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RESUMO

RODRIGUES, LIVIA PACHECO. 2024. Medicag&o intracanal bioceramica e sua
influéncia na penetracdo intratubular e forca de unido de cimentos endodonticos.
Dissertacdo (P6s-Graduacao em Odontologia — Clinica Odontologica/Endodontia). Faculdade
de Odontologia, Universidade Federal do Rio Grande do Sul, Porto Alegre, 2024.

Objetivos: Avaliar a influéncia do BIO-C TEMP na penetrabilidade intratubular através da
microscopia confocal de varredura a laser (MCVL) e resisténcia de uni&o (push-out)dos cimentos de
resina epdxi (AH Plus- AH) e bioceramico (BIO-C SEALER-BC), e avaliar a superficiedentinaria apds
a remocao da medicacdo através da microscopia eletronica de varredura (MEV). Material e Método:
Foram utilizados 53 incisivos bovinos, 48 foram obturados com dois cimentos diferentes (AH Plus e
BIO-C SEALER). Os grupos foram estabelecidos pelo tipo decimento utilizado e tempo de medicacéo
intracanal (MIC), asaber:BCOBT,BC7BT,BC30BT,AP 0BT, AP 7 BT, AP 30 BT.Paraavaliacdo
em MEYV foram utilizados 5 dentes ndo obturados:BT 0, BT 7d, BT 30d. Para os dados de resisténcia
de unido foram realizados os testes estatisticos de Kruskal-Wallis e teste T para comparacfes dos
cimentos nos diferentes tempos experimentais e dentro do mesmo tempo experimental,
respectivamente; distribuicdo de frequéncias absolutas para anélise dos padrées de falha; e umaanalise
descritiva dos fendmenosobservados em MCVL e MEV. Resultados: Bio C Temp diminuiu a forca
de unido do AP e BC em ambos os tempo experimentais (7 e 30 dias) (P< 0.05). Quando o terco
radicular foi considerado, somente no terco médio ocorreu uma diminuicao significativa na forca de
unido entre AP O BT e AP 7 BT, assim como, entre BC 0 BT e BC 30 BT, e entre BC 7 BT e BC 30
BT (P< 0.05). O cimento AH Plus mostrou diferencas significativas nos valores de resisténcia de
unido quando comparados ao periodo em que nao foi utilizada a medicacdo BIO-C TEMP e o periodo
de 7 dias em que foi usada tal medicacdo (P< 0,05). Ndo houve diferencas entre os cimentos
endodonticos dentro de cada tergo radicular e de cada tempo experimental (P> 0,05). A penetracdo
intratubular do AH Plus foi maior do que a do BIO-C SEALER. Com a MEV foi possivel observar
remanescentes da pasta bioceramica sobre a superficie dentinaria em ambos os grupos (7 e 30 dias).
Conclusao: BIO-C TEMP diminuiu a resisténcia de unido em ambos 0s gruposobservados.

Palavras-chave: medicacdo intracanal; bioceramico; microscopia eletronica de varredura;

microscopia confocal de varredura a laser; cimento.



ABSTRACT

RODRIGUES, LIVIA PACHECO. 2024. Bioceramic root canal dressing and its
influence on intratubular penetration and bonding strength of endodontic sealers.
Dissertation (Postgraduate in Dentistry, Dental Clinic — Endodontic) — School of Dentistry,

Federal University of Rio Grande do Sul, Porto Alegre, 2024.

Objectives: The aim of this study was to evaluate the influence of BIO-C TEMP (BT) on
intratubular penetrability through confocal laser scanning microscopy (CLSM) and bond
strength (push out)of epoxy resin (AH Plus- AP) and bioceramic (BIO-C SEALER - BC) sealers
and evaluate the dentin surface after removing the root canal dressing by scanning electron
microscopy (SEM). Materials and Methods: Fifty- three bovine incisors were used, forty-eight
were filled with two different sealers. The groups were established by the type of sealer used
and root canal dressing use, namely: BC 0 BT, BC 7 BT, BC 30 BT, AP 0 BT, AP 7 BT, AP 30
BT. For SEMevaluation, five unfilled teeth were used: BT 0, BT 7d, BT 30d. For the bond
strengthdata, the Kruskal-Wallis statistical tests and T test were performed for comparisons of
sealers at different experimental times and within the same experimental time respectively,
distributionof absolute frequencies for analysis of failure patterns, and a descriptive analysis in
CLSM and SEM. Results: Bio C Temp decreased the bond strength of AH Plus sealer and Bio
C Sealer in both experimental times (7 and 30 days) (P< 0.05). When the root third was
considered, only in the middle third occurred a significant decrease in the bond strength between
AP O BT and AP 7 BT, as well as, between BC 0 BT and BC 30 BT, and between BC 7 BT and
BC 30 BT (P< 0.05). There were no significant differences in the intra-thirds root analysis (P >
0.05). The intratubular penetration with AP was higher when compared to the BC. SEM showed
remnants of BT on the dentin surface in both groups (7 and 30 days). Conclusion: BT decreased
bondstrength in both groups studied.

Keywords: root canal dressing; bioceramic; scanning electron microscopy; laser scanning

confocal microscopy, sealer.
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1 ANTECEDENTES E JUSTIFICATIVA

O tratamento endodéntico tem como objetivo a reducdo de agentes infecciosos do
interior do canal radicular: bactérias e seus subprodutos tém papel essencial na iniciacdo e
perpetuacdo de patologias pulpares e periapicais (Sundgvist, 1976). A reducao desses agentes
infecciosos € realizada através da instrumentacdo mecénica associada ao uso de solugdes
quimicas irrigadoras, constituindo o “preparo quimico-mecénico” (PQM), e também com o uso
de agentes antibacterianos, como as medicacdes intracanais (Siqueira, 1999).

Atualmente, sabe-se que areas de complexidade anatdmica, como curvaturas, istmos,
canais laterais e ramificacOes apicais, dificultam a agdo dos instrumentos e irrigantes durante o
tratamento endodéntico; a presenca bacteriana nessas areas inacessiveis a instrumentacdo se
constitui como o grande desafio para o sucesso do tratamento endodoéntico (Riducci; Siqueira,
2008). Mesmo em tratamentos bem conduzidos, onde todos 0s passos sdo rigorosamente
seguidos, ha persisténcia de bactérias e, ainda que 0s canais sejam estreitos ou arredondados,
permanecem com 10 a 50% das superficies intocadas. Quando analisados canais ovais ou
achatados, este numero aumenta para 10 a 80% (Siqueira et al., 2018).

Além do PQM, o travamento do cone de guta-percha no comprimento de trabalho e o
preenchimento adequado do canal radicular durante sua obturacdo, visando o preenchimento
total dos espacos, também sdo essenciais para o sucesso do tratamento. A obturacdo ideal deve
selar tridimensionalmente e homogeneamente o sistema de canais radiculares (Schilder, 2006);
entretanto, nem sempre se alcanca este objetivo, e 0s espacos vazios, quando ndo preenchidos
dentro do sistema de canais radiculares, podem levar ao insucesso do tratamento por servirem
de nicho para sobrevivéncia e proliferacdo de microrganismos remanescentes que podem ser
nutridos e se multiplicar quando entram em contato com os canais laterais e a regido periapical
(Van Der Sluis; Wu; Wesselink, 2005).

Assim, as principais fungbes dos cimentos endodonticos, de forma resumida, s&o:
preencher espacos vazios e formar a massa obturadora com o cone de guta-percha,
possibilitando a adesao deste as paredes do canal radicular (Kaur; Shah; Logani; Mishra, 2015).
Devido a importancia bioldgica dos cimentos obturadores, suas propriedades fisico-quimicas
tém sido objeto de estudo desde o seu desenvolvimento inicial, no inicio do século XX
(Orstavik, 2005).

Atualmente, estdo disponiveis no mercado cimentos endodénticos de diversos tipos
quanto a sua composic¢do, a saber: cimentos a base de 0xido de zinco e eugenol, a base de resina

epoxi, a base de hidroxido de calcio a base de ionémero de vidro e, mais recentemente
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introduzidos no mercado, 0s cimentos bioceramicos. Dentre todos, o cimento AH Plus
(Dentsply DeTrey GmbH, Konstanz, Alemanha) é considerado como cimento padrao ouro, pois
apresenta boa capacidade de selamento, menor solubilidade em fluidos teciduais e excelente
biocompatibilidade, entre outras caracteristicas; porém, ndo apresenta bioatividade com os
tecidos circundantes (Oksan; Aktener; Sen; Tezel, 1993).

Os materiais bioceramicos podem ser classificados em bioinertes ou bioativos, de
acordo com sua interacdo com o tecido em contato (Best; Porter; Thian; Huang, 2008).
Materiais bionertes, como zircdnia e alumina, ndo possuem interacao significante com o tecido,
ndo tendo nenhum efeito fisioldgico ou bioldgico sobre ele (Best; Porter; Thian; Huang, 2008).
Materiais biotativos, como fosfato de calcio, interagem com o tecido ao redor, estimulando
formacdo tecidual (Koch; Brave, 2009).

Em odontologia, materiais bioceramicos sdo compostos ceramicos bioativos, que
desde as décadas de 1960 e 1970 vém sendo desenvolvidos para atuar como reparadores e
reconstrutores (Ree; Schwartz, 2014). Em endodontia, os materiais bioceramicos vém sendo
empregados na forma de cimentos a base de silicato de célcio, ndo somente para obturacdo do
canal radicular (Silva et al., 2020), mas também para obturacdo retrograda (Von Arx et al.,
2019), revascularizacdo pulpar (Paryani; Kim, 2013; Lin et al., 2017), apicificacdo (Vidal et
al., 2016), tratamentos conservadores da polpa (Martens; Rajasekharan; Cauwels, 2015),
tratamento de perfuracdes e reabsor¢des (Subay; Subay; Tuzcu, 2018). Mais recentemente,
medicacdes intracanais bioceramicas passaram a ser desenvolvidas e testadas (Villa et al., 2020;
Oliveira et al., 2020; Aguiar et al., 2021; Guerreiro et al., 2021; Vianna et al., 2021; Lopes et
al., 2022).

Visando a reducdo bacteriana em niveis compativeis com o reparo tecidual, além de
uso de solugcBes quimicas irrigantes associadas a instrumentacdo mecénica, também € utilizada
medicacéo intracanal (MIC) entre consultas, auxiliando na desinfec¢do do sistema de canais
radiculares e aumentando, desta forma, a previsibilidade do tratamento (Siqueira; Ro¢as, 2008).
A medicacdo mais utilizada com este propdsito é o hidroxido de célcio (Ca(OH)2), devido as
suas propriedades antimicrobianas e reparadoras (Pereira et al., 2019).

Estudos apontam que a utilizagdo de Ca(OH)2 como medicacdo intracanal, sendo este
um material alcalino, assim como os bioceramicos (Al-Haddad; Aziz, 2016; Poggio et al.,
2017), promove uma alteracdo no pH e nas propriedades dentinarias (Ho et al., 2003; Minana;
Carnes Jr.; Walker 111, 2001; Yassen et al., 2015), e que isso pode levar a alteracGes na
penetracdo e unido de cimentos endodonticos de diferentes composicdes (Wanees Amin;
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Seyam; El-Samman, 2012; Siqueira Jr.; Lopes, 1999; Uzunoglu-Ozyiirek; Erdogan; Aktemur
Tarker, 2018).

O hidréxido de célcio € a medicacdo intracanal mais recomendada devido as suas
propriedades quimicas e bioldgicas: é antimicrobiano, capaz de atingir a maior parte das
bactérias identificadas em infeccBes endodonticas (Siqueira Jr.; Lopes, 1999), é uma substancia
altamente alcalina, com pH de aproximadamente 12,5, possui capacidade anti-inflamatdria,
capacidade de dissolver matéria organica e de induzir o reparo por tecido. Contudo, apesar
dessas propriedades, o hidroxido de calcio possui baixa radiopacidade, baixo escoamento, o
que causa, muitas vezes, dificuldade de ser depositado no comprimento adequado (Alagam;
Gorgul; Omdarld, 1990; Fava; Saunders, 1999; Andolfatto et al., 2012); além disso, é essencial
que, apds o seu periodo de atuacdo, essa seja passivel de remocdo do interior dos canais,a fim
de néo interferir no selamento desejado pelo material obturador, tendo em vista que a presenca
da medicacdo pode dificultar a penetracdo e unido deles, propiciando falhas na obturagéo e
microinfiltracdo (Vera et al., 2012; Estrela; Holland, 2003; Farhad; Mohammadi, 2005; Verma
et al., 2018; Bottcher et al., 2010; Barbizam et al., 2008).

Recentemente, foi langada uma nova medicagdo intracanal, com base bioceramica,
B10-C TEMP (Angelus Industry Dental Products Ltda, Londrina, PR, Brasil). Este material se
apresenta em forma de pasta pronta para o uso e, segundo o fabricante, possui alta alcalinidade
(pH: 12 #1); é indicado como medicacdo intracanal para tratamentos endoddnticos e
reintervencdes, pulpotomia e tratamento de dentes permanentes jovens, induzindo apicificagcdo
(Oliveira et al., 2020). BIO-C TEMP é um material composto por silicato de calcio, aluminato
de calcio, 6xido de célcio, éster glicol salicilato, tungstato de célcio e Oxido de titanio
(radiopacificadores).

Como citado anteriormente, uma vantagem dos materiais bioceramicos é a sua
bioatividade, isto €, a capacidade de formacdo de cristais de apatita. Isto ocorre através da
interacdo dos ions célcio (Ca) e hidroxilas (OH), liberados do material, com o fosfato (P)
presente no meio (Akcay; Arslan; Topcuoglu, 2014; Guiotti et al., 2014; Shakouie et al., 2017,
Kim; Kim, 2002). Estudos utilizando materiais bioativos mostram que, além de terem uma
radiopacidade aceitavel (Villa et al., 2020; Oliveira et al., 2020), serem biocompativeis
(Oliveira et al., 2020) e induzirem formacdo de cristais de apatita na superficie dentinaria, estes
materiais também induzem mineralizagdo intratubular atraves da deposi¢cdo de apatita
interfibrilar, funcionando como uma barreira mineralizada, reduzindo a infiltracdo entre a
interface dentina material (Hosoya et al., 2004; Jitaru et al., 2016; Han; Kodama; Okiji, 2015).

Contudo, sabendo que este € um material de uso temporario, com possivel capacidade bioativa,
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porém carecendo de evidéncia cientifica, & necessario avaliar a influéncia que este material
possui na penetrabilidade intratubular, bem como sua forca de unido do cimento endoddntico
apos a remocao, pois conforme mostrou o estudo de Capitanio et al. (2023), ndo é possivel
remover totalmente a medicacgéo intracanal do canal radicular.

Um estudo recente (Guerreiro et al., 2021) mostrou que BIO-C TEMP teve maior
efeito na deposicdo de tecido mineralizado, na citocompatibilidade e na inducéo de atividade
de fosfatase alcalina (que esta relacionada ao reparo 6sseo) similar ou até maior que medicacdes
a base de hidroxido de célcio. Entretanto, esta medicacdo teve efeito antibacteriano e
antibiofilme significantemente menor que as medicacdes a base de hidréxido de célcio.

Entender mais sobre esta nova opcao de medicacdo intracanal é de suma importancia
para a pratica clinica, pois existem poucos estudos acerca desta nova medicacao publicados até

0 momento.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Avaliar a influéncia de uma medicacéo intracanal bioceramica sobre a penetrabilidade

intratubular e forga de unido de dois cimentos endodonticos de diferentes bases.

2.2 OBJETIVOS ESPECIFICOS

e Avaliar a penetrabilidade dos cimentos endodénticos nos tdbulos dentinarios atraves
da Microscopia Confocal de Varredura a Laser apds a remocdo da medicacao
bioceramica nos periodos de 7 e 30 dias, utilizando incisivos bovinos como modelo
experimental.

e Avaliar a forca de unido dos cimentos de resina epdxi e bioceramico com e sem a
utilizacdo do BIO-C TEMP através do teste de push-out e determinar os tipos de falha
que ocorreram (Analise de Padrdes de Falha)

e Investigar, através de Microscopia Eletronica de Varredura, a presenca de
remanescentes da medicacdo biocerdmicana parede dentinaria, ap6s o protocolo de
remocao da mesma.
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3 ARTIGO CIENTIFICO

Este artigo cientifico foi redigido de acordo com as normas da revista Brazilian Dental

Journal.
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SUMMARY

The aim of this study was to evaluate the influence of BIO-C TEMP (BT) on intratubular
penetrability through confocal laser scanning microscopy (CLSM) and bond strength (push out)
of epoxy resin (AH Plus- AP) and bioceramic (BIO-C SEALER - BC) sealers and evaluate the
dentin surface after removing the root canal dressing by scanning electron microscopy (SEM).
Fifty- three bovine incisors were used, forty-eight were filled with two different sealers. The
groups were established by the type of sealer used and root canal dressing use, namely: BC 0
BT,BC7BT,BC30BT, APOBT, AP 7 BT, AP 30 BT. For SEMevaluation, five unfilled teeth
were used: BT 0, BT 7d, BT 30d. For the bond strengthdata, the Kruskal-Wallis statistical tests
and T test were performed for comparisons of sealers at different experimental times and within
the same experimental time respectively, distributionof absolute frequencies for analysis of
failure patterns, and a descriptive analysis in CLSM and SEM. Bio C Temp decreased the bond
strength of AH Plus sealer and Bio C Sealer in both experimental times (7 and 30 days) (P<
0.05). When the root third was considered, only in the middle third occurred a significant
decrease in the bond strength between AP O BT and AP 7 BT, as well as, between BC 0 BT and
BC 30 BT, and between BS 7 BT and BC 30 BT (P< 0.05). There were no significant differences
in the intra-thirds root analysis (P > 0.05). The intratubular penetration with AP was higher when
compared to the BC. SEM showed remnants of BT on the dentin surface in both groups (7 and
30 days). BT decreased bondstrength in both groups studied.

Keywords: root canal dressing, bioceramic, scanning electron microscopy, laser scanning
confocal microscopy, sealer.
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INTRODUCTION

The presence of bacteria in areas inaccessible to instrumentation is the greatest
challenge for the success of endodontic treatment (1). Therefore, aiming at bacterial reduction
at levels compatible with tissue repair, the use of root canal dressing between visits helps in the
disinfection of the root canal system, increasing the predictability of treatment (2). The most
commonly used medication for this purpose is calcium hydroxide (Ca(OH)2), due to its
antimicrobial and repairing properties (3). However, despite these properties, it is known that
intracanal medication is not completely removed from the interior of the root canal (4), which
may interfere with the desired sealing of the filling material, considering that the presence of
this material can hinder the penetration and bonding of the filling sealers to the dentin, leading
to failures in the filling and micro infiltration (5-10).

Recently, a bioceramic-based root canal dressing, BIO-C TEMP (Angelus Industry
Dental Products Ltda, Londrina, PR, Brazil), was launched. This material comes in the form of
a ready-to-use paste and, according to the manufacturer, has high alkalinity (pH: 12 £1), being
composed of calcium silicate, calcium aluminate, calcium oxide, calcium tungstate, titanium
oxide and salicylate glycol ester.

The physicochemical properties of BIO-C TEMP were studied and compared with
calcium hydroxide (11): The new calcium silicate-based medication showed alkaline pH, high
calcium release, good radiopacity, but has a cytotoxic effect dependent on dose and exposure
time, and absence of tubular penetration. Alkalinity promotes a change in pH and dentin
properties (12, 13, 14), and these can lead to changes in the penetration and bonding of
endodontic sealers of different compositions (15, 16).

Another important characteristic of bioceramic materials is their bioactivity: the ability
to form apatite crystals. This occurs through the interaction of calcium (Ca) and hydroxyl (OH)
ions, released from the material, with the phosphate (P) present on site (11, 17, 18). Studies
using bioactive materials show that, in addition to inducing formation of apatite crystals on the
dentin surface, they induce intratubular mineralization through the deposition of interfibrillar
apatite, functioning as a mineralized barrier, reducing infiltration between the dentin material
interface (19, 20; 21).

Thus, the objective of this study was to evaluate the influence of BIO-C TEMP on
intratubular penetrability, bond strength of epoxy resin and bioceramic sealers, and to evaluate
the dentin surface after removal of the medication.

The null hypothese of this study was that there would be no differences in the

penetration and bond strength of bioceramic sealer with and without BIO-C TEMP.
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MATERIALS AND METHODS
Ethical Considerations
This research was approved by the Research Committee of the School of Dentistry of
the Federal University of Rio Grande do Sul (COMPESQ) and was conducted in accordance
with the Law on Procedures for the Scientific Use of Animals - Law No. 11.794 (10/08/2008)
and with the norms of the Ethics Committee on the Use of Animals (CEUA) of the Federal
University of Rio Grande do Sul.

Sample Selection Criteria

Fifty-three bovine incisors teeth were extracted from animals slaughtered for non-
research purposes from a slaughterhouse located in Rio Grande do Sul. Forty-eight teeth were
used for the push-out test and evaluation of intratubular penetration, and another five teeth were
also treated, but not filled, evaluated for calcium apatite formation or presence of intracanal
medication remnants by Scanning Electron Microscopy (SEM).

After extraction, the teeth were immediately stored in vials of saline solution until the
time of use. The criterea for non-inclusion was: a) root length less than 15 mm; b) root fractures
or cracks detected through visual examination, ¢) more than one root canal, internal or external
resorptions verified by previous radiography, obtained with a digital system (Gnatus, Sdo Paulo,
Brazil), d) incomplete rhizogenesis. All specimens were X-rayed in the vestibule-lingual and

mesio-distal directions before preparation to confirm the existence of only one root canal.

Sample Calculation
The statistical program BioEstat 4.0 (Mamiraua, AM, Brazil) was used to calculate the
sample size and was based on the study by Kok et al. (22), for the analysis of intratubular
penetration and Carvalho et al. (23), for the analysis of bond strength. It should be noted that
the same specimens submitted to the evaluation of intratubular penetration were also submitted

to the push-out test to evaluate the bond strength.

Experimental procedures
The teeth were sectioned with a diamond disc (FGM, Joiville, Brazil), and the roots
were standardized to a 15 mm in lenght. The root canals were explored with a K-15 file
(Dentsply-Maillefer, Ballaigues, Switzerland) and the working length was 1 mm below the

foraminal opening. This measurement was performed by passively inserting the k-15
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instrument into the root canal until it coincided with the foramen. The anatomical diameter of
the root canals was determined with the aid of type K instruments passively inserted into the
root canal until the instrument was found that was slightly attached to the apical foramen, which
was considered the initial apical instrument. The root canals were prepared up to the k#80 file
for standardization purposes. During preparation, the root canals was irrigated with 10 ml of
sodium hypochlorite (NaOCI) at a concentration of 2.5%, with 31-G NAviTipp needles
(Ultradent Products Inc, South Jordan, UT) inserted 3 mm short of the apical foramen. The final
irrigation was performed using 5 ml of 2.5% NaOClI, followed by 5 ml of saline solution and 5
ml of 17% EDTA (Formula and Action, S&o Paulo, Brazil) for 3 minutes and again an irrigation

with 5 ml of saline. The root canals were dried using paper tips corresponding to the file used.

Bond Strength Analysis

Sixteen teeth were randomly selected for the control group, in which no intracanal
medication was used, and these were filled immediately after the chemo-mechanical
preparation with two different endodontic sealers. The other thirty-two teeth were selected for
the test group, in which BIO-C TEMP (BT) was used as root canal dressing. Syringe tips of BT
was positioned at 1 mm of the working length. A sterile cotton wick was placed at the mouth
of the root canal, and it was sealed with Coltosol (Coltene/Whaledent AG Altstétten,
Switzerland).

The samples with BT were stored wrappedin moistened gauze in a stove forthe sealer
to set - 37°C and 100% humidity for two different periods of time: 7 and 30 days. Sixteen

samples remained with IM for 7 days and sixteen samples remained with IM for 30 days.

Passive Ultrasonic Activation
After the 7-day and 30-day periods, the samples were accessed again, and the root canal dressing

was removed through the passive ultrassonic ativation. An Irrisonic ultrasonic tip — E120/.01
(Helse Dental Technology, Santa Rosa de Viterbo, Sdo Paulo, Brazil), coupled to an ultrasound
unit (Newtron P5 XS SATELEC-ACTEON) with power adjusted according to the manufacturer's
indication. The root canals were filled with saline solution and the ultrasonic tipwas positioned at
2 mm from the working length. Three cycles of 20 seconds of activation wereperformed using 5ml
of saline solution, and this substance was changed after each cycle (15ml of saline solution was
used in total). Thus,totaling 1 minute of activation. At the end of this procedure, the root canals
were irrigated with 10 ml of 0.9% saline solution without activation, and then they were dried with

absorbent paperpoints.
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Root canal filling

The 48 teeth were filled as follows: 8 samples from the 7-day group and 8 samples
from the 30-day group were obturated with epoxy resin-based sealer (AH Plus — Ballaigues,
Switzerland); the other 8 samples from the 7-day group and 8 from the 30-day group were filled
with calcium silicate-based sealer (BIO-C Sealer (— Angelus Ind. Londrina, Parana, Brazil).
The control group (no intracanal medication (IM) was used) had eight samples filled with epoxy
resin-based sealer and the other eight with calcium silicate-based sealer.

Thus, the groups for intratubular penetration and bond strength analysis were AH Plus
without use of Bio C Temp (AP 0 BT), BIO-C Sealer without use IM (BS 0 BT); the test groups
were: AH Plus and IM for7 days (AP 7 BT), AH Plus and IM for 30 days (AP 30 BT), BIO-C
Sealer and IM for 7 days (BC 7 BT), BIO-C Sealer and IM for 30 days (BC 30 BT) — as shown
in Figure 1.

Figure 1- Flowchart with the distribution of samples evaluated for intratubular penetration and bond strength

Incisor bovines with completed PQM
(n=53)
FILLED SAMPLES NO FILLED SAMPLES
CLSM and Push out Tests MEV
(n=48)* (n=5)
/ \ / ‘ \
Without BT BT 7d BT 30d
n=1) (n=2) (n=2)
AHPlus BioC Sealer.
(n=24) (n=24) v Y : v
/ \\ / \\ BT 0 BT7d ! BT 30d
Without BT BT 7d BT 30d Without BT BT 7d BT 30d
(n=8) (n=8) (n=8) (n=8) (n=8) (n=8)
AH 0 BT AH 7 BT AH 30 BT BC 0 BT BC 7 BT BC 30 BT

*The same samples were used for CLSM and Push out tests.

Prior to filling, Rhodamine B (Hexis, Jundiai, SP, Brazil) was added in the proportion
of 0.1% to epoxy resin-based sealer (AH Plus) and 0.1% of Fluo-3 (Thermo Fisher Scientific,
USA) to bioceramic sealer (BIO-C Sealer) to promote fluorescence and enable CLSM analysis.
An analytical balance (Shimadzu, Tokyo, Japan) was used to weigh this. The root canal filling
technique used was Lateral Condensation Technique, with the master gutta-percha cones (MK
Life, Porto Alegre,Brazil) corresponding to the file used (#80) and accessory gutta-cones (MK
Life, Porto Alegre,Brazil), cut and condensed vertically with a Fastpack gutta percha
thermoplasticizer (MKlife, Porto Alegre, Rio Grande do Sul, Brazil). The sealers were prepared
according to the manufacturer's recommendation. After root canal filling, the samples were

stored in an oven at 37 °C and 100% humidity for 14 days.
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Push-Out Test

After this period, 2 mm cuts were made from the cervical portion in lengths of 1 mm,
5 mm and 9 mm using a cutting machine (Extec Labcut 1010, Enfield, CT). The slices obtained
were polished with sanding strips of decreasing grain up to 1200 grit and polished with felt discs
withspecific paste (Arotec, Cotia, SP, Brazil). Finally, the samples were washed with distilled
waterto remove debris from polishing.

To analyze the bonding strength, the slices corresponding to the cervical, middle, and
apical thirds were positioned in a metallic device with a central opening (@ = 3 mm), therefore
larger than the diameter of the root canal. The coronary portion of the slice was positioned in
contact with the metallic device. Thus, the metal cylinder (@ = 0.35 mm) induced a load in the
apico-cervical direction on the filling. The push-out test was performed on a universal testing
machine (EMIC, S&o José dos Pinhais, Brazil) at a speed of 1.0 mm/min. To obtain the bond
strength values, in MPa, the following formula was used: ¢ = F/A, where F = load required for
specimen rupture (N), and A = adhesive area (mm2). To determine the adhesive interface area,
a formula to calculate the lateral area of a circular cone with parallel bases was used. The
formula is defined as: A=2ng(R1 + R2), where & = 3.14, g = generatrix, R1 = smallest radius
of the base, R2 = greater radius of the base. To determine the generatrix, the following
calculation was made: g2 = (h2 + [R2- R1]2), where h = height of the sectioned area, R1 and
R2 was obtained by measuring the smallest and largest diameters of the base, respectively,
which correspond, in turn, to the internal diameter between the root walls of the conduit. These
values were obtained using a digital caliper. All data were recorded in a spreadsheet organized

for this purpose.

Failure Pattern Analysis

For failure pattern analysis, all specimens were analyzed under an optical microscope
(Olympus, BX60M, Japan) at 10x magnification. The samples were observed, and the data
were classified as:

| — adhesive to the dentin: when the material has shifted from the dentin;

Il — adhesive for the filling: when the gutta percha has shifted from the sealer;

11 — mixed: when the gutta percha has shifted from the dentin and sealer;

IV — cohesive dentin: when the dentin failure occurred,

V — sealer cohesive: when the failure occurred in the sealer.

Confocal Laser Scanning Microscopy (CLSM) for analysis of intratubular penetration
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The slices corresponding to the apical third were analyzed using the Olympus
Fluoview 1000 confocal laser electron microscope (Olympus Corporation, Tokyo, Japan) with
x10 magnification. The configurations used were 70-um depth and resolution of 800 x 800
pixels. Low, medium or high intratubular penetration was the criteria to evaluate the extension

of the sealer into the dentine.

Sample Preparation for Scanning Electron Microscopy (SEM)

Five samples were prepared according to the protocol described for bond strength
analysis, but they were not obturated. One of the samples was used as a control, where BT was
not used, and four samples received this medication for 7 and 30 days (BT 7d and BT 30d
groups), staying, during this period, in a greenhouse environment, with 100% humidityat 37 °C.
(Figure 1)

After these periods, the samples were sectioned as follows: first, graphite marking was
performed on the buccal and palatal surface of the roots, in the longitudinal direction of the
tooth, from cervical to apical, where grooves were made with a double-sided diamond disc at
high rotation, without penetrating the canal. The roots were separated by applying pressure with
a sealer trowel in the center of the furrow, so that there was no contact between the disc and the

part to be analyzed.

SEM analysis
All samples prepared for the SEM were subjected to a desiccator and then metallized
with carbon. One of the halves of each of the samples, chosen randomly, had its dentin
microstructure evaluated in the cervical, middle and apical thirds at randomly chosen points,
with magnification of 1.00 K, 5.00 K and 10.00 K in a scanning electron microscope - Zeiss
EVO-50 (Carl Zeiss AG, Germany) with acceleration voltage of 10 kv, image resolution of up
to 3072 x 2304 pixel. The descriptive analysis of the dentin wall of the root canal was performed

according to presence or absence of remnants of the root canal dressing.

Statistical Analysis
The Kolmogorov-Smirnov was used to test whether two samples came from the same
distribution. The bond strength data were evaluated by non-parametric analysis (Kruskal-Wallis
and Dunn’s test) for multiple comparisons and T-test for comparisons of sealers within the same
experimental time. A visual descriptive analysis was performed for failure patterns, sealer

penetrability by CLSM and analysis of the dentin surface of the root canal by SEM.
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RESULTS

Bonding Strength

BT decreased the bond strength of AP and BC in both experimental times (7 and 30 days)
(P< 0.05). When the root third was considered, only in the middle third occurred a significant
decrease in the bond strength between AP O BT and AP 7 BT, as well as, between BC 0 BT and
BC 30 BT, and between BC 7 BT and BC 30 BT (P< 0.05). There were no significant differences
in the intra-thirds root analysis (P > 0.05). The results of the push-out test are described in table 1.

Table 1: Median and 25th and 75th percentiles of AP and BC push out test (no BT, 7and 30 days with

BT).

The Push-out Test AP O BT AP 7 BT AP 30 BT
CERVICAL 1.36 % (1.16-1.78) 0.97 A2(0,73-1,16) 0.89 %(0.56-1.12)
MEDIUM 3.447%(1.49-4.17) 1.09 ®%(0.63-1.37) 1.34%3(0.92-1.65)
APICAL 3.46 7%(2.13-5.23) 1.88 #%(1.32-2.08) 1.88 #%(1.69-1.98)
MEDIAN 2.62 A (1.84-3.51) 1.27 B(1.01-1.57) 1.42 B(1.07-1.82)

BCOBT BC7BT BC 30 BT
CERVICAL 2.76 %3(1.02-3.82) 0.89 #%(0.49-1.15) 0.57 #%(0.36-1.29)
MEDIUM 3.37 £%(1.26-4.34) 0.96 %(0.13-1.64) 0.49 B2(0.38-0.75)
APICAL 3.86 2(2.01-5.30) 1.84 %%(0.36-3.67) 1.10 #%(0.50-3.56)
MEDIAN 2.95A(1.97-4.54) 0.68 (0.51-2.30) 0.93 (0.60-1.44)

Equal capital letters on the line do not differ statistically by the Kruskal-Wallis test.

Equal lowercase letters in the column do not differ statistically by the Kruskal Wallis test. P < 0.05.
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Failure Pattern Analysis
The most recurrent failure in the samples studied was “adhesive for dentin,” with
70.1% of occurrence, followed by “sealer cohesive,” with 21.5% of occurrence in the sample

evaluated, as shown in Table 2.

Table 2 Analysis of Failure Patterns After Push Out Testing

Group Third Adgisr:;/iﬁ for Ad?ﬁﬂgg for Mixed Dentin securing csﬁz;?\r/e

Apical 4 2 - - 2

APO Medium 7 - - - 1
Cervical 6 1 - - 1

Apical 8 - - - -

BCO Medium 6 - - 1 1
Cervical 6 - - - 2

Apical 6 - - - 2

AP7 Medium 4 - - - 4
Cervical 5 1 - - 2

Apical 8 - - - -

BC7 Medium 6 - - - 2
Cervical 5 - - - 3

Apical 3 2 - - 3

AP30 Medium 3 2 - 1 2
Cervical 7 1 - - -

Apical 8 - - - -

BC30 Medium 3 1 - - 4
Cervical 6 - - - 2
TOTAL: 101 10 0 2 31

(144 slices) 70,138% 6,944% 0% 1,388% 21,5277%

Intratubular penetration by CLSM
The analysis of the CLSM images showed that the intratubular penetration of AP was

higher than the BC, according to figure 2.
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Figure 2: Penetration of endodontic sealers in CLSM. In red, group filled with AP: the first image
shows AH O BT; the second image AH 7 BT and de third image AH 30 BT; in green, group filled
with BC: the first image shows BC 0 BT, the second image BC 7 BT and de third image BC 30
BT

SEM analysis
In this analysis, despite the use of ultrasound, the presence of root canal dressing was
observed on the dentin walls in both groups (7 and 30 days). (Figure 3)

Figure 3: Electromicrographs of the dentin surface without BT and after removal of BT at
7 and 30 days.
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DISCUSSION

In the present study, the bond strength, intratubular penetrability of two types of
endodontic sealers and the analysis of the root canal dentin surface by SEM were evaluated
when BT was used as root canal dressing. The control group was defined as the group in which
no intracanal medication (IM) was used so that the dentin without residue couldserve as a
comparison parameter, in order to evaluate a possible bioactivity and/or presence ofmedication
remnants that could interfere with the bond strength and penetrability of the sealerswhen using
BT.

According to the manufacturer, the material contains calcium silicate particles, which
hydrate in the presence of water, forming hydrated calcium silicate on its surface. However, the
polymeric chains present in the product prevent the connection with the hydrated particles, thus
restricting the hardening of the material, which would facilitate removal, since this material is
for temporary use and needs to be removed from the interior of the root canal. However, it is
known that it is not possible to completely remove the medication from the inside of the root
canal (4), even if ultrasonic activation is used. This fact was observed in the SEM analysis,
which was present independently of the root third.

Based on the findings, the null hypothesis was rejected, since the intracanal medication
interfered with the bond strength of the endodontic sealers to the dentin, probably due to the
remnants of intracanal medication in the dentin walls, which obliterated the tubules, and thus
decreased the bond strength.

The push-out test, used to evaluate bond strength, has been considered an appropriate
method for evaluating the bond strength of filling materials to root dentin (24, 25, 26). The
results of this study showed that the samples that received root canal dressing and were
obturated with bioceramic sealer showed a decrease in bond strength when compared to the
group without BT, and there was no difference in relation to the group filled with AP. This
result is not in line with a recent study (27) that showed that intracanal medication based on
calcium silicate could chemically interact with bioceramic sealer forming a biomineralizing
layer, increasing bond strength; thiswas not observed in this experiment: the lowest bond
strength values were observed for teeth that received BT, regardless of the filling sealer.

Sealer penetration into dentin tubules can prevent the proliferation of residual bacteria
and root canal recontamination (28). Two markers were used as fluorophores: Rhodamine B
and Fluo-3.
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Rhodamine B, which emits red fluorescence, was used in the AP filled group, asit has
a high affinity for moisture and a lower affinity for calcium (29). Due to the high affinityfor
humidity, if used with bioceramic sealer, which is a hydraulic sealer, it would cause a
confounding factor, since it would not be possible to accurately assess penetrability, since the
marker could evidence the water present and generate a false-positive result (30).

Fluo-3 is a selective fluorescent marker for calcium ions (31), which has been indicated
to promote fluorescence in silicate and calcium oxide-based materials (32). Thus, the calcium
present in the intracanal medication binds to Fluo-3, and its fluorescence, in a shade of green,
observed in the confocal microscopy images, increases according to the stability of the bonds
formed, evidencing the real penetrability of the calcium silicate-based sealer.

The intratubular penetration of AP seemed to be more evident than the penetration of
BC, despite remnants of the bioceramic medication. Possible explanations for this may be
related to the flow, viscosity, solubility, particle size of the sealerstested (33), the presence of
organic and inorganic content in the dentin tubule, greater anatomical complexity of the apical
third (34). Our results agree with Lemos et al. (35), which showed small intratubular penetration
of a bioceramic sealer that had Fluo 3 as a marker. On the contrary, EI Hachen et al. (36) found
higher intratubular penetration values for bioceramicsealers when compared to AP however,
these authors used Rhodamine B as fluorophore for both sealers, and then it could be a false
positive result.

In addition, the presence of a remnant of BT was observed in the dentin walls of the
root canal in both groups analyzed by SEM. These remnants formed a physical barrier that may
have hindered the adhesion of the sealers to the dentin, reducing the bond strength, justifying
the findings of the push-out test (7, 37).

The main limitation of our study is the impossibility of transporting our laboratory
results to the clinic, however they can be a starting point for a better understanding of a
bioceramic material used as root canal dressing. Likewise, we do not intend to indicate such
material as a substitute for calcium hydroxide pastes, since they have already overcome the
barrier of time with strong scientific evidence.

Therefore, based in the results of this study is possible conclude that BT decreased
bond strength in both groups observed.
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RESUMO

Avaliar a influéncia do BIO-C TEMP na penetrabilidade intratubular através da microscopia
confocal de varredura a laser (MCVL) e resisténcia de unido (push-out)dos cimentos de resina epoxi
(AH Plus- AP) e bioceramico (BIO-C SEALER-BC), e avaliar a superficiedentinaria apds a remocao
da medicacdo através da microscopia eletrénica de varredura (MEV). Foram utilizados 53 incisivos
bovinos, 48 foram obturados com dois cimentos diferentes (AP e BT). Os grupos foram estabelecidos
pelo tipo decimento utilizado e tempo de medicacdo intracanal, asaber: BC 0 BT, BC 7 BT, BC 30 BT,
AP 0 BT, AP 7 BT, AP 30 BT. Para avaliacdo em MEV foram utilizados 5 dentes ndo obturados:BT
0, BT 7d, BT 30d. Para os dados de resisténcia de unido foram realizados os testes estatisticos de
Kruskal-Wallis e teste T para comparacdes dos cimentos nos diferentes tempos experimentais e dentro
do mesmo tempo experimental, respectivamente; distribuicdo de frequéncias absolutas para analise
dos padrdes de falha; e uma analise descritiva dos fendmenosobservados em MCVL e MEV. BT
diminuiu a forca de unido do AP e BC em ambos os tempos experimentais (7 e 30 dias) (P< 0.05).
Quando o terco radicular foi considerado, somente no terco médio ocorreu uma diminui¢do
significativa na forga de unido entre AP O BT e AP 7 BT, assim como, entre BC 0 BT e BC 30 BT, e
entre BC 7 BT e BC 30 BT (P< 0.05). O cimento AP mostrou diferencas significativas nos valores de
resisténcia de unido quando comparados ao periodo em que nao foi utilizada a medicacdo BT e o
periodo de 7 dias em que foi usada tal medicacdo (P< 0,05). Ndo houve diferencas entre os cimentos
endodonticos dentro de cada tergo radicular e de cada tempo experimental (P> 0,05). A penetracdo
intratubular do AP foi maior do que a do BC. Com a MEV foi possivel observar remanescentes da
pasta bioceramica sobre a superficie dentinaria em ambos os grupos (7 e 30 dias). BT diminuiu a

resisténcia de unido em ambos 0s gruposobservados.
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4 CONSIDERACOES FINAIS

A medicagéo intracanal BIO-C TEMP interferiu diminuindo a resisténcia de unido em
ambos os cimentos utilizados neste estudo, ndo havendo diferenca entre os cimentos utilizados.
Foi possivel observar, no entanto, a penetrabilidade de ambos os cimentos utilizados nos
tabulos dentinérios.

Este estudo ainda demonstrou presenca de remanescentes de material mesmo ap6s
remocdo da medicacao intracanal com protocolo de ativacdo ultrassdnica. Dessa forma, novos
estudos acerca da interacdo destes residuos com os materiais obturadores sdo encorajados, para
que seja possivel a realizacdo de tratamentos endoddnticos mais previsiveis, com niveis de

sucesso cada vez maiores.
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Letras e marcas de identificagio devem ser claras e definidas. Areas criticas de radiografias e

fotomicrografias devem estar isoladas e/ou demarcadas.
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Partes separadas de uma mesma figura devem ser legendadas com letras maiusculas (A, B, C
etc.). Figuras simples e pranchas de figuras devem ter largura minima de 8 cm e 16 cm,
respectivamente.

As legendas das figuras devem ser numeradas com algarismos arabicos e apresentadas em uma
pagina separada, apos a lista de referéncias (ou apos as tabelas, quando houver).

Politicas sobre Conflito de Interesses, Direitos Humanos e Animais, e Consentimento Livre e

Esclarecido

CONFLITO DE INTERESSES

O Brazilian Dental Journal reafirma os principios incorporados na Declaracdo de Helsinquia e
exige que toda a investigacao envolvendo seres humanos, no caso de publicacdo nesta revista,
seja conduzida em conformidade com tais principios e outros especificados nos respectivos
comites de ética da instituicdo dos autores. No caso de estudos com animais, 0S mesmos
principios éticos devem também ser seguidos.

Quando foram utilizados procedimentos cirlrgicos em animais, 0s autores devem apresentar,
na seccdo Metodologia, provas de que a dose de uma substancia € adequada para produzir
anestesia durante todo o procedimento cirdrgico.

Todos os estudos realizados em humanos ou animais devem acompanhar uma descri¢éo, na
seccdo de Metodologia, dizendo que o estudo foi aprovado pelo respectivo Comité de Etica da
afiliacdo dos autores e fornecer o nimero de aprovacéo do protocolo. Além disso, devem conter
a aprovacdo do Comité de Etica como material suplementar obrigatdrio. O certificado do
Comité de Etica, redigido em diferentes linguas do inglés, espanhol e portugués, deve ser
traduzido na integra para inglés.

Todos 0s autores e co-autores sao obrigados a revelar qualquer potencial conflito de interesses
ao submeter o seu artigo (por exemplo, emprego, honorarios de consultoria, contratos de
investigacao, propriedade de accdes, licencas de patentes, filiacbes de aconselhamento, etc.).
Se o artigo for subsequentemente aceito para publicagdo, esta informacdo deve ser incluida na

seccao final.

DIREITOS HUMANOS E DOS ANIMAIS
Toda a investigacgdo deve ter sido conduzida de acordo com quadro ético apropriado. Se houver
suspeita de que o trabalho néo foi realizado dentro de um quadro ético apropriado, os editores

poderdo rejeitar o manuscrito, e/ou contactar o comité de ética do(s) autor(es). Em raras
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ocasides, se 0 Editor tiver sérias preocupacdes sobre a ética de um estudo, o0 manuscrito pode
ser rejeitado por razdes éticas, mesmo que tenha sido obtida a aprovacao de um comité de ética.
Os artigos que realizem qualquer estudo animal ou clinico devem conter uma declaracdo em de
aprovacao do comité de ética animal e humana.

A investigacdo deve ser realizada de forma a que os animais ndo sejam desnecessariamente
afetados.

O registo é exigido para todos os ensaios clinicos.

CONSENTIMENTO INFORMADO

No Brazilian Dental Journal, os pacientes tém um direito a privacidade que ndo deve ser violado
sem consentimento informado. As informacdes de identificacdo, incluindo nomes, iniciais, ou
numeros de hospitais, ndo devem ser publicadas em descricdes escritas, fotografias, ou
pedigrees, a menos que a informacdo seja essencial para fins cientificos e o paciente (ou pai ou
tutor) dé o seu consentimento informado por escrito para publicagéo.

O consentimento informado para este fim exige que o manuscrito a publicar seja mostrado a
um paciente identificavel. Os autores devem revelar a estes pacientes se algum material
potencialmente identificavel pode estar disponivel através da Internet, bem como em verséo
impressa ap0s a publicacdo. O consentimento do paciente deve ser escrito e arquivado ou com
a revista, os autores, ou ambos, conforme ditado pelos regulamentos ou leis locais. Os
pormenores de identificacdo ndo essenciais devem ser omitidos. O consentimento informado
deve ser obtido se houver qualquer duvida de que o anonimato pode ser mantido. Quando o

consentimento informado tiver sido obtido, deve ser indicado no artigo publicado.

ENVIO DE MANUSCRITOS:

1. Carta de submisséo.

2.Pagina de rosto.

3. Manuscrito (incluindo tabelas e legendas).

4. No manuscrito, observar:

identificacdo dos autores somente na pagina de rosto.

texto digitado em fonte Times New Roman 12, espaco entrelinhas de 1,5 e margem de 2,5 cm
em todos os lados.

tabelas, legendas e figuras ao final do texto.

5. Os arquivos digitais as figuras em preto e branco, salvas em TIFF, com resolu¢do minima de
300 dpi.
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ANEXO 2 - PARECER DA COMPESQ

Sistema Pesquisa - Pesquisador: Marcus Vinicius Reis So

[Retornar
Dados Gerals:

Projeto N°: 42717 Titulo: MEDICACAQ INTRACANAL BIOCERAMICA E SUA INFLUENCIA NA
g%awn%gvmmaum E FORCA DE UNIAO DE CIMENTOS

Area de conhecimento: Endodontia

Inicio: 01/08/2022 Previsio de conclusio: 30/04/2024
Situagho: Projeto Concluido Término: 30/04/2024
Origem: Fiﬂa‘:idl d;e Odontologia e F"I’AV#&‘S. linha de pesquisa: BIOCOMPATIBILIDADE DE
Local de n&o infe
Néo apresenta relacio com é ou
Objetivo:

0 objetivo deste estudo € de verificar a capacidade de formagao de apatita de cacio de uma medicagdo
bioceramica (Bio-C Temp) e como esta medicacdo influencia ma penctrabilidade e forga de unido de cimentos
de resina epéx1i (AH Plus) e blocerdmico (Blo-C Sealer). 48 incisives bovinos com didmetro foraminal de
até # 49 serdo selecionados e padronizados em 15mm de comprimento radicular, preparados até instrumento
rotatério F5 e divididos em dois grandes grupos: controle (sem medicagdo intracanal) e teste (com

Palavras Chave:

ENDODONTIA
I e — Equipe UFRGS:
vertine
Nome: MARCUS VINICIUS REIS SO
m Coordenador - Inicio: 01/08/2022 Término: 30/04/2024
Nome: Livia

: Pacheco Rodrgus
Ensino: mestrado - Inicio: 01/08/2022 Término: 30/04/2024
Nome: Ricardo Abreu da Rosa
Pesquisador - Inicio: 01/08/2022 Término: 30/04/2024
Avaliagdes:
C de Pesq de -

em 02/08/2022 Clique aay! oara visualizar © parecer



