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Resumo
ALMEIDA, Luiza Helena. Síntese, caracterização e incorporação de partículas de
aluminato de cálcio e prata a um cimento obturador de canais radiculares à
base de MTA. 2017. 119f. Tese (Doutorado em Odontologia). Programa de Pósgraduação em Odontologia. Universidade Federal de Pelotas, Pelotas, 2017
O objetivo deste estudo foi: (1) obter evidência se os cimentos endodônticos
biocerâmicos apresentam propriedades comparáveis aos convencionais; (2)
sintetizar e caracterizar partículas de aluminato de cálcio (C3A), e C3A contendo
prata (Ag); (3) incorporar estas partículas a um cimento à base de MTA; (4) avaliar
propriedades físico-químicas e biológicas do cimento modificado, comparativamente
ao cimento comercial, um material biocerâmico e outro à base de resina epóxica.
Uma revisão sistemática a respeito das propriedades de cimentos endodônticos
biocerâmicos pré-misturados foi conduzida através das bases de dados Medline,
Scopus e Web of Science. As propriedades incluídas na revisão foram resistência de
união, radiopacidade, pH, solubilidade, tempo de trabalho e presa, alteração
dimensional, viscosidade, liberação de íons cálcio, atividade antimicrobiana,
biocompatibilidade e citotoxicidade. A síntese das partículas de C3A e C3A+Ag foi
realizada e as partículas caracterizadas utilizando difração de raio-X (XRD). A
análise em Microscopia Eletrônica de Varredura/Espectroscopia por Dispersão
(MEV/EDS) investigou a morfologia de superfície, o tamanho, e a composição
elementar das partículas. As propriedades dos cimentos endodônticos avaliadas
foram: tempo de presa, escoamento, radiopacidade, sorção e solubilidade, conforme
a ISO 6876/2012. O pH e liberação de íons foram avaliados utilizando um pHmetro e
um espectrômetro de emissão de plasma induzido por microondas. A inibição da
formação de biofilme bacteriano na superfície dos materiais foi avaliada por meio de
microscopia confocal (CLSM). Foram quantificados o biovolume total (mm3), e de
bactérias viáveis (mm3), assim como o percentual de bactérias vivas. A
biocompatibilidade foi analisada por meio de um microscópio óptico pela presença
de células inflamatórias, fibras e tecido cálcificado após o preenchimento de
cavidades cirúrgicas no fêmur de ratos com os cimentos testados. Os dados foram
transformados e estatisticamente analisados pelos testes ANOVA e Tukey. O nível
de significância adotado foi p<0.05. De acordo com a revisão sistemática, os
cimentos biocerâmicos apresentam propriedades físico-químicas e biológicas
similares ou melhores que os convencionais. A análise em MEV das partículas de
C3A mostrou a formação de uma estrutura aglomerada de grãos vazios e com
poros, e uma estrutura irregular. Já nas partículas de C3A+Ag, observou-se uma
modificação na morfologia do material, confirmando a incorporação de Ag. As
propriedades físico-químicas do cimento à base de MTA modificado pela adição de
partículas foram similares às do cimento comercial, com exceção da liberação de
íons cálcio, mais significativa nos grupos onde foram incorporadas as partículas de
C3A e C3A+Ag. Todos os materiais apresentaram-se conforme as exigências da
ISO 6876/2012 com relação ao tempo de presa, viscosidade, radiopacidade, sorção
de água e solubilidade. Não houve liberação de Ag nos períodos avaliados. Todos
os materiais apresentaram pH alcalino. A incorporação de partículas de C3A
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melhorou as propriedades antibiofilme, no entanto, e a inibição do crescimento de
biofilme foi menor na presença de Ag. Houve redução do processo inflamatório na
presença de C3A e Ag, e aos 30 dias todos os materiais apresentaram reparo
tecidual. Pode-se concluir que os cimentos biocerâmicos apresentam boas
propriedades físico-químicas e biológicas, sendo similares ou melhores que os
cimentos convencionais. A adição de partículas de C3A e Ag ao cimento
endodôntico à base de MTA não alterou dramaticamente suas propriedades, mas
aumentou a capacidade de inibição do biofilme, e a liberação de cálcio, tendo ainda,
um efeito positivo na resposta biológica dos cimentos modificados.

Palavras-chave: materiais obturadores; propriedades físicas; propriedades
biológicas; aluminato de cálcio, aluminato de cálcio e prata; materiais dentários;
partículas; canais radiculares.
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Abstract

ALMEIDA, Luiza Helena. Synthesis and characterization of calcium aluminate
particles containing silver and their addition to a root canal sealer a MTAbased. 2017. 119f. Thesis (PhD in Dentistry). Programa de Pós-graduação em
Odontologia. Universidade Federal de Pelotas, Pelotas, 2017.
The aim of this study was: (1) to obtain evidence if bioceramic endodontic sealers
present properties comparable to conventional materials. (2) Synthesize and
characterize calcium aluminate particles (C3A) and C3A containing silver (Ag), (3)
incorporing these particles into a MTA-based sealer (4) evaluate physicochemical
and biological properties of the modified sealer, compared to the commercial sealer,
a bioceramic material and epoxy-based sealer. A systematic review on the properties
of premixed bioceramic endodontic sealers was conducted through Medline, Scopus
and Web of Science databases. The properties included in the review were bond
strength, radiopacity, pH, solubility, working time and setting time, dimensional
change, flow, calcium ion release, antimicrobial activity, biocompatibility and
cytotoxicity. The synthesis of C3A and C3A +Ag particles was performed and the
particles characterized using X-ray diffraction (XRD). The Scanning Electron
Microscopy/Dispersion Spectroscopy (SEM/EDS) analysis investigated the surface
morphology, size, and elemental composition of the particles. The properties of the
endodontic cements evaluated were: setting time, flow, radiopacity, sorption and
solubility, according to ISO 6876/2012. The pH and ion release were evaluated using
a pH meter and a microwave induced plasma emission spectrometer. Inhibition of
bacterial biofilm formation on the surface of the materials was evaluated by a
confocal microscope (CLSM). Total biovolume (mm3) and of viable bacteria (mm3)
were quantified, as well as the percentage of live bacteria. Biocompatibility was
analyzed by light microscopy as the presence of inflammatory cells, fibers and
calcified tissue in femoral surgical cavities filled with the experimental materials, in
rats. The number of specimens in each analysis ranged from 3 to 10. Data were
transformed and statistically analyzed by ANOVA and Tukey´s test. The level of
significance was set at p <0.05. According to the systematic review, the bioceramic
sealers present physicochemical and biological properties similar or better than the
conventional. SEM analysis of C3A particles showed the formation of a grain
agglomerated structure with voids and pores, and an irregular structure. For C3A +
Ag particles, it was noted that silver modified the morphology of the material,
confirming the deposition of Ag in the structure of C3A. The physicochemical
properties of MTA modified sealer by the addition of particles were similar to those of
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commercial sealer, except for calcium ion release, more significant in the groups
where C3A and Ag particles were incorporated. All materials were in accordance with
the requirements of ISO 6876/2012 with respect to the setting time, viscosity,
radiopacity, sorption of water and solubility. There was no Ag release in the
evaluated periods. All materials presented alkaline pH. Incorporation of C3A particles
improved the antibiofilm properties, however, and the inhibition of biofilm growth was
lower in the presence of Ag. There was reduction of the inflammatory process in the
presence of C3A and Ag, and at 30 days all the materials presented tissue repair.
The bioceramic sealers have good physicochemical and biological properties, being
similar or better than conventional sealers. The addition of C3A and Ag particles to
the MTA-based sealer did not dramatically change its properties, however increased
the biofilm inhibition capacity and the release of calcium. Moreover, a positive effect
on the biological response of modified sealers was observed.

Key-words: Sealing materials; physical properties; Biological properties; Calcium
aluminate, calcium aluminate and silver; dental materials; Particles; Root canal sealer
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Notas preliminares

A presente tese foi redigida segundo o Manual de Normas para trabalhos
acadêmicos da UFPel, adotando o nível de descrição em capítulos não
convencionais.

Disponível

no

endereço

eletrônico:

http://sisbi.ufpel.edu.br/arquivos/PDF/Manual_Normas_UFPel_trabalhos_acad%C3
%AAmicos.pdf.

O projeto de pesquisa que originou esta tese foi apresentado em 19 de
Dezembro de 2017 e aprovado pela Banca Examinadora composta pelos
Professores Doutores Renata Dornelles Morgental, Luís Fernando Silveira e Evandro
Piva.

1 Introdução

Na terapia endodôntica, a obturação é responsável pelo selamento do
sistema de canais radiculares, proporcionando o preenchimento de irregularidades
anatômicas e o sepultamento de bactérias que tenham sobrevivido às demais
etapas do tratamento (ØRSTAVIK, 2005). Não existe, na atualidade, um material
único que preencha todos os requisitos desejáveis para obturação do espaço
endodôntico. Idealmente, este material deveria ser radiopaco, bactericida, promover
adequado preenchimento e aderência às paredes dos canais radiculares, ser
facilmente removido quando necessário, biocompatível, possuir suficiente tempo de
trabalho e tempo de presa curto, além de não causar alteração na coloração das
estruturas dentárias (GROSSMAN, 1981).
Dentre os cimentos obturadores de canais radiculares mais utilizados estão
os cimentos obturadores à base de resina, cujo uso já está consolidado no mercado.
Tais materiais apresentam ótimas propriedades a longo prazo como estabilidade
dimensional, solubilidade reduzida, selamento apical e potencial de adesão à
dentina intracanal (ØRSTAVIK, 2005; VERSIANI et al., 2006; RESENDE et al., 2009;
GARRIDO et al., 2010). No entanto, não são bioativos e não apresentam
propriedades indutoras (BORGES et al., 2012).
Recentemente, um cimento obturador à base de salicilato contendo agregado
trióxido mineral (MTA) foi introduzido no mercado e tem chamado a atenção da
comunidade científica pelas suas propriedades físicas e biológicas. Em pesquisas
recentes, este cimento mostra atividade antibacteriana (MORGENTAL et al., 2011),
além de biocompatibilidade aceitável e capacidade de estimular mineralização de
tecidos duros (GOMES-FILHO et al., 2012). No entanto, em outros estudos tal
cimento demonstrou severos efeitos citotóxicos (GUVEN et al., 2013), sendo sua
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capacidade de selamento e adesão às paredes dentinárias bastante variável
(GONDOLFI et al., 2010; OLIVEIRA et al., 2011). Estas propriedades biológicas não
tão satisfatórias provavelmente se devem à adição de resinas na formulação do
material (GUVEN et al., 2013; TASDEMIR et al., 2014).
Atualmente estão em destaque os materiais à base de cerâmica, pois
apresentam propriedades osteoindutoras e são amplamente utilizados na medicina e
odontologia como próteses ósseas e implantes. A capacidade indutora de materiais
biocerâmicos ocorre através da bioatividade que é a propriedade de formar tecido
sobre a superfície de um biomaterial e estabelecer uma interface capaz de suportar
cargas funcionais (BIOCERAMICS, 2010). Os materiais bioativos apresentam a
capacidade de realizar ligações químicas com tecidos mineralizados, devido à
similaridade química entre eles. Dentre eles destacam-se os vidros bioativos e vitrocerâmicas, as cerâmicas de fosfato de cálcio e compósitos desses vidros, além de
cerâmicas com fases inertes como a hidroxiapatita, e alguns materiais à base de
silicato de cálcio (KOHN; DUCHENE, 1992; KOKUBO 2008). Por outro lado,
materiais bioinertes são materiais menos suscetíveis a causar uma reação biológica
adversa, devido a sua estabilidade química em comparação com outros materiais,
dentre eles estão as cerâmicas à base de alumina, zircônia e carbono (KOHN;
DUCHEYNE, 1992).
Na endodontia, cimentos endodônticos produzidos a partir de materiais
biocerâmicos estão sendo comercializados, incluindo o iRoot SP (Innovative
Bioceramix Inc, Vancouver, BC, Canadá) e o EndoSequence BC (Brasseler USA,
Savannah, GA, EUA). Ambos apresentam semelhante formulação, porém são
fabricados por empresas distintas. Os mesmos têm como base: silicato de cálcio,
óxido de zircônia, fosfato de cálcio monofásico, hidróxido de cálcio e agentes
espessantes. O iRoot SP é descrito como um cimento injetável, pré-misturado,
pronto para uso, livre de alumínio, radiopaco e insolúvel (ZHANG, LI, PENG 2009), e
também apresenta atividade antibacteriana e citocompatibilidade (ZHANG et al.,
2009; ZHANG, LI, PENG 2010). Estudos têm demonstrado ainda, que apresenta boa
capacidade de selamento (ZHANG, LI, PENG 2009) e boa adesão às paredes de
dentina do canal radicular (ERSAHAN, AYDIN 2000; NAGAS et al., 2012).
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Tem sido reportado que os silicatos de cálcio são capazes de induzir a
proliferação de fibroblastos (BONSON et al., 2004), além de permitirem o
crescimento e a diferenciação de células pulpares (TAKITA et al., 2006), células
osteoblásticas (GONDOLFI et al., 2008 a,b), células do estroma humano, células
mesenquimais (GONDOLFI et al., 2009, 2010 a, 2011) e cementoblastos (HAKKI et
al., 2013). O cálcio é um importante elemento neste contexto, pois interage com os
tecidos pulpares e periapicais, participando na formação de tecido mineralizado
(dentina e osso). Seu potencial osteoindutor está relacionado à regulação da
expressão de alguns genes, como das proteínas morfogenéticas ósseas (ex: BMP-2)
e da osteopontina (RASHID et al., 2003).
Diante do exposto, se faz necessário o estudo de novas formulações para
obter um cimento nacional

que reúna propriedades físico-químicas e biológicas

adequadas a um material obturador, principalmente que tenha excelentes
propriedades indutoras e biocompatibilidade para obturação de canais.
Desta forma, os objetivos do presente estudo são:
•

Buscar evidência na literatura, por meio da revisão sistemática de estudos in
vitro e in vivo, se os novos materiais endodônticos (materiais biocerâmicos)
apresentam propriedades físico-químicas

e biológicas superiores aos

materiais convencionais;
•

Sintetizar, pelo método dos precursores poliméricos, partículas de aluminato
de cálcio (C3A) com adição de prata (Ag) a 1% e 5%;

•

Caracterizar as partículas de C3A, calcinado na temperatura de 1000°C, e de
C3A com adição Ag a 1% e 5%;

•

Aplicar as partículas de C3A e de C3A+Ag a um cimento obturador à base de
MTA;

•

Avaliar as propriedades físico-químicas e biológicas de um cimento à base de
MTA (MTA Fillapex; Angelus, Londrina, PR, Brasil), modificado pela adição de
partículas de C3A e C3A+Ag, comparativamente aos cimentos comerciais
MTA Fillapex (Angelus), EndoSequence BC (Brasseler USA, Savannah, GA,
USA).

e AH Plus (Dentsply De Trey Gmbh, Konstanz, Alemanha).
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Abstract
Introduction: This study aimed to compare the physicochemical and biological
properties of premixed calcium silicate-based endodontic sealers to other
conventional root canal filling materials by systematically reviewing laboratory
studies.
Methods: The search was conducted in three databases (Medline via PubMed,
Scopus, and Web of Science), following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses. Two reviewers independently selected the studies and
extracted the data. The properties of interest were bond strength, radiopacity, and
pH, solubility, setting and working time, dimensional change, flow, calcium ion
release, antimicrobial activity, biocompatibility and cytotoxicity.
Results: From 2,636 potentially eligible studies, 31 were selected for full-text
analysis, and 27 were included in the review. Premixed calcium silicate-based
endodontic

sealers

followed

the

ISO

6876:2012

requirements

for

most

physicochemical properties, except for solubility. The target sealers also presented
favorable biological findings when compared to conventional sealers.
Conclusion: Despite the lack of well-designed long-term clinical trials, the target
premixed calcium silicate-based sealers show good physicochemical and biological
properties in vitro. In general, the results were similar or better than conventional
endodontic sealers, as observed in in vitro and in vivo animal studies.

Key Words: Calcium silicate-based sealer, EndoSequence BC, iRoot SP, root canal
sealer, root canal filling material.
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Introduction
Bioceramic-based materials have been recently introduced as root repair
cements (1, 2) and root canal sealers (3, 4). Bioceramic products may include in their
formulation alumina and zirconia particles, bioactive glass, calcium silicates,
hydroxyapatite, and resorbable calcium phosphates (5). In general, these materials
are biocompatible, non-toxic, non-shrinking, and chemically stable within the
biological environment (4, 6, 7). They also have the ability to form hydroxyapatite
during the setting process and ultimately create a bond between dentin and the filling
material (3, 4).
There are two premixed calcium silicate-based sealers with similar chemical
composition: iRoot SP (Innovative Bioceramics, Vancouver, BC, Canada) and
EndoSequence BC (Brasseler USA, Savannah, GA, USA). In addition to antibacterial
activity (8, 9), they have shown cytocompatibility (6), good sealing ability (3) and
good bonding to root canal dentin even under various conditions of dentin moisture
(10, 11).
MTA Fillapex (Angelus, Londrina, PR, Brazil) has been denominated a
“bioaggregate” (12) or “bioceramic-based sealer” (13). However, it is a calcium
silicate-containing endodontic sealer based on salicylate resin and other resinous
components (14). MTA Fillapex has alkaline pH and antibacterial activity (15), but it
has demonstrated irritating effects on subcutaneous connective tissue (16) and bone
tissue (17). Thus, despite the presence of MTA, this material may not have biological
advantages.
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The epoxy resin-based sealer AH Plus (AH Plus; Dentsply DeTrey GmbH,
Konstanz, Germany) is the “gold-standard” sealer regarding physical properties and it
has shown higher bond strengths to dentin than other root canal sealers (18). AH
Plus been widely used for approximately two decades, exhibiting low solubility and
disintegration (19) as well as adequate dimensional stability (7). However, this sealer
has shown no bioactive properties (14) or osteogenic potential (20).
Premixed calcium silicate-based endodontic products have been introduced to
the market for their biological advantages, mainly their bioactivity potential (21, 22).
However, up to now, there are few independent publications about their laboratory
properties and no long-term clinical trials. In this context, the aim of this study was to
compare the physicochemical and biological properties of these relatively novel root
canal sealers to those of other conventional sealers by systematically reviewing in
vitro and in vivo animal studies in the literature.

Methods
This systematic review was carried out according to the guidelines of
Cochrane Handbook for Systematic Reviews of Interventions (23), following the fourphase flow diagram of the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) (24). This report is based on the PRISMA Statement.
Despite being a systematic review based on laboratory studies, the question of
research was adapted from the PICO framework; Population - specimens or animals
from in vitro and in vivo animal studies; Intervention and Comparison – use of
premixed calcium silicate-based endodontic sealers vs. conventional sealers;
Outcome - chemical, physical, or biological properties.
Study Selection and Search Strategy
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Medline via PubMed, Scopus, and Web of Science databases were searched.
The inclusion criteria were in vitro or in vivo animal studies that compared the
properties of premixed calcium silicate-based endodontic sealers (bioceramic
sealers) to those of conventional sealers. Only EndoSequence BC and iRoot SP
were considered in the scope of this study since they are premixed materials mainly
composed by calcium silicate with potential bioactivity. Non-premixed sealers with
different compositions were considered conventional sealers. In order to be included
in this review, the manuscript should have reported at least one comparison of
specific chemical, physical, or biological characteristics between at least one
premixed calcium silicate-based endodontic sealer and one conventional material,
irrespective of the method of analysis. The following properties of interest were
considered: bond strength to root dentin, radiopacity, pH, solubility, setting and
working time, dimensional change, flow, Ca+2 release, antimicrobial activity,
biocompatibility, or cytotoxicity. The exclusion criteria comprised articles that
evaluated other properties of calcium silicate-based endodontic sealers (e.g. sealing
ability), articles that tested other bioceramic materials than the target sealers
(EndoSequence BC/iRoot SP), or when no comparison between bioceramic and
conventional sealers was present.
Date limit was set from 2009, when these specific premixed calcium silicatebased endodontic sealers were developed, to 2016. The last search was carried out
in June 2016 with no language restriction. The references of all eligible papers were
also hand-searched. A wide search strategy was used to avoid missing information:
(“endodontic sealer” OR “root canal sealer”). Literature search results were deduplicated using EndNote X7 software (Thomson Reuters, New York, NY, USA). Two
independent reviewers (L.H.S.A. and R.D.M.) initially screened the titles of all
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identified studies. If the title indicated possible inclusion, the abstract was carefully
appraised, and the manuscripts considered eligible for the review (or in case of
doubt) were selected for full-text reading. Discrepancies were resolved by discussion
with a third reviewer (F.G.P.)
Data Collection and Analysis
A standardized outline was used for data extraction based on the
characteristics of the studies and groups tested. Manuscripts were grouped
according to the tested property and the following items were registered: sample
size, method of analysis, results (means and standard deviations) and conclusions.
The authors were contacted in case of any missing or unpublished data; these
studies were only included if the missing information was provided. Considerable
heterogeneity was present in the selected studies regarding the research design,
methods, outcome variables, and data variability. Since meta-analysis was
considered

inappropriate,

the

characteristics

of

studies

were

summarized

descriptively.

Results
The flowchart of the systematic review is shown in Figure 1. The screening of
titles and abstracts initially resulted in 31 manuscripts and one additional paper was
found by hand searching. The studies comparing the target sealers only to root repair
cements, were excluded in this stage. Five papers were excluded after full-text
reading once two studies did not sufficiently describe their statistical tests or findings
(11, 25); one study did not compare the sealers (26); and two studies used other
bioceramic materials than the target sealers (27, 28).
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In total, 27 studies were included in this review and processed for data
extraction. Supplemental Table 1 shows (ANEXO A), in alphabetical order, the
commercial name and chemical composition of the materials used in the included
studies in comparison to the target calcium silicate-based endodontic sealers
(EndoSequence BC/iRoot SP).
Physical-Chemical Properties
Data for the physicochemical properties are shown in Table 1. Nine studies on
bond strength were included (13,18, 29-35). In comparison to AH Plus, bioceramic
sealers showed similar bond strength values in six studies (18, 29-32, 34), higher
values in two (33, 35), and lower values in only one study(13).
Two studies on radiopacity were included (36, 37) and all tested materials,
including EndoSequence BC, exhibited radiopacity higher than the 3-mm aluminum
thickness as requested by ISO 6876:2012 (38). With regard to pH values, the
bioceramic sealers presented higher pH values than the conventional materials in the
three included studies (7, 8, 36).
Three studies on solubility were included (7, 10, 14). In two studies (7, 10), the
bioceramic sealers met the ANSI/ADA requirements (39) for solubility (<3%), with
similar or higher percentages than AH Plus, but lower than Sealapex. In contrast, in
the third study (14), iRoot SP did not fulfill ANSI/ADA recommendations, neither did
AH Plus or MTA Fillapex.
Only one study was included (7) for working time, setting time and dimensional
change. EndoSequence BC had the highest working time, and lower values of setting
time than other sealers but higher than GuttaFlow. The bioceramic sealer showed
slight expansion, in accordance with ISO 6876:2012 (38).
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Two studies on sealer flow were included (7, 36). In both, the bioceramic
sealer (EndoSequence BC) was in conformity with ISO 6876:2012 recommendations
(38). Its values were higher than most of the conventional materials (e.g., AH Plus),
but lower than MTA Fillapex. Concerning Ca+2 release, two studies were included
(14, 36); the bioceramic sealers (EndoSequence BC/iRoot SP) showed higher levels
of Ca2+ release, when compared to other sealers.
Biological Properties
Data for the biological properties are shown in Table 2. Five studies on
antimicrobial activity were included (8, 9, 33, 40, 41). One of these studies used a
direct contact test (DCT) against Candida albicans and suggested that the
bioceramic sealer (iRoot SP) exhibits antifungal activity (41), being effective in its
freshly mixed form. However, AH Plus showed the highest antifungal effect. In a
study using the DCT against Enterococcus faecalis the bioceramic sealer
(EndoSequence BC) showed similar antibacterial effect of AH Plus (33).
The main findings from the study by Zhang et al. (8) indicate that bioceramic
sealer (iRoot SP) kills E. faecalis effectively in its fresh form in a DCT test, but the
antimicrobial effect was greatly diminished at 7 days after mixing. The same was
observed for AH Plus at one day after manipulation, while Sealapex and EndoREZ
maintained their antimicrobial activity throughout the experiment.
Another study used confocal laser scanning microscopy (CLSM). The results
showed the bioceramic sealer (EndoSequence BC) had antibacterial effects against
E. faecalis biofilms within dentinal tubules, similarly to AH Plus (9). The study by
Willershausen et al. (40) evaluated the capacity of different sealers in inhibit E.
faecalis and Parviromonas micra growth by means of scanning electron microscopy
(SEM). EndoSequence BC did not inhibit bacteria growth. In general, the bioceramic
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sealers had superior or similar antibacterial effects when compared to conventional
sealers, except in one study (40).
Regarding biocompatibility, only one study, using subcutaneous connective
tissue reaction of Wistar rats, was included (12). The bioceramic sealer (iRoot SP)
had absent to mild inflammatory reactions after 90 days. Contrarily, MTA Fillapex
remained toxic to subcutaneous tissue.
Nine papers were included on cytotoxicity, and seven studies used MTT or
MTS colorimetric assays with different cell lines (4, 6, 42-46). In general,
EndoSequence BC/iRoot SP extracts showed no or low cytotoxicity, with favorable
results in comparison to zinc oxide eugenol (ZOE)-based or epoxy resin-based
sealers. However, according to Loushine et al. (4), EndoSequence BC exhibited
severe cytotoxicity on MC3T3-E1 mouse osteoblasts at 24 hours, and remained
moderately cytotoxic over a 6-week period.
The results of Güven et al. (44) showed iRoot SP has less toxic effects than
MTA Fillapex on human tooth germ stem cells (hTGSCs) and may promote better
attachment to these cells, as observed under SEM. Willershausen et al. (40) used
human periodontal ligament fibroblasts and the cell fluorescence method. After 72
and 96h, EndoSequence BC showed relatively non-cytotoxic reactions, while other
sealers caused a significant decrease of cell proliferation. A last study used human
gingival fibroblasts and flow cytometry (47), confirming the low cytotoxicity of
EndoSequence BC. In general, the bioceramic sealers had similar or better behavior
than conventional sealers.
The complete results, found in the systematic review, regarding the
physicochemical and biological properties of premixed calcium silicate-based
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endodontic sealers in comparison to others are described in the Supplemental Tables
2 and 3 (ANEXO B e C).
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Discussion
To the extent of the authors’ knowledge, this systematic review is the first to
present a global comparison of physicochemical and biological properties between
premixed calcium silicate-based endodontic sealers and conventional root canal
filling materials. The target premixed calcium silicate-based sealers are considered
bioceramic materials, which have been introduced in the dental practice mainly
because of their biocompatibility (12), antibacterial activity (8) and osteogenic
potential (45). In this review, the target materials showed good performance, with
similar or better results than other commonly used endodontic sealers. The present
results, although based on in vitro and in vivo animal studies, provide evidence that
may prepare the ground for clinical studies and/or protocols. Laboratory studies are
generally considered of low clinical relevance, but it is clear that their results are
useful in the pre-clinical evaluation of new materials and to guide protocols for
several clinical approaches, especially considering the absence of evidence from
well-designed clinical trials in dentistry (48), and particularly in endodontics (49).
Studies about sealing ability, i.e. leakage evaluation, were eliminated during
the search process due to the lack of technique standardization, doubtful reliability
and subsequently low impact results (50, 51). Push-out bond strength studies, in
contrast, were included here. This method is based on the shear stress at the
interface between dentin and sealer, which is comparable with stresses under
clinical conditions (52). In general, the push-out bond strength values for bioceramic
sealers were similar or higher than conventional sealers, regardless of the canal
moisture condition or presence of smear layer. In most studies, they were equivalent
to AH Plus, which is known by its excellent bonding properties. The adequate
performance of the target sealers may be related to their self-adhesive nature, which
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forms a chemical bond to dentin by production of hydroxyapatite during setting (5).
Discrepancies among studies could be explained on the basis of differences in
experimental designs, including variations on irrigating solutions and obturation
technique.
The values of radiopacity obtained for the premixed calcium silicate-based
sealers were clinically acceptable (38). However, they were discrepant (3.83 vs.
10.80) in the two papers included in this review, despite the similarity between
specimen sizes in both investigations. One study used conventional occlusal films
followed by digitalization (36), while the other (37) employed a digital system based
on photostimulable phosphor plates. This fact may have contributed to those
differences. AH Plus is known for its outstanding radiopacity and showed 6.93 mm Al
average radiopacity (36). Thus, the value reported for EndoSequence BC sealer by
Xuereb et al. (37) – 10.80 mm Al – would be not as beneficial as it could obscure
gaps within the obturation (53).
Two studies included in the present review showed solubility values of 0.90%
(10) to 2.9% (7) for the target sealers, in agreement with ANSI/ADA and ISO
6876/2012 (38) specifications. Borges et al. (14) found 20.64% average solubility for
iRoot SP. Excessive values were also detected for MTA Fillapex and Sealapex. .
Whilst, AH Plus had the least weight loss in the solubility test (<3%). In this context,
some differences in the solubility test may be seen in those studies. Borges et al.
(14) applied a previously proposed modification (54), aiming to achieve similar
results with a decrease in the material volume necessary for the production of
samples. Also, the period of time that the sealers remained in the incubator varied
from 50% longer than (7) to three times the setting time (10, 14). This discrepancy of
results warrants further investigation since it could be related to the used

28
methodology.
As mentioned by Ersahan and Aydin (18), iRoot SP is composed of fine
hydrophilic particles, which, in conjunction with its active calcium hydroxide diffusion,
might explain the highest solubility and Ca+2 release reported by Borges et al. (14).
The extremely small particle size of iRoot SP would elevate the solubility due to the
increasing surface area, which would allow more liquid molecules to come into
contact to the sealer during the test. The high solubility of iRoot SP was confirmed by
SEM analysis that revealed an irregular external surface with increased roughness
after the solubility test (14).
EndoSequence BC showed lower values of setting time (2.7 h) than other
materials. Bioceramic sealers need moisture during the setting process. Therefore, a
Paris plaster mold was used for this sealer and stored at 37°C and >95% relative
humidity for 24 h before testing. The setting time date from Loushine et al. (4) was
not included since it did not compare EndoSequence BC sealer with other material.
However, they observed some interesting and controversial findings. In the absence
of water, the specimens required 72 h (stored in 100% relative humidity) to achieve
the initial set and 240 h to achieve the final set. There appeared to be a tendency for
the initial setting time to increase and the final setting time to decrease when
crescent amounts of water were included in the sealer.
Flow rate and dimensional change data complied with the requirements of
ISO 6876:2012 specification (38) for all tested sealers. In the two studies included in
this review (7, 36) these values were superior to AH Plus, which is known for its
outstanding flow during clinical use. The filling material is supposed to have good
ability to penetrate into dentinal tubules and accessory canals, but an excessive flow
rate increases the possibility of extrusion beyond the apical foramen, which is a
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controversial issue in endodontics. Sealer extrusion could injure the periapical
tissues because of the cytotoxicity of several sealers, mainly at the initial stage of
setting. In this aspect, a sealer with good biocompatibility may be more favorable (7).
The target sealers presented alkaline pH in all experimental times in the three
studies included herein (7, 8, 36), with higher values than other established sealers.
The pH of AH Plus was alkaline in the fresh samples, whereas after setting, its pH
was close to neutral (7, 8). Meanwhile, methacrylate-based sealers, such as
EndoREZ and Epiphany, showed acidic pH values throughout the study period (8).
An alkaline pH may contribute to the biocompatibility and antibacterial ability of the
sealer. It has also been found that an alkaline pH of root canal sealers could
neutralize the lactic acid from osteoclasts and prevent dissolution of mineralized
components of teeth; therefore, alkaline sealers, especially bioceramic-based
products, can contribute to hard tissue formation by activating alkaline phosphatase
(7, 45). Regarding Ca+2 release, the bioceramic sealers (EndoSequence BC/iRoot
SP) have shown significantly better results than AH Plus and ZOE-based sealers
(14, 36). Ca+2 release favors more alkaline pH of the environment, leading to
biochemical effects that may culminate in the acceleration of the repair process (55).
The microbiologic studies included in this review used very diverse methods.
One study showed efficacy in reducing the number of viable C. albicans just for fresh
sealers (41). Other authors showed that fresh or 3 and 7 days after mixing sealers
effectively killed E. faecalis (8). Yet, Wang et al. (9) observed that the proportion of
killed bacteria increased during the 30 days of exposure to the sealers. One of the
challenges in endodontic research has been the lack of standardized in vitro and in
vivo protocols for the testing of antimicrobial effect of sealers. Different methods will
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probably generate different findings. However, in general terms, the target sealers
demonstrated good antimicrobial properties.
When the method of evaluation was SEM, the material of interest
demonstrated no capacity to inhibit the bacterial growth. SEM qualitatively evaluates
the adherence of microorganisms and biofilm formation by an electron beam. This
microscopic technique has been used to visualize the amount and distribution of
bacteria on the surface of the biofilm; however, it is very debatable for not showing
the viability of these bacteria (56).
Concerning biocompatibility and cytotoxicity, it is of utmost importance that
endodontic sealers have an acceptable behavior. In general, the target sealers had
better biological properties than AH plus and other commonly used sealers.
Moreover, in the study of Chang et al. (45), when compared to others, iRoot SP
promoted osteoblastic differentiation of human periodontal ligament cells to a greater
extent and increased calcium deposition and mRNA levels of osteoblastic markers.
The present findings indicate the bioactive potential of this sealer; however, clinical
studies are necessary for confirmation.

Conclusion
Despite the lack of well-designed, long-term clinical trials, the target premixed
calcium silicate-based sealers show good physicochemical and biological properties.
In general, the results were similar or better than conventional endodontic sealers,
as observed in in vitro and in vivo animal studies included in this systematic review.
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Figure 1: Flow diagram of the study according to the PRISMA statement.
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Table 1: Articles included in the systematic review and overall findings: physicochemical properties of calcium silicate-based endodontic sealers (see
complete table in supplementary material).
Property

Bond strength

Author, year

Method

Ersahan & Aydin, 2010
(18)

Push-out test

Sagsen et al., 2011 (31)

Push-out test

Amim et al., 2012 (13)

Push-out test

Shokouhinejad et al.,
2013 (32)

Push-out test

Nagas et al., 2014 (30)

Push-out test

Tasdemir et al., 2014 (33)

Push-out test

Gade et al., 2015 (35)

Push-out test

Tuncer et al., 2015 (29)

Push-out test

Tuncel et al., 2015 (34)

Push-out test

Candeiro et al., 2012 (36)

Digitized conventional
radiographs

Xuereb et al., 2015 (37)

Digital radiographs (PSP
plate system)

Zhang et at., 2009 (8)

pH meter

Candeiro et al., 2012 (36)

pH meter

Radiopacity

pH

Material
iRoot SP
AH Plus
EndoREZ
Sealapex
iRoot SP
AH Plus
MTA Fillapex
iRoot SP
MTA Fillapex
AH Plus
EndoSequence BV
AH Plus
iRoot SP
RealSeal SE + Resilon
AH Plus
MTA Fillapex
iRoot SP
MTA Fillapex
EndoSequence BC
AH Plus
Endomethasone
iRoot SP
AH Plus
MTA Fillapex
iRoot SP
AH Plus
EndoSequence BC
AH plus
EndoSequence BC
MTA Fillapex
Septodont Sealer
Apexit Plus
iRoot SP
Apexit Plus
Sealapex
AH Plus
Tubli Seal
Epiphany non–light-cured
EndoRez non–light-cured
EndoSequence BC
AH plus

Conclusion
iRoot SP results were similar to AH Plus and superior than EndoREZ and Sealapex
iRoot SP results were similar to the other sealers in the coronal root third, while in
the middle and apical segments iRoot SP results were similar to AH Plus and higher
than MTA Fillapex
iRoot SP results were lower than AH Plus and similar to MTA Fillapex, but when
calcium hydroxide or passive ultrasonic irrigation were applied iRoot SP results were
similar to AH Plus and higher than MTA Fillapex
EndoSequence BC results were similar to AH Plus with or without the smear layer
iRoot SP showed higher resistance to dislocation in the bulk-filled form than the
conjunction with the tested core filling materials.
iRoot SP results were greater than MTA Fillapex
EndoSequence BC results were higher than AH Plus and Endomethasone when the
thermoplasticized technique was used, but lower than AH Plus in the lateral
condensation group
iRoot SP results were similar to AH Plus and higher than MTA Fillapex in all root
thirds
iRoot SP yielded significantly higher push-out strength values than AH Plus
EndoSequence BC showed lower radiopacity than AH Plus

EndoSequence BC showed the highest radiopacity

iRoot SP showed the highest pH value in all experimental periods, up to 10 days

EndoSequence BC had higher pH than AH Plus. EndoSequence BC presented
alkaline pH in all experimental times
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Zhou et al., 2013 (7)

pH meter

Borges et al., 2012 (14)

Water soaking/ANSI/ADA

Ersahan & Aydin, 2013
(10)

Water soaking/ANSI/ADA

Zhou et al., 2013 (7)

Solubility testing

Setting
time

Zhou et al., 2013 (7)

Setting Time

Working
time

Zhou et al., 2013 (7)

ISO standard

Dimensional
change

Zhou et al., 2013 (7)

Dimensional change

Solubility

Candeiro et al., 2012 (36)

Flow

Flow
Zhou et al., 2013 (7)

EndoSequence BC
AH Plus
MTA Fillapex
ThermaSeal
GuttaFlow
Pulp Canal Sealer
iRoot SP
AH Plus
Sealapex
MTA Fillapex
iRoot SP
AH Plus
Sealapex
EndoREZ
Endosequence BC
MTA Fillapex
Pulp Canal Sealer
GuttaFlow
AH Plus
ThermaSeal
EndoSequence BC
AH Plus
MTA Fillapex
ThermaSeal
GuttaFlow
Pulp Canal Sealer
EndoSequence BC
AH Plus
MTA Fillapex
ThermaSeal
GuttaFlow
Pulp Canal Sealer
EndoSequence BC
AH Plus
MTA Fillapex
ThermaSeal
GuttaFlow
Pulp Canal Sealer
EndoSequence BC
AH plus
EndoSequence BC
AH Plus
MTA Fillapex
ThermaSeal
GuttaFlow
Pulp Canal Sealer

Endosequence BC sealer presented the highest pH in all experimental times

iRoot SP showed the highest value of solubility and did not meet ANSI/ADA’s
requirements

IRoot SP results were similar to EndoREZ, AH Plus and lower than Sealapex. iRoot
SP met the ANSI/ADA’s requirements for solubility

iRoot SP showed the highest value of solubility among the tested materials. iRoot SP
showed values in accordance with ISO 6876:2001

EndoSequence BC results were similar to MTA Fillapex; lower than AH Plus,
ThermaSeal and Pulp Canal Sealer; higher than GuttaFlow

EndoSequence BC had higher working time than the other materials

EndoSequence BC showed acceptable dimensional change

EndoSequence BC flow was higher than AH Plus

EndoSequence BC showed an acceptable flow rate, higher than other sealers,
except for Pulp Canal Sealer (similar) and MTA Fillapex (lower)
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Borges et al., 2012 (14)

Atomic absorption
spectrophotometry

Candeiro et al., 2012 (36)

Atomic absorption
spectrophotometry

Ca ion release

iRoot SP
AH Plus
MTA Fillapex
Sealapex
EndoSequence BC
AH Plus
Control

iRoot showed higher levels of Ca2+ release than Sealapex and AH Plus and similar to
MTA Fillapex
EndoSequence BC presented greater release of Ca2+ than AH Plus, at different
periods, up to 10 days
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Table 2: Articles included in the systematic review and overall findings: biological properties of calcium silicate-based endodontic sealers (see complete
table in supplementary material).
Property

Author, year

Method

Zhang et al., 2009 (8)

Modified DCT
E. faecalis (VP3-181)

Wiilershausem et al., 2011 (40)

SEM
E. faecalis (DSM 20478)

Ozcan et al., 2013 (41)

DCT
C. albicans (ATCC 10231)

Wang et al., 2014 (9)

CLSM
E. faecalis (VP3-181)

Candeiro et al., 2015 (46)

DCT
E. faecalis (ATCC 29212)

Bósio et al., 2014 (12)

Subcutaneous connective
tissue reaction (Wistar rats)

Zhang et al., 2010 (42)

MTT assay - MG63 cells

Zhang et al., 2010 (6)

MTT assay - L929 mouse
fibroblasts

Loushine et al., 2011 (4)

MTT assay - MC3T3-E1
mouse osteoblasts

Wiilershausem et al., 2011 (40)

Cell fluorescence - Human
periodontal ligament
fibroblasts

Antibacterial effect

Biocompatibility

Cytocompatibility
(cell viability)

Material
iRoot SP
AH Plus
Apexit Plus
Tubli Seal
Sealapex
Epiphany SE
EndoREZ
EndoSequence BC
GuttaFlow
Pulp canal sealer EWT
AH Plus
iRoot SP
MTA-Fillapex
AH Plus
GuttaFlow
EndoSequence BC
AH Plus
Pulp canal sealer EWT
Gutta-percha
Sterile water
EndoSequence BC
AH Plus
Control
iRoot SP
MTA-Fillapex
DiaRoot Bioaggregate
(BA)
iRoot SP
AH Plus
iRoot SP
AH Plus
EndoSequence BCfresh
EndoSequence BC-set
AH Plus- fresh
AH Plus- set
Pulp canal sealer-fresh
Pulp canal sealer-set
EndoSequence BC
AH Plus
GuttaFlow

Conclusion

Fresh iRoot SP, AH Plus and EndoRez killed E. faecalis effectively

EndoSequence BC had no antibacterial effect against E. faecalis, similar
to other sealers
iRoot SP and MTA Fillapex were equally effective in reducing the number
of viable C. albicans with lower antifungal activity than AH Plus. All
sealers, except GuttaFlow, exhibited antifungal activity when freshly
mixed
EndoSequence BC and AH Plus had superior antibacterial effects against
E. faecalis biofilms within dentinal tubules compared with Pulp canal
sealer EWT
EndoSequence BC showed similar antibacterial effect against E. faecalis
in comparison with AH Plus
iRoot SP and BA were considered biologically acceptable. MTA Fillapex
remained toxic to subcutaneous tissue even after 90 days
iRoot SP and AH Plus were non cytotoxic in ½ and ¼ dilutions
iRoot SP was significantly less toxic than AH Plus.

EndoSequence BC showed moderately cytotoxic over the 6-week period

EndoSequence BC can be considered a biocompatible material. AH Plus
and Pulp Canal sealer showed lower biocompatibility compared to
EndoSequence BC and GuttaFlow
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Zoufan et al., 2011 (43)

MTT- assay - L929 mouse
fibroblasts

Güven et al., 2013 (22)

MTS assay - Human tooth
germ stem cells (hTGSCs)

Chang et al., 2014 (45)

MTT assay - Human
periodontal ligament cells
(hPDLCs)

Candeiro et al., 2015 (46)

MTT assay - Human
gingival fibroblasts

Zhou et al., 2015 (47)

Flow cytometry - human
gingival fibroblasts

Pulp canal sealer
Endosequence BCfresh
Endosequence BC- set
AH Plus- fresh
AH Plus- set
GuttaFlow-fresh
GuttaFlow-set
Tubli Seal- fresh
Tubli Seal- set
iRoot SP
MTA Fillapex
AH Plus
iRoot SP
MTA-Fillapex
Sealapex
Apatite Root Sealer
EndoSequence BC
AH Plus
Control
EndoSequence BC
MTA-Fillapex
AH Plus

Endosequence BC and GuttaFlow had lower cytotoxicity than AH Plus
and Tubli Seal.

iRoot SP and AH plus had lower cytotoxicity than MTA Fillapex. iRoot SP
may promote better attachment to hTGSCs
iRoot SP, MTA Fillapex and Apatite Root Sealer induced superior
osteoblastic differentiation and less inflammatory response than Sealapex
in PDLCs via integrin, MAPK, and NF-kB signaling pathways
EndoSequence BC showed less cytotoxicity than AH Plus
EndoSequence BC exhibited lower cytotoxicity than MTA- Fillapex. AH
Plus was cytotoxic only as freshly mixed sealer
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Supplemental Table 1. Composition of the tested materials and their manufacturers
Material

Manufacturer

Composition *

Adseal

Meta Biomed Co, Cheongju, Korea

AH Plus

Dentsply De Trey Gmbh, Konstanz, Germany

Apatite Root Sealer

Dentsply Sankin K. K., Tokyo, Japan

Epoxy resin, amine, calcium phosphate, zirconium oxide, ethylene glycol salycilate, bismuth subcarbonate,
calcium oxide
Component A: epoxy resin, calcium tungstate, zirconium oxide, silica, iron oxide
Component B: adamantane amine, N,N-dibenzyl-5-oxanonane, TCD-diamine, calcium tungstate, zirconium
oxide, silica
Tricalcium phosphate, hydroxyapatite, polyacrylic acid, water

Apexit Plus

Ivoclar, Schaan, Lichtenstein

DiaRoot Bioaggregate

DiaDent Group International, Burnaby, BC, Canada

Endomethasone

Septodont, Saint Maur-des-Fosses, France

Base: calcium hydroxide/calcium oxide hydrated collophonium fillers, silicon dioxide, phosphoric acid alkyl
ester
Activator: disalicylate, bismuth hydroxide/bismuth carbonate, fillers, silicon dioxide, phosphoric acid alkyl ester
Tricalcium silicate, dicalcium silicate, tantalum pentoxide, calcium phosphate monobasic, amorphous silicon
oxide
Zinc oxide, hydrocortisone acetate, thymol iodine

EndoREZ

Ultradent, Inc, South Jordan, UT, USA

Triethyleneglycol dimethacrylate, bismuth chloride oxide

EndoSequence BC **

Brasseler USA, Savannah, GA, USA

Zirconium oxide, calcium silicates, calcium phosphate monobasic, calcium hydroxide, filler, thickening agents

Epiphany

Pentron Clinical Technologies, Wallingford, CT, USA

GuttaFlow

Coltene/Whaledent, Cuyahoga Falls, OH, USA

Methacrylate and acidic methacrylate resins, silane-treated bariumborosilicate glasses, silica, hydroxylaptite,
Ca-Al-F-silicate, bismuth oxychloride with amines, peroxide, photoinitator, stabilizers, pigment
Gutta-percha powder, poly-dimethylsiloxane, nanosilver particles

iRoot SP **

Innovative BioCeramix, Inc., Vancouver, Canada

Zirconium oxide, calcium silicates, calcium phosphate monobasic, calcium hydroxide, filler, thickening agents

MTA Fillapex

Angelus, Londrina, PR, Brazil

Pulp Canal Sealer

Kerr Corporation, Romulus, MI, USA

Salicylate, diluting, and natural resins, radiopaque bismuth, nanoparticulated silica, mineral trioxide aggregate,
pigments
Zinc oxide, silver, resins, thymol iodide, Canada balsam, eugenol

Sealapex

Sybron Endo/Kerr Co, Orange, CA, USA

Septodont Sealer

Septodont

ThermaSeal

Dentsply Tulsa Dental, Tulsa, OK, USA

Tubli Seal EWT

SybronEndo Co, Orange, CA, USA.

* According to manufacturers’ datasheets.
** Target premixed calcium-silicate-based endodontic sealers

Calcium oxide, bismuth trioxide, zinc oxide, submicron silica, titanium dioxide, zinc stearate, tricalcium
phosphate, ethyl toluene sulphonamide, poly(methylene methyl salicylate) resin, isobutyl salicylate, pigments
Tricalcium silicate, zirconium oxide
Paste A: epoxy resin, bisphenol-A and bisphenol-B, calcium tungstate, zirconium silicon oxide, iron oxide
pigments
Paste B: dibenzyl amina, amino adamantane, calcium tungsten, zirconia oxide, silica, silicone oils
Base paste: zinc oxide, oleo resin, bismuth trioxide, thymol iodide, oils, waxes
Catalyst paste: eugenol, polymerized resins, annidalin
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Supplemental Table 2: Articles included in the systematic review: physicochemical properties of premixed calcium-silicate based
endodontic sealers in comparison to conventional materials.
Property

Author, year

Method

Ersahan &
Aydin , 2010
(18)

Push-out test

Sagsen et al.,
2011 (31)

Push-out test

Amim et al.,
2012 (13)

Push-out test

Shokouhinejad
et al., 2013
(32)

Push-out test

Nagas et al.,
2014 (30)

Push-out test

Bond strength
(MPa)

Tasdemir et al.,
Push-out test
2014 (33)

Gade et al.,

Push-out test

Material
iRoot SP
AH Plus
EndoREZ
Sealapex
iRoot SP (apical)
AH Plus (apical)
MTA Fillapex (apical)
iRoot SP (middle)
AH Plus (middle)
MTA Fillapex (middle)
iRoot SP (coronal)
AH Plus (coronal)
MTA Fillapex (coronal)
iRoot SP
MTA Fillapex
AH Plus
iRoot SP with prior HC
MTA Fillapex with prior HC
AH Plus with prior HC
iRoot SP with PUI
MTA Fillapex with PUI
AH Plus with PUI
EndoSequence BV + smear layer (+SL)
AH Plus (+SL)
EndoSequence BC (-SL)
AH Plus (-SL)
iRoot SP without core material
iRoot SP + gutta-percha
iRoot SP + Resilon
RealSeal SE + Resilon
AH Plus + gutta-percha
MTA Fillapex + gutta-percha
iRoot SP (Luer vacuum adapter)
MTA Fillapex (Luer vacuum adapter)
MTA Fillapex (Single paper point)
iRoot SP (Single paper point)
MTA Fillapex (3 –5 paper points)
iRoot SP (3 – 5 paper points)
MTA Fillapex (95% ethanol + paper points)
iRoot SP (95% ethanol + paper points)
EndoSequence BC - lateral condensation

Mean
1.3
2.0
0.7
0.8
2.6
2.9
0.6
2.6
2.9
1.4
1.5
1.9
0.8
0.9
1.2
4.3
3.8
1.7
3.1
2.5
1.1
3.3
1.8
1.8
1.6
1.7
2.0
1.6
1.4
0.9
1.6
1.0
2.3
0.8
1.5
2.5
0. 6
1.7
0.4
0.9
2.6

SD
0.8
1.3
0.5
0.5
2.3
1
0.3
1.2
1.1
1
0.5
0.5
0.5
0.5
1.0
2.8
1.81
0.8
1.7
1.1
0.4
0.7
0.6
0.6
0.6
0.6
0.5
0.5
0.4
0.4
0.3
0.3
1.2
0.5
0.9
0.9
0.4
0.8
0.2
0.7
0.7

N

Conclusion

30

iRoot SP results were similar to AH Plus and higher
than EndoREZ and Sealapex

10

iRoot SP results were similar to the other sealers in
the coronal root third, while in the middle and apical
segments iRoot SP results were similar to AH Plus
and higher than MTA Fillapex

10

iRoot SP results were lower than AH Plus and
similar to MTA Fillapex, but when CH or PUI were
applied iRoot SP results were similar to AH Plus and
higher than MTA Fillapex

14

EndoSequence BC results were similar to AH Plus
with or without the smear layer

40

iRoot SP showed higher resistance to dislocation in
the bulk-filled form than the conjunction with the
tested core filling materials.

30

iRoot SP results were greater than MTA Fillapex in
all canal-drying techniques

15

EndoSequence BC results were higher than AH
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2015 (35)

Tuncer et al.,
2015 (29)

Tuncel et al.,
2015 (34)

Radiopacity
(mm Al)

pH

Solubility (%)

Push-out test

Push-out test

Candeiro et al.,
2012 (36)

Digitized
conventional
radiographs

Xuereb et al.,
2015 (37)

Digital radiographs
(PSP plate system)

Zhang et at.,
2009 (8)

pH meter

Candeiro et al.,
2012 (36)

pH meter

Zhou et al.,
2013 (7)

pH meter

Borges et al.,

Water

AH Plus - lateral condensation
Endomethasone - lateral condensation
EndoSequence BC - thermoplasticized technique
AH Plus with - thermoplasticized technique
Endomethasone - thermoplasticized technique
iRoot SP (apical)
AH Plus (apical)
MTA Fillapex (apical)
iRoot SP (middle)
AH Plus (middle)
MTA Fillapex (middle)
iRoot SP (coronal)
AH Plus (coronal)
MTA Fillapex (coronal)
iRoot SP (EDTA)
iRoot SP (Etidronate)
iRoot SP (Peracetic Acid)
iRoot SP (Distilled Water)
AH Plus (EDTA)
AH Plus (Etidronate)
AH Plus (Peracetic Acid)
AH Plus (Distilled Water)
EndoSequence BC

4.8
2.5
3.5
3.3
2.0
2.9
3.2
1.0
3.9
3.6
1.1
2.9
3.5
0.9
2.4
2.6
2.5
2.1
2.1
2.2
1.9
1.9
3.8

1.6
1.6
0.6
1.1
1.2
1.5
1.2
0.5
0.8
1.4
0.6
1.4
1.6
0.4
0.5
0.7
0.6
0.6
0.6
0.7
0.8
0.7
0.3

AH plus

6.9

0.4

EndoSequence BC
MTA Fillapex
Septodont Sealer
Apexit Plus
iRoot SP
Apexit Plus
Sealapex
AH Plus
Tubli Seal
Epiphany non–light-cured
EndoRez non–light-cured
EndoSequence BC

10.8
4.3
8.9
8.2
11.8
10.6
10.5
7.5
7.1
4.4
3.6
11.2

0.5
0.2
0.2
0.2
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.

AH plus

7.2

n.i.

EndoSequence BC
AH Plus
MTA Fillapex
ThermaSeal
GuttaFlow
Pulp Canal Sealer
iRoot SP

12.1
8.5
8.9
8.5
6.2
6.5
20.6

n.i
n.i
n.i
n.i
n.i
n.i
1.4

Plus and Endomethasone when the
thermoplasticized technique was used, but lower
than AH Plus in the lateral condensation group

10

iRoot SP results were similar to AH Plus and higher
than MTA Fillapex in all root thirds

10

iRoot SP yielded significantly higher push-out
strength values than AH Plus

5

EndoSequence BC showed lower radiopacity than
AH Plus

3

EndoSequence BC showed the highest radiopacity

5

iRoot SP showed the highest pH value in all
experimental periods, up to 10 days

8

EndoSequence BC had higher pH than AH Plus.
EndoSequnece BC presented alkaline pH in all
experimental times

5

Endosequence BC sealer presented the highest pH
in all experimental times

10

iRoot SP showed the highest value of solubility and
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2012 (14)

soaking/ANSI/ADA

Ersahan &
Aydin, 2013
(10)

Water
soaking/ANSI/ADA

Zhou et al.,
2013 (7)

Solubility testing

Setting
time (h)

Zhou et al.,
2013 (7)

Setting Time

Working
time (min)

Zhou et al.,
2013 (7)

Iso standard

Dimensional
change (%)

Zhou et al.,
2013 (7)

Dimensional
change

Candeiro et al.,
2012 (36)
Flow (mm)

Ca ion release
(mg/L)

Zhou et al.,
2013 (7)

Flow

Borges et al.,
2012 (14)

Atomic absorption
spectrophotometry

Candeiro et al.,
2012 (36)

Atomic absorption
spectrophotometry

AH Plus
Sealapex
MTA Fillapex
iRoot SP
AH Plus
Sealapex
EndoREZ
Endosequence BC
MTA Fillapex
Pulp Canal Sealer
GuttaFlow
AH Plus
ThermaSeal
EndoSequence BC
AH Plus
MTA Fillapex
ThermaSeal
GuttaFlow
Pulp Canal Sealer
EndoSequence BC
AH Plus
MTA Fillapex
ThermaSeal
GuttaFlow
Pulp Canal Sealer
EndoSequence BC
AH Plus
MTA Fillapex
ThermaSeal
GuttaFlow
Pulp Canal Sealer
EndoSequence BC
AH plus
EndoSequence BC
AH Plus
MTA Fillapex
ThermaSeal
GuttaFlow
Pulp Canal Sealer
iRoot SP
AH Plus
MTA Fillapex
Sealapex
EndoSequence BC
AH Plus

0.3
5.7
14. 9
0.9
1.4
4.4
0.8
2.9
1.1
0.1

0.0
0.8
0.7
0.5
1.4
1.7
0.4
0.5
0.1
0.03
0.00
0.1
1
0.1
0.04
0.0015 0.07
2.7
0.3
11.5
1.5
2.5
0.3
23.0
1.5
0.7
0.1
26.3
2.5
>1440 n.i.
240
40
45
15
300
40
15
5
453
31
0.087 0.04
-0.034 0.01
-0.67
0.01
0.04
0.02
0.037 0.02
-0.86
0.03
27.0
0.6
21.2
0.3
23.1
0.6
21.2
0.2
24. 9
0.5
21.3
0.4
20.5
0.3
23.1
1.2
179.6 29.9
2.1
1.3
144.4 12.5
61.1
13.3
2.6
n.i.
0.8
n.i.

did not meet ANSI/ADA’s requirements

12

IRoot SP results were similar to EndoREZ, AH Plus
and lower than Sealapex. iRoot SP met the
ANSI/ADA’s requirements for solubility

6

iRoot SP showed the highest value of solubility
among the tested materials. iRoot SP showed
values in accordance with ISO 6876:2001

3

EndoSequence BC results were similar to MTA
Fillapex; lower than AH Plus, ThermaSeal and Pulp
Canal Sealer; higher than GuttaFlow

3

EndoSequence BC had higher working time than the
other materials

5

EndoSequence BC showed acceptable dimensional
change

5

EndoSequence BC flow was higher than AH Plus

5

EndoSequence BC showed an acceptable flow rate,
higher than other sealers, except for Pulp Canal
Sealer (similar) and MTA Fillapex (lower)

10

iRoot showed higher levels of Ca2+ release than
Sealapex and AH Plus and similar to MTA Fillapex

5

EndoSequence BC presented greater release of
Ca2+ than AH Plus, at different periods, up to 10
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Control
SD: standard deviation
N: sample number per group
n.i.: Not informed
NaOCl: Sodium hypochlorite
CHX: Chlorhexidine
CH: Calcium hydroxide
PSP: Photostimulable phosphor
PUI: Passive ultrasonic irrigation

0.0

n.i.

days
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Supplemental Table 3: Articles included in the systematic review: biological properties of premixed calcium-silicate based
endodontic sealers in comparison to conventional materials.
Property

Antibacterial effect
(CFU/ml)

Biocompatibility

Author, year

Method

Zhang et al., 2009 (8)

Modified DCT
E. faecalis (VP3-181)

Wiilershausem et al.,
2011 (40)

SEM
E. faecalis (DSM 20478)

Ozcan et al., 2013
(41)

DCT
C. albicans (ATCC 10231)

Wang et al., 2014 (9)

CLSM
E. faecalis (VP3-181)
proportion of dead cells

Candeiro et al., 2015
(46)

DCT
E. faecalis (ATCC 29212)

Bósio et al., 2014
(12)

Subcutaneous connective
tissue reaction (Wistar rats)

Zhang et al., 2010
(42)
Cytocompatibility
(cell viability)

Zhang et al., 2010 (6)
Loushiane et al.,
2011 (4)

MTT assay - MG63 cells
MTT assay - L929 mouse
fibroblasts
MTT assay - MC3T3-E1
mouse osteoblasts

Material
iRoot SP- fresh
iRoot SP- 7 days
AH Plus- fresh
AH Plus- 7 days
Apexit Plus- fresh
Apexit Plus- 7 days
Tubli Seal- fresh
Tubli Seal- 7 days
Sealapex- fresh
Sealapex- 7 days
Epiphany SE - fresh
Epiphany SE - 7 days
EndoREZ- fresh
EndoREZ- 7 days
EndoSequence BC
GuttaFlow
Pulp canal sealer EWT
AH Plus
iRoot SP
MTA-Fillapex
AH Plus

Mean
0
7
6
7,3
6,8
6,5
5,5
6,9
6,0
5,7
6,9
6,8
0
0
n.i.
n.i.
n.i.
n.i.
5,0
4,7
5,2l

SD
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.

GuttaFlow

5,4

n.i.

EndoSequence BC
AH Plus
Pulp canal sealer EWT
Gutta-percha
Sterile water
EndoSequence BC
AH Plus
Control
iRoot SP
MTA-Fillapex
DiaRoot Bioaggregate
(BA)
iRoot SP
AH Plus
iRoot SP
AH Plus
EndoSequence BC-fresh
EndoSequence BC-set

0.45
0.46
0.28
0.07
0.07
0.0
0.0
4.0
n.i.
n.i.

0.1
0.1
0.1
0.02
0.03
n.i.
n.i.
0.8
n.i.
n.i.

n.i.

n.i.

96%
98%
98%
75%
<30%
6 weeks 60-90%

n.i.
n.i.
n.i.
n.i.
n.i.
n.i.

N

Conclusion

3

Fresh iRoot SP, AH Plus and EndoRez killed E.
faecalis effectively

6

EndoSequence BC had no antibacterial effect
against E. faecalis, similar to other sealers

3

iRoot SP and MTA Fillapex were equally effective
in reducing the number of viable C. albicans with
lower antifungal activity than AH Plus. All sealers,
except GuttaFlow, exhibited antifungal activity
when freshly mixed

6

EndoSequence BC and AH Plus had superior
antibacterial effects against E. faecalis biofilms
within dentinal tubules compared with Pulp canal
sealer EWT

3

EndoSequence BC showed similar antibacterial
effect against E. faecalis in comparison with AH
Plus

8

iRoot SP and BA were considered biologically
acceptable. MTA Fillapex remained toxic to
subcutaneous tissue even after 90 days

6

iRoot SP and AH Plus were non cytotoxic in ½
and ¼ dilutions

12

iRoot SP was significantly less toxic than AH Plus.

3

EndoSequence BC showed moderately cytotoxic
over the 6-week period
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Wiilershausem et al.,
2011 (40)

Cell fluorescence - Human
periodontal ligament
fibroblasts

Zoufan et al., 2011
(43)

MTT- assay - L929 mouse
fibroblasts

Güven et al., 2013
(22)

MTS assay - Human tooth
germ stem cells (hTGSCs)

Chang et al., 2014
(45)

MTT assay - Human
periodontal ligament cells
(hPDLCs)

Candeiro et al., 2015
(46)

MTT assay - Human
gingival fibroblasts

Zhou et al., 2015 (47)

Flow cytometry - human
gingival fibroblasts

SD: standard deviation
N: sample number per group
CFU/mL: colony forming untis per milliliter
DCT: Direct contact test
n.i.: Not informed
RFU: relative fluorescence units

AH Plus- fresh
AH Plus- set
Pulp canal sealer-fresh
Pulp canal sealer-set
EndoSequence BC
AH Plus
GuttaFlow
Pulp canal sealer
Endosequence BC- fresh
Endosequence BC- set
AH Plus- fresh
AH Plus- set
GuttaFlow-fresh
GuttaFlow-set
Tubli Seal- fresh
Tubli Seal- set
iRoot SP
MTA Fillapex
AH Plus
iRoot SP
MTA-Fillapex
Sealapex

<30%
6 weeks >90%
<30%
<30%
8000 RFU
11000 RFU
2000 RFU
2700 RFU
100%
100%
10%
10%
95%
98%
25%
20%
100%
18%
90%
n.i.
n.i.
n.i.

n.i.
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.
n.i.

Apatite Root Sealer

n.i.

n.i.

EndoSequence BC
AH Plus
Control
EndoSequence BC
MTA-Fillapex
AH Plus

n.i.
n.i.
n.i.
fresh 100%
fresh 5%
fresh 0%

n.i.
n.i.
n.i.
n.i.
n.i.
n.i.

6

EndoSequence BC can be considered a
biocompatible material. AH Plus and Pulp Canal
sealer showed lower biocompatibility compared to
EndoSequence BC and GuttaFlow

3

Endosequence BC and GuttaFlow had lower
cytotoxicity than AH Plus and Tubli Seal.

6

3

iRoot SP and AH plus had lower cytotoxicity than
MTA Fillapex. iRoot SP may promote better
attachment to hTGSCs
iRoot SP, MTA Fillapex and Apatite Root Sealer
induced superior osteoblastic differentiation and
less inflammatory response than Sealapex in
PDLCs via integrin, MAPK, and NF-kB signaling
pathways

3

EndoSequence BC showed less cytotoxicity than
AH Plus

5

EndoSequence BC exhibited lower cytotoxicity
than MTA- Fillapex. AH Plus was cytotoxic only as
freshly mixed sealer
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Abstract
Objectives To synthetize calcium aluminate (C3A) and silver-containing C3A
particles (C3A+Ag) testing their effects on the properties of a commercial endodontic
sealer in comparison to an epoxy resin- and a calcium silicate-based sealer.
Methods Pure C3A and C3A+Ag particles were synthesized and characterized using
XRD to identify crystalline phases. SEM/EDS analysis investigated morphology,
particle size, and elemental composition of particles. Setting time, flow, radiopacity,
water sorption and solubility of commercial and modified sealers were evaluated
according to ISO 6876/2012. The pH and ions release were measured using a
pHmeter and a microwave induced plasma optical emission spectrometer. The
inhibition of biofilm growth was evaluated by confocal laser scanning microscopy
(CLSM). Data were rank transformed and analyzed by ANOVA and Tukey test (P <
.05).
Results. The C3A particles showed an irregular grain agglomerated structure with
voids and pores. In C3A+Ag particles, Ag modified the material morphology,
confirming the deposition of Ag. The physicochemical properties of the modified
MTA-based sealer were similar to the commercial material, except for the significant
increase in Ca+2 release. However, there was no Ag release. Setting time, flow,
radiopacity, water sorption and solubility were adequate for all materials. All the
materials showed alkaline pH. Antibiofilm effect was improved in the presence of
C3A particles, while the biofilm inhibition was lower in the presence of Ag.
Significance. The modified sealer presented improved antibiofilm properties and
calcium release, without dramatic effects on the other characteristics. It is expected a
positive effect in its biological behavior.
Keywords: calcium aluminate, calcium aluminate and silver, calcium ions release,
silver ion release, flow, pH, radiopacity, antibiofilm, root canal sealers
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1. Introduction
The properties of root canal sealers have an impact on the quality of root
canal filling and subsequently on the endodontic outcome [1]. It is desirable that
these materials present adequate physicochemical properties, such as setting time,
radiopacity, flow, water sorption and solubility, as well as being able to kill
endodontic pathogens and to stimulate the repair of the affected periapical tissues
[2]. Some materials have been currently used as root canal sealers such as zinc
oxide–eugenol, calcium hydroxide, glass-ionomer silicone, polymer resins [1,3-5]
and more recently, calcium silicate [6-8]. Although no material could gather all the
desired characteristics, new root canal sealers are constantly being developed in
attempts to improve their physical, chemical and biological properties.
Among the largest endodontic challenges are the ability to induce mineralized
tissue deposition, biocompatibility and antimicrobial properties of materials. The
mechanism of repair stimulation by deposition of mineralized tissue as well as
antimicrobial action may depend on the presence of antibacterial components,
alkaline pH and the ability to release calcium ions (Ca2+) [9,10]. Calcium silicatebased sealers, such as mineral trioxide aggregate (MTA-based sealer - MTA
Fillapex), have been developed in attempt to combine biological and sealing
properties. However, the material had demonstrated lower values of pH [11], severe
cytotoxic effect [12], and intense inflammatory effects on bone and subcutaneous
connective tissue [13,14]. In addition, the antibacterial activity of MTA Fillapex
remains a limitation, since the material presents an antibacterial activity before
setting, but does not maintain it after setting [11,15]. The negative features observed
in most sealers justify the development of new materials that incorporate the
appropriate biological properties with adequate physicochemical properties.
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The addition of calcium aluminate to different materials may increase the
chemical reaction of hydration, which is based on dissolving the calcium aluminates
with the subsequent precipitation of hydrated compounds. This fact may result in a
continuous process of dissolution/precipitation, prolonging the release of Ca2+ that
could increase the reparative capacity induced by the sealer [16]. This continuous
release of calcium ions may lead to a gradual increase in the pH of the sealer, and
consequently to a large number of osteogenic cells acting in linear closure of bone
defects, with the formation of a more compact mineral bridge [17]. Similarly, the
addition of silver to endodontic materials have been used to inhibit microbial
development and prevent infections [18-21]. Another reason that has encouraged
the use of silver for therapeutic and clinical purposes was the fact that, silver, in the
form of nanoparticles, would be less toxic to cells and tissue [22].
Through these findings, in this study, pure calcium aluminate, and calcium
aluminate with silver particles were synthesized and characterized, and then added
to a MTA-based sealer in different concentrations. Physicochemical and antibiofilm
properties of the MTA-based sealer with and without the addition of calcium
aluminate and silver-containing calcium aluminate particles were evaluated. The
hypothesis tested was that the incorporation of calcium aluminate and silver would
impart antibiofilm properties to an MTA-based sealer without dramatic effects on
other characteristics.
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2. Materials and Methods
2.1 Study design and materials tested
This in vitro investigation was designed for synthesizing calcium aluminate
particles (pure C3A) and silver-containing calcium aluminate particles (C3A + Ag)
and testing their effects on the physicochemical and biological properties of a
commercial MTA-based endodontic sealer (MTA Fillapex; Angelus, Londrina, PR,
Brazil). Other sealers were tested as received for comparison: an epoxy resin-based
sealer (AH Plus; Dentsply De Trey Gmbh, Konstanz, Germany) and a calcium
silicate-based sealer (EndoSequence BC Sealer; Brasseler USA, Savannah, GA,
EUA). These materials were selected since EndoSequence BC have similar
composition

to

the

material

modified

in

this

study,

presenting

excellent

physicochemical and biological properties [23,24]. AH Plus is considered the “goldstandard” material; it is widely used for approximately two decades, exhibiting low
solubility and disintegration [25] as well as adequate dimensional stability [23].
However, this sealer has shown no bioactive properties [26] or osteogenic potential
[27], as seen in calcium silicate-based sealers. In total, 9 groups were tested, as
shown in Table 1 In total, 9 groups were tested, as shown in Table 1. Particles were
synthesized containing 1 mol% or 5 mol% Ag and were added at 5 wt% or 10 wt%
to the MTA-based sealer. Particle characterization involved analyses using X-ray
diffraction (XRD), scanning electron microscopy (SEM), and energy-dispersive X-ray
spectroscopy (EDS). When testing the sealers, the physicochemical response
variables were setting time, flow, radiopacity, water sorption (WSR) and solubility
(W SL). Biological response variables included the total biofilm biovolume and viable
bacteria biovolume grown on the materials substrate.
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2.2 Synthesis and characterization of the inorganic particles
C3A and C3A + Ag powders were synthesized by means of a polymeric
precursor method using a variation of a previously described method [28]. In this
method, chelates are formed between metal cations and carboxylic acid from citric
acid dissolved in aqueous solution to obtain homogeneous and polycrystalline single
phases. Addition of ethyleneglycol leads to the formation of an organic ester,
followed by polymerization. Thermal treatments were performed in two stages in
order to remove organic materials, at 400ºC, and to obtain crystalline phases, at
1000ºC. In this work, by controlled addition of calcium, aluminum and silver nitrates,
we obtained the different particles: C3A (no Ag present), C3A + 1% Ag, and C3A +
5% Ag. The Ag content was based on previous studies that showed that at least 1%
of Ag increased the antibacterial activity of MTA material without affecting other
properties [21,29]. The resulting ceramic powders were characterized using XRD to
identify crystalline phases (diffractometer XRD-6000; Shimadzu, Tokyo, Japan)
using Cu Kα1 (λ = 1.5406 Å) in a range of 10 to 80° and 0.02°. SEM/EDS analysis
(JSM 6610; Jeol, Tokyo, Japan) investigated filler morphology, particle size, and
elemental composition of the resulting powders.

2.3 Setting time and flow
Sealer setting time and flow were tested in accordance with ISO 6876/2012
standard [30]. For setting time (n=3), recorded in hours, a 100 g indenter with a flat
end (2 mm diameter) was applied to the surface of the freshly mixed sealer until no
indentation could be seen. In the flow analysis, 0.05 ± 0.005 mL of freshly mixed
sealer was placed on the center of a glass plate (40 × 40 × 5 mm). At 180 ± 5 s after
mixing, a second glass plate (20 g) was placed on top of the sealer and it was
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loaded with 100 g. After 10 min, the load was removed and the minimum and
maximum diameters of the resulting sealer disks were measured using a digital
caliper (Mitutoyo, Tokyo, Japan) with 0.01 mm resolution. If the disks were not
uniformly circular or the maximum and minimum diameters were not within 1 mm,
the test was repeated. Five specimens were tested for each sealer and the average
of 3 measurements for each specimen, expressed to the nearest millimeter, was
registered as flow.

2.4 Radiopacity, water sorption and solubility
Radiopacity andwater sorption (W SR) (n=5) were also tested in accordance
with ISO 6876/2012 standard [30]. For radiopacity, five disk-shaped specimens (10
×1 mm) per material were placed onto an occlusal radiographic film (Insight; Kodak
Comp., Rochester, NY, USA) alongside a graduated aluminum step wedge with
thicknesses varying 0.5 mm (up to 9 mm) for each step. The x-ray exposures were
made using a Spectro II X-ray Unit (Procion Ion 70x, Ribeirão Preto, SP, Brazil) with
a 1.5 mm aluminum filter added. The tube voltage was 70 kV and the current 8 mA.
The exposure time was 0.36 s with a constant source-to-film distance of 300 mm.
After processing, the radiographic images, measurements of optical density and grey
tons were carried out using ImageJ 1.4 software (National Institute of Mental Health,
Bethesda, MD, USA). Shades of grey were measured, ranging from 0 to 255 pixels,
and the "histogram" was employed. Five different areas in each material were
randomly selected to obtain the average radiopacity, in mmAl.
For W SR and W SL, the method uas adapted from ISO 6876/2012 standard
[30] cylindrical specimens of the materials (n=10, 5 mm diameter, 1 mm thickness)
were placed in Eppendorf tubes and stored at 37ºC until a constant mass was
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obtained (m1 ). Distilled water was added to the Eppendorf tubes, which were again
stored at 37ºC. After 7 days, the specimens were reweighed (m2). Then, the
specimens were dry-stored at 37ºC and reweighed until a dry constant mass was
reached again (m3). W SR and W SL were calculated based on the percentage of mass
gain or loss during the sorption and desorption cycles [31].

2.5. Evaluation of pH, calcium and silver ions release
The sealers were prepared and inserted in polyethylene tubes (1 mm internal
diameter, 10 mm length) with only one open end with the aid of a #50 McSpadden
instrument (Dentsply Maillefer, Petropólis, RJ, Brazil). After filling, the tubes were
weighed to check the standardization of the amount of sealer in each tube. Five
specimens of each material were prepared. Each specimen was immediately
immersed in Falcon tubes containing 10 mL deionized water and incubated at 37°C
throughout the study. Before immersion of the specimens, the pH and ions
concentrations of the deionized water were verified (attesting a pH of 7).
pH and ion readings were carried out again after 3 h, 24 h, 7, 15, and 30 days
of storage. After each measurement, the specimens were carefully moved to new
tubes with fresh deionized water. pH readings of the eluate were performed with a
calibrated pHmeter (Q400A; Quimis, Diadema, SP, Brazil). The release of calcium
and silver ions was measured using a microwave-induced plasma optical emission
spectrometer (Agilent 4200 MP AES model; Agilent Technologies, Melbourne,
Australia) equipped with an Inert One Nebulizer and a double-pass glass cyclonic
spray chamber. The microwave plasma is based on nitrogen, supplied from a
compressed air supply 4107 Nitrogen Generator (Agilent Technologies, Melbourne,
Australia). Torch alignment and wavelength calibration for each analyte were carried
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out using a wavelength calibration solution and automatically optimized by the
instrument with MP Expert Software (version1.5.1.0, Agilent Technologies,
Melbourne, Australia). Calcium was analyzed at 393.366 nm, and silver at
328.068nm, while the nebulizer flow was 0.6 L min-1 and 0.65 L min-1, respectively.
The following instrumental parameters used were the same for both elements: 0
viewing position, 15 rpm pump speed, 15 s uptake time, 15 s stabilization time, 3 s
read time, 3 replicates. and automatic background correction. A multi-elemental
standard solution VI for ICP, 100 mg L-1 (Sigma Aldrich, St. Louis, MI, USA) was
used for calibration curve preparation, which ranged from 0.5 to 5 mg L-1.

2.6 Antibiofilm effect
Regarding the antibiofilm effect, only the groups containing the highest
concentration of particles were included in the study (MTA-Fillapex + 10% C3A;
MTA-Fillapex + 10% (C3A+1%Ag); MTA-Fillapex +10% (C3A+5%Ag). For the
antimicrobial assay, the sealers were manipulated and placed in plastic molds
measuring 10 mm in diameter and 1.5 mm in thickness, and the specimens were
stored at room temperature for 48 h. All discs were sterilized by ultraviolet light in a
laminar flow hood (Model 1128; Forma Scientific, Division of Mallinckrodt INC,
Marietta, OH, USA) for 30 min per side [32]. Sterile hydroxyapatite discs with the
same dimensions were used as substrate for biofilm growth in the positive control
group [33].
Subgingival plaque was collected from a healthy adult volunteer and
suspended in brain-heart infusion broth (BHI; Becton Dickinson, Sparks, MD, USA).
The discs were incubated in BHI-24-well culture plate suspensions under anaerobic
conditions using anaerobic bag and anaerobic indicator (AnaeroGen; OXOID,

58
Hampshire, UK) at 37°C. Each well contained 1.8 mL sterile BHI broth and 0.2 mL
inoculum, in which the specimens were kept submerged. The cell density was
adjusted in a spectrophotometer at 405 nm (Sp22 – 325 a 1000 nm, Bioespectro,
Curitiba, PR, Brazil) to a density of approximately 7.5 × 107 colony forming units per
milliliter in BHI broth. The BHI medium was replaced once a week without addition of
new microorganisms [33]. After growth periods of 3, 15 and 30 days, 105 discs (n=5
per group and per incubation period) were analyzed for biofilm biovolume and
proportion of live and dead bacteria by viability staining and confocal laser scanning
microscopy (CLSM).
The analysis of biofilm viability was performed by using the SYTO 9/propidium
iodide technique (Live/Dead Bacligth Kit; Invitrogen, Eugene, OR, USA). SYTO 9 is a
green fluorescent stain that labels both live and dead microorganisms. Propidium
iodide is a red fluorescent nucleic acid stain that only penetrates cells with damaged
membranes (dead cells). First, the samples were cleaned with 2 mL saline solution
and then 0.25 µL dye was placed over the biofilm. A CLSM (Olympus Fluoview 1000;
Olympus Corporation, Tokyo, Japan) was used to visualize the samples [34]. The
respective absorption and emission wavelengths were 494/518 nm for SYTO 9 and
536/617 nm for propidium iodide. The biofilm was randomly assessed at ×60
magnification. Next, five confocal stacks from different random areas were obtained
from each sample using a × 40 oil lens, a 1-µm step size, and a format of 386 × 386
pixels. A total number of 25 stacks (5 operative fields × 5 specimens per group) were
obtained for each group. The evaluator was blinded to the experimental groups. All
images were analyzed using BioImage_L software (http://bioimage.com) for the total
biovolume (µm3), the total number of live cells (green), and the percentage of live
cells [35].
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2.7 Statistical analysis
Data for setting time, flow, radiopacity, pH, ion release, biofilm biovolume, and
viable bacteria biovolume were rank transformed and statistically analyzed by OneWay Analysis of Variance (ANOVA) and Tukey’s post hoc test using SPSS software
22.0 (SPSS Inc, Chicago, IL). Data for W SR and W SL were analyzed using ANOVA on
ranks followed by Tukey’s test. The significance level adopted was p<0.05.

3 Results
3.1 Characterization of the inorganic particles
Figure 1 depicts the XRD patterns of the particles after thermal treatment at
1000°C.. Addition of 1% or 5% silver after thermal treatment at 1000°C resulted in a
polyphasic system constituted of Ca3Al2O6, CaO2, Ag2O, and AgO. Grain
morphology of pure C3A particles (Figure 2A) showed formation of a grain
agglomerated structure with voids and pores, and an irregular structure with rodshape particles presenting different sizes. For C3A + Ag particles, it was noted that
silver modified the morphology of the material, confirming the deposition of Ag in the
structure of C3A, while in the pure C3A particles, the formation of small granules was
noticed in its surface. The EDS analysis (atom%) found 17.4% Al, 10.7% O, and
71.9% Ca in pure C3A particles. A significant change in the structure was observed
when 1% and 5% Ag were added (Figures 2B and 2C), with the presence of small
granules. The EDS analysis found 0.1% Ag, 17.5% Al, 14.5% O, and 67.9% Ca
when 1% Ag was added, contrasted to the presence of 4.6% Ag, 20.8% Al, 7.5% O,
and 67.1% Ca when 5% Ag was added.
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3.2 Setting time, flow, radiopacity, WSR and WSL
As shown in Table 2, the flow of the unmodified MTA-based sealer increased
with the addition of C3A + 1% Ag particles, but no other major effects of the
synthesized particles were observed. The lowest flow was observed for the calcium
silicate-based sealer, which had flow values below 20 mm, the minimum required by
ISO 6786/2012 [30]. The presence of C3A particles generally increased the setting
times with no appreciable effects for the presence of Ag. The calcium silicate-based
sealer and epoxy resin-based sealer had significantly lower setting times than all
MTA-based sealers. Radiopacity was not affected by incorporation of the
synthesized particles. W SR and W SL were generally higher in the modified materials,.
WSR of the calcium silicate-based sealer was significantly higher than all other
sealers, but the W SL of the MTA-based sealers was higher than the calcium silicatebased sealer. Epoxy resin-based sealer had the lowest results for both W SR and W SL.

3.3. pH of the eluate, Ca and Ag ions release
The pH of the unmodified MTA-based sealer, which was slightly below 7 after
3 h, reached a value slightly below 9 after 24 h, showing a gradual decrease in pH
values thereafter, with a final value around 8 after 30 days. When the C3A particles
were added, pH values after 3 h were reduced. Afterwards, addition of C3A particles
generally led to slight increase in pH values. When the C3A particles contained 1%
Ag, pH values were higher than the unmodified material after 30 days, but generally
lower before that. Addition of C3A particles with 5% Ag led to increased pH from 7
days on as compared with the unmodified sealer. The pH of calcium silicate-based
sealer was higher than all other sealers throughout the experiment, whereas the
epoxy resin-based sealer showed an irregular behavior for pH values during the 30
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days (Figure 3). As shown in Figure 4, incorporation of C3A particles increased the
levels of Ca+2 release of the MTA-based sealer. The modified MTA-based sealers
showed Ca+2 release levels sometimes even higher compared with the calcium
silicate-based sealer from 7 days on. The epoxy resin-based sealer did not release
appreciable Ca levels. Ag ions were not released by any of the tested materials in
any of the time periods evaluated.

3.4 Antibiofilm effect
Total biovolume analysis (Table 3) revealed that biofilm formation occurred
in all groups at all incubation times. After 3 days of incubation, the MTA-based
sealers modified by C3A particles had significantly lower biofilm biovolume,
particularly for Ag-containing particles. After 30 days, in contrast, the sealers
modified with C3A + Ag particles had significantly higher biofilm biovolume than the
unmodified MTA-based sealer. The biofilm biovolume increased significantly with
time for most groups, except for the calcium silicate-based sealer, which had
significantly lower results than all other groups after 30 days. HA (control) had the
highest biofilm biovolume for all times, with similar results to the modified MTAbased sealer after 15 and 30 days.
For viable bacteria biovolume (Table 3), similar findings for total biovolume
were observed. The positive effect of the Ag-containing C3A particles was visible
again after 3 days as compared with the unmodified MTA-based sealer, but the
effect was negative after 30 days. The lowest viable bacteria biovolume amongst the
MTA-based sealers was observed for the material modified with C3A pure particles.
At 3 days and 15 days of incubation, the MTA-based sealer containing C3A or C3A +
Ag particles had the lowest percentage of live microbial cell biovolume (Figure 5). At
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30 days, only the MTA-based sealer with pure C3A particles kept this antibacterial
behavior.

Figure 6 shows examples of CSLM images of biofilm growth on the

different materials within the experimental periods tested. In the images, it is possible
to notice the higher biovolume of biofilm within the control group; and the lower
viable biovolume growth on the MTA-based sealer + C3A samples, at days 03, 15
and 30.

4 Discussion
This is the first study in the literature to report the successful synthesis and
characterization of calcium aluminate particles with or without silver and their
addition to a root canal sealer. The presence of 3CaO.Al2O3 (Ca3Al2O6) as single
phase confirms results reported in the literature [36] using other synthesis
processes.The SEM analysis of pure C3A particles showed the formation of a grain
agglomerated structure with voids and pores, in an irregular structure. For C3A + Ag
particles, it was noted that silver modified the morphology of the material, confirming
the deposition of Ag in the structure of C3A, while in the pure C3A particles, the
formation of small granules was noticed in its surface. These differences in particles
features could aid in explaining some results observed for the modified MTA-based
sealer.The incorporation of C3A and C3A + Ag into the MTA-based sealer yielded
some alteration in the physicochemical properties tested, such as setting time, flow,
WSL and W SR, but the limited clinical impact of these results should be considered.
Setting time changed only about 1 h. This situation probably occurred since the
added particles did not participated in the setting process with salicylate resin. An
increase of flow was noticed when the particles were added to the commercial
formula of MTA-based sealer. Flow is very significant to endodontic sealers, once it
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makes possible to reach and seal the apical foramen and lateral dentinal wall
irregularities [23]. Endodontic materials are supposed to have good ability to
penetrate into dentinal tubules, but at the same time the flow cannot exceed the limit
that would permit the apical extrusion.
WSR and W SL were generally higher in the modified materials,, a positive
effect, since the original MTA-based sealer had excessive solubility. Solubility is a
desirable property to endodontic sealers, since it allows the release of ion; however,
it is also important that total solubilization of the material does not occur. Clinically
acceptable values of radiopacity, i.e., higher than 3 mmAl, are mandatory for
controlling the quality of root canal filling [37]. This scenario was observed for all
tested materials, and the radiopacity of MTA-based sealer was not affected by
incorporation of the synthesized particles. Epoxy resin-based is known for its
outstanding radiopacity [37], as showed in the present study (5.9 mmAl average).
This fact would be not as beneficial as it could obscure gaps within the obturation.
The incorporation of C3A particles to the MTA-based sealer increased the
levels of Ca+2 release to similar or higher levels than the observed for calcium
silicate-based sealer. Calcium aluminate in contact with a wet environment leads to
the formation of the AH3 (Al2O3.3H2O) and C3AH6 (3CaO.Al2O3.6H2O) phases,
followed by precipitation of calcium aluminate hydrates (C-A-H) and aluminum
hydroxide (AH) due to saturation of the solution [38], associated with the release of
low amounts of calcium ions, which maintain pH levels similar to those of human
body tissues [39] and lead to the formation of a carbonated apatite phase [40].
Therefore, the release of calcium ions by the sealer occurs as a result of the
decomposition of the calcium aluminate hydrate in a lower speed than that in MTAbased [41], as seen in this study. In contrast, the epoxy resin-based sealer showed
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lower (almost null) values of calcium ion release, which is in accordance with others
studies [23], due to the high concentration of resin components [14]. An alkaline pH
and the ability to release calcium ions by the root canal sealer is desired for
endodontic materials, since it will induce the mechanism of repair stimulation by
deposition of mineralized tissue [9,10].
Calcium silicate-based sealer showed higher pH value than the other tested
materials during all the experimental periods. The higher pH of calcium silicatebased sealer probably occurs due to the fact it is a pure bioceramic sealer, while the
MTA-based sealer also contains resin in its composition. Despite the addition of C3A
particles generally led to slight increase in pH values, all the tested sealers
presented alkaline pH after 24 hours. It consists in an advantageous property of
these sealers, since alkaline sealers could neutralize the lactic acid from osteoclasts
and prevent dissolution of mineralized components of teeth, contributing to hard
tissue formation by activating alkaline phosphatase [42]. Alkaline pH may also
contribute to the biocompatibility of dental materials, however these properties still
need to be further investigated for the modified materials included in this study.
In this study, silver was added to the C3A particles incorporated in the MTAbased sealer to improve its antibacterial effect. The antibacterial potential of silver
occurs since the ions bind and react with proteins and enzymes, causing structural
changes in the walls of the cell membrane, resulting in cell disintegration and death
of the bacteria [43]. Also, silver binds to DNA and RNA of bacteria and thus inhibits
the cell vital processes [44]. In the present study, the release of Ag ions could not be
detected in any tested materials during the experimental periods. Although silver
containing materials showed great antimicrobial properties up to 15 days of
experiment, the lowest viable bacteria biovolume amongst the MTA-based sealers

65
was observed for the material modified with C3A pure particles, within the three
experimental periods. The greater antimicrobial effect in the first experimental hours
were reported by Cheng et al. [45], who tested the effect of Ag doped calcium
phosphate particles as additives in dental glass ionomer cements. Since there was
no release of silver, the expected antimicrobial effect would be by direct contact with
bacteria. As seen in the solubility results, Ag containing materials are less soluble,
thus, the lower particles release can also influence the antimicrobial effect. Also, a
change in the surface morphology of the C3A+Ag particles, which showed in SEM a
rougher surface, may have allowed greater adhesion of bacterial biofilms.
Furthermore, in this study, the final concentration of silver incorporated to the
commercial material was 0.05% (95% of MTA Fillapex+ 5% (C3A+1%Ag) and 0.5%
(90% of MTA Fillapex+ 10% (C3A+5%Ag), thus, considering that concentrations up
to 1% are biocompatible to tissues [18], higher concentrations of silver may be
necessary to increase the antimicrobial effect of silver particles containing materials,
which could also influence the physicochemical properties of sealers.
The present results offer relevant information regarding the antibacterial
properties of a modified MTA-based sealer. The use of Live/dead viability staining
and CLSM makes it possible to collect reliable and detailed information about the
biofilms, such as biofilm volume per area and the proportions of live and dead
microbes [33,47-48]. The study of antibacterial properties using biofilms is important
considering that microorganisms organized in biofilms are more resistant than the
corresponding planktonic form of the same microbe [49]. The CLSM method
evaluates the antimicrobial effect of different materials against microbes found in
endodontic infections [46,50-51] and presents several advantages as a rapid and
easy-to-use method that combines both viable and total counts in one step. The two

66
stains differ in their ability to penetrate normal and damaged bacterial cells: live
bacteria with intact membranes fluoresce green (SYTO9), whereas bacteria with
damaged cell membranes fluoresce red (propidium iodine) [52].
The calcium silicate-based sealer evaluated in this study (EndoSequence BC
Sealer) showed better results of pH, calcium ion release and antimicrobial biofilm in
comparison to modified MTA-based sealers. The material is a premixed hydrophilic
bioceramic sealer, which is chemically based on calcium silicates, calcium
phosphate, and calcium oxide [53]. According to Wang et al. [46], the optimal
antibacterial effect of calcium silicate based sealer occurs due to the continuous
diffusion of calcium hydroxide, which promotes its long-lasting antibacterial ability.
Also, moisture from dentin promotes the hydration reaction to produce calcium
silicate hydrogel and calcium hydroxide to elevate the pH [54]. Silica dissolved in a
high pH environment may directly inhibit bacterial viability [55]. Calcium hydroxide
subsequently reacts with the phosphate to form hydroxyapatite and water. This water
is supposed to participate in the reaction cycle again to produce more calcium
silicate hydrogel and calcium hydroxide [53].
Up to now, there are limited independent publications about the properties
and applications of experimental sealers in endodontics. Additional in vitro, ex vivo,
and in vivo research must be conducted to evaluate the performance of this new
materials and to confirm its use in endodontic therapy. The incorporation of calcium
aluminate in MTA-based could be promising. Future researches with higher
concentrations are needed to evaluate the properties of these endodontic sealers
with calcium aluminate and silver, as well the investigation about biocompatibility
studies. The hypothesis tested, that the incorporation of calcium aluminate, and
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calcium aluminate and silver particles would impart antibiofilm properties to an MTAbased sealer without dramatic effects on other characteristics was partially accepted.

5 Conclusions
By using the polymeric precursor method, it was possible to obtain C3A
particles, containing or not Ag, that are suitable for use as biomaterials. A single
phase C3A (Ca3Al2O6) was confirmed for the pure C3A particles, whereas the
presence of Ag generated a polyphasic complex system. Physicochemical properties
of the MTA-based sealer were not dramatically changed by the incorporation of C3A
particles, but it improved the antibiofilm effect of MTA-based sealer, while the biofilm
inhibition was less than expected for the presence of Ag. Additionally, since the Ca+2
release was improved, it could be expected a positive effect on the biological
response of the modified sealer, which should be investigated in a future study.
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Table 1 Materials tested and their compositions
Endodontic sealer

Composition

MTA Fillapex (Angelus)

Components after mixture: resins (salicylate, diluting,

Batch number: 40367

natural),

radiopacifier

calcium

tungstate,

silica

nanoparticles, mineral trioxide aggregate, pigments
AH Plus (Dentsply De Trey)

Epoxy paste: diepoxy, calcium tungstate, zirconium

Batch number: 1404000532

oxide, aerosol, and dye.
Amine paste: 1-adamantane amine, N.N’dibenzyl-5
oxanonandiamine-1,9,

TCD-diamine,

calcium

tungstate, zirconium oxide, aerosol, and silicon oil
EndoSequence BC Sealer (Brasseler USA)

Zirconium oxide, calcium silicates, calcium phosphate

Batch number: 13004SP

monobasic, calcium hydroxide, filler and thickening
agents

MTA Fillapex + 5% (C3A)

Commercial material + 5% of C3A

MTA Fillapex + 10% (C3A)

Commercial material + 10% of C3A

MTA Fillapex + 5% (C3A + 1%Ag)

Commercial material + 5% of (C3A + 1%Ag)

MTA Fillapex + 10% (C3A + 1%Ag)

Commercial material + 10% of (C3A + 1%Ag)

MTA Fillapex + 5% (C3A + 5%Ag)

Commercial material + 5% of (C3A + 5%Ag)

MTA Fillapex + 10% (C3A + 5%Ag)

Commercial material + 10% of (C3A + 5%Ag)
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Table 2 Means ± standard deviations for setting time, flow, radiopacity, water sorption (W SR), and solubility (W SL)
Endodontic sealer

Flow (mm), n=5

Setting time (h), n=3

Radiopacity (mmAl), n=5

W SR (%), n=10

W SL (%), n=10

Calcium silicate-based sealer

18.6 ± 3.1e

25.4 ± 0.05d

4.2 ± 0.02b

21.2 ± 1.8a

9.8 ± 1.2ab

Epoxy resin-based sealer

24.5 ± 1.8

MTA-based sealer

27.6 ± 4.4cd

30.4 ± 0.08c

3.2 ± 0.06c

10.5 ± 4.1bc

9.3 ± 3.7b

MTA-based sealer + 5% (C3A)

30.6 ± 1.0abc

30.8 ± 0.12b

3.2 ± 0.07c

11.4 ± 1.1bc

10.5 ± 0.6ab

MTA-based sealer + 10% (C3A)

27.5 ± 0.9cd

31.2 ± 0.07a

3.0 ± 0.08c

13.0 ± 1.7ab

12.0 ± 0.8a

MTA-based sealer + 5% (C3A+ 1%Ag)

34.4 ± 0.7ª

31.1 ± 0.05

a

3.2 ± 0.15

c

13.9 ± 1.5

ac

11.4 ± 1.7

ab

MTA-based sealer + 10% (C3A + 1%Ag)

32.8 ± 0.3

ab

31.3 ± 0.05

a

3.5 ± 0.20

c

14.1 ± 4.1

ab

10.9 ± 1.3

ab

MTA-based sealer + 5% (C3A+ 5%Ag)

30.7 ± 0.8abc

MTA-based sealer + 10% (C3A + 5%Ag)

28.9 ± 1.8

d

bc

25.4 ± 0.06

d

31.2 ± 0.03a
31.2 ± 0.03

a

5.9 ± 0.14

a

3.5 ± 0.18c
3.0 ± 0.12

c

Different lowercase letters indicate statistically significant differences between groups in the same column (p<0.05).

7.8 ± 2.2

b

11.2 ± 1.2bc
13.8 ± 0.6

ac

-0.6 ± 0.4

c

9.5 ± 1.1b
11.4 ± 0.8

ab

75
Table 3 Results (means ± standard error) for the antibiofilm analysis (n=5)
Total biofilm biovolume, μm × 10
3

Viable bacteria biovolume, μm × 10

3

3

3

Endodontic sealer
3 days

15 days

30 days

3 days

15 days

30 days

Calcium silicate-based sealer

12.2 ± 3.6

B,cd

114.3 ± 15.4A,a

7.7 ± 1.3B,c

10.4 ± 3.6B,c

107.4 ± 15.3A,ab

6.5 ± 1.2B,c

Epoxy resin-based sealer

23.8 ± 6.5

C,bc

32.1 ± 4.7B,c

96.2 ± 11.6A,a

14.2 ± 3.7C,bc

28.9 ± 4.6B,c

85.0 ± 10.3A,a

MTA-based sealer

32.9 ± 8.4

B,b

MTA-based sealer + 10% (C3A)

16.6 ± 2.9

B,bc

4.5 ± 1.2

C,d

65.9 ± 10.3

A,ab

12.3 ± 1.9B,d

81.9 ± 16.8

AB,b

42.9 ± 11.5A,b

27.1 ± 7.6

B,b

9.7 ± 2.4A,c

58.3 ± 9.6

A,b

10.5 ±1.7A,d

71.9 ± 15.3

AB,b

26.8 ± 10.4A,c

MTA-based sealer + 10% (C3A + 1%
159.9 ± 33.6

B,a

216.4 ± 21.7

A,a

2.0 ± 0.5

C,d

145.9 ± 32.2

B,ab

208.2 ± 22.2

A,a

Ag)
MTA-based sealer + 10% (C3A +

8.9 ± 0.9 C,cd

52.7 ± 15.2B,bc

131.2 ± 14.3A,a

5.1 ± 0.6C,cd

36.7 ± 9.8B,c

153.8 ± 35.9A,a

B,a

106.5 ± 10.8A,a

232.9 ± 114.2A,a

44.2 ± 4.9B,a

103.3 ± 10.6A,a

102.5 ± 14.3A,a

5%Ag)
HA (control)

53.2 ± 5.9

Uppercase letters in a same row indicate differences between times; lowercase letters in a same column indicate differences between materials (p<0.05).
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Figure 1 X-ray diffraction spectra of the synthesized particles: pure C3A, C3A + 1%
Ag, and C3A + 5% Ag.
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Figure 2 SEM images (×350 magnification) showing the particles and grain
morphology of C3A (a), C3A + 1%Ag (b), and C3A + 5% Ag (c) particles.
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Figure 3 pH of the eluate for all endodontic sealers during the 30-day storage period.
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Figure 4 Calcium ion release (mg/L) over time for all endodontic sealers tested.
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Figure 5 Volume percentage of live biofilm bacteria at 3, 15 and 30 days.

81

Figure 6 CLSM images of biofilms formed on the commercial and experimental materials
bacteria;

red

fluorescence:

at 3, 15 and 30 days. Green fluorescence: viable
dead

bacteria.
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Abstract
Introduction: This study aimed to evaluate the effects of synthetized calcium
aluminate (C3A) and silver-containing C3A particles (C3A+Ag) on the biological
properties of MTA Fillapex in comparison to AH Plus and EndoSequence BC sealer.
Methods: Bone tissue reactions were evaluated in 45 Wistar rats after 7, 30, and 90
days (n = 5 per period). Three surgical cavities were prepared on the femur and filled
with 0.2 mL MTA Fillapex, MTA Fillapex + C3A and C3A+Ag in differents
concentrations, AH

Plus

(Dentsply

De- Trey

GmbH, Konstanz,

Germany),

EndoSequence BC (Brasseler USA, Savannah, USA) or no sealer (negative control).
By the end of each experimental period, animals were randomly euthanized. The
samples were histologically processed and analyzed using a light microscope. The
presence of inflammatory cells, fibers, and hard tissue barrier formation was
evaluated. Data were analyzed statistically and group differences calculated using
SPSS statistical software (version 20.0, SPSS, Inc., Chicago, USA). Non-parametric
tests compared the differences between groups. Multiple groups were compared using
the Kruskal Wallis and Mann-Whitney U tests with a Bonferroni correction at p=0.05.
Results: The inflammatory response significantly decreased from 30 to 90 days. Fiber
condensation were similar among the groups at 07 and 30 days after intervention
(p>0.05). At 90 days, however, fibers were absent in most specimens of
EndoSequence BC Sealer, AH Plus, MTA Fillapex and control group, while were still
observed in samples of the modified sealers (p<0.05). At 90 days, all specimens of AH
Plus, EndoSequence BC Sealer and control group presented complete formation of
the hard tissue barrier. In the MTA Fillapex group, as well as in the modified sealers
groups partial deposition of mineralized tissue was noticed
Conclusion: The modification of MTA Fillapex can generate bone-compatibile
materials, however the EndoSequence BC sealer demonstrated the best biological
behavior among materials.

Key Words: Calcium silicate-based sealer, EndoSequence BC, iRoot SP, root canal
sealer, root canal filling material.
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Introduction
New bioceramic materials have been applied with endodontic purposes,
including several root repair cements and root canal sealers, which are also called
bioaggregates (1-4). Bioceramics, widely used in medicine and dentistry, are an
important class of biomaterials, receiving this name for their ceramic origin (5). They
are recognized by their biocompatibility and bioactivity, because the composition
incorporates ions such as Ca2+, K+, Mg2+ and Na+ (6-8). MTA Fillapex (Angelus,
Londrina, PR, Brazil) and EndoSequence BC Sealer (Brasseler USA, Savannah, GA,
USA) are examples of bioaggregates or bioceramics used for root canal filling (9,10).
MTA Fillapex had been developed to maintain the biological properties of the
aggregate whilst improving its physical and chemical characteristics (1,2,11,12).
However, biological studies have shown damage effects on subcutaneous connective
tissue (9,13) and bone tissue (14). Laboratory studies have demonstrated MTA
Fillapex is severely cytotoxic and genotoxic (4), with higher cytotoxicity than
conventional endodontic sealers, such as AH Plus (Dentsply De Trey Gmbh,
Konstanz, Germany) on human tooth germ stem cells (hTGSCs) (15). EndoSequence
BC Sealer was recently introduced, and it is a premixed ready-to-use injectable
bioceramic cement paste developed for permanent root canal filling and sealing
applications. This sealer exhibited adequate physical properties (16). Recently a
systematic review showed good physicochemical and biological properties compared
to conventional sealers (17).
It is imperative that endodontic materials have good biocompatibility to show
bioactive potential. The mechanism of repair stimulation by deposition of mineralized
tissue depends on pH and the ability to release Ca2+ (18). MTA Fillapex has
approximately 38,2% resin components (19), and also, low MTA content (13.2%).
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Thus, it is unable to release favorable levels of Ca2+ ions in order to provide the
biocompatibility (15).
The addition of calcium aluminate to MTA Fillapex may reduce the cytotoxic
effects of residual resin components, by means of increasing the chemical reaction of
hydration (20). Calcium-aluminate in contact with a wet environment leads to the
formation of the AH3 (Al2O3.3H2O) and C3AH6 (3CaO.Al2O3.6H2O) phases,
followed by precipitation of aluminate hydrates calcium (C-A-H) and aluminum
hydroxide (AH) due to saturation of the solution (21), associated with the release of
low amounts of Ca++, which maintains pH levels similar to those of human body
tissues (22), and leads to the formation of a carbonated apatite phase (23).
Through these findings, it is possible to notice that the biological behaviour of
MTA Fillapex could be improved. The aim of the present study was to evaluate the
bone tissue reactions to MTA Fillapex with and without the addition of calcium
aluminate (C3A) or calcium aluminate and silver (C3A+Ag), in different concentrations,
in the femurs of Wistar rats. The hypothesis tested is that the incorporation of C3A and
C3A+Ag particles to MTA Fillapex would improve the bone tissue repair.

Materials and Methods
Animals
The Research Ethics Committee for Animal Use of the Federal University of
Pelotas (Pelotas, Brazil) approved this study (protocol #4783)(Anexo A). All
procedures were carried out in accordance with institutional guidelines for animal care
and use.Wistar rats (Rattus norvegicus; age, 6 months; weight, ~ 230 g) were used in
this study.
Bone tissue reactions to different experimental groups were evaluated in 45 rats
after 3 experimental periods (7, 30, and 90 days; n = 5 per period). The composition of
the tested materials is shown in Table 1.
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The animals’ tails were marked for individual identification. The rats were
housed in plastic cages (two per cage) placed in ventilated racks (Alesco, Monte Mor,
SP, Brazil) at 22°C with a 12-h light⁄dark cycle (lights on at 7:00 am, off at 7:00 pm).
During the experiments, the rats were provided with a standard diet of rat chow
(Nuvilab, Colombo, PR, Brazil) and filtered water ad libitum.
Intervention
The methodology was adapted from Assmann et al. (14). Briefly, animals were
anesthetized with 0.008 mL/100 g ketamine (Virbac do Brasil Industria e Comércio
Ltda, São Paulo, SP, Brazil) and 0.004 mL/100 g 2% xylazine hydrochloride (Virbac do
Brasil Industria e Comércio Ltda). The right femur was used for intervention.
Trichotomy was performed, and the area was disinfected with alcohol iodine solution.
A 5-cm-long incision was made on the skin, tissues were separated by layers, and the
periosteum was incised with a scalpel. Three 2-mm-diameter cavities were prepared
on the cortical surface of the femur, approximately 6 mm apart from one another, with
a low-speed handpiece and a number 6 round steel bur (KG Sorensen, São Paulo,
São Paulo, Brazil) under constant irrigation with saline and aspiration.
The bur was positioned perpendicularly to the femur and triggered until reaching
the bone marrow. Surgical cavities were randomly designated to experimental groups
(Table 1), and negative control (empty cavity). Sealers were prepared according to the
manufacturers’ instructions and introduced into insulin syringes (Injex Indústria
Cirúrgica Ltda, Ourinhos, Brazil). A 0.2 mL aliquot of each sealer was immediately
inserted into the respective cavity. The wound was sutured in layers (Vicryl Ethicon;
Johnson & Johnson, São José dos Campos, SP, Brazil). The preparation of the
samples as well as the intervention was conducted by the same calibrated operator.
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After experimental procedures, animals were placed in individual cages until
their recovery from anesthesia. An opioid analgesic (50 mg/kg) (Tramal 50; Pfizer
Indústria Farcamcêutica, Guarulhos, Brazil) was injected intramuscularly.
Euthanasia
The animals were euthanized at 7, 30 and 90 days after intervention (n =
5/group at each time point). They were anesthetized with an intraperitoneal injection of
chloral hydrate (350 mg/kg) (Sigma Aldrich, St. Louis, USA), and physiological saline
(Sigma Aldrich, St. Louis, MI, USA), then 10% paraformaldehyde in 0.1 M phosphate
buffer (pH 7.4) (Sigma Aldrich, St. Louis, USA) was perfused transcardially. The
operated leg was disarticulated and dissected to isolate the femur. Then, with a lowspeed diamond disc (KG Sorensen, São Paulo, Brazil), the bone was transversally
sectioned to separate the region with the surgical cavities. Each fragment was
individually stored in 10% neutral-buffered formalin for 48 hours.
Histological processing and analysis
After fixation, the samples were decalcified with 10% nitric acid (Sigma Aldrich,
St. Louis, USA), which was stirred at room temperature for one week. The samples
were set in paraffin blocks and processed for histologic analysis. Sections with 5-mm
thickness were cut transversely to the long axis of the femur, mounted on slides, and
stained with hematoxylin-eosin (H&E). Slices were analyzed with a light microscope
(RM2235; Leica, São Paulo, Brazil), using 100, 200, and 400X magnification. The
repair process was analyzed according to histologic features by one previously
calibrated pathologist. The intra-examiner weighted Kappa was calculated for the
presence of inflammatory cells (k = 0.81, P < .001), fibers (k = 0.878, P < .001), and
hard tissue barrier formation (k = 1.00, P < .001). An experienced pathologist who was
blinded to sample group assignment performed histological evaluation.
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Cellular events and fiber condensation were analyzed qualitatively according to
the criteria described by Tavares et al (13). The cellular inflammatory component was
determined by the presence of neutrophils, lymphocytes, eosinophils, macrophages,
and giant cells. Hard tissue barrier formation was modified from Assman et al. (14)
criteria as follows: (1) absence: no hard tissue deposition on the cavity region, (2)
formation of immature bone tissue, beginning the process of linear closure of the
experimental defect, (3) partial: partial close of cavity by hard tissue deposition, (4)
complete: total close of cavity by hard tissue deposition.
Data were analyzed statistically and group differences calculated using SPSS
statistical software (version 20.0, SPSS, Inc., Chicago, USA). Non-parametric tests
compared the differences between groups. Multiple groups were compared using the
Kruskal Wallis and Mann-Whitney U tests with a Bonferroni correction at p=0.05.

Results
A total of seven samples were discarded due to failures in the histological
processing. The values obtained for all the histopathological events evaluated in each
time interval are presented in Table 2, Figures 1 and 2.
At 07 days macrophages were absent in all groups. Rare giant cells were
noticed in samples from MTA Fillapex + 10%C3A and MTA Fillapex +
10%(C3A+1%Ag). The acute inflammatory response, characterized by the presence
of neutrophils were significantly different among the groups (p=0.010). The addition of
silver particles scored higher for the presence of neutrophils, while they were mild or
moderate for AH Plus, MTA Fillapex and MTA Fillapex + 10% C3A groups, and absent
in most samples of EndoSequence BC Sealer. The presence of lymphocytes were
similar in all groups (p=0.114), but they were scored lower for EndoSequence BC
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Sealer group. Eosinophils were noticed only in the groups containing silver particles
(p=0.001) (Figure 3).
At 30 days, macrophages and eosinophils were absent in all groups. The
presence of giant cells occurred only in rare cases of MTA Fillapex + (C3A+5%Ag)
and MTA Fillapex + (C3A+1%Ag). Neutrophils were absent in most cases, however,
intense acute inflammatory response were still noticed in three cases of MTA Fillapex
(p=0.032).

The scores for chronic inflammatory reaction were also significantly

different at 30 days (p=0.002). Lymphocytes were absent in all samples of
EndoSequence BC Sealer group while they were still intense for MTA Fillapex. MTA
Fillapex modified by the addition of C3A and C3A+Ag particles, presented less chronic
inflammatory reaction at 30 days in comparison with the commercial material (Figure
4).
The inflammatory response significantly decreased from 30 to 90 days.
Macrophages, giant cells, neutrophils and eosinophils were absent in all groups
(p>0.05). Lymphocytes were absent in most cases when the commercial sealers were
used. However, in the groups containing C3A and C3A+Ag particles, the presence of
lymphocytes was mostly mild or moderate. Fiber condensation were similar among
the groups at 07 and 30 days after intervention (p>0.05). At 90 days, however, fibers
were absent in most specimens of EndoSequence BC Sealer, AH Plus, MTA Fillapex
and control group, while were still observed in samples of the modified sealers
(p=0.002) (Figure 5).
Comparison among periods showed that at 7 days all groups presented less
deposition of the hard tissue barrier than at 30 and 90 days (p<0.001). In the period of
7 days, the formation of immature bone tissue was observed in all groups, beginning
the process of linear closing of the experimental defect (p=0.246). In EndoSequence
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BC Sealer group, the barrier was completed in most specimens at 30 days after the
intervention, while the deposition of hard tissue was linear and partial in the other
groups (p=0.028). At 90 days, all specimens of AHPlus, EndoSequence BC Sealer
and control group presented complete formation of the hard tissue barrier. Only some
specimens from MTA Fillapex group, as well as the modified sealers groups,
presented partial deposition of mineralized tissue (p=0.469).

Discussion
This is the first study in the literature to report bone tissue reactions to MTA
Fillapex with and without the addition of C3A or C3A+Ag in differents concentrations,
in the femurs of Wistar rats. The present investigation showed that all tested materials
enabled osseous repair after 90 days. The hypothesis tested, that the incorporation of
C3A and C3A+Ag particles to MTA Fillapex would improve the bone tissue repair, was
partialliy accepted.
Acute and chronic inflammatory responses were significantly lower in the
EndoSequence BC sealer group. Also, the addition of C3A, as well as C3A+Ag
reduced the inflamatory reaction to MTA Fillapex. At 30 days the commercial material
presented greater intensity of neutrophils and lymphocytes, whereas in the material
with added particles the presence of these cells was more discrete. In the present
study, it was observed the reparative capacity of these modified materials, this fact
may be explained by the fact that the MTA Fillapex modified by the addition of ceramic
particles is capable of maintaining a pH of around 9.0 (17), similar to that of
conventional MTA, which makes the medium favorable to tissue repair (22).
When a calcium aluminate material based comes into contact with water, the
anhydrous phases of calcium aluminate becomes dissociated and release calcium and
hydroxyl ions into the medium (23). This dissolution is continuous until the medium
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becomes saturated with the concentration of these ions, initiating their precipitation in
the form of calcium aluminate hydrates by means of the mechanisms of nucleation and
growth (24). The precipitation of hydrated cement particles decreases the
concentration of ions in the solution to lower levels than the condition of saturation,
allowing the dissociation and formation of anhydrous phases. This fact results in a
continuous process of dissolution/precipitation until the majority of or the entire
anhydrous phase undergoes reaction, prolonging the release of calcium ions and
increasing the reparative capacity induced by the cement (25). This continuous
release of calcium ions leads to a gradual increase in the pH of the medium over time
(17,20). Due to this fact, it was possible to observe a larger number of osteogenic cells
acting in linear closure of the bone cavities in the present research, with the formation
of more mineral tissue at 7 and 30 days.
In the present study, sealers were injected directly in the bone cavity to simulate
overflow of endodontic sealers to the periapical region. According to Figueiredo et al
(26), depositing the samples with the use of needles and pistons appears to be the
best way to simulate a clinical situation in which there is direct contact with the tissues.
Features evaluated below the bone cavities (i.e., inflammatory response, fiber
condensation, and formation of the hard tissue barrier) are related to healing and
regeneration of bone tissue. In all groups, the inflammatory response showed main
acute

characteristics

(neutrophils

infiltrate)

at

7

days,

becoming

chronic

(lymphocytes/plasmocytes infiltrate) by 30 days and predominantly absent at 90 days.
Histologic analysis is a gold standard for evaluating dental and bone tissues;
however, this methodology does not fully allow the appreciation of three-dimensional
changes in the defect volume, as seen by using micro–computed tomography analysis
(20). To compensate for this technical deficiency, in the present study several slides
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from the same block were evaluated to ensure better and more reliable analysis of the
histopathologic findings in the different tissue layers, as well as to quantify more
accurately the neoformed bone tissue.
At 7 days, the presence of silver (1% and 5%) in C3A was related to the
presence of rare eosinophils. In a parallel study (data not shown) that tested
antimicrobial properties of the same modified sealers, silver containing materials
showed great antimicrobial properties up to 15 days. This effect was not observed in
further experimental times. Therefore, in the same period the material is able to kill
bacteria, it is possibly able to induce allergic reaction. As the material loses the
antimicrobial property, it also becomes non-allergenic, considering that there was no
longer the presence of eosinophils at 30 and 90 days; probably the silver stops acting.
In all conditions, the EndoSequence BC Sealer was the most biocompatible,
among the materials tested. Recent studies have confirmed that EndoSequence BC
Sealer is cytocompatible (27,28). This sealer contains calcium silicate and is described
by the manufacturer as a bioceramic material, i.e., a ceramic product or component
with osteoinductive properties used in medical and dental applications, mainly as
implants and replacements (27). Being hydrophilic, EndoSequence BC Sealer uses
moisture within the root canal to complete the setting reaction. Moisture facilitates the
hydration reactions of calcium silicates to produce calcium silicate hydrogel and
calcium hydroxide, which partially reacts with the phosphate to form hydroxyapatite
and water (29).
Fiber condensation were observed in most specimens throughout the
evaluation periods, in all groups. This event however was less frequently observed in
EndoSequence BC Sealer group. According to Assmann et al. (14), it is possible to
infer that the organic response was able to limit the foreign agent, enabling bone
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repair, and EndoSequence BC Sealer does not provoque this type of reaction.
Considering hard tissue barrier formation, all groups presented similar hard tissue
deposition in the access cavity at 90 days, with most specimens presenting complete
barrier formation.
In EndoSequence BC Sealer group, however, the barrier was complete in most
specimens already at 30 days after the intervention, demonstrating the high
biocompatibility and osteinduction of the ceramic sealer.
Conclusion
All the tested sealers permited the repair of the bone tissue, with inflammatory
response decreasing over the time. Nevertheless, acute and chronic inflammatory
responses were lower in the EndoSequence BC sealer group, and in groups in which
ceramic particles were added to MTA Fillapex.
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Table 1 Composition of the materials and their manufacturers
Material

Composition

MTA Fillapex (Angelus, Londrina, PR,

Components after mixture: resins (salicylate, diluting, natural),

Brazil)

radiopaque bismuth, nanoparticulated silica, mineral trioxide
aggregate, pigments

AH Plus (Dentsply De Trey Gmbh,

Epoxy paste: diepoxy, calcium tungstate, zirconium oxide,

Konstanz, Germany)

aerosol, and dye.
Amine

paste:

1-adamantane

oxanonandiamine-1,9,

amine,

TCD-diamine,

N.N’dibenzyl-5

calcium

tungstate,

calcium

phosphate

zirconium oxide, aerosol, and silicon oil.
EndoSequence BC Sealer (Brasseler

Zirconium

oxide,

calcium

silicates,

USA, Savannah, GA, USA)

monobasic, calcium hydroxide, filler and thickening agents.

MTA Fillapex + 10% C3A

Commercial material + 10%wt of C3A

MTA Fillapex + 10% (C3A+1%Ag)

Commercial material + 10%wt of (C3A+1%Ag)

MTA Fillapex + 10% (C3A+5%Ag)

Commercial material + 10%wt of (C3A+5%Ag)
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Table 2 – Absolute frequencies for cellular events of histologic reaction according to different groups and periods of evaluation.
Time

Material

Neutrophils

Lymphocytes

Eosinophils

Absent Rare Moderate Intense Absent Rare Moderate Intense

7 days

Absent

Rare

EndoSequence BC Sealer

4

1

0

0

0

5

0

0

5

0

AH Plus

0

2

2

1

1

0

4

0

5

0

MTA Fillapex

0

3

2

0

0

2

3

0

5

0

MTA Fillapex + 10% C3A

0

3

2

0

0

2

3

0

5

0

MTA Fillapex + 10% (C3A + 5%Ag)

0

0

2

3

0

0

5

0

2

3

MTA Fillapex + 10% (C3A + 1%Ag)

1

0

2

2

0

2

3

0

1

4

Control group

0

2

1

3

0

2

4

0

6

0

P value

.010

.114

.001

EndoSequence BC Sealer

4

0

0

0

4

0

0

0

4

0

AH Plus

3

0

0

0

0

2

0

1

3

0

MTA Fillapex

2

0

0

3

0

0

0

5

5

0

5

0

0

0

0

1

4

0

5

0

MTA Fillapex + 10% (C3A + 5%Ag)

5

0

0

0

1

1

3

0

5

0

MTA Fillapex + 10% (C3A + 1%Ag)

5

0

0

0

0

5

0

0

5

0

Control group

3

0

1

0

0

1

1

2

4

0

30 days MTA Fillapex + 10% C3A

P value

.032

1.000

.002

EndoSequence BC Sealer

4

0

0

0

3

1

0

0

4

0

AH Plus

5

0

0

0

4

1

0

0

5

0

MTA Fillapex

5

0

0

0

3

1

1

0

5
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Figure 1 – Distribution of scores for fibers condensation according to different
groups and periods of evaluation.
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Figure 2 - Distribution of scores for hard tissue deposition according to different
groups and periods of evaluation.
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Figure 3 – Tissue reaction to sealers at 7 days: (A) EndoSequence BC Sealer absence of fibers and inflammatory reaction; intense immature hard tissue
deposition in contact with the sealer (100x); (B) AH Plus - presence of
lymphocytes in the fiber capsule in contact with the sealer and immature hard
tissue deposition (400x) ; (C) MTA Fillapex – thick layer of fibers and moderate
chronic inflammatory reaction (400x); (D) MTA Fillapex + 10%C3A – surgical
cavity filled with medular tissue, fibrous capsule and immature hard tissue in
contact with the material (40x); (E) MTA Fillapex + 10%C3A – fibrous capsule
with moderate presence of lymphocytes (400X); (F) MTA Fillapex +
10%(C3A+1%Ag) - surgical cavity filled with medular tissue, fibrous capsule and
immature hard tissue in contact with the material (40x); (G) MTA Fillapex +
10%(C3A+5%Ag) – fibrous capsule with moderate chronic inflammatory
infiltrate and presence of giant cells (400x); (H) MTA Fillapex +
10%(C3A+5%Ag) – fibrous capsule with intense chronic inflammatory infiltrate
and mild occurrence of eosinophils (400x); (I) Control group - surgical cavity
presenting a fibrous capsule with inflammatory tissue and a necrosis layer
(40x).
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Figure 4 - Tissue reaction to sealers at 30 days: (A) EndoSequence BC Sealer complete hard tissue barrier and absence of inflammatory reaction (40x); (B)
AH Plus – surgical cavity filled a thin fibrous capsule, and partial deposition of
hard tissue barrier (100x) ; (C) MTA Fillapex – surgical cavity filled with medular
tissue, fibrous capsule and intense inflammatory reaction in contact with the
sealer (40x); (D) MTA Fillapex – intense inflammatory reaction in the central
area of the surgical cavity; presence of neutrophyles and lymphocytes (400x);
(E) MTA Fillapex + 10%C3A – bone cavity filled with the sealer, circundated by
a thin fibrous capsule and partial hard tissue barrier (100X); (F) MTA Fillapex +
10%(C3A+1%Ag) – partial hard tissue deposition in the area subjacent to the
sealer (100x); (G) MTA Fillapex + 10%(C3A+5%Ag) – surgical cavity filled with
the modified material, circundated by a thin fibrous capsule and partial hard
tissue deposition (40x); (H) Control group – deposition of hard tissue in isolated
areas of surgical cavity (400x).
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Figure 4 - Tissue reaction to sealers at 90 days: absence of macrophages, giant
cells, neutrophils ans eosinophils in all experimental groups. The hard tissue
barrier were complete in most samples (A, B, C, G, H). Partial closure was
noticed in some samples of MTA Fillapex and in modified sealers (D, E, F). (A)
EndoSequence BC Sealer (40x); (B) complete barrier adjacent to
EndoSequence BC Sealer (400x); (C) AH Plus (40x); (D) MTA Fillapex (40x);
(E) MTA Fillapex + 10%C3A (100X); (F) MTA Fillapex + 10%(C3A+1%Ag)
(100x); (G) MTA Fillapex + 10%(C3A+5%Ag) (40x); (H) Control group –
deposition of complete hard tissue barrier closing the surgical cavity (400x).

5 Considerações Finais

Respeitadas as limitações do presente estudo, é importante ressaltar os
seguintes achados:
•

Apesar da falta de ensaios clínicos bem desenhados e de longo prazo,
os

cimentos

biocerâmicos

pré-misturados

apresentam

boas

propriedades físico-químicas e biológicas.
•

Em geral, os resultados referentes aos cimentos biocerâmicos foram
semelhantes

ou

melhores

do

que

os

cimentos

endodônticos

convencionais, conforme observado em estudos in vitro e em animais
incluídos na revisão sistemática.
•

Foi possível obter com sucesso partículas de aluminato de cálcio (C3A)
puro e aluminato de cálcio e prata (Ag), através do método do precursor
polimérico, sendo estas adequadas para utilização como biomateriais.

•

Confirmou-se uma única fase C3A (Ca3Al2O6) para as partículas puras
de C3A, enquanto a presença de Ag gerou um sistema complexo
polifásico.

•

As propriedades físico-químicas do cimento à base de MTA não foram
afetadas dramaticamente pela incorporação de partículas de C3A e
C3A+Ag.
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•

Houve melhoria do efeito antimicrobiano do cimento à base de MTA
contendo partículas de C3A, assim como a inibição do biofilme foi menor
do que o esperado quando na presença de Ag.

•

A liberação de íons cálcio foi melhorada com a incorporação das
partículas ao cimento à base de MTA.

•

A incorporação de partículas de C3A e C3A+Ag melhorou a resposta
tecidual do material à base de MTA (biocompatibilidade), diminuindo a
reação inflamatória e induzindo com sucesso o reparo ósseo em 90 dias.
Desta forma, a incorporação de aluminato de cálcio e prata a um

material à base de MTA pode ser promissora. Futuras pesquisas com
maiores concentrações de C3A e Ag precisam ser consideradas para
avaliação das propriedades físico-químicas e biológicas de cimentos
obturadores de condutos radiculares.

Referências

ALANEZI, A.Z.; JIANG, J.; SAFAVI, K.E.; SPANGBERG, L.S.; ZHU, Q.
Cytotoxicity evaluation of endosequence root repair material. Oral Surgery,
Oral Medicine, Oral Pathology, Oral Radiology, and Endodontology, v. 109,
n. 3, p. 122-105, 2010.
ALT, C.; WONG, L.; PARR, C. Measuring castable rheology by exothermic
profile. Refract. Appl. News, v. 8, n. 2, p. 15-18, 2003.

ALMEIDA, L.H.S.; MORAES, R.R.; MORGENTAL, R.D.; PAPPEN, F.G. Are
premixed calcium silicate-based endodontic sealers comparable to conventional
materials? A systematic review of in vitro studies. Journal of Endodontics,
2017.
AMERICAN NATIONAL STANDARDS/ AMERICAN DENTAL ASSOCIATION.
ANSI/ADA. Specification no 57: Endodontic sealing material. Chicago:
American National Standards/ American Dental Association; 2000.

AMIN, S.A.; SEYAM, R.S.; EL-SAMMAN, MA. The effect of prior calcium
hydroxide intracanal placement on the bond strength of two calcium silicatebased and an epoxy resin-based endodontic sealer. Journal of Endodontics,
v. 38, n. 5, p. 696-699, 2012.
AMINOV, L.; VATAMAN, M.; MAXIM, D.C.; SALCEANU, M.; SURLIN, P.;
CHECHERITA, L.E. Comparative biochemical evaluation of Ca, P and Mg, after
subcutaneous implantation of some biomaterials used in endodontic treatment
in prosthetics purpose. Materiale Plastice, v. 51, n. 3, p. 246-251, 2014.

ASSMANN, E.; BOTTCHER, D.E.; HOPPE, C.B.; GRECCA, F.S.; KOPPER,
P.M. Evaluation of bone tissue response to a sealer containing mineral trioxide
aggregate. Journal of Endodontics, v. 41, n. 1, p. 62-66, 2015.

106
BAHADOR, A.; POURAKBARI, B.; BOLHARI, B.; HASHEMI, F.B. In vitro
evaluation of the antimicrobial activity of nanosilver-mineral trioxide aggregate
against frequent anaerobic oral pathogens by a membrane-enclosed immersion
test. Biomedical journal, v. 38, n. 1, p. 77, 2015.

BJARNSHOLT, T.; KIRKETERP‐MØLLER, K.L.; KRISTIANSEN, S.; PHIPPS,
R.; NIELSEN, A.K.; JENSEN, P.Ø.; HØIBY, N.; GIVSKOV, M. Silver against
Pseudomonas aeruginosa biofilms. Apmis, v. 115, n. 8, p. 921-928, 2007.

BIN, C.V.; VALERA, M.C.; CAMARGO, S.E.; RABELO, S.B.; SILVA, G.O.;
BALDUCCI, I.; CAMARGO, CH. Cytotoxicity and genotoxicity of root canal
sealers based on mineral trioxide aggregate. Journal of endodontics, v. 38, n.
4, p.495-500, 2012.

BIOCERAMICS. 2010. In: Encyclopaedia Britannica Available at: http://www.
britannica.com/EBchecked/topic/65775/bioceramics [Cited 10 Nov 2010].

BONSON, S.; JEANSONNE, B.G.; LALLIER, T.E. Root-end filling materials
alter fibroblast differentiation. Journal of Dental Research, v. 83,n. 5, p. 408413, 2004.

BORGES, R.P.; SOUSA-NETO, M.D.; VERSIANI, M.A.; RACHED-JÚNIOR,
F.A.; DE-DEUS, G.; MIRANDA, C.E.; PÉCORA,J.D. Changes in the surface of
four calcium silicate-containing endodontic materials and an epoxy resin-based
sealer after a solubility test. International Endodontic Journal, v. 45, n. 5, p.
419-428, 2012.
BÓSIO, C.C.; FELIPPE, G.S.; BORTOLUZZI, E.A.; FELIPPE, M.C.; FELIPPE,
W.T.; RIVERO, E.R. Subcutaneous connective tissue reactions to iRoot SP,
mineral trioxide aggregate (MTA) Fillapex, DiaRoot BioAggregate and MTA.
International Endodontics Journal, v. 47, n. 7, p. 667-674, 2014.

CANDEIRO, G.T.; CORREIA, F.C.; DUARTE, M.A.; RIBEIRO-SIQUEIRA, D.C.;
GAVINI, G. Evaluation of radiopacity, pH, release of calcium ions, and flow of a
bioceramic root canal sealer. Journal of Endodontics, v. 38, n. 6, p. 842-845,
2012.

CANDEIRO, G.T.; MOURA-NETTO, C.; D'ALMEIDA-COUTO, R.S.;
AZAMBUJA-JUNIOR, N.; MARQUES, M.M.; CAI, S.; GAVINI, G. Cytotoxicity,
genotoxicity and antibacterial effectiveness of a bioceramic endodontic sealer.
International Endodontics Journal, doi: 10.1111/iej.12523. [Epub ahead of
print], 2015.

107

CARVALHO-JUNIOR, J.R.; CORRER-SOBRINHO, L.; CORRER, A.B.;
SINHORETI, M.A.; CONSANI, S.; SOUSA-NETO, M.D. Radiopacity of root
filling materials using digital radiography. International Endodontics Journal,
v. 40, n. 7, p. 514-520, 2007.

CAVA, S.; TEBCHERANI, S.M.; SOUZA, I.A.; PIANARO, S.A.; PASKOCIMAS,
C.A.; LONGO, E.; VARELA, J.A. Structural characterization of phase transition
of Al 2 O 3 nanopowders obtained by polymeric precursor method. Materials
Chemistry and Physics, v. 103, n. 2, p. 394-399, 2007.

CHANG, S.W.; LEE, S.Y.; KANG, S.K.; KUM, K.Y.; KIM, E.C. In vitro
biocompatibility, inflammatory response, and osteogenic potential of 4 root
canal sealers: Sealapex, Sankin apatite root sealer, MTA Fillapex, and iRoot SP
root canal sealer. Journal of Endodontics, v. 40, n. 10, p. 1642-1648, 2014.

CHAVEZ DE PAZ, L.E. Image analysis software based on color segmentation
for characterization of viability and physiological activity of biofilms. Applied
and Environmental Microbiology, v. 75, n. 6, p. 1734-1739, 2009.

CHEN, S.; GURURAJ, S.; XIA, W.; ENGQVIST, H. Synthesis of Ag doped
calcium phosphate particles and their antibacterial effect as additives in dental
glass ionomer cements. Journal of Materials Science: Materials in Medicine,
v. 27, n. 11, p. 172, 2016.

COCCO, A.R.; DA ROSA, W.L.; DA SILVA, A.F.; LUND, R.G.; PIVA, E. A
systematic review about antibacterial monomers used in dental adhesive
systems: Current status and further prospects. Dental Materials, v. 31, n. 11, p.
1345-1362, 2015.
DAMAS, B.A.; WHEATER, M.A.; BRINGAS, J.S.; HOEN, M.M. Cytotoxicity
comparison of mineral trioxide aggregates and EndoSequence bioceramic root
repair materials. Journal of Endodontics, v. 37, n. 3, p. 372-375, 2011.

DE-DEUS, G.; CANABARRO, A. Strength of recommendation for single-visit
root canal treatment: grading the body of the evidence using a patient-centered
approach. International Endodontics Journal, 2016.
Dorozhkin, SV. Calcium orthophosphates. Journal of Materials Science, v. 42,
n. 4, p.1061-1095, 2007.

108

DU, T.; WANG, Z.; SHEN, Y.; MA, J.; CAO, Y.; HAAPASALO, M. Combined
antibacterial effect of sodium hypochlorite and root canal sealers against
Enterococcus faecalis biofilms in dentin canals. Journal of Endodontics, v. 41,
n. 8, p. 1294-1298, 2015.
DUBOK, V.A. Bioceramics―Yesterday, Today, Tomorrow. Powder Metallurgy
and Metal Ceramics, v. 39, n. 7-8, p. 381-194, 2000.

EDWARDS‐JONES V. The benefits of silver in hygiene, personal care and
healthcare. Letters in applied microbiology, v. 49, n. 1, p. 147-152, 2009.

ERSAHAN, S.; AYDIN, C. Dislocation resistance of iRoot SP, a calcium silicate
based sealer, from radicular dentine. Journal of Endodontics, v. 36, n. 12, p.
2000-2002, 2010.

ERSAHAN, S.; AYDIN, C. Solubility and apical sealing characteristics of a new
calcium silicate-based root canal sealer in comparison to calcium hydroxide-,
methacrylate resin- and epoxy resin-based sealers. Acta Odontolologica
Scandinavica, v. 71, n. 3-4, p. 857-862, 2013.

FARIA-JUNIOR, N.B.; TANOMARU-FILHO, M.; BERBERT, F.L.; GUERREIROTANOMARU, J.M. Antibiofilm activity, pH and solubility of endodontic sealers.
International Endodontic Journal, v. 46, n. 8, p. 755-762, 2013.

FIGUEIREDO, J.A.; PESCE, H.F.; GIOSO, M.A.; FIGUEIREDO, M.A. The
histological effects of four endodontic sealers implanted in the oral mucosa:
submucous injection versus implant in polyethylene tubes. International
Endodontic Journal, v. 34, n. 5, p. 377-385, 2001.

GADE, V.J.; BELSARE, L.D.; PATIL, S.; BHEDE, R.; GADE, J.R. Evaluation of
push-out bond strength of endosequence BC sealer with lateral condensation
and thermoplasticized technique: An in vitro study. Journal of Conservative
Dentistry, v. 18, n. 2, p.124-127, 2015.

GANDOLFI, M.G.; PERUT, F.; CIAPETTI, G.; MONGIORGI, R.; PRATI, C. New
Portland cement-based materials for endodontics mixed with articaine solution:
a study of cellular response. Journal of Endodontics, v. 34, n. 1, p. 39–44,
2008a.

109
GANDOLFI, M.G.; PRATI, C. MTA and F-doped MTA cements used as sealers
with warm gutta-percha. Long-term study of sealing ability. International
Endodontic Journal, v. 43, n. 10, p. 889-901, 2010b.

GANDOLFI, M.G.; PAGANI, S.; PERUT, F.; CIAPETTI, G.; BALDINI, N.;
MONGIORGI, R.; PRATI, C. Innovative silicate-based cements for endodontics:
a study of osteoblast-like cell response. Journal of Biomedical Materials
Research, v. 87, n. 2, p. 477–86, 2008b.

GANDOLFI, M.G.; CIAPETTI, G.; PERUT, F.; TADDEI, P.; MODENA, E.;
ROSSI, P.L.; PRATI, C. Biomimetic calcium-silicate cements aged in simulated
body solutions. Osteoblast response and analyses of apatite coating. Journal
of Applied Biomaterial and Biomechanics, v. 7, n. 3, p. 160–70, 2009.
GANDOLFI, M.G.; CIAPETTI, G.; TADDEI, P.; PERUT, F.; TINTI, A.;
CARDOSO, M.V.; VAN MEERBEEK, B.; PRATI, C. Apatite formation on
bioactive calcium-silicate cements for dentistry affects surface topography and
human marrow stromal cells proliferation. Dental Materials, v. 26, n. 10, p.
974–92, 2010a.

GANDOLFI, M.G.; SHAH, S.N.; FENG, R.; PRATI, C.; AKINTOYE, S.O.
Biomimetic calcium-silicate cements support differentiation of human orofacial
bone marrow stromal cells. Journal of Endodontics, v. 37, n. 8, p.1102–1108,
2011.

GARCIA, L.D.; ROSSETTO, H.L.; PIRES-DE, F.D. Shear bond strength of
novel calcium aluminate-based cement (EndoBinder) to root dentine. European
Journal of Dentistry, v. 8, n. 4, p. 498, 2014.

GARCIA, L.F.R.; HUCK, C.; SCARDUELI, C.R.; COSTA, C.A.S. Repair of Bone
Defects Filled with New Calcium Aluminate Cement (EndoBinder). Journal of
Endodontics, v. 41, n. 6, p. 864-870, 2015.

GARRIDO, A.D.; LIA, R.C.; FRANCA, S.C.; DA SILVA, J.F.; ASTOLFI-FILHO,
S.; SOUSA-NETO, M.D. Laboratory evaluation of the physicochemical
properties of a new root canal sealer based on Copaiferamultijuga oil-resin.
International Endodontic Journal, v. 43, n. 4, p. 283–291, 2010.

GOMES-FILHO, J.E.; SILVA, F.O.; WATANABE, S.; CINTRA, L.T.; TENDORO,
K.V.; DALTO, L.G.; PACANARO, S.V.; LODI, C.S.; DE MELO, F.F. Tissue
reaction to silver nanoparticles dispersion as an alternative irrigating solution.
Journal of Endodontics, v. 36, n. 10, p. 1698-1702, 2010.

110

GOMES-FILHO, J.E.; WATANABE, S.; LODI, C.S.; CINTRA, L.T.; NERY, M.J.;
FILHO, J.A.; DEZAN, E. JR.; BERNABÉ, P.F. Rat tissue reaction to MTA
FILLAPEX®. Dental Traumatology, v. 28, n. 6, p. 452-456, 2012.

GOU, Z.; CHANG, J. Synthesis and in vitro bioactivity of dicalcium silicate
powders. Journal of the European Ceramic Society, v. 24, n. 1, p. 93-99,
2004.

GUERREIRO-TANOMARU, J.M.; DE FARIA-JÚNIOR, N.B.; DUARTE, M.A.;
ORDINOLA-ZAPATA, R.; GRAEFF, M.S.; TANOMARU-FILHO, M. Comparative
analysis of Enterococcus faecalis biofilm formation on different substrates.
Journal of Endodontics, v. 39, n. 3, p. 346-350, 2013.

GROSSMAN, LI; Endodontic Practice, 10 ed. Philadelphia: Henry Kimpton
Publishers; 1981.297p

GRUNDLING, G.L.; ZECHIN, J.G.; JARDIM, W.M.; DE OLIVEIRA, S.D.; DE
FIGUEIREDO, J.A. Effect of ultrasonics on Enterococcus faecalis biofilm in a
bovine tooth model. Journal of Endodontics, v. 37, n. 8, p. 1128-1133, 2011.
GÜVEN, E.P.; YALVAÇ, M.E.; KAYAHAN, M.B.; SUNAY, H.; ŞAHIN, F.;
BAYIRLI, G. Human tooth germ stem cell response to calcium-silicate based
endodontic cements. Journal of Applied Oral Science, v. 21, n. 4, p. 351-357,
2013.

HAKKI, S.S.; OZCOPUR, B.; PRATI, C.; BOZKURT, B.S.; GANDOLFI, M.G.;
BELLI, S. The response of cementoblasts to calcium phosphate resin-based
and calcium silicate-based commercial sealers. International Endodontic
Journal, v. 46, n. 3, p. 242 -252, 2013.

HESS, D.; SOLOMON, E.; SPEARS, R.; HE, J. Retreatability of a bioceramic
root canal sealing material. Journal of Endodontics, v. 37, n. 11, p. 15471549, 2011.

HIGGINS, J.P.T.; GREEN, S. Cochrane hand book for systematic review
sofinter-ventions, version 5.1.0. Cochrane Library; 2011;www.cochranehandbook.org.
INTERNATIONAL ORGANIZATION FOR STANDARDIZATION. ISO-6876.
Dental root canal sealing materials. Geneva: ISO; 2012.

111

JAFARI, F.; KAFIL, H.S.; JAFARI, S.; AGHAZADEH, M.; MOMENI, T.
Antibacterial Activity of MTA Fillapex and AH 26 Root Canal Sealers at Different
Time Intervals. Iranian Endodontic Journal, v. 11, n. 3, p. 192, 2016.

KALITA, S.J.; BHARDWAJ, A.; BHATT, H.A. Nanocrystalline calcium
phosphate ceramics in biomedical engineering. Materials Science and
Engineering, v. 27, n. 3, p. 441-449, 2007.

KIM, T.G.; LEE, Y.H.; LEE, N.H.; BHATTARAI, G.; LEE, I.K.; YUN, B.S.; YI,
H.K. The antioxidant property of pachymic acid improves bone disturbance
against AH plus-induced inflammation in MC-3T3 E1 cells. Journal of
Endodontics, v. 39, n. 4, p. 461-466, 2013.

KOCH, K.; BRAVE, D. Bioceramic technology: the game changer in
endodontics. Endodontic Practice, v. 2, p. 17-21, 2009.

KOHN, D.H.; DUCHEYNE, P. Materials for bone and joint replacement.
Materials science and technology, DOI:
10.1002/9783527603978.mst0161,1992.

KOKUBO, T.; YAMAGUCHI, S. Novel bioactive titanate layers formed on Ti
metal and its alloys by chemical treatments. Materials, v. 3, n. 1, p. 48-63.

LOUSHINE, B.A.; BRYAN, T.E.; LOONEY, S.W.; GILLEN, B.M.; LOUSHINE,
R,J.; WELLER, R.N. Setting properties and cytotoxicity evaluation of a premixed
bioceramic root canal sealer. Journal of Endodontics, v. 37, n. 5, p. 673677,2011.
LUZ, A.P.; PANDOLFELLI, V.C. CaCO 3 addition effect on the hydration and
mechanical strength evolution of calcium aluminate cement for endodontic
applications. Ceramics International, v. 38, n. 2, p. 1417-1425, 2012.

MA, J.; SHEN, Y.; STOJICIC, S.; HAAPASALO, M. Biocompatibility of two novel
root repair materials. Journal of Endodontics, v. 37, n. 6, p. 793-798, 2011.

MOHER, D.; LIBERATI, A.; TETZLAFF, J.; ALTMAN, D.G.; PRISMA Group.
Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The
PRISMA Statement. PLoS Medicine, v. 6, n. 7, p. e1000097, 2009.

112

MOHAMMADI, Z.; ABBOTT, P.V. The properties and applications of
chlorhexidine in endodontics. International Endodontic Journal, v. 42, n. 4, p.
288-302, 2009.

MOINZADEH, A.T.; PORTOLES, C.A.; WISMAYER, P.S.; CAMILLERI, J.
Bioactivity Potential of EndoSequence BC RRM Putty. Journal of
Endodontics, v. 42, n. 4, p. 614-621, 2016.

MORGENTAL, R.D.; VIER-PELISSER, F.V.; OLIVEIRA,S.D.; ANTUNES, F.C.;
COGO, D.M.; KOPPER, P.M. Antibacterial activity of two MTA-based root canal
sealers. International Endodontic Journal, v. 44, n. 12, p. 1128-1133, 2011.

NAGAS, E.; UYANIK, M.O.; EYMIRLI, A.; CEHRELI, Z.C.; VALLITTU, P.K.;
LASSILA, L.V, DUMAZ, V. Dentin moisture conditions affect the adhesion of
root canal sealers. Journal of Endodontics, v. 38, n. 2, p. 240-244, 2012.

NAGAS, E.; CEHRELI, Z.; UYANIK, M.O.; DURMAZ, V. Bond strength of a
calcium silicate-based sealer tested in bulk or with different main core materials.
Brazilian Oral Research, v. 28, n. 1, p. 1-7, 2014.

NI, S.; CHANG, J.; CHOU, L.; ZHAI, W. Comparison of osteoblast‐like cell
responses to calcium silicate and tricalcium phosphate ceramics in vitro.
Journal of Biomedical Materials Research Part B: Applied Biomaterials, v.
80, n. 1, p. 174-183, 2007.
OGLIARI, F. A.; PIVA, E.; DOS SANTOS, V.; ALCÂNTARA, R. Q. M.;
BELLINATI, C. E. U.S. Patent No. 8,835,527. Washington, DC: U.S. Patent and
Trademark Office, 2014.

OKABE, T.; SAKAMOTO, M.; TAKEUCHI, H.; MATSUSHIMA, K. Effects of pH
on mineralizationability of human dental pulp cells. Journal of Endodontics, v.
32, n. 3, p. 198-201, 2006.

OLIVEIRA, A.C.; TANOMARU, J.M.; FARIA-JUNIOR, N.; TANOMARU-FILHO,
M. Bacterial leakage in root canals filled with conventional and MTA-based
sealers. International Endodontic Journal, v. 44, n. 4, p. 370-375, 2011.

OLIVEIRA, I.R.; PANDOLFELLI, V.C.; JACOBOVITZ, M. Chemical, physical
and mechanical properties of a novel calcium aluminate endodontic cement.
International Endodontic Journal, v. 43, n. 12, p. 1069-1076, 2010.

113

ORDINOLA‐ZAPATA, R.; BRAMANTE, C.M.; CAVENAGO, B.; GRAEFF, M.S.;
GOMES DE MORAES, I.; MARCIANO, M.; DUARTE, M.A. Antimicrobial effect
of endodontic solutions used as final irrigants on a dentine biofilm model.
International Endodontic Journal, v. 45, n. 2, p. 162-168, 2012.

OLIVEIRA, I.R.; ANDRADE, T.L.; JACOBOVITZ, M.; PANDOLFELLI, V.C.
Bioactivity of calcium aluminate endodontic cement. Journal of Endodontics,
v. 39, n. 6, p. 774-778, 2013.
ØRSTAVIK, D. Materials used for root canal obturation: technical, biological and
clinical testing. Endodontic Topics, v. 12, n. 1, p. 25-38, 2005.

OZCAN, E.; YULA, E.; ARSLANOGLU, Z.; INCI, M. Antifungal activity of several
root canal sealers against Candida albicans. Acta Odontolologica
Scandinavia, v. 71, n. 6, p. 148-1485, 2013.
OZKOCAK, I.; SONAT, B. Evaluation of Effects on the Adhesion of Various
Root Canal Sealers after Er:YAG Laser and Irrigants Are Used on the Dentin
Surface. Journal of Endodontics, v. 41, n. 8, p. 1331-1336, 2015.

PARIROKH, M.; TORABINEJAD, M. Mineral trioxide aggregate: a
comprehensive literature review--Part I: chemical, physical, and antibacterial
properties. Journal of Endodontics, v. 36, n. 1, p. 16-27, 2010.

PIRES-DE-SOUZA, F.D.; MORAES, P.C.; GARCIA, L.D.; AGUILAR, F.G.;
WATANABE, E. Evaluation of pH, calcium ion release and antimicrobial activity
of a new calcium aluminate cement. Brazilian Oral Research, v. 27, n. 4, p.
324-330, 2013.

RASHID, F.; SHIBA, H.; MIZUNO, N.; MOURI, Y.; FUJITA, T.; SHINOHARA,
H.; OGAWA, T.; KAWAGUCHI, H.; KURIHARA, H. The effect of extracellular
calcium ion on gene expression of bone-related proteins in human pulp cells.
Journal of Endodontics, v. 29, n. 2, p. 104-107, 2003.

RAZMI, H.; BOLHARI, B.; KARAMZADEH, D.N.; FAZLYAB, M. The Effect of
Canal Dryness on Bond Strength of Bioceramic and Epoxy-resin Sealers after
Irrigation with Sodium Hypochlorite or Chlorhexidine. Iranian Endodontic
Journal, v. 11, n. 2, p. 129-133, 2016.

114
RESENDE, L.M.; RACHED-JUNIOR, F.J.; VERSIANI, M.A.; SOUZA-GABRIEL,
A.E.; MIRANDA, C.E.; SILVA-SOUSA, Y.T.; SOUSA NETO, M.D. A
comparative study of physicochemical properties of AH Plus, Epiphany, and
Epiphany SE root canal sealers. International Endodontic Journal, v. 42, n. 9,
p. 785-793, 2009.

SAGSEN, B.; USTUN, Y.; DEMIRBUGA, S.; PALA, K. Push-out bond strength
of two new calcium silicate-based endodontic sealers to root canal dentine.
International Endodontic Journal, v. 44, n. 12, p. 1088-1091, 2011.

SAMIEI, M.; FARJAMI, A.; DIZAJ, S.M.; LOTFIPOUR, F. Nanoparticles for
antimicrobial purposes in Endodontics: A systematic review of in vitro studies.
Materials Science and Engineering, v. 58, p. 1269-1278, 2016.

SKUPIEN, J.A.; SARKIS-ONOFRE, R.; CENCI, M.S.; MORAES, R.R.;
PEREIRA-CENCI, T. A systematic review of factors associated with the
retention of glass fiber posts. Brazilian Oral Research, v. 19, n. 1, p. 8, 2015.

SHEN, Y.; QIAN, W.; CHUNG, C.; OLSEN, I.; HAAPASALO, M. Evaluation of
the effect of two chlorhexidine preparations on biofilm bacteria in vitro: a threedimensional quantitative analysis. Journal of endodontics, v.35, n.7, p.981985, 2009.

SHEN, Y.; STOJICIC, S.; HAAPASALO, M. Bacterial viability in starved and
revitalized biofilms: comparison of viability staining and direct culture. Journal
of Endodontics, v. 36, n. 11, p. 1820-1823, 2010.
SHOKOUHINEJAD, N.; GORJESTANI, H.; NASSEH, A.A.; HOSEINI, A.;
MOHAMMADI, M.; SHAMSHIRI, A.R.; Push-out bond strength of gutta-percha
with a new bioceramic sealer in the presence or absence of smear layer.
Australian Endodontic, v. 39, n. 3, p.102-106, 2013.

STOJICIC, S.; SHEN, Y.; HAAPASALO, M. Effect of the source of biofilm
bacteria, level of biofilm maturation, and type of disinfecting agent on the
susceptibility of biofilm bacteria to antibacterial agents. Journal of
Endodontics, v. 39, n. 4, p. 473-477, 2013.

STUART, C.H.; SCHWARTZ, S.A.; BEESON TJ, OWATZ CB. Enterococcus
faecalis: its role in rootcanal treatment failure and current concepts in
retreatment. Journal of Endodontics, v. 32, n. 2, p. 93–98, 2006.

115
TAKITA, T.; HAYASHI, M.; TAKEICHI, O.; OGISO, B.; SUZUKI, N.; OTSUKA,
K.; ITO, K. Effect of mineral trioxide aggregate on proliferation of cultured
human dental pulp cells. International Endodontic Journal, v. 39, n. 5, p. 415422, 2006.
TAŞDEMIR, T.; ER, K.; ÇELIK, D.; TAHAN, E.; SERPER, A.; CEYHANLI, K.T.;
YEŞILYURT, C. Bond strength of calcium silicate-based sealers to dentine
dried with different techniques. Medical principles and practice, v. 23, n. 4, p.
373-376, 2014.

TAVARES, C.O.; BOTTCHER, D.E.; ASSMANN, E.; KOPPER, P.M.; DE
FIGUEIREDO, J.A.; GRECCA, F.S.;SCARPARO, R.K. Tissue reactions to a
new mineral trioxide aggregate-containing endodontic sealer. Journal of
Endodontics, v. 39, n. 5, p. 653-657, 2013.

TUNCER, K.A.; TUNCER, S.; SELÇUK G.S. Correlation between sealer
penetration into dentinal tubules and bond strength of two new calcium silicatebased and an epoxy resin-based, endodontic sealer. Journal of Adhesion
Science and Technology, v. 28, n. 7, p. 702-710, 2014.

TUNCEL, B.; NAGAS, E.; CEHRELI, Z.; UYANIK, O.; VALLITTU, P.; LASSILA,
L. Effect of endodontic chelating solutions on the bond strength of endodontic
sealers. Brazilian Oral Research, v. 29, n. 1, p. 1-6, 2015.

VAN MEERBEEK, B.; DE MUNCK, J.; YOSHIDA, Y.; INOUE, S.; VARGAS, M.;
VIJAY, P.; VANHERLE, G. Buonocore memorial lecture. Adhesion to enamel
and dentin: current status and future challenges. Operative DentistryUniversity of Washington, v. 28, n. 3, p. 215-235, 2003.

TOMSEN, V.F.; GAIER, M.; RATMANN, C.R.; MOREIRA, M.L.; JURADO, J.;
ELSON, L.; SOUSA, V.C.; CAVA, S. Chemical Synthesis and Sintering
Behaviour of Ca 3 Al 2 O 6 Obtained by Polymeric Precursor Method. Materials
Science, v. 820, 2015.
VERISSIMO, D.M.; DO VALE, M.S. Methodologies for assessment of apical
and coronal leakage of endodontic filling materials: a critical review. Journal of
Oral Science, v. 48, n. 3, p. 93-98, 2006.

VERSIANI, M.A.; CARVALHO-JUNIOR, JR.; PADILHA, M.I.; LACEY, S.;
PASCON, E.A.; SOUSA-NETO, M.D. A comparative study of physicochemical
properties of AH Plus and Epiphany root canal sealants. International
Endodontic Journal, v. 39, n. 4, p. 464-471, 2006.

116

VITTI, R.P.; PRATI, C.; SILVA, E.J.; SINHORETI, M.A.; ZANCHI, C.H.; E
SILVA, M.G.; OGLIARI, F.A.; PIVA, E.; GANDOLFI, M.G. Physical properties of
MTA Fillapex sealer. Journal of endodontics,v. 39, n. 7, p. 915-918, 2013.

WANG, Z.; SHEN, Y.; HAAPASALO, M. Dentin extends the antibacterial effect
of endodontic sealers against Enterococcus faecalis biofilms. Journal of
Endodontics, v. 40, n. 4, p. 505-508, 2014.

WILLERSHAUSEN, I.; CALLAWAY, A.; BRISENO, B.; WILLERSHAUSEN, B.
In vitro analysis of the cytotoxicity and the antimicrobiall effect of four
endodontic sealers. Head & Face Medicine, v. 7, n. 1, p. 15, 2011.

WOOD, S.R.; KIRKHAM, J.; MARSH, P.D.; SHORE, R.C.; NATTRESS, B.;
ROBINSON, C. Architecture of intact natural human plaque biofilms studied by
confocal laser scanning microscopy. Journal of Dental Research, v. 79, n. 1,
p. 21-27, 2000.

WU, M.K.; WESSELINK, P.R. Endodontic leakage studies reconsidered. Part I.
Methodology, application and relevance. International Endodontic Journal, v.
26, n. 1, p. 37-43, 1993.

WU, D.; FAN, W.; KISHEN, A.; GUTMANN, J.L.; FAN, B. Evaluation of the
antibacterial efficacy of silver nanoparticles against Enterococcus faecalis
biofilm. Journal of Endodontics, v. 40, n. 2, p. 285-290, 2014.

XUEREB, M.; VELLA, P.; DAMIDOT, D.; SAMMUT, C.V.; CAMILLERI, J. In situ
assessment of the setting of tricalcium silicate-based sealers using a dentin
pressure model. Journal of Endodontics, v. 41, n. 1, p. 111-124, 2015.

ZAND, V.; LOTFI, M.; AGHBALI, A.; MESGARIABBASI, M.; JANANI, M.;
MOKHTARI, H.; TEHRANCHI, P.; PAKDEL, S.M. Tissue Reaction and
Biocompatibility of Implanted Mineral Trioxide Aggregate with Silver
Nanoparticles in a Rat Model. Iranian Endodontic Journal, v. 11, n. 1, p.13,
2016.

ZAPATA, R.O.; BRAMANTE, C.M.; DE MORAES, I.G.; BERNARDINELI, N.;
GASPAROTO, T.H.; GRAEFF, M.S.; CAMPANELLI, A.P.; GARCIA, R.B.
Confocal laser scanning microscopy is appropriate to detect viability of
Enterococcus faecalis in infected dentin. Journal of Endodontics, v. 34, n. 10,
p. 1198-1201, 2008.

117

ZHANG, W.; LI, Z.; PENG, B. Assessment of a new root canal sealer’s apical
sealing ability. Oral Surgery, Oral Medicine, Oral Pathology, Oral
Radiology, and Endodontology, v. 107, n. 6, p. 79-82, 2009.

ZHANG, H.; SHEN, Y.; RUSE, N.D.; HAAPASALO, M. Antibacterial activity of
endodontic sealers by modified direct contact test against Enterococcus
faecalis. Journal of Endodontics.v. 35, n.7,p.1051-1055, 2009.

ZHANG, W.; LI, Z.; PENG, B. Ex vivo cytotoxicity of a new calcium silicate
based canal filling material. International Endodontic Journal, v. 43, n. 9, p.
769-774, 2010.
ZHANG, H.; PAPPEN, F.G.; HAAPASALO, M. Dentin enhances the
antibacterial effect of mineral trioxide aggregate and bioaggregate. Journal of
Endodontics. v. 35, n. 2, p. 221-224, 2009.

ZHANG, W.; LI, Z.; PENG, B. Effects of iRoot SP on mineralization-related
genes expression in MG63 cells. Journal of Endodontics, v. 36, p. 12, p.19781982, 2010.
ZEHNDER, M.; WALTIMO, T.; SENER, B; SÖDERLING, E. Dentin enhances
the effectiveness of bioactive glass S53P4.against a strain of Enterococcus
faecalis. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and
Endodontology, v. 101, n. 4, p. 530-535, 2006.

ZHOU, H.M.; SHEN Y, ZHENG W, LI L, ZHENG YF, HAAPASALO M. Physical
properties of 5 root canal sealers. Journal of Endodontics, v. 39, n. 10, p.
1281-6, 2013a.
ZHOU, H.M.; SHEN, Y.; WANG, Z.J.; LI, L.; ZHENG, Y.F.; HÄKKINEN, L.;
HAAPASALO, M. In vitro cytotoxicity evaluation of a novel root repair material.
Journal of Endodontics, v. 39, n. 4, p. 478-483, 2013b.

ZHOU, H.M.; DU, T.F.; SHEN, Y.; WANG, Z.J.; ZHENG, Y.F.; HAAPASALO, M.
In vitro cytotoxicity of calcium silicate-containing endodontic sealers. Journal of
Endodontics, v. 41, n. 1, p. 56-61, 2015.

ZOUFAN, K.; JIANG, J.; KOMABAYASHI, T.; WANG, Y.H.; SAFAVI, K.E.; ZHU,
Q. Cytotoxicity evaluation of Gutta Flow and Endo Sequence BC sealers. Oral

118
Surgery Oral Medicine Oral Pathology Oral Radiology Endodontology, v.
112, n. 5, p. 657-661, 2011.

Anexos

120
Anexo A - Parecer comitê de ética em experimental animal

