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RESUMO

Objetivo: Avaliar os elementos quimicos e as caracteristicas de superficie de
cimentos biocerAmicos. Materiais e métodos: Os cimentos Biodentine®, Bio-C
Fillapex®, Cimento biocerdmico MK Life, MTA Angelus® e Cimento Portland®
(CP) foram manipulados de acordo com as recomendacdes dos fabricantes,
inseridos em tubos de polietileno padronizados e transferidos para uma estufa
a 37°C com umidade relativa de 95%, onde permaneceram por 48 horas. Para
andlise dos elementos quimicos, uma amostra de cada cimento foi avaliada por
meio de espectroscopia de energia dispersiva de raios-X (EDS) acoplada a um
microscopio eletronico de varredura (MEV) em baixo vacuo. A superficie das
amostras foi avaliada em imagens obtidas por meio de MEV por emisséo de
campo (MEV-FEG), de acordo com o padrdo de distribuicdo, forma e tamanho
das particulas. Os resultados foram analisados de forma descritiva para os
espectros de composicdo quimica da EDS e de forma qualitativa para as
imagens do MEV-FEG. Resultados: Na andlise por EDS, todos os cimentos
avaliados apresentaram particulas ricas em calcio e silicio. O CP apresentou
pontos com picos mais altos de enxofre. O MTA Angelus® apresentou ainda
particulas ricas em bismuto, enquanto o Biodentine®, o Bio-C Fillapex® e o
Cimento bioceramico MK Life apresentaram particulas ricas em zircénio. Todos
0S materiais apresentaram padrédo de distribuicdo uniforme das particulas na
superficie, sendo que o Bio-C Fillapex® e o Cimento bioceramico MK Life
apresentaram particulas com tamanho e formato similares. Concluséo: A
composicdo quimica dos cimentos avaliados apresentou-se semelhante,
diferenciando-se o0 agente radiopacificador. As superficies de todos os

cimentos avaliados mostraram particulas com padrdo de distribuicdo uniforme.

Palavras-chave: Elementos quimicos; Cimentos dentarios; Microscopia

eletrbnica de varredura, Espectrometria por raios-X.



ABSTRACT

Objective: To evaluate the chemical elements and surface characteristics of
bioceramic cements. Materials and methods: Biodentine®, Bio-C Fillapex®,
Bioceramic Cement MK Life, MTA Angelus®, and Portland Cement (PC) were
handled according to manufacturer’'s recommendations, inserted in standard
polyethylene tubes positioned on a glass plate and transferred to a incubator at
37°C with relative humidity to 95% for 48 hours. For chemical elements
analysis, a sample of each cement was evaluated by X-ray energy dispersive
spectroscopy (EDS) coupled to a low vacuum scanning electron microscope
(SEM). The surface analysis for the uniformity of distribution pattern, shape and
size of the particles was performed by images obtained in a SEM by field
emission (SEM-FEG). The results were analyzed descriptively for the spectra of
chemical composition of the EDS and qualitatively for the images of the MEV-
FEG. Results: In EDS analysis, all the cements presented particles rich in
calcium and silicon. The PC presented points with higher sulfur peaks. MTA-
Angelus® also showed particles rich in bismuth, while Biodentine®, Bio-C
Fillapex® and Bioceramic Cement MK Life presented particles rich in zirconium.
All materials presented a uniform distribution pattern of the particles on the
surface, and Bio-C Fillapex® and Bioceramic Cement MK Life presented
particles of similar size and shape. Conclusion: The chemical composition of
the cements evaluated was similar, having as main difference the radiopacifying
agent. The surfaces of the cements showed uniform pattern distribution of the

particles.

Keywords: Chemical Elements; Dental Cements; Scanning Electron

Microscopy; Spectrometry X-Ray Emission.
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1 INTRODUCAO

O selamento do sistema de canais radiculares, posteriormente ao
processo de sanificacdo e modelagem, constitui um procedimento determinante
do sucesso do tratamento endodéntico. Além da finalidade de eliminar espacos
vazios, esta etapa é de suma importancia para o processo de reparo tecidual.
A guta-percha associada a um cimento endodontico tem sido o material mais
utilizado para a obturacdo endododntica (FIGUEIREDO et al., 2004; GOMES-
FILHO, 2007; ZMENER et al., 2010).

Segundo Grossman (1958), o cimento endodontico ideal deve: ser
homogéneo quando manipulado, a fim de promover boa adesividade as
paredes do canal radicular; promover selamento hermético; ser radiopaco; nédo
sofrer contracdo ap0s a presa; ndo manchar a estrutura dentaria; promover
controle microbiano; tomar presa lentamente; ser insoluvel aos fluidos bucais;
ser soluvel aos solventes comuns caso seja necessaria a remocao da
obturacéo do canal radicular; ser bem tolerado pelos tecidos.

Atualmente, ainda ndo existe um cimento endoddntico que
contemple todas essas propriedades consideradas ideais. Portanto, novos
materiais tém sido desenvolvidos com o intuito de se obter propriedades fisico-
guimicas e biologicas mais favoraveis (LOUSHINE et al., 2011).

O agregado trioxido mineral, mundialmente conhecido pela sigla em
inglés MTA (Mineral Trioxide Aggregate), foi desenvolvido em 1993 (LEE et al.,
1993; TORABINEJAD et al., 1993) e consiste em um cimento com particulas
hidrofilicas a base de silicato tricalcico, silicato dicalcico, aluminato tricalcio e
oxido de calcio (CAMILLERI et al., 2005). Estrela et al. (2000) avaliaram a
composicao quimica do MTA e observaram semelhanca de composicdo com o
cimento Portland (CP), tendo como diferenca a presenca de bismuto no MTA,
gue confere radiopacidade ao material.

O MTA apresenta propriedades fisicas, quimicas e biol6gicas
satisfatorias, tendo como destaque a capacidade de selamento e a tolerancia
tecidual (PARIROKH & TORABINEJAD, 2010b). Sua indicagéo clinica envolve

tratamento de perfuragcbes e reabsorgbes radiculares, obturagdo do canal
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radicular, apicificagdo, capeamento pulpar e pulpotomia (CAMILLERI & PITT
FORD, 2006; LIU et al., 2015; BOSSO-MARTELO et al., 2016). Atualmente, o
MTA € encontrado em duas apresentacbes comerciais: ProRoot® MTA
(Dentsply, Tulsa, OK, EUA) e MTA Angelus® (Angelus, Londrina, PR, Brasil),
nas formas branca e cinza. A tolerancia tecidual e a capacidade de estimular a
mineralizacdo tem levado a sua classificacdo como um material bioativo
(PARIROKH & TORABINEJAD, 2010a). No entanto, o MTA apresenta
limitacdbes como possibilidade de alterar a coloracdo dentaria (KOHLI et al.,
2015), elevado tempo de presa e dificuldade de manuseio (PARIROKH &
TORABINEJAD, 2010a; BOSSO-MARTELO et al., 2016).

O cimento Portland € um material de composicdo quimica similar ao
MTA. Camilleri et al. (2005) mostraram que tanto o MTA quanto o CP s&o
compostos de silicato tricalcio e dicalcio, e que, quando hidratados, produzem
gel hidratado de silicato de calcio e hidroxido e calcio. Apesar de apresentarem
propriedades semelhantes, o uso clinico do CP néo é indicado, por ndo haver
controle de qualidade na sua producdo e pela possivel presenca de
substancias toxicas como subprodutos em sua fabricacdo, como arsénio e
chumbo (DE DEUS et al, 2007; PARIROKH & TORABINEJAD, 2010a;
HWANG et al., 2011; CAMILLERI et al. 2012).

Materiais denominados  biocerdmicos foram recentemente
introduzidos na endodontia (DAMAS et al., 2011), e consistem em materiais
ceramicos desenvolvidos especialmente para aplicacbes biomédicas,
resultantes da combinacdo entre silicatos de calcio e fosfatos de calcio,
podendo incluir ainda particulas de alumina, zircénia e vidros bioativos (KOCH
& BRAVE 2009; SHINBORI et al., 2015). As ceramicas envolvem uma extensa
classe de materiais, incluindo vidros e vitro-ceramicas, e consistem em
compostos inorganicos, ndo metalicos, tipicamente duros, frageis, com altas
temperaturas de fusdo, baixa condutividade elétrica e térmica, boa estabilidade
quimica, podendo apresentar estrutura atdmica cristalina ou vitrea (OREFICE
et al., 2006).

As bioceramicas podem ser classificadas de acordo com suas
propriedades bioldgicas em bioinertes e bioativas, sendo a alumina e a zirconia
consideradas ceramicas bioinertes, por induzirem uma resposta insignificante

do tecido circundante, sem efeito bioldgico ou fisiolégico (AL HADDAD & CHE
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AB AZIZ, 2016). Dentre as ceramicas bioativas estdo os vidros bioativos, as
vitro-ceramicas e os fosfatos de célcio, como por exemplo, a hidroxiapatita, que
€ 0 componente majoritario da fase mineral dos ossos e dentes humanos
(OREFICE et al., 2006).

De acordo com estudos que avaliaram as propriedades dos
materiais bioceramicos, observou-se que 0s mesmos apresentam boa
capacidade de selamento, radiopacidade, tolerancia tecidual, ndo apresentam
contracdo ap0Os a presa e sao quimicamente estaveis no ambiente bioldgico
(KOCH & BRAVE 2009; LOUSHINE et al., 2011; WANEES AMIN et al., 2012;
CANDEIRO et al., 2012; ZHANG et al., 2013; WANG et al., 2014; LIU et al.
2015; LV et al., 2017)

Almeida et al. (2017) realizaram uma revisdo sistematica com
objetivo de comparar as propriedades fisico-quimicas e biolégicas de cimentos
endodobnticos bioceramicos pré-misturados com cimentos endoddnticos
convencionais. Dentre as propriedades avaliadas nos estudos estavam:
resisténcia adesiva a dentina, radiopacidade, pH, liberacdo de ions,
solubilidade, tempo de trabalho e de presa, alteracdo dimensional,
escoamento, citotoxicidade, biocompatibilidade e atividade antimicrobiana. A
partir dos estudos in vitro e in vivo em animais incluidos na revisao sistematica,
concluiram que os cimentos bioceramicos pré-misturados apresentaram boas
propriedades fisico-quimicas e biologicas, e mostraram-se semelhantes ou
melhores que 0s cimentos convencionais. Porém, ressaltaram a falta de
ensaios clinicos de longo prazo e bem conduzidos avaliando estes materiais.

Diferentes apresentacdes comerciais de cimentos bioceramicos
estdo disponiveis no mercado, tais como: Biodentine®, Endosequence® BC
Sealer; iRoot SP® e Cimento bioceramico MK Life. Recentemente, um cimento
bioceramico foi desenvolvido pela Angelus (Londrina, PR, Brasil), o Bio-C
Fillapex®, apresentado de forma experimental.

O Biodentine® é um cimento recomendado para ser utilizado como
substituto da dentina e com indicag6es endodbnticas semelhantes as do MTA
(ZANINI et al., 2012; CAMILLERI et al., 2013). De acordo com Han & OKiji
(2013) este material apresenta capacidade de induzir a diferenciacdo de
células pulpares e biomineralizacao in vitro. O Cimento bioceramico MK Life e o

Bio-C Fillapex® sdo apresentados comercialmente na forma de pasta pré-
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misturada inserida em seringa e indicados para obturacdo de canais
radiculares.

Apesar dos estudos presentes na literatura reportarem que 0s
cimentos bioceramicos apresentam propriedades fisico-quimicas e bioldgicas
satisfatorias (LOUSHINE et al., 2011; WANEES AMIN et al., 2012; CANDEIRO
et al., 2012; ALMEIDA et al. 2017), existe uma caréncia de pesquisas que
avaliem os elementos quimicos e as caracteristicas de superficie dos mesmos,
particularmente comparando-os aos cimentos precursores, como o CP e o
MTA.

Os elementos quimicos presentes nos cimentos podem apresentar
relacdo direta com a citotoxicidade do material e afetar a biocompatibilidade,
assim como a estrutura fisica e a superficie, que podem influenciar na adeséao
e propagacao celular (DAMMASCHKE et al., 2005). Estudos revelam que o
tamanho e formato das particulas de um cimento influenciam na area
superficial, no potencial de reatividade das particulas com os tecidos humanos,
e consequentemente, na qualidade biologica do material (KOMABAYASHI &
SPANGBERG, 2008; HWANG et al., 2011). De acordo com Dammaschke et al.
(2005) a similaridade do tamanho e formato das particulas pode influenciar
ainda a resisténcia mecénica do material.

Diante do exposto, mostra-se relevante o conhecimento das
diferencas de composicdo quimica e das caracteristicas de superficie dos
cimentos bioceramicos, o qual favorecera o entendimento da correlacdo entre

suas propriedades fisico-quimicas e biologicas.
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2 OBJETIVOS

2.1 Objetivo geral

Avaliar os elementos quimicos e as caracteristicas de superficie dos
cimentos: Biodentine®, Bio-C Fillapex®, Cimento bioceramico MK Life, MTA
Angelus® e Cimento Portland®.

2.2 Objetivos especificos

e Caracterizar os elementos quimicos presentes nos cimentos por meio de

espectroscopia de energia dispersiva de raios-X.

e Analisar as caracteristicas de superficie dos cimentos por meio de

imagens por microscopia eletrénica de varredura.
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3 MATERIAIS E METODOS

3.1 Materiais avaliados

Neste estudo foram avaliados os seguintes cimentos: Biodentine®

(Septodont, Saint-Maur-des-Fosses, Franca); Cimento bioceramico MK Life

(MK Life, Porto Alegre, RS, Brasil); Bio-C Fillapex®, cimento experimental
(Angelus, Londrina, PR, Brasil); MTA Angelus® (Angelus, Londrina, PR, Brasil)
e cimento Portland (Cia. De Cimento Itad, Itad de Minas, MG, Brasil).

A composigéo quimica dos cimentos, de acordo com os fabricantes,

esta descrita no Quadro 1.

Quadro 1. Composicao quimica dos cimentos de acordo com o fabricante.

Material

Fabricante

Composicao quimica

MTA Angelus®

Angelus
(Londrina, PR, Brasil)

Silicato tricalcio, silicato dicéalcio, aluminato

tricalcio, 6xido de calcio, 6xido de bismuto.

Cimento Portland

Cia. De Cimento ltau
(tad de Minas, MG,

Brasil)

Silicato tricalcio (20-70%); Silicato dicalcio (10-
60%); Ferro-aluminato de calcio (5-10%); Sulfato
de calcio (2-10%); Aluminato tricélcio (1-15%);
Carbonato de célcio (0-5%); Oxido de magnésio
(0-4%); Oxido de célcio (0-0,2%).

Biodentine® Septodont Silicato tricélcio, silicato dicalcio, carbonato de
(Saint-Maur-des- célcio, 6xido de célcio, 6xido de ferro e 6xido de
Fosses, Francga) zirconio.

Bio-C Fillapex® | Angelus Silicato de cdlcio, 6xido de célcio, Oxido de
(Londrina, PR, Brasil) | zirconio, 6xido de ferro, diéxido de silicio e agente

de dispersao.

Cimento MK Life Oxido de zirconio (35-45%); Silicato tricalcio (20-

bioceramico (Porto Alegre, RS, | 35%); Silicato dicélcio (7-15%); Hidroxido de
Brasil) célcio (1-4%); Propilenoglicol (2-5%).

MK Life
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3.2 Preparo das amostras

O preparo das amostras foi realizado no Laboratério de Pesquisa em
Ciéncia Endodontica da Faculdade de Odontologia da Universidade Federal de
Goias. Tubos de polietileno padronizados (Sonda Levina n° 12, Embramed,
Jurubatuba, SP, Brasil) com diametro interno de 3 mm e altura de 3 mm (Figura
1), foram confeccionados utilizando um paquimetro digital com resolugcédo de
0,01 mm (Mitutoyo MTI Corporation, Téquio, Japdo) e uma lamina de bisturi n°
11 (Swann Morton, Sheffield, Reino Unido).

Figura 1. Tubo de polietileno utilizado para confec¢do da amostra

O MTA Angelus® (Figura 2A) foi manipulado de acordo com a
especificacdo do fabricante. O cimento foi proporcionado em uma placa de
vidro na medida de 1 dose de pé (pa dosadora) e 1 gota de agua destilada, e
manipulado por 30 segundos. ApOs a manipulacdo, o cimento foi inserido no
tubo de polietileno, com auxilio de uma espatula Hollenback (Duflex - SS White,
Rio de Janeiro, RJ, Brasil), posicionado sobre uma placa de vidro.

O Cimento Portland (Figura 2B) foi manipulado com agua destilada
na propor¢cao de agua-cimento 1:3 (ESTRELA et al.,, 2012) e posteriormente
inserido no tubo de polietileno, com auxilio de uma espatula Hollenback (Duflex
- SS White, Rio de Janeiro, RJ, Brasil), posicionado sobre uma placa de vidro.

O po6 do cimento Biodentine® apresenta-se dentro de uma capsula
(Figura 2C), a qual foi cuidadosamente aberta, sendo aplicadas 5 gotas de
agua destilada em seu interior. A seguir, a capsula foi fechada, levada a um
amalgamador digital (Astronmix, Dabi Atlante, Ribeirdo Preto, SP, Brasil) e

agitada por 30 segundos. Posteriormente, a capsula foi removida do aparelho e
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o material do seu interior foi inserido no tubo de polietileno, com o auxilio de
uma espatula Hollenback (Duflex - SS White, Rio de Janeiro, RJ, Brasil),
posicionado sobre uma placa de vidro.

O Bio-C Fillapex® e o Cimento bioceramico MK Life sao
apresentados na forma de pasta pré-misturada pronta para uso em uma
seringa (Figura 2D e 2E). Portanto, seguindo as recomendagfes dos
fabricantes, foram colocadas as pontas aplicadoras nas bisnagas e o0s
materiais foram inseridos diretamente nos tubos de polietileno posicionados
sobre uma placa de vidro.

Ap6s o preparo, as amostras foram transferidas para uma estufa
(ECB 1.3, OdontoBras, Ribeirdo Preto, SP, Brasil), a temperatura de 37°C com
umidade relativa de 95%, onde permaneceram por 48 horas. ApOs esse
periodo, as amostras armazenadas em uma caixa metalica com tampa e
levadas para as analises por MEV e EDS, realizadas no Centro Regional para
o desenvolvimento Tecnoldgico e Inovacao (CRTI) da Universidade Federal de

Goias.

CIMENTO

ITAU

TODAS AS OBRAS

Figura 2. Cimentos avaliados. (A) MTA Angelus®; (B) Cimento Portland; (C)
Biodentine®; (D) Bio-C Fillapex®; (E) Cimento bioceramico MK Life.
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3.3 Andlise de elementos quimicos por EDS

Uma amostra de cada cimento foi fixada em um porta-amostra de
aluminio e a superficie superior metalizada com carbono. As analises de
elementos quimicos foram realizadas pela técnica de espectroscopia de
energia dispersiva (EDS), com um detector de raios-X (Oxford Instruments X-
MaxN), acoplado ao microscopio eletrénico de varredura - MEV (JEOL JSM -
IT300, Toquio, Japédo) (Figura 3A). O MEV foi operado em baixo vacuo e
tensdo de aceleracao de elétrons de 20 kV, onde foram analisados os elétrons
retro espalhados. As imagens da superficie dos cimentos foram avaliadas na
magnificacdo de 500x, e a seguir foi selecionada, de acordo com o tamanho
das particulas de cada cimento, uma magnificacdo especifica para a analise
por EDS, a qual variou de 500x a 5000x.

Na area central da superficie de cada amostra foram selecionados
pontos com diferencas de contraste (pontos claros e escuros) e de aspecto
superficial entre as particulas, representativos de composi¢cdes quimicas
distintas. A seguir, os pontos foram numerados e 0s respectivos espectros,
determinados a partir do niamero atdémico dos elementos quimicos, foram

apresentados na forma de graficos.

3.4 Avaliacéo da superficie por MEV-FEG

Para a aquisicao das imagens, utilizou-se um microscoépio eletrénico
de varredura por emissdao de campo MEV-FEG (JEOL JSM-7100F, Téquio,
Japao) (Figura 3B). Uma amostra de cada cimento foi fixada em um porta-
amostra de aluminio, metalizada com ouro na superficie superior e transferida
ao microscopio.

Cada amostra foi avaliada, na area central, por imagens com
magnificacdes crescentes de 25x, 500x e 5000x, em alto vacuo e detecc¢do de
elétrons secundarios. Devido a fragilidade das amostras ao feixe de elétrons,
as imagens foram adquiridas com energia de no maximo 3 kV. As
caracteristicas da superficie das amostras foram avaliadas por um examinador,

by

de maneira descritiva, com relagdo a uniformidade na distribuicdo das
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particulas (caracterizagdo ou ndo de um padrédo de distribuicdo); formato
(similaridade ou n&o entre as formas das particulas) e tamanho (similaridade ou
ndo entre o tamanho das particulas). Foram registradas imagens com

magnificagoes de 5000x.

,/ "
POR FAVOR
NAO ENCOSTE

Figura 3. MicroscoOpios eletrbnicos de varredura utilizados. (A) MEV JSM - IT300
utilizado para a EDS; (B) MEV-FEG JSM-7100F utilizado para obtencédo das imagens
de superficie.
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4. RESULTADOS

4.1 Analise de elementos quimicos por EDS

As figuras de 4 a 8 representam as imagens e 0s espectros obtidos
pela analise em EDS, utilizados para a determinacdo dos elementos quimicos
presentes nos cimentos. O primeiro pico que aparece em todos 0s materiais
refere-se a presenca do carbono utilizado na metalizacdo da amostra. Na
Tabela 1 estdo apresentados os elementos quimicos identificados em cada
cimento.

A imagem do MEV em baixo vacuo (500x) do MTA Angelus®
mostrou particulas com diferentes contrastes (Figura 4), sendo que as mais
claras apresentaram-se dispersas entre as mais escuras. Nos espectros dos
pontos 1 e 3 (particulas escuras) foram observados picos mais altos de calcio e
silicio. Nos espectros dos pontos 2 e 4 (particulas claras) observou-se picos
mais elevados de bismuto e calcio. Além desses elementos, foram detectados
no MTA Angelus® oxigénio, aluminio e magnésio.

O CP apresentou particulas com diferentes aspectos superficiais na
imagem do MEV em baixo vacuo (1000x) (Figura 5). No espectro do ponto 1
foram identificados picos mais altos de calcio e oxigénio, enquanto nos pontos
3, 5 e 7 observaram-se picos mais altos de célcio, silicio e oxigénio. Nos
espectros dos pontos 2 e 8 foram notados picos mais altos de enxofre e célcio,
e nos pontos 4 e 6, de silicio. Também foi detectada no CP presenca de
potassio, aluminio, magnésio, soédio e ferro.

O Biodentine® apresentou particulas com diferentes contrastes na
imagem do MEV em baixo vacuo (2000x) (Figura 6). Nos espectros dos pontos
2 e 3 (particulas escuras) foram observados picos mais altos de calcio e silicio.
Nos espectros dos pontos 1 e 4 (particulas claras) foram identificados picos
mais elevados de zircénio e célcio. Além desses elementos, foram detectados
no Biodentine® oxigénio e aluminio.

O Bio-C Fillapex® apresentou particulas com diferentes contrastes

na imagem do MEV em baixo vacuo (1000x) (Figura 7). Foram identificados
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nos espectros dos pontos 1 e 3 (particulas claras) picos mais altos de zirconio,
e nos espectros dos pontos 2 e 4 (particulas escuras) de caélcio, silicio e
oxigénio. Outro elemento identificado no Bio-C Fillapex® foi aluminio.

O Cimento bioceramico MK Life apresentou particulas com
diferentes contrastes na imagem do MEV em baixo vacuo (5000x) (Figura 8).
Nos pontos 2 e 4 (particulas escuras) 0s espectros mostraram picos mais altos
de silicio, céalcio e oxigénio, enquanto que nos pontos 1 e 3 (particulas claras)
0S espectros apresentaram picos elevados de zircénio. Também foi identificada
no Cimento bioceramico MK Life presenca de sédio, aluminio e titanio.

4.2 Avaliacéo da superficie por MEV-FEG

As imagens obtidas de cada cimento no MEV-FEG, utilizadas para a
caracterizacao da superficie, estdo apresentadas na Figura 9.

Todos os cimentos avaliados apresentaram padrao de distribuicao
uniforme das particulas na superficie. O MTA Angelus® e o CP apresentaram
superficie contendo particulas de formatos e tamanhos n&o similares (Figura
9A e 9B). O Biodentine® apresentou superficie contendo particulas com
formatos arredondados similares e tamanhos variados (Figura 9C). O Bio-C
Fillapex® e o Cimento bioceramico MK Life apresentaram uma superficie
homogénea contendo particulas com formatos arredondados e tamanhos

similares (Figura 9D e 9E).
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Tabela 1. Descri¢do dos elementos quimicos identificados em cada material por EDS.

Materiais Elementos quimicos
MTA Angelus® *Ca, *BI, *Si, O, Al, Mg
CP *Ca, *Si, *S, O, K, Al, Mg, Na, Fe
Biodentine® *Ca, *Zr, *Si, O, Al
Bio-C Fillapex® *Ca, *Zr, *Si, O, Al
Cimento bioceramico MK Life *Ca, *Zr, *Si, O, Na, Al, Ti

* elementos com picos mais altos nos espectros.
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Figura 4. Imagem obtida por captacdo de elétrons retroespalhados no MEV (500x) do
MTA Angelus® com os pontos identificados e 0s espectros representativos dos pontos

1,2,3e4.

26



50pm

] Ca Kal N 7] S Ka m:
3000 m
E 1500
E 1 [oka
2000 i [Kken]
@ ] @ 4
H . H
g 1 g ]
g 7 g 4 Mg Kol 2
] M Kal
1000 i Na Ka] [2
E 0ot Si Kal
3 F Lot
E Jca o
Epiam ki) - Fln
B o B B I I i i i e e e e LA o e o o
0 1 2 3 4 5 6 7 keV/ 0 1 2 3 4 5 6 7 keV/
E ] Si Kal
E LE 6000 LK
3000 3]
3 40003
2] PR
2 g ]
5 ER-
2 3 2 3
g 4 - .
1000 m 2000~
E Na ka1 2| | 3
] 9 ]
{ PtV ;
0 frrrryrrrryrrrryrrrrrrrrrrrrrrprrrr e rTroeT
0 1 2 3 4 5 6 7 keV/ 0 1 2 3 4 5 5 7 keV

Figura 5. Imagem obtida por captagéo de elétrons retroespalhados no MEV (1000x) do
CP com os pontos identificados e 0s espectros representativos dos pontos 1, 2, 3, 4, 5,

6,7 e 8.

27



] T Si_ﬁal
- 5 6000=— 6
3000 = . ] .
20003 4000
a4 a ]
R £ 3
S . S ]
10003 2000
I:’\IIIIIIIIlIIIIIlIlIIIIIIIIIIIIIIIIIIIIIII 0=
0 1 2 3 4 5 6 7 keV|
30003 - 2000
b 1500
20003 ]
@ b @ 7
- R
1000 ]
b 500—
L I e e R NI I i i o S S R L I B o e o B B e e e BLALAR AN BRI i o e o
0 1 2 3 4 5 6 7 ke 0 1 2 3 4 5 6 7 ke

Figura 5. (continuacao).

28



4000

counts

e

000

=3
o

=Y

counts

2000

o

4000

counts

[

000

0 2

Figura 6. Imagem obtida por captagéo de elétrons retroespalhados no MEV (2000x) do
Biodentine® com os pontos identificados e os espectros representativos dos pontos 1,
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Figura 7. Imagem obtida por captagéo de elétrons retroespalhados no MEV (1000x) do
Bio-C Fillapex® com os pontos identificados e 0s espectros representativos dos pontos

1,2,3e4.
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Figura 8. Imagem obtida por captagéo de elétrons retroespalhados no MEV (5000x) do
Cimento bioceramico MK Life com os pontos identificados e o0s espectros
representativos dos pontos 1, 2, 3 e 4.
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Figura 9. Imagens obtidas por captacéo de elétrons secundarios no MEV-FEG de cada
material (5000x). (A) MTA Angelus®; (B) CP; (C) Biodentine®; (D) Bio-C Fillapex®; (E)
Cimento bioceramico MK Life.
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5. DISCUSSAO

O conhecimento dos elementos quimicos e das caracteristicas de
superficie de cimentos que mantém intimo contato com o tecido periapical
constitui fator preditivo das propriedades fisico-quimicas e bioldgicas
(DAMMASCHKE et al, 2005). O interesse pela area de analise e
caracterizacdo de materiais resulta da necessidade de selecdo adequada de
um material, baseada fundamentalmente no seu desempenho. Sob a éptica da
Engenharia e Ciéncias de Materiais, a caracterizacdo descreve os aspectos de
composicdo e estrutura, considerando a relevéancia de uma propriedade em
particular, e pode ser definida pela perturbacédo causada por um feixe incidente
de radiacdo de elétrons, néutrons ou ions, e pela avaliacdo da resposta do
objeto ao estimulo (OREFICE et al., 2006).

A caracterizacao da superficie de materiais odontologicos tem sido
realizada por meio de MEV (FORMOSA et al., 2012), cujo principio consiste na
emissdo de um feixe de elétrons por um filamento de tungsténio, que,
concentrado, controlado e reduzido por um sistema de lentes eletromagnéticas,
diafragmas e bobinas, incide sobre a amostra, provocando uma seérie de
emissdes de sinais. Estes sinais sdo emitidos sob a forma de elétrons
secundarios, elétrons retroespalhados e raios X, que sao captados por
detectores apropriados, amplificados e processados em um sistema analisador
especifico para cada tipo de sinal. E possivel, portanto, a partir da obtencéo de
uma imagem ampliada e tridimensional da superficie da amostra, realizar a
analise de superficie (OREFICE et al., 2006).

A distribuicdo uniforme das particulas e a similaridade do tamanho e
forma influenciam na area de superficie e contribuem para a resposta biolégica
do material (KOMABAYASHI & SPANGBERG, 2008; HWANG et al., 2011). O
conceito de biocompatibilidade, até a década de 70, estava relacionado a
capacidade do material ser inerte, ou seja, de ndo induzir nenhum tipo de
resposta inflamatoéria ou infecciosa no local da implantagdo. Porém, a partir

desse periodo um novo conceito de biocompatibilidade foi estabelecido, o de
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bioatividade, que consiste na capacidade de um material provocar a formacao
de uma ligacao interfacial com os tecidos vivos, sem a formagdo de uma
capsula fibrosa que separa o biomaterial do tecido (OREFICE et al., 2006).
Atualmente, existe um entendimento de que ser somente um material inerte
guando colocado em contato com tecido vivo ndo € suficiente, espera-se que
este seja capaz de induzir processos que culminem na regeneracdo do tecido
ou substituicdo da estrutura dentaria que foi lesada (ESTRELA et al., 2000;
OREFICE et al., 2006).

No presente estudo todos os cimentos avaliados mostraram
distribuicdo uniforme das particulas na superficie, sendo estas de formatos e
tamanhos similares no Bio-C Fillapex® e no Cimento bioceramico MK Life. O
MTA Angelus® e o CP apresentaram particulas com formatos e tamanhos
variados, resultados estes concordantes com os de Borges et al. (2012) e de
Camilleri et al. (2013), os quais ap0s analise da superficie do MTA Angelus®
por MEV, observaram particulas com formatos arredondados e diferentes
dimensdes, aléem de cristais com formato de agulha. No entanto, estes
resultados séo discordantes do estudo de Hwang et al (2011) quanto ao MTA,
gue mostrou tamanho uniforme de particulas, e concordantes quanto ao CP,
gue apresentou particulas com uma ampla gama de tamanhos. Estes
resultados diferentes quanto ao MTA podem ser justificados pela diferenca da
marca comercial, pois os autores citados avaliaram o Pro Root MTA (Dentsply),
e ainda, pela subjetividade durante andlise das imagens. O Biodentine®
avaliado no presente estudo apresentou resultados semelhantes aos de
Camilleri et al. (2013), que também observaram particulas arredondadas de
diferentes tamanhos.

Para a analise de uma superficie em alto vacuo é utilizada uma
energia, que esta associada a tensdo de aceleracdo do feixe de elétrons, e
guanto maior for esta energia, maior serd a profundidade de penetracdo do
feixe e maior o volume de interacdo. De modo geral, o aumento da energia
conduz a uma maior resolucdo da imagem, porém contribui de forma negativa
aumentando o carregamento eletrostatico e os danos na superficie da amostra
(OREFICE et al., 2006). No presente estudo foi utilizada uma energia de no

maximo 3 kV devido a fragilidade das amostras, a qual foi determinada a partir
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da avaliagdo das tensbes ao longo da faixa do equipamento, de modo a
identificar aquela que conduzia & melhor imagem.

A caracterizagdo dos elementos quimicos de materiais endododnticos
tem sido realizada por meio de espectroscopia de energia dispersiva de raios-X
(CAMILLERI et al.,, 2005; HWANG et al.,, 2011; ESTRELA et al.,, 2012;
CAMILLERI et al., 2013). A EDS, a partir de um equipamento de microanalise
acoplado ao MEV, permite a obtencdo de informacdes quimicas em areas da
ordem de micrémetros. As informacdes sobre os elementos presentes séo
obtidas pela captacdo dos raios X caracteristicos resultantes da interacdo do
feixe primério de elétrons com a amostra. Essa técnica € capaz de detectar a
presenca de elementos quimicos em materiais soélidos, principalmente os de
alto peso molecular (OREFICE et al., 2006).

A caracterizacdo dos elementos quimicos por EDS no presente
estudo mostrou que o0s cimentos apresentam certa similaridade de composicao
guimica, com predominancia de calcio e silicio, elementos provavelmente
provenientes dos silicatos de calcio, os quais sdo 0s compostos basicos dos
materiais avaliados.

As principais diferencas observadas na composi¢cdo quimica foram
com relacdo a presenca de bismuto no MTA-Angelus®; de zircbnio no
Biodentine®, Bio-C Fillapex® e Cimento bioceramico MK Life e a presenca de
outros elementos como o S, K, Na e Fe no CP. Elementos com elevados
nameros atbmicos, como o0 zirconio e bismuto, identificam materiais
radiopacos, enquanto elementos com numero atémico baixo, como silicio,
resultam em materiais radiolucentes, existindo portanto uma correlacéo entre o
namero atémico do elemento e sua radiopacidade (SABBAGH et al., 2004).

O oOxido de bismuto e o 6xido de zirconio tém sido incorporados aos
materiais como agentes radiopacificadores (DUARTE et al., 2009; CAMILLERI
et al.,, 2011; CANDEIRO et al., 2012; CAMILLERI et al., 2013; SILVA et al.,
2017). De acordo com Camilleri et al. (2013), a zircbnia (ZrO;) apresenta
vantagens sobre o bismuto por ser inerte e ndo afetar as propriedades fisicas
do material.

A reacdo de hidratacdo do CP acrescido de oxido de zirconio foi
comparada a do MTA, quando imersos em HBSS. O 6xido de zircdnio mostrou-

se mais estavel que o 6xido de bismuto na matriz do cimento, e ndo houve
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interacdo do zircénio com o célcio, silicio e aluminio, que sdo os elementos
constituintes do CP. No MTA, o bismuto substituiu o silicio no cimento,
formando uma microestrutura complexa com o silicato de calcio hidratado,
indicando que o bismuto interfere na hidratacdo do cimento (CAMILLERI et al.,
2011). De acordo com Coomaraswamy et al. (2007), essa interferéncia pode
causar efeitos negativos nas propriedades mecanicas do material.

No presente estudo o CP apresentou 0s mesmos elementos
quimicos relatados pelo fabricante. O CP é fabricado a partir da moagem de
um produto denominado clinquer, obtido pela queima de uma mistura de
calcario e argila e composto principalmente por 6xido de célcio, 6xido de silicio,
oxido de aluminio, 6xido de ferro e 6xido de magnésio (DUARTE et al., 2005;
HWANG et al., 2011). Ap0s a moagem, é adicionado o sulfato de calcio para
acelerar a reacao de presa do material. A presenca de sodio e potassio no CP
pode estar relacionada a impurezas comuns do clinquer desse material,
provenientes das matérias-primas utilizadas no seu processo de fabricacéo
(CAMILLERI et al., 2013).

Apesar de estudos afirmarem que o arsénio € uma impureza comum
do calcério, usado como matéria-prima na fabricacdo de cimento Portland (DE
DEUS et al., 2007; HWANG et al., 2011), Duarte et al. (2005) observaram, por
meio de espectrofotometria de absorcdo atbmica com geracao de hidretos, que
a liberacdo dessa substancia pelo CP é minima, e afirmam que ndo ha
contraindicacdo do uso clinico do CP devido a liberacao deste elemento. Estes
dados foram posteriormente confirmados por De Deus et al. (2009), utilizando
uma técnica instrumental de cromatografia liquida de alta performance
acoplada a espectrometria de fluorescéncia atbmica com geracao de hidretos.

No presente estudo foi detectada a presenca de magnésio no
cimento MTA Angelus®, de aluminio no Biodentine® e Bio-C Fillapex®, e de
aluminio, sodio e titanio no Cimento bioceramico MK Life, os quais néo
estavam descritos na composicdo quimica apresentada pelos fabricantes.
Camilleri et al. (2013) relatam que a presenca de magnésio no MTA Angelus®,
detectada pela EDS, indica o uso de calcario natural como fonte de carbonato
de célcio para a fabricacdo do clinquer, ao invés do carbonato de calcio puro
obtido por precipitagdo. A presenca de aluminio nesses materiais pode ser

considerada indesejada, pois essa substancia esta contraindicada para uso em
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humanos devido aos maiores riscos associados ao Parkinson e Alzheimer
(FORBES & GENTLEMAN, 1998). A presenca de elementos quimicos nédo
relatados na bula pelos fabricantes pode ser atribuida a contaminacdo durante
0 processo de fabricacao.

Ainda no presente estudo, nos cimentos Biodentine® e Bio-C
Fillapex® nao foi detectada a presenca de ferro, que deveria estar presente,
proveniente do oxido de ferro descrito pelos fabricantes. A necessidade de
selecdo de pontos especificos para realizacdo da andlise dos elementos
qguimicos por EDS pode ter restringido a deteccdo destes elementos, que
poderiam estar presentes em pequenas quantidades nesses cimentos.

A técnica de EDS apresenta limitagcdes, como a impossibilidade de
distingdo entre as fases em que os elementos se encontram bem como de
deteccio de elementos de baixo nimero atdmico (OREFICE et al., 2006).

Os elementos quimicos identificados no MTA Angelus® estdo de
acordo com os achados de estudos prévios, que utilizaram a mesma
metodologia e identificaram elementos similares (HWANG et al.,, 2011;
BORGES et al., 2012; CAMILLERI et al. 2013; MARCIANO et al. 2016). Estrela
et al. (2000) utilizaram como método de caracterizagdo quimica a
espectroscopia de fluorescéncia de raios X, e por meio da qual identificaram
ainda a presenca de ferro e estroncio no MTA (Dentsply) e de estroncio, titanio
e manganés no CP. Camilleri et al. (2013) avaliaram a composicao Biodentine®
por diferentes métodos e observaram, por meio de EDS, os mesmos elementos
guimicos identificados no presente estudo. No entanto, através de
espectroscopia de fluorescéncia de raios-X, detectaram ainda a presenca de
ferro neste material.

O Cimento bioceramico MK Life e o Bio-C Fillapex® séo cimentos
indicados para obturacédo do canal radicular e apresentados prontos para o uso
em bisnagas, sendo o primeiro um material lancado recentemente no mercado
nacional e o segundo um cimento ainda em desenvolvimento. Portanto, ndo ha
dados disponiveis na literatura a respeito das propriedades desses materiais.
No presente estudo foi observado maior tempo de presa destes materiais,
mostrando-se necessario que estudos sejam realizados avaliando esta

propriedade.
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De acordo com Xuereb et al. (2015), cimentos apresentados na
forma de pasta pré-misturada em seringa possuem facilidade de manuseio, no
entanto, precisam de hidratagcdo para que ocorra a reagao de presa. Pela
necessidade da presenca de umidade, em condi¢fes clinicas esses materiais
dependeriam do fluido dentinario no interior do canal radicular para tomarem
presa, jA que 0s canais sdo secados ap0s o processo de sanificacdo e
modelagem.

A hidratacdo do silicato tricalcio, componente basico do CP e de
seus derivados, incluindo os cimentos bioceramicos, produz gel hidratado de
silicato de célcio e hidroxido de calcio (CAMILLERI et al., 2013; XUEREB et al.,
2015). O hidroxido de calcio produzido na reacdo € responsavel pela
bioatividade do material (XUEREB et al., 2015). A interacdo dos cimentos a
base de silicato tricalcio com a dentina foi observada Han & Okiji (2013), em
gue demonstrou-se a incorporacao intertubular de célcio e silicio, deposicéo de
apatita e formacdo de uma estrutura semelhante a tags minerais. Tal
capacidade pode explicar a habilidade de selamento e adesdo a dentina
desses materiais. A reacdo dos ions célcio com os fosfatos dos tecidos resulta
na formacao de fosfato de calcio (apatita), responsavel pela bioatividade do
material.

A participacao ativa do calcio no processo de reparo € demonstrada
por diversos estudos (HOLLAND et al., 1982; SEUX et al., 1991; ESTRELA et
al., 1995). Estrela et al. (1995) descreveram o mecanismo pelo qual os ions
célcio do material participam diretamente na formacéo da barreira mineralizada,
com formacdo de cristais de calcita. Seux et al (1991) demonstraram a
afinidade da fibronectina pelos cristais de calcita, o que permite adesdo e
diferenciacao celular e uma consequente deposicéo de tecido mineralizado.

Os cimentos bioceramicos tém apresentado boa capacidade
seladora e tolerancia tecidual em estudos in vitro (DE DEUS et al., 2009;
DAMAS et al., 2011; LEAL et al., 2011; ANTUNES et al., 2016; CANDEIRO et
al., 2016; CHEN et al., 2016), porém existe uma escassez de estudos in vivo
gue comprovem a eficacia e seguranca clinica em longo prazo desses
materiais (AZIMI et al., 2014; LIU et al., 2015). Outra desvantagem apresentada
por esses cimentos € com relacdo a capacidade de remoc¢édo desses materiais

do interior do sistema de canais radiculares em casos de retratamento. Hess et
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al. (2011) mostraram que as técnicas convencionais de retratamento ndo foram
capazes de remover completamente o cimento bioceramico do canal radicular.

A busca por um cimento endodoéntico ideal persiste, pois apesar dos
grandes avancos alcancados pelo desenvolvimento tecnoldgico na area de
materiais dentérios, ainda nao foi desenvolvido um material que contemple
todas as caracteristicas consideradas ideias descritas anteriormente.
Adicionalmente, mais estudos sdo necessarios com vistas a analise das
propriedades fisicas, quimicas e biolégicas dos novos cimentos lancados no
mercado.
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6. CONCLUSAO

De acordo com a metodologia utilizada, pode-se concluir que:

¢ Os cimentos MTA Angelus®, CP, Biodentine®, Bio-C Fillapex® e
Cimento bioceramico MK Life apresentam composi¢des quimicas semelhantes,
com predominancia de calcio e silicio, tendo como principal diferenca a
presenca do agente radiopacificador.

e As superficies dos cimentos mostraram distribuicdo uniforme das
particulas, sendo o MTA Angelus® e CP com formatos e tamanho variados, 0
Biodentine® com formatos similares e tamanhos variados e o Bio-C Fillapex® e

Cimento bioceramico MK Life com formatos e tamanhos similares.
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Abstract

Objective: To evaluate the chemical elements and surface characteristics of
bioceramic cements. Methods: Biodentine®, Bio-C Fillapex®, Bioceramic
Cement MK Life, MTA Angelus®, and Portland Cement (PC) were handled
according to manufacturer's recommendations, inserted in standard
polyethylene tubes positioned on a glass plate and transferred to a incubator at
37°C with relative humidity to 95% for 48 hours. For chemical elements
analysis, a sample of each cement was evaluated by X-ray energy dispersive
spectroscopy (EDS) coupled to a low vacuum scanning electron microscope
(SEM). The surface analysis for the uniformity of distribution pattern, shape and
size of the particles was performed by images obtained in a SEM by field
emission (SEM-FEG). The results were analyzed descriptively for the spectra of
chemical composition of the EDS and qualitatively for the images of the MEV-
FEG. Results: In EDS analysis, all the cements presented particles rich in
calcium and silicon. The PC presented points with higher sulfur peaks. MTA-
Angelus® also showed particles rich in bismuth, while Biodentine®, Bio-C
Fillapex® and Bioceramic Cement MK Life presented particles rich in zirconium.
All materials presented a uniform distribution pattern of the particles on the
surface, and Bio-C Fillapex® and Bioceramic Cement MK Life presented
particles of similar size and shape. Conclusion: The chemical composition of the
cements evaluated was similar, having as main difference the radiopacifying
agent. The surfaces of the cements showed uniform pattern distribution of the

particles.

Keywords: Chemical Elements; Dental Cements; Scanning Electron

Microscopy; Spectrometry X-Ray Emission.
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Introduction

Sealing of the root canal system, after the sanitization and modeling
process, is a decisive procedure for successful endodontic treatment. In
addition to the purpose of eliminating empty spaces, this step is essencial for
the tissue repair process. The gutta-percha associated with an endodontic
cement has been the most used material for root end sealing (1,2).

According Grossman (3), the ideal endodontic sealer must be
homogeneous when manipulated to promote good adhesiveness in the walls of
the root canal; promote hermetic sealing; be radiopaque; do not suffer
contraction after setting; does not stain the tooth structure; promote microbial
control; take setting slowly; be insoluble in oral fluids; be soluble in common
solvents if removal of the root canal obturation is necessary; be well tolerated
by tissues.

Currently, there is no endodontic sealer that contemplates all these
properties considered ideal. Therefore, new materials have been developed
with the purpose of obtaining more favorable physical-chemical and biological
properties (4).

Mineral aggregate trioxide (MTA) was developed in 1993 (5,6) and
consists of a cement with hydrophilic particles based on tricalcium silicate,
dicalcium silicate, tricalcium aluminate and calcium oxide. Estrela et al. (7)
evaluated the chemical composition of the MTA and observed similarity of
composition with the Portland cement (PC), having as difference the presence
of bismuth in the MTA, which confers radiopacity to the material.

The MTA presents satisfactory physical, chemical and biological
properties, highlighting sealing capacity and tissue tolerance (8). Its clinical
indication involves treatment of root perforations and resorptions, root canal
filling, apexification, pulp capping and pulpotomy (9-11). Currently, the MTA is
found in two commercial presentations: ProRoot® MTA (Dentsply) and MTA
Angelus® (Angelus) in white and gray forms. Tissue tolerance and the ability to
stimulate mineralization has led to its classification as a bioactive material (12).
However, MTA presents limitations as a possibility of altering dental staining
(13), high setting time and difficulty of handling (11,12).
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Portland cement is a material of chemical composition similar to
MTA. Camilleri et al. (14) have shown that both MTA and PC are composed of
tricalcium and dicalcium silicate, and that, when hydrated, produce hydrous
silicate of calcium silicate and hydroxide and calcium. Although they have
similar properties, the clinical use of PC is not indicated because there is no
quality control in their production and the possible presence of toxic substances
as by-products in their manufacture, such as arsenic and lead (12,15,16,17).

Bioceramics have recently been introduced in endodontics (18), and
are ceramic materials specially developed for biomedical applications, resulting
from the combination of calcium silicates and calcium phosphates, and may
also include alumina, zirconia and bioactives glass particles (19).

According to studies that evaluated the properties of bioceramic
materials, they were found to have good sealing ability, radiopacity, tissue
tolerance, no contraction after setting and are chemically stable in the biological
environment (4,10,19,21).

Different commercial presentations of bioceramic cements are
commercially available, such as: Biodentine®, Endosequence® BC Sealer;
IRoot SP® and MK Life Bioceramic Cement. Recently, a bioceramic cement
was developed by Angelus (Londrina, PR, Brazil), Bio-C Fillapex®, presented
experimentally.

Biodentine® is a cement recommended to be used as a substitute for
dentin and with endodontic indications similar to MTA (21). According to Han &
Okiji (22) this material is capable of inducing differentiation of pulp cells and
biomineralization in vitro. MK Life bioceramic cement and Bio-C Fillapex® are
commercially available as pre-mixed paste inserted in a syringe and indicated
for root canal filling.

Despite studies in the literature report that bioceramic cements have
satisfactory physicochemical and biological properties (4,19,20), there is a lack
of research that evaluates the chemical elements and the surface
characteristics of the cements, particularly comparing them to precursor
cements such as PC and MTA.

The chemical elements present in the cements may be directly
related to the cytotoxicity of the material and affect the biocompatibility, as well

as the physical structure and the surface, which may influence cell adhesion
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and propagation (23). Studies have shown that the size and shape of the
particles of a cement influence the surface area, the reactivity potential of the
particles with the human tissues and, consequently, the biological quality of the
material (16,24). According Dammaschke (23), the similarity of the size and
shape of the particles can still influence the mechanical resistance of the
material.

Considering the above, it is relevant to know the differences in
chemical composition and surface characteristics of bioceramic cements, which
will favor the understanding of the correlation between their physical-chemical
and biological properties. The aim of this study was to characterize the chemical

elements and to evaluate the surface characteristics of bioceramic cements.

Methods

The cements evaluated were: Biodentine® (Septodont, Saint-Maur-
des-Fosses, France); Bioceramic cement MK Life (MK Life, Porto Alegre, RS,
Brazil); Bio-C Fillapex®, experimental cement (Angelus, Londrina, PR, Brazil);
MTA Angelus® (Angelus, Londrina, PR, Brazil) and Portland Cement (Cia. De
Cimento Itad, Itat de Minas, MG, Brazil).

The cements were manipulated according to manufacturer’'s
recommendations and inserted in standard polyethylene tubes with internal
diameter of 3 mm and height of 3 mm positioned on a glass plate. MTA
Angelus® and PC were manipulated with distilled water on a glass plate in the
ratio of 1:1 and 1:3 respectively, and inserted in the polyethylene tube using a
Hollenback spatula (Duflex - SS White, Rio de Janeiro, RJ, Brazil). The powder
of Biodentine® is presented in a capsule, which was mixed with 5 drops of
distilled water, taken to a digital amalgamator (Astronmix, Dabi Atlante, Ribeirdo
Preto, SP, Brazil) and shaken for 30 seconds. Afterwards, the capsule was
removed from the apparatus and the paste was inserted into the polyethylene
tube using a Hollenback spatula (Duflex - SS White, Rio de Janeiro, RJ, Brazil).
Bio-C Fillapex® and Bioceramic Cement MK Life are presented as pre-mixed
pastes ready to use in a syringe and were inserted directly into the polyethylene

tubes.
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After preparation, the samples were transferred to na incubator (ECB
1.3, OdontoBras, Ribeirdo Preto, SP, Brazil), at 37°C with 95% relative
humidity, where remained for 48 hours.

One sample of each cement was fixed in an aluminum stub and the
top surface metalized with carbon. The analysis of chemical elements were
carried out by energy dispersive spectroscopy (EDS), with an X-ray detector
(Oxford Instruments X-MaxN), coupled to the scanning electron microscope
(SEM) (JEOL JSM-IT300, Tokyo, Japan). The SEM was operated under low
vacuum and electron acceleration voltage of 20 kV, where the backscattered
electrons were analyzed. The surface images of the cements were evaluated at
magnification of 500x, and then a specific magnification, which varied from 500x
to 5000x, was selected according to the particle size of each cement.

Points were selected in the central area of the surface of each
sample with contrast differences (light and dark spots) and surface appearance
between the particles, representing different chemical compositions. Next, the
points were numbered and the respective spectra were presented in the form of
graphs.

To the surface analysis, SEM with field emission gun (SEM-FEG)
(JEOL JSM-7100F, Tokyo, Japan) was used. One sample of each cement was
fixed in an aluminum stub and metalized with gold on the upper surface and
transferred under a microscope. Each sample was evaluated in the central area
by images with increasing magnifications of 25x, 500x and 5000x, in high
vacuum and detection of secondary electrons. Due to the fragility of the
samples to the electron beam, the images were acquired with energy of
maximum 3 kV. The surface characteristics of the samples were evaluated by
an examiner, in a descriptive way, with respect to the uniform distribution of the
particles (characterization or not of a distribution pattern); shape and size of the

particles (similarity or non). Images with magnifications of 5000x were recorded.

Results

Figures 1 to 5 presents the images and spectra obtained by EDS

analysis, used to determine the chemical elements present in the cements. The

first peak appearing in all materials refers to the presence of the carbon used in
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the metallization of the sample. Table 1 shows the chemical elements identified
in each cement.

The low-vacuum SEM image (500x) of the MTA Angelus® showed
particles with different contrasts (Figure 1), with the lightest ones being
scattered among the darker ones. In spectra of points 1 and 3 (dark particles)
higher peaks of calcium and silicon were observed. In spectra of points 2 and 4
(light particles) higher bismuth and calcium peaks were observed. In addition to
these elements, oxygen, aluminum and magnesium were detected in the MTA
Angelus®.

PC presented particles with different superficial aspects in the image
of the SEM in low vacuum (1000x) (Figure 2). Higher calcium and oxygen peaks
were identified in point 1, whereas in points 3, 5 and 7 higher peaks of calcium,
silicon and oxygen were observed. In spectra of points 2 and 8 higher peaks of
sulfur and calcium were noted, and in points 4 and 6, silicon. Potassium,
aluminum, magnesium, sodium and iron were also detected in PC.

Biodentine® presented particles with different contrasts in the SEM
image at low vacuum (2000x) (Figure 3). In spectra of points 2 and 3 (dark
particles) higher peaks of calcium and silicon were observed. In spectra of
points 1 and 4 (light particles), higher peaks of zirconium and calcium were
identified. In addition to these elements, oxygen and aluminum were detected in
Biodentine®.

The Bio-C Fillapex® presented particles with different contrasts in the
SEM image under low vacuum (1000x) (Figure 4). Higher zirconium peaks were
observed in the spectra of points 1 and 3 (light particles) and in spectra of
points 2 and 4 (dark particles) of calcium, silicon and oxygen. Another element
identified in Bio-C Fillapex® was aluminum.

The Bioceramic Cement MK Life presented particles with different
contrasts in the SEM image at low vacuum (5000x) (Figure 5). At points 2 and 4
(dark particles) the spectra showed higher peaks of silicon, calcium and oxygen,
while at points 1 and 3 (light particles) the spectra showed high peaks of
zirconium. The presence of sodium, aluminum and titanium was also identified
in the MK Life bioceramic cement.

The images obtained from each cement in the SEM-FEG, used for

surface characterization, are presented in Figure 6. All the cements showed a
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uniform distribution pattern of the particles on the surface. MTA Angelus® and
PC presented surfaces containing particles of non-similar size and shape
(Figure 6A and 6B). Biodentine® presented a surface containing particles with
similar rounded shapes and varied sizes (Figure 6C). Bio-C Fillapex® and
Bioceramic Cement MK Life presented a homogeneous surface containing

particles with rounded shapes and similar sizes (Figure 6D and 6E).

Discussion

The knowledge of the chemical elements and the surface
characteristics of cements that maintains close contact with the periapical tissue
is a predictive factor of the physical-chemical and biological properties (23). The
interest in the area of analysis and characterization of materials results from the
need for adequate selection of a material, based fundamentally on its
performance. From the perspective of Engineering and Materials Science, the
characterization describes the composition and structure aspects, considering
the relevance of a particular property, and can be defined by the perturbation
caused by an incident beam of radiation of electrons, neutrons or ions, and by
the evaluation of the response of the object to the stimulus (25).

The characterization of the surface of dental materials has been
carried out by SEM (26), whose principle consists in the emission of an electron
beam by a tungsten filament which strikes the sample, causing a series of
signal emissions. These signals are emitted as secondary electrons,
backscattered electrons and X-rays, which are picked up by appropriate
detectors, amplified and processed in a specific analyzer system for each type
of signal. It is possible, therefore, to obtain an enlarged and three-dimensional
image of the surface of the sample, perform the surface analysis (25).

The uniform distribution of the particles and the similarity of size and
shape influence the surface area and contribute to the biological response of
the material (16,24). The concept of biocompatibility up to the 1970s was
related to the ability of the materials to be inert, that is, to induce no
inflammatory or infectious response at the site of implantation. However, since
that time a new concept of biocompatibility has been established, that of

bioactivity, which consists in the ability of a material to cause the formation of an
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interfacial bond with living tissues, without the formation of a fibrous capsule
separating the biomaterial from the tissue (25). Currently, there is an
understanding that being only an inert material when placed in contact with
living tissue is not sufficient, it is expected that it will be able to induce
processes that culminate in tissue regeneration or replacement of the damaged
tooth structure (7,25).

In the present study all the cements showed uniform distribution of
the particles on the surface, these being of similar shapes and sizes in the Bio-
C Fillapex® and Bioceramic Cement MK Life. MTA Angelus® and the PC
presented particles with different shapes and sizes, results consistent with
those of Borges et al. (27) and Camilleri et al. (28), which after analysis of the
surface of the MTA Angelus® by SEM, observed particles with rounded shapes
and different dimensions, in addition to crystals with a needle shape. However,
these results are discordant to Hwang et al. (16) for MTA, which showed
uniform particle size, and concordant for PC, which presented particles with a
wide range of sizes. These different results regarding the MTA can be justified
by the difference of the commercial brand, since the cited authors evaluated the
Pro Root MTA® (Dentsply), and also by the subjectivity during the analysis of
the images. The Biodentine® in the present study presented results similar to
those of Camilleri et al. (28), who also observed rounded particles of different
sizes.

For analysis of a surface in high vacuum is used an energy, which is
associated with the acceleration voltage of the electron beam, and the larger
this energy, the greater the penetration depth of the beam and the larger the
volume of interaction. In general, the increase of energy leads to a higher
resolution of the image, but contributes negatively to increase electrostatic
loading and damage to the surface of the sample (25). In the present study, an
energy of at most 3 kV was used due to the fragility of the samples, which was
determined from the evaluation of the tensions along the equipment band, in
order to identify the one that led to the best image.

The characterization of the chemical elements of endodontic
materials has been carried out by energy dispersive spectroscopy of X-rays
(14,16,28). The EDS, from a microanalysis equipament coupled to the SEM,

allows the obtaining of chemical information in areas of the order of
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micrometers. The information about the elements present is obtained by the
capture of the characteristic X-rays resulting from the interaction of the primary
electron beam with the sample. This technique is able to detect the presence of
chemical elements in solid materials, especially those of high molecular weight
(25).

The characterization of the chemical elements by EDS in the present
study showed that the cements present some similarity of chemical
composition, with predominance of calcium and silicon, probably elements
coming from the calcium silicates, which are the basic compounds of the
evaluated materials. The main differences observed in the chemical
composition were related to the presence of bismuth in MTA-Angelus®;
zirconium in Biodentine®, Bio-C Fillapex® and Bioceramic Cement MK Life and
the presence of other elements such as S, K, Na and Fe in PC.

Bismuth oxide and zirconium oxide have been incorporated into the
materials as radiopacifying agents (20,28,29). According to Camilleri et al. (28),
zirconia (ZrO3) has advantages over bismuth because it is inert and does not
affect the physical properties of the material.

In the present study the PC presented the same chemical elements
reported by the manufacturer. PC is made from the grinding of a product called
clinker, obtained by burning a mixture of limestone and clay and composed
mainly of calcium oxide, silicon oxide, aluminum oxide, iron oxide and
magnesium oxide (16). After grinding, the calcium sulfate is added to accelerate
the setting reaction of the material. The presence of sodium and potassium in
the PC can be related to common impurities of the clinker of this material,
coming from the raw materials used in its manufacturing process (28).

In the presente study were detected the presence of magnesium in
MTA Angelus®, aluminum in Biodentine® and Bio-C Fillapex®, and aluminum,
sodium and titanium in MK Life bioceramic cement, wich were not described in
the chemical composition presented by the manufacturers. Camilleri et al. (28)
report that the presence of magnesium in the MTA Angelus® indicates the use
of natural limestone as a source of calcium carbonate for the manufacture of
clinker, rather than the pure calcium carbonate obtained by precipitation. The
presence of aluminum in these materials may be considered undesirable, since

this substance is contraindicated for use in humans due to the greater risks
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associated with Parkinson's and Alzheimer's (30). The presence of chemical
elements not reported in the package insert by manufacturers can be attributed
to contamination during the manufacturing process.

In the present study, the presence of iron, which should be present
from the iron oxide described by the manufacturers was not detected in
Biodentine® and Bio-C Fillapex® cements. The need to select specific points to
perform the analysis of the chemical elements by EDS may have restricted the
detection of these elements, which could be present in small quantities in these
cements.

The chemical elements identified in the MTA Angelus® are in
agreement with the findings of previous studies, which used the same
methodology and identified similar elements (16,27,28). Estrela et al. (7) used
X-ray fluorescence spectroscopy as the chemical characterization method and
identified the presence of iron and strontium in the MTA (Dentsply) and
strontium, titanium and manganese in the PC. Camilleri et al. (28) evaluated the
Biodentine® composition by different methods and observed, through EDS, the
same chemical elements identified in the present study. However, by X-ray
fluorescence spectroscopy, they also detected the presence of iron in this
material.

The Bioceramic Cement MK Life and Bio-C Fillapex® are cements
indicated for root canal filling and presented ready to use in tubes, the first
being a recently launched material in the national market and the second a
cement still in development. Therefore, there is no data available in the
literature regarding the properties of these materials. In the present study, it was
observed longer setting time of these materials, showing that studies are
necessary to evaluate this property.

According to Xuereb et al. (31), cements presented in the form of
pre-mixed paste in syringe have ease of handling, however, need hydration in
order for the setting reaction to occur. Due to the presence of moisture, under
clinical conditions these materials would depend on the dentinal fluid inside the
root canal to setting, since the canals are dried after the sanitization and
modeling process.

Hydration of tricalcium silicate, a basic component of PC and its

derivatives, including bioceramic cements, produces hydrated calcium silicate
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gel and calcium hydroxide (28,31). The calcium hydroxide produced in the
reaction is responsible for the bioactivity of the material (31). The interaction of
tricalcium silicate cements with dentine was observed in Han & Okiji (22), which
demonstrated the intertubular incorporation of calcium and silicon, deposition of
apatite and formation of a structure similar to mineral tags. Such ability may
explain the ability of dentin sealing and adhesion of these materials. The
reaction of the calcium ions with the phosphates of the tissues results in the
formation of calcium phosphate (apatite), responsible for the bioactivity of the
material.

The active participation of calcium in the repair process is
demonstrated by several studies (32-34). Estrela et al. (34) described the
mechanism by which the calcium ions of the material participate directly in the
formation of the mineralized barrier, with the formation of calcite crystals. Seux
et al. (33) demonstrated the affinity of fibronectin for the calcite crystals, which
allows cell adhesion and differentiation and a consequent deposition of
mineralized tissue.

Bioceramic cements have been shown good sealing ability and
tissue tolerance in studies in vitro (18,20,35) however there is a shortage of in
vivo studies that demonstrate the long-term clinical efficacy and safety of these
materials (10).

The search for an ideal endodontic cement persists, because despite
the great advances achieved by the technological development in the area of
dental materials, a material that contemplates all the characteristics considered
ideas previously described has not yet been developed. In addition, further
studies are needed to analyze the physical, chemical and biological properties

of new cements launched on the market.

Conclusion

According to the methodology used, it can be concluded that:
* MTA Angelus®, CP, Biodentine®, Bio-C Fillapex® and MK Life bio-
cement present similar chemical compositions, predominantly calcium and

silicon, with the main difference being the radiopacifying agent.
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» The cement surfaces showed uniform distribution of the particles, with
the MTA Angelus® and CP having different shapes and sizes, Biodentine® with
similar shapes and varied sizes and Bio-C Fillapex® and MK Life bioceramic

cement with similar shapes and sizes.
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Table and Figures

Table 1. Description of the chemical elements identified in each material by EDS.

Materials Chemical elements
MTA Angelus® *Ca, *Bi, *Si, O, Al, Mg
PC *Ca, *Si, *S, O, K, Al, Mg, Na, Fe
Biodentine® *Ca, *Zr, *Si, O, Al
Bio-C Fillapex® *Ca, *Zr, *Si, O, Al
Bioceramic cement MK Life *Ca, *Zr, *Si, O, Na, Al, Ti

* elements with higher peaks in spectra.
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Figure 1. Image obtained by backscattered electron in the SEM (500x) of the MTA

Angelus® with the points identified and the spectra representative of points 1, 2, 3 and
4.

62




50pm

] Ca Kal N 7] S Kal m:
3000 E m
B 1500—
E 1 [oka
2000 i [Kken]
] PR
. ER
E g Mg Kal 2
] M Kal
1000 i Na Kad |2
E S T Si Kal
a1 - Fe Lol
7] ca Lnl_a! mm
e e e e e e B T T T
0 1 2 3 4 5 6 7

3000
1000 m.!
I Y lnarar 2y ]
Lo
] [0 L\
DI [rrrrj L T rfrrrrprrrrrprrry T rmrrTTrTrTr T
0 1 2 3 4 5 6 7 keV| 5 6 7

Figure 2. Image obtained by backscattered electrons in the SEM (1000x) of the PC with
the points identified and the spectra representative of points 1, 2, 3, 4,5, 6, 7 and 8.
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Figure 2. (continued).
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Figure 3. Image obtained by backscattered electrons in the SEM (2000x) of
Biodentine® with the points identified and the spectra representative of points 1, 2, 3

and 4.
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Figure 4. Image obtained by backscattered electron in SEM (1000x) of the Bio-C
Fillapex® with the points identified and the spectra representative of points 1, 2, 3 and
4.
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Figure 5. Image obtained by backscattered electron in the SEM (5000x) of Bioceramic
Cement MK Life with the points identified and the spectra representative of points 1, 2,

3 and 4.
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Figure 6. Images obtained by secondary electron in the SEM-FEG of each material
(5000x). (A) MTA Angelus®; (B) PC; (C) Biodentine®; (D) Bio-C Fillapex®; (E)
Bioceramic Cement MK Life.
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ANEXO

Normas para publicacao

EUROPEAN ENDODONTIC JOURNAL (Eur Endod J)

European Endodontic Journal (Eur Endod J) is an international, scientific,
open access, online-only journal published in accordance with independent,
unbiased, and double-blinded peer-review principles.

European Endodontic Journal publishes clinical and experimental studies on
on all aspects of endodontics, reviews on current topics, case reports,
editorial comments and letters to the editor that are prepared in accordance
with the ethical guidelines. The journal’s publication language is English.

The editorial and publication processes of the journal are shaped in
accordance with the guidelines of the International Council of Medical Journal
Editors (ICMJE), the World Association of Medical Editors (WAME), the
Council of Science Editors(CSE), the Committee on Publication
Ethics (COPE), the European Association of Science Editors (EASE), and
National Information Standards Organization (NISO). The journal conforms to
the Principles of Transparency and Best Practice in Scholarly
Publishing (doaj.org/bestpractice).

Originality, high scientific quality, and citation potential are the most important
criteria for a manuscript to be accepted for publication. Manuscripts
submitted for evaluation should not have been previously presented or
already published in an electronic or printed medium. Manuscripts that have
been presented in a meeting should be submitted with detailed information
on the organization, including the name, date, and location of the
organization.

Manuscripts submitted to European Endodontic Journal will go through a
double-blind peer-review process. Each submission will be reviewed by at
least two external, independent peer reviewers who are experts in their fields
in order to ensure an unbiased evaluation process. The editorial board will
invite an external and independent editor to manage the evaluation
processes of manuscripts submitted by editors or by the editorial board
members of the journal. The Editor in Chief is the final authority in the
decision-making process for all submissions.

An approval of research protocols by the Ethics Committee in accordance
with international agreements (World Medical Association Declaration of
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Helsinki “Ethical Principles for Medical Research Involving Human Subjects,”
amended in October 2013, www.wma.net) is required for experimental,
clinical, and drug studies and for some case reports. If required, ethics
committee reports or an equivalent official document will be requested from
the authors. For manuscripts concerning experimental research on humans,
a statement should be included that shows that written informed consent of
patients and volunteers was obtained following a detailed explanation of the
procedures that they may undergo. For studies carried out on animals, the
measures taken to prevent pain and suffering of the animals should be stated
clearly. Information on patient consent, the name of the ethics committee,
and the ethics committee approval number should also be stated in the
Materials and Methods section of the manuscript. It is the authors’
responsibility to carefully protect the patients’ anonymity. For photographs
that may reveal the identity of the patients, releases signed by the patient or
their legal representative should be enclosed.

All submissions are screened by a similarity detection software (iThenticate
by CrossCheck).

In the event of alleged or suspected research misconduct, e.g., plagiarism,
citation manipulation, and data falsification/fabrication, the Editorial Board will
follow and act in accordance with COPE guidelines.

Each individual listed as an author should fulfil the authorship criteria
recommended by the International Committee of Medical Journal Editors

(ICMJE - www.icmje.org). The ICMJE recommends that authorship be based
on the following 4 criteria:

Substantial contributions to the conception or design of the work; or
the acquisition, analysis, or interpretation of data for the work; AND
: Drafting the work or revising it critically for important intellectual

content; AND

Final approval of the version to be published; AND

Agreement to be accountable for all aspects of the work in ensuring
that questions related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

In addition to being accountable for the parts of the work he/she has done, an
author should be able to identify which co-authors are responsible for specific
other parts of the work. In addition, authors should have confidence in the
integrity of the contributions of their co-authors.

All those designated as authors should meet all four criteria for authorship,
and all who meet the four criteria should be identified as authors. Those who
do not meet all four criteria should be acknowledged in the title page of the
manuscript.

European Endodontic Journal requires corresponding authors to submit a
signed and scanned version of the authorship contribution form (available for
download through www.eurendodj.com) during the initial submission process
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in order to act appropriately on authorship rights and to prevent ghost or
honorary authorship. If the editorial board suspects a case of “gift
authorship,” the submission will be rejected without further review. As part of
the submission of the manuscript, the corresponding author should also send
a short statement declaring that he/she accepts to undertake all the
responsibility for authorship during the submission and review stages of the
manuscript.

European Endodontic Journal requires and encourages the authors and the
individuals involved in the evaluation process of submitted manuscripts to
disclose any existing or potential conflicts of interests, including financial,
consultant, and institutional, that might lead to potential bias or a conflict of
interest. Any financial grants or other support received for a submitted study
from individuals or institutions should be disclosed to the Editorial Board. To
disclose a potential conflict of interest, the ICMJE Potential Conflict of
Interest Disclosure Form should be filled in and submitted by all contributing
authors. Cases of a potential conflict of interest of the editors, authors, or
reviewers are resolved by the journal’s Editorial Board within the scope of
COPE and ICMJE guidelines.

The Editorial Board of the journal handles all appeal and complaint cases
within the scope of COPE guidelines. In such cases, authors should get in
direct contact with the editorial office regarding their appeals and complaints.
When needed, an ombudsperson may be assigned to resolve cases that
cannot be resolved internally. The Editor in Chief is the final authority in the
decision-making process for all appeals and complaints.

When submitting a manuscript to European Endodontic Journal, authors
accept to assign the copyright of their manuscript to the journal. If rejected for
publication, the copyright of the manuscript will be assigned back to the
authors. European Endodontic Journal requires each submission to be
accompanied by a Copyright Transfer Form (available for download at
www.eurendodj.com). When using previously published content, including
figures, tables, or any other material in both print and electronic formats,
authors must obtain permission from the copyright holder. Legal, financial
and criminal liabilities in this regard belong to the author(s).

Statements or opinions expressed in the manuscripts published in European
Endodontic Journal reflect the views of the author(s) and not the opinions of
the editors, the editorial board, or the publisher; the editors, the editorial
board, and the publisher disclaim any responsibility or liability for such
materials. The final responsibility in regard to the published content rests with
the authors.

MANUSCRIPT PREPARATION

The manuscripts should be prepared in accordance with ICMJE-
Recommendations for the Conduct, Reporting, Editing, and Publication of
Scholarly Work in Medical Journals (updated in December 2016 -
http://www.icmje.org/icmje-recommendations.pdf). Authors are required to
prepare manuscripts in accordance with the CONSORT guidelines for
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randomized research studies, STROBE guidelines for observational original
research  studies, STARD guidelines  for  studies on  diagnostic
accuracy, PRISMA guidelines  for  systematic reviews and meta-
analysis, ARRIVE guidelines for experimental animal studies,
and TREND guidelines for non-randomized public behaviour.

Manuscripts can only be submitted through the journal’s online manuscript
submission and evaluation system, available at www.eurendodj.com.
Manuscripts submitted via any other medium will not be evaluated.

Manuscripts submitted to the journal will first go through a technical
evaluation process where the editorial office staff will ensure that the
manuscript has been prepared and submitted in accordance with the
journal’s guidelines. Submissions that do not conform to the journal’s
guidelines will be returned to the submitting author with technical correction
requests.

Authors are required to submit the following:

« Copyright Transfer Form,

* Author Contributions Form, and

* ICMJE Potential Conflict of Interest Disclosure Form (should be filled in by
all contributing authors) during the initial submission. These forms are
available for download at www.eurendodj.com.

Preparation of the Manuscript

Title page: A separate title page should be submitted with all submissions
and this page should include:

» The full title of the manuscript as well as a short title (running head) of no
more than 50 characters,

+ Name(s), affiliations, and highest academic degree(s) of the author(s),

* Grant information and detailed information on the other sources of
support,

* Name, address, telephone (including the mobile phone number) and fax
numbers, and email address of the corresponding author,

» Acknowledgment of the individuals who contributed to the preparation of
the manuscript but who do not fulfill the authorship criteria.

Abstract: An abstract should be submitted with all submissions except for
Letters to the Editor. The abstract of Original Articles should be structured
with subheadings (Objective, Methods, Results, and Conclusion). Please
check Table 1 below for word count specifications.

Keywords: Each submission must be accompanied by a minimum of three to
a maximum of six keywords for subject indexing at the end of the abstract.
The keywords should be listed in full without abbreviations. The keywords
should be selected from the National Library of Medicine, Medical Subject
Headings database (https://www.nlm.nih.gov/mesh/MBrowser.html).

Manuscript Types
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Original Articles: This is the most important type of article since it provides
new information based on original research. The main text of original articles
should be structured with Introduction, Methods, Results, Discussion, and
Conclusion subheadings. Please check Table 1 for the limitations for Original
Articles.

Statistical analysis to support conclusions is usually necessary. Statistical
analyses must be conducted in accordance with international statistical
reporting standards (Altman DG, Gore SM, Gardner MJ, Pocock SJ.
Statistical guidelines for contributors to medical journals. Br Med J 1983: 7;
1489-93). Information on statistical analyses should be provided with a
separate subheading under the Materials and Methods section and the
statistical software that was used during the process must be specified.

Units should be prepared in accordance with the International System of
Units (SI).

Review Articles: Reviews prepared by authors who have extensive
knowledge on a particular field and whose scientific background has been
translated into a high volume of publications with a high citation potential are
welcomed. These authors may even be invited by the journal. Reviews
should describe, discuss, and evaluate the current level of knowledge of a
topic in clinical practice and should guide future studies. The main text should
contain Introduction, Clinical and Research Consequences, and Conclusion
sections. Please check Table 1 for the limitations for Review Articles.

Case Reports, Case Series and Literature of Review: There is limited
space for case reports in the journal and reports on rare cases or conditions
that constitute challenges in diagnosis and treatment, those offering new
therapies or revealing knowledge not included in the literature, and
interesting and educative case reports are accepted for publication. The text
should include Introduction, Case Presentation, Discussion, and Conclusion
subheadings. Please check Table 1 for the limitations for Case Reports.

Letters to the Editor: This type of manuscript discusses important parts,
overlooked aspects, or lacking parts of a previously published article. Articles
on subjects within the scope of the journal that might attract the readers’
attention, particularly educative cases, may also be submitted in the form of a
“Letter to the Editor.” Readers can also present their comments on the
published manuscripts in the form of a “Letter to the Editor.” Abstract,
Keywords, and Tables, Figures, Images, and other media should not be
included. The text should be unstructured. The manuscript that is being
commented on must be properly cited within this manuscript.

Table 1. Limitations for each manuscript type

Type of |Word| Abstract |Reference| Table
manuscript| limit| word limit limit limit
Original 3500 350 30 6 |5 ortotal of 15

Figure limit
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Tables

Tables should be included in the main document, presented after the
reference list, and they should be numbered consecutively in the order they
are referred to within the main text. A descriptive title must be placed above
the tables. Abbreviations used in the tables should be defined below the
tables by footnotes (even if they are defined within the main text). Tables
should be created using the “insert table” command of the word processing
software and they should be arranged clearly to provide easy reading. Data
presented in the tables should not be a repetition of the data presented within
the main text but should be supporting the main text.

Figures and Figure Legends

Figures, graphics, and photographs should be submitted as separate files (in
TIFF or JPEG format) through the submission system. The files should not
be embedded in a Word document or the main document. When there are
figure subunits, the subunits should not be merged to form a single image.
Each subunit should be submitted separately through the submission system.
Images should not be labelled (a, b, c, etc.) to indicate figure subunits. Thick
and thin arrows, arrowheads, stars, asterisks, and similar marks can be used
on the images to support figure legends. Like the rest of the submission, the
figures too should be blind. Any information within the images that may
indicate an individual or institution should be blinded. The minimum
resolution of each submitted figure should be 300 DPI. To prevent delays in
the evaluation process, all submitted figures should be clear in resolution and
large in size (minimum dimensions: 100 x 100 mm). Figure legends should
be listed at the end of the main document.

All acronyms and abbreviations used in the manuscript should be defined at
first use, both in the abstract and in the main text. The abbreviation should be
provided in parentheses following the definition.

When a drug, product, hardware, or software program is mentioned within
the main text, product information, including the name of the product, the
producer of the product, and city and the country of the company (including
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the state if in USA), should be provided in parentheses in the following
format: “Discovery St PET/CT scanner (General Electric, Milwaukee, WI,
USA)’

All references, tables, and figures should be referred to within the main text,
and they should be numbered consecutively in the order they are referred to
within the main text.

Limitations, drawbacks, and the shortcomings of original articles should be
mentioned in the Discussion section before the conclusion paragraph.

Please note that British English spelling and terminology should be used in
the manuscripts.

Highlights

Each submission should be accompanied by 3 to 5 “highlight points” which
should emphasize the most striking results of the study and highlight the
message that is intended to be conveyed to the readers. As these highlights
would be targeting endodontics residents, experts and residents of other
fields of medicine, as well as endodontics experts, they should be kept as
plain and simple as possible. These points should be constructed in a way
that provides the readers with a general overview of the article and enables
them to have a general idea about the article. The highlights should be listed
at the end of the main text, above the reference list.
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