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RESUMO

Materiais bioceramicos sao desenvolvidos para utilizacdo como cimentos reparadores e para
obturacdo de canais radiculares. Publica¢do 1: Avaliagdo da biocompatibilidade, potencial
bioativo, porosidade e interface dentina/material dos cimentos: Bio-C Sealer (BIOC), Sealer
Plus BC (SP), TotalFill BC Sealer (TF) em comparagdo com AH Plus (AHP). A resposta
tecidual no subcutaneo de ratos foi avaliada por meio da implantagdo de tubos de dentina
humana com cimentos e tubos vazios (grupo controle-GC) por 7, 15, 30 e 60 dias. Cortes
histolégicos foram corados com hematoxilina e eosina (HE) para analise de espessura de
capsula e densidade numérica de células inflamatorias/mm?(Cls). Interleucina-6 (IL-6) e
osteocalcina (OCN) também foram avaliadas. von Kossa foi realizado para identificacdo de
depdsitos de célcio. Porosidade e interface dentina/material foram analisados por meio de micro
tomografia computadorizada (Micro-CT). Os dados foram submetidos aos testes ANOVA e
Tukey, com significancia de 5%. Em todos os grupos, a espessura de capsula diminuiu com o
decorrer do tempo. AHP exibiu mais CIs e células IL-6-imunopositivas comparado com outros
cimentos (P <0,05). Aos 7 dias, o BIOC mostrou mais CIs e células IL-6-imunopositivas em
comparagdo com SP e TF (P <0,05). Aos 15 e 30 dias, nenhuma diferenca significativa para
ClIs e células IL-6-imunopositivas foram detectadas entre SP e TF (P> 0,05). BIOC, SP, TF e
GC nao apresentaram diferengas significativas (P> 0,05) apo6s 60 dias. Estruturas von Kossa-
positivas e birrefringentes foram observadas ao redor de todos os materiais. BIOC, SP e TF
exibiram células OCN- imunopositivas em todos os periodos. BIOC apresentou maior
porosidade que SP e TF (P<0,05). BIOC, SP, TF e AHP apresentaram similar porcentagem de
espagos vazios na interface (P>0,05). Conclui-se que BIOC, SP, TF s3o biocompativeis e
apresentam bioatividade, e vazios de interface similar ao AHP. Publicaciao 2: Avaliacdo da
biocompatibilidade, potencial bioativo, porosidade e interface dentina/material de materiais
bioceramicos reparadores: Bio-C Repair (BIOC-R) e MTA repair HP (MTAHP) em
comparacdo ao cimento a base de 6xido de zinco e eugenol (IRM). A avaliagio da
biocompatibilidade e potencial bioativo foram realizadas por meio da implantagdo de tubos de
dentina preenchidos com os materiais e tubos vazios como grupo controle (GC). Apods 7, 15, 30
e 60 dias, os tubos e tecidos adjacentes foram removidos para mensuragao da capsula, contagem
das células inflamatorias/mm?(CIs), detecgdo das células IL-6 ¢ OCN imunopositivas € von
Kossa para identificacdo de depositos de calcio. Andlise de micro-CT foi realizada para
avaliagdo da porosidade e interface. Os dados foram submetidos aos testes ANOVA e Tukey,
com significancia de 5%. As capsulas de IRM apresentaram maior espessura, Cls e células IL-
6- imunopositivas, aos 7 e 15 dias (P<0,05). As capsulas de BIOC-R exibiram maior espessura
e ClIs do que MTAHP em 7 dias (P<0,05) e mais células IL-6 -imunopositivas em 7 e 15 dias
(P<0,05). Aos 30 e 60 dias, ndo foram observadas diferencas significativas no nimero de Cls,
espessura da capsula e nimero de células IL-6- imunopositivas entre os grupos (P>0,05).
Células OCN-imunopositivas, von Kossa positivo e estruturas birrefringentes foram observadas
apenas em BIOC-R e MTAHP. BIOC-R e IRM apresentaram baixa porosidade e vazios
(P>0,05). O MTAHP apresentou maior porosidade e vazios na interface (P<0,05). Conclui-se
que BIOC-R, MTAHP e IRM sdo materiais biocompativeis, porém apenas BIOC-R e MTAHP
possuem potencial bioativo. MTAHP apresentou maior porosidade e presenga de vazios na
interface.

Palavras chave: Materiais Biocompativeis. Ratos. Microtomografia por Raio-X. Endodontia.



Inada RNH. Evaluation of biocompatibility, bioactive potential, volumetric change, and
dentine/material interface of new bioceramics root repair material and sealer [tese de doutorado]
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ABSTRACT

Bioceramic materials are developed for use as root repair material and root canal fillings.
Publication 1: Evaluation of biocompatibility, bioactive potential, porosity and dentin/material
interface of cements: Bio-C Sealer (BIOC), Sealer Plus BC (SP), TotalFill BC Sealer (TF)
compared to AH Plus (AHP). The subcutaneous tissue response of rats was evaluated by
implanting human dentin tubes with cements and empty tubes (control group-GC) for 7, 15, 30
and 60 days. Histological sections were stained with hematoxylin and eosin (HE) for analysis
of capsule thickness and numerical density of inflammatory cells/mm? (ICs). Interleukin-6 (IL-
6) and osteocalcin (OCN) were also evaluated. von Kossa was performed to identify calcium
deposits. Porosity and dentin/material interface were analyzed using micro computed
tomography (micro-CT). Data were submitted to ANOVA and Tukey tests, with a significance
of 5%. In all groups, capsule thickness decreased over time. AHP exhibited more ICs and IL-
6-immunopositive cells compared to other cements (P < 0.05). At 7 days, BIOC showed more
ICs and IL-6-immunopositive cells compared to SP and TF (P < 0.05). At 15 and 30 days, no
significant differences for ICs and IL-6-immunopositive cells were detected between SP and
TF (P>0.05). BIOC, SP, TF and GC showed no significant differences (P>0.05) after 60 days.
von Kossa-positive and birefringent structures were observed around all materials. BIOC, SP
and TF exhibited OCN-immunopositive cells in all periods. BIOC showed higher porosity than
SP and TF (P<0.05). BIOC, SP, TF and AHP showed similar percentage of voids at the interface
(P>0.05). It is concluded that BIOC, SP and TF are biocompatible and present bioactivity, and
interface voids similar to AHP. Publication 2: Assessment of biocompatibility, bioactive
potential, porosity and dentin/material interface of repairing bioceramic materials: Bio-C
Repair (BIOC-R) and MTA repair HP (MTAHP) compared to zinc oxide-eugenol-based
cement (IRM). The evaluation of biocompatibility and bioactivity were performed by
implanting dentin tubes filled with the materials and empty tubes as a control group (GC). After
7, 15, 30 and 60 days, the tubes and adjacent tissues were removed to measure the capsule,
count inflammatory cells/mm? (ICs), detect immunopositive IL-6 and OCN cells, and von
Kossa to identify calcium deposits. Micro-CT analysis was performed to evaluate porosity and
interface. Data were submitted to ANOVA and Tukey tests, with a significance of 5%. The
IRM capsules showed greater thickness, ICs and IL-6-immunopositive cells at 7 and 15 days
(P<0.05). BIOC-R capsules exhibited greater thickness and ICs than MTAHP at 7 days
(P<0.05) and more IL-6 -immunopositive cells at 7 and 15 days (P<0.05). At 30 and 60 days,
no significant differences were observed in the number of ICs, capsule thickness and number
of IL-6-immunopositive cells between groups (P>0.05). OCN-immunopositive, von Kossa
positive cells and birefringent structures were observed only in BIOC-R and MTAHP. BIOC-
R and IRM showed low porosity and voids (P>0.05). MTAHP showed higher porosity and
voids at the interface (P<0.05). It is concluded that BIOC-R, MTAHP and IRM are
biocompatible materials. However, just BIOC-R and MTAHP have bioactive potential.
MTAHP showed higher porosity and presence of voids at the interface.

Keywords: Biocompatible Materials. Rats. X-Ray Microtomography. Endodontics
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1 INTRODUCAO

Ceramicas sdo materiais inorganicos € ndo metalicos obtido pelo aquecimento de
minerais brutos em altas temperaturas!. Bioceramicos sdo materiais cerdmicos biocompativeis
de combinagdes entre silicato de célcio e o fosfato de célcio, podendo incluir ainda particulas
de alumina, zirconia e vidros bioativos??. O tipo de bioceramico utilizado e sua interagdo com
o tecido hospedeiro, permite a sua classificagdo como “bioinerte”, ou seja que ndo promove
interagdo com o ambiente bioldgico, como por exemplo os componentes aluminia e zircOnia;
ou “bioativo” que pode sofrer interagdes interfaciais com o tecido circundante, tais como vidros
bioativos, ceramica de vidro bioativo, hidroxiapatita e silicatos de calcio. Além disso, as
ceramicas bioativas podem ser reabsorviveis ou ndo reabsorviveis, que eventualmente sdo
substituidos ou incorporados ao tecido como o fosfato tricalcico e vidros bioativos?#,

Atualmente, os biocerdmicos apresentam ampla aplicabilidade tanto na area médica
quanto odontologica. Podendo ser utilizados para usos cirirgicos, como substituicdes de
articulagdes ou tecidos*, reparo de defeitos 6sseos, aumento do rebordo alveolar, oblitera¢do do
seio nasal e corregdo de fratura do assoalho orbital>. Também sdo indicados para uso protético
como implantes, proteses e revestimentos para melhorar a biocompatibilidade desses implantes
metalicos®® e para uso restaurador como materiais substituto da dentina, capeamento pulpar,
hipersensibilidade e remineralizagdo dentinaria’’.

Na endodontia, os bioceramicos foram introduzidos na década de 1990, primeiro como
materiais para obturagdo retrograda e para reparo de perfuracdes radiculares, e depois como
cimentos obturadores®®. O fato dos biocerdmicos serem bioativos!?, biocompativeis, e
quimicamente estaveis dentro do ambiente bioldgico'!, ampliaram a sua utiliza¢do clinica.
Bioatividade do material estd relacionando quando este material promove a formacgdo de
hidroxiapatita semelhante a 0sso apos ser imersa em fluidos corporais!2.

A mineralizag@o dos tecidos inclui diversos eventos celulares, expressdes € a interagao
de varias moléculas. A avaliacdo da formagao de tecidos mineralizados pode ser realizada por
técnicas de imuno-histoquimica, e detec¢do de proteinas como a osteocalcina, encontrada na
matriz dssea e secretada por osteoblastos, com papel importante no processo de
mineraliza¢do!>!4. O método von Kossa também ¢ utilizado para avaliar a formagdo de tecido
calcificado, baseando-se na avaliagdo da precipitagdo de célcio'.

A biocompatibilidade de um material ¢ relacionada com a capacidade de provocar uma
resposta bioldgica apropriada em uma determinada aplica¢do'é. Um material biocompativel

apresenta redu¢do da resposta inflamatoria com o decorrer do tempo!’. Durante a resposta
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inflamatoria, as células inflamatorias sintetizam e liberam diversos mediadores quimicos
moduladores da inflama¢do, como a interleucina-6 (IL-6), produzida em resposta a estimulos
como agressoes e infecgdes por células como fibroblastos, macrofagos e neutréfilos'®!°. Pode
estar relacionada com a inflamagdo da polpa dentaria, visto que ela atua como mediadora da
resposta do hospedeiro?’-!,

Na fase de reparacdo do tecido conjuntivo ocorre redugdo de células inflamatorias e
imunopositivas a IL-6, acompanhado pela presenga de diversos fibroblastos entre feixes de
fibras coldgenas, o que evidencia o processo de reparagdo do tecido?>?. Desta forma, cimentos
reparadores e obturadores dos canais radiculares devem ser biocompativeis e, se possivel,
bioativos uma vez que estdo em contato com os tecidos perirradiculares e podem influenciar no
reparo e neoformagdo 0ssea’.

Estudos, in vivo, principalmente em tecido subcutineo de ratos sdo recomendados pela
ISO para avaliagdo da resposta bioldgica provocada pelos diferentes materiais'>2*>!. Diversos
estudos utilizam implante de tubos de polietileno por serem um material inerte*27-3°,
Considerando-se que cimentos bioceramicos, principalmente os prontos para uso, sdo de
natureza hidrofilica e necessitam de umidade proveniente da dentina para reagdo de presa®,

10,33-35

tubos de dentina humana possibilitam maior proximidade com a situacao clinica , assim

como avaliagdo das interagdes da interface parede dentinaria/material3*33.

Mineral Trioxide Aggregate (MTA), foi o primeiro material de silicato de célcio na
endodontia, desenvolvido pela Universidade de Loma Linda (Califérnia, EUA) no ano de
19933, O MTA ¢ um cimento reparador amplamente utilizado na area endodontica, para
capeamento pulpar, pulpotomia, selamento de perfuragdo radicular, apicificacdo e obturagdo
retrogada’’, devido a sua capacidade seladora, biocompatibilidade e capacidade de induzir a
deposi¢do de tecido mineralizado!'®*%#2, Essa capacidade de indu¢do de tecido duro, estd

43-47

relacionado na formagdo de hidroxiapatita® ', e ¢ de extrema importancia para os materiais

reparadores no processo de reparo e neoformagio Ossea!®#,

Entretanto, ha algumas desvantagens como dificuldade de manuseio, devido sua

30-52 Diversos cimentos

consisténcia’ longo tempo de presa*” e escurecimento dentario
endodonticos a base de silicato de tricalcico, principal componente bioativo do MTA foram
desenvolvidos, com intuito de superar as desvantagens do MTA. Associado a diferentes tipos
de radiopacificadores, como 6xido de zirconio (ZrO,), 6xido de nidbio (Nb,Os) e tungstato de
calcio (Ca,WO,), esses cimentos demonstram  possuir  biocompatibilidade®,

54,55

citocompatibilidade>**3, radiopacidade adequada’®, bioatividade semelhante ao MTA, menor

tempo de presa, baixa solubilidade e liberagdo de ions de calcio®’.



13

O BIO-C Repair, ¢ um cimento bioceramico reparador desenvolvido pela Angelus®
Industria de Produtos Odontolégicos S/A (Londrina, Brasil), que possui excelente capacidade
de preenchimento, baixa alteragdo volumétrica®®, adequada radiopacidade, pH alcalino e ndo
promove escurecimento dentario>®. Indicado para os tratamentos de perfuragdo de raiz ou furca
via canal ou cirlrgica, reabsorcdo interna via canal ou cirirgica, reabsor¢do externa,
retrobturacdo em cirurgia parendoddntica, capeamento pulpar direto ou indireto, apicificacao,
apicigénese, pulpotomia e regeneragio pulpar. E um cimento reparador pronto para uso, pronto
para uso, composto por silicato tricalcico, aluminato de célcio, 6xido de célcio, 6xido de
zirconio, 6xido de ferro, didxido de silicio e agente de dispersao.

Benetti et al.%° avaliaram in vitro a citotoxicidade e em subcutineos de ratos, a
biocompatibilidade e mineralizacdo do Bio-C Repair (Angelus) comparado ao MTA repair HP
(Angelus) e MTA branco (Angelus), através de tubos de polietileno contendo os materiais ou
vazios (controle) removidos do tecido subcutaneo de ratos apos 7 e 30 dias. Os autores
observaram que aos 7 e 30 dias, os grupos apresentaram inflamacdo moderada e leve,
respectivamente. Além disso, todos os materiais mostraram estruturas positivas para von Kossa
e luz polarizada. Concluindo que, o Bio-C Repair teve citocompatibilidade semelhante aos
materiais a base de MTA, foi biocompativel e induziu a mineralizacao.

Ghilotti et al.5! compararam a composi¢do quimica, a morfologia ultraestrutural, bem
como seus efeitos bioldgicos nas células da polpa dental humana do Biodentine (Septodont)
ProRoot MTA (Dentsply) e Bio-C Repair, através de um estudo in vitro. Os autores observaram
que o Bio-C Repair evidenciou uma baixa concentracdo de calcio e a maior concentragdo de
zirconio. Demonstrou também uma adesdo adequada das células da polpa dental humana
(hDPCS) aos materiais. Concluiram que o Bio-C Repair demonstrou excelente
citocompatibilidade, semelhante ao Biodentine e ProRoot MTA.

Lopéz-Garcia et al.%? realizaram um estudo in vitro para avaliar algumas propriedades
biologicas do Bio-C Repair e Bio-C Sealer (Angelus). Foram avaliados os efeitos desses
materiais em diversas dilui¢des nas células-tronco do ligamento periodontal, além do perfil de
liberagdo i6nica e pH. Como resultados foram observados um pH semelhante nestes cimentos.
Bio-C Sealer liberou significativamente mais ions Calcio e Silicio em compara¢do com Bio-C
Repair. O Bio-C Sealer ndo diluido induziu uma reducdo significativa na viabilidade celular,
sobrevivéncia celular e migracao celular quando comparado ao controle. Os autores concluiram
que o Bio-C Repair apresentou maior viabilidade celular, taxas de migracdo, maior adesdo e

proliferacdo de células em comparagdo ao Bio-C Sealer.
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1.3, avaliaram os efeitos citotoxicos, in vitro, do Biodentine, MTA

Klein-Junior et a
Repair HP, Bio-C Repair ¢ Bio-C Repair fon+. Como resultados foram observados que todos
os materiais demonstraram redugio na viabilidade celular. Bio-C Repair fon+ apresentou
citotoxicidade leve e moderada nas analises de 24 horas e 7 dias, respectivamente. Bio-C Repair
e Biodentine apresentaram citotoxicidade leve, ¢ MTA Repair HP exibiu citotoxicidade
moderada em ambos os intervalos. Concluindo que a Biodentine, MTA e Repair HP
apresentaram em ordem crescente a maior viabilidade celular. Bio-C Repair e Bio-C Repair
fon+ apresentaram citotoxicidade moderada, semelhante a0 MTA Repair HP na analise de 7
dias.

Outro cimento reparador bioceramico da Angelus® Industria de Produtos
Odontoldgicos S/A (Londrina, Brasil) ¢ o MTA repair HP, que ¢ a base de silicato tricélcico e
contém tungstato de cdlcio na composi¢do. Segundo o fabricante o MTA Repair HP ¢ um
material reparador de alta plasticidade, com indicagdes comuns ao MTA. A diferenca entre o
MTA Angelus (Angelus Solugdes Odontologicas, Londrina, Brasil) e o MTA Repair HP ¢ a
substituicdo da agua destilada por liquido contendo 4gua e plastificante orgéanico, facilitando o
manuseio e inser¢do do material e o tungstato de calcio como agente radiopacificador. Cintra
et al.®* utilizaram tubos de polietileno em subcutineo de ratos € demonstraram que o0 MTA
Repair HP ¢ biocompativel e possui uma capacidade de mineralizacdo similar ao MTA
Angelus, além de uma maior viabilidade das células de fibroblastos em comparagdo com o
MTA branco apds um periodo mais longo. Além de promover uma resposta bioldgica adequada
em cé¢lulas da polpa dentaria humana (hDPSCs) em termos de proliferagdo celular, morfologia,
migragdo e ligagdo®>56,

Ferreira et al.” também avaliaram a biocompatibilidade utilizando tubos de polietileno
em subcutaneo de ratos. Além da citotoxicidade, tempo de presa, fluidez, radiopacidade e
solubilidade em 4gua do MTA repair HP e o MTA branco (Angelus). Os autores observaram
que nao houve diferenca no tempo de presa, radiopacidade, solubilidade entre os cimentos. O
MTA repair HP mostrou ser biocompativel, com propriedades fisico-quimicas e bioldgicas
adequadas e com melhor fluidez quando comparado ao MTA.

Delfino et al.?’ avaliaram a resposta tecidual por meio de tubos de polietileno
implantados no subcutineo de ratos promovida pelo Bio-C Pulpo (Angelus), MTA Repair HP
e MTA branco (Angelus) e também avaliaram as alteracdes hepdticas que tais materiais
poderiam causar. Concluindo que Bio-C Pulpo, MTA repair HP ¢ MTA branco ndo causaram

alteracdes morfoldgicas no figado e nenhuma alteracdo significativa nos niveis séricos de TGO
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e TGP, que sdo enzimas que refletem o status de funcionamento do figado. Além disso,
demonstraram ser materiais biocompativeis e com potencial bioativo.

15> avaliaram in vitro a citotoxicidade, bioatividade, atividade

Queiroz et a
antibacteriana contra Enterococcus faecalis e testes fisico-quimicos de tempo de presa,
radiopacidade, pH e solubilidade comparando materiais experimentais a base de silicato
tricalcico (TCS), associados a radiopacificadores 6xido de zirconio (ZrO»), tungstato de célcio
(CaWOs4) ou 6xido de nidbio (NbOs), com o0 MTA Repair HP. Os autores observaram que
MTA repair HP apresentou menor tempo de presa comparados com os outros materiais e
radiopacidade acima de 3 mmAl. Além disso, observaram que todos os cimentos apresentaram
pH alcalino, baixa solubilidade, nenhum efeito citotoxico, bioatividade e atividade
antibacteriana contra Enterococcus faecalis.

O material de restauracdo intermediaria (IRM) (Dentsply, Delaware, Estados Unidos) ¢
um material restaurador apresentado na forma de pd que consiste em 6xido de zinco e poli
metacrilato de metila e liquido com eugenol e 4cido acético. Utilizado, antigamente, como

68,69

material retrobturador na endodontia com o intuito de superar as desvantagens que o

amalgama proporcionava como a dificuldade de manipulagdo e inser¢do’’, infiltragdo

169,71

marginal®’!, citoxicidade’>"3, baixa biocompatibilidade’* "¢, Diversos estudos utilizam o IRM

como comparativo com os novos materiais de silicato de calcio”” 7.
Ja foi relatado na literatura taxas de sucesso clinico semelhante ao MTA8%#! baixo grau

8283 ¢ boa adaptagdo marginal®*.

de porosidade e espagos vazios’®, baixa alteragdo volumétrica
Entretanto ha estudos na literatura que observaram que o eugenol e o zinco presentes na sua
composi¢do sdo os principais componentes citotoxicos®>#. Além da baixa viabilidade®® e
fixagdo celular®’, citotoxicidade®®, ha diversos estudos que observaram uma menor
biocompatibilidade®*-?, deficiente adaptagdo marginal®'*? e baixo selamento apical comparado
a0 MTA%%4,

Segundo Koch®, na area de desenvolvimento de materiais em endodontia, o principal
avanco ¢ relacionado ao uso da tecnologia bioceramica; na obturagdo endodontica. A obturagdo
tem como um dos seus objetivos, finalidade bioldgica, como a ndo interferéncia no reparo e se
possivel promover estimula¢do’. Para ser considerado um cimento ideal sdo necessarias
algumas caracteristicas como: biocompatibilidade, selamento marginal, permitir ou induzir o
processo de reparo e neoformacdo Ossea, apresentar atividade antimicrobiana, ser de facil
manipulagdo e insercdo, ndo ser soluvel nos fluidos corporais apds o endurecimento, ser
radiopaco, assim como ser de baixo custo’’ 1%, Entretanto, ndo existe um cimento que tenha

todas essas caracteristicas.
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Cimentos obturadores bioceramicos apresentam algumas vantagens como uma
biocompatibilidade e acdo bactericida devido ao seu pH alcalino. Além disso, apresentam
capacidade de formar hidroxiapatita, promovendo uma ligacdo entre a dentina e os materiais
obturadores*. Atualmente, os cimentos bioceramicos sio também desenvolvidos na forma pré-
misturada, diminuindo os riscos de uma mistura ndo homogénea'!.

O Bio-C Sealer ¢ um cimento obturador bioceramico pronto para uso desenvolvido pela
Angelus® Industria de Produtos Odontolégicos S/A (Londrina, Brasil). Indicado para
obturagdes de canais radiculares permanentes ¢ composto por silicatos de célcio, aluminato de
calcio, 6xido de calcio, 6xido de zirconio, 6xido de ferro, didxido de silicio e agente de
dispersdo. Bio-C Sealer tem demonstrado adequada capacidade de preenchimento do canal
radicular!'®>1%, tempo de presa adequado, capacidade de alcalinizagdo, adequado escoamento e
radiopacidade, além de baixa alteragdo volumétrica!®,

Silva et al.?, avaliaram a biocompatibilidade e o potencial bioativo de cimentos Bio-C
Sealer e Sealer Plus BC (MK Life) em comparacgdo com AH Plus (Dentsply), apds a
implantacdo de tubos de polietileno contendo os materiais no tecido subcutaneo de ratos durante
os periodos de 7,15,30 dias e concluiram que Bio-C Sealer e Sealer Plus BC sdo biocompativeis
e apresentam potencial bioativo. Okamura et al.!% também estudaram o biocompatibilidade e
do Bio-C Sealer em raizes de dentes de cdes e concluiram ser um material biocompativel e
seguro para uso em contato préximo com o tecido periapical.

Lopez-Garcia et.al'%®

avaliaram in vitro a citotoxicidade e potencial de mineralizacao
do Bio-C Sealer e TotalFill BC Sealer (FKG Dentaire) em comparacdo com o AH Plus e
concluiram que Bio-C Sealer e TotalFill BC Sealer demonstraram melhor citocompatibilidade,
migracdo, morfologia celular, fixagdo celular e capacidade de mineralizagdo do que AH Plus.
Além dessas propriedades, o potencial antibacteriano do Bio-C Sealer contra bactérias comuns
em infeccdes endodonticas primarias e secundarias também foi avaliada, demonstrando o
material possuir atividade antibacteriana!®’.

Sealer Plus BC também ¢ o cimento obturador bioceramico, pronto para uso, lancado
pela industria MK Life dental and medical products (Porto Alegre, Brasil). Segundo o
fabricante, o Sealer Plus BC ¢ um cimento insoluvel, radiopaco, sem aluminio, com 6xido de
zirconio; silicato tricalcio; silicato dicalcio; hidroxido de célcio e propilenoglicol em sua
composi¢do. O cimento demonstra ser biocompativel e bioativo em subcutineo de ratos®1%%,
de baixa citotoxicidade!%®, baixo tempo de presa, pH alcalino, adequada radiopacidade, fluidez
e liberagdo de célcio!”, porém com alta solubilidade!?*!'!°, Benetti et al'®®. avaliaram a

biocompatibilidade com tubos de polietileno em subcutaneo de ratos e citotoxicidade in vitro
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do Sealer Plus BC em compara¢do com MTA Fillapex (Angelus) e AH Plus e constataram que
Sealer Plus BC ¢ biocompativel quando comparado ao MTA Fillapex e AH Plus, e ¢ menos
citotoxico quando sdo utilizados extratos menos diluidos.

Outro cimento a base de silicato de calcio, pronto para uso, ¢ o TotalFill BC Sealer

(FKG Dentaire SA, La Chaux-de-Fonds, Suica). Este material apresenta 6xido de zirconia como

106,111,112
b

agente radiopacificadores e tem demonstrado ndo ser citotoxico possuir acao

seladora'!?, ser antimicrobiano>*, pH alcalino!!4, ser hidrofilo, promover a difusdo de hidroxido

104

de calcio!'’, possuir radiopacidade adequada!®® e biocompativel!'!17. Apds a analise da

interface dentina/material para avaliar o potencial de bioatividade foi observado a deposi¢ao de

mineral!18:119,

Silva et al.?*

, avaliaram a biocompatibilidade e o potencial bioativo do TotalFill BC
Sealer, AH Plus e um cimento experimental base de silicato tricalcico, com a implantacdo de
tubos de polietileno em subcutaneo de ratos, durante os periodos de 7,15,30 e 60 dias e
concluiram que o TotalFill BC Sealer e o cimento experimental apresentaram potencial bioativo
e biocompatibilidade. Santos et al.'?® também avaliaram a biocompatibilidade e bioatividade
do TotalFill BC Sealer e TotalFill BC Sealer HiFlow através de implante subcutaneo em tecido
conjuntivo de ratos e concluiram que o TotalFill BC Sealer e o TotalFill BC Sealer HiFlow sao
biocompativeis e apresentam potencial bioatividade quando implantados no tecido subcutaneo.

O AH Plus (Dentsply, Konstanz, Alemanha) ¢ um cimento endodontico a base de resina

epoxi considerado como “padrio ouro” para comparagdes com outros cimentos'?!, devido sua

adequada propriedade seladora!??, estabilidade dimensional'?* propriedade adesiva'?4,

125,126 7

radiopacidade e possuir atividade antibacteriana'?’. No entanto, em relagdo a

biocompatibilidade e citotoxicidade ha controvérsias na literatura. Alguns estudos mostraram

116 128,129

uma elevada toxicidade''® e reagdo inflamatoria persistente , outros observaram uma nao

toxicidade ou baixa toxicidade!3%!3!

e diminuigdo do infiltrado inflamatorio!*2. Quando
analisado sua interface dentina/material ndo foi observado nenhuma mudanga'®?. Sio
necessarios mais estudos para confirmagao.

Além do material endodontico necessitar de propriedades bioldgicas adequadas sdo
necessarias propriedades fisico-quimicas para o sucesso a longo prazo do tratamento

endodontico!3*

. A microtomografia computadorizada (micro-CT) ¢ uma ferramenta nao
destrutiva usada para avaliar propriedades de materiais®*!1%:135:136 Torres et al.® utilizando a
micro-CT avaliaram a capacidade de preenchimento e alteragdo volumétrica dos cimentos MTA
repair HP, Bio-C Repair e IRM, e concluiram que Bio-C Repair ¢ um material com capacidade

de preenchimento e baixa alteragdo volumétrica.
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O micro-CT também pode ser usado para medir a porosidade dos materiais do canal

135,136

radicular e avaliar a interface entre a parede dentinaria e o material endodontico de acordo

com a porcentagem de lacunas e vazios no material obturador®®-!37

permitindo a avalia¢do de
vazios entre a superficie da parede dentinaria € o material'3”!13, Vergarcas et al.!** avaliaram
os defeitos marginais e vazios do MTA Branco, MTA Repair HP e Bio-C Repair, utilizando o
micro-CT. Foi observado que ndo houve diferenca estatistica na porcentagem de defeitos
marginais entre os materiais € 0 MTA branco apresentou menos vazios que o Bio-C e 0o MTA
Repair HP.

Torres et al.!* também utilizaram do micro-CT para avaliar a estabilidade volumétrica
e morfologica, porosidade e vazios de interface do MTA branco (Angelus), Biodentine e IRM,
apos imersao em solucdo salina tamponada com fosfato (PBS), e observaram que MTA e IRM
apresentaram estabilidade dimensional e volumétrica. Biodentine apresentou adaptabilidade
adequada e menores valores de porosidade que 0 MTA, porém apos a imersao em PBS houve
reducdo dimensional deste material, além de aumento na porosidade e vazios de interface.

Torres et al.!'%, empregando micro-CT, avaliaram solubilidade, alteragdo volumétrica e
presenca de vazios dos cimentos TotalFill BC Sealer, Sealer Plus BC e Bio-C Sealer em
comparacdo com o AH Plus sob o efeito da imersdo em agua destilada ou solug¢do salina
tamponada com fosfato (PBS) e observaram que TotalFill BC Sealer, Sealer Plus BC e Bio-C
Sealer apresentaram solubilidade significativamente maiores do que AH Plus, e acima do
recomendado pela ISO 687640, Porém, todos os cimentos avaliados apresentaram presenga
baixa alteracdo volumétrica e foram semelhantes em relagdo aos espagos vazios.

Sendo assim, diante do exposto, tornam-se oportuno, estudos que avaliem essas
propriedades fisico-quimicas e bioldgicas, por metodologias que simulem condi¢des clinicas

como implante de tubos de dentina, e associagdo com métodos que empregam Micro-CT.
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2 PROPOSICOES
Este estudo possui um objetivo geral e especificos.

2.1 Objetivo Geral
Este estudo teve como objetivo a avaliagdo das propriedades biologicas e fisico-
quimicas de materiais endodonticos bioceramicos através da implantagdo de tubos de dentina

em subcutaneo de ratos.

2.2 Objetivos Especificos

Esse estudo esté dividido em duas publicagdes:

Publicacdo 1: Avaliar a capacidade dos cimentos obturadores bioceramicos Bio-C
Sealer, Sealer Plus BC e TotalFill BC em comparacdo com cimento a base de resina epoxi, AH
Plus, em causar danos bioldgicos, induzir a formagao de tecido duro, por meio de analises de
densidade numérica de células inflamatdrias, espessura das capsulas adjacentes aos implantes,
reacdo imuno-histoquimica para deteccdo de interleucina-6, reagdo imuno-histoquimica para
detec¢do de osteocalcina, reacdo e analise de von Kossa e andlise sob luz polarizada e analisar

a porosidade e interface dentina/material utilizando o micro-CT;

Publicacdo 2: Avaliacdo da biocompatibilidade, potencial bioativo, porosidade e
interface dentina/material de cimentos reparadores bioceramicos, Bio-C Repair, MTA repair
HP em comparagdo com cimento de 6xido de zinco e eugenol, IRM, através andlises de
densidade numérica de células inflamatoérias, espessura das capsulas adjacentes aos implantes,
reagdo imuno-histoquimica para detec¢ao da interleucina-6 e osteocalcina, reag¢do e analise de
von Kossa e analise sob luz polarizada, além de porosidade e interface dentina/material por

meio de micro-CT.
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3 PUBLICACOES
Este trabalho foi dividido em dois artigos.
3.1 Publicacao 1*

Evaluation of biocompatibility, bioactivity, porosity, and interface of bioceramic ready-

to-use sealers using a dentin-tube model

Abstract

Aim This study evaluated biocompatibility, bioactivity, porosity, and interface of the
bioceramic ready-to-use sealers Bio-C Sealer (BIOC), Sealer Plus BC (SP), TotalFill BC Sealer
(TF) compared to AH Plus (AHP), using a dentin-tube model in subcutaneous tissue of rats.
Methodology Dentin tubes filled with sealer and empty tubes (control group, GC) were
implanted in the subcutaneous connective tissue of rats (n = 6/group in each period). After 7,
15, 30, and 60 days, the tubes with connective tissue were removed. The number of
inflammatory cells (ICs), capsule thickness, calcium deposits (von Kossa), and immunostained
cells for interleukin-6 (IL-6) and osteocalcin (OCN) were evaluated. In addition, porosity and
interface dentin-material were assessed by micro-computed tomographic analysis. The data
were submitted to ANOVA analysis of variance and Tukey's test (p <0.05).

Results In all groups, the thickness of capsules decreased over time. In all periods, AHP
exhibited a greater number of ICs and IL-6 immunopositive cells than bioceramic sealers (p
<0.05). At 7 days, BIOC showed higher values of ICs and IL-6-immunolabelled cells in
comparison with SP and TF (p <0.05). At 15 and 30 days, no significant difference in the
number of ICs and immunoexpression of IL-6 cells was detected between SP and TF (p> 0.05).
BIOC, SP, TF, and GC had no significant difference (p> 0.05) in ICs and IL-6- immunolabelled
cells after 60 days. Von Kossa-positive and birefringent structures were observed in the
capsules around the materials. However, only BIOC, SP, and TF exhibited OCN-
immunolabelled cells in all periods. AHP and GC did not display OCN-immunolabelled cells
in the capsules. BIOC showed higher porosity than SP and TF (p <0.05). BIOC, SP, TF, and
AHP had no difference in the percentage of voids (p> 0.05).

Conclusion Bio-C Sealer, Sealer Plus BC and TotalFill BC sealers are biocompatible and
suggest bioactive potential. Bioceramic sealers showed similar percentage of voids than AH
Plus.

Keywords: Biocompatibilty, bioactivity, calcium silicate, root canal filling material,
physicochemical properties, X-ray microtomography.

* Artigo nas normas do periodico International Endodontic Journal para o qual foi submetido.
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Introduction

Bioceramics are biocompatible materials that associate calcium silicate and calcium
phosphate and may include alumina, zirconia, and bioactive glass particles (Shenoy & Shenoy,
2010). The use of bioceramics endodontic sealers has been increased due to their proper
physicochemical and biological properties (Silva et al., 2017).

Root canal sealers should be biocompatible and bioactive, as they maintain contact to
periradicular tissues (Silva et al., 2021). Furthermore, appropriate physical and chemical
properties are required for the long-term success of endodontic treatment (Celikten et al., 2019).
Micro-computed tomography (Micro-CT) is a highly accurate, nondestructive tool that has been
used to assess physicochemical properties (Torres et al., 2020, Torres et al., 2021). Micro-CT
can be used to measure the porosity in the root canal endodontic sealers (Torres et al., 2018,
Torres et al., 2019) and evaluate the interface between the dentin wall and endodontic sealer
according to the percentage of gaps and voids in the filling material (Gandolfi et al., 2013;
Torres et al., 2021) allowing the evaluation of gaps between the surface of the dentin wall and
the endodontic sealer (Gandolfi et al., 2013; Huang et al., 2018).

Biocompatibility is "the ability of a material to elicit an appropriate biological response
in a given application," implying an interaction among a host, a material, and an expected
function of the material (Wataha, 2001). A bioactive material is a material on which bone-like
hydroxyapatite will form selectively after it is immersed in simulated body fluids (Bohner &
Lemaitre, 2009). Ready-to-use calcium silicate-based endodontic sealers, such as Bio-C sealer
(BIOC; Angelus, Londrina, PR, Brazil), Sealer Plus BC (SP; MK Life, Porto Alegre, Brazil),
and TotalFill BC Sealer (FKG Dentaire AS, La Chaux-de-Fonds, Switzerland) have been
demonstrated biological properties, such as biocompatibility, bioactivity, and cytocompatibility
(Lopez-Garcia et al., 2019; Silva et al., 2020, Silva et al., 2021; Zordan-Bronzel et al., 2019b)

and proper physicochemical properties (Torres et al., 2020; Zordan-Bronzel et al., 2019a).
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However, they show solubility according to ISO tests (Tanomaru-Filho et al., 2017; Torres et
al., 2019; Zordan-Bronzel et al., 2019a). On the other hand, bioceramic sealers demonstrate
volumetric stability in theses using micro- CT (Campi, 2020).

Polyethylene tubes in subcutaneous rats is used to evaluate the biocompatibility and
bioactivity of bioceramics materials (Fonseca et al., 2016; Silva et al., 2020, Silva et al., 2021).
However, many complex interactions between the biological environment and the material
occur (Wataha, 2001). Considering that ready-to-use bioceramic cements depend on reactions
that occur from moisture and interaction with dentin, dentin tubes may be more appropriate to
assess these properties, and previously have been used with others materials (Bosio et al., 2014;
Dreger et al., 2012; Holland et al., 1999) allowing the interactions of the dentin and endodontic
sealer (Dreger et al., 2012; Holland et al., 1999) Dentin tubes may allow the formation of an
interfacial layer with tag-like structures at the cement-dentin interface (Reyes-Carmona et al.,
2009). There is no data evaluating the biocompatibility and bioactivity of these ready-to-use
bioceramics on subcutaneous of rats, using dentin tubes.

Therefore, the aim of this study was to evaluate the biocompatibility, bioactive potential,
porosity, and interface dentin-material of three ready-to-use bioceramic sealers compared with
AH Plus using the dentin tube implant model with the materials in the subcutaneous tissue of
rats. The null hypothesis is that the materials have similar biological and physicochemical

properties.

Material and methods

Biological properties analysis

This study used single root human teeth to produce one hundred and twenty dentin tubes
with approximately 5 mm in length, cross-sectioned with a precision cutting machine ISOMET

(Buehler, Lake Bluff, New York, USA), 1.3 mm internal diameter, prepared with Gates Glidden
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number 5# and 1.5 mm wall thickness. The dentine tubes were submitted to the cleaning
protocol to remove the "smear layer," with irrigation of 17% EDTA, sodium hypochlorite 1%,
and distilled water, and then autoclaved, then the dentin tubes were filled with the endodontic
sealers (Table 1).

The Animal Experimentation Ethics Committee approved this protocol in the University
(#04/2019). Thirty-two adult male Holtzman rats (Rattus norvegicus albinus) were used,
weighing between 270-300 g, and maintained under a 12:12 light-dark cycle at controlled
temperature (23 £ 2°C) and humidity (55 + 10%), with food and water provided ad libitum. The

animals were distributed in five groups (n=6): sealers and control group (empty tubes. The

animals were anesthetized intraperitoneally with ketamine hydrochloride (80 mg kg'1 body

weight, Virbac do Brasil Industria e Comércio Ltda., Sdo Paulo, SP, Brazil) and xylazine

hydrochloride (4 mg kg'1 body weight; Unido Quimica-Farmacéutica Nacional S/A, Sao Paulo,
SP, Brazil) and disinfected with 5% iodine solution. After asepsis, the dorsal skin was shaved,
a 2 cm craniocaudal incision was made, and a subcutaneous pocket was created. Next, four
tubes were inserted into each animal's subcutaneous pocket, one from each group, and the skin
was closed with a 4/0 silk suture (ETHICON, Sao José dos Campos, Sao Paulo, SP, Brazil).
After 7, 15, 30, and 60 days, the animals were euthanized with anesthetic overdose, the
implanted tubes with adjacent tissues were removed, and the samples were processed for light

microscopy.



24

Table 1 - Bioceramic sealers, chemical composition, manufacturer, and proportions

Sealers Composition Manufacturers Proportion

Bio C-Scaler Calcium silicates, calcium aluminate, calcium  Angelus Solugdes

(BIOC) oxide, zirconium oxide, iron oxide, silicon Odontologicas, Ready-to-use
dioxide, and dispersing agent. Londrina, Brazil
Sealer Plus BC tCal(iluntl d1§1llcgte, nar}gpartlculate calcium MK LIFE, Porto Readvo-
(SP) risilicate, zirconium oxide. Alegre, Brazil eady-to-use

Zirconium oxide, calcium silicates, calcium,

TotalFill BC Sealer monobasic phosphate, calcium hydroxide,

FKG Dentaire SA, La Ready-to-use

(TF) filling, and thickening agents Chaux-de-Fonds, Suica
Paste A: epoxy bisphenol-A resin and epoxy
bisphenol-F, calcium tungstate (WO4Ca2),  Dentsply DeTrey
AH Plus . . . ... . . 1 g: 1 g
(AHP) zirconium oxide (ZrO2), silica, iron oxide. =~ GmbH, Konstanz, (folder/ folder)
Paste B: dibenzyl amine, aminoadamantane, Germany

WO04Ca2, ZrO2, silica, silicone

Histological Procedures

The implanted tubes and adjacent tissues were removed and immediately immersed in
a 4% formaldehyde solution, buffered with 0.1 M sodium phosphate and pH 7.2 for 72 hours.
After fixation, the specimens were dehydrated, diaphanized, immersed in liquid paraffin (60°
C) for 4 hours, and embedded in paraffin. Longitudinal sections with a thickness of 6 um were
obtained. Non-serial sections were stained with haematoxylin-eosin (H&E) for morphological
analysis and estimated the number of inflammatory cells and capsules' thickness. Non-serial
sections also adhered to slides treated with 4% silane (Sigma-Aldrich Co., Saint Louis,
Missouri, USA) and subjected to the immunohistochemistry for detection of interleukin-6 (IL

-6) and osteocalcin (OCN).

Numerical density of inflammatory cells

To estimate the inflammatory reaction induced by materials in the connective tissue,
three HE-stained sections (with a minimal distance of 100 um between the sections) were
captured under x695 magnification (each field with 0.09 mm?). The number of inflammatory

cells was computed using an image analysis program (Image-Pro Express 6.0 program,
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Olympus, Tokyo, Japan) in this field. Thus, in each specimen, the inflammatory cells were
estimated in a total standardized field of 0.27 mm?. Thus, the total number of inflammatory
cells (obtained from three sections per specimen) was divided by total area (0.027 mm?), and
the number of inflammatory cells per mm? was calculated per specimen (Fonseca et al., 2016;

Silva et al., 2021)

Thickness of capsules

According to ISO-10993-6: 2016 (International Organization for Standardization,
2016), the fibrous capsule extension can be used as a parameter to assess the biological
response. Utilizing a camera (DP- 71; Olympus Corporation, Tokyo, Japan) attached to the light
microscope (BX-51; Olympus), three images of non-serial H&E-stained sections per specimen
were captured at x65 magnification. The capsule measurement was performed with an image
analysis program (Image-Pro Express 6.0 program, Olympus, Tokyo, Japan); the distance was
traced, in the middle portion of the capsule, from its surface adjacent to the material to its limit
with the adjacent tissues. From the three measurements, the average of each specimen was
calculated. This analysis was performed in all specimens (in all groups and periods) (Silva et

al., 2020).

Immunohistochemical detection of IL-6

For antigen retrieval, sections were immersed in a 0.001 M sodium citrate buffer pH 6.0
and heated at 98° C using a microwave for 30 min. After cooling, the slides were washed with
Tris-HC1 0.05 M buffer at pH 7.4, and the endogenous peroxidase was inactivated by treatment
with 5% aqueous hydrogen peroxide solution for 20 minutes. Next, the sections were washed
and incubated with 2% bovine serum albumin (BSA; Sigma-Aldrich Co., St Louis, MO, USA)

for 30 minutes. Then, the sections were incubated overnight in a humid chamber at 4 ° C with
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a primary mouse anti-IL-6 antibody (Abcam, Cambridge Science, Cambridge, UK; code Ab
9324) at 1: 100 dilution. After washing, the sections were incubated with biotinylated anti-
mouse IgG secondary antibody (LSAB, Dako Inc., Carpinteria, California, USA) at room
temperature. The 3,3’-diaminobenzidine chromogen (ImmPACTTM DAB; Vector,
Burlingame, CA, USA) revealed peroxidase activity, and then the sections were counterstained
with haematoxylin Carazzi. Finally, the sections were incubated with non-immune serum
instead of the anti-IL-6 antibody as a negative control.

The number of IL-6-immunolabelled cells was estimated in all specimens. In each
specimen, a standardized field was captured at x695 magnification (0.09 mm?) using a digital
camera attached (DP-71, Olympus, Tokyo, Japan) to the light microscope (BX-51, Olympus).
The captured image was transferred to an image analysis program (Image-Pro Express 6.0,
Olympus), and the number of immunostained cells (in brown/yellow colour) was computed.
Thus, the number of immunolabelled cells per mm? was calculated (Silva et al., 2017; Silva et

al., 2020)

Immunohistochemical detection of osteocalcin (OCN)

After dewaxing, the antigenic retrieval was performed by immersion in heated (96-98°
() 0.001 M sodium acetate at pH 6.0 under microwave treatment for 10 min. Then, the sections
were immersed in 5% hydrogen peroxide for 20 min to inactive the endogenous peroxidase.
After washing with Tris-HCI buffer, the sections were incubated with 3% BSA for 20 minutes
and subsequently with primary rabbit anti-osteocalcin antibody (1:500, code SAB1306277;
Sigma-Aldrich, St Louis, MO, USA) for 16 hours in a humid chamber at 4° C. After washing,
the sections were incubated with mouse/rabbit labelled polymer-HRP (EnVision + Dual Link
System-HRP, Dako Inc., Carpinteria, CA, USA; K4061) for 1 hour at room temperature. The

immunoreaction was revealed by 3,3'- diaminobenzidine chromogen (DAB, Dako Inc.,
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Carpinteria, California, USA) for 3 min. The sections were counterstained with Carazzi
haematoxylin. The sections were incubated in non-immune serum instead of anti-OCN
antibody in the negative controls.

The number of OCN-immunolabelled cells was obtained in all specimens. First, the
capsule's standardized field (0.09 mm2) was captured at x695 magnification. Then, using an
image analysis program, the cells exhibiting immunoreactivity to the OCN antibody (in
brown/yellow colour) were computed, and, subsequently, the number of immunolabelled cells

was calculated (Silva et al., 2017; Silva et al., 2020.

von Kossa reaction and analysis under polarized light

The von Kossa method was used for calcium deposit detection in the capsules. The
sections were dewaxed, hydrated, and immersed in 5% silver nitrate solution for 1 hour under
sunlight. Then the sections were rinsed in distilled water for 3 minutes, immersed in 5% sodium
hyposulfite solution for 5 minutes. After washing with distilled water for 5 minutes, the sections
were stained with picrosirius-red for 1 hour, dehydrated, and mounted in a resinous medium
(Silva et al., 2020; Viola et al., 2012). Sections near to those submitted to von Kossa were
dewaxed and mounted in a resinous medium. As calcite crystals exhibit birefringence (Holland
et al. 1999), the unstained sections were analysed under polarized illumination (Olympus,

BX51).

Physicochemical properties analysis

After the histological process, the dentin tubes were removed, and the porosity and
dentin-material interface were evaluated in the micro-CT. All groups and periods were assessed

compared to the baseline. The sealers were manipulated according to the manufacturers, filled
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into the new dentin tubes, and stored for 48 hours at 37 °C and 95% humidity for a complete

set.

Porosity

Porosity analysis by micro-CT was performed based on a previous study (Torres ef al.,
2018, 2019). Before the scanning, the dentin tubes in the subcutaneous were placed in contact
with a moistened gauze and stored for 24 hours at 37 °C and 95% humidity. The samples were
assessed by micro-CT (SkyScan 1176), using as parameters voltage 80 kV, 313 pA current,
pixel size 9 um, and 360° rotation with a Cu + Al filter. The porosity of the material was
calculated in mm® and percentage. Reconstruction of the images was performed using NRecon
software (V1.6.4,7; Bruker-MicroCT).

Each material had the correction parameters for smoothing, beam hardening, and ring
artifacts defined. CT An software (V1.11.8; Bruker-MicroCT) was used to analyze the images.
Porosity values for each material and period were evaluated compared with the baseline. A 3D
model of the filled cavities was obtained by the CTAn software and visualized and saved using

the CTVol program (V2.0; Bruker-MicroCT).

Dentin-material interface

The method used to evaluate the differences in the percentages of voids at the interface
between the dentin surface of the root canal walls and the filling materials was based on
previous studies (Gandolfi et al., 2013; Torres et al., 2020). The 3D distribution of the interface
voids in a predefined volume of interest (VOI) was calculated for each group and compared
with the baseline. Each 3D VOI was a 40-micron-thick interface volume consisting of the
superficial 20 microns of the canal wall dentine and the first 20 microns of the filling material.

Thus, voids with a size of Sum inside the VOI were detected by the threshold gray level. 3D
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models of the voids were created using CTAn software (V1.15.4.0; Bruker-MicroCT, Kontich,

Belgium).

Statistical analysis

All data were statistically analyzed by GraphPad Prism 5 software (Jandel Scientific,
Sausalito, CA, USA). The data of the biological properties were submitted to two-way ANOVA
followed by the Tukey test. The porosity and interface analysis data were submitted to One-

way ANOVA, also, followed by the Tukey test. The significance level accepted was p < 0.05.

Results

Morphological and morphometrical findings

The sections of capsule thickness of the sealers in different periods are presented at
Figure 1. At 7 days, the dentine tubes were surrounded by thick capsules exhibiting a high
density of cells. Note that in the AHP specimens, an intense inflammatory infiltrate was present.
However, in all groups, the inflammatory infiltrate was located next to the opening of the
dentine tubes and, adjacent tissues (loose connective tissue and muscle tissue) were with
standard features (Figs. 1a-1e). In addition, an evident reduction in the thickness of the capsules

was observed in groups after 60 days (Figs. 1{-1j).
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Figure 1 - Photomicrographs of sections showing portions of capsules (C) adjacent to the
opening of the dentine tubes (T). Figs. 1a-1j: an overview of the capsules (C) after 7(Figs.1a-
le) and 60 (Figs.1f-1j) days to the implants. HE. Bars= 50 um
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According to Table 2, the thickness of capsules of AHP was greater significant than in
other groups at 7 and 60 days. At 7 and 15 days, the capsules around BIO specimens were
significantly thicker than in SP and TF specimens (P<0.05), but no significant difference was
found between SP and TF groups (P >0.05). At 30 days, had no significant difference between
AHP and TF groups, which showed greater values than in BIOC and CG specimens. A
significant difference was also not detected between BIOC and SP groups (P >0.05). After 60
days, AHP presented thicker capsules than other groups (P < 0.05). On the 60" day, BIOC, SP,
TF, and CG specimens exhibited thin capsules, and no significant difference was detected
among these groups (P >0.05). Thus, in all groups, a significant reduction in the thickness of
the capsules was seen over time.

The sections showing inflammatory reaction induced by materials in the connective
tissue are presented ate Figure 2. At 7 days, the examination at high magnification revealed
several mononuclear inflammatory cells, particularly macrophages, lymphocytes, and plasma
cells, in the thick capsules around the specimens (Figs. 2a-2¢). In addition, an enhanced density
of inflammatory cells was observed in the capsules of AHP specimens (Fig. 2d). At 15 days,
some fibroblasts were seen among inflammatory cells in the capsules of all groups, except in
AHP specimens. In addition, the capsules contained numerous inflammatory cells (Figs. 2-2j).
After 30 (Figs. 2k-20) and 60 (Figs. 2p-2t) days, the capsules around BIOC, SP, TF, and GC
specimens contained predominantly fibroblasts dispersed between bundles of collagen fibers
and a few inflammatory cells. In contrast, in AHP specimens, several inflammatory cells were
still observed (Figs. 2n and 2s).

The analysis of the numerical density of inflammatory cells (Table 2) showed that the
highest values of IC were observed in the AHP specimens (P <.0001) in all periods. At 7 days,
the IC number was significantly greater in the BIOC than in SP and TF specimens (P<0.05),

while no significant difference was observed between SP and TF groups. After 15 days, a
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significant difference in IC number was not detected between BIOC and TF groups, but the IC
value was greater in the BIOC than in SP specimens (P<0.05). Moreover, no significant
difference was found among SP, TF, and CG specimens at 15 days. On the 30" day, significant
differences were not observed among BIOC, SP, and TF specimens; a significant difference
was also not observed between BIOC and CG groups (P>0.05). Finally, at 60 days, no
significant difference was found among BIOC, SP, TF, and CG (P>0.05). Thus, a significant

reduction in IC was found in all groups over time.
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AH F’Ius TotalFill BC Sealer Sealer Plus BC Bio-C Sealer

Control

Figure 2- Photomicrographs of sections showing capsules adjacent to the implanted tubes (T)
in the subcutaneous tissue, in high magnification, at 7 (Figs. 2a-2e),15 (Figs. 2{-2j), 30 (2k-20),
and 60 (2p-2t) days. Figs. 2a-2e: the capsules show numerous inflammatory cells (arrows), BV,
blood vessels; Figs. 2p-2t: the capsules have typical fibroblasts (Fb) between bundles of
collagen fibers (CF); few inflammatory cells (arrows) are seen in the capsules. HE. Bars= 13
um.
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Table 2. Capsule thickness (um), number of inflammatory cells (IC) per mm?, number of IL-
6-immunopositive cells (IL-6), and number of OCN-immunolabelled cells per mm? (OCN) in
Bio-C Sealer, Sealer Plus BC, TotalFill BC Sealer, AH Plus, and Control groups after 7, 15,
30, and 60 days. Mean (standard deviation).

Groups
Bio-C Sealer  Sealer Plus BC  TotalFill BC AH Plus Control
Parameters
7 days
Thickness 501 £35%! 395 +43¢! 395 +43¢! 625 + 694! 299 + 664!
Inflammatory Cells 887 + 953! 472 + 644! 568 + 85¢! 1171 + 90! 374 £ 99!
Interleucin-6 311+ 1251 246 + 135! 215 £ 1441 385+ 18! 185 £ 15¢!
Osteocalcin 37 + 6! 19 £ 6%! 28 + 6°! - -
15 days
Thickness 470 £ 21! 291 + 44°2 305 +35¢? 405 + 442 276 + 35!
Inflammatory Cells 516 £ 702 372 £ 6342 423 £ 512 686 + 332 293 + 53¢!
Interleucin-6 152+ 132 146 + 1202 170 + 152 272 + 152 122 + 142
Osteocalcin 39 + 6! 31 & 52 30 + 9! - -
30 days
Thickness 149 £ 942 203 £ 263 222 + 3333 274 £ 24¢3 160 £ 17>2
Inflammatory Cells 241 £ 423 278 £ 263 337 £ 382 584 +£31*3 130 +11¢?
Interleucin-6 83 +12¢3 130 + 12°2 128 + 17°3 219 £21*3 83+ 11¢3
Osteocalcin 50 + 62 41 + 6°3 39 + 92 - -
60 days
Thickness 138 £ 192 140 + 18>4 127 + 8%4 164 +33* 94 + 83
Inflammatory Cells 172 £11°3 152 + 8b4 148 + 11%4 331 + 8+ 80 + 752
Interleucin-6 67 £ 10°3 71 £ 1203 80 £ 15%4 157 + 15 59 + 8b4
Osteocalcin 72 + 643 56+ 7°4 56 + 7°3 - -

The values are the mean + standard deviation. The comparison between groups in the same period is indicated by
superscript letters on the line. Same letters = no statistically significant difference. The comparison between
intervals in the same group is indicated by numbers superscript in the columns; same numbers = no statistically
significant difference. The Tukey test (P <.05).
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Immunohistochemical detection of IL-6

The sections subjected to the immunohistochemistry for detecting IL-6 are presented at
Figure 3. In addition, several immunolabelled inflammatory cells were present in the capsules
at 7 and 15 days (Figs. 3a-3j), while few immunostained fibroblasts and inflammatory cells
were seen after 30 and 60 days (Figs. 3k-3t).

According to Table 2, the number of IL-6-immunolabelled cells was significantly
greater in the AHP than in other groups (P < 0.0001) in all periods. At 7 days, the
immunoexpression for IL-6 was significantly greater in the BIOC than SP and TF (P < 0.05),
and SP showed a higher value than in TF specimens (P<0.05). At 15 days, no significant
difference in the immunoexpression of IL-6 was observed among BIOC, SP, and TF groups,
which showed values greater than CG specimens. After 30 days, a significant difference was
not observed between SP and TF (P>0.05) groups and BIO and CG groups (P>0.05). At 60
days, BC, SP, TF, and CG groups showed the lowest values; no significant difference was
observed (P > 0.05). From 7 to 60 days, a significant reduction in the immunoexpression of

IL-6 was detected in the capsules of all groups over time (P<0.05).
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Figure 3 - Photomicrographs showing capsules adjacent to the tubes implanted in the
subcutaneous tissue for 7 (Figs. 3a-3e),15 (3f-3j),30 (3k-30) 60 (Figs. 3p-3t) days. The sections
were subjected to immunohistochemistry to detect IL-6-imunopositve cells (in brown) and

haematoxylin. BV, blood vessels. Bars= 13 pm
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Immunohistochemical detection of osteocalcin (OCN)

The sections subjected to immunohistochemistry to detect OCN-immunolabelled cells
(brown-yellow) are presented at Figure 4. Few OCN-immunolabelled cells were observed in
the capsules of BIOC, SP, and TF groups at all time points. In contrast, immunolabelled cells
for OCN were not seen in the capsules of AHP and GC groups in the different periods (Figs.
4a-4t). At 30 and 60 days, immunoreactivity was also observed in the extracellular matrix (Figs.
4k-4m, 4p, and 4r). According to table 2, the BIOC group exhibited the highest values of OCN-
immunolabelled cells in the capsules in all periods. At 7 days, the immunoexpression of OCN
was significantly greater in the TF group than in SP specimens (P < 0.05). However, there was
no significant difference between SP and TF (P>0.05) at 15, 30, and 60 days. At all-time points,

OCN-immunolabelled cells were not observed in the capsules of AHP and GC groups.
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Figure 4 - Sections showing capsules adjacent to the tubes implanted for 7 (Figs. 4a-4e),15 (4f-
4j),30 (4k-40), and 60 (Figs. 4p-4t) days. The sections were subjected to immunohistochemistry
for osteocalcin (brown-yellow color) and hematoxylin. Bio-C Sealer, Sealer Plus BC, TotalFill
BC Sealer contain immunolabelled fusiform/elliptical cells (arrows). No immunolabelled cells
are observed in AH Plus and control groups (Fig. 4d-4s and 4e-4t). Bars= 13 pm

von Kossa reaction and analysis under polarized illumination
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The sections with picrosirius red submitted to von Kossa method and sections analyzed
by polarization microscope are presented at Figure 5. The capsules of BIOC, SP, TF, and AHP
exhibited von Kossa-positive structures at 7 (Figs. 5a-5d) and 60 (Figs. 5e-5h) days. Unstained
sections analyzed under polarized light revealed birefringent structures in the capsules of BIOC,
SP, TF, and AHP samples (Figs.51-51; Sm-5p). Birefringent structures were not found in the

capsules of CG.

b—— 7 days ——— ——— 60 days —— ——— 7 days ——— ———— 60 days ——

ol

Sealer Plus BC Bio-C Sealer

TotalFill BC Sealer

_AH Plus

Figure 5 - Sections submitted to Kossa and picrosirius red. Bio-C Sealer, Sealer Plus BC,
TotalFill BC Sealer and AH Plus exhibit positive structures to von Kossa method (black/brown
color), at 7(Figs. 5a-5¢) and 60 (Figs 5e-5h) days. Figs. 5i-51 and 5m-5p -unstained sections
analyzed under polarization illumination. Birefringent deposits are present in the capsules
adjacent to the materials. Bars= 285 um

Porosity



40

The porosity values observed in micro-CT are shown in Table 3. The porosity values
increased at 60 days compared with the baseline (P<0.05), except in AH Plus exhibited similar
porosity values (P>0.05). Bio-C Sealer showed the highest porosity at 60 days (P<0.05). Sealer
Plus BC and TotalFill BC exhibited similar porosity values at 15, 30, and 60 days (P>0.05).
AH Plus showed the lowest porosity at 60 days (P<0.05). The 3D models created in the CTVox

program with the different materials are presented in Figure 6.
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Figure 6 - 3D models, representing the porosity of the dentin tubes filled with the sealers: (A)
Bio-C Sealer, (B) Sealer Plus BC, (C)TotalFill BC Sealer and (D)AH Plus.
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Dentin-material interface

The Table 3 shows the interface evaluation of the sealers. All groups showed higher
values in the percentage of voids at 60 days compared to the baseline (P<0.05). However, Bio-
C Sealer, Sealer Plus BC, TotalFill BC, and AH Plus exhibited a similar percentage of voids

during all time (P>0.05). Images captured from CTAn software are presented in Figure 7.

Figure 7 - Microtomographic images representing of the presence of voids and gaps in the
interface dentin/sealer of (A) Bio-C Sealer, (B) Sealer Plus, (C) TotalFill BC Sealer and (D)
AH Plus.



Table 3. Porosity and interface (voids) in the different time intervals (mean and standard deviation)
observed in bioceramic sealers.

Groups
Bio-C Sealer Sealer Plus BC TotalFill BC AH Plus
Periods
Porosity (%)
Baseline 0.71 (£ 0.27)D:2 0.81 (:00.9)B:-2  0.66 (£ 0.19)C: 2 0.84 (£ 0.18)C:2
7 days 1.34 (£0.43)CD:b 0,52 0.42)B-¢ 1.11(x£0.25)B¢b 2,02 (£ 0.28)B-2
15 days 2.14 (£ 0.47)CD:ab 2 25 (£ 0.95)A- 2> 1.45(x0.38)BC:b  2.85(x1.12)A2
30 days 3.40 (£ 0.59)8:2  2.45(x0.42)A2  1.83(£0.69)B-b 2.68 (£ 0.78)A-2
60 days 4.66 (£ 0.68)~2 287 (x0.17)Ab 3.07(*0.71)A P 1.91 (£ 0.61)AC. ¢
Interface (%)
Baseline 1.01 (:0.30)C2 1.43(*0.31)%2  1.80(£1.95)B.2 0.81 (£ 0.42)C:2
7 days 1.20(* 1.17)BC 2 0.99(£0.26)C2  1.53(+0.63)B:2 0.95 (£ 0.49)C 2
15 days 2.52(x1.62)BC2  1.20(=0.39)%2 2.82(+1.46)8:2 1.69 (£ 0.78)C.2
30 days 3.60(£0.83)B:2  3.26(:0.21)B.-a  2.78(+0.96)B-2 2.95(x0.19)B.2
60 days 5.60 (£ 0.41)A2  569(x0.43)42 575(£0.37)A2 5.39 (£ 055) 4.2

43

ABCDifferent capital letter in the same column indicate statistically significant difference among the
periods (p <0.05).

abedDifferent lower case letters on the same row indicate statistically significant difference among the
sealers (p <0.05).

Baseline= sealers after complete setting (37 = 1 °C, 95 £ 5% relative humidity)

Discussion

The null hypothesis was rejected because the biological and physicochemical properties
differed. At the end of this study, bioceramic cements induced less inflammation, presented
bioactive potential and exhibited greater porosity when compared to AHP, except for the
interface, which was no difference between them.

The present study evaluated biocompatibility and bioactivity using dentin tubes to
enable interactions between ready-to-use bioceramics and dentin interface, simulating clinical
application, as previous studies with others materials (Boésio et al., 2014; Dreger et al., 2012;
Holland et al., 1999). No data evaluating the biocompatibility, bioactivity with a dentin tubes
model of these ready-to-use bioceramics and the analysis of the porosity and interface of the

sealers in different periods using micro-CT were described yet. At 7 days, all sealers presented
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a thick capsule exhibiting a high density of inflammatory cells around the dentine tubes and
enhanced IL-6 immunoexpression. The IL-6 is a cytokine produced by fibroblasts in response
to aggressions and infections (Fonseca et al., 2016; Silva et al., 2014). This cytokine plays an
essential role in the inflammatory response (Fonseca et al., 2016; Silva et al., 2015). The initial
reaction observed in the control group (empty tubes) has been associated with surgical trauma
(Fonseca et al., 2016; Silva et al., 2014) since previous studies using dentin tubes, but others
materials, presented similar results (Dreger et al., 2012; Holland et al., 1999).

Additionally, the alkaline pH of the bioceramics sealers and the formation of calcium
hydroxide can promote the recruitment of inflammatory cells and the production of cytokines
(Fonseca et al., 2016; Silvaet al., 2015). Thus, the alkaline pH and calcium hydroxide formation
may be related to the greater inflammatory infiltrate and IL-6 immunoexpression in the capsules
around the tubes filled with sealers than CG specimens. However, this alkaline environment
provided by bioceramic sealers can positively affect apical healing, contributing to the
formation of mineralized tissues (Urban et al., 2018). In addition, bioceramics sealers have
shown high solubility after immersion in water compared with resin-based sealers (Torres et
al., 2020; Zordan-Bronzel et al., 2019a). The alkaline pH of the environment is because of the
disassociation of formed calcium hydroxide during the hydration process into Ca** and OH-
ions (Borges et al., 2012; Zordan-Bronzel et al., 2019b). Additionally, the bioactive potential
of calcium silicate-based sealers is a consequence of the slight solubility of these materials even
after setting (Donnermeyer et al., 2019).

BIOC had a thickness capsule with a higher value of inflammatory cells and IL-6-
immunopositive cells than SP and TF on the 7% day. There was a decrease in the number of ICs
and the IL-6 immunoexpression on the 15t" and 30" day, showing an intense remodeling in the
capsules of all groups, except AHP in the initial periods. This response could be explained by

the high solubility and flow of BIOC (Zordan-Bronzel et al., 2019a).
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SP and TF presented no statistical difference in the number of ICs and immunolabelling
from the 15" day. Both materials are cytocompatible (Benetti et al., 2019; Lopez-Garcia et al.,
2019). After 60 days, the bioceramics sealers had no statistical difference among them and the
control group. There was a gradual and significant decrease in the numerical density of ICs and
the number of IL-6-immunopositive cells in the capsules with concomitant formation of dense
connective tissue containing collagen fiber bundles in the bioceramic sealers. A significant
reduction in the capsule thickness was observed in all groups over time. However, only
bioceramic-sealers were surrounded by thin capsules, i.e., exhibiting thickness lower than 150
um. These findings taken together indicate that BIOC, SP, and TF are biocompatible, in
accordance with studies using polyethylene tubes in subcutaneous rat tissue (Silva et al., 2020,
Silva et al., 2021).

AHP, an epoxy-based root canal filling sealer, was used in this study as a reference
material since this sealer is an epoxy resin sealer (Garrido et al., 2010). AH Plus presented the
highest values of inflammatory cells and IL-6-immunopositive cells in all periods. The number
of these cells decreased over time. However, on the 60" day, the values were significantly
different from the control group and the other sealers. The mechanism of this inflammatory
reaction can be related to AHP composition, that delays the healing process could be the epoxy
resin released (Benetti et al., 2019) and the amines' presence to accelerate the polymerization
(Zhou et al., 2015). Thus, there is evidence that bioceramic sealers exhibit lower cytotoxicity
(Lopez-Garcia et al., 2019) and better biocompatibility than AH Plus sealer (Benetti et al., 2019;
Silva et al., 2020).

The bioactive potential was assessed by the von Kossa histochemical technique
combined with the immunohistochemical reaction of osteocalcin; only the von Kossa method

is alone is not appropriate for the identification and quantitation of bonelike minerals
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(Bonewald et al., 2003). Osteocalcin has been used as a marker for mature osteoblast and can
bind to the calcium that participates in the mineralization process (Viola et al., 2012).

All materials had immunostaining for osteocalcin and presented structures positive to
von Kossa staining with calcium deposits in the adjacent capsules in all periods, except AHP.
AHP exhibited von Kossa positivity because of this material release of calcium (Borges et al.,
2012; Silva et al., 2020). However, AHP did not show positive marking for osteocalcin at any
period, suggesting no bioactivity, in agreement with previous studies (Silva et al., 2020).
Additional analysis by scanning electron microscope (SEM) of dentin tubes implanted in the
subcutaneous tissue of rats can confirm the bioactive potential in vivo, verifying the formation
of a mineral interfacial layer between the cement and the dentin wall of the tube (Dreger et al.,
2012; Reyes-Carmona et al., 2010).

Bioceramics materials can release calcium and hydroxyl ions, helping the process of
tissue healing and mineralization (Giraud et al., 2019). However, the reaction of calcium ions
and carbon dioxide leads to calcite crystals, which are birefringent. The bioceramics sealers
showed birefringent structures in all periods. BC, SP, and TF presented biocompatibility in the
present study because they induced a mild inflammatory reaction compared to AHP. Moreover,
all bioceramic sealers show bioactivity exhibiting osteocalcin-immunopositive cells and
positive structures to von Kossa staining in the capsules.

Tridimensional sealing is essential to long-term success in endodontic treatment
(Celikten et al., 2019). Root canal sealers with low porosity are desirable to provide a long-term
seal and prevent microbial and fluid leakage (Camilleri et al., 2014). Solubility and porosity
may be associated (Gandolfi et al., 2015). The porosity may reduce the materials' hardness and
strength (Dieter, 1988), affecting the root canal sealers' stability, integrity, and durability (Mutal

& Gani, 2005; Torres et al., 2019).
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AH Plus exhibited low porosity, which may be attributed to the strong cross-links in
epoxy resin-based materials (Viapiana et al., 2014). A higher porosity of the bioceramic sealers
was detected in this study, which a greater solubility may correlate compared to AH Plus
(Torres et al., 2020; Zordan-Bronzel et al., 2019a). Bio-C Sealer exhibited the highest porosity,
which may be explained by a greater solubility than Sealer Plus BC and TotalFill BC (Torres
et al., 2020).

The quality of the root canal filling can be affected by voids inside and the surface
between the material and the dentin (Huang et al., 2017). Therefore, root canal sealers should
not have a high percentage of voids (Gandolfi et al., 2016). A similar percentage of voids were
observed for the sealers, which may be correlated with the high viscosity and small particle size
of these sealers (Celikten et al., 2016; Huang et al., 2018). Our findings corroborate with
previous studies, which compared bioceramics sealers with AH Plus, and no difference among

them was observed (Torres et al., 2020).

Conclusion

Using the dentin tube implant model, at the end of this study, Bio-C Sealer, Sealer Plus
BC, and TotalFill BC had adequate biological properties since they induced less inflammatory
response and exhibited bioactive potential. However, they showed a greater porosity. On the

other hand, AHP produced higher inflammatory reaction and is not bioactive.
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3.2 Publicacao 2*

Biocompatibility, bioactive potential, porosity, and interface analysis of root repair

calcium silicate cements in a dentin tube model

Abstract

Introduction: Bio-C Repair (BIOC-R) and MTA Repair HP (MTAHP) are root repair calcium
silicate cements. The aim of this study was to evaluate biocompatibility bioactivity, porosity,
and interface dentin/material of BIOC-R, MTAHP and ZOE Intermediate Restorative Material
(IRM) using the dentin tubes model. Methods: Dentin tubes filled with materials and empty
tubes (control group; CG) were implanted in the subcutaneous tissue of rats for 7, 15, 30, and
60 days. Thickness of capsules, number of inflammatory cells (ICs), immunopositive cells to
interleukin-6 (IL-6), osteocalcin (OCN), and von Kossa (calcium deposits) were evaluated.
Porosity and interface dentin/material were analyzed using microcomputed tomography
(Micro-CT). Data were submitted to ANOVA and Tukey tests (p<<0.05). Results: IRM capsules
showed higher thickness, ICs, and IL-6-immunopositive cells at 7 and 15 days (p<0.05). BIOC-
R capsules exhibited higher thickness and ICs than MTAHP at 7 days (p<0.05) and higher IL-
6-immunopositive cells at 7 and 15 days (p<0.05). At 30 and 60 days, no significant differences
in number of ICs, thickness of the capsule, and number of IL-6-immunopositive cells were
observed among the groups (p>0.05). OCN-immunopositive cells, von Kossa-positive, and
birefringent structures were only observed in BIOC-R and MTAHP. BIOC-R and IRM
presented low porosity, gaps and voids (p>0.05). MTAHP exhibited higher porosity, gaps and
voids (p<0.05). Conclusions: BIOC-R, MTAHP and IRM are biocompatible materials.
However, only BIOC-R and MTAHP have bioactive potential. MTAHP presented the higher
porosity and presence of gaps and voids. Bio-C Repair demonstrates properties suitable for use

as a root repair cement.

Keywords: Calcium silicate, biocompatibility, root repair materials, x-ray microtomography.

* Artigo nas normas do periodico Jounal of Endodontic para o qual foi submetido.
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Introduction

New calcium-silicate cements are proposed, including ready-to-use materials.
Biocompatibility studies in rats are recommended by ISO 10993-6! using polyethylene tubes
filled with materials>*. However, ready-to-use calcium silicate cements present a setting
reaction with the moisture of dentin and show interaction with dentinal tubules. Thus,
polyethylene tubes present limitations for studies with calcium silicate cements due to the
absence of interactions between dentin/material’>”’. Therefore, dentine tubes may be more
appropriate to evaluate the bioactive potential of calcium silicate materials 7.

BIO-C Repair (Angelus® Industria de Produtos Odontologicas S / A, Londrina, Brazil)
is a ready-to-use calcium silicate repair cement, presenting similar cytocompatibility and
biocompatibility to White MTA*®, and low volumetric change’. MTA repair HP (MTAHP;
Angelus® Industria de Produtos Odontologicas S/A, Londrina, Brazil) is a calcium silicate
cement that presents biocompatibility and mineralization ability similar to MTA Angelus!®.
MTAHP has adequate setting time, radiopacity, solubility, and alkalization capacity!!.
However, there are no studies evaluating biocompatibility and bioactivity of these cements on
subcutaneous rats using the dentin tube model.

Additionally, an ideal root repair material should have low porosity and presence of
voids and gaps in the interface dentine/material. Porosity can affect material behavior and
sealing ability over time!?. Micro-computed tomography (Micro-CT) can be used to measure
porosity!? and to evaluate the interface between the dentin wall and the cement making it
possible to obtain the percentage of gaps and voids®'4.

Therefore, this study aimed to evaluate biocompatibility, bioactive potential porosity,
and interface of two calcium silicate and a zinc oxide and eugenol cement using dentine tubes
filled with the materials. The null hypothesis was that the cements have a similar inflammatory

response, bioactive potential, porosity, and presence of gaps and voids.
Material and methods

The study was approved by the Ethical Committee for Animal Research (# 04/2019)
and Ethical Committee for Human Research of the University (#12647319.8.0000.5416).
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Dentin tubes

Single-rooted human teeth were obtained and root canals were used to prepare dentin
tubes, measuring approximately 5 mm in length and 1.3 mm internal diameter, after preparation
using #5 Gates Glidden. Specimens were irrigated with 17% EDTA, sodium hypochlorite 1%,
and distilled water. After the cleaning protocol, the dentin tubes were autoclaved and filled with

the repair materials (Table 1).

Table 1- Repair materials, chemical composition, manufacturer, and proportions

Repair materials Composition Manufacturers Proportion

Calcium silicates, calcium aluminate,
Bio-C Repair calcium oxide, zirconium oxide, iron
(BIOC-R) oxide, silicon dioxide, and dispersing
agent.

Angelus Solucdes
Odontologicas, Ready-to-use
Londrina, Brazil

Powder: Tricalcium silicate, dicalcium
silicate, tricalcium aluminate, calcium Angelus Solucdes

Mrl;?{l;?ﬁg)HP oxide, and calcium tungstate. Odontologicas, ( lofvger(;i nlll]';d)
Liquid: water and plasticizer. Londrina, Brazil P d
Intermediate = Powder: Zinc Oxide, Poly Methyl Dentsply DeTrey 002 mL
restorative material Methacrylate Liquid: Eugenol 99.5%, GmbH, Konstanz, (po Vg('ler./ liquid)
(IRM) Acetic Acid 0.5% Germany p d
Animals

Holtzman rats (Rattus norvegicus albinus) were housed in an environment with a 12:12
light-dark cycle and controlled temperature (23 + 2°C), humidity (55 + 10%), and access to
food and water ad /ibitum. The animals were distributed into four groups (n=6): BIOC-R,

MTAHP, IRM, and the control group (empty tubes). The animals were anesthetized
intraperitoneally with ketamine hydrochloride (80 mg kg'1 body weight, Virbac do Brasil

Indutstria e Comércio Ltda, Brazil) and xylazine hydrochloride (8 mg kg'1 body weight; Unido
Quimica-Farmacéutica Nacional S/A, Brazil) and disinfected with 5% iodine solution. The
materials were inserted into the dentine tubes and implanted in the dorsal subcutaneous pocket
created. In each animal, four tubes were implanted (one tube of each group). The animals were
euthanized with anesthetic overdose, and the implants with adjacent tissues were removed after

7, 15, 30, and 60 days.
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Histological Procedures

After removal, the specimens were immersed for 72 hours in 4% formaldehyde buffered
with 0.1 M sodium phosphate (pH 7.2). Subsequently, the specimens were processed and
embedded in paraffin. Non-serial longitudinal sections (6 pm-thick) were stained with
hematoxylin-eosin (HE) to estimate the number of inflammatory cells and measure the capsule
thickness. The thickness of capsules was measured in three non-serial HE-stained sections per
specimen, as previously described*. The number of inflammatory cells (ICs) was obtained from
three HE-stained sections per specimen in the standardized field>*. The analyses were
performed using a light microscope (BX-51; Olympus, Tokyo, Japan) with a camera (DP- 71;

Olympus) and an image analysis program (Image-Pro Express 6.0 program, Olympus).
Immunohistochemical detection of IL-6 and OCN

For detection of IL-6, the sections were incubated with mouse monoclonal anti-IL-6
antibody (Abcam Inc., Cambridge, MA, USA; code: ab9324; 1:100) and rabbit anti-OCN
antibody (Sigma-Aldrich Co., Saint Louis, Missouri, USA; code: SAB 1306277 -40TST;
1:500).

Antigen recovery was performed in heated sodium citrate buffer for 30 min at 94-98 °C.
Afterward, the sections were immersed in 5% aqueous hydrogen peroxide to inactive the
endogenous peroxidase and were incubated with 2% bovine serum albumin for 30 min. The
sections were incubated overnight in a humid chamber at 4°C with anti-IL-6 or anti-OCN
antibodies. After washings, the sections were incubated with labelled polymer-HRP (EnVision
+ Dual Link System-HRP, Dako Inc., Carpinteria, CA, USA; code: K4061); the reactions were
revealed with chromogen 3,3'-diaminobenzidine and counterstained with hematoxylin. The
number of IL-6- and OCN-immunolabelled cells were counted in standardized fields (at x40

magnification), as previously described >,
von Kossa reaction and analysis of birefringent structures

To detect the calcium deposits in the capsules, the sections were subjected to the von
Kossa method, as previously described %*15-!7, Briefly, the sections were immersed in a 5%
silver nitrate solution for 1 hour. After washing, the sections were immersed in 5% sodium

hyposulfite solution and stained with picrosirius-red.
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The birefringent structures in the capsules were evaluated from unstained sections

analyzed under polarized illumination®*,
Micro-CT analysis

The dentine tubes (n=6) were removed from the subcutaneous rats, and the porosity and
dentin-material interface were evaluated in the micro-CT. All groups were assessed compared
to the baseline, which the materials were manipulated according to the manufacturers, filled

into the dentin tubes, and stored for 48 hours at 37 °C and 95% humidity for a complete set.
Porosity

Samples were assessed by micro-CT (SkyScan 1176), using as parameters: voltage 80
kV, 313 pA current, pixel size 9 um, and 360° rotation with a Cu + Al filter. The porosity of
the material was calculated in mm?® and percentage. Reconstruction of the images was
performed using NRecon software (V1.6.4,7; Bruker-MicroCT). Each material had the
correction parameters for smoothing, beam hardening, and ring artifacts defined. CTAn
software (V1.11.8; Bruker-MicroCT) was used to analyze the images. Porosity values for each
material and period were evaluated compared with the baseline. A 3D model of the filled
cavities was obtained by the CTAn software and visualized and saved using the CTVol program

(V2.0; Bruker-MicroCT)’.
Dentine-material interface

The 3D distribution of the interface voids in a predefined volume of interest (VOI) was
calculated for each group and compared with the baseline. Each 3D VOI was a 40-micron-thick
interface volume consisting of the superficial 20 microns of the canal wall dentine and the first
20 microns of the filling material. Thus, voids with a size of Sum inside the VOI were detected
by the threshold gray level. 3D models of the voids were created using CTAn software
(V1.15.4.0; Bruker-MicroCT, Kontich, Belgium)!'*!8,
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Statistical analysis

All data were statistically analyzed by GraphPad Prism 5 software (Jandel Scientific,
Sausalito, CA, USA). The data were submitted to ANOVA followed by the Tukey test. The

significance level accepted was p < 0.05.

Results

HE-stained sections

The photomicrographs showing the capsule thickness of all specimens and periods are
presented in Figure 1A-1P. At 7 days, all specimens were surrounded by thick capsules (Fig
1A-1D). However, an intense inflammatory infiltrate was present in the IRM specimens (Fig
1C-1G) that had, at 7 and 15 days, thickener capsules than in other groups (Table 2). BIOC-R
and MTAHP specimens had no significant difference at 15 days (p >0.05). At 30 and 60 days,
no significant differences were detected in the thickness of capsules among the groups (Table
2).

The photomicrographs showing the inflammatory reaction induced by materials in the
connective tissue are presented in Figure 1Q-1X. The highest values of ICs were observed in
the IRM specimens (p <.0001) at 7 and 15 days (Table 2). At 7 days, the number of ICs was
significantly greater in BIOC-R than in MTAHP specimens (Figs. 1Q-1R; Table 2), while, at
15 days, no significant difference (p>0.05) was observed between these groups (Table 2). At
30 and 60 days, had no significant difference in the number of ICs (p>0.05) among BIOC-R,
MTAHP, IRM, and CG specimens (Table2). At 60 days, the capsules showed several
fibroblasts and few inflammatory cells (Figs. 1U-1X). A significant reduction in the number of

ICs was found in all groups over time (Table 2).
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BIOC-R MTAHP IRM CG

1U v W

Figure 1A-1P- Photomicrographs of sections showing capsules (C) adjacent to the dentin tubes (T). Figs. 1A-1P
— overview of the capsules (C) after 7 (Figs. 1A-1D), 15 (Figs. 1E-1H), 30 (Figs. 1I-1L) and 60 (Figs. IM-1P)
days to the implants. HE. Bar = 900 pm.

Figure 1Q-1X- Photomicrographs of sections showing capsules adjacent to the tubes implanted in the
subcutaneous tissue, at 7 (Figs. 1Q-1T) and 60 (1U-1X) days. Figs. 1Q-1T: Capsules contain inflammatory cells
(arrows), mainly lymphocytes, plasma cells, and macrophages. Note that the capsule adjacent to the IRM (Fig. 1S)
shows an apparent predominance of inflammatory cells (arrows). BV, blood vessels. Figs. 1U-1X: capsules show
typical fibroblasts (Fb) between bundles of collagen fibers (CF); few inflammatory cells (arrows) are seen in the
capsules. HE. Bar = 13 uym
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Table 2 - Capsule thickness (um), number of inflammatory cells (IC) per mm?, number of IL-6-immunopositive
cells (IL-6), and number of OCN-immunolabelled cells per mm? (OCN) in Bio-C Repair, MTA repair HP, IRM
and Control after 7, 15, 30, and 60 days. Mean (standard deviation).

Materials
Bio-C Repair MTA repair HP IRM Control
Periods
7 days
Thickness 499+ 36! 450 +29 ! 550+ 10! 360 + 38 ¢!
ICs 545 + 550! 417 +56 ©! 626 =44 31 301 + 56 ¢!
IL-6 422 + 13! 333 £ 14¢! 802 +213! 217 +234!
OCN 20+ 83! 28+ 63! - -
15 days
Thickness 332 +£3502 308 + 24 2 468 £ 1332 250 +£25¢2
ICs 379 + 14 b2 331 £40°? 494 £29 32 243 +£20 2
IL-6 248 + 1552 219 + 18 ¢? 613 £28%2 135+ 1292
OCN 35 + 832 28+ 63! - -
30 days
Thickness 174+ 23 22 168 +11 %3 176 £583 153 +8 a3
ICs 211 +£25 33 199 +20 3 181 £2733 164 +1333
IL-6 102 + 1733 109 + 1623 115+£1233 109 + 8 &2
OCN 54 £ 833 50 £ 1232 - -
60 days
Thickness 122411 34 121 £7 4 120+ 1434 92 + 10 #
ICs 139 £2534 113 +£19 24 131 £153% 9541534
IL-6 54 + 434 50 £ 834 76 £20%* 56+ 923
OCN 96 + 934 70 £ 1153 - -

Comparison between groups in the same period is indicated by superscript letters on the line.
Same letters = no statistically significant difference.

Superscript numbers indicate the comparison between periods in the same group in the columns;
same numbers = no statistically significant difference.

Control= dentin tube without the materials

Tukey's test (p < 0.05)
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Immunoexpression of IL-6 and OCN

The photomicrographs showing the immunoexpression of IL-6 in the capsules of all
groups and time points are presented at Figure 2. At 7 and 15 days, several IL-6-
immunolabelled inflammatory cells were seen in all specimens (Figs. 2A-2H), while few
immunostained inflammatory cells were found after 30 and 60 days (Figs. 2I-2P). According
to Table 2, at 7 and 15 days, the number of IL-6-immunolabelled cells was significantly
greater in IRM specimens than in other groups (p < 0.05). Moreover, the immunoexpression
was greater significantly in BIOCR than in MTAHP. At 30 and 60 days, no significant
difference in the immunoexpression of IL-6 was observed among the groups. From 7 to 60
days, a significant reduction in the immunoexpression of IL-6 was detected in the capsules of
all groups (p<0.05).

The photomicrographs showing the immunoexpression of OCN in the capsules of all
groups are presented in Figure 3A-3H. In all periods, OCN-immunolabelled cells were
observed in BIOCR and MTAHP specimens. In contrast, no OCN-immunolabelled cell was
seen in the IRM and GC groups (Figs. 3A-3B; 3E-3F). According to Table 2, no significant
difference in the number of OCN-immunolabelled cells was detected between BIOCR and
MTAHP specimens at 7, 15, and 30 days. At 60 days, the immunoexpression of OCN was
significantly greater in BIOCR than in MTAHP specimens. From 7 to 60 days, an increase in
the immunoexpression of OCN was detected in BIOCR and MTAHP specimens (p<0.05).
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Figure 2 - Photomicrographs of sections showing capsules at 7 (Figs. 2A-2D), 15 (2E-2H), 30 (21-2L) and 60
(Figs. M-2P) days. The sections were subjected to immunohistochemistry for detection of IL-6 (in brown-yellow
color) and counterstained with hematoxylin. Several immunolabelled inflammatory cells (arrows) are seen in the
capsules, at 7 and 15 days (2A-2H). Figs 21-2P (30 and 60 days) - few immunostained inflammatory cells (arrows)
are present in the capsules. Fb, immunostained fibroblasts. Bar= 13 pm
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von Kossa reaction and birefringent structures

In all periods, the capsules of BIOC-R and MTAHP exhibited von Kossa-positive
structures (Figs. 31-3L) and birefringent structures (Figs. 3M-3P). In IRM and CG groups, no
von Kossa-positive and birefringent structures were present in the capsules (data not shown).
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Figure 3A-3H - Photomicrographs of sections showing capsules adjacent to the tubes implanted in the
subcutaneous tissue for 7 (Figs. 3A-3D) and 60 (Figs. 3E-3H) days. The sections were subjected to
immunohistochemistry for detection of osteocalcin (brown-yellow color) and counterstained with hematoxylin.
The capsules of BIOC-R and MTAHP groups contain immunolabelled fusiform/elliptical cells (arrows). In
capsules of IRM and CG specimens, no immunolabelled cells are observed (Fig. 3G and 3H). Bar= 13 pmFigure
31-3P- Photomicrographs showing sections submitted to von Kossa reaction and counterstained with picrosirius-
red. The capsules of the Bio-C Repair and MTA repair HP exhibit positive structures to von Kossa method
(black/brown color) at 7(Figs 31-3J) and 60 (3K-3L) days. Figs. 3M-3P — unstained sections analyzed under
polarized illumination. Birefringent deposits are present in the capsules adjacent to the materials. Bar = 285 um
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Porosity

As shown in Table 3, the porosity values increased at 60 days compared with the
baseline (p<0.05). MTAHP showed the highest porosity at 30 and 60 days (p<0.05). Bio-C
Repair and IRM exhibited similar porosity values in all periods (p>0.05). The 3D models

created in the CTVox program with the different materials are presented in Figure 4.
Dentine-material interface

The Table 3 shows the interface analysis of the cements. All groups showed higher
values in the percentage of voids at 60 days compared to the baseline (p<0.05). MTAHP showed
the highest porosity (p<0.05), except at baseline. Bio-C Repair and IRM exhibited a similar
percentage of voids in all-time points (p>0.05). Images captured from CTAn software are

presented in Figure 4.
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Figure 4 - 3D models created with the CTVox program, representing the porosity of (A) Bio-C Repair, (C) MTA
repair HP, and (E) IRM. Microtomographic images captured with the CT An program, representing of the presence
of voids and gaps in the interface dentin/material of (B) Bio-C Repair, (D) MTA repair HP and (F) IRM.
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Table 3 - Porosity and interface (voids)in the different time intervals (mean and standard deviation) observed

in evaluated materials.

Materials

Bio-C Repair MTA repair HP IRM
Porosity (%)
Baseline 0.83 (:0.18)¢2 098 (+x0.97)>2 0.83(£0.12) %2
7 days 093 (£0.15 %%  0.97 (£0.15)P-2  0.81(£0.31)%*
15 days 1.97 (= 0.81)%2 233 (£0.63)%2  1.92(+0.19) 52
30 days 2.96 (+0.39) 4% 397(x043)%2  230(+£0.13)B?
60 days 3.45(x027)40  520(=021)A% 33 (x0.31)4°

Interface (%)

Baseline 146 (£ 0.39)B2 155 0.17)G*  1.51 (= 0.12)C2
7 days 1.61 (£ 0.55)B  2.71 (£0.82)C2  0.92 (+ 0.28)Cb
15 days 1.78 (£ 0.06)B>  2.42 (£ 0.37)CG2  1.37 (+ 0.48)C:b
30 days 224 (£ 0.77)Bb 430 (= 1.00)B2  2.52 (£ 0.69)Bb
60 days 3.85 (£ LOT)AL 622 (£ 1.16)A2  3.82 (+0.56) AP

ABCpifferent capital letter in the same column indicate statistically significant difference among the periods (p <0.05).

abedDifferent lower case letters on the same row indicate statistically significant difference among the sealers (p <0.05).

Baseline= sealers after complete setting (37 £ 1 °C, 95 + 5% relative humidity)

Discussion

The null hypothesis was rejected since BIOC-R and MTAHP initially induced a lower
inflammatory reaction than IRM. Although at 60 days, all the materials had a similar
inflammatory response in the subcutaneous tissue. No bioactive potential was observed in the
capsules around IRM specimens. Moreover, MTAHP presented higher porosity, gaps, and
voids than BIOC-R and IRM.

In the present study, dentin tubes were used to evaluate biocompatibility and bioactivity
of materials since ready-to-use calcium silicate cements present setting reaction with the
moisture of the dentine. Additionally, dentin tubes allow to assess the interactions between
dental structure and calcium silicate materials, such as an interfacial layer with tag-like
structures at the cement-dentine interface®.

The materials induced the formation of thick capsules with a high density of
lymphocytes and macrophages, and enhanced IL-6

inflammatory cells, mainly
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immunoexpression at 7 days. The IL-6 is produced in response to aggressions and plays an
essential role in the inflammatory response® 18, The CG exhibited the lowest ICs, IL-6, and
capsule thickness values at 7 and 15 days and may be related to the trauma of surgical
procedure>%20,

BIOC-R had greater ICs, IL-6, and capsule thickness than MTAHP at 7 days. BIOC-R
and MTAHP are calcium silicate cements, and the difference in the inflammatory reaction may
be related to the difference in their chemical composition®. After 15 days, both materials had
no difference in ICs and thickness of the capsule. However, BIOC-R and MTAHP had greater
values than in CG due to the alkaline pH from calcium silicate materials'®!®, that stimulate the
recruitment of ICs and pro-inflammatory cytokines production, such as IL-6*2!. At 30 and 60
days, BIOC-R, MTAHP and CG had no difference, suggesting that materials are biocompatible.

IRM is zinc oxide and eugenol-based cement commonly used as a control for

comparisons with calcium silicate cements®-!2

. IRM presented a severe inflammatory response
with the highest density of ICs, IL-6, and thick capsules at 7 and 15 days. From the 30™ day,
no significant difference among BIOC-R, MTAHP, IRM, and CG specimens was observed, in
agreement with other studies?’?*. IRM shows cytotoxic effect due to the eugenol in its

composition?*23

, which could be related to the initial inflammatory response as observed in the
present study.

The bioactive potential of materials was assessed by the von Kossa method, analysis of
birefringence, and OCN immunoexpression in the capsules, since the bioactivity is related to
the potential of a material to stimulate mineralization tissue formation?®. von Kossa-positive
and birefringent structures were only observed in BIOC-R and MTAHP groups, indicating the
precipitation of calcium in these specimens. The capsules around these materials also exhibited
immunoexpression of OCN. Considering that OCN is a glycoprotein secreted by mineralized-
tissue producing cells, which can bind to the calcium during the mineralization process!’, it is
possible to suggest that BIOC-R and MTAHP materials present bioactive potential in the
connective tissue of rat subcutaneous. In fact, studies have demonstrated that calcium silicate
materials release calcium ions®!°, which have an important role in tissue repair and hard tissue
formation?’. On the other hand, no evidence of calcium precipitation or immunoexpression of
OCN was observed around IRM specimens, indicating that this material does not present
bioactive potential.

The presence of low porosity, gaps, and voids in the materials in contact with tissue
fluids?® are desirable to provide a long-term seal and prevent microbial and fluid leakage!'s,

avoiding the treatment failure?®. Our results showed a low porosity and no significant
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differences in the gaps and voids values between BIOC-R and IRM, corroborating with
previous study®. The suitable filling capacity and the low solubility of zinc oxide and eugenol
cement and BIOCR has been reported previously?®, which could be related to the low porosity
and interfacial adaptability of IRM'2, since solubility and porosity may be associated’. The
highest values in the porosity, gaps, and voids observed at 60 days in MTAHP specimens may
be related to the solubility of this cement’3!. Porosity can occur as a function of spaces in

t32, affecting the stability, integrity, and durability of the materials®.

unhydrated cemen

In this study, MTAHP exhibited a higher porosity, gaps, and voids than BIOC-R and
IRM. However, MTAHP and BIOC-R presented bioactive potential and biocompatibility.
Since the root repair cements must have appropriate physicochemical and biological properties,

BIOC-R can be suggested as an alternative root repair cement.
Conclusion

BIOC-R, MTAHP and IRM are biocompatible materials. However, only BIOC-R and
MTAHP have bioactive potential. MTAHP presented a greater porosity, gaps and voids than

BIOC-R. BIOC-R demonstrates properties suitable for use as a root repair cement.
The authors deny any conflicts of interest related to this study.
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4 DISCUSSAO

Este estudo realizou a avaliacdo de propriedades bioldgicas, como biocompatibilidade e
potencial bioativo, e fisico-quimicas, tais como porosidade e interface dentina/material de
materiais bioceramicos utilizando tubos de dentina humana em subcutaneo de ratos visando
maior proximidade da aplicagdo clinica, uma vez que materiais bioceramicos apresentam
interacdo material/dentina. Biocompatibilidade e potencial bioativo de cimentos obturadores a
biocerdmicos foram avaliados em compara¢do ao cimento AH Plus. E também de materiais
reparadores biocerdmicos em comparagdo com IRM. Para avaliacdo da biocompatibilidade
foram realizados a mensura¢do do numero de células inflamatdrias, da espessura das capsulas
adjacentes aos tubos implantados e do niimero de células imunopositivas para IL-6. Ja para
analise do potencial bioativo, foram avaliados o numero de células positivas para osteocalcina,
a presenca de estruturas positivas a0 método de von Kossa e a presenca de estruturas
birrefringentes. Todos os testes foram avaliados nos periodos de 7, 15, 30 e 60 dias.

A analise de propriedades fisico-quimicas como porosidade e interface material/dentina
¢ importante para avaliagdo do potencial comportamento selador do material'**. Micro-CT foi
utilizado para avaliacdo da porosidade e interface dentina/material.

No presente estudo, os cimentos obturadores: Bio-C Sealer, Sealer Plus BC e TotalFill
BC Sealer apresentaram redu¢do gradual e significativa no nimero de células inflamatorias, na
espessura das capsulas adjacentes aos tubos implantados no decorrer do tempo e no numero de
células IL-6-imunopositivas com decorrer do tempo. Aos 60 dias, esses materiais apresentaram
valores de n° de células inflamatorias, espessura de capsula e células IL-6-imunopositivas
similares ao grupo controle, semelhantes aos achados de Silva et al.?** que avaliaram o Bio-C
Sealer, Sealer Plus BC e TotalFill BC Sealer em tubos de polietileno. AH Plus ¢ um cimento a
base de resina epdxi, considerado padrdo ouro, devido a suas propriedades fisico-quimicas e
bioldgicas. Neste estudo, AH Plus apresentou maior espessura de capsula, densidade de células
inflamatorias e células IL-6-imunopositivas, resultados semelhantes encontrados em estudos
prévios®*1%8, Esse processo inflamatdrio pode estar relacionado com presenga da resina epoxi e
aminas na composigao!8:14!,

IRM ¢ cimento a base de 6xido de zinco e eugenol comumente usado como controle para
comparagdes com cimentos de silicato de calcio. Foi observada resposta inflamatéria mais
severa, com uma maior densidade de células inflamatorias, células IL-6-imunopositivas e
capsulas espessas aos 7 e 15 dias, apds o 30° dia, ndo foi encontrada diferenca significativa

entre os espécimes Bio-C Repair, MTA repair HP, IRM e grupo controle, concordando com
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outros estudos!4%143,

As capsulas de Bio-C Repair exibiram maior espessura e células
inflamatorias do que MTA repair HP em 7 dias e mais células IL-6-imunopositivas em 7 e 15
dias. Aos 30 e 60 dias, ndo foram observadas diferengas significativas no nimero de células
inflamatorias, na espessura da cépsula e no numero de células IL-6-imunopositivas entre Bio-
C Repair, MTA repair HP e grupo controle, demonstrando ser cimentos biocompativeis,
resultados semelhantes a estudos realizados com tubos de polietileno®”%,

A bioatividade de um material decorre quando o mesmo interage quimicamente com

os tecidos estimulando reparagio por tecido mineralizado'**

. A bioatividade foi avaliada pela
combinacdo da técnica histoquimica de von Kossa combinada com a reagdo imuno-
histoquimica da osteocalcina; apenas o método de von Kossa ndo ¢ apropriado para a
identifica¢do e quantifica¢do de minerais semelhantes a 0ssos'*. A osteocalcina tem sido usada
como marcador de osteoblastos maduros e pode se ligar ao calcio que participa do processo de
mineraliza¢do'’.

Os cimentos Bio-C Sealer, Sealer Plus BC, TotalFill BC Sealer, Bio-C Repair e MTA
repair HP apresentaram, em todos os periodos analisados, imunomarcagdo para osteocalcina e
apresentaram estruturas positivas para o método de von Kossa. Através da técnica de
birrefringéncia, que detectam calcita amorfa, tais cimentos apresentaram, em todos os periodos
analisados, estruturas irregulares, localizadas nas cépsulas e no decorrer do tecido. De fato,
materiais a base de silicato de célcio sdo considerados materiais bioativos pois favorecem a
formacgao de hidroxiapatita por meio do processo de hidratacdo dos silicatos e liberam ions de
calcio, apresentando pH alcalino e papel na indugdo de mineralizagao!#6-159,

AH Plus exibiu positividade para o método de von Kossa devido a liberagdo desse

material de calcio?®:13!

e apresentou estruturas birrefringentes. No entanto, o AH Plus nao
apresentou marcacdo positiva para osteocalcina em nenhum periodo, sugerindo auséncia de
bioatividade, concordando com estudos anteriores?®. Assim como IRM que ndo apresentou
imunomarcagdo para osteocalcina, nem estruturas positivas para o método de von Kossa, ndo
demonstrando bioatividade.

A porosidade esta relacionada com a dureza e resisténcia dos materiais'>?, afetando a
estabilidade, integridade e durabilidade dos cimentos endoddnticos!?¢!33. Bio-C Sealer, Sealer
Plus BC e TotalFill BC Sealer e MTA repair HP apresentaram uma maior porosidade, o que

pode estar correlacionada a uma maior solubilidade desses materiais!04!1°

, uma vez que
solubilidade e porosidade estdo relacionadas. Além de uma alta porosidade, MTA repair HP
apresentou uma porcentagem alta de vazios comparada ao Bio-C Repair e IRM, estando

relacionado com a alta solubilidade deste cimento.
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A baixa porosidade e a baixa porcentagem de vazio nos materiais sdo desejaveis para
proporcionar uma vedagdo de longo prazo e evitar o vazamento microbiano!%,
consequentemente, evitando o insucesso do tratamento'**. Uma porcentagem semelhante de
vazios foi observada para os cimentos Bio-C Sealer, Sealer Plus BC, TotalFill BC Sealer e AH
Plus, o que pode estar relacionado com a alta viscosidade e o pequeno tamanho de particula
desses cimentos!3*155, Nossos resultados corroboram com estudos anteriores, que compararam
cimentos biocerdmicos com AH Plus, e ndo foi observada diferenca entre eles!!°. Também Bio-
C Repair e IRM apresentaram baixa porosidade e valores de vazios similares, corroborando

com estudo anterior®?.
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5 CONCLUSOES

Os cimentos obturadores bioceramicos Bio-C Sealer, Sealer Plus BC, TotalFill BC
Sealer, podem ser considerados biocompativeis por induzirem uma resposta inflamatdria de
intensidade leve, favorecendo o tecido tecidual. Além disso, esses cimentos demonstraram
apresentar bioatividade. O AH Plus apresentou reagdo inflamatodria de severa a moderada e ndo
demonstrou bioatividade. Bio-C Sealer, Sealer Plus BC e TotalFill BC Sealer apresentaram
maior porosidade que AH Plus, mas porcentagem semelhantes de vazios de interface em relacao
ao AH Plus.

Os cimentos reparadores bioceramicos Bio-C Repair e MTA repair HP apresentaram
biocompatibilidade e bioatividade. IRM demonstrou ser biocompativel, porém nao apresentou
bioatividade. MTA repair HP apresentou maior porosidade e presenca de vazios de interface

comparada ao Bio-C Repair e IRM.
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APENDICE A - METODOLOGIA DETALHADA DA PUBLICACAO 1 e 2

Este estudo foi aprovado pelo Comité de Etica em Pesquisa Animal (processo n°
04/2019) e Comité de Etica em Pesquisa em Seres Humanos da Faculdade de Odontologia de
Araraquara (UNESP - Universidade Estadual Paulista, Araraquara - Brasil. # 4.402.773
/CAAE:12647319.8.0000.5416).

Animais

Foram utilizados neste estudo ao total 56 ratos adultos jovens, da linhagem Holtzman
(Rattus norvegicus albinus) por periodo de avaliagdo (7,15,30 e 60 dias), pesando em média
270-300 gramas, oriundos do Biotério Central do Campus de Araraquara (UNESP). Os animais
foram mantidos em gaiolas plasticas de polietileno (40x30x15 cm), 4 animais por gaiola,
forradas com maravalha, em temperatura (23+2°C) e umidade (55+£10%) controladas e
fotoperiodo de 12 horas, no Biotério da Faculdade de Odontologia (UNESP-Araraquara), onde
receberdo racdo (Guabi Nutri Labor, Brasil) e agua ad libitum. Para evitar o desconforto e a
manuten¢do da higiene dos animais, foi realizada a limpeza das gaiolas e bebedouro, além da
troca da maravalha, no minimo, trés vezes por semana. Os animais foram distribuidos por 9
grupos, com n=6 (sendo utilizado 6 amostras de cada implante para cada periodo). Publicagdo
1: Bio-C Sealer (BIOC; Angelus, Londrina, Brasil); Sealer Plus BC (SP; MK Life, Porto
Alegre, Brasil), TotalFill BC Sealer (TF; FKG, La Chaux-de fonds, Sui¢a), AH Plus (AHP;
Denstply, Konstanz, Alemanha) e Grupo Conrole (GC; tubos de dentina vazios). Publicacio
2: Bio-C Repair (BIOC- R, Angelus, Londrina, Brasil), MTA repair HP (MTAHP, Angelus,
Londrina, Brasil), Material Restaurador Intermediario (IRM; Denstply, Delaware, Estados
Unidos da América) e Grupo Controle (GC, tubos vazios de polietileno). A Tabela 1 descreve

a procedéncia, composi¢do quimica e propor¢ao utilizada no preparo dos materiais.
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Tabela 1- Materiais bioceramicos, fabricante, composi¢do quimica € propor¢ao

Material Composiciao Fabricante/Proporc¢ao

Silicatos de célcio, aluminato de calcio, xido de calcio, Angelus Solugdes Odontologicas,
oxido de zirconio, oxido de ferro, didxido de silicio e Londrina, Brasil
agente de dispersdo. (Material pronto para uso)

Bio C-Sealer
(BIOO)

Sealer Plus BC Dissilicato de  calcio, trissilicato de calcio MK LIFE, Porto Alegre, Brasil

(SP) nanoparticulado, 6xido de zirconio. (Material pronto para uso)
Pasta A: resina epoxi; tungsténio de calcio; oxido de
AH Plus zirconio; aerosil e 6xido de ferro. Dentsply, De Trey, Konstanz,
(AHP) Pasta B: amina adamantana; N, N-Diberncil-5- Alemanha
oxanonano-diamina-1,9; TCD-Diamina; tungstato de 1:1

calcio; 6xido de zirconio; aerosil e 6leo de silicone.

TotalFill BC  Oxido de zirconia, silicato de calcio, fosfato de calcio FKG Dentaire SA, La Chaux-de-
Sealer monobasico, hidroxido de célcio e agentes espessantes e Fonds, Suica
(TF) preenchimento. (Material pronto para uso)

Silicatos de célcio, aluminato de célcio, 6xido de calcio, Angelus Solugdes Odontologicas,
oxido de zirconio, o6xido de ferro, didxido de silicio e Londrina, Brasil
agente de dispersdo. (Material pronto para uso)

Bio-C Repair
(BIOC-R)

MTA repair HP Po6: Silicato tricalcico, silicato dicalcico, aluminato Angelus Solugdes Odontolégicas,

(MTAHP) tricalcico, oxido de célcio e tungstato de calcio. Londrina, Brasil
Liquido: 4gua e plastificante. 1,2 g p6: 0,5 mL de liquido
Material P6: Oxido de Zinco, Poli Metacrilato de Metila Liquido: Dentsply, Delaware, EUA
Restaurador  Eugenol 99,5%, Acido Acético 0,5% 1,0 g pé: 0,2 mL de liquido
Intermediario
(IRM)

Fonte: Elaboragao propria.

Obtencao e preparo dos tubos de dentina

Dentes uniradiculares, provenientes do Banco de Dentes da Faculdade de Odontologia
de Araraquara — UNESP, foram utilizados para confec¢ao de 216 tubos de dentina (Figura 1),
que foram obtidos apds cortes transversais na por¢do corondria e apical, com auxilio da
ISOMET (Buehler, Lake Bluff, NY), maquina de corte de precisdo, permitindo a padronizacao
do comprimento dos tubos de dentina com aproximadamente 5 mm. Os canais radiculares de
cada tubo de dentina foram ampliados com brocas Gates-Glidden numero 5 para padronizagao
de 1,3 mm de didmetro interno e espessura das paredes de 1,5 a 2,0 mm, posteriormente, lavados

com agua destilada e esterilizados na autoclave.

Os tubos de dentina, antes da implantagdo, passaram por um protocolo de limpeza para

remocao da lama dentinaria, com irrigagdo de EDTA 17% e hipoclorito de sodio a 1% por 3
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minutos, e posteriormente, foram lavados com &gua destilada, secos, autoclavados e
preenchidos com os materiais experimentais e grupo controle com tubos de dentina vazios

(Figura 2).

Figura 1- Fluxograma ilustrando a confecg@o dos tubos de dentina humana

Gates Glidden

Ampliagédo dos
canais radiculares
com brocas
Gates-Glidden #5-
1,3 mm de
» ‘ » . ‘ » C] diametro interno
v 7 \ Maxi-cut

Fixagdo na madeira e
demarcagéo do
tamanho do tubo

Maquina de corte de
precisao ISOMET

Dente unirradiculares

e Preparo das paredes
higidos

externas com a
maxicut-espessura das
paredes de 1,5 a 2,0 mm

- Hipoclorito de sédio a 1% l

Agua destilada

e

ED.T.A

Tubo de dentina

Esterilizagao dos tubos

de dentina Protocolo de limpeza

Fonte: Elaboragdo propria.

Figura 2- Tubos de dentina humana

Fonte: Arquivo pessoal do autor.

Implantacio subcutianea- procedimento cirtrgico.

Os animais foram anestesiados via intraperitoneal (Figura 3A) com uma seringa e
agulha de insulina com uma associacdo 0,08 mL de cloridrato de cetamina 10% (Virbac do
Brasil Industria ¢ Comércio Ltda, Sao Paulo, Sao Paulo, Brasil) e 0,04 mL de cloridrato de

xilazina 2% (Unido Quimica Farmacéutica Nacional S / A, Sdo Paulo, Sao Paulo, Brasil) por
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100 g de peso corporal. Apds a sedacdo, foi realizada a tricotomia (Figura 3C) e assepsia com
solugdo de iodo a 5% da regido dorsal do animal (Figura 3D), foi realizada uma incisdo de 2
cm com uma lamina de bisturi n° 15 (Fibra Cirurgica, Joinville, Santa Catarina, Brasil).,
orientando-se na direcdo da cabeca para a cauda. O tecido foi divulsionado com tesoura de
ponta romba e, posteriormente, em cada animal, quatro tubos de dentina (um tubo de cada
grupo) foram colocados na bolsa criada no subcutdneo de cada animal de maneira que sua
posi¢do fosse alternada nos animais, ou seja, a implantagdo dos tubos foi realizada no sistema
de “rodizio” (Figuras 4 ¢ 5).

Tubos de dentina foram implantados nos animais (quatro implantes em cada animal). O
local da pele incisada foi suturado com pontos simples com fio de seda 4-0 (Ethicon Inc., Sdo
José dos Campos, Sdo Paulo, Brasil). Os animais, entdo foram observados até a recuperagdo da
anestesia, colocados em gaiolas, devidamente identificados de acordo com o grupo e o periodo
experimental. Para minimizar o desconforto pds-operatorio dos animais, foi administrada
dipirona sodica, na dosagem de 0,03 mg para cada 100 g de peso corporal. Apds 7, 15, 30 e 60
dias de implantagdo, os animais em cada periodo foram anestesiados e os implantes com os
tecidos adjacentes foram removidos. Subsequentemente, os animais foram sacrificados com

uma overdose de anestésico
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Figura 3 - 3A. Rato sendo anestesiado via intraperitoneal; 3B: ap6s anestesia; 3C: tricotomia da regido
dorsal; 3D/E: assepsia com solugdo de iodo a 5%; 3F: animal pronto para implantagdo dos tubos;
verificacdo da analgesia na pata traseira

Fonte: Arquivo pessoal do autor.



Figura 4- Organograma ilustrando os locais de implantagdo no dorso de cada animal e a alternancia
no sitio de implantacdo de cada material da publicacao 1

Bio-C Sealer @ Sealer Plus BC ~ BTotalFill BC Sealer #AHPlus  8Grupo Controle

Periodo de avaliagdo: 7, 15, 30 e 60 dias
n=6 grupo/periodo

Fonte: Elaboragdo propria.

Figura 5- Organograma ilustrando os locais de implantagdo no dorso de cada animal e a alternancia
no sitio de implantacdo de cada material da publicacdo 2

8 Bio-C Repair 8 MTArepair HP 8 IRM 8 Grupo Controle

Periodo de avaliagdo: 7, 15, 30 e 60 dias
n=6 grupo/periodo

Fonte: Elaboragdo propria.
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Processamento histologico

Os tubos de dentina juntamente com tecidos circunjacentes foram removidos,
armazenados em cassetes com a identificagdo do grupo e periodo (Figura 6) e, imediatamente,
fixados com solu¢do de formaldeido a 4% tamponado com fosfato de sddio 0,1 M com pH 7,2,
durante 48 horas. Apos fixagdo, as pecas foram desidratadas, diafanizadas, embebidas em
parafina liquida (60°C) para inclusdo durante 4 horas com 3 trocas de parafina.
Subsequentemente, as amostras foram incluidas em parafina sendo posicionada para obtengdo
dos cortes longitudinais dos implantes. Apds a inclusdo, o tubo de dentina foi cuidadosamente
removido com auxilio de uma lamina de bisturi e o seu espaco foi preenchido com parafina.
Usando um micrétomo rotativo (Leica, modelo RM2125 RST, Heidelberg, Alemanha) e
navalhas de ago inoxidavel descartaveis (Leica, modelo 818, Heidelberg, Alemanha), cortes
com 6 um de espessura foram colados em laminas de vidro; em cada lamina foram colocadas
dois cortes. A adesdo dos cortes as laminas de vidro foi realizada em estufa a 60 ° C durante,
aproximadamente, 45 min.

Cinco laminas contendo cortes ndo seriados foram coradas com hematoxilina e eosina
(HE) para andlise morfoldgica, mensuragdo da espessura da capsula, estimativa do niumero de
células inflamatodrias. Trés cortes ndo seriados foram submetidos ao von Kossa para avaliar a
presenca de calcio nas capsulas. Ainda, cortes foram desparafinizados e montados para anélise
sob luz polarizada. Os cortes aderidos as laminas tratadas com 3-aminopropiltrietoxisilano 4%
(Sigma-Aldrich Co., Saint Louis, Missouri, EUA) foram submetidos as reagdes de imuno-

histoquimica para detecgdo de interleucina-6 (IL-6) e osteocalcina (OCN) (Figura 7).

Figura 6- 6A: Tubo de dentina implantado juntamente com o tecido circundante removido; 6B:
espécime na cassete apos a remogao

1

Fonte: Arquivo pessoal do autor.
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Figura 7- Fluxograma ilustrando o processamento histologico das amostras e as analises realizadas

om =
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o .
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Corte aderido as lamina

Microtomia

Fonte: Elaboragdo propria.

Avaliacao da biocompatibilidade

- Andlise morfologica dos cortes corados com HE

Na analise descritiva foram considerados os principais constituintes das capsulas, como
tipos de células inflamatdrias, foram identificadas células como linfocitos, mastocitos,
neutrofilos, além da presenca de fibras de colageno, vasos sanguineos e extensdo da reagdo
inflamatoria. Para estimar se os tecidos adjacentes foram danificados e a extensdo da reagdo
inflamatoria, a espessura das capsulas foi mensurada. A andlise e captura das imagens foram
realizadas com um microscopio Olympus (modelo BX 51, Olympus, Toquio, Japao) com uma

camera digital acoplada (DP-72, Olympus, Toquio, Japao). As andlises quantitativas foram
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realizadas com o auxilio de um sistema de andlise de imagens (Image-Pro Express 6.0,
Olympus, Toquio, Japao). A andlise foi realizada por um examinador treinado e “cego” aos

grupos!'=3.

- Mensuragdo da espessura das capsulas

Em cada amostra, a espessura da capsula foi medida a partir de trés cortes de cada animal
nao seriados corados com HE (a menor distancia entre os cortes foi de 100 um). Em cada corte,
a imagem foi capturada com a objetiva de 4x (aumento final de 65x). As imagens foram
transferidas para um sistema de andlise de imagens (Image-Pro Express 6.0, Olympus) para
mensuracao e, inicialmente foi realizado a calibra¢do do sistema, considerando o aumento da
imagem. Com auxilio do sistema de imagem, uma linha foi tracada da superficie da cépsula
adjacente a luz do tubo implantado até o limite com os tecidos adjacentes. Essa linha foi tragada
considerando a porcdo central da capsula adjacente a abertura do tubo (Figura 8). O valor
fornecido pelo programa foi registrado em micrémetros (pm), em cada corte. Em cada implante,
a espessura da céapsula foi calculada a partir da média dos valores obtidos nos trés cortes. Em

cada grupo, foi calculada a média em cada periodo!-.

Figura 8- Imagens do programa Image — Pro Express 6.0, Olympus — Japao, utilizado para mensuragao
da capsula. A tela inicial do programa, temos a imagem que foi analisada, calibrada em objetiva de 4x
e realizada a mensuragao

(ZYimage-Pro Express - capsula. tif (171)
Eio Edt_Acqure Echance

= 3 X Active Spatial Calibration . X

R OBETVA b0

O M Seecthomnerus. WA 4080307 Image: OBLETIVA dx ) System: OBJETVA.

Fonte: Arquivo pessoal do autor.
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- Densidade numeérica de células inflamatorias

Em cada implante, o nimero de células inflamatérias foi estimado em trés cortes ndo
seriados (com intervalo minimo entre os cortes de 100 pm) corados com HE. Em cada corte,
um campo padronizado (0,09 mm?) da capsula adjacente a abertura dos tubos implantados foi
capturado com microscopio de luz (Olympus, modelo BX-51) com aumento de 695x. Dessa
maneira, em cada amostra, o nimero de células inflamatérias foi computado em um campo
total de 0,27 mm?.

As imagens foram mensuradas com um programa de andlise de imagens (Image-Pro
Express 6.0, Olympus, Toquio, Japdo) e o niimero de células inflamatorias (neutréfilos,
linfocitos, plasmocitos e macrofagos) foi computado. Caracteristicas morfolégicas como
nucleo multilobulado (neutrofilos), célula arredondada com nucleo esférico com cromatina
condensada refletindo numa forte coloracdo pela hematoxilina (linfocitos), células elipticas
com nucleo excentricamente localizado no citoplasma (plasmocitos) e células com ntcleo
irregular (macrofagos) foram usadas para identificar as células inflamatérias*®. Com auxilio do
sistema de andlise de imagens, as células identificadas como células inflamatorias foram
computadas pelo operador e o sistema numera sequencial (Figura 9). Assim, o nimero de
células inflamatorias por mm? foi estimado em cada espécime. Esta analise foi realizada em

todos os espécimes de todos os grupos e periodos.
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Figura 9- Imagens do programa Image — Pro Express 6.0, Olympus — Japao, utilizado para quantificagido
de células inflamatorias. A tela inicial do programa, temos a imagem que foi analisada, calibrada em
objetiva de 40x e realizada a quantificagdo. A imagem esta com uma grade aplicada sobre ela para
orientar durante a quantificacdo das células, as quais também sdao demarcadas na propria imagem

- O'X Active spatial Calibration. . X'
[Romemvasee =]

[V List reference calibrations only
0K Marke: Cancel

Grid mask. &

‘Sumenaty: Count =13, Length = 45971.00000C
& Foder  CIpExpEODocuments and Setings

Remove Creste mack oK

Wl Add New Points X

Count 15 Cusent Class:
TodCont 15 [Ga0 =]

Press left bution to a4,

Fonte: Arquivo pessoal do autor.

-Reagdo imuno-histoquimica para detec¢do de IL-6

Para a detecgdo de IL-6, foi utilizado o anticorpo monoclonal de camundongo anti-IL-
6 (Abcam Inc., Cambridge, MA, EUA; codigo: ab9324). Apds desparafinizacao e hidratagdo,
os cortes foram imersos em tampao citrato de s6dio 0,001 M com pH 6,0 e submetidos e
aquecidos a 98° C em micro-ondas por 30 minutos recuperagao antigénica. Apos o resfriamento,
as laminas foram lavadas em tampao Tris-HCI1 0,05 M com pH 7,4 e, em seguida, imersas em
solugdo aquosa de peroxido de hidrogénio a 5%, sendo duas trocas da solug¢do por 10 minutos
cada, para o bloqueio da peroxidase endogena. Os cortes, entdo foram lavados novamente e
incubados com albumina do soro bovino a 2% (BSA; Sigma-Aldrich Co., St Louis, MO, EUA),
por 30 minutos em temperatura ambiente. Em seguida, os cortes foram incubados overnight (16
a 18 horas) em camara umida a 4°C (geladeira) com anticorpo primario de camundongo anti-
IL-6 (Abcam, Cambridge Science, Cambridge, UK; codigo Ab 9324) na diluicao de 1: 100.
Posteriormente, os cortes passaram por 4 lavagens (5 min cada) em tampao Tris-HCI por 20
minutos e em seguida, os cortes foram incubados por 1 hora com anticorpo secundario IgG anti-
camundongo biotinilado (LSAB, Dako Inc., Carpinteria, Califérnia, EUA) em temperatura
ambiente. Posteriormente, os cortes foram lavados em tampao TRIS-HCI, e a atividade da

peroxidase foi revelada pelo cromégeno 3,3'-diaminobenzidina (DAB, Dako Inc., Carpinteria,
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California, EUA; codigo: K3468) por 3 minutos Ao final os cortes foram contracorados com
hematoxilina de Carazzi, desidratados, diafanizados e montados para analise a0 microscopio de
luz. Como controle negativo, alguns cortes foram submetidos a todas as etapas exceto a

incubagdo com anticorpo primario, onde serdo incubados com soro ndo imune.

Para verificar se havia diferengas entre os grupos e periodos, o niimero de células
imunopositivas (em castanho) foi computado nas cépsulas de todos os espécimes Utilizando
uma camera digital (DP-71, Olympus, Toquio, Japao) acoplada a um microscopio de luz (BX-
51, Olympus, Toquio, Japao) em aumento de 40x (ampliacao final de 695x), uma area padrao
de 0,09 mm? do tecido adjacente & abertura do tudo implantado foi capturada. O nimero de
células imunopositivas foi processado em um programa de andlise de imagens (Image Pro-
Express 6.0, Olympus, Toquio, Japao), as células imunopositivas a IL-6 foram computadas em
cada campo e o nimero de células imunopositivas por mm? de cdpsula foi calculado em cada

amostra (Figura 10) e, posteriormente, a média por grupo em cada periodo foi calculada”’.

Figura 10- Imagens do programa Image — Pro Express 6.0, Olympus — Japao, utilizado para
quantificagdo da citocina IL-6. A tela inicial do programa, temos a imagem que foi analisada, calibrada
em objetiva de 40x e realizada a quantificagdo. A imagem estd com uma grade aplicada sobre ela para
orientar durante a quantificacdo das citocinas, as quais também sdo demarcadas na propria imagem

Yimage-Pro Express - il-6.tif (1/1)
File Edit Acquire Sequence Ephance Process Measure Window Help

Active Spatial Calibration

R OBJETIVA 40x -

Grid mask

Calibeation unit. pivel Summaty: Count =13, Length = 45971.00000C
S Folder:  C:\IPExpE0\Documents and Satings

gy | Remove | Cieatemask| ok |

Add New Points

TotalCount: 10 |Class 0 "
Press left button to add,

Fonte: Arquivo pessoal do autor.
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Avaliacao da bioatividade
-Imuno-histoquimica para detec¢do de osteocalcina

Cortes aderidos as laminas silanizadas dos tubos no subcutaneo foram desparafinizado,
hidratados e aquecidos para recuperacdo antigénica através da imersdo em citrato de sddio
0,001 M aquecido (96-98 ° C) a pH 6,0 sob tratamento de microondas por 10 min. Apods o
resfriamento, os cortes foram lavados em tampao fosfato de sodio (PBS 50mM + NaCl 200mM,
pH 7,3), a peroxidase endogena foi inativada pela imersdo em solug¢do aquosa de peroxido de
hidrogénio a 5% durante 30 min, no escuro. Posteriormente as lavagens com tampao Tris-HCI,
as se¢oes foram incubadas com BSA a 3% por 30 minutos a temperatura ambiente.
Subsequentemente os cortes foram incubados com anticorpo anti-osteocalcina de coelho
primario (1: 500, cédigo SAB1306277; Sigma-Aldrich, St Louis, MO, EUA) por 16 horas em
camara imida a 4 ° C (geladeira). Apds a incubagdo, foram realizadas lavagens com o tampao,
e os cortes foram incubadas com polimero HRP marcado com camundongo / coelho (EnVision
+ Dual Link System-HRP, Dako Inc., Carpinteria, CA, EUA; K4061) e incubado com anticorpo
anti-IgG de camundongo secundério biotinilado (sistema Kit Vectastain ABC, Vector
laboratories Inc., EUA) por 1 hora em temperatura ambiente. A imunorreagdo foi revelada pelo
cromoégeno 3,3'-diaminobenzidina (DAB, Dako Inc., Carpinteria, Califérnia, EUA) por 3 min.
Os cortes entdo, foram contracorados com hematoxilina de Carazzi e montados em meio
resinoso (Permount®, Fisher Scientific, New Jersey, USA). Como controle negativo, alguns
cortes contendo os tubos no subcutaneo serdo submetidos ao mesmo procedimento, porém, os
cortes serdo incubados em soro bovino sem o0 anticorpo primario.

O numero de células marcadas imunologicamente com osteocalcina foi obtido em todas
as amostras. Um campo padronizado (0,09 mm?) da capsula foi capturado com uma objetiva de
40x (ampliagdo final de 695x). Usando um programa de andlise de imagem, imagem (Image
Pro-Express 6.0, Olympus), as células imunopositivas a OCN (em castanho) foram computadas
em cada campo € o namero de células imunopositivas por mm? de capsula foi calculado em

cada amostra e, posteriormente, a média por grupo em cada periodo foi calculada®”’.

-Técnica de von Kossa e estruturas birrefringentes

Em cada espécime, trés cortes ndo seriados foram submetidos a reacdo de von Kossa
que detecta depositos de célcio®®, em preto/castanho nas capsulas. Apos a desparafinizagio e
hidratacdo, os cortes foram imersos em solucdo resfriada (a 4° C) de nitrato de prata a 5% por

1 hora sob lampada incandescente (100 Watts). As laminas foram rapidamente lavadas em adgua
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destilada e, a seguir, imersas em solucao de hipossulfito de sodio a 5% por 5 min. Apos lavagem
em agua destilada por 5 min, os cortes foram corados com picrosirius-red>'? e montados em
meio resinoso (Permount®, Fisher Scientific, New Jersey, EUA). A reag@o histoquimica de von
Kossa foi realizada em todos os implantes de todos os grupos e periodos e analisadas ao
microscopio de luz (Figura 16; Olympus, modelo BX-51).

Cortes desparafinizados (sem coloragdo) foram montados em meio resinoso e foram
analisados sob iluminagdo polarizada (BX-51, Olympus, Toquio, Japao) para verificar se as

capsulas continham estruturas birrefringentes, sugestivas de calcita amorfa!>!1,

Avaliacido da porosidade e interface dentina/material

-Preparo das amostras

As amostras (n=6 periodos/materiais) utilizadas para as andlises da porosidade e
interface no micro-CT foram as mesmas que estavam no subcutidneo dos ratos, os tubos de
dentina contendo os materiais foram removidos e cada tubo foi armazenado de acordo com o
material e o periodo em uma estufa a 37°C com 95% de umidade. Como controle (baseline)
foram utilizados outros tubos de dentina com os materiais recém espatulados de acordo com as
instrugdes dos fabricantes e armazenados por 24 horas em uma estufa a 37°C com 95% de

umidade para completo tempo de presa.

Porosidade

A andlise de porosidade por micro-CT foi realizada com base em um estudo
anterior!3>13¢, As amostras foram avaliadas por micro-CT (SkyScan 1176), utilizando como
parametros tensdao de 80 kV, corrente de 313 pA, tamanho do pixel de 9 um e rotagdo de 360°
com filtro de Cu + Al. A porosidade do material foi calculada em mm?® e porcentagem. A
reconstru¢do das imagens foi realizada com o software NRecon (V1.6.4,7; Bruker-MicroCT).

Cada material teve os parametros de corre¢do para suavizacdo, endurecimento do feixe
e artefatos de anel definidos. O software CTAn (V1.11.8; Bruker-MicroCT) foi usado para
analisar as imagens. Os valores de porosidade para cada material e periodo foram avaliados em
comparac¢do como baseline. Um modelo 3D das cavidades preenchidas foi obtido pelo software

CTAn e visualizado e salvo usando o programa CTVol (V2.0; Bruker-MicroCT).
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-Interface dentina/material

O método utilizado para avaliar as diferengas nas porcentagens de vazios na interface
entre a superficie dentinaria das paredes do canal radicular e os materiais obturadores foi
baseado em estudos anteriores'?!3. A distribui¢do 3D dos vazios da interface em um volume de
interesse predefinido (VOI) foi calculada para cada grupo e comparada com a linha de base.
Cada VOI 3D era um volume de interface de 40 microns de espessura consistindo dos 20
microns superficiais da dentina da parede do canal e os primeiros 20 microns do material
obturador. Assim, vazios com tamanho de Sum dentro do VOI foram detectados pelo nivel de
cinza limiar. Modelos 3D dos vazios foram criados usando o software CTAn (V1.15.4.0;

Bruker-MicroCT, Kontich, Bélgica).

Analise estatistica

A andlise estatistica foi obtida através do programa GraphPad Prism 5 software (Jandel
Scientific, Sausalito, CA, USA). Os dados obtidos pelas analises da biocompatibilidade e
bioatividade foram avaliados pelo two-way ANOVA seguido pelo teste de Tukey. Os dados
obtidos pelas andlises de porosidade e interface foram submetidos ao one-way ANOVA,

seguido pelo teste de Tukey. Ambos com nivel de significancia considerado foi p <0,05.
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