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RESUMO

O objetivo geral foi avaliar in vitro, em modelos que mimetizem pulpotomias,
manchamento e citoxicidade de biomaterais, e apresentar por meio de relato
de caso exiquibilidade e sucesso de procedimento endoddntico regenerativo
para tratamento de molares jovens. Objetivo 1: Simular fratura coronaria
complicada em incisivo tratado por pulpotomia total com Bio-C Temp (BC-
Angelus) em comparagao com dois materiais (MTA Flow—MTA, UltraCal XS-
UC; Ultradent), avaliando descoloragdo dentaria, radiopacidade e
citotoxicidade nas células pulpares. Objetivo 2: Simular pulpotomia parcial com
Bio-C Temp (BC) comparado com Bio-C Repair (BCR-Angelus) e Biodentine
(BD-Septodont), avaliando  descoloragdao  dentaria, radiopacidade,
citotoxicidade. Objetivo 3: Relatar acompanhamento de série de casos de
revascularizagcdo em molares permanentes jovens, com preparo mecanizado
de canais radiculares. Nos objetivos 1 e 2, dentes bovinos foram preparados
para simular fratura coronaria extensa em dente com apice aberto. As raizes
foram preenchidas com mistura de agar/sangue, e os materiais colocados
sobre esta. O grupo controle foi preenchido apenas com agar/sangue. Analises
de avaliacao da cor foram realizadas utilizando espectrofotémetro. A mudanca
total de cor (AEab, AEQQ) e indice de brancura (WI) foram calculadas com base
no CIELAB. Radiografias digitais foram adquiridas para analise de
radiopacidade. Células da polpa humana foram usadas para analise da
viabilidade celular. Foram utilizados testes ANOVA e Tukey para comparar os
grupos experimentais, e o de Dunnett para comparagdes com o controle. Nas
pulpotomias totais (objetivo 1) todos os materiais foram associados com valores
de descoloragdo maiores do que o aceitavel e BT resultou em alteragao da cor
menor ou semelhante ao MTA e UC, respectivamente. Observou-se reducgao
da radiopacidade apenas no MTA (P=0,007). A viabilidade celular dos materiais
foi semelhante a do controle (DMEM) (P>0,05), exceto para BT que teve
viabilidade significativamente menor (P<0,001). Nas pulpotomias parciais
(objetivo 2), BCR apresentou maior radiopacidade e menor alteragdo de cor
(AEab/AEQOQ) que outros materiais (P<0,005; P<0,001). BD apresentou

viabilidade celular semelhante a do controle nas diluicbes mais baixas e BCR



foi semelhante ao controle, independentemente da diluigdo (P>0,05). A série
de casos descreve técnica de revascularizagdo modificada em molares
permanentes jovens. Os pacientes foram submetidos ao preparo manual,
seguido de limas rotativas NiTi e pasta de hidroxido de calcio. Na segunda
consulta, a medicagéao intracanal foi retirada, com irrigacao final com EDTA sob
agitacao ultrassbénica e promogao do coagulo. Selamento com MTA e ionbmero
de vidro e restauragdo com resina. Apds 15 dias, verificou-se auséncia de dor,
edema e fistula, fechamento do apice radicular e reducédo da luz do canal.
Basedos nos resultados dos trés objetivos concluiu-se que: (1) em pulpotomias
totais, BT teve viabilidade celular aceitavel, semelhante a do MTA e UC nas
diluicbes mais altas, e BT resultou em menor alteracdo da cor do que MTA e
UC; em pulpotomias parciais BCR apresentou melhores resultados do que BD
e BCT, com menor mudanga de cor, maior radiopacidade e viabilidade > 80%;
os achados da série de casos confirmam que a regeneragédo endodéntica apds
preparo mecanizado do canal radicular € uma opg¢ao promissora para

manutencédo de molares permanentes em adolescentes.

PALAVRAS-CHAVE: Citotoxidade; Pulpotomia; Radiopacidade; Descoloragao

coronaria, Regeneragao da polpa; Tratamento endoddntico regenerativo.



ABSTRACT

The general objective was to evaluate in vitro, in models that mimic pulpotomies,
staining and cytoxicity of biomaterials, and to present, through a case report,
the feasibility and success of a regenerative endodontic procedure for the
treatment of young molars. Objective 1: Simulate complicated coronary fracture
in an incisor treated by total pulpotomy with Bio-C Temp (BC-Angelus)
compared to two materials (MTA Flow — MTA, UltraCal XS-UC; Ultradent),
evaluating tooth discoloration, radiopacity and cytotoxicity in pulp cells.
Objective 2: Simulate partial pulpotomy with Bio-C Temp (BC) compared with
Bio-C Repair (BCR-Angelus) and Biodentine (BD-Septodont), evaluating tooth
discoloration, radiopacity, cytotoxicity. Objective 3: To report the follow-up of a
series of revascularization cases in young permanent molars, with mechanized
preparation of root canals. In objectives 1 and 2, bovine teeth were prepared to
simulate extensive coronary fracture in a tooth with an open apex. The roots
were filled with an agar / blood mixture, and the materials placed on it. The
control group was filled with agar / blood only. Color evaluation analyzes were
performed using a spectrophotometer. The total color change (AEab, AE0O) and
whiteness index (WI) were calculated based on CIELAB. Digital radiographs
were acquired for radiopacity analysis. Human pulp cells were used to analyze
cell viability. ANOVA and Tukey tests were used to compare the experimental
groups, and Dunnett's for comparisons with the control. In total pulpotomies
(objective 1) all materials were associated with discoloration values greater than
acceptable and BT resulted in a color change that was less or similar to MTA
and UC, respectively. A reduction in radiopacity was observed only in the MTA
(P = 0.007). The cell viability of the materials was similar to that of the control
(DMEM) (P> 0.05), except for BT which had significantly lower viability (P
<0.001). In partial pulpotomies (objective 2), BCR showed greater radiopacity
and less color change (AEab / AE0OQ) than other materials (P <0.005; P <0.001).
BD showed cell viability similar to that of the control at the lowest dilutions and
BCR was similar to the control, regardless of the dilution (P> 0.05). The case

series describes a modified revascularization technique in young permanent
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molars. The patients were submitted to manual preparation, followed by rotating
NiTifiles and calcium hydroxide paste. In the second consultation, the intracanal
medication was removed, with final irrigation with EDTA under ultrasonic
agitation and promotion of the clot. Sealing with MTA and glass ionomer and
restoration with resin. After 15 days, there was no pain, edema and fistula,
closure of the root apex and reduced canal light. Based on the results of the
three objectives, it was concluded that: (1) in total pulpotomies, BT had
acceptable cell viability, similar to that of MTA and UC at higher dilutions, and
BT resulted in less color change than MTA and UC; in partial pulpotomies BCR
showed better results than BD and BCT, with less color change, greater
radiopacity and viability> 80%; the findings from the case series confirm that
endodontic regeneration after mechanized root canal preparation is a promising

option for maintaining permanent molars in adolescents.

KEYWORDS: Cytotoxicity; Pulpotomy; Radiopacity; Tooth discoloration, Pulp

regeneration; Regenerative endodontic treatment.
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1. INTRODUGAO E REFERENCIAL TEORICO

Traumatismos dentarios sao injurias que acometem frequentemente
criangas e jovens, podendo envolver dentes e estruturas de suporte (Qudeimat
et al., 2019), sendo que as fraturas coronarias em dentes permanentes
representam entre 26% e 76% dos casos (Castro et al., 2005). Essas fraturas
sao comumente complicadas, com comprometimento pulpar em dentes com
formacao radicular incompleta. A necrose pulpar em dentes permanentes
imaturos paralisa o desenvolvimento radicular, resultando em forame apical
aberto e canais radiculares amplos (Castro et al., 2005). Adicionalmente, as
paredes de dentina permanecem curtas e finas, estando mais propensas a
fraturas da mastigacao ou por trauma (Chen et al., 2019), uma situagao clinica
que representa um significante desafio endodéntico e restaurador. Com o
intuito de permitir a continuidade do desenvolvimento radicular, aumento em
espessura da dentina e fechamento apical, duas modalidades terapeuticas tem
sido preconizadas: pulpotomias e revascularizagédoes. A pulpotomia é indicado
para dentes que possuem caracteristicas de vitalidade pulpar (Chen et al.,
2019), enquanto as revascularizagbes, também conhecidas como
procedimentos endoddnticos regenerativos s&o utilizadas em dentes
necrosados.

A pulpotomia é um procedimento que consiste na amputacdo
cirargica da polpa coronaria infectada seguido da colocagao de um material de
protecao pulpar para simultaneamente cobrir a polpa exposta e preservar sua
vitalidade (Wells, Dulong & McCormack, 2019). A pulpotomia total remove toda
a polpa coronaria, o que tem sido relacionado a uma maior fragilidade
coronaria. Atualmente tem se falado muito em pulpotomia parcial, procedimento
que remove apenas parcialmente a polpa coronaria, ficando restrita a polpa
exposta (Kang et al., 2021).

Os procedimentos endoddnticos regenerativo foram introduzidos
como uma op¢ao de tratamento para dentes permanentes imaturos necroticos
no inicio dos anos 2000 (lawaya et al., 2001; Banchs et al., 2004), um

procedimento baseado biologicamente, o qual substitui as células originais do

12



complexo dentino-pulpar por células tronco mesenquimais (Murray et al., 2007),
promovendo além da eliminagdo dos sintomas e reparo 6sseo, 0 aumento de
espessura das paredes do canal, aumento do comprimento radicular e
maturacao apical (Kim et al., 2018). Resumidamente, a técnica consiste no uso
de uma combinacido de antimicrobianos para reduzir a infec¢do, inducao de
sangramento apical para formar um coagulo de sangue com células tronco
indiferenciadas dentro do canal radicular (Lovelace et al., 2011), seguido da
aplicacado de material baseado em silicato de calcio sobre o coagulo servindo
como uma barreira coronal (Miller et al., 2018). Embora seja geralmente
indicado para dentes anteriores traumatizados, varios relatos de caso tem
demonstrado sua aplicabilidade também para molares cuja necrose ocorreu por
uma carie dental (Martin et al., 2013; Ajram et al. 2019) esta no fim em amarelo.

Para o sucesso destes tipos de tratamento, os materiais devem ter
certas caracteristicas essenciais, como radiopacidade (Ochoa Rodriguez et al.,
2019), biocompatibilidade (Lee et al., 2017; Parirokh et al., 2018; Pedano et al.,
2018; Cosme-Silva et al., 2019), atuar como barreira contra microorganismos,
estimular o reparo e nao contribuir para a descoloragdo dentaria (Mozynska et
al., 2017). O Hidréxido de calcio (Ca (OH)2) e o trioxido de agregado mineral
(MTA) sao os materiais mais comumente materiais usados em pulpotomias (Liu
et al., 2011; Musale et al., 2018; Parirokh et al., 2018). O Ca (OH)2 possui pH
alcalino, sendo capaz de ativar a enzima fosfatase da linha alcalina e,
consequentemente, estimular a producido de dentina terciaria. Por décadas a
pasta de hidroxido de calcio foi considerado o material de primeira escolha para
pulpotomias, contudo, o uso do hidréxido de célcio por longo periodo tem sido
associado a um selamento deficiente e alta solubilidade em fluidos orais
(Gandolffi et al., 2015), o que o levou a ser substituido mais recentemente pelo
agregado de trioxido mineral (MTA).

O MTA possui propriedades fisicas e quimicas aceitaveis e
excelente biocompatibilidade (Camilleri, 2015; Lee et al., 2017; Parirokh et al.,
2018; Nagendrababu et al., 2019; Chen et al., 2019). No entanto, a maioria dos
estudos demosntra que o MTA pode causar descoloragao da coroa devido ao
presenca de 6xido de bismuto como radiopacificador (Yoldas et al., 2016;

13



Shokouhinejad et al., 2016). Além disso, embora o préprio material possa
causar descoloragao, a presenga de sangue pode intensificar esse fenbmeno
(Guimaraes et al., 2015). Outra limitacédo do MTA esta relacionada a dificuldade
de inser¢cdo do material tanto nos casos de pulpotomias como nas
revascularizdes.

Para minimizar essas limitagdes foi introduzido no mercado o MTA
branco, o qual ndo mudou esse cenario, e segundo algumas pesquisas também
pode promover manchamento (Parirokh et al., 2018). Com o objetivo de facilitar
sua insergao surgiram novas formulagdes do MTA, com maior maleabilidade
como MTA Repair HP (Angelus, Londrina, PR, Brasil) e mais recentemente
MTA Flow (Ultradent, South Jordan, UT, USA). Porém um grande salto em
relagdo aos materiais utilizados para pulpotomias e revasuscularizagoes foi
dado pelo surgimento de novos materiais bioceramicos (Beatty & Svec, 2015;
Marconyak et al., 2016; Parirokh et al., 2018; Pedano et al., 2018; Cosme-Silva
et al., 2019).

Na ultima década, o Biodentine (BD, Septodont, Saint Maur-des-
Fosses, France), um substituto dentinario com propriedades clinicas e
biolégicas comparaveis a do MTA foi introduzido no mercado. Esse material é
um cimento reparador baseado em silicato tricalcico que apresenta como
vantagens quando comparado ao MTA seu tempo de presa acelerado,
facilidade de manipulagdo e manuseio, e menor descoloragao coronaria (Kaur
et al., 2017). Outros materiais baseados em silicato de calcio também tém sido
recentemente desenvolvidos, destacando-se aqueles que se apresentam em
uma formulagao pronta para uso, como o Bio-C Repair (BCR, Angelus, Brasil).
BCR tem sido indicado em pulpotomias e apresenta propriedades ideias como
baixa ciotoxicidade, boa biocompatibilidade e habilidade de biomineralizagéo
(Benetti et al., 2019). No entanto, esses novos materiais sdo caros, 0 que
muitas vezes torna seu uso em paises emergentes inviavel. Portanto, novos
materiais de menor custo contendo particulas biolégicas em sua composigao
tém sido desenvolvidos como uma possivel alternativa para uso em

pulpotomias, como o Bio-C Temp (Angelus, Brasil).
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Devido ao grande impacto que as pulpotomias e procedimentos
regenerativos podem respresentar no prognostico e longevidade de dentes
imaturos, estudos in vitro que mimetizem pulpotomias e permitam avaliar o
potencial de discoloragdo, radiopacidade e biocompatibilidade de novos
materiais sdo extremamentes relevantes, assim como relatos de casos que

permitam difundir ao clinico tais procedimentos.
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2. PROPOSIGAO

Objetivo Geral

Avaliar in vitro, em modelos que mimetizem pulpotomias, o
manchamento e citoxicidade de novos biomaterais, e apresentar por meio de
relato de caso clinico a exiquibilidade e sucesso de procedimento endodontico

regenerativo para tratamento de molares jovens cariados.

Objetivos especificos

Objetivo especifico 1
Capitulo 1 - A laboratory evaluation of cell viability, radiopacity and tooth
discoloration induced by regenerative endodontic materials

Avaliar in vitro, em modelos que mimetizem pulpotomias, o
manchamento e citoxicidade de novos biomaterais, e apresentar por meio de
relato de caso clinico a exiquibilidade e sucesso de procedimento endodontico

regenerativo para tratamento de molares jovens cariados.

Objetivo especifico 2
Capitulo 2 - Biological parameters, discoloration, and radiopacity of
calcium silicate-based materials in a simulated model of partial pulpotomy
Simular uma fratura coronaria complicada em um incisivo tratado por
pulpotomia parcial com Bio-C Temp (Angelus, Londrina, PR, Brasil) em
comparagao com outros dois materiais bioceramicos, Bio-C Repair (Angelus,
Brasil) e Biodentine (Septodont, Saint Maur-des-Fosses, France), avaliando
descoloracao dentaria, radiopacidade, citotoxicidade e cicatrizacdo nas células

pulpares.
Objetivo especifico 3

Capitulo 3 - Modified revascularization technique in permanent molars. A

case series

16



Relatar o acompanhamento de uma série de casos clinicos de revascularizagao
em molares permanentes jovens gravemente comprometidos em adolescentes,

realizada com preparo mecanizado de canais radiculares.
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3. CAPITULOS

3.1. Capitulo 1

Artigo submetido e aceito no periodico International Endodontic Journal

A laboratory evaluation of cell viability, radiopacity and tooth discoloration

induced by regenerative endodontic materials

L. V. Oliveira1, G. R. da Silva?, G. L. Souza', T. E. A. Magalhdes?, G. L. R.
Barbosa*, A. P. Turrioni5 & C. C. G. Moura'

1Department of Endodontics; 2Department of Operative Dentistry and Dental
Materials; 3School of Dentistry; 4Department of Stomatological Diagnosis; and
5Department of Pediatric, School of Dentistry, Federal University of Uberlandia,

Uberlandia, Brazil
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A laboratory evaluation of cell viability,
radiopacity and tooth discoloration induced by
regenerative endodontic materials
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Abstract

Olweire LV, da Silva GR, Souza GL, Magalhaes
TEA, Barbosa GLR, Twrionl AP, Mours CCG. A
Isborstory mvaluatinon of caoll visbility, rediopacity and toath
dismdoration induced by regemmrative endodoniic mothenials.
intrrmatonal Endodontic Jowrnal, 53, 1180-7 182, 2020,

Aim To enalyse the eytotocdeity, colour change and
redlopadty of MTA Flow (MTAL [ltraCal XS (110
and Bio-L Temip BT

Methodology Human demal pulp cells (hDPCs)
stimulated with Upopolysmocharide (LPS) were placed
in contact with several diutions of culture media pre-
viniely expoeed to the experimenial materials and
tested Tor cell viability welng MTT. Bovine teeth were
prepared o simolate an open apex and o mimic
extensive crown [racture. The roots were {illed with a
mixture of agar and blowd, and the material placed
over this mimture;. The control group conslsted of
teeth fillad only with agar and blood. Colour asoess
mant analyses were performed before and lmimedi-
wlely after material Insertion and repeated at 30, 45
and 6} days udng a spactrophotometer, The total col-
our change (AR, ARy, and whitenes index (Wi
was calculsted bazed on the CIELAB colour space.
Digital radlopraphs were scguired for radiopaciy
analyziz, Cell viabliiy was analysad by one-way

waova, whilst differences in colour paremeters (AFRe.
AFq, and WD were assessed by two-way repested
measures axwa (4 = (5L Tokey's test was ozed to
compare the experimeniel groups and Dunnett's test
was med o eomipare the experimental gmups with
the contral group.

Results MTA, [IC and BT had similar cell viahdity
tn that of the control group [DMEM) (P> (005)
except for the BT group at the 1:1 and 1 : 2 dilo-
tiors,  which  had  significantly  lower wviabiliy
(P = (1) All materlals were associated with dis-
coloration velies grester than what & considered to
ke the aoceptable threshold, and BT resulied in Jess or
similar tooth colowr chanpe than MTA and TIC,
respectively. Decreasing radiopacity over time was
oheerved anly in the MTA group (P = (LMTL Lower
values of mdiopadiy weore found In the BT group
comipared with the TIC and MTA groups (P < 00U L
Conclusions The new Moceramic material (BT) had
acceptable cell viability, similar to that of MTA and [C
gt the highest dilutions, and BT resulted in less tooth
colour change then MTA and UC Desplte its. lower
radiopacity, BT was identitiad radiographically.

Keywords: cytotoxicty, pulpotomy, rediopacty,
staining potential, tooth discoloration,

Fecelvad 9 Jaruary 3020 secepied 7 April 2020
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Introduction

Dental trauma olten acours in young people and may
invalve teeth and supporting structures | Qudeimat
ef al 20019), Crown [racures of permanent ieeth
account for between 26% and T76% of all treumatic
Injunes (Castro et al. 20035}, These fractures are often
complicated with pulp Involvement In ieeth with
incomplete root krmation. In this case. pulpetomy Iz
& viahle treatment option becawse it allows contlno-
ous root development and apleal closure [Algadert
etal M6, Chen et al. 2009),

Pulpotomy has an excellent prognests and oom-
prises surgleal amputathn of the Infected coronal
pulp (dapth of 1.5-20 mm) and placement of & pmo-
tective material to cover the expeosed pulp and In an
attempt to preserve #is witality (Tulogln & Bayrak
2006, Wells et al. 20019), For the success of this type
of reatment, the material must have cerialn essen-
tlal cheracterigies, =such as rediopacity [Ochoa-
Redriguez & al 2019, hlocompatibility and nentode-
ity (Lee & al 2017, Parlrokh et af. 20018, Pedano
ef al. 2018, Cosme-Sllva ef af. 2019, as well a= act
as a barrier sgainst miowaorgankms, stimulate tssne
healing and not contribute to dizcoloration | Mogmiska
et al. 2007, Caklum hydrosdde (0 (0HF) and min-
eral aggmgate tdonlde (MTA) are the most commenly
wed materials In pulpotomies (Lo e al 2001,
Musale e al. 2018, Parirakh et al 2I18),

Cal{H)z haz an alkaline pH and can adivate alka-
line phosphatase and conseguently stimulate the pro-
duction of tertlary dentine. MNevertheless, the long-term
e of CalOH):z 15 assoclated with poor zealing and high
solubllity In oral flokds (Gandoli ef al 2005) Anot her
material used In pulpetomy is MTA, which has accept-
ahble physdcal and chemical properiies and excellent
hipcompatibility (Camilleri 20015, Lee & al 2017, Par-
trokh et af. 2018, Nagendrababu et al. 2019, Chen
et al. 2019), Nonetheless, manst studies have concloded
that MTA may cause aown diseoloration due to the
presence of bismuth oxdde as @ radiopacifier |Yoldas
et al. 2006, Shokouhinejad et of. 200163 In addition,
although the material itsell may cavse discokration,
the presence of blood might intensify this phenomenon
{Guimaraes et al. 2015},

Therelore, new hloceramlc materials have emerged
to ovencome thess problems | Beatty & Svee 2005, Mar-
conyak el al 2016, Parirokh ef al 2018, Pedano
ef al 2008, Cosme-Silva o al. 20019}, such as Sealer
Plus (MK Life) and Endesequence BC Sealar (Brazsaler),

& 0 Iaerainnal Endoda iy Jouinel PubSsted by Jobn Wasy & Sora Da

But anly & few studies have snalysad conditiors that
mimie pulpetomy o traumatized Immature teeth,
However, 1hese new materials are expendve, which
olten makes their use In emerping countries infeasihle.
Therelore; new, lower cost materials contalning bioge-
ramic particles In thelr composition have boen devel-
oped s possihle alternative for use In pulpotomies In
thiz sensze, the present study alms o compare the cell
viahility of human dental pulp cells thDPCE), radiopac-
ity and crown discolorstion producad by & new bloce-
ramic material (Blo-C Temp®; Angelus; Londrina, PR,
Bragl) and two materials (MTA Flow and [TtreCal X5
[Miradent, South [ordan, UT, USA) traditionally usedin
pulpotomdes, The null hypothest was that no dgnifi-
cant diferences would be bund in the cell viahillty,
radioprcity or coronal diseolration associated with
the ev aluated materials,

Materials and methods

Preparation of materials for cell viability test

The materlal used were MTA Flow {MTA) [Olra-
dent), [ThrmCal X8 (UC) (Uliradent) and Blo-l Temp®
(BT} {Angelus, Londrina), The components of the mot
canal ftling pastes lested are described In Table 1.
The MTA Flow zamples were prepared according to
the mamifacturer's recommendations, Then, (022 mL
of MTA Flow, TC and BT wem Inzerted In 24-well
plates under aseptic conditions in 8 laminar fow cabl-
net. Immediately, all materlals were cowvered with
25 ml of Dubacco modified Eagle mediom {DAMEM)
for cell culture (Vitmicell Embriolife, Campinas, SF,
Bl and Incubated In the dark for 24 h at 37 °C
(Bin et al. 2012}, The original extracts {1 : 1) wemr
prepared following the recommendations of the IS0
1H93 (2009), After incobation, these orlginal
extrmcts were sarially diloted In cell colture mediom
efore testing untll the @luton of 1 @ 32,

hDPC culture

Pamary human dental pulp cell (WDPCs) cultures
were donated Irom the Schoaol of Dentlstry of the Fed-
eral University of Ubedandia (UFT), afler sgning the
informed consent form by the guardians (Ethics Com-
mitiee protocol number D9016219.1, 0000, 5152)
Two healthy primary teeth nearing (2= 2) were col-
kected, and the pulp was exiracted [mm the pulp
chamber using a sterilke sharp excavator, Aflerwards,

Infarnafond Endadon e Jound, 53,1 T40-T152, 2030
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Table 1 Canponenis of e rooi caral Bling paie iednld

Tachnical

Mt mfprmaton ‘Components.

UernCal X5 Pate roady for vse  Calohum hydrovide,

[Uirradent, barnm sulpham,

Irdnmtuba, 5P Ejeatul M of

Braadl ko lly ke

MTA Flow Powdar and gel Extrarn by fire

[ rmdan, itwo bag ends morgm e powde of

irdaiguba §P.  missd with two trcalcigm and

B rmml| drops and imserted  dicsicium sl one

with ol pal WA B waller bamed

Beo £ Temp Fante roscdy for use  Calowm slicsts,

Angeha, calomsm sl umimate,

Lindais, M, cakchuim oode,

B rnadl| cmloiym hyngstes in
& ruwtisre of ester
gheal asleylme and
pealyothryiens ghyool
und other
Butm ey
agenty

the pailp teoe wat mmarsed for 1 b in the bllbwing
solution: 3 mg ml~' collagenase itype | (Sigma-
Aldrich, San Lows. ML USA) and 4 mg mL™ dispase
{Sigma-Aldrich). The sumples ware centriliged at
250 g foentrifuge 80-2B, Centriblo, Curitiba, PR, Bra-
=) for 2 min and resuspended in basal maflum. The
cells obtaiped were plated in 25-om” fasks snd neu-
bated for 4 days at 37 °C with 5% OOy The cullure
mediom was first replaced after 3 days of incubation;
thercaller, it was changed twice & wedk. The oells
were expanded up to the 4th passge and frown for
baler exparimental uie

hIDPCs with lipopolysaccharide-induoed soros snd
Exposure (o exoracts

Cab were culturad in DMEM (Vitrocdll supplemanted
with 10% heat-nactivated foetal bovine serum
idbco) and 1% penicilin-streptomycin  (Sigma-
Aldrich) In & humid atmosphae of 5% 00y and
37 *C il confluence. The hDPCs were plated on
Gfewell plites (2 « 10° cellu'well) and allbwaed to
sdhere ovemight. Then, the cdlb wem Incubaed with
2y pl of the extracts a1 predetermined dilutions
(M0 12 Vi 1:8 1:06 and 1: 32) and
simultaneously with lipopolymacharide (LPS) (IPS,
Mrra-pure grade, Exherichio col 011184, Invitrogen,
San Diego., CA, USA) &t the concentration of
pgml™", for a peiod of 24 h. Aler the

e’ Eabodo nie Jesrna, 51, 1160 1152 2000

mcubation porlod, the cdls were iImmaliately tated
for viahllity by MTT brmamn, The control group was
malntained in DM (nat LPS-stimulsted). Thie study
wos repested twice usng five samples for mch group
ot every moment. Cell viabilty was evaluated propor-
tonally 1o abworbance and expressed as the peroenmi-
age of viable cells, The mean valies obtainad br the
control group were comildered as 100r% of coll viahil-
oy, and the valums of each sample of the experinental
groups ware obtained proportionally 1o the control.

Analysis of viability by MTT formasan

The cell viabllly was evalosted 24 h after the troat-
meg with the estracts. MTT solution (Sigma- Aldrich:
Smgml=") was addad to each well and the cells
were Incubatad =i 17 °C br 4 h. The supernatanis
were removad and then, 100 pl dimethyl sulphox ide
OMS0: LGC Biotecnologia, Cotl, 5P, Brasdl) was
added. Aferwands. the optical density (D) at
570 nm was measuned osing & micmplate rosder
{Biochrom. Cambridge, UK).

Seloction of teeth and sample preparation br
mlour masurements and radiopacdoy e

The sample sibe calulation was basad on dats from
Yoldas e al (2016). Bghteen tecth per group were
reguined to have & 90% chance of detection as dgnili-
cant 8t the 5% level |2-ided teut), with & minimum
detectable dfforence in mean of 5.97 with an expocted
sandard deviation of 461 with regard 10 pamary oul-
come (colowr discolration - AEL) evaluated by a
iphare spectropholomster. The cakulallon was per-
formad udng the statistion | software pockage SipmaStat
virsion 12.5 (Systat Software Inc., San Jose, CA. [ISAL

Seveniy-two aentrad Inclors Fom young cows were
obtainad from a lbcal abattolr (Real, Uberldndia, MG,
BridlL Each toolh was cleanad and storad o distilled
wuter @ 4 °C. Extrinsic staine and cakull were
romoved with an ultrasonic scaler, followed by polish-
ing with pumice paste and water. To create standand-
e specimens and 1o mimic traumatic dental injiries
In mmature permanmi inclom, the apical part of
anch root was removed with & high-speed dsc (12 mm
Fom the amelocemental region to the apical region),
and a part of the crown of each tooth was removed
(8 mm from the cement-enamel meglon 1o the incial
odge). Next, the apical opening of the root canal was
trealiad with 37% phoiphoric sdd lor 15 & and then
rinsed. The bonding agent (3M ESPE SL Paul MN,
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TEA) was appliad end light cured for 20 5. and then. a
composite resin material (IM ESPE 2250, Sumare, SP,
Bradl) was placed and cured lbor 440 5 (Fig. 1a) The
specimens were then randomly asigned (n= 18) to
three expenmental subgroups (BT, MTA and UC) and a
control group (agar + hlood). Each tooth was incloded
in polystyrens resin. and the preparation was per-
formed with & PM 82 drill (KG Sorensen, Cotle, SP,
Bradl) to obtaln similar rost canals with a large inter-
nitl diameter. Then, the root canal were rinsad with
2.5% s=odium hypochlorte lor 20 min [olowed by
JmL of 17% EDTA solution and 5 mL of distlled
water. To simulsie the pulp and inherent diflficultes
related 1o the pulpotomy procedure, & mixture of agar
{Kasvl, S0 [nsé dos Pinhals, PR, Bragl) and bovine
blovod was prepared (Lenherr ef al 20012} Agar was
welghed and dinted in warm water according to the
minufacurer’s meommendations, Then, b mL of pre-
pared ggar was mived with 100 pL of fresh uncoagu-
lated blood and inserted an the root canal wing pipetie
tps I a volume of approdmately 80 pl, per tooth,

Colour assessment

A mectrophotometer (Easyshade Compaet Advance
40 Vita-Fahnfabrik, Bad Sackingen, Germany) was
nsed to assess tooth colour, A dlicone index (Precks
5X; Dentzply, Petropoliz, R, Brazl) containing a &-
mim hole [or the placement of the spectrophotometer
tp was used to standaniize the readings and meposi-
tlan the Easyshade at each timepoint (Fig, 1), Three
assessments wem performed on each tooth, and the
average was meconded. Five sesslons of colour mea-
surements were conducted at the following Intervals:
T, before application of the rost-end f[lling material
(baselime); T1, Immediately alter application of the
ropt-end filling material, T30, 30 days alter; T45,
45 days after; and Th{), 60 days afer.

(@) ib)

12 mm

The CIE LW systemn (L% whiteblack; a®: med!
green: b wellow/hlue) valnes wem noted for ench
specimen. The mean vale of three measuremenis
was cakoulated at each assessment time’material The
total colour differences (AE.s) were caloulated using
the followlng equation: AF,. = [{ALF = (Aa)® + (AB*]
Y. Im sddition, the whitening Indexes (WT) were cal-
culated using the following foiemoula:
WI=0551"L — 2.324% — 11"k (Péres Ml
et al 2016). and DE;, was also caleulated using the
formule described in & prior sudy  (Shamma
el al MNMI5),

Radiopacity

For radiopacity analysis of the materials (Fig. 2}, al
teeth in the four groups were radiographed using
the ViEtaSmn Minl Plus® photestimulable phosphor
(PSP} systemn  (Idirr Dental. Bletgheim-Bisingsn.
Germany), Each specdimen was placed on the centre
of & skee 2 (3 = 4 cm) PSP plate adong with a 10-
mm sluminiom step wedge. A Timex 70E N-ray
unli (Gnatus, Ribelrio Preto, SP, Brazill was used,
operating st 70 KV, 7.0 mA, 0.14s exposure time
and 28 cm bousfim distance, After exposuare, the
platzs were scanned, and the 8-bit images wem
exportad 1o Image] for Windows software (Natlonal
Institutes of Health, Washingion, WA, TSA), For
each image, one area of the same square kbrmat
(50 = 50 plzek) was defined #s the reglon of inler-
et (REH) This ROI was placed In the area of the
radingraphs that contained the most homogenous
part of the restorative material, The mean grey wal-
ues of the Rils wem determined using the his-
togram  analysis tool of the seftware. Radiographs
and # grey value analysizs were performad  belore,
immediataly afier and thirty days afier filling mate-
rial application.

=4 . Endodostic maserial

—= [entine

" Agar# blaod
Apicall resication

Fgure 1 Schemalic showing ooth pecimen: {a) aller comomal amd root preparstion; (b afler slicons impresson moderial

index insertion for colour memsieements,
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Statistical s by sis

Cell viabllity, coloar sssessmemt and radiopacity data
were analysed for nommality end homsoscedasticly
udng the Shaplro-Wilk and Levens testa One-way
awaa Tollowed by Tukey's test was used to compare
date of the cell viability intragronp amongst dilutions
and amonga the materials 8t esch of the dilutdons
tested. Two-way repested messures asova  and
Tukey's tesds were used to compare the radicpachy
and colour parameters ("L"a "k AEL, AFqq end WT),
where ‘time assesement’ was usad &= 8 repetition lac-
tor, Dunnett’s test was used to compare the colour In
the experimental groups with the contral gmup, A
statistics]l analysls was performed  sing  SigmaPlot
12,5 statktical zofware peckige (Systat Soft ware
Inch. The significance level was set gt 95% lor all data
analyzes,

Rasults

Viability by MTT farmazan
The cytotodelty resilts are presented In Figs 3 and 4.
The MTA group was not dilferent ameonga the dilo-
tlons evaloated (P= (9. Dunneti's test revealed
thit the MTA-treated cells had greater viability than
the contral groonp cells (DMEM) at 1 :4 dilotion
IP= 041k

Significantly loower percentages of viable cells were
ohiained after the treatment with TC exiractz at 1 : 8
dilutlon, (P = (L3640 All dilvtlons tested for T3C haod
similar cell wability comparad with the contral group
(DMEM) [P > 0U05),

Significant diferences were obtzined smonga the
dilutions In relation to the BT group { P < (U000 ). At
1:1 and 1: 2 dilnbons, there was a significantly

lower viahility compered with other dilinkmnms and
with the control groap (DMEMS (P < (MHML, Fig. 35
Figure 4 shows the comparion between root-end fil-
ing materials at the dilutions teaed, BT had signifi-
cantly lower viabillity than the other materials at the
1:1 and 1: 2 dilutions [P < (L{HE). At the 1 ;4
and 1 : B dilutions, TIC and BT were similar to each
ather (P={L16 and P= {97, respactively), and
MTA led to greater viabllity (P= (L001) at the 1 ; 8
dilution, At 1 : 16 and 1: 32, the three msterials
had similar valoes of cell wiahility,

Colour sssess ment

Tahle 2 presents the mean and standard devistion
values of colour aberation (AE,, and AE.) for &l
groups immadiately affer application of the root-end
fillimg material (T1) and over time (T30, T45, Ta)L
Two-way repested measums ANOVA revealad a sig-
nificant Interaction betwoen materisl and essessment
time (AE P = 0012 and AE P =0023) TC was
associated with less colour aleration at 45 days than
WMTA (AR, P< (LK and AR,y P< (L{Mil) and BT
(AF. P < (0] and ABy,: P < (LML),

At the A{day messurement, T and BT had simi-
lar tooth discolmtlon, whersss MTA had signifi-
cantly more discolomtkn (P < 0001 ), The analysls
of MTA and TIC owver time revealed that the oolour
tended to stay fable over 3060 dayz BT had a
maximum discoloration at 45 davs [ollowed hy a
rebound elfect at &0 days. When companng the col-
our change of the samples mom the inltial essessment
time {T1) to the other experimental time-polnts (T3
T45: Tedy), the contral groap, U0 end MTA all had
significant discolormton, Dunnett’s test immediately
after material placement (T1) mevealed & =sipnificant
discolomation between the control groop compared

Fgure 2 Mepreenbive nage of mdiopacily rom sach growge C, oondral {agar + blood ); BT, BioC Teanp; MTA, mineral i)

oxide apprepsie (MTA Flow 110, ulraCal 35,
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Figure 3 Cell viahility percentage of hIVPOs after engemume bo exircts scconding o matenal tesisd and dilution by the MTT for-
mamn method. fo) MTA minem] rioxde sppremie (MTA Flow} exposrs; (b)) U0, DhraCal X8 expesre: (¢} BT. Biod! Temp
expusure. Capital letters ndicate comparion smongs different dilitions of extracis and the contro] groep e ssch matedal.
Ohie-way asona and Tukey's lesdt (P < (U05)

MTT formazan

150+

i el vialsibity
2

i
ir2
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Figure 4 Cell vishility peremtage of hDPCs afler exposune 1o exiracls comparing e material in the same dilution by the
MTT fwmmmn method MTA, minesral inoxide aggregate (MTA Flow ) UC, Ulealal X5: BT, Bio-l Terp. Capiial leters indicae
comparman arcmgd differend maderal 51 the mme dihdion, Ones-way asvena and Tukey's desit (P (LO5E

Tabls 2 Meaun and slandand dedation of discolmton (AE, and AF. ) in the diffsrem groups evahmisd afier root-end fillng
material and amesment time=

AEw AEmw

Groups Ti Tx Tag T&o T Taa Tas TEa
Control 18 {2401 8% (26l TE 230 T4 (23 12130 L85 |1.5}n 427 {1 & 422 1 da

ingar +

bloodi
BT TA|2Z4AR A7 13%Axb 96 (26)4a THE|24Bb  £27 1 51AL" S0 {0 AL 58 L6Aa" 447 1.4Bb
LT 28 |29Bb B 24" B0 |28 B G [32)0a 148 (1 1B 326 L5Es* 3132 [1.E8a A4 {1 5Ba
MTA 92 {THAL* 10T {59)Aa 148 (TH)Ax" 129 (52M4s" 035 42040 593 2940 BT 4. 9Aa"  T.&5 [3lAn"

T1, afor application of rootend flling material; T30, 30 days afior; T4, & doys sforn; and TEDL, 50 days sfier.

Diffarent capiml lottnrs in colurms indicate significant di fferences between filling materials in the same assssment tima, and &f
foront lownorcese |ottors in rowes indicote significant intregroup difforonces botwaon the poriods onalysed fwo-wey ropoatnd mas-
suras axow, and Tubey's test - P < 0.08]

*“Symbal indicates significant differanoss in aplumns with tha control group {sgar + blood) by Dunne®t’s mathod, < 005
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with BT and MTA (F < 0,001}, At 30 days, only the
UC group differed significantly from the contral group,
whemeas gt A dayz 8 sienificant diference fome the
control group was observed only In the MTA group
(P < 0N}

Figure 5 shows the CIELAR parameters L° & the
parmmeter that usually represents the major concern
fromn an aesthetic standpoint {dafkness to lightness),
and it Initlally presented & similar behavieour betweaen
the gmoups at 30 days. However, &l 6 days, the MTA
{ve. TIC; P < (L] and vs. BT: P = (L0311} and conired
fvs. UG P < (L0001 and vs. BT P = 0,019 groups had
greater dakening than the other groups {low L val-
ues), The TUC and BT groups had similar behaviour,
with @ reduction in L waluss up to 30 days and &

——Control (Agar * Blogd) —=BT — UG — MTA

b
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Fgise § Graphs show the wends in the ', &% and b
maramsi=s of the maedak over lme (L% whil=thlade o™
redigreens b yellowhhoe) Diffrem copit] letiers indicais
diffrences helwesn filling malefal in the same erval
gl lime, amd diferend lowenrass lsitsm  ndicais
intragmng differences heiwesn the perinds amalyed
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tendancy of recovery of L values afier this period: this
was not abserved in the coniral and MTA groups.

In relation to the o parameter (rad-green gradient),
there was & luctuatlon of mean velues In the experl-
mental periods amongst the different materiale and
the control, with a tendency to equivelesnce at
G4} dayz. The analysis of the graph (Flg. 5h) reveals
that the MTA groop had & lower tendency 1o chanpe
n o walues over time, The BT group had an initial
peak after material insertlon, a dramatic reduction at
30 dayz and @ =sobsegoent increase at 60 days,
whereas the TC group remained gable untll 50 days,
Increasing fis a* values after this peried.

The b* parameter {hlue-yellow gradient) was simflar
pmangst proups at 30 and A dags, except o the BT
group, The analysis of the behaviour of sach matenal
over Hme revealed litle waristion in the mean values
ol §* for the BT and MTA groups over the 30- o G-
day period. The T group had a significant Increase
in the mean velue of B at 45 days (P < (0,001}, and
after A} diy=, all groups behavad similarly to the con-
tral grop.

The whiteness index (WI) was significantly influ-
encad hy ‘material’ (P = 4, acssmmend  tme’
(P =< (0d11) and the intersction ‘moterial = aswess-
ment Hme’ {P < (0H 1) These data gre presented in
Fig. f. Immadiately after material inerton, MTA had
sipnificantly lower W1 walues than UC (P = K9)
and HT (P = (432), which behaved similar to the
control group at T1, At T45 UC (P =0L018) and
MTA (P < 0.001) demonsirated 8 mduciion In Wl
compared to BT, and all materlals meiaining this low
Index at Tl WT was similar at TH0 for all materials,
In genezral, the BT group had the moa W1 changes
compared with control group over time. The alter-
gionz In colour parameters ane llusirated In Fig. 7.
To @clitate the visualization of codour changes, the
values of 1% @ and B were converted to an RGB
jred, green and hlue) sysiem, and coloured rectangles
ware drmwn In RGE using Mleresolt® PowerPolm &,

Radiopacity

Teble 3 presents the madian and ftandard deviation
vitlues for radiopacity expressed s grey valuss ane
and thirty days afier material insertion, The test did
nat  Indicste & diference between  the  Initlal
{14 = B.1) and final (1085 £ B.A) mdiopaciies
of the control teeth, which did not receive the mute-
rial {P= (1,159 BT had & signiicantly lower initial
radiopacity than UC and MTA (P < (L001), which

B 00 admatong Endlodanths Joonel PoliSahad by Jobn Wiy B Som 14
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—s—[ontrol [AgarsBlood) —-ET —— U =T,

5 i E]

Whiteness Inibex (W)

-

(-]

145 Ted

T3
Axsrgemenl Hme

Fgure § The helmviowr of the whilsness index during the
enlire experment. T baseline, T1: afler application of mal-
end filling material, TH: ) days afier; T45: 45 days afler;
amd THD: 60 days. BT, Biol Temp U0, TliraCal X5 MTA,
mineral rioxide spgregnie (MTA Flow) Diflereni capial kel
tem indicate significimit differenoes betvesn filling materiak
in the sme msssmmenl tme, md difsrem lowencass siem
indicule significanl inlragroup differences between the peri
ads analyed (wo-way repeaied meammes o, P (05 )
"symhol indicalss significant diferences with e contm]
oy {aar + hload) in the same weesiment lime by Dun-
neil's methad, P U053,

had similar radlopecity (P =0L97), at T1. ARer
30 days, all materiels had different rediopacities, with
the highest grey values In the UIC group (vs, MTA:
P= (445 and vs. BT: P'< (L0N1) and the lowest in
the BT group ive MTA: P < (0L002) Ther was an

T - baseline T1

Centrol
Agar +8load

BT

internciion  lactor, ‘Essessment  Hme = material
(P =035}, and only MTA had significantly reduced
radiopacity aker 30 days (P = 0007

Discussion

The results suppon the rejection of the null hypothe-
sts tested becarse significant differences wene lound
hetween the matenials reganding the viability of pulp
cellz, radiopacity and ooronal diecoloration in the
presence of blond, Previous studies evaluating the cell
viahillity of pulp cels in contact with MTA demon-
strated that this material did not alleat this parameter
in hDPCs (Rodrigues e al 2007, Tomas-Catala
et al. 2017, Pedano ef al. 2018 However, no studies
to date have evaluated BT cylotoxicity because this
material {5 new. Blocompatibility & an imponant
property that should be considerad when zeleding &
material for pulpotomies doe to iis direct contact with
vital timues (Lee er al. 2014) Amongst the evalua-
tions that can e pedormed in this context, the analy-
st of cytotoxicity and potential adverse effects on cell
behaviour is one of the mos commonly used. In the
presem study, the cytotocdolty test selectad was MTT
formazan. The MTT lormazan method = a widaly
nspd cytotoxicity itest (Pires a al 2016, Colledo-
Gonzilex e al. 2017 that determines cell visblity as
& function of thelr mitochondrig] sctivity through the
converdon of tetrezolinm salt into formazan crystals
by mitochondrial dehydrogenases (Mosmann 198 3).

T30 T45 TGO

Fgure 7 Tuoth belavionr illudraied hasesd on data Fom et cmvensd 1o REE demonstrating the coloor duanges of speci-
mens during the experimeni. T0: baieline, T1: aller application of mod-end filfing material, T3: 30 doys afler; T45: 45 days
afer; and THGE 60 days aler. BT, Riol Temp: U, MraCal X8 MTA minera] irioxide sggrepate (MTA Flow). Hlestrative

cylindenshaped composiie specimens.
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Table 3 Mean and slandand deviation of mdogacity {grey
vahee) in the diffrend groups evahmalsd gl day 1 and day 30

Aszpcement Gma

Groups B THE

ET 1874 .7 B 1862 [A6)Ca
LiC 201.2 111 SlAa 2027 {111Aa
MTA 200.5 110 4lAa 186 | 1718

Ti: immedismly sfier appiicofion of rmotend filling material
and T:30: 30 days sfior.

Diffarent aopital lettors in columns indicein significant  differ-
enoes batwoon filling moterinl in the same sssesmmont tima,
ond different lowercass letmrs in rows indicete @ gnificant
intragroup differances betwean the paricds analysed fwo-way
ropaoted mapsuros asoe, P < 05

The MTT resultz revealed that MTA and UC were
not cytotoxic for hDPCs at sll dilutlons, MTA has
been reponed Lo induce proliferation of hDPCE by eo-
ton components such a3 cakihom  dons  (Tekita
et al. 204k}, The high pmliferaton of hDPC: mt the
14 dilution of exiract corroborates previous studies
udng the MTT assay (Rodrigoes ef al 2017, Pedano
et al 2001 8). Pew resarchers have evaluntad the oyto-
teodedty of Ca{OH): paste in the mme femolaton
uzsed In the presert gudy (Althumalry e al 2004)
Previoesly,  was reported that U0 extracts caused &
slgnificant Increase i call viability (Pires e al 2001 6),
which was not found in the present study, This conld
e bacause the relerenced study used pedpheral blood
mananuclear cell, and Cal0H); has the capacity to
induce an inflammatory response (Nekon Filho
e al. 1999), Regarding BT, an Increaze in cell prolil-
eratlon was expectad beciose s composition Inehides
calclum zilicates, calcium aluminate, calciom oxide
and calcium tongstate. However, the lowest BT dilu-
tlons had & optotodde allect on hDPCa, decreazing the
cell viahillty to epproximately G0F% compared with
the oonirol. A possible hypothests for this reducion in
viabilty Iz the presence of TH); In i3 oo positken.
This component may Interfere with a series of cellular
eveniz, Induding those asspcated with stimulation of
the mitopgen-activatad protein kinas (MAPK) path-
way, with & consguent reduction In cell survival (Yo
et al. 2019}, In addition, previous Investigations have
demonamiad that Ty induces apoptosts in Elfferent
cell types Including muorine leokasmic  monocye
macmpha ges (RAW 24607 cells) {Dhupal et al 2018),
lymphocytes (Wang e al. 2007), fibroblasis {Jin
et gl 20HE) and mesenchymal gem cells (Yo
et al 2009), However, conddering that there gre no
studies svaluating the cytotoxicity of thizs component

ierafons Eadadanile Jowas, S 1140=1157 HEAD
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in hDPCs, it & not posible to directly relate o the
results of these studles. In addition, it k important to
nate that &t higher dilutions, the behaviour of BT-
treated cells was similar to the behaviour of cells trea-
tad with the other tested meterials, and themelome, the
uze of BT In pulp cells would not be contralndie ated .

In pulpotomies, the matedal |5 placed directly Into
tizwug containing bleod: therefore, aiming to mimic
the clinleal dtuation, all materials of the study were
applied direcily to 8 mbdure of agar containing blood,
s eger has & gelatinoos considency similar to that of
pulp tizmie, The pressnt resuliz revesled that blood
was able 10 increase the discoloraton asseceted with
&ll materialz, inchiding colour changess in the nega-
tive control group (eger + blood), The dizcoloretion
in the negative control group was greater at 30 days,
remaining  low In the subsequent periods, Addition-
ally, the luminodty and WI of the contral group
redoced ower time, Indicating that the presence ol
blood cawsed tooth derkening., A possible mechanizm
explaining the stalning canzed by blond 1= related to
the accumulation of hasmoglobin or other heematin
molecules (Marin e al 1997), The haemaolyds ol
these malecules releases haeme groups, which can
cause darkening of the tooth structume as they pm-
duce black lron sulphide, Therelore, & reduction in
lightness viloes and an increase in redness and yel-
lwnass values (Fig. 5) following hlood exposure o
the specimens could be expacted.

Bevond the blood, hiomaterials am related o tooth
stalning (Reatty & Svec 20150 Several studies hawve
reported  grester faning for grey MTA  associated
with  blepd (Lenherr & al 2012, Guimaries
el al 2115} Labormtory studies have indicated that
MTA s assoclated with high staining potential as it
comprizes heavy metal lons and bsmuth oxide as a
radlo pacilier (Marclano et al 2015), Possible axplana-
tons for MTA-related tooth dizeoloration are related
to the dissociation of ovkde blanuth into dark crystals
(Yolias a al. 20016, Mosyiisko et af. 20017 or overaxd-
datlon of this compound due to contect with Malk?l
(Camillert 2014, Mamonyek e al 200 6), which clini-
cally oecurs in pulpotomy, Purthermsare, this material
in contact with blood exaoetates the discoloration
process  (Guimardes & 2 af 2015  Shokoublnejad
et al 200 6) White MTA was developed to ovencome
this izsue, However, even white MTA may cause dis-
colorstion, probably due to oxidation and oo rporm-
thon of the iron contert Inte the caldum
gluminoferrite phase of MTA after setting (Mardano
eral 215
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Particularly in the present sindy, MTA Flow was
selected due to its eader insertion usng syringes,
which clinically results in 8 smaller amoum of mate-
rial residues on the dentine walk. Thiz is a nelatively
new material consiting of & grey powder containing
dicaldum and tricakcium sSlicate, Blsmuth odde and
& liguid vehicle composed of 8 watersoluble sllicone-
based gel that can be manipulated in various consls-
tencies. The manufacturer proposes Hs use In pulp
capping, pulpotomies, seallng perfretions and resorp-
tions, retrofillings and teeth with an incomplete mot
ape {Uhradent, 2011, Ukmdent, 2007 The other
materials nsed for comparison (BT and T0) are alzo
Injectable and come n o ready-to-use Torm that alao
makes them sasy to insert. TC Is basad on & calcium
hydroxide page (caldum hydroxide, barium solphate
and pgueous matric), and it & known to be used in
pulpotomies and direct pulp protection but with high
solubllity (Perelm et al 20019). BT k & paste recom-
mended for intrecanal medication and pulp regenem-
ton by the manufowrer | Angelus 200195 BT colour
vizually diflers from U, having a more yellowizh col-
oration; additionally, it= consistency k& slightly difler-
ent, probably mlated 1o the vehicle usad. Even
though the components of BT medication classify 1t
as 8 bloceremic material, sudies usdng other hioge-
ramies in pulpotomies have shown less discoloration
{Camilled 2015, Shokouhinejad et al. 2006, Yoldas
et al. 2016). Biodentine (Septodont, France) has
shown less discoloration than MTA, possbly due to
the use of girconiom oxbde as a radiopacifier Instead
of bismuth owdde (Voldas & al. 2000 6), BT has a tha-
nium oxkle radiopacifier, which 15 nol expectad to
produce dentine staining. However, BT had AE.. and
AFqq values similar to those of MTA and higher than
thise of T @ 45 days, This could Indicate a tran-
zient interaction between hlond and BT compounds
hacauze at 60 days, these values were reduced, mak-
ing them lower than those of MTA and similar to
those of the control. The intense white colour of the
T probably blocks the influence of blood on the ini-
tlal ¢olour measurement, which could be obsorved at
30 days, when the TIC group presented lower AR
and AR,y wvelues than the control group. How-
ever, this diference was attenusted over time, pre-
senting mean values of discoloration similar to those
of the comtrol and BT gmoups at Al days. It is
Important to note that all materlals tested had values
higher than what Iz considered the acceptahle
threshold (AE, = 266 and ARG, = 1.77; Paravina
etal 2015},

& 300 e foned Eadod e Journal P olfsted by Jaha Wilsy & Som e

Associated with the global colour change, the
whiteness index (WI), a simple linear formulation
obtained using the values of the three (TELAR chro-
malic coordinates, was used (Pérex et af. 20016)L It
represenis & dgnificant step for the assessment of col-
our change bocsuse It corrglates with the perception
of tooth whiteness The results of thiz method ame
mare clinlcally relevant and provide & clearer Inter-
pretation! high positive values of the WT index indi-
cate higher whiteness valoes. Tooth yellowness may
not be a perdfect antonym of tosth whiteness, but W1
could be usad to refled perceptual yellowness (Sulli-
van & al. 20019}, Compared with the classic materials
used in pulpotomy, BT had W1 wvalues similar or
lower than those already established in the ieratre.
Moreower, all materials resulied In a slightly greater
difference in tooth whitenes {25.69) (Pérex Mdel
et al. 20716) compared with teeth without any ropt-
end filling material.

For this stndy, the Vita Essyshade specrop hotame-
ter was wed to evaluste colour change. This instru-
ment was applied becanse of the technigue's
sensitivity to even dight changes in colour and excel-
lent reproducibility, The same equipment was used in
previons studies (Guimardes e al 2005, Marconyak
et al. 2016, Yoldas er ai. 2016), which used the CIE
L["a*k" space system 1o evaluate colour change.
Reparding radiopacity, the IS0 standard was not
used, which 1ses pre-established slicone moukds filled
with cemenl. The reason lor Inserting the material
dimecly into the tooth was lor the study dedgn to
approximate dinical practice, where this iz the only
standard of evaluation by the prokssional, Bovine
teeth have been previowsly used as & substiute lor
human in studies of tooth discoleration (Beatty &
Svec 2015, Yoldas e al 2006). Considering that the
coronal dentine of hovine teeth does not difler dgnifi-
cantly from that of human teeth in terms of density
or diameter of wbules, bovine mandibular inekors
miay be wsed In this kind of stady (Lenherr
et al 2012, Beatty & Svec M5, Yoldas et al. 2016).

Another parameter evaluated was the radiopacity
of the materialz, which Is an Important [ector to con-
sider when choosing & material Jor  pulpotony
hacause i enahles the visualieation ol gaps or absence
of material through the X-my and dilferences In tooth
timmues  (Guerrdre-Tanomaru e al. 2009, Xuoereb
e al. 2076) In the present fwdy, the higher initial
radiopadiy valuss (T1) for MTA and 1) groups than
for BY weme probably related to the dilferences in
radiopacifiers present in each material, Nonetheless, it

e Aafong Endadante Joumne, 53, 1T40=-T152, 2000
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b5 possihle to observe that only the MTA group had &
rafuction in & radiopacity after 30 dayz, which Is In
agreement with ather studies (Camillerd 20418, Cawve-
nago & al 2004, Guimaries of al. 2005) and may he
caused by the disoclation of biEmuth oxide, On the
ather hand, It & possible that the rediopacity stabiliiy
provided by the tianium oxide usad as a rediopacifier
in BT and by the barium sulphste In 0 could be
related to the smaller colour variations of these mate-
rigls over tme, It I3 important o observe that despite
the lower radiopacity, BT could be a visual diferent
ated [ram the tooth dsmes (Fig, 2§, fuliilling this fon-
damental reguirement Tor &  materlal wed In

pulpotomy,

Conclusion

The new bioceramic material BT had acceptable cell
viahillity, slmilar to that of MTA and UC at the great-
et dilutions, and reailted in less or similar tooth col-
our change compared with MTA and T, respectively.
Despite li= lower mdiopacity, BT was Identified radio-
graphically,
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3.2 Capitulo 2

Artigo submetido ao peridodico International Endodontic Journal

Biological parameters, discolouration, and radiopacity of calcium silicate-based

materials in a simulated model of partial pulpotomy.

Abstract

Aim: We aimed to analyse the discolouration, radiopacity, pH, and calcium ion
release of Biodentine (BD), Bio-C repair (BCR), and Bio-C temp (BCT), as well
as their biological effects on human dental pulp cells (hDPCs). Methodology:
Bovine teeth were prepared to simulate crown fractures with pulp exposition in
the open root apex. The roots were filled using a mixture of agar and blood
(control), and BD, BCR, or BCT were placed over the mixture. Colour
assessment analyses were performed before and immediately after material
insertion and repeated at 30 and 90 days, using a spectrophotometer. Total
colour change was calculated based on the CIELab colour space. Digital
radiographs were acquired for radiopacity analysis. hDPCs were placed in
contact with different dilutions of culture media previously exposed to such
materials and tested for cell viability using the MTT assay. The pH and calcium
ion release of all materials were measured after 24 h; the data were assessed
using one-way analysis of variance (ANOVA). Cell viability was analysed by
two-way ANOVA. Differences in colour parameters and wound healing data
were assessed by two-way repeated-measures ANOVA (a=0.05). Tukey's and
Dunnett’s tests were used to compare the experimental groups with the control
group. Results: BCR presented higher radiopacity and smaller colour alteration
(AEab/AEQOQ) than the other materials tested (P<0.005; p<0.001). No significant
differences in pH were found among the tested materials (P>0.05). BCT showed
the largest release of calcium ions (P<0.0001). BD presented cell viability similar
to that of the control at the lowest dilutions, and BCR’s was similar to that of the
control, regardless of the dilution tested (P>0.05). BCT showed a lower
percentage of viability than that of the control at all tested dilutions (P<0.0001).

Cell migration rates in BD and BCR were similar to those in the control group
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after 24 h and 48 h (P>0.05), while BCT presented larger open areas than the
control in both periods (P<0.0001). Conclusions: BCR showed better
favourable results than BD and BCT, with lower colour change, higher
radiopacity, and hDPC viability of >80%.

Introduction

Complicated crown fractures involving enamel and dentin with pulp
exposure should preferably be treated using conservative pulp therapies (CPT),
even in adults (Bourguignon et al., 2020). CPT includes pulp capping and
pulpotomy performed at different levels according to the clinical signs of pulp
contamination observed after exposure. In particular, for children with immature
permanent teeth, preserving pulp vitality is crucial for complete root
development (Bakhtiar et al., 2017; Abuelniel et al., 2020).

Calcium hydroxide paste has been used for decades as the first choice
for pulpotomies but has been replaced in recent years by mineral trioxide
aggregate (MTA). Despite all the widely known advantages of MTA of
biocompatibility and induction of a calcific barrier, the potential discolouration
has been considered a limiting factor for its use in anterior traumatized teeth
(Torabinejad et al., 2018; Abuelniel et al., 2020). In 2009, Biodentine (BD;
Septodont, Saint Maur-des-Fosses, France), a tricalcium silicate-based
restorative cement, was introduced in the market as a dentine substitute with
biological (Kunert & Lukomska-Szymanska, 2020) and clinical properties
comparable to those of MTA (Bakhtiar et al., 201;, Abuelniel et al., 2020). Among
those who advocate the use of BD, its accelerated setting time, ease of mixing,
handling, and less coronal discolouration are pointed out as advantages (Kaur
et al., 2017).

Other ready-for-use silicate-based materials recently developed are Bio-
C Temp (BCT, Angelus, Londrina, PR, Brazil) and Bio-C Repair (BCR, Angelus).
Both have low cytotoxicity (Lopez-Garcia et al., 2019; Oliveira et al., 2020; Villa
et al., 2020; Ghilotti et al., 2020), good biocompatibility (Benetti et al., 2019),
and biomineralization ability (Benetti et al., 2019; Lépez-Garcia et al., 2019).

BCT was primarily conceived by the manufacturer as an intracanal dressing
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(Villa et al., 2020) and is also indicated for full pulpotomy (Oliveira et al., 2020).
However, there are no data regarding the use of BCT and BCR for partial
pulpotomies in immature traumatized permanent incisors. This procedure has
been indicated by the International Association of Dental Traumatology
(Bourguignon et al., 2020) involving the amputation of 2—3 mm from the exposed
pulp, followed by placement of the biomaterial over the remaining coronal pulp
and composite restoration. Despite its benefits of continuing deposition of
cervical dentin and reduction of root canal obliteration (Elmsmari et al., 2019),
there is a concern about possible staining promoted by new materials in contact
with the blood in the crown (Chen et al., 2020). Therefore, the present study
aimed to mimic a complicated crown fracture in an incisor treated by partial
pulpotomy using BCT or BCR compared to BD, which is currently recommended
as the material of choice for CPT for aesthetic purposes. Tooth discolouration,

radiopacity, cytotoxicity on pulp cells, and healing were evaluated in vitro.

Materials and methods
Three materials used in this study were BCR, BCT, both ready-to-use,

and BD, prepared as per the manufacturer’s instructions.

Selection and preparation of samples for colour assessment

Based on the primary outcome (crown discolouration), the data from
Yoldas et al. (2016) were used for sample calculation, which was performed
using the statistical software package SigmaStat (version 12.5; Systat Software
Inc., San Jose, CA, USA). A sample size of 64 teeth (n=16 per group) was
established to have a 90% chance of detection, significant at the 5% level (two-
sided test), with a minimum detectable difference of 4.96, with an expected
standard deviation of 3.47. Approximately 300 central incisors from zebu cattle
aged 30-36 months were initially obtained from a local abattoir (Real,
Uberlandia, MG, Brazil), cleaned with scaler, inspected, and selected in four
stages according to the method described by Rosatto et al. (2020). A dental
operating microscope (D. F. Vasconcellos, Valenga, RJ, Brazil) at x3.0

magnification was used to verify cracks or defects and the presence of open
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apex, followed by determination of buccolingual and mesiodistal dimensions
using a digital calliper (Mitutoyo Sul Americana Ltda., Suzano, SP, Brazil). The
selected teeth were stored in distilled water at 4°C.

We performed a simulation of a complicated crown fracture in an
immature tooth (Figure 1) (Oliveira et al., 2020). Part of the crown (8 mm above
the amelocemental region) and the root (12 mm below the apical region) were
removed perpendicular to its long axis under a water-cooled diamond disc. The
root canals were enlarged using #1 through # 5 peeso reamers followed by a
drill PM 82 (KG, Sorensen) to standardise the samples. Next, each root was
flushed with 20 mL of 2.5% sodium hypochlorite followed by 20 mL of distilled
water, and the apical region was closed using composite resin (3M ESPE Z250,
Brazil). The samples were embedded in a polystyrene resin (Cristal, Piracicaba,
SP, Brazil) and polyether impression material (Impregum F, 3M-Espe, Seefeld,
Germany) for the periodontal ligament simulation (Soares et al. 2005), as well
as to serve as support for material insertion and to obtain radiographic images
in a standardised manner.

To simulate a partial pulpotomy, 8 mL of agar was prepared (Kasvi, Sdo
José dos Pinhais, Brazil) using 800 uL of fresh uncoagulated bovine blood and
inserted up to 3 mm above the amelocemental region using tips in a volume of
approximately 100 uL per tooth. The specimens were randomly assigned to
three experimental groups (BCR, BCT, and BD) and one control group (agar +
blood). The materials were placed at approximately 2 mm thickness above the
agar + blood. Finally, the crown canals were closed using modified glass

ionomer (Riva Light Cure, Australia).

Colour assessment

Colour values of the samples were determined wusing a
spectrophotometer (Easyshade Compact Advance 4.0; Vita-Zahnfabrik, Bad
Sackingen, Germany). For reproducible and standardised readings, an
individual silicone index (Precise SX; Dentsply, Petropolis, RJ, Brazil) with a 6-
mm hole was created for each sample to reposition the Easyshade tip at each
time point (Oliveira et al. 2020). Three colour measurements were performed
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on each tooth, and the average was recorded. Five sessions of colour
assessments were conducted at the following intervals: baseline (sound tooth);
TO, before application of the root-end filling material; T1, immediately after
application of the material; T2, 30 days after application; and T3, 90 days after
application. The colour readings were quantified in terms of the L*, a*, and b*
coordinate values, established by the Commission Internationale de I'Eclairage
(CIELAB system) for each specimen. The colour difference of the same
specimen was calculated using two different equations. The first was the
CIELAB colour difference (AEab) equation, calculated as follows: AEab= (AL? +
Aa? + Ab?)'"2 where AL*, Aa*, and Ab* refer to lightness, green-red, and blue-
yellow differences of TO and post T1 to T3 colour measurements. The second
was the CIEDE2000 colour difference (DE0O), which was calculated as follows:
AEQO = [(AL/KLSL)? + (AC/KCSC)? + (AH/KHSH)? + RT (AC/KCSC) (AH/KHSH)]
2 'where AL, AC, and AH are the lightness, chroma, and hue differences
between colour measurements. KL, KC, and KH are the parametric factors that
influence the viewing conditions and illuminating conditions. RT is the function
for the hue and chroma interaction differences in the blue region. SL, SC, and
SH are the weighting functions for the colour difference adjustment, considering
the location variation of the L*, a*, and b* coordinates (Miotti et al., 2017). The
whiteness index (WI) was calculated using the following formula: W1 = 0.551*L
-2.324*a -1.1*b (Perez et al. 2019).

Radiopacity

For radiopacity analysis, all teeth were radiographed on the same day of
insertion of the materials (T1) and 30 days after (T2). A VistaScan Mini Plus®
photostimulable phosphor (PSP) system (Durr Dental, Bietigheim-Bissingen,
Germany) was used, and the teeth were radiographed using a size 2 (3 x 4 cm)
PSP plate using 0.14 s exposure time and 30 cm focus/film distance (70 kV, 7.0
mA - Timex 70E X-ray unit, Gnatus, Ribeirdo Preto, SP). Subsequent to PSP
plate scanning, the images were exported to ImagedJ software (National
Institutes of Health, Washington, USA) for grey value determination based on

three points randomly selected in the region corresponding to the restorative
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material: one point each mesially, centrally, and distally positioned. The grey
value of each point was determined by the software and ranged from 0 to 255
as the radiographs were 8-bit images. The value 0 refers to a black colour and
255 refers to white colour, with 254 different shades of grey between them,
representing the variations between the most radiolucent and the most

radiopaque tone.

pH and calcium ion release

To determine the pH and calcium ion release, polyethylene tubes that
were 10 mm long with 1.6 mm internal diameter (Embramed, Sao Paulo, SP,
Brazil) were filled with each material (n = 5) (Zordan-Bronzel et al., 2019). For
insertion of materials inside the tubes, a #25 K-file (Dentsply Maillefer,
Ballaigues, Switzerland) was used followed by condensation using plugger 1-2
(Odous de Deus, Belo Horizonte, MG, Brazil) under x3.0 magnification (D.F.
Vasconcellos) to confirm complete filling. Next, the samples were immersed in
flasks containing 10 mL of deionised water (DW) and stored at 37°C. DW was
used as control. The pH of the solutions was measured using a previously
calibrated digital pH meter (Digimed Analitica Ltda., Sao Paulo, Brazil) after 24
h of immersion. The mean pH values of each group were calculated after each
measurement in triplicate. Calcium ion release assessment was performed on
the same samples and the experimental period used for pH analysis. The
percentage of calcium ions released by the materials was determined from the
fluorescence spectra of liquid samples collected at each time point using X-ray
fluorescence spectroscopy (model S8 Tiger Series 2, Bruker, Kontich, Belgium).
From each sample, 10 mL of liquid was transferred to a cup of 40 mm (model
SC-4340, PremierLab Supply, Port St. Lucie, USA) and weighed on an
analytical balance for further normalisation of data. Quantitative analysis was
performed using Quant-Express. The data acquisition time was 420 s, and the
spectra were processed using the Spectra Plus software, which automatically
determines the intensities of X-ray peaks for calcium and quantifies its

concentration.
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Cell culture assays
Preparation of material extracts

The materials were prepared under aseptic conditions in a laminar flow
cabinet and inserted into sterile cylindrical polyethylene moulds with a diameter
of 5 mm and height of 2 mm, as previously described (Lopez-Garcia et al.,
2019). All materials were sterilised using ultraviolet irradiation for 15 min and
stored in an incubator at 37°C for 24 h to allow for complete setting. After this
period, the materials were stored in Dulbecco's modified Eagle's medium
(DMEM) (LGC Biotechnology, Cotia, SP, Brazil) for 24 h at 37°C with 95%
humidity and 5% CO:2 to create the extracts. The ratio of material surface area
to medium volume was set at approximately 1.5 cm?/mL as per the guidelines
of the International Organization for Standardization 10993-5. The extracts were
collected, filtered with sterile filters of 0.22 ym, and serially diluted in cell culture

medium before testing for a final dilution of 1:16.

Isolation and culture of human dental pulp cells (hDPCs)

This study was approved by the Ethical Committee of the Federal
University of Uberlandia (protocol number 09016219.1.0000.5152). hDPCs
were obtained from healthy third molars (n = 3). Fragments of pulp tissues were
digested with 3 mg/mL collagenase type | enzymatic solution and 4 mg/mL
dispase (Sigma-Aldrich, St. Louis, MO, USA) for 1 h at 37°C, seeded in DMEM
(LGC Biotechnology) supplemented with 10% foetal bovine serum (FBS; Gibco,
Invitrogen, Carlsbad, CA, USA) and 100 ug/mL penicillin/streptomycin (Sigma-
Aldrich) and then incubated at 37°C in 5% CO2. The culture medium was
replaced every three days. Cells at passages 4-5 were used for the subsequent

experiments.

Cell cytotoxicity assay

For cytotoxicity analysis, 2 x 10* hDPCs/well were seeded in 96-
well/plates (Corning, New York, NY, USA) containing 10% DMEM and
maintained at 37°C at 95% humidity and 5% CO: for 24 h. After this period,
hDPCs were exposed to material extracts (1:1 to 1:16) or not exposed (control)
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for 24 h. For each well, 10 yL of 3-(4, 5-dimethylthiazol-2-yl)-2, 5-
diphenyltetrazolium bromide (MTT) reagent (Thermo Fisher Scientific,
Waltham, MA, USA) at a concentration of 5 mg/mL was added to 90 uyL DMEM
and incubated for 4 h. The medium was removed and formazan crystals were
dissolved in dimethyl sulfoxide solution (LGC Biotechnology) (100 uL/well) and
the absorbance was measured using an automatic microplate reader
(Biochrom, Cambridge, UK) at 570 nm. Cell viability was evaluated in proportion
to the absorbance and expressed as the percentage of viable cells. The dilution
that demonstrated stabilisation of the viability values (1:2) was used for the cell

morphology and migration tests.

Cell morphology and migration

Confocal microscopy (Zeiss LM 510 Meta, ZEISS, Oberkochen, Germany)
and inverted digital microscopy (EVOS digital microscope, Advanced
Microscopy Group, AMG, Life Technologies, Carlsbad, CA, USA) experiments
were used to evaluate cell morphology by changes in the actin cytoskeleton and
to assess cell migration by wound healing test, respectively. Both analyses were
performed in the absence (control group) or the presence of the material
eluates. Twenty-four hours after exposure to 1:2 eluates (n=3 per group),
hDPCs were fixed in 4% paraformaldehyde for 10 min, washed with phosphate
buffer saline (PBS), permeabilised with 0.5% Triton X-100 (Sigma-Aldrich), and
incubated using 1:200 Phalloidin— tetramethylrhodamine B isothiocyanate
(Sigma-Aldrich) and TO-PRO 3 lodide (Invitrogen) 1:1000 for 1 h, washed again
in PBS and then analysed at x20 magnification. The results are qualitatively
described.

For cell migration, a scratch was performed with a 200-pipette tip, and
each well was washed three times with PBS to remove debris. The scratched
area was analysed at 24 and 48 h. ImageJ (National Institutes of Health,
Bethesda, MD, USA) was used to calculate the percentage of healing area in
each period relative to the area measured at 0 h in the same well. Migration
distances were measured separately during periods 0—24 h and 24-48 h. As
variations in scratch width were established, the “relative healing area” (RHA)
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was calculated (RHA [%] = healing closure area [pixel] x 100 [%]/x [pixel]), as
described by Lopez-Garcia et al. (2019).

Statistical analysis

The pH, calcium release, cell viability, wound healing, colour
assessment, and radiopacity data were analysed for normality and
homoscedasticity using the Shapiro-Wilk and Levene tests. For cell viability,
two-way analysis of variance (ANOVA) and Tukey’s test were used to compare
the data between the treated groups. For pH and calcium release, one-way
ANOVA followed by Tukey’s test was used for intragroup comparisons. Two-
way repeated-measures ANOVA and Tukey’s tests were used to compare
wound healing data, where ‘time assessment’ was used as a repetition factor.
One-way ANOVA was used to compare the colour parameters (*L, *a, *b, and
WI) at baseline (sound tooth) to standardise the colour samples among the
groups. Two-way repeated-measures ANOVA and Tukey’s tests were used to
compare the colour parameters (AEab, AE0O, and WI), where ‘time assessment’
was used as a repetition factor. Dunnett's test was used to compare
experimental groups with the control group. Statistical analysis was performed
using SigmaPlot 12.5, a statistical software package (Systat Software Inc). The

significance level was set at 95% for all the data analyses.

Results
Discolouration

One-way ANOVA showed similar colour parameters for samples among
groups (*L: P=0.273/*a:P=0.824/*b: P=0.812 /WI:P=0.95) before the
experiment. Table 1 presents the results of the overall colour changes (AEab
and AEQO) according to the pulpotomy material and assessment time. Two-way
repeated measures ANOVA showed statistical significance for “material” (AEab:
P<0.001/AEQ0: P<0.001) and “assessment time” (P< 0.001) for both outcomes.
However, there was no statistically significant difference in the interaction
(AEab: P = 0.215/AEQ0: P=0.023).
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BCR was associated with a significantly smaller colour alteration followed
by BCT, whereas wound healing caused a significant colour change in BD
(P<0.001). When comparing the colour change of the samples from the initial
assessment time before application of the material (TO) to the other
experimental time-points (T1, T2, and T3), T1 and T2 presented significantly
more discolouration than T3 (P<0.001).

In the control group, T2 showed the highest statistically significant colour
change compared to T1 and T3 (P<0.001). Dunnett’s test immediately after
material placement (T1) revealed a significant difference in discolouration
between the control group and the BCT and BD groups. At T2, only the BCR
group differed significantly from the control group, whereas at T3, a significant
difference from the control group was observed only in the BD group (P<0.001).

The behaviour of the L*, a*, and b* parameters according to the tested
materials and assessment times are shown in Figure 2. Some decrease in
lightness occurs after the insertion of tricalcium silicate-based materials. The
BCR exhibited a more linear behaviour for this parameter. In general, the
materials increased redness and yellowness.

For WI data, two-way repeated measures ANOVA showed that
assessment time was significant (P<0.001); however, there were no differences
between “materials” (P=0.735) or for the interaction “material x assessment
time” (P=0.135). The results for Wl are presented in Table 2. Similar WI values
at baseline were observed between specimens allocated in each group,
demonstrating that the randomisation was able to balance the initial colour of
specimens among the treatments (P=0.95). The use of agar + blood (control
group) decreased WI and the immediate application of the pulpotomy material
significantly decreased W1 (T1-T0) in the experimental groups (P<0.05). At 30
days (T2), WI increased slightly (P<0.05) and remained stable until 90 days
(T3).

Radiopacity

The radiopacity values of the materials are listed in Table 3. BCR
presented higher radiopacity than all materials in both periods (P<0.05). The
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BCT, BD, and control groups had similar grey values in T1 and T2. BD exhibited

significantly lower radiopacity than the other selected materials (P<0.05).

PH and calcium ions

The pH of distilled water increased in all groups after the immersion of
the specimens (Figure 3A). There were no significant differences between the
tested materials at 24 h (P>0.05). BD and BCR behaved similarly with respect
to calcium ion release (Figure 3B, P>0.05). BCT showed greater calcium

release than the other materials (P<0.0001).

Cell cytotoxicity assay

hDPC cell viability by MTT formazan method of BD, BCR, and BCT
groups at different extract dilutions is shown in Figure 4. The cell viability of the
BD and BCR groups was similar, regardless of the dilution tested (P>0.05). BCT
showed viability levels similar to those of BCR and BD at 1:8 and 1:16 (P>0.05).
The 1:1 dilution was the most cytotoxic in the BCT group (P=0.0010). Compared
to the control group, BD showed similar values in dilutions of 1:1, 1:2, and 1:4
(P>0.05), and lower levels at 1:8 and 1:16 (P<0.0001). BCR was similar to that
of the control in all dilutions (P>0.05), except at 1:1, which showed less viability
(P<0.0001). BCT showed lower cell viability than the control at all tested
dilutions (P<0.0001).

Cell morphology and migration

Both hDPC cells in the control group (Figure 5A) and treated with BD
(Figure 5B), BCR (Figure 5C), and BCT (Figure 5D) extracts showed a typical
fibroblast-like appearance with an elongated cytoskeleton. However, the
control group had larger cells with a highly organised and stretched fibre
assembly compared to the treated groups.

At all time points, cell migration rates in the BD and BCR groups were
similar to each other and similar to those in the control group (P>0.05) (Figure
6). In the BCT group, no significant differences were observed at 24 h when
compared with the other experimental groups (P>0.05). In contrast, at 48 h,
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the BCT group exhibited significant differences, with larger open areas
compared to the BD and BCR groups (P<0.0001). In the control group, both at
24 h and 48 h, BCT showed significant differences (P<0.0001), being unable

to heal the wound.

Discussion

In the present study, the null hypothesis was rejected, as significant
statistical differences were found between the calcium silicate-based materials
in most of the evaluated parameters. Although previous studies have evaluated
BD using similar methodologies (Vallés et al., 2015; Marconyak et al., 2016;
Shokoubinejah et al., 2016; Yoldas et al., 2016; Farrugia et al., 2018; Adl et al.,
2019; Oliveira et al., 2020; Ochoa-Rodriguez, 2019; Ochoa-Rodriguez, 2020),
few studies have used BCT (Oliveira et al., 2019; Villa et al., 2020), and BCR
(Benetti et al., 2019; Lopez-Garcia et al., 2019; Ghilotti et al., 2020), new ready-
to-use materials. To assess crown discolouration by these materials in the
presence of blood components, a model was designed to simulate the clinical
situation of partial pulpotomy. The gelatinous consistency of the agar is similar
to that of the dental pulp, making the insertion of the pulpotomy material closer
to clinical practice (Oliveira et al., 2020). Bovine teeth were used instead of
human teeth because they allow the selection of samples with more rigorous
standards given the high availability of samples, the greater flat surface for
colour analysis, and lack of concern about ethical issues (Yoldas et al., 2016;
Shokouhinejad et al., 2019; Oliveira et al., 2020).

Considering that in partial pulpotomy, only part of the coronary pulp is
removed, a possible crown staining caused by the biomaterial could become
more noticeable, impacting the aesthetics in anterior teeth even more than in a
full pulpotomy. However, an increase in WI values found in the agar+blood-
control group over time suggests that the discolouration promoted by partial
pulpotomies is transient. The same pattern was also observed for Wl in the BCT,
BCR, and BD groups, corroborating this statement. A previous study using
agar+blood in a full pulpotomy simulation (Oliveira et al., 2020) presented a

similar AEab stain pattern in the agar+blood-control group, with greater
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discolouration at 30 days, remaining low in the subsequent periods. Despite the
role of blood contamination in tooth discolouration (Lenherr et al., 2012; Felman
& Parashos, 2013; Shokoubinejah et al., 2016; Mozynska et al., 2017), the
consistency of the Agar+blood mixture resembling the pulp tissue after
haemorrhage control may have been responsible for the colour rebound
observed in all groups, including the control and lower discolouration when
compared to studies in which the materials were placed directly over the blood
(Shokoubinejah et al., 2016; Yoldas et al., 2016). To avoid bias caused by
contamination of the pulp chamber, the insertion of the agar+blood mixture was
conducted using pipette tips in a predetermined volume until reaching the
demarcated area on the crown surface.

Red blood cells are related to discolouration mechanisms (Felman &
Parashos, 2013; Yoldas et al., 2016). The iron present in haematin and
haemoglobin probably causes tooth staining by infiltrating the dentine tubules
(Lenherr et al., 2012; Felman & Parashos, 2013) or penetrating the pores and
gaps of materials such as BD and MTA (Shokoubinejah et al., 2016; Yoldas et
al., 2016). It has been postulated that blood can be absorbed into fresh unset
calcium silicate-based materials, causing greater colour changes
(Shokouhinejad et al., 2016). The present study does not support this theory as
even BCT, which is launched in non-hardening paste (Villa et al., 2020),
presents lower discolouration than BD, which offers a reduced setting time of
up to 12 min from the time the mixture is prepared. The exact mechanism for
the intensified discolouration of BD in the presence of agar+blood compared to
that of BCT and BCR is unknown.

Although there are no data in the literature regarding the staining
promoted by tricalcium silicate-based materials in this specific procedure, for all
groups, the values of AEO0 were >0.81, which is considered clinically
perceptible (Paravina et al., 2015). However, at T3, BCT and BD showed AEQQ
above the acceptability threshold (> 1.77), with BD being significantly higher
than BCT (Paravina et al., 2015). The present results differ from those of
previous studies (Marconyak et al., 2016; Shokouhinejad et al., 2016; Adl et al.,
2019), which did not detect differences between the materials used for CPT in

44



the presence of blood components. Direct comparison between the refereed
studies cannot be performed owing to the differences in the methodologies and
materials evaluated; however, the present results suggest that the structure and
composition of the studied biomaterials were decisive for its staining potential,
particularly the metal constituents such as iron and aluminium. BD and BCR, in
particular, contain iron and aluminium in their composition (Benetti et al., 2019;
Lopez-Garcia et al., 2019; Ghilotti et al., 2020). Oxidation of the iron content
remaining in the set material is considered a possible mechanism for tooth
discolouration (Felman & Parashos, 2013; Shokoubinejah et al., 2016).
Regarding the control group, comparisons with the studied biomaterials
showed similarity with BCR in the initial (T1) and final (T3) measurements,
indicating that the presence of this material does not result in a greater colour
change, in contrast to BD. The limitation of the agar+blood-control group should
be addressed as the teeth access cavities were restored with a greater
thickness of glass-modified ionomer than in the other groups owing to the
absence of experimental materials over the agar+blood surface. The complete
filling of the chamber by the restorative material may cause loss of translucency
(Shokouhinejad et al, 2016). Owing to this, the control group must be
considered in the face of the degree of colour change in the absence of calcium
silicate-based materials (Shokouhinejad et al., 2016; Oliveira et al., 2020).
High discolouration has been related to the presence of bismuth oxide
(Mozysnka et al., 2017; Oliveira et al., 2020; Torabinejad et al., 2018), which is
not found in these new tricalcium silicate-based materials. This radiopacifier has
been replaced by other materials, such as zirconium oxide, in BD and BCR or
titanium oxide in BCT. Despite having the same radiopacifier, BD and BCR
exhibited different radiopacity in both experimental time periods, which is
probably related to the percentage of zirconium oxide. Previous studies have
shown low radiopacity for BD (Farrugia et al., 2018; Ochoa-Rodriguez et al
2019; Ochoa-Rodriguez et al., 2020). However, it is not possible to make
comparisons between different radiopacity studies because several factors may

interfere, such as the X-ray machine, exposure time, tube voltage, source-to-
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object distance, conventional radiography, and digital radiography systems
(Ochoa-Rodriguez et al., 2019; Ochoa-Rodriguez et al., 2020).

Previous studies have demonstrated the cytotoxicity of these materials in
different cell models (Pinheiro et al., 2018; Paula et al., 2019; Benetti et al.,
2019; Lopéz-Garcia et al., 2019; Villa et al., 2020). Considering that the present
study proposed to simulate the clinical situation of CPT, the evaluation of these
materials was carried out using extracts of the materials (1:1-1:16) that mimic
the contact of the materials with the pulp tissue, as the concentration decreases
with the elimination of leachable components by the extracellular fluid (Mestieri
et al., 2015). The analysis of cell viability at 24 h using MTT is a classical assay
that is widely used to evaluate the cytotoxic effects of new materials (Mestieri et
al., 2015; Lopéz-Garcia et al., 2019; Ghilotti et al., 2020), and it is considered
the gold standard (Pintor et al., 2020).

According to the MTT results, BCT was cytotoxic at a 1:1 dilution, which
is as per a previous study on hDPCs, reducing its toxic effects on more diluted
extracts (Oliveira et al., 2020). Another study in immortalized fibroblasts showed
that the viability was less than 30% for BCT at high concentrations (Villa et al.,
2020). A possible explanation is related to its calcium release, which in the
present study was slightly superior to the other materials, as demonstrated by
X-ray fluorescence spectroscopy assays. Additionally, the presence of TiOz2 in
its composition may interfere with a series of cellular events, reflecting a
reduction in cell survival by induction of apoptosis, as verified in murine
macrophages (Dhupal et al., 2018) and mesenchymal stem cells (Yu et al.,
2019).

The results with BCR are consistent with those from recently published
studies (Benetti et al., 2019; Lopéz-Garcia et al., 2019; Ghilotti et al., 2020),
demonstrating excellent cytocompatibility, higher than 80% in all periods and
dilutions. The lower cytocompatibility of BD in hDPCs, when compared to
control, differs from that of Ghilotti et al. (2020), who demonstrated the highest
absorbance levels for undiluted BD compared to untreated cells in the control.
In the current study, the similarity between the results of viability in BD, which
has been considered the new gold standard in pulpotomies, and BCR,
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regardless of the time of analysis, makes this material highly suitable for
pulpotomies, with the advantage of ready-to-use formulations.

The repair after CPT initially consists of hDPC proliferation and migration
(Lin et al., 2011), which are processes that require a coordinated reorganization
of the actin cytoskeleton with the formation of stress fibres (Zhu et al., 2014).
Thus, cell morphology and migration analysis were used as complementary
methods to the cell viability assay, as these parameters may be influenced by
the chemical composition of the materials (Akbulut et al., 2016; Ghilotti et al.,
2020). The scratch wound healing test was used to assess cell migration as it
is a reproducible and low-cost assay that does not require any specialised
equipment (Liang et al., 2007).

For the analysis of cell migration and morphology, we chose a dilution in
which all materials had viability greater than 70%. Cytoskeletal alterations were
not observed in the presence of BD and BCR eluates, whereas BCT presented
a slightly lower reorganization of the cytoskeleton. Although this is the first study
to evaluate changes in the cytoskeleton after contact with BCT eluates, previous
studies evaluating other bioceramic materials have demonstrated an optimised
stress fibre configuration than the control group (Zhu et al., 2014; Zhang et al.,
2015). However, even when they belong to the same class of materials, factors
such as composition, particle size, and bioactivity can interfere with cellular
architecture, leading to different cell responses (Nakamura et al., 2010;
Kingshott et al., 2011). Regarding the BCT group, considering that actin stress
filaments are responsible for providing the forces for cell motility (Li et al., 2015),
it is possible to speculate that the decreased migratory ability presented by the
BCT group in the wound healing assay is linked to less vigorous F-actin stress

fibres.

Conclusion
The three calcium-silicate materials tested for partial pulpotomy
promoted tooth colour change, with more favourable results for BCR, which

presented lower staining, higher radiopacity, and viability than 80% hDPCs.

47



Reference

Abuelniel GM, Duggal MS, Kabel N. A comparison of MTA and Biodentine as
medicaments for pulpotomy in traumatized anterior immature permanent teeth:
A randomized clinical trial. Dental Traumatology. 2020;36(4):400-410.
https://doi.org/10.1111/edt.12553

Adl A, Javanmardi S, Abbaszadegan A. Assessment of tooth discoloration
induced by biodentine and white mineral trioxide aggregate in the presence of
blood. Journal of Conservative Dentistry. 2019;22(2):164-168.
https://doi.org/10.4103/JCD.JCD_466_18

Akbulut MB, Arpaci PU, Eldeniz AU. Effects of novel root repair materials on
attachment an morphological behaviour of periodontal ligament fibroblasts:
Scanning electron microscopy observation. Microscopy Research and
Technique. 2016;79(12):1214-1221.
https://doi.org/10.1002/jemt.22780

Bakhtiar H, Nekoofar MH, Aminishakib P et al. Human Pulp Responses to
Partial Pulpotomy Treatment with TheraCal as Compared with Biodentine and
ProRoot MTA: A Clinical Trial. Journal of Endodontics. 2017;43(11):1786-
1791.

https://doi.org/10.1016/j.joen.2017.06.025

Benetti F, Queiroz IOA, Cosme-Silva L, Conti LC, Oliveira SHP, Cintra LTA.
Cytotoxicity, Biocompatibility and Biomineralization of a New Ready-for-Use
Bioceramic Repair Material. Brazilian Dental Jounal. 2019;30(4):325-332.
https://doi.org/10.1590/0103-6440201902457

Bourguignon C, Cohenca N, Lauridsen E. International Association of Dental
Traumatology guidelines for the management of traumatic dental injuries:
1.Fractures and luxations. Dental Traumatology. 2020;36(4):314-330.
https://doi.org/10.1111/edt.12578

48


https://doi.org/10.1111/edt.12553
https://doi.org/10.4103/JCD.JCD_466_18
https://doi.org/10.1002/jemt.22780
https://doi.org/10.1016/j.joen.2017.06.025
https://doi.org/10.1590/0103-6440201902457
https://doi.org/10.1111/edt.12578

Chen SJ, Karabucak B, Steffen JJ, Yu Y, Kohli MR. Spectrophotometric
Analysis of Coronal Tooth Discoloration Induced by Tricalcium Silicate Cements
in the Presence of Blood. Journal of Endodontics. 2020;46(12):1913-1919.
https://doi.org/10.1016/j.joen.2020.09.009

Dhupal M, Oh JM, Tripathy DR, Kim SK, Koh SB, Park KS. Immunotoxicity of
titanium dioxide nanoparticles via simultaneous induction of apoptosis and
multiple tolllike receptors signaling through ROS-dependent SAPK/JNK and p38
MAPK activation. International Journal of Nanomedicine. 2018;13:6735-
6750.

https://doi.org/10.2147/IJN.S176087

Elmsmari F, Ruiz XF, Mir6 Q, Feijoo-Pato N, Duran-Sindreu F, Olivieri JG.
Outcome of Partial Pulpotomy in Cariously Exposed Posterior Permanent
Teeth: A Systematic Review and Meta-analysis. Journal of Endodontics.
2019;45(11):1296-1306.e3.

https://doi.org/10.1016/j.joen.2019.07.005

Farrugia C, Lung CYK, Schembri Wismayer P, Arias-Moliz MT, Camilleri J. The
Relationship of Surface Characteristics and Antimicrobial Performance of Pulp
Capping Materials. Journal of Endodontics. 2018;44(7):1115-1120.
https://doi.org/10.1016/j.joen.2018.04.002

Felman D, Parashos P. Coronal tooth discoloration and white mineral trioxide
aggregate. Journal of endodontics. 2013;39(4):484-487.
https://doi.org/10.1016/j.joen.2012.11.053

Ghilotti J, Sanz JL, Lépez-Garcia S et al. Comparative Surface Morphology,
Chemical Composition, and Cytocompatibility of Bio-C Repair, Biodentine, and
ProRoot MTA on hDPCs. Materials (Basel). 2020;13(9):2189.
https://doi.org/10.3390/ma13092189

49


https://doi.org/10.1016/j.joen.2020.09.009
https://doi.org/10.2147/IJN.S176087
https://doi.org/10.1016/j.joen.2019.07.005
https://doi.org/10.1016/j.joen.2018.04.002
https://doi.org/10.1016/j.joen.2012.11.053
https://doi.org/10.3390/ma13092189

ISO/EN10993-5. ISO 10993-5 Biological evaluation of medical devices - Part 5:
Tests for cytotoxicity: in vitro methods. Int Stand ISO 2009.

Kaur M, Singh H, Dhillon JS, Batra M, Saini M. MTA versus Biodentine: review
of literature with a comparative analysis. Journal of Clinical and Diagnostic
Research. 2017;11(8):2G01-ZG05.
https://doi.org/10.7860/JCDR/2017/25840.10374

Kingshott P, Andersson G, McArthur SL et al. Surface modification and chemical
surface analysis of biomaterials. Current Opinion in Chemical Biology.
2011;15(5):667-676.

https://doi.org/10.1016/j.cbpa.2011.07.012

Kunert M, Lukomska-Szymanska M. Bio-Inductive Materials in Direct and
Indirect Pulp Capping-A Review Article. Materials (Basel). 2020;13(5):1204.
https://doi.org/10.3390/ma13051204

Lenherr P, Allgayer N, Weiger R, Filippi A, Attin T, Krastl G. Tooth discoloration
induced by endodontic materials: a laboratory study. International Endodontic
Journal. 2012;45(10):942-949.
https://doi.org/10.1111/.1365-2591.2012.02053.x

Liang CC, Park AY, Guan JL. In vitro scratch assay: a convenient and
inexpensive method for analysis of cell migration in vitro. Nature Protocols.
2007;2(2):329-333.

https://doi.org/10.1038/nprot.2007.30

Lin LM, Rosenberg PA. Repair and regeneration in endodontics. International
Endodontic Journal. 2011;44(10):889-906.
https://doi.org/10.1111/.1365-2591.2011.01915.x

Li X, Jiang H, Huang Y, Gong Q, Wang J, Ling J. Expression and function of the
actin-severing protein adseverin in the proliferation, migration, and
differentiation of dental pulp cells. Journal of Endodontics. 2015;41(4):493-

50


https://doi.org/10.7860/JCDR/2017/25840.10374
https://doi.org/10.1016/j.cbpa.2011.07.012
https://doi.org/10.3390/ma13051204
https://doi.org/10.1111/j.1365-2591.2012.02053.x
https://doi.org/10.1038/nprot.2007.30
https://doi.org/10.1111/j.1365-2591.2011.01915.x

500.
https://doi.org/10.1016/j.joen.2014.11.030

Lépez-Garcia S, Lozano A, Garcia-Bernal D et al. Biological Effects of New
Hydraulic Materials on Human Periodontal Ligament Stem Cells. Journal of
Clinical Medicine. 2019;8(8):1216.
https://doi.org/10.3390/jcm8081216

Marconyak LJ Jr, Kirkpatrick TC, Roberts HW et al. A Comparison of Coronal
Tooth Discoloration Elicited by Various Endodontic Reparative Materials. J
Endod. 2016;42(3):470-473.
https://doi.org/10.1016/j.joen.2015.10.013

Mestieri LB, Gomes-Cornélio AL, Rodrigues EM et al. Biocompatibility and
bioactivity of calcium silicate-based endodontic sealers in human dental pulp
cells. Journal Appllied of Oral Science. 2015;23(5):467-471.
https://doi.org/10.1590/1678-775720150170

Miotti LL, Santos IS, Nicoloso GF, Pozzobon RT, Susin AH, Durand LB. The
Use of Resin Composite Layering Technique to Mask Discolored Background:
A CIELAB/CIEDE2000 Analysis. Operative Dentistry. 2017;42(2):165-174.
https://doi.org/10.2341/15-368-L

Mozynska J, Metlerski M, Lipski M, Nowicka A. Tooth Discoloration Induced by
Different Calcium Silicate-based Cements: A Systematic Review of In Vitro
Studies. Journal of Endodontics. 2017;43(10):1593-1601.
https://doi.org/10.1016/j.joen.2017.04.002

Nakamura M, Nagai A, Tanaka Y, et al. Polarized hydroxyapatite promotes
spread and motility of osteoblastic cells. Journal of Biomedical Materials
Research Part A. 2010;92(2):783-790.
https://doi.org/10.1002/jbm.a.32404

Ochoa-Rodriguez VM, Tanomaru-Filho M, Rodrigues EM, Guerreiro-Tanomaru

JM, Spin-Neto R, Faria G. Addition of zirconium oxide to biodentine increases

51


https://doi.org/10.1016/j.joen.2014.11.030
https://doi.org/10.3390/jcm8081216
https://doi.org/10.1016/j.joen.2015.10.013
https://doi.org/10.1590/1678-775720150170
https://doi.org/10.2341/15-368-L
https://doi.org/10.1016/j.joen.2017.04.002
https://doi.org/10.1002/jbm.a.32404

radiopacity and does not alter its physicochemical and biological properties.
Journal of Applied Oral Science. 2019;27:€20180429.
https://doi.org/10.1590/1678-7757-2018-0429

Ochoa-Rodriguez VM, Wilches-Visbal JH, Roma B, Coaguila-Llerena H et al.
Radiopacity of endodontic materials using two models for conversion to
millimeters of aluminum. Brazilian Oral Research. 2020;34:e080.
https://doi.org/10.1590/1807-3107bor-2020.vol34.0080

Oliveira LV, da Silva GR , Souza GL, et al. A laboratory evaluation of cell
viability, radiopacity and tooth discoloration induced by regenerative endodontic
materials. International Endodontic Journal. 2020;53(8):1140-1152.
https://doi.org/10.1111/iej.13308

Paravina RD, Ghinea R, Herrera LJ et al. Color difference thresholds in
dentistry. Journal of Esthetic and Restorative Dentistry. 2015;27 Suppl 1:S1-
S9.

https://doi.org/10.1111/jerd.12149

Paula A, Laranjo M, Marto CM et al. Biodentine ™ Boosts, WhiteProRoot ®
MTA Increases and Life ® Suppresses Odontoblast Activity. Materials (Basel).
2019;12(7):1184.

https://doi.org/10.3390/ma12071184

Pérez MM, Ghinea R, Rivas MJ et al. Development of a customized whiteness
index for dentistry based on CIELAB color space. Dental Materials.
2016;32(3):461-467.

https://doi.org/10.1016/j.dental.2015.12.008

Pinheiro LS, Iglesias JE, Boijink D et al. Cell Viability and Tissue Reaction of
NeoMTA Plus: An In Vitro and In Vivo Study. Journal of Endodontics.
2018;44(7):1140-1145.

https://doi.org/10.1016/j.joen.2018.03.007

52


https://doi.org/10.1590/1678-7757-2018-0429
https://doi.org/10.1590/1807-3107bor-2020.vol34.0080
https://doi.org/10.1111/iej.13308
https://doi.org/10.1111/jerd.12149
https://doi.org/10.3390/ma12071184
https://doi.org/10.1016/j.dental.2015.12.008
https://doi.org/10.1016/j.joen.2018.03.007

Pintor AVB, Queiroz LD, Barcelos R, Primo LSG, Maia LC, Alves GG. MTT
versus other cell viability assays to evaluate the biocompatibility of root canal
filling materials: a systematic review. Int Endod J. 2020;53(10):1348-1373.
https://doi.org/10.1111/iej.13353

Rosatto CMP, Oliveira LV, Ferraz DC, Soares PBF, Soares CJ, Moura CCG.
Apical Displacement and Residual Root Canal Filling with Single-Cone After
Post Space Preparation: A MicroCT Analysis. Brazilian Dental Journal.
2020;31(1):25-31.

https://doi.org/10.1590/0103-6440202002597

Shokouhinejad N, Nekoofar MH, Pirmoazen S, Shamshiri AR, Dummer PM.
Evaluation and comparison of occurrence of tooth discoloration after the
application of various calcium silicate-based cements: an ex vivo study. Journal
of Endodontics. 2016;42(1):140-144.
https://doi.org/10.1016/j.joen.2015.08.034

Soares CJ, Pizi EC, Fonseca RB, Martins LR. Influence of root embedment
material and periodontal ligament simulation on fracture resistance tests.
Brazilian Oral Research. 2005;19(1):11-16.
https://doi.org/10.1590/S1806-83242005000100003

Torabinejad M, Parirokh M, Dummer PMH. Mineral trioxide aggregate and other
bioactive endodontic cements: an updated overview - part Il: other clinical
applications and complications. International Endodontic Journal.
2018;51(3):284-317.

https://doi.org/10.1111/iej.12843

Vallés M, Roig M, Duran-Sindreu F, Martinez S, Mercadé M. Color Stability of
Teeth Restored with Biodentine: A 6-month In Vitro Study. Journal of
Endodontics. 2015;41(7):1157-1160.
https://doi.org/10.1016/j.joen.2015.03.014

Villa N, Santos VVD, Costa UMD, Mendes AT et al. A New Calcium Silicate-

Based Root Canal Dressing: Physical and Chemical Properties, Cytotoxicity and

53


https://doi.org/10.1111/iej.13353
https://doi.org/10.1590/0103-6440202002597
https://doi.org/10.1016/j.joen.2015.08.034
https://doi.org/10.1590/S1806-83242005000100003
https://doi.org/10.1111/iej.12843
https://doi.org/10.1016/j.joen.2015.03.014

Dentinal Tubule Penetration. Brazilian Dental Jounal. 2020;31(6):598-604.
https://doi.org/10.1590/0103-6440202003376

Yoldas SE, Bani M, Atabek D, Bodur H. Comparison of the potential
discoloration effect of bioaggregate, biodentine, and white mineral trioxide
aggregate on bovine teeth: in vitro research. Journal of Endodontics.
2016;42(12):1815-1818.

https://doi.org/10.1016/j.joen.2016.08.020

54


https://doi.org/10.1590/0103-6440202003376
https://doi.org/10.1016/j.joen.2016.08.020

Table 1- Mean and standard deviation of discoloration (AEa» and AEoo) in the different groups evaluated after material insertion and

assessment times.

Group AEap AEoo
s T1 T2 T3 T1 T2 T3
Control 3.6+2.2° 5.7+1.82 2.5+1.0° 2.1+1.3° 3.5¢1.12 1.5+0.6°
BCR 3.242.0¢a 3.5+1.5C 1.8+1.1¢P 1.8+1.0¢ 2.1+0.9% 1.1+0.5¢P
BCT 6.3+4.68% 4.9+3.48Ba 3.3+2.28P 3.8+2.78" 3.0+2.182 2.0+1.38P
BD 8.8+4.9°%" 7.2+3.072 5.3+2.1A" 5.2+3.0A" 4.3+1.872 3.3+1.5AY"

T1, immediately after application of the material; T2, 30 days after and T3, 90 days after. Different capital letters in columns indicate
significant differences between groups in the same assessment time, and different lowercase letters in rows indicate significant

intragroup differences between the periods analyzed (two-way repeated measures ANOVA and Tukey's test - P < 0.05).*Symbol
indicates significant differences in columns with the control group (Agar+Blood) by Dunnett’s method, P<0.05.

Table 2- Mean and standard deviation of Whiteness Index (W1) in the different groups evaluated after material insertion and
assessment time.

Assessment time
Groups

T0 T1 T2 T3
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Control 26.9+7.9/2 24 .3+8.7A° 26.0+9.2Aab 25.7+8.3/°
BCR 28.0+5.6%2 24.0+7.44¢ 27.615.8Aab 26.5+5.6 A0
BCT 29.317.1A2 21.2+7.8%° 28.117.2A%b 26.2+5.3Ab
BD 29.0+10.1A2 16.7£9.6 A 25.3+7.3Aab 23.5+6.54P

TO, before application of the material; T1, immediately after application of the material; T2, 30 days after and T3, 90 days after.
Different capital letters in columns indicate significant differences between groups in the same assessment time, and different
lowercase letters in rows indicate significant intragroup differences between the periods analyzed (two-way repeated measures
ANOVA and Tukey's test - P < 0.05).

Table 3. Mean of radiopacity (gray value) in the different groups evaluated at day 1 (T1) and day 30 (T2).

Groups T1 T2
BCR 22642 22642
BCT 20582 20582

BD 199Ba 194Ca

Control 2038 2008Bca

Different capital letters in the columns indicate statistical difference by the Tukey test (P <0.05). Different lowercase letters in the lines

indicate statistical difference by the Tukey test (P < 0.05).
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Figure 1. Schematic showing tooth specimen: a) after coronal and root
preparation; b) after silicone impression material index insertion for color
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Figure 2. Graphs show the trends in the *L, *a, *b parameters of groups over
time. B, baseline (sound tooth); TO, before application of the material insertion;

T1, immediately after application of material; T2, 30 days and T3, 90 days after.
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Figure 3. pH values and percentage of calcium ion released by materials after
24 h of immersion in destiled water. a) pH values; b) percentage of calcium ion.
BD: Biodentine exposure; BCR: Bio-C Repair exposure; BCT: Bio-C Temp
exposure. Capital letters indicate comparison among materials. One-Way
ANOVA and Tukey's test (P<0.05).
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Figure 4. Cell viability percentage of hDPCs after exposure to extracts according
to material tested and dilution by the MTT formazan method. BD: Biodentine
exposure; BCR: Bio-C Repair exposure; BCT: Bio-C Temp exposure. Capital
letters indicate comparison among different dilutions of extracts and the control
group for each material. Lowercase allows comparisons of a material among the
different dilutions. Two-way ANOVA and Tukey's test (P<0.05).
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Figure 5. Immunofluorescence staining to evaluate F-actin cytoskeleton and cell
morphology. Staining of actin filaments (phalloidin-FITC) and the nuclei (TO-
PRQO) of human dental pulp cells (hDPCs) after 24 h of contact with material

extracts. a) Control group; b) Biodentine; c) Bio-C repair; d) Bio-C temp.
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Figure 6. Migration assay: The closure of the space created in the scratch assay
after the contact of the extracts of all three materials with the hDPCs after 24 and
48 hours is represented by a bar graphic after the statistical analysis. Capital
letters indicate comparison among materials. Two-way repeated measure
ANOVA and Tukey'’s test (P<0.05).
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3.3 Capitulo 3
Artigo clinico enviado ao periédico Research, Society and Development

jornal

Técnica de revascularizagdo modificada em molares permanentes. Uma série

de casos

RESUMO

Existem poucos relatos de procedimentos endoddnticos regenerativos em
molares, e a maioria € usando preparo de canal radicular manual. Esta série de
casos descreve uma técnica de revascularizacdo modificada usada em molares
permanentes (cinco pacientes entre 9 e 16 anos). Os pacientes foram
encaminhados por um servigo de emergéncia e foi feita o diagndstico com base
no relato do paciente. Na primeira consulta, o preparo coronal foi realizado com
limas Hedstroem e brocas Gates Glidden, seguido de preparo completo do canal
radicular com limas rotatérias de NiTi. A pasta de hidroxido de célcio (Ca (OH)2)
foi usada como medicacao intracanal. Na segunda consulta, a medicacao
intracanal foi retirada, seguida da irrigacdo final com EDTA sob agitacado
ultrassbénica e o coagulo foi promovido. As entradas dos canais foram seladas
com cimento de agregado trioxido mineral (MTA Fillapex) e restauradas
provisoriamente com ionémero de vidro fotopolimerizavel. Todos os dentes
foram finalmente restaurados com restauracao direta de resina composta e
foram acompanhados por até 18 meses, verificando dor, edema e fistula durante
a avaliagao clinica. Exames radiograficos foram realizados para avaliar o reparo
apical até 15 meses, onde foi observado fechamento do apice radicular e
reducao do canal. Apds 6 meses, a evidéncia de reparo foi observada em todos
os casos. Foi possivel confirmar que a regeneracédo endodéntica apds o preparo
mecanizado do canal radicular com o uso de cimento MTA e restauracao em
resina composta em molares, € uma op¢ao promissora para a manutencao de

molares permanentes em adolescentes.

60



Palavras-chave: Adolescente; Restauracdo direta de resina composta; Molar
permanente imaturo; Regeneragcdo da polpa; Tratamento endoddntico

regenerativo;

Modified revascularization technique in permanent molars. A case series

ABSTRACT
There are few reports of regenerative endodontic procedures in molars, and most

using manual root canal preparation. This case series describes a modified
revascularization technique used in permanent molars (five patients between 9
and 16 years old). Patients were referred by an emergency service and a
diagnostic hypothesis was made based on the patient's reports. At the first
appointment, coronal preparation was performed using Hedstroem files and
Gates Glidden drills, followed by complete root canal preparation with rotary NiTi
files. Calcium hydroxide (Ca (OH)2) paste was used as intracanal medication. At
the second appointment, intracanal medication was removed, followed by final
irrigation with EDTA under ultrasonic agitation, and the clot was promoted. The
entrances of the canals were sealed using a mineral trioxide aggregate sealer
(MTA Fillapex) and provisionally restored with a light-cured glass ionomer. All
teeth were finally restored using direct composite resin restoration and were
followed for up to 18 months, checking pain, edema, and fistula during clinical
evaluation. Radiographic examinations were performed to assess apical repair
until 15 months, where root apex closure and canal reduction were observed.
After 6 months, evidence of healing was observed in all cases. It was possible to
confirm that endodontic regeneration after mechanized root canal preparation,

use of a MTA sealer, and direct composite resin restoration in molars is a
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promising option for maintaining permanent molars in adolescents.

Keywords: Adolescent; Direct composite resin restoration; Immature permanent

molar; Pulp regeneration; Regenerative endodontic treatment;

Técnica de revascularizacion modificada en molares permanentes. Una

serie de casos

ABSTRACTO

Hay pocos informes de procedimientos de endodoncia regenerativa en molares
y la mayoria utiliza la preparacion manual del conducto radicular. Esta serie de
casos describe una técnica de revascularizacion modificada utilizada en molares
permanentes (cinco pacientes entre 9y 16 afos). Los pacientes fueron remitidos
por un servicio de urgencias y se formuld una hipotesis diagndstica a partir de
los informes de los pacientes. En la primera cita, la preparacién coronal se realizé
utilizando limas Hedstroem y fresas Gates Glidden, seguida de una preparacion
completa del conducto radicular con limas rotatorias NiTi. Se utilizé6 pasta de
hidroxido de calcio (Ca (OH)z2) como medicacion intracanal. En la segunda cita
se retird la medicacion intracanal, seguida de la irrigacion final con EDTA bajo
agitacion ultrasonica y se promovié el coagulo. Las entradas de los canales se
sellaron con un sellador de agregado de trioxido mineral (MTA Fillapex) y se
restauraron provisionalmente con un ionémero de vidrio fotopolimerizable. Todos
los dientes fueron finalmente restaurados usando restauracién directa de resina
compuesta y fueron seguidos durante hasta 18 meses, controlando el dolor, el
edema y la fistula durante la evaluacion clinica. Se realizaron examenes
radiograficos para evaluar la reparacion apical hasta los 15 meses, donde se
observo el cierre del apice radicular y la reduccion del conducto. Después de 6
meses, se observo evidencia de curacién en todos los casos. Se pudo confirmar
que la regeneracién endoddntica después de la preparacidon mecanizada del

conducto radicular, el uso de un sellador MTA vy la restauracién directa de resina
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compuesta en los molares es una opcion prometedora para el mantenimiento de

los molares permanentes en adolescentes.
Palabras llave: Adolescente; Restauracion directa de resina compuesta; Molar

permanente inmaduro; Regeneracién de la pulpa; Tratamiento endoddntico

regenerativo;
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INTRODUCTION

Revascularization is a modality of regenerative endodontic therapy that enables
the root canal filling by a new connective tissue, induces the formation of
mineralized tissue, providing apical root closure (apexification), and could also
induce root growth (maturogenesis) (Saoud et al., 2014; Antunes et al., 2015).
The procedure often begins with chemical disinfection using sodium hypochlorite
(NaOCl), root canal preparation, and use of intracanal medication to reduce the
number of microorganisms in the root canal system (Galler et al., 2016). At a
second appointment, bleeding is induced within the canal, promoting the
formation of a blood clot by means of stem cells of the apical papilla can migrate
(Diogenes et al., 2017). Studies have demonstrated the success of
revascularization in permanent necrotic incisors (Wigler et al., 2013; Saoud et al.,
2014; Antunes et al., 2015).

Initially, revascularization was indicated only for teeth with incomplete root
development (Saoud et al., 2014; Duggal et al., 2017). However, studies have
demonstrated the efficiency of this technique in mature permanent teeth (Paryani
etal., 2013; Saoud et al., 2016). There are some reports in the literature regarding
the treatment of immature permanent molars with regenerative therapy (Martin et
al., 2013; Ajram et al., 2019). Nonetheless, the small adherence of this treatment
modality to molars is probably related to the anatomical difficulties of disinfection
and filling the canal with an adequate volume of blood. Considering that the early
loss of molars in young patients affects occlusion, maxillary bone growth and
chewing performance, every effort should be made to maintain these teeth
(Rodrigues et al., 2020). Therefore, the aim of this study was to report the follow-
up of a series of clinical cases of revascularization in severely compromised
young permanent molars in adolescents, performed using mechanized root canal

preparation.

CASE REPORTS

Five young patients (9-16 years old) with molar teeth presenting extensive

coronary destruction due to caries were selected for this case series study. The
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patients were referred to the Hebiatric Clinic of the Federal University of
Uberlandia, Uberlandia, Brazil, which performs endodontic and restorative
treatments in molars of patients aged 6 to 18 years. All teeth had been submitted
to emergency treatment for pain relief in the emergency service of the university
and had already been submitted to coronary opening. The cases were treated

after parents or guardians signed an informed consent form (3397587/20).

Anamnesis and clinical examination

The patient’s complaints and medical and dental histories were recorded on the
anamnesis form. Extraoral and intraoral examinations were conducted, recording
the swelling, presence of sinus tract, vertical percussion, and palpation
sensitivity. Preoperative digital periapical radiographs were taken (FIT T2
Microimage, Indaiatuba, SP, Brazil). Based on these data and previous history of
pain, a pulpal-periapical diagnosis was determined. The data collected from
patients was used to generate the diagnostic hypothesis and are summarized in
Table 1. Of the five teeth treated, one was mandibular first molar, three were
mandibular second molars and one was mandibular first molar; only one tooth
had all the root canals with large open apexes. The one maxillary molar treated
had complete root development, showing slightly open foramina in the palatal

root canal.

Table 1. Clinical and radiographic findings: outcomes.

Periapical
Last status after
Patient Tooth Clinical Time final Root
Sex Age Control endodontic
n° diagnosis restoration canal
(month) regenerative
treatment
Irreversible After 2
M 16 3 _ 15 healed reduced
pulpite weeks
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Pulp After 1

F 15 31 _ 15 healed reduced
necrosis month
Pulp After 6

M 14 18 15 healed reduced
necrosis months
Irreversible After 4

F 13 3 15 healing normal
pulpite months
Irreversible After 1

M 9 30 15 healed reduced
pulpite week

F, female; M, male

Summary of procedures
1. First Visit

In the first session, the following procedures were conducted: local anesthesia
with 2% lidocaine containing 1: 100000 epinephrine (DFL, Rio de Janeiro, RJ,
Brazil), rubber dam isolation, and removal of temporary restorative material. After
root canal access performed using rounded carbide burs and Endo Z bur
(Malleifer, Dentsply, Petrépolis, RJ, Brazil, they were irrigated with approximately
10 ml of 2.5% sodium hypochlorite (Asfer, Sdo Caetano do Sul, SP, Brazil)
delivered by a 27-gauge open-ended and explored with #10-15 hand K-files
(Dentsply Maillefer, Oklahoma, USA). To avoid the stress caused by rotatory files
during the root canal preparations, the coronal third of root canal was prepared
with #15-25 H-files (Dentsply Maillefer, Oklahoma, USA) and Gates Glidden drill
sizes #2 and #3 (Dentsply Maillefer, Oklahoma, USA). A working length 1 mm
short of the radiographic apex was determined using periapical radiographs.
Then, root canals were prepared with Protaper Next rotary files (Dentsply) X1-X4
under copious irrigation using NaOCI. The final irrigation was performed with 10
ml of saline solution (Equiplex, Aparecida de Goiania, Brazil). Root canals were
dried with sterile paper points and dressed with calcium hydroxide paste (Ultracal,
Ultradent, Southern Jordan, UT, USA). The pulp chamber was sealed with a
sterile cotton pellet and filled using conventional glass ionomer cement (Maxxion
R, FGM, Joinville, SC, Brazil).
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2. Second Visit
At least two weeks after the first treatment visit, the asymptomatic teeth were
submitted to the revascularization procedure. The procedure was performed with
local infiltrative anesthesia of 2% lidocaine (DFL, Brazil) without vasoconstrictor
followed by rubber dam isolation and removal of provisional restoration. Calcium
hydroxide paste was removed from the root canals using K-files and 20 ml
irrigation of 2.5% NaOCI, followed by 10 ml of sterile saline solution and drying
with sterile paper points. Then, the root canal was irrigated with 3 ml of 17%
EDTA (1 ml/min) under ultrasonic stirring (E1-Irrisonic, Helse, Santa Rosa de
Viterbo, Sao Paulo, Brazil) and dried with paper points (Dentsply). Apical
bleeding was induced by passing with K-file size #15 (for mandibular mesial or
maxillary buccal canals) or #20-25 (for mandibular distal or maxillary palatal
canals) approximately 2 mm beyond the apex. The filling of root canals by the
clots was accompanied by 3x magnification using a surgical microscope (DFV,
Valenga, RJ, Brazil). After approximately 10 minutes, when the blood became
semi coagulated, MTA Fillapex (Angelus, Londrina, PR, Brazil) was mixed and
introduced into the coronal part of each canal using an appropriate device similar
to a miniature amalgam carrier (MTA Applicator, Angelus, Londrina, PR, Brazil)
and was vertically condensed. The collagen matrix was not used because the
space inside the root canal was insufficient. The pulp chamber was filled with
resin-modified glass ionomer cement (Riva, SDI, Sdo Paulo, SP, Brazil). A

postoperative radiograph was taken using FIT T2.

3. Third Visit
The final coronal restoration was performed by removing partially the resin-
modified glass ionomer, and the coronal portion was filled using bulk fill
composite resin. Selective enamel etching was performed using 37% phosphoric
acid (Condac 37, FGM) for 30 seconds, followed by washing using air/dry spray
for 30 seconds and gentle drying using absorbent paper. The self-etching
adhesive system (Ambar APS, FGM) was actively applied using a microbrush
(Cavibrush, FGM), followed by gently air spray for solvent evaporation. The
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adhesive system was light cured for 10 seconds using a light curing unit with
1400 mW/cm? (VALO Cordless, Ultradent). The depth of cavity was checked
using a periodontal probe (Hu-Friedy, Chicago, IL, USA), and the regular paste
composite resin (Opus bulk fill APS, FGM, Joinville, SC, Brazil) was inserted into
an increment of 5 mm in thickness and was light cured in each occlusal/mesial
and occlusal/distal region for 40 seconds. The second increment was inserted,
and the occlusal anatomy was defined using a sculpting spatula (Millenium,
Golgran, Sao Caetano do Sul, SP, Brazil). All procedures were performed under
rubber dam isolation. The time between the conclusion of endodontic treatment
and definitive restoration with bulk fill composite resin ranged from 7 days to 6
months; however, during this period, glass ionomer cement provisional

restoration was maintained and checked periodically.

Follow-up examination

In the present study, the follow-up of the treatments was performed based on the
parameters described by Orstavik et al. (1986) and Saoud et al. (2016), which
classified the outcome as healed, healing, and disease. Some modifications to
the original criteria were added: healed was defined as a tooth without clinical
signs and symptoms and periapical radiography with normal appearance; healing
was defined as a tooth with reduction of the periapical lesion, without clinical signs
and symptoms; and diseased was defined as development or persistence of
periapical lesion associated or not with the presence of clinical signs and
symptoms. In addition, apical closure or reduction of canal lumen by deposition
of mineralized tissue was verified. The clinical and radiographic data obtained
from each patient are summarized in Table 1. The follow-up occurred 1 month
after the conclusion of the endodontic treatment and afterward every 3 months
until 15 months of follow-up.

Clinical case 1 (Figure 1A-1C), of the oldest patients (16 years old), involved
treatment performed in the upper molar. At the initial appointment, only the lingual
root canal had a slightly open apex, which was confirmed after endodontic file
exploration. The other root canals were not large, and periodontal ligament space
was slightly thickened, although no radiographic periapical lesion was present.
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The tooth was classified as healed at 12 months after endodontic treatment, with
a reduction in the space of the periodontal ligament for normal parameters. A

slight reduction of the canal lumen was also observed.

Figure 1

Radiographic follow-ups of the case 1. (A) X-ray image of mandibular first molar
showing complete root canal formation and slight thickening of the periodontal
ligament (arrows). (B) X-ray image of six-month follow-up showing normal root
canal apex appearance (arrow). (C) Final X-ray image after fifteen-month follow-

up showing reduction in the canal volume (arrow).

Clinical cases 2 (Figure 2A-2C), 3 (Figure 3A-3C), and 4 (Figure 4A-4C)
presented open apex only in the distal root. All teeth received the same treatment
protocol. Fifteen months after the regenerative endodontic therapy, all distal root
canal apexes were closed and the teeth were classified as healed, reducing the
periodontal ligament space to normal parameters. In clinical cases 2 and 3, a
reduction in the lumen of the root canals was observed, suggesting possible
obliteration (Figure 2A-3C).

Figure 2

Radiographic follow-ups of the case 2. (A) X-ray image of mandibular first molar
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showing larger volume of root canal and open distal canal apex (arrows). (B) X-
ray image of six-month follow-up demonstrating normal appearance of both root
canal apexes (arrow). (C) Final X-ray image after fifteen-month follow-up showing

reduction in the canal volume and the apex closing (arrow).

Figure 3

Radiographic follow-ups of the case 3. (A) X-ray image of mandibular second
molar showing open distal canal apex (arrows). (B) X-ray image of six-month
follow-up demonstrating normal appearance of both root canal apexes (arrow).
(C) Final X-ray image after fifteen-month follow-up showing the apex closing

(arrow).

Figure 4

Radiographic follow-ups of the case 4. (A) X-ray image of mandibular first molar
showing larger volume of root canal and open distal canal apex (arrows). (B) X-
ray image of six-month follow-up demonstrating normal appearance of both root
canal apexes (arrow). (C) Final X-ray image after fifteen-month follow-up showing

reduction in the canal volume and the apex closing (arrow).

Clinical case 5 (Figure 5A-5C) was the youngest patient (9 years old). At the initial
appointment, a wide distal canal with open apex, increased periodontal ligament
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space, and initial signs of apical radiolucent development were verified. After
treatment, in follow-up visits, a reduction in canal lumen and apical repair were

verified, classifying the tooth as healing up to 6 months.

Figure 5

Radiographic follow-ups of the case 5. (A) X-ray image of mandibular first molar
showing larger volume of root canal and both open canal apexes (arrows). (B) X-
ray image of three-month follow-up demonstrating reduction in canal lumen and
normal appearance of both root canal apexes (arrow). (C) Final X-ray image after
fifteen-month follow-up showing greater reduction in the canal volume and both

apexes closing (arrow).

DISCUSSION

The published case reports of regenerative endodontic treatments enrolling
permanent molars (Ajram et al., 2019; Zhujiang et al., 2016) indicated that there
is no standardized clinical protocol established for this treatment (Kontakiotis et
al., 2015). Some authors report the procedure in a single appointment (Topguoglu
et al., 2016), whereas others use two or more appointments (Ajram et al., 2019;
Zhujiang et al., 2016; Dhaimy et al., 2017). In the present report, the regenerative
endodontic procedures were completed in two appointments, because the
coronary openings were done previously at the beginning of the treatment in
emergency service. The clinical cases were considered healed after 15 months
of evaluation. The literature presents several factors responsible for the success
of regenerative endodontic treatments, such as root canal disinfection and apical

papilla stem cell survival (SCAP) (Diogenes et al., 2017; Duggal et al., 2017).
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Previous studies have shown that SCAPs are responsible for tissue repair
(Sonoyama et al., 2006; Huang et al., 2010); thus, their survival directly influences
the potential for cell differentiation and repair. SCAPs have high proliferative
potential and are able to differentiate into several cell subtypes, such as
osteogenic, odontogenic, and neurogenic cells (Sonoyama et al., 2006). SCAPs
induce tissue repair by depositing a continuous layer of dentin-like tissue (Huang
et al., 2010), promoting additional development in thickness and length
(Diogenes et al., 2016; Diogenes et al., 2017). Such condition was observed in
clinical case 5 when analyzing the apical third of the distal root. Another factor
that may also influence the viability of the SCAPs is the concentration of NaOCI
used (Martin et al., 2020; Antunes et al., 2015). Although this is the most used
irrigating solution in regenerative endodontic treatments, the recommended
concentration to be used is variable (Antunes et al., 2015; Kontakiotis et al.,
2015). In the present study, 2.5% NaOCI was chosen, which is a potent
antimicrobial agent capable of dissolving organic matter (Yang et al., 1995). In
vitro studies demonstrated that 2.5% NaOCI solutions do not compromise the
survival of SCAPs, although higher concentrations are not recommended due to
their cytotoxicity (Trevino et al 2011; Galler et al., 2011). The use of 17% EDTA
as final irrigation in cases of revascularization is also recommended (Galler et al.,
2011; Kontakiotis et al., 2015). Its use is supported by chelating capability that
promotes the release of growth factors trapped in dentine, favoring the adhesion
of SCAPs in dentine walls, without interfering with their survival (Trevino et al.,
2011).

The use of intracanal medication in teeth undergoing revascularization is
indicated, in most randomized clinical trials and case series reports, the
procedure is performed in at least two appointments (Ajram et al., 2019; Dhaimy
et al., 2017; Zhujiang et al., 2016). However, there is no consensus about the
intracanal medication to be used in regenerative endodontic procedures. While
some authors prefer triantibiotic paste (TAP) (Song et al., 2017), others prefer
calcium hydroxide (Ca(OH)z2) (Ruparel et al., 2012, Althumairy et al., 2014).
Based on previous studies that showed that Ca(OH)2 paste is less cytotoxic than
TAP to cells in periapical tissues (Ruparel et al., 2012; Althumairy et al., 2014).,
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Ultracal®, a ready-to-use Ca(OH)2 paste, was used. In addition, Ca(OH)2 paste
is easier to remove than TAP paste (Berkhoff et al., 2014). However, it has been
suggested that root canal obliterations are more related to the use of Ca(OH)2
(Song et al., 2017). It was possible to observe that clinical cases 1, 2, 3, and 5
showed a significant reduction in canal volume in the first 12 months, which could
be inferred to be related to this statement.

Another important factor for the success of regenerative endodontic treatment is
the promotion of the clot, which is induced by the bleeding technique (Duggal et
al., 2017). To confirm that there was adequate canal filling by the clot, all cases
were treated using a 3x magnification microscope. Molars have canals with a
smaller diameter and greater anatomical complexity than incisors, which are
usually submitted to regenerative procedures. This fact makes it difficult to induce
clotting (Dhaimy et al., 2017), as observed by the operators in this series of cases.
Proper coronal sealing to seal the clot and prevent bacterial contamination is
another key factor for successful revascularization (Lin et al., 2014). The MTA
was used to seal the canals because it has good sealing properties and excellent
biocompatibility (Lin et al., 2014). This was followed by the insertion of resin-
modified glass ionomer cement. However, in four teeth, definitive bulk fill
composite resin restorations took a long time to perform. This situation is probably
related to the fact that RIVA provides proper aesthetics, masticatory efficiency,
and sealing capacity, which resulted in the relatives of the adolescents missing
consultations. Regarding the biomechanical preparation of root canals, the
American Association of Endodontists do not recommend mechanized
instrumentation of the root canals (American Association of Endodontics, 2020),
although mild instrumentation is generally used (Kontakiotis et al., 2015; Dhaimy
et al., 2017). In present report the protocol was modified to in order to meet the
specificities observed in young molars.

This is the first series of cases to describe an instrumentation sequence to be
used on young molars whose root canals are not as wide and whose apexes are
not all opened. The preparation of the cervical third using Hedstroem files and
Gates Glidden drills, followed by preparation by Protaper Next files, was used to

achieve effective biomechanical preparation, reducing the contamination. To
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facilitate the root canal shaping, the mesial canals of the mandibular molars were
enlarged, subsequently allowing more effective induction of the clot. This
technical modification did not affect the prognosis of the treatments. Even in the
adverse conditions found, characterized by teeth largely destroyed by caries and
previously exposed to the oral environment, success was obtained, which were
considered healed/healing. Moreover, in clinical cases 2, 3, 4, and 5, the apex
closure of the distal roots occurred. The lack of response to the pulp sensitivity
test during follow-up appointments does not necessarily mean that the tooth has
no vitality (Law AS, 2013) because the thickness of sealing material present on
the tooth may affect the response to the cold sensitivity test (Torabinejad et al.,
2011). All the procedures performed in this series of clinical cases were able to
maintain the young permanent molars, contributing to stability of the growing

process, masticatory performance, and occlusal stability.

CONCLUSIONS

It is possible to perform regenerative endodontic procedures in young molars
severely compromised by caries and obtain success. The instrumentation
sequence proposed in this series of clinical cases, which combines hand files,
Gates Glidden drills, and a modified Protaper Next technique, did not negatively
affect treatment prognosis. Therefore, it is possible to perform this treatment
sequence as a method of mechanical disinfection of root canals prior to clot
induction in young molars. Another important aspect is that the direct composite

resin restoration must be performed as soon as possible after the clot induction.
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4. CONCLUSOES

Dentro das limitagdes metodologicas destes estudos que envolveram

dois estudos laboratoriais e um relato de caso clinico pode-se concluir que:

1- O novo material bioceramico Bioc Temp possui viabilidade, semelhante a do
MTA e Ultracal e resultaram em cor de dente semelhante ao MTA e Ultracal,
respectivamente. Apesar de sua menor radiopacidade, o BT foi identificado
radiograficamente.

2- Os trés materiais de silicato de calcio testados para pulpotomia parcial
promoveram mudancga na cor do dente, com resultados mais favoraveis para
BioC-Repair, que apresentou menor coloracdo, maior radiopacidade e
viabilidade do que 80% hDPCs.

3- E possivel realizar procedimentos endodénticos regenerativos em molares

jovens gravemente comprometidos por carie e obter sucesso.
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