially 

rejected, because a statistically significant difference was observed in the cleaning 

outcome, resulting from the particular activation method used. In contrast, the dentin 

microhardness values were not affected by the irrigating solutions, or the activation 

protocols. The effects of PSP on the roots filled using the single-cone technique have 

been previously evaluated regarding apical displacement and residual filling 

material.22, 23 The assessment of residual filling material using micro-CT 9, 22 provides 

a three-dimensional view of the root canal without damaging the samples.9 This 

assessment made it possible to use the same roots in the microhardness test. 

However, two different control groups were used for the micro-CT 24 and the dentin 

microhardness analyses. Regarding that of microhardness, a positive control group 
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was established with no additional irrigation protocols, since the use of chemical 

solutions can affect dentin microhardness.12

The residual filling material was removed with NaOCl or NaOCl/EDTA, both of 

which have often been recommended as post space cleaning solutions.6, 8, 9, 25 The 

volume of irrigants and the number of activation cycles were selected based on 

preliminary studies that used EC.14, 15, 16 In the present study, EC was inserted using 

a low-speed pneumatic contra-angle, enabled by its wide-ranging availability, at no 

addition cost to dentists. Moreover, this method can be considered more 

advantageous than that indicated by the manufacturer, which requires reciprocating 

movement.14, 16 The lack of a significant difference in the cleaning achieved by EC 

and PUI, among the subgroup samples irrigated with NaOCl/EDTA, confirms that EC 

can be used in continuous rotation without affecting the performance of the tips, as 

previously demonstrated.17

The E1 ultrasonic insert has a tip size of 20.01, and promotes cavitation, 

acoustic microstreaming and shock waves 1 when used properly; it may not have had 

extensive contact with the canal walls.16 The contact area could not be covered in the 

present study, because the Reciproc 50.05 device was used for instrumentation, and 

its file body has a larger diameter than its ultrasonic tip, thus allowing it to work free 

of interference. The reduction in the residual filling material adhered to root dentin 

after application of PUI for post space irrigation corroborates the results of a previous 

study.1 However, there are no previous data on EC, regarding its ability to perform 

adequate cleaning for post installation. Its aircraft wing design and flexibility 14, 15 

probably helped clean the gutta-percha and endodontic sealer from the root canals, 

as suggested by the results of previous studies evaluating its debris removal 14, 16, 17, 

26 and irrigant penetration capabilities in lateral canals.24
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A concern regarding EC is that erosion may occur when it is used with 

EDTA.15 Although this issue was not evaluated in the current study, the sequential 

use of NaOCl and EDTA enhanced by the activation methods may result in the 

depletion of collagen and apatite in the dentin walls, 11 and a reduction in the 

calcium/phosphorus ratio,27 which affects properties such as microhardness.12, 28 

However, the lack of differences observed between Reciproc and EC, regardless of 

the root level and depth, suggests that the microhardness value eventually became 

equal to that of the control, when the NaOCl was neutralized by the hydroxyapatite, 

or when the hydroxyapatite crystals were reprecipitated onto the dentin surface 11 . 

Nevertheless, microhardness is a complementary parameter, and should not be 

assessed independently. Although this in vitro study had some limitations, such as 

the use of bovine teeth, non-inclusion of instrument aging, and inability to use the 

same sample before and after the post space irrigation protocols for dentin 

microhardness, the results are promising for EC under continuous rotation.

CONCLUSION

In conclusion, irrigation with Easy Clean under continuous rotation showed a 

lesser amount of residual filling material than PUI or manual irrigation. The cleaning 

outcomes of the two systems were equivalent when NaOCl/EDTA was used with 

Easy Clean, PUI and manual irrigation. Dentin microhardness was not affected by 

the post space irrigation protocols.
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FIGURE LEGENDS

Figure 1 – Schematic figure of the methodologies for micro-CT and Knoop test: (A) 

Sample placed in a standardized position during the micro-CT scans, using a custom 

device; (B) the region to be analyzed was divided to represent the cervical, middle 

and apical levels in the PSP, with 130 slices at each level; (C) two 1-mm-thick root 

slices were obtained from each PSP level; (D) four indentations were made around 

the canal lumen at three dentin depths.

Figure 2 – 3D models for residual filling material before and after the cleaning 

protocols: (A) NaOCl/MI, (B) NaOCl/PUI, (C) NaOCl/EC, (D) NaOCl/EDTA/MI, (E) 

NaOCl/EDTA/PUI, (F) NaOCl/EDTA/EC.
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TABLES
Table 1 - The mean ± standard deviation values of residual filling material (%) for each PSI 

subgroup, regardless of the third level

NaOCl NaOCl/EDTA

MI (control) 8.28 ± 2.08 Cb 3.88 ± 1.64 Aa

PUI 3.23 ± 1.54 Ba 3.66 ± 1.12 Aa

EC 0.41 ± 0.21 Aa 1.02 ± 0.48 Aa

Uppercase letters were used to compare each irrigant among the activation methods 

(columns); lowercase letters were used to compare the irrigants using the same activation 

method (rows). Different letters indicate significant differences based on the Tukey test (P < 

.05).
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Table 2 - The means and standard deviations of dentin microhardness at the three root 

levels (cervical, middle and apical) 

PSI level Cervical Middle Apical

Root 

depth
X Y Z X Y Z X Y Z

Control 

group

37.07±

3.44

39.05±

3.83

41.80±

2.71

35.33±

2.31

37.94±

2.16

41.29±

1.62

35.56±

4.23

37.85±

5.11

40.22±

5.56

NaOCl/

MI

33.50±

0.79

35.77±

0.52

39.13±

0.53

34.42±

4.03

37.83±

4.95

40.61±

4.82

32.45±

3.98

33.79±

4.94

37.38±

5.85

NaOCl/

PUI

33.86±

4.92

37.87±

6.54

41.91±

7.89

31.93±

3.81

36.64±

2.73

41.62±

3.35

31.75±

2.63

35.59±

3.09

40.15±

3.70

NaOCl/

EC

33.98±

2.08

36.82±

2.29

42.43±

2.91

32.48±

4.35

35.15±

4.10

39.21±

4.85

33.90±

2.99

37.02±

4.36

44.03±

2.72

NaOCl/

EDTA/

MI

38.46±

4.35

40.83±

4.61

43.55±

4.96

34.89±

3.13

37.48±

2.20

40.32±

3.62

34.92±

4.74

37.53±

5.26

42.05±

6.19

NaOCl/

EDTA/

PUI

34.85±

4.20

38.43±

3.49

43.48±

2.34

33.28±

2.41

36.13±

2.59

39.64±

3.30

33.11±

1.10

35.61±

1.03

41.31±

2.02

NaOCl/

EDTA/

EC

32.04±

2.51

35.74±

3.74

40.56±

4.74

33.60±

3.91

37.65±

5.84

41.70±

8.57

30.65±

2.22

34.04±

3.12

39.26±

3.84
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Figures 

 

 

Figure 1 – Schematic figure of the methodologies for micro-CT and Knoop test: 

(A) Sample placed in a standardized position during the micro-CT scans, using 

a custom device; (B) the region to be analyzed was divided to represent the 

cervical, middle and apical levels in the PSP, with 130 slices at each level; (C) 

two 1-mm-thick root slices were obtained from each PSP level; (D) four 

indentations were made around the canal lumen at three dentin depths. 

 

 

 

Figure 2 – 3D models for residual filling material before and after the cleaning 

protocols: (A) NaOCl/MI, (B) NaOCl/PUI, (C) NaOCl/EC, (D) NaOCl/EDTA/MI, 

(E) NaOCl/EDTA/PUI, (F) NaOCl/EDTA/EC. 
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Effect of solutions and passive ultrasonic irrigation in the composition of calcium silicate-

based sealers after post space preparation  

 

Abstract 

Introduction: To evaluate the change in the composition of fresh or set calcium silicate-based 

sealers after cleaning protocols in a simulated root canal with post space preparation.  

Methods and Material: Devices were created with post space preparation. Three calcium 

silicate-based sealers were tested: EndoSequence BC Sealer, BioRoot RCS, and Bio-C Sealer; 

moreover, they were tested  in two conditions: fresh and set. The devices with sealers (n=5) 

were irrigated using: 2.5% sodium hypochlorite; 2.5% sodium hypochlorite with passive 

ultrasonic irrigation; 2.5% sodium hypochlorite followed by 17% ethylenediaminetetraacetic 

acid (EDTA); and 2.5% sodium hypochlorite followed by 17% EDTA with passive ultrasonic 

irrigation. Fresh and set calcium silicate-based sealers were used as control. The compositions 

were analyzed by two common spectra for Raman, zirconium oxide and calcium silicate, and 

with energy-dispersive x-ray spectroscopy. Raman data were analyzed using ANOVA (α=0.05). 

Energy-dispersive x-ray spectroscopy data were analyzed qualitatively.  

Results: In fresh conditions, sodium hypochlorite followed by EDTA with or without activation 

resulted in a significant change in both spectra (P<0.05). After setting, only Bio-C Sealer 

showed a significant change in the calcium silicate spectrum using sodium hypochlorite, 

followed by EDTA with passive ultrasonic irrigation (P<0.05). Energy-dispersive x-ray 

spectroscopy showed a reduction in the zirconium, calcium, and silicon levels, mainly when 

associated with passive ultrasonic irrigation.  

Conclusion: Despite the irrigation procotol used, the post space cleaning caused fewer changes 

in calcium silicate-based sealer composition when performed after setting. 



Keywords: Canal Irrigants; Canals Sealer; Raman Spectroscopy; Silicates; X-ray Emission 

Spectroscopy 

 

Introduction 

Endodontically treated structurally compromised teeth may require fiberglass posts 

(FGPs) to provide adequate retention of crowns [1]. The post space preparation (PSP) may be 

performed immediately or delayed after obturation [2]. There is no consensus regarding the best 

moment for PSP [3], especially for teeth obturated with the single-cone technique [4] and 

calcium silicate-based endodontic sealers (CSBS) [5]. This type of sealer has been used 

extensively in clinical practice for its bioactivity and biocompatibility [6], antimicrobial activity 

[7] and hydroxyapatite formation, increasing biomineralization ability [8]. It promotes a 

hermetical sealing of root canals, due to its good adhesion to dentine walls [9, 10]. 

Apart from the sealer used in filling, the remnants after PSP become a barrier for 

adhesive integration to root dentin [11, 12]. Different cleaning protocols and solutions have 

been proposed to improve canal cleanliness after PSP [13-15]. A recent systematic review 

suggested the use of sodium hypochlorite (NaOCl) associated with ethylenediaminetetraacetic 

acid (EDTA) as final irrigants to improve the retention of FGPs [12]. The use of passive 

ultrasonic irrigation (PUI) has been more effective than syringe needle irrigation in debris 

removal prior to post installation [14]. However, there is a lack of information on whether 

irrigation and activation protocols affect CSBS compositions at the apical root canal after PSP. 

To the best of the authors’ knowlegde, no study has tested the effect of PUI with different 

solutions on fresh or after setting CSBS compositions. 

Therefore, this study aimed to analyze the effect of manual irrigation or PUI and 

solutions used to clean PSP simulated root canal in the composition of fresh or set CSBS.The 



null hypothesis was that solutions and the activation protocol do not change the fresh and after 

setting sealers’ compositions. 

 

Material and methods 

Device development 

The human central incisor was selected for the creation of the device (Ethics Committee 

of Federal University of Uberlândia #2.570.084). The crown was removed to obtain a remnant 

of 15.0 mm, which was prepared with ProTaper Next (Dentsply, Sirona, York, Pennsylvania, 

USA), and obturated with the single-cone technique, using AH Plus (Dentsply, Sirona, York, 

Pennsylvania, USA). After one day, the PSP was created, using Largo drills #3 and #4 under 

irrigation with saline solution. Digital radiography was performed to check the permanence of 

apical sealing at 4 mm.  

The root canal was molded with acrylic resin and a metallic core was made. The core 

was positioned in a glass vial containing a transparent methyl methacrylate (Sigma-Aldrich, 

Saint Luis, Missouri, USA) solution (MMA) and kept in an incubator at 36 ºC for 48 hours for 

polymerization. A copy of the PSP was obtained. The device was designed in two parts that fit 

together (Figure 1A and 1B).  

The upper part mimics the PSP, to which the irrigation and activation protocols were 

applied, and the CSBS was inserted in the acrylic plate at the base. Five devices with two parts 

each were made, allowing the preparation of samples for each group. However, the acrylic plate 

with the central hole was made individually for each sample. A central hole on the ending 

portion of the PSP allowed the fresh or set CSBS to contact the irrigation and activation 

protocols.  

 



Irrigation and activation protocols 

Three CSBS were tested: ENDS, EndoSequence BC Sealer (Brasseler, Savannah, Georgia, 

USA); BIOR, BioRoot RCS (Septodont, Saint-Maur-des Fossés, Paris, France); and BIOC, Bio-

C Sealer (Angelus, Londrina, Paraná, Brazil). A sample size was calculated using G*Power 

v3.1.9.2 (program written, concept and design by Franz, Universitat Kiel, Germany; freely 

available Windows application software) based on 0.8 power, α=0.05, and a significant 

difference of 50% of ZO or CS levels compared to baseline [16]. 

ENDS and BIOC are ready-to-use and BIOR was prepared according to the manufacturer's 

recommendations. Each sealer was tested freshly at 1 hour and after setting, waiting for 24 

hours, maintaining the sample at 37 ºC in 100% relative humidity [10]. The irrigants were used 

with or without PUI with a non-cutting E1-Irrisonic tip with .01 taper/20 ISO size (Helse Dental 

Technology, Santa Rosa de Viterbo, São Paulo, Brazil), mounted on an ultrasonic unit of Piezon 

Master 200 (EMS, São Bernardo do Campo, São Paulo, Brazil) set to power 2. The activation 

tip was also placed 1 mm away from the sealer. The fresh and set control groups for each sealer 

(n=5) did not pass the irrigation and activation protocols, considering that the sealers were only 

deposited on the acrylic plate for later analyses.  

One experienced operator performed the protocols using two solutions: 6 mL of 2.5% 

NaOCl, (Asfer Indústria Química, São Caetano do Sul, São Paulo, Brazil) in six cycles, 1 mL 

per cycle [13] for 20 seconds [17, 18]; and NaOCl/EDTA, 2.5% NaOCl followed by 17% 

EDTA (Maquira, Maringá, Paraná, Brazil) using 3 cycles of 1 mL of NaOCl followed by 3 

cycles of 1 mL of EDTA, resulting in the same 6 mL of irrigants during the same 20 seconds. 

The irrigation was performed with a 30-g open-ended needle (NaviTip, Ultradent, South Jordan, 

Utah, USA) inserted in the device canal 1 mm short of the ending portion of the PSP. A final 

flush with 10 mL of distilled water was performed without activation. The experimental group 

were compared with the same control sealer group after different protocols. 

 



Raman spectroscopy 

The sealers were evaluated using a conventional Raman scattering spectroscope 

(LabRAM HR Evolution, Horiba Scientific, Kyoto, Kansai, Japan), equipped with a 633-nm 

helium-neon laser beam at room temperature. A x10 numerical aperture objective lens was used 

with a 4.25 mW power laser beam and a 600 grooves/mm diffraction grating, with 6 

acquisitions per point of 15 seconds each. The spectra were analyzed using OriginPro 

v9.6.5.169 software (OriginLab Corporation, Northampton, Massachusetts, USA).  

Analyses of the principal components in the CSBS were selected (n=5): zirconium 

oxide (ZO) and calcium silicate (CS) spectra. The spectra were standardized by the baseline and 

normalized to the 1 cm-1 Raman peak’s height (Figure 2). Preprocessing is used to minimize the 

variations induced by the experimental set-up. Eleven peaks for the ZO spectrum and four peaks 

for the CS spectrum were collected using the Peak Analyzer tool (OriginLab Corporation, 

Northampton, Massachusetts, USA). Data from the same experimental group were averaged and 

plotted with average spectra of the respective control sealer for quantitative comparison. The 

mean component peaks were analyzed quantitatively. All analyses were blinded for the CSBS 

and protocols used. 

Energy-dispersive X-ray spectroscopy (EDS) 

The elemental compositions of the sealers’ principal components were obtained with 

EDS analysis. The specimens were mounted on aluminum stubs using cyanoacrylate-based 

adhesive (Super Bonder, Loctite, Itapeví, São Paulo, Brazil) and gold-sputtered with a Leica 

EM SCD050 table-top device (Wetzlar, Hessen, Germany). At a magnification of 300x and 

voltage of 20 kV, the EDS detector (Oxford model 51-ADD0048, Abingdon, Oxfordshire, 

England) coupled to a scanning electron microscopy (model EVO 10, Carl Zeiss, Oberkochen, 

Baden-Württemberg, Germany) was used to chemically map the CSBS composition at three 

points for the sample. The principal elements of the CSBS were chosen: zirconium (Zr), 



calcium (Ca), and silicon (Si). The average of the three points in each CSBS sample was 

obtained. The mean proportion of the elements was analyzed qualitatively. 

Statistical analysis 

The data were analyzed for normal distribution, using the Shapiro-Wilk test, and 

homoscedasticity, using the Levene test. Two-way ANOVA and Tukey’s test were used to 

analyze control groups for ZO and CS, comparing sealer factor (3 levels) and conditions (2 

levels). The ZO and CS data of fresh and set control groups were compared with all 

experimental groups for each condition, using one-way ANOVA and Dunnett test. To compare 

the cleaning protocols for each sealer, excluding the control group, two-way ANOVA and 

Sidak's multiple comparisons tests were used. Statistical significance was set at α=0.05 and all 

analyses were carried out using the GraphPad Prism software v8.2.0 (San Diego, California, 

USA).  

 

Results 

Raman spectroscopy 

The mean Raman spectra obtained after irrigation and activation protocols, compared to the 

respective fresh or set CSBS control groups, are shown in Figure 3. Raman exhibited vibrations 

at 140-700 cm-1 for the ZO band, and at 710-960 cm-1 for the CS band [16]. Comparisons for ZO 

and CS spectra between the fresh and set control groups are presented in Table 1. 

Fresh and set sealer after irrigation and activation protocols, compared with the control 

groups, are shown in Table 2 and Table 3, respectively. Fresh BIOC and BIOR were not 

affected by cleaning protocols for the ZO spectrum (P=0.609 and P=0.520). The CS spectrum 

of fresh BIOC in irrigated and activated groups changed when compared with their respective 

control groups (P=0.001). Peak intensities of 836 and 891 cm-1 decreased for fresh BIOC 

protocols (Figure 3A). For fresh BIOR, the control group only showed siginificant CS spectrum 



alteration for non-activated NaOCl/EDTA (P=0.021), and the 813-882 cm-1 peaks showed a 

decrease using the protocols (Figure 3B). Fresh ENDS (Figure 3C) had significant ZO spectrum 

change when using NaOCl/EDTA (P=0.049) and NaOCl/EDTA/PUI (P=0.026). An increased 

472 peak was observed when NaOCl/EDTA protocol was used and decreased 254-379 peaks 

when NaOCl/EDTA/PUI was used. The CS spectrum of fresh ENDS was significantly lower in 

all protocols, compared with their fresh control (P<0.001), presenting a greater reduction in the 

809-893 peaks, especially for the NaOCl/EDTA/PUI (Table 2). 

Table 3 shows the set CSBS comparisons after cleaning protocols and the control group. 

For BIOC (Figure 3D), the ZO spectrum was similar for all conditions (P=0.198). However, the 

CS spectrum changed for BIOC when NaOCl/EDTA/PUI (P=0.048) was used, with reduced 

intensities of 808 and 907 peaks. For BIOR (Figure 3E) and ENDS (Figure 3F), ZO and CS 

spectra showed no change produced by cleaning protocols, compared with their controls 

(P>0.05). The interaction between protocols in the same CSBS had no significance for the ZO 

and CS bands (P>0.05, Tables 2 and 3). 

EDS spectroscopy 

The mean proportion (%) of the principal elements in CSBS is presented in Table 4. All 

control groups detected the presence of Zr, Ca, and Si. Fresh CSBS showed less Zr after the 

cleaning protocols for all tested sealers, except for ENDS without activation. The Ca and Si 

levels decreased for activated protocols. In set CSBS, Zr levels were reduced in all protocols for 

BIOC and ENDS. The BIOR and ENDS groups had predominantly Ca and Si reduction only 

when NaOCl/PUI was used. When the element was not detected by the EDS, the condition was 

represented by “ND”. 

 

 

 



Discussion 

The solutions and activation protocol tested caused significant composition changes of the 

fresh and set CSBS; therefore, the null hypothesis was rejected. The quantitative elemental 

maps of the chemical composition of materials obtained by EDS [19] should be interpreted with 

caution, because they are more predisposed to errors, relative to the wavelength-dispersive 

spectrometry technique [20]. Therefore, only the qualitative analyses of the chemical elements 

were determined. The ENDS [21], BIOR [22] and BIOC [6] contain ZO and CS bands and 

mineral portions composed of Zr, Ca, and Si. The EDS analysis confirmed the presence of these 

elements in the control groups. Additionaly, the ZO and CS spectra were detected by the Raman 

analysis. 

Raman is used to obtain the chemical profile of the materials [23]. This methodology has 

been efficiently used to quantify the composition of CSBS influenced by different 

environmental conditions [16, 24]. The presence of the ZO spectrum or Zr element in the CSBS 

composition is important to provide adequate radiopacity ISO 6876/2001 [6, 25], replacing 

bismuth oxide as a radiopacifier. It allows higher and longer release of Ca2+, improving physical 

properties and biological response [26, 27]. However, their radiopacity levels are lower than 

those of the other types of endodontic sealers [24, 25, 28]. Significant changes in Zr after PSP 

and cleaning protocols may change the visualization of the obturation, affecting long-term 

evaluations. 

The presence of the CS or Ca and Si elements is also extremely relevant and the most 

important component in CSBS [24, 29, 30, 7]. The Ca2+ is responsible for antibacterial activity, 

due to alkaline pH [7]. Associated with Si element, Ca2+ results in the bioactive potential for 

hard tissue formation [31, 32]. Therefore, changes in these components, affected by irrigation 

and activation protocols, can modify the CSBS biomineralization action. A previous study [33] 

demonstrated that irrigation with NaOCl and EDTA interferes in calcium release by tricalcium 

silicate, and negatively influences the bioactivity. Physicochemical properties, such as sealing 



ability [31], microhardness [34], and solubility [24, 35], may also suffer interference from the 

cleaning protocols.  

CSBS have high solubility in water [6, 36, 37], which may be related to hydrophilic 

nanoparticles that increase the surface area, allowing the liquid molecules to come into contact 

with the sealer [31]. Although the present study did not assess solubility, it is possible to 

speculate that, for fresh CSBS groups, chemical changes promoted by irrigation and activation 

protocols may result in increased solubility. The solubilization of CSBS results in the release of 

OH- and Ca2+ [35], and explains the CS reduction. However, moisture is essential for CSBS 

setting reaction, given that water connection affects the process of hydroxyapatite layer 

formation [7, 31, 35]. The presence of voids within the filling [38, 39], caused by ultrasonic 

activation, may have facilitated the infiltration of irrigating solutions in the remaining CSBS 

and modified its composition [11].  

To simulate this condition, individual devices were created, mimicking a human root 

prepared to receive a FGP focusing only on sealers, without interference from dentin or gutta-

percha. These devices provided more reproducibility, allowing the analysis at the apical third, 

where the effect of irrigants is more impactful [13, 14]. However, the dynamics of interactions 

of CSBS with the dentin cannot be evaluated for this device, which is a limitation of the study. 

No modification was observed in the ZO spectrum in both fresh and set groups, except for 

fresh ENDS when irrigated with NaOCl/EDTA associated or not with activation. It is may be 

related to the oxidizing effect of NaOCl, associated with the chelating action of EDTA. Changes 

in the CS spectrum observed for fresh BIOC and ENDS indicated that the cleaning procedures 

should not be performed immediately after PSP, which was observed by EDS analysis. 

Despite the limitations of the present study, fresh CSBS should not be subjected to 

irrigation and activation protocols after PSP. After setting, only BIOC irrigated with 

NaOCl/EDTA/PUI altered CS spectra; it is conceivable that the acoustic streaming and 



ultrasound cavitation have increased the effect of irrigating solutions [11]. Further studies are 

needed to address clinical recommendations. 

 

Conclusions 

This study concluded that despite the irrigation procotol used, the post space cleaning caused 

fewer changes in CSBS composition when performed after setting. This finding suggests that 

professionals should wait for the setting reaction of these CSBS before applying cleaning 

protocols.  
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Figure legends 

 

Figure 1. Device images. (A) Schematic of the device design describing the dimensions in mm. 

(B) Device created in MMA. 

 

Figure 2. Demonstrative spectra of Raman with the ZO and CS bands. The data for further 

analysis was taken from the highest point of the peak, represented by the asterisk. 

 

Figure 3. Representative Raman spectra for fresh and set CSBS. (A) BIOC/fresh. (B) 

BIOR/fresh. (C) ENDS/fresh. (D) BIOC/set. (E) BIOR/set. (F) ENDS/set. 
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Tables 

Table 1. Comparisons of ZO and CS spectra for the fresh and set control groups for all tested 

CSBS 

Control sealers 

ZO spectrum CS spectrum 

Fresh Set Fresh Set 

BIOC 0.51±0.03 Ba 0.46±0.10 Ba 0.31±0.02 Ba 0.31±0.06 Aa 

BIOR 0.53±0.01 Bb 0.61±0.10 Aa 0.11±0.02 Cb 0.34±0.07 Aa 

ENDS 0.63±0.01 Aa 0.52±0.04 ABb 0.54±0.03 Aa 0.22±0.09 Bb 

Different uppercaser letters represent the comparison between different CSBS in each condition; 

different lowercase letters represent the comparison between conditions for the same control 

CSBS in the same spectrum, calculated by using Tukey test (P<0.05).  

 

 

 

 

 

 

 

 

 

 



Table 2. Comparison of the fresh CSBS control groups with their respective irrigated and 

activated groups as well as the interaction between protocols in the same CSBS, in ZO and CS 

spectra 

Groups 

ZO espectrum CS spectrum 

BIOC BIOR ENDS BIOC BIOR ENDS 

Fresh control 0.51±0.03 0.53±0.01 0.63±0.01 0.31±0.02 0.11±0.02 0.54±0.03 

NaOCl 0.49±0.06 a 0.50±0.04 a 0.55±0.06 a 0.14±0.02 a* 0.05±0.01 a 0.28±0.08 a* 

NaOCl/PUI 0.53±0.03 a 0.52±0.03 a 0.56±0.03 a 0.19±0.12 a* 0.10±0.07 a 0.19±0.10 a* 

NaOCl/EDTA 0.54±0.02 a 0.50±0.02 a 0.51±0.13 a* 0.12±0.03 a* 0.04±0.01 a* 0.21±0.13 a* 

NaOCl/EDTA/PUI 0.52±0.07 a 0.51±0.01 a 0.50±0.07 a* 0.13±0.03 a* 0.06±0.02 a 0.19±0.13 a* 

* Means significance difference between control group and each experimental group for the 

same CSBS, calculated by using one-way ANOVA and Dunnett tests (P<0.05); Different 

lowercase letters represent the interaction between protocols in the same CSBS excluding 

control group, calculated by using two-way ANOVA and Sidak's multiple comparisons tests 

(P<0.05). 

 

 

 

 

 



Table 3. Comparison of the set CSBS control groups with their respective irrigated and 

activated groups as well as the interaction between protocols in the same CSBS, in ZO and CS 

spectra  

Groups 

ZO spectrum CS spectrum 

BIOC BIOR ENDS BIOC BIOR ENDS 

Set control 0.46±0.10 0.61±0.10 0.52±0.04 0.31±0.06 0.34±0.07 0.22±0.09 

NaOCl 0.61±0.10 a 0.59±0.06 a 0.54±0.11 a 0.29±0.22 a 0.25±0.11 a 0.28±0.05 a 

NaOCl/PUI 0.54±0.12 a 0.55±0.05 a 0.55±0.05 a 0.23±0.13 a 0.16±0.14 a 0.28±0.07 a 

NaOCl/EDTA 0.54±0.12 a 0.62±0.10 a 0.62±0.07 a 0.14±0.09 a 0.26±0.21 a 0.35±0.12 a 

NaOCl/EDTA/PUI 0.49±0.06 a 0.60±0.07 a 0.62±0.12 a 0.10±0.03 a* 0.28±0.15 a 0.33±0.09 a 

* Means significance difference between control group and each experimental group for the 

same CSBS, calculated by using one-way ANOVA and Dunnett tests (P<0.05); Different 

lowercase letters represent the interaction between protocols in the same CSBS excluding 

control group, calculated by using two-way ANOVA and Sidak's multiple comparisons tests 

(P<0.05). 

 

 

 

 

 

 



Table 4. The mean proportion (%) of the principal elements in CSBS 

 ZO spectrum CS spectrum 

 Zr (%) Ca and Si (%) 

Groups BIOC BIOR ENDS BIOC BIOR ENDS 

Fresh control (F) 29.9 7.5 15.8 11.8 7.2 11.5 

(F) NaOCl 27.7 ND 29.0 5.6 12.5 4.5 

(F) NaOCl/PUI 25.9 6.1 ND 7.5 6.8 4.6 

(F) NaOCl/EDTA 25.4 ND 22.9 7.1 17.9 14.0 

(F) NaOCl/EDTA/PUI 25.3 ND ND 2.6 7.1 0.3 

Set control (S) 36.2 17.9 56.0 8.8 21.7 7.3 

(S) NaOCl 17.9 ND 39.1 6.3 19.1 4.5 

(S) NaOCl/PUI 11.0 ND 14.7 4.8 3.2 2.4 

(S) NaOCl/EDTA ND 16.4 36.8 1.3 25.4 13.1 

(S) NaOCl/EDTA/PUI 9.6 18.2 32.6 2.4 15.9 7.2 
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CONCLUSÕES 

 

4. CONLUSÕES 

 

Frente às limitações dos cinco estudos in vitro apresentados, pode-se concluir 

que: 

 

1- Cada tipo celular liberou um agente tóxico diferente e a composição dos 

cimentos testados parece alterar a forma de auto-regulação na produção de 

citocinas pelas células. 

2- Foi encontrada maior viabilidade celular para o cimento EndoSequence BC 

Sealer. O cimento Bio-C Sealer mostrou maior inibição de osteoclastos. Todos 

os cimentos revelaram alta solubilidade, maior do que a recomendada pelos 

padrões ISO.  

3- O cimento BioRoot RCS apresentou o maior conteúdo de cálcio e grau de 

pureza. Os cimentos Bio-C Sealer e Sealer Plus BC mostraram ter composição 

semelhante e presença de alumínio. Na superfície de todos os cimentos 

testados foram encontrados precipitados, e todos mantiveram a viabilidade 

acima de 70%. 

4- A ponta Easy Clean removeu mais debris após a desobturação e o terço 

cervical foi o que apresentou maior limpeza. A solução NaOCl+EDTA teve 

maior eficácia de limpeza, independente do método de ativação. Nenhum 

protocolo foi capaz de alterar a microdureza dentinária. 

5- A limpeza dos remanescentes em canal desobturado para cimentação de 

pino de fibra de vidro deve ser preconizada somente após a presa do cimento à 

base de silicato de cálcio, independente do protocolo utilizado.
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