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RESUMO
Esse estudo objetivou comparar o manchamento dentério de incisivos bovinos

simulando fraturas complicadas com exposi¢cdo pulpar em dentes imaturos,
tratados por pulpotomia total e parcial usando Biodentine (BD) e Bio-C repair
(BCR) e avaliou a citotoxicidade dos materiais as células pulpares (hDPCSs).
Setenta e dois incisivos bovinos extraidos foram preparados para simular
fraturas coronarias em um dente imaturo. Na simulacdo do tecido pulpar, as
raizes foram preenchidas com uma mistura de agar e sangue (grupo controle),
sobre as quais foram colocados os materiais BD ou BCR com aproximadamente
2 mm de espessura. As andlises de avaliacdo de cor das amostras foram
realizadas antes e imediatamente apds a pulpotomia e repetidas aos 30, 60 e 90
dias. As hDPCs foram colocadas em contato com diferentes diluicbes de meios
de cultura previamente expostos a tais materiais e testadas quanto a viabilidade
celular usando o ensaio MTT. Posteriormente, as hDPCs foram estimuladas com
lipopolissacarideos (LPS) e expostas aos extratos, para medi¢cdo quantitativa de
espécies reativas de oxigénio (EROS) e oxido nitrico (ON). Os dados foram
avaliados por ANOVA seguido do teste de Tukey e Dunnet (a = 0,05). Quanto a
alteracdo de cor, houve diferencas significantes para “material de pulpotomia”
(P<0,001) e “tempo de avaliagado” (P<0,001) e para a interagao “material*tempo
de avaliagdo” (P=0,004). Na analise de viabilidade celular, BD e BCR foram
semelhantes entre si em todas as diluicdes avaliadas e semelhantes ao controle
(P=0,3660). BCR apresentou menor producdo de EROS e ON em relacdo ao
grupo LPS (C+) (P<0,05) e semelhante ao DMEM (C-) (P>0,05). BD apresentou
valores de EROS e ON semelhantes aos dois grupos controle (P>0,05). Tanto
BCR quanto BD quando utilizados em pulpotomia total ou parcial podem alterar
significativamente a cor dos dentes. Embora ambos materiais sejam
biocompativeis, BCR apresentou uma reducao na producdo de EROS e ON em
hDPCs estimuladas com LPS.

Palavras-chave: silicato de célcio, viabilidade celular, pulpotomia total, 6xido

nitrico, pulpotomia parcial, espécies reativas de oxigénio.
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ABSTRACT
This study aimed to compare tooth discoloaration in immature teeth mimicking

total and partial pulpotomy using Biodentine (BD) and Bio-C repair (BCR) and
evaluated the cytotoxicity of the materials to pulp cells (hDPCs). Seventy-two
bovine mandibular incisors were prepared to simulate complicated coronary
fractures in an immature tooth. In the pulp tissue simulation, the roots were filled
with a mixture of agar and blood (control group), and BD and BCR were placed
on it with approximately 2 mm of thickness. The color evaluation analyzes of the
samples were performed before and immediately after the pulpotomy and
repeated at 30, 60 and 90 days. The hDPCs were contacted with different
dilutions of culture media previously exposed to such materials and tested for cell
viability using the MTT assay. Subsequently, hDPCs were stimulated through
contact with lipopolysaccharides (LPS) and exposed to extracts, for quantitative
measurement of reactive oxygen species (ROS) and nitric oxide (NO). Data were
evaluated by ANOVA followed by the Tukey and Dunnet test (a = 0.05).For tooth
descoloration, there were significant differences for “pulpotomy material”
(P<0.001) and ‘“evaluation time” (P<0.001) and for the interaction
“‘material*evaluation time” (P=0.004). In the cell viability analysis, BD and BCR
were similar to each other in all evaluated dilutions and similar to the control
(P=0.3660). BCR showed lower production of ROS and ON in relation to the LPS
group (C+) (P<0.05) and similar to DMEM (C-) (P>0.05). BD showed ROS and
NO values similar to the two control groups (P>0.05). Both BCR and BD when
used in total or partial pulpotomy can significantly change the color of teeth to a
perceptible degree. Although both materials are biocompatible, BCR decreased
the production of ROS and NO in hDPCs stimulated with LPS.

Keywords: calcium silicate, cell viability, full pulpotomy, nitric oxide,

partial pulpotomy, reactive oxygen species.
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1. INTRODUCAO E REFERENCIAL TEORICO

Fraturas coronarias complicadas envolvendo esmalte e dentina com
exposicdo pulpar devem ser preferencialmente tratadas com terapiaspulpares
conservadoras (TPC) , mesmo em adultos e particularmente em criangas com
dentes permanentes imaturos (Bourguignon et al., 2020; Abuelniel et al., 2020;
Oliveira et al.,2021). As TCPs incluem capeamento pulpar e pulpotomia
realizados em diferentes niveis de acordo com o0s sinais clinicos da
contaminacdo pulpar observados apds a exposicdo. A pulpotomia total (PT)
envolve a remoc¢dao da porcao coronal da polpa até o nivel dos orificios do canal
(Taha et al., 2018), mantendo o tecido remanescente. A pulpotomia parcial (PP)
também denominada pulpotomia de Cvek, consiste na amputacdo de 2 a 3 mm
de tecido pulpar coronal inflamado, mantendo o tecido pulpar remanescente na
porcdo coronal e radicular (Fong & Davis 2002, Ojeda-Gutierrez et al., 2013,

Bimstein & Rotstein 2016, Yang et al., 2020).

A decisdo de realizar pulpotomia total ou parcial é empirica, uma vez
depende da capacidade de controlar o sangramento ap6s a amputacédo pulpar,
tem sido consideradofator decisivo na determinacdo do grau de inflamacéo e
potencial de cicatrizacdo do tecido remanescente (Stanley 1989, Matsuo et al.,
1996, Fong & Davis 2002). O material de protecéo pulpar escolhido € um fator
determinante para o bom progndéstico do caso, uma vez que o0 controle da
inflamac&o do tecido pulpar pode ser afetado pela composi¢céo de cada material
(Kim et al.,2018; Giraud et al.,2018; Giraud et al., 2019), e que preservar a
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vitalidade pulpar € crucial para o desenvolvimento radicular completo (Abuelniel
et al., 2020; Bakhtiar et al., 2017; Oliveira et al., 2021) e. Além disso, como a
inflamac&o pulpar causa um aumento do estresse oxidativo intracelular, levando
a eventos destrutivos (Sanz et al., 2021, Zorov et al., 2014;Wu et al., 2018), a
escolha de materiais capazes de modular a liberacdo de mediadores

inflamatorios pelas células pulpares se torna interessante.

O medicamento utilizado na pulpotomia idealmente deve ser
bactericida, biocompativel e promover a cicatrizacdo da polpa radicular (Vargas
KG et al., 2016; Elbahary S et al., 2020). Por muitos anos, o Ca(OH): foi
considerado o material de escolhaem TCPs. Contudo, como esse material
possui algumas desvantagens como a baixa capacidade de selamento, baixa
adesao e alta solubilidade (Rao Q et al., 2020), outros materiais foram ganhando
espaco dentro deste cenario, entre 0s quais podemos destacar oscimentos

bioceramicos.

O primeiro cimento reparador bioceramico a ser utlizado na
odontologia, foi o agregado triéxido mineral (MTA), um bioceramico a base de
silicato de célcio que ganhou amplo uso por apresentar excelentes propriedades
de vedacao e biocompatibilidade e possuir diversas aplica¢des clinicas (Parirokh
et al., 2010; Hannah Beatty et al., 2015). Contudo, algumas desvantagens como
preco, caracteristicas de manuseio e potencial de descoloracéo (Parirokh et al.,
2010; Hannah Beatty et al., 2015) incentivaram o langcamento de novos produtos

a fim de suprir tais caracteristicas.
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Dentre eles, pode-se citar o Biodentine (BD; Septodont, Saint Maur-
des-Fosses, Franca), um produto que foi introduzido no mercado como um
cimento reparador com capacidade desubstituir a dentina (Kunert & Lukomska-
Szymanska, 2020), o qual apresenta propriedades clinicas e biologicas
comparaveis aos do MTA (Abuelniel et al., 2020; Bakhtiar et al., 2017). Entre
algumas das vantagens do BD estdo o tempo de presa mais rapido, facilidade
de manuseio e menor descoloracdo coronal (Kaur et al., 2017). Atualmente,
outros materiais a base de silicatos com a caracteristica de serem prontos para
uso foram desenvolvidos. Entre eles, o Bio-C Repair (BCR; Angelus), o qual é
um material com baixa citotoxicidade (Ghilotti et al., 2020; Guerreiro et al., 2021;
Lépez-Garcia et al., 2019; Oliveira et al., 2019; Oliveira et al., 2020; Villa et al.,
2020), boa biocompatibilidade (Benetti et al.,, 2019) e capacidade de

biomineralizac&o (Benetti et al., 2019; Lépez-Garcia et al., 2019).

Embora diversos estudos tenham avaliado BD e BCR em pulpotomias
(Santos et al., 2021) até o momento, nenhum estudo comparou o potencial de
descoloracdo de BD e BCR em funcao do nivel de pulpotomia, parcial ou total.
Outro fator importante em relagcdo aos novos materiais de silicato de calcio
utilizados na pulpotomia é determinar o potencial de inibir a producao de estresse
oxidativo pelas células pulpares frente a estimulos como o lipopolissacarideo

(LPS).
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2- PROPOSICAOQ: Este trabalho objetivou comparar in vitro a
descoloracédo dentaria promovida pela pulpotomia parcial e total realizada com
BD e BCR, e avaliar a producéo de espécies reativas de oxigénio (EROS) e 6xido
nitrico (ON) induzida por ambos materiais em células da polpa dentaria humana

(hDPCs).
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Abstract
Aim: This study compared the discoloration on fractured incisors

treated by total and partial pulpotomy using Biodentine (BD) or Bio-C repair
(BCR) and evaluated the cytotoxicity of the materials to pulp cells (hDPCs).

Methodology: Seventy-two bovine incisors were prepared to
simulate fractures with pulp exposure in immature teeth. The roots were filled with
agar and blood (control) and BD or BCR were inserted to simulate total and partial
pulpotomies. Color assessment was performed before insertion, immediately
after, and at 30, 60, and 90 days. hDPCs were stimulated with
lipopolysaccharides (LPS) and exposed to material extracts (1:1) in two ways: 1-
exposure to extracts and LPS for 24 hrs and 2- exposure to LPS for 24 h +
exposure to extracts for 24 hrs. Data were evaluated by ANOVA followed by
Tukey and Dunnet's test (a = 0.05).

Results: Regarding the color change, there were no statistically

significant differences between the two techniques evaluated (p=0.126), and after
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90 days, the two materials caused an increase in tooth discoloration (p<0.05). In
scenery 1, BD and BCR released ROS and NO similar to each other (p>0.05),
with BCR showing lower values than the LPS group (p<0.05). In situation 2, ROS
release was similar between BD, BCR and LPS (p>0.05), which presented higher
values when compared to C- (p<0.05). The materials caused a reduction in NO
release compared to the C+ group (p<0.05).

Conclusion: All materials cause tooth discoloration after 90 days,
especially BD. The tested materials reduced the release of NO by hDPCs
stimulated with LPS.

Funding: Fundacdo de Amparo a Pesquisa do Estado de Minas
Gerais; Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico;
Coordenacéo de Aperfeicoamento de Pessoal de Nivel Superior.

Conflict of interest: The authors have stated explicitly that there are

no conflicts of interest in connection with this article.

Introduction

Pulp contamination by saliva and oral bacteria is expected after
complicated crown fractures (Abuelniel et al., 2020). Removal of the
contaminated parts of the pulp during the first 24-48 hours following the fracture,
and prevention of any further contamination by placing a biocompatible agent is
critical for the healing (Abuelniel et al., 2020). Calcium-silicate-based cements
(CSCs) have been used in order to reduce pulp inflammation, down-regulating
pro-inflammatory mediators as cytokines (Giraud et al., 2018; Kim et al., 2018;
Weekate et al., 2021), reactive oxygen species (ROS) (Wu et al., 2018) and nitric
oxide (NO), which may help to promote pulp healing in vital pulp treatment (VPT)
(Weekate et al., 2021).

The primary objective of VPT in immature teeth is to maintain the pulp,
promoting continued root development and apical closure (Ghoddusi et al., 2013;
Asgary et al., 2015; Abuelniel et al., 2020). Pulpotomy is the gold standard VPT

in traumatized anterior immature permanent teeth (Bimstein & Rotstein 2016;
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Rao et al., 2020). Pulpotomy includes pulp amputation performed at different
levels based on the amount of perceived contamination of the pulp after its
exposure (Bimstein & Rotstein 2016). Full pulpotomy (FP) ortotal pulpotomy,
involves the removal of the coronal portion of the pulp to the level of canal orifices
(Taha et al., 2018), maintaining the remaining tissue. Partial pulpotomy (PP) also
named Cvek pulpotomy, consists of the amputation of 2 — 3 mm of damaged,
inflamed, coronal pulp tissue, maintaining the remaining pulp tissue on the
coronal and radicular portion (Fong & Davis 2002; Ojeda-Gutierrez et al., 2013;
Bimstein & Rotstein 2016; Yang et al., 2020). Clinically, the decision to perform
partial or total pulpotomy has been based on pulp’s appearance and the ability to
control bleeding after pulp amputation, which is considered a decisive factor in
determining the degree of inflammation and healing potential of the remaining
tissue (Stanley1989; Matsuo et al., 1996; Fong & Davis 2002). Additionally, other
factors such as the time elapsed between the accident and treatment, size of the
exposure and age of patient may contributed to the choice of cervical pulpotomy
(Fong & Davis 2002; Bimstein & Rotstein 2016). Although some authors consider
that the FP provides a higher chance of removing the infected and irreversibly
inflamed tissue compared to PP (Santos et al., 2021), there are clinical studies
that support this assertion. A possible benefit of PP technique would be the
possibility to preserve the cell-rich coronal pulp tissue and maintain the
physiologic deposition on the crown and cervical third of the root, strengthening
the tooth (Fong & Davis 2002; Bimstein & Rotstein 2016). However, a concern to
be raised is the potential of tooth discoloration, as in this technique the material
remains in the crown. New CSCs, as Biodentine-BD (Septodont, Saint-Maur des-
Foss es, France) and BiocRepair-BCR (Angelus, Londrina, PR, Brazil) show a
lower tendency to promote crown staining than Mineral trioxide aggregate (MTA)
(Palma et al., 2020).

Although CSCs materials are correlated with a high rate of clinical
success, a current question is related to the effect of different CSCs materials on
the control of inflammation on injured pulp tissue, as it may be affected by the
composition of each material (Kim et al.,2018; Giraud et al.,2018; Giraud et al.,
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2019). Upon bacterial infection, dental pulp cells produce excessive levels of
intracellular ROS, which result in oxidative stress (Sanz et al., 2021) and cellular
damage (Zorov et al., 2014;Wu et al., 2018), affecting the cells’ architecture and
integrity ( Zhang et al., 2021). NO mediates the process of tissue inflammation,
regulating cell differentiation and growth (Korhonen et al., 2005). Since
progression of inflammation causes destructive events, such as increased
oxidative stress (Bullon et al., 2011) and nitric oxide production, which may act
destructively, materials able to modulate the release of inflammatory mediators

by pulp cells are desirable.

In this way the aim of the referred study was to compare in vitro tooth
discoloration promoted to partial and full pulpotomy performed using BD and
BCR, and evaluate the ROS and NO production induced by both materials in
human dental pulp cells (hDPCs). The null hypothesis was that no significant
differences would be found in the cell viability, ROS and NO production, and
coronal discoloration associated with the techniques and evaluated materials.

Materials and methods

The manuscript of this laboratory study has been written according to
Preferred Reporting Items for Laboratory studies in Endodontology (PRILE) 2021
guidelines (Nagendrababu et al. 2021). Figure 1 summarize the key steps in the
reporting of the present laboratory study.

Selection and preparation of samples for colour assessment

Considering crown discoloration (AEOQ) as primary outcome, the data
from (Oliveira et al.,2020) were used to sample calculation which was performed
using the statistical software package BioEstat version 5.0.1 (Mamiraua Institute,
Tefé, AM, Brazil). A sample size of 72 teeth (n=12 per group) was established to
have a 95% chance of detection, significant at the 5% level (2-sided test), with a
minimum detectable difference in means of 2.2 with an expected standard

deviation of 1.0. Central incisors from zebu cattle, aged 30-36 months were
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initially obtained from a local abattoir (Real, Uberlandia, MG, Brazil), cleaned with
scaler, inspected, and selected in four stages according to the method previously
described by (Rosatto et al., 2020; Oliveira et al., 2021). The selected teeth were
stored in distilled water at 4°C until use.

It was performed a simulation of a complicated crown fracture in an
immature tooth (Figure 2) (Oliveira et al., 2020; Oliveira et al., 2021). 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, enlarged using #1 -5
peeso reamers followed by a drill PM 82 (KG, Sorensen) to standardize 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 with
composite resin (3M ESPE Z250, Brazil). Then, the samples were embedded in
a polystyrene resin (Cristal, Piracicaba, SP, Brazil) and polyether impression

material (Impregum F, 3M-Espe, Seefeld, Germany) (Soares et al., 2005).

To simulate pulp tissue, 8 mL of agar was prepared (Kasvi, Sdo José
dos Pinhais, Brazil) using 1600 uL of fresh uncoagulated bovine blood and
inserted until the amelocemental region (80 uL per tooth) or up to 3 mm above it
(100 pL per tooth), to mimic FP or PP, respectively. The specimens were
randomly assigned to two experimental groups (BCR, and BD) and two control
group (FP/agar + blood and PP/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). The teeth

were stored in a humified chamber at 37°C during the experimental periods.

Randomization

The randomization process (blocked random scheme) was carried out
using the website www.sealedenvelope.com. The identification of the treatment
to be applied on samples followed the sequentially-numbered previously.
Randomization and allocation were made by the same researcher, who was not
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involved in the implementation and evaluation process. Because they didn't know
the coding method, those who assessed color measures and statically evaluated

the data were blinded.

Colour assessment

Colour values of the samples were determined using a
spectrophotometer (Easyshade Compact Advance 4.0; Vita-Zahnfabrik, Bad
Sackingen, BW, Germany). For reproducible and standardized 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; Oliveira et al., 2021). Three colour measurements
were performed on each tooth, and the average was recorded. Six sessions of
colour assessments were conducted at the following intervals: baseline (sound
tooth); TO, after cavity preparation; T1, immediately after pulpotomy; T2, 30 days;
T3, 60 days and T4, 90 days pulpotomy. 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 CIEDE2000 colour
difference (DE00)1, which was calculated as follows: AEOO = [(AL/KLSL)2+ (AC/
KCSC)2+ (AH/KHSH)2 + RT(AC/KCSC)(AH/KHSH)]1/2, 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* coordinatesl. The whiteness index (WI) was calculated using the following
formula: WI = 0.551*L -2.324*a —1.1*b 2. Moreover, Yellowness Index (YI) per
ASTM Method E313 was calculated as follows: YI=(100(CxX - CzZ))/Y. Where
X, Y, and Z are the CIE Tristimulus values, and the coefficients used was based
on the illuminant/observer D65/2°.
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Isolation of hDPCs

The study protocols were approved by the Ethical Committee of the
Federal University of Uberlandia (protocol number 09016219.1.0000.5152).
hDPCs were obtained from healthy permanent third molars teeth (n = 3). Cells
were isolated as previously described (Oliveira et al., 2020; Oliveira et al., 2021).
Briefly, the fragments of pulp dental tissue were digested using the combination
of Collagenase | and Dispase Il (Sigma-Aldrich, St. Louis, MO, USA) for 1 h at
37°C, and cultured in Dulbecco's modified Eagle's medium (DMEM) (LGC
Biotechnology, Cotia, SP, Brazil) containing 10% foetal bovine serum (FBS;
Gibco, Invitrogen, Carlsbad, CA, USA) and 100 pg/mL penicillin/streptomycin
(Sigma-Aldrich) at 37°C in a humified atmosphere of 95% air and 5% CO2. The
culture medium was changed every three days. Cells from passages 4-5 were
used in the experiments.

Preparation of BD and BCR extracts

The protocol for preparing the BD and BCR extracts were previously
described by (Oliveira et al., 2021). The materials were loaded into 5 mm x 2 mm
(Width x Height) sterile cylindrical polyethylene moulds, sterilized using ultraviolet
irradiation for 60 min, and immediately after this period, were stored DMEM (LGC
Biotechnology) for 24 h at 37°C with 95% humidity and 5% CO2 to create the
extracts. The supernatant was then collected, filtered with sterile 0.22 um

membrane filter, and diluted with the complete media at a ratio of 1: 16.

Cell cytotoxicity assay

Cytotoxicity was assessed by means of a 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay. 2x10* 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:2 for 24 h. After this period, the
media was removed and fresh extracts (1:1-1:16) were placed in contact with the
hDPCs for 24 h. Cells cultured in 10% DMEM without any extract were used as
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the control. MTT reagent (Sigma-Aldrich) was added to the wells at a
concentration of 5 mg/mL and incubated for 4 h. Colorimetric quantitative
changes were measured using a microplate reader (Biochrom, Cambourne, UK)
at a wavelength of both 570 nm. Cell viability was evaluated in proportion to the
absorbance and expressed as the percentage of viable cells. Considering that a
threshold of 70% cell viability is considered cytotoxic according to ISO 10993-5
guideline, the materials tested were not considered cytotoxic even at the lowest
dilutions. Thus, 1:1 dilution was used for the quantitative reactive oxygen species

(ROS) measurement and nitric oxide (NO) assay.

hDPCs lipopolysaccharide-induced stress and exposure to extracts

The hDPCs were plated on 96 well plates (2x10* cell/well) and allowed
to adhere overnight. Then, to mimicking the inflammatory pulp condition, hDPCs
were exposed to 20 pg/mL of LPS (Ultrapure grade, Escherichia coli O111:B4;
Invitro Gen, San Diego, CA, USA) in two different ways: (1) constant exposure of
hDPCs to LPS (20 pg/mL) and extracts (1:1) for 24 hours [LPS/Extract (24 hrs)]
and, (2) transient exposure of hDPCs to LPS (20 pg/mL) for 24 hours, followed
by exposure to extracts (1:1) for 24 hours [LPS (24 hrs) + Extract (24 hrs)].
Positive control groups were formed by cells stimulated by LPS by 24 h
[(LPS/Extract (24 hrs)]; and cells cultured in LPS for 24 h followed by 24 h in
regular complete medium [(LPS (24 hrs) + Extract (24 hrs)]. Negative control
group was mantained in DMEM (not LPS-stimulated).

Quantitative reactive oxygen species (ROS) measurement
hDPCs were seeded in 96-well plates (2x 10* cells/well) in DMEM
supplemented with 10% SFB, and exposed to experimental treatments, as

previously described. At the end of the time point, the supernatant was collected

to further NO quantification. Then, hDPCs exposed to experimental treatments
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were washed with phosphate-buffered saline (PBS) and incubated with PBS
containing 10 pM of 2',7'-dichlorodihydrofluorescein diacetate (DCFH2-DA,
Sigma—Aldrich, St. Louis, MO) for 45 min at 37°C to allow the probe to enter cells.
After that, cells were washed three times with PBS to remove excess probe, and
DCFH2-DA fluorescence intensity was detected using Glomax (Promega,
Wisconsin, USA), with excitation at 475 nm and emission at 500-550 nm. The
mean values obtained for the positive control group were considered 100% ROS
production.

Nitric oxide (NO) production

NO production was quantified by Griess method using a microplate
reader (Biochrom, Cambourne, UK). 100-uL aliquots of the supernatant of each
sample were placed with equal quantities of Griess reagent composed of 1 g of
sulfanilamide (Merck KGaA, Darmstadt, Germany), 0.1 g of N (1-naphthyl)
ethylenediamine dichloride (Merck KGaA), 2.5 mL of orthophosphoric acid
(Mallinckrodt Chemical, St. Louis, MO, USA), and 100 mL of deionized water.
After a 10-min incubation at room temperature protected from light, the
absorbance was determined in a microplate reader equipped with a 540 nm filter
(Biochrom). The absorbance of this reaction at 540 nm is linearly proportional to
the nitrite concentration in the samples. The mean values obtained for the positive
control group were considered 100% NO production (Bonvicini et al., 2021a;
Bonvicini et al., 2021b.)

Statistical analysis

One-way ANOVA was used to compare whiteness index at baseline
(sound tooth) to standardizing the colour samples among groups. Repeated
measures ANOVA and Tukey's tests were used to compare the colour
parameters (AE0O, WI and Y1), where ‘time assessment’ was used as a repetition
factor. Cell viability, ROS measurements and NO production data were analyzed
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for normality using Kolmogorov-Smirnov's test. Two-way ANOVA and Tukey's
tests were used to compare data of cell viability intragroup amongst dilutions and
amongst the materials at each of the dilutions tested. Dunnet's test was used to
comparisons with the control group. The multiple T-test was used to determine if
differences observed among the effects of materials in the release of ROS and
NO were statistically significant. Statistical analysis was performed using Jamovi
2.0 statistical software package (dev.jamovi.org) and GraphPad Prism v.6
(GraphPad Software, La Jolla, CA, USA). The significance level was set at a =

0.05 for all data analyses.

Results

Colour assessment

One-way ANOVA showed similar whiteness index on samples among
groups (P = 0.414) before experiment. The table 1 presents the results of the
overall color changes (AE00) according to pulpotomy and assessment time. RM
ANOVA showed statistically significance to “pulpotomy material” (P<0.001) and
“assessment time” (P< 0.001) and for the interaction “material*assessment time”
(P=0.004). However, there was not a statistically significance for “pulpotomy
technique” (P=0.126) or interactions between “assessment time and pulpotomy
technique”, “pulpotomy technique*material” (P=0.832) and “assessment

time*pulpotomy technique*material” (P=0.258).

Immediately after the procedures and after the periods of 30 and 60
days, regardless of the technique used for pulpotomy, there was a greater change
in colour with the use of BCR compared to the control group. For these periods,
BD showed similar discoloration to the control group and BCR. However, after 90
days, it was observed that both materials caused an increase in tooth
discoloration compared to the control group, with BD showing greater
discoloration than BCR (Table 1).
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The behavior of L*, a*, and b* parameters according to materials used
to pulpotomy and assessment times are shown in Figure 2. Some decreasing on
lightness occurs after all pulpotomy techniques. BCR seems to have more linear
behavior in this parameter. In general, the materials resulted in redness and

yellowness increasing.

The WI values are presented on figure 3. RM ANOVA showed
statistically significance to “assessment time” (P<0.001) and for the interaction
“assessment time*material” (P< 0.001), “assessment time*pulpotomy technique
(P<0.001). No statistically significance difference was observed to “pulpotomy
technique” (P=0.281), “material” (P=0.584) and for interaction “assessment
time*pulpotomy technique*material” (P=0.553).

There was a reduction in the whiteness index of the teeth
immediately after total and partial pulpotomy, regardless of the material used.
However, in total pulpotomy, there was an increase in WI after 30 and 60 days of
pulpotomy, reaching baseline values. In turn, at 90 days, the WI significantly
reduces. For partial pulpotomy, the WI remains lower than the initial at 30 and 60
days, reaching the lowest values at 90 days (Figure 3). The use of agar + blood
(control group) was able to decrease WI and also the immediate application of
the pulpotomy materials seems to be able to decrease significantly WI in
experimental groups. However, at 90 days WI remains stable in control group

remains stable after 90 days.

The figure 4 shows YI values. RM ANOVA showed statistically
significance to “assessment time” (P<0.001) and for the interaction “assessment
time*material” (P< 0.001), “assessment time*pulpotomy technique (P=0.002). No
statistically significance difference was observed to “pulpotomy technique”
(P=0.591), “material” (P=0.733) and for interaction “assessment time*pulpotomy
technique*material” (P=0.722).

Immediately after total pulpotomy, both materials increased Y| values,
which were similar to the results of 90 days. In partial pulpotomy, YI increased
immediately after material insertion, remaining constant until 60 days later. At 90
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days, there was a new increase in Yl, which was statistically significant compared
to the other periods evaluated. Considering the time*material factors, YI of the
control group remained constant over time. For the BCR, YI increases
significantly only after 90 days and for the BD the Yl increased immediately after

the insertion of the material, reaching the highest values after 90 days (Figure 4).

Cell cytotoxicity assay

Figure 5 presents the cell viability evaluated by MTT formazan assay
after contact between hDPCs and extracts diluted to 1:1, 1:2, 1:4, 1:8 and 1:16.
BD and BCR were similar to each other in all dilutions evaluated (P=0.3660).
There were no statistically significant differences between the tested dilutions
(P>0.05) and between the dilutions and the control group (P>0.05) for both BD
and BCR. In addition, it could be observed by the cell survival mean values, that

all materials maintained cell viability levels above 80% for all dilutions.

Quantitative reactive oxygen species (ROS) measurement

Figure 6 presents the amounts of ROS produced by hDPCs after
contact between the cells and extracts diluited to 1:1. In the group in which cells
were constantly exposed to LPS [LPS/Extract (24 hrs)], BD and BCR had similar
ROS release to each other (P=0.66). BCR showed lower ROS production
compared to the LPS group (positive control) (P=0.02) and similar to the DMEM
(negative control) (P=0.90). BD showed ROS values similar to both control
groups (P>0.05) (Figure 6a). In cells in which LPS was removed followed by
contact with extracts of materials [LPS (24 hrs) + Extract (24 hrs)], the BD, BCR
and LPS (positive control) groups showed a similar percentage of ROS release
to each other (P>0.05 ), and higher compared to the DMEM group (negative
control) (P<0.05) (Figure 6b).

Nitric oxide (NO) production
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Figure 7 presents the percentage of NO produced by hDPCs after
contact between the cells and extracts diluted to 1:1. Similar to the results
observed in the measurement of ROS, the evaluation of NO production
demonstrated that in the cells constantly exposed to LPS [LPS/Extract (24 hrs)],
BD and BCR had similar NO production to each other (P=0.85). BCR showed
lower NO values compared to the LPS (positive control) (P=0.01) and similar to
the DMEM (negative control) (P=0.19). BD showed NO production values similar
to the control groups (P>0.05) (Figure 7a). On the other hand, in cells in which
LPS was removed [LPS (24 hrs) + Extract (24 hrs)], the subsequent contact with
the materials caused a reduction in NO production compared to the LPS group
(positive control) (P<0.05). BD, BCR and DMEM showed a similar percentage of
NO production to each other (P>0.05) (Figure 7b).

Discussion

On the current study the null hypothesis was rejected, since there were
no differences among the pulpotomy procedures for CSCs in the assays carried
out. The experimental model presented here was designed to simulate the clinical
situation of full pulpotomy and partial pulpotomy, by applying the materials on a
mixture of agar containing blood, which has a gelatinous consistency similar to
that of pulp tissue (Oliveira et al., 2020; Oliveira et al., 2021).

In the present study, the color stability of BD (AEOQ) over time
compared to BCR in FP differ from previous data (Oliveira et al., 2021). The
colour changes of BD could be related to the amount of fluid/blood uptake during
setting reaction and the total setting time of the material. Since the BD has a
shorter setting time around 12 minutes, a strong hydration reaction occurs during
initial setting and hence a higher amount of fluid is uptaked, which could explain
why the Yl increases immediately after BD insertion (Chen et al., 2020).
Furthermore, it has been shown that voids and pores may entrap blood
components and cause discoloration of the material (Lenherr et al., 2012). BCR
is a premixed material and therefore may present better homogeneity compared

to BD, which needs to be mixed in a specific device before use (Slaboseviciute
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et al., 2021). Although, to the authors' knowledge, there are no studies comparing
the porosity of the two materials, analyzes by scanning electron microscopy
demonstrate that BD exhibits an irregular surface organization when compared
to BCR (Ghilotti et al., 2020).

Previous studies evaluating BD in pulpotomies in association with
blood, corroborate the results found, demonstrating the ability to change color
promoted by the material in total pulpotomy (Yoldas et. al., 2016; Oliveira et al.,
2020) and partial pulpotomy (Oliveira et al., 2021). However, few studies have
evaluated the discoloration potential promoted by BCR. It was previously
demonstrated that the presence of BCR does not result in a greater color change
immediately after the insertion of material and after 90 days (Oliveira et al., 2021),
differing from the results presented here. This divergence of results could be
associated with the type of agar used and the amount of blood diluted in the
medium. In the present study, Mueller Hinton agar was applied to the
methodology. As this agar has a soft yellow colour, twice the blood volume
recommended in the study by (Oliveira et al., 2021) was used to achieve a color
similar to that of the dental pulp. Furthermore, it is important to note that BCR
contain iron and aluminum in its composition (Benetti et al., 2019; Ghilotti et al.,
2020; Lopez-Garcia et al., 2019). Oxidation of the iron content remaining in the
set material is considered a possible mechanism for tooth discolouration (Felman
& Parashos, 2013; Shokouhinejad et al., 2016).

Considering that in PP, only part of the coronal pulp is removed, it was
expected that crown staining caused by biomaterials could become more
noticeable compared with FP. However, there was no statistical difference
between materials and techniques. Beside of that, it is important to note that the
control group, in the technique of FP presented the difference of the WI (1.8)
smaller than the whiteness acceptability threshold (2.60 WI units) (Pérez et al.,
2016). Therefore, it is possible to suggest that the presence of a greater amount
of coronary pulp, mimicked by blood agar mixture in PP technique are related to
tooth staining. The mechanism of discoloration of blood is attributed to

penetration of erythrocytes into dentine, their hemolysis leading to accumulation

35



of hematin molecule in the dentinal tubules (Felman & Parashos 2013; Lenherr
et al., 2012; Yoldas et al., 2016).

In the current study, the potential of these materials to modulate
oxidative stress in hDPCs, under inflammatory-induced conditions were
investigated. hDPCs have been identified as the major cell type in dental pulp
tissue (Song et al., 2017) playing a key role in regulating host defense and dental
pulp regeneration (Eramo et al., 2018). In order to simulate the clinical situation
of VPT, extracts from the materials in different dilutions (1:1-1:16) were
evaluated, as the concentration decreases with the elimination of leachable
components by the extracellular fluid (Mestieri et al., 2015). The results with BCR
and BD are consistent with those from other studies (Benetti et al., 2019; Ghilotti
et al., 2020; Oliveira et al., 2021; Sanz et al., 2021, Oliveira et al., 2021; Ghilotti
et al., 2020), demonstrating excellent cytocompatibility, higher than 80% in all
periods and dilutions and similarity to DMEM group.

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 (Ghilotti et al.,
2020; Oliveira et al., 2020; Oliveira et al., 2021; Weekate et al., 2021; Mestieri et
al., 2015), is most sensitive compared to other in vitro cytotoxicity methods and
is considered gold standard for in vitro cytotoxicity test (Pintor et al., 2020).

In this study, Escherichia coli LPS was selected to simulate the
inflammatory environment often found in teeth submitted to pulpotomy since the
main cause of pulp injury is bacterial infection. LPS is one of the most common
virulence factors of gram-negative bacteria and has been used to treat hDPCs to
establish experimental models examining pulp inflammation (Oliveira et al., 2020;
Wang et al., 2021; Weekate et al., 2021). Full pulpotomy involves the removal of
the entire coronal portion of the vital pulp to the level of canal orifices while
maintaining the health of the remaining radicular portion. This procedure provides
a higher chance of removing the infected and irreversibly inflamed tissue
compared to partial pulpotomy (Taha et al., 2018). In this sense two models of
LPS-stimulation were used. In the model in which exposure to the extracts was

performed after stimulation with LPS, the intention was to represent the total
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pulpotomy, through the complete removal of the inflammatory stimulus to later
perform the exposure of the cells to the material. In the model in which the
exposure to extracts was performed simultaneously with stimulation with LPS,
the objective was to simulate a situation similar to what happens in partial
pulpotomies, in which there may be residues of infected/inflamed tissue
concomitant with the presence of the material.

The results demonstrated, as in previous studies (Souza et al., 2020;
Bonvicini et al., 2021a; Bonvicini et al., 2021b; Weekate et al., 2021), that LPS
induces an increase in ROS and NO production. The present finds indicated that
the presence of BCR simultaneously with LPS prompts the cells to be resistant
to LPS-induced inflammatory and toxic stress. On the other hand, when cells are
first stimulated with LPS for 24 hours and then exposed to the materials, ROS
levels remain similar to those of the LPS group (positive control). These results
disagree with previous studies, which demonstrated adequate levels of ROS in
cells treated with BD (Sanz et al., 2021; Weekate et al., 2021). However, the
results cannot be directly compared since in the present study extracts from fresh
material were evaluated, and the aforementioned studies evaluated extracts from
after the complete setting of the material. Regarding the NO levels, the contact
of LPS-stimulated hDPCs with the material extracts reduced NO release to basal
levels. A previous study evaluating the effect of BD on hDPCs demonstrated that
this material does not evoke severe inflammation and cellular or tissue
destruction, keeping nitric oxide production at low levels (Chang et al., 2014). Our
results suggest the anti-inflammatory effect of the tested materials, since NO is
considered an indirect marker of inflammation, and BD and BCR reduced NO
production by LPS-stimulated hDPCs to values similar to those found in
unstimulated cells. Therefore, the adequate levels of NO exhibited by BD and
BCR-treated groups further support their use in VPT procedures in which the

regenerative potential of hDPCs with an appropriate stress response is exploited.
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Conclusion

BCR and BD used in total or partial pulpotomy can significantly change
the color of the teeth, reducing the whiteness index and increasing the yellowing
index, with the greatest changes in BD group. Both total pulpotomy and partial
pulpotomy promote significant changes in tooth color, with no differences
between the two techniques evaluated. The similarity between the results of
viability in BD, which has been considered the new gold standard in pulpotomies,
and BCR, makes this material suitable for pulpotomies, with the advantage of
ready-to-use formulations. Additionally, BCR makes pulp cells resistant to LPS-

induced inflammation and decreases NO production at baseline levels.
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TABLES

Table 1- Mean and standard deviation of discolouration (AEoo) after

pulpotomy techniques using different materials and assessment times.

Assessment time

Pulpotomy
technique Material T1" 30 days 60 days 90 days
Control  1.05 + 0.48 B 211 + 1.20 B 160 + 0.77 B¢ 167 + 0.80 Bc
Total BCR 255 + 1.84 A 325 % 222 AP 368 + 211 A 370 = 268 A°
BD 223 + 0.90 AB> 210 + 0.98 7B 243 + 0.90 AB> 377 + 135 A
Control 174 + 123 B 191 + 1.04 B 212 + 0.79 B¢ 228 + 0.99 Bc
Parcial BCR 3.01 + 1.78 A° 350 + 157 A 364 + 153 A 400 + 172
BD 224 + 0.85 B> 299 + 134 AB 353 + 165 AB® 441 + 181 M

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 analysed
(Repeated measures ANOVA and Tukey's test — p< .05). Pulpotomy technique
comparison (P=0.126).*T1, immediately after pulpotomy.
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Figures

Figure 1: PRILE 2021 Flowchart



Figure 2: Graphs show the trends in the *L, *a, *b parameters of
groups over time. B, baseline (sound tooth); TO, after cavity preparation; T1,
immediately after application of the root-end filling material; T2, 30 days and T3,

60 days, T4, 90 days after pulpotomy.
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Figure 3: Whiteness index (WI) on different assessment time after
pulpotomy techniques using different materials. Capital letter to compare
assessment time*pulpotomy technique and lowercase to compare assessment

time*material. There was no difference to pulpotomy technique” (P=0.281).
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Figure 4: Yellowness index (YI) on different assessment time after
pulpotomy techniques using different materials. Capital letter to compare
assessment time*pulpotomy technique and lowercase to compare assessment

time*material. There was no difference to pulpotomy technique” (P=0.).
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Figure 5: Cell viability evaluated by MTT formazan assay after contact
between hDPCs and extracts diluted to 1:1, 1:2, 1:4, 1:8 and 1:16 by 24 h.

150+
101
) O 12
S T
= u T T 1L 314
w 1004 T T T :
= L arl &= L = 18
o =3 1:16
= 50- 3 DMEM (Control)
©
S
D ] ]
o 14
m (&)
m

Figure 6: ROS production by hDPCs after contact between the cells
and extracts diluited to 1:1. a) cells simultaneously exposed to LPS and extract
[LPS/Extract (24 hrs)]; b) cells exposed first to LPS (24 hrs), and after exposed
to materials extracts (24 hrs) [LPS (24 hrs) + Extract (24 hrs)]. Different capital
letters indicate statistically significant differences between the experimental

groups.
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Figure 7: NO produced by hDPCs after contact between the cells and
extracts diluted to 1:1. a) cells simultaneously exposed to LPS and extract
[LPS/Extract (24 hrs)]; b) cells exposed first to LPS (24 hrs), and after exposed
to materials extracts (24 hrs) [LPS (24 hrs) + Extract (24 hrs)]. Different capital

letters indicate statistically significant differences between the experimental

groups.
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4. CONCLUSAO

BCR e BD utlizados na pulpotomia total ou parcial podem alterar
significativamente a cor dos dentes. Tanto a pulpotomia total quanto a
pulpotomia parcial promovem mudancas significativas na cor do dente, sem
diferencas entre as duas técnicas avaliadas. A semelhanca entre os resultados
de viabilidade em BD, que tem sido considerado o novo padrdo ouro em
pulpotomias, e BCR, torna este material adequado para pulpotomias, com a
vantagem de formulacdes prontas para uso.

Além disso, o BCR torna as células pulpares resistentes a inflamacéo induzida

por LPS e diminui a produgc&o de NO nos niveis basais.
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Reference Style

This journal uses Harvard reference style; as the journal offers Free Format
submission, however, this is for information only and you do not need to format the
references in your article. This will instead be taken care of by the typesetter.

It is the policy of the journal to encourage reference to the original papers rather than
to literature reviews. Authors should therefore keep citations of reviews to the
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Tools such as EndNote or Reference Manager for reference management and
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Figures and Supporting Information

Figures, supporting information, and appendices should be supplied as separate files.
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Peer Review
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determines that the paper meets the appropriate quality and relevance requirements.
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In-house submissions, i.e. papers authored by Editors or Editorial Board members of
the title, will be sent to Editors unaffiliated with the author or institution and
monitored carefully to ensure there is no peer review bias.

Wiley's policy on the confidentiality of the review process is available here.

Refer and Transfer Program

Wiley believes that no valuable research should go unshared. This journal participates
in Wiley's Refer & Transfer program. If your manuscript is not accepted, you may
receive a recommendation to transfer your manuscript to another suitable Wiley
journal, either through a referral from the journal's editor or through our Transfer
Desk Assistant.

Guidelines on Publishing and Research Ethics in Journal Articles

The journal requires that you include in the manuscript (and submit a hard copy)
details of IRB approvals, ethical treatment of human and animal research participants,
and gathering of informed consent, as appropriate. You will be expected to declare all
conflicts of interest, or none, on submission. Please review Wiley's policies
surrounding human studies, animal studies, clinical trial registration, biosecurity,
and research reporting guidelines.

This journal follows the core practices of the Committee on Publication Ethics
(COPE) and handles cases of research and publication misconduct accordingly
(https://publicationethics.org/core-practices).

All studies using human or animal subjects should include an explicit statement in the
Material and Methods section identifying the review and ethics committee approval for
each study. The authors MUST upload a copy of the ethical approval letter when
submitting their manuscript and a separate English translation.
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For all articles, the journal mandates the CRediT (Contribution Roles Taxonomy)—more
information is available on our Author Services site.

2. Article Types

Original Articles (includes Clinical Research (randomised control trials, cohort
studies, case control studies, cross sectional studies, case series), Basic Research
- Biological, Basic Research — Technical, and Education):

These must describe significant and original experimental observations and provide
sufficient detail so that the observations can be critically evaluated and, if necessary,
repeated. Original Articles must conform to the highest international standards in the
field.

Review Articles (systematic, scoping and narrative):

These are accepted for their broad general interest; all are refereed by experts in the
field who are asked to comment on issues such as timeliness, general interest and
balanced treatment of controversies, as well as on scientific accuracy. Reviews should
generally include a clearly defined search strategy and take a broad view of the field
rather than merely summarizing the literature. Extensive or unbalanced citation of the
authors” own publications is not acceptable.

Clinical Commentaries:

These can describe significant improvements in clinical practice such as the report of a
novel technique, a breakthrough in technology or practical approaches to recognised
clinical challenges. They should conform to the highest scientific and clinical practice
standards.

Case Reports:

These can illustrate unusual and clinically relevant and new observations, but they
must be of sufficiently high quality to be considered worthy of publication in the
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journal. On rare occasions, completed cases displaying non-obvious solutions to
significant clinical challenges will be considered. Illustrative material must be of the
highest quality and healing outcomes, if appropriate, should be demonstrated after an
extended period - normally four years.

Supporting Information:

The International Endodontic Journal encourages submission of adjuncts to printed
papers via the supporting information website (see submission of supporting
information below). Authors wishing to describe novel procedures or illustrate cases
more fully with figures and/or video may are encouraged to utilise this facility.

Article Type

Original Articles

Systematic,
Scoping and
Narrative Review
Articles

Case Reports and
Clinical
Commentaries

Structure Description

Main text includes: Introduction,
Materials and Methods, Results,
Discussion and Conclusion.

Main text includes: Introduction,
method, results, discussion,
conclusions, funding, Conflict of
Interest

Main text includes: Introduction,
report, discussion and conclusion
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No more than 350 words

Structured: Background,
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No more than 350 words.

Structured: Aim, summary,
key learning points



Supporting information, such as
data sets or supplemental figures or
tables, that will not be published in
the print edition of the journal, but
which will be viewable via the
online edition, can be submitted. It
should be clearly stated at the time
of submission that the supporting
information is intended to be made
available through the online
edition.

Supporting

Information The availability of supporting

information should be indicated in
the main manuscript by a
paragraph, to appear after the
References, headed 'Supporting
Information' and providing titles of
figures, tables, etc. In order to
protect reviewer anonymity,
material posted on the authors Web
site cannot be reviewed. The
supporting information is an
integral part of the article and will
be reviewed accordingly.

2.1 Reporting Guidelines
2.1.1 Case reports/case series

Case reports should be written to comply with the Preferred Reporting Items for Case
reports in Endodontics (PRICE) 2020 guidelines (Nagendrababu et al. 2020,
doi:10.1111/iej.13285).

When submitting manuscripts that have been written using the PRICE 2020 guidelines,
authors should include the following statement in the beginning of “Report” section:
“This case report has been written according to Preferred Reporting Items for Case
reports in Endodontics (PRICE) 2020 guidelines (Nagendrababu et al. 2020, doi:
10.1111/iej.13285).

A PRICE checklist (for editors/referees) and flowchart (as a Figure to be included in the
manuscript for readers) should also be completed and included in the submission
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material. The PRICE 2020 checklist and flowchart can be downloaded
from: http://pride-endodonticguidelines.org/price/.

It is recommended that authors consult the following papers when writing case
reports, which explains the rationale for the PRICE 2020 guidelines and their
importance:

Nagendrababu V, Chong BS, McCabe P, Shah PK, Priya E, Jayaraman J, Pulikkotil SJ,
Setzer FC, Sunde PT, Dummer PMH (2020) PRICE 2020 guidelines for reporting case
reports in Endodontics: a consensus-based development. International Endodontic
Journal 53, 619-26. (https://www.ncbi.nim.nih.gov/pubmed/32090342)

Nagendrababu V, Chong BS, McCabe P, Shah PK, Priya E, Jayaraman J, Pulikkotil SJ,
Dummer PMH (2020) PRICE 2020 guidelines for reporting case reports in Endodontics:
Explanation and elaboration. International Endodontic Journal 53, 922-

47. (https://onlinelibrary.wiley.com/doi/abs/10.1111/iej.13300)

2.2.2. Randomised clinical trials

Randomised clinical trials should be reported to comply with the Preferred Reporting
Items for Randomised Trials in Endodontics (PRIRATE) 2020 guidelines (Nagendrababu
et al. 2020, doi: 10.1111/iej.13294).

When submitting manuscripts that have been written using the PRIRATE 2020
guidelines, authors should include the following statement in the beginning of
“Materials and Methods” section: “This randomised clinical trial has been written
according to Preferred Reporting Items for RAndomised Trials in Endodontics
(PRIRATE) 2020 guidelines (Nagendrababu et al. 2020, doi: 10.1111/iej.13294).

A PRIRATE 2020 checklist (for editors/referees) and flowchart (as a Figure to be
included in the manuscript for readers) should also be completed and included in the
submission material. The PRIRATE 2020 checklist and flowchart can be downloaded
from: http://pride-endodonticguidelines.org/prirate/.

It is recommended that authors consult the following papers when writing
manuscripts, which explains the rationale for the PRIRATE 2020 guidelines and their
importance:

Nagendrababu V, Duncan HF, Bjgrndal L, Kvist T, Priya E, Jayaraman J, Pulikkotil S, Pigg
M, Rechenberg DK, Vaeth M, Dummer PMH (2020) PRIRATE 2020 guidelines for
reporting randomised trials in Endodontics: a consensus-based development.
International Endodontic Journal 53, 764-73.
(https://onlinelibrary.wiley.com/doi/abs/10.1111/iej.13294)
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Nagendrababu V, Duncan HF, Bjgrndal L, Kvist T, Priya E, Jayaraman J, Pulikkotil SJ,
Dummer PMH (2020) PRIRATE 2020 guidelines for reporting strials in Endodontics:
Explanation and elaboration. International Endodontic Journal 53, 774-

03. (https://onlinelibrary.wiley.com/doi/abs/10.1111/iej.13304)

Clinical Trials

The International Endodontic Journal asks that authors submitting manuscripts
reporting a clinical trial register the trial a priori in any of the following public clinical
trials registries:

www.clinicaltrials.gov, https://www.clinicaltrialsregister.eu/, http://isrctn.org/.
Other primary registries if named in the WHO network will also be considered
acceptable. The clinical trial registration number and name of the trial register should
be included in the Acknowledgements at the submission stage.

2.2.3. Epidemiological observational trials

Observational studies should be written using the STrengthening the Reporting of
OBservational studies in Epidemiology' (STROBE) guidelines. Compliance with this
should be detailed in the “Materials and Methods"” section. (www.strobe-
statement.org). A STROBE checklist (for editors/referees) and flowchart (as a Figure to
be included in the manuscript for readers) should also be completed and included in
the submission material.

It is recommended that authors consult the following papers when writing
manuscripts, which explains the rationale for the STROBE guidelines and their
importance:

Von EIm E, Altman DG, Egger M, Pocock SJ, Gatzsche PC, Vandenbroucke JP, Strobe
Initiative (2014) The Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) Statement: guidelines for reporting observational studies.
International Journal of Surgery 12, 1495-9.

Vandenbroucke JP, von EIm E, Altman DG, Altman DG, Ggtzsche PC, Mulrow CD, Pocock
SJ, Poole C, Schlesselman JJ, Egger M, STROBE Initiative. (2014) Strengthening the
reporting of observational studies in epidemiology (STROBE): explanation and
elaboration. International Journal of Surgery 12, 1500-24

2.2.4. Diagnostic accuracy studies
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Diagnostic accuracy studies should be written using the Standards for Reporting of
Diagnostic Accuracy Studies (STARD) 2015 guidelines. Compliance with this should be
detailed in the “Materials and Methods"” section. A STARD checklist (for
editors/referees) and flowchart (as a Figure to be included in the manuscript for
readers) should also be completed and included in the submission material. The
STARD checklist and flowchart can be downloaded from: https://www.equator-
network.org/reporting-guidelines/stard/

It is recommended that authors consult the following papers when writing
manuscripts, which explain the rationale for the STARD guidelines and their
importance:

Cohen JF, Korevaar DA, Altman DG, Bruns DE, Gatsonis CA, Hooft L, Irwig L, Levine D,
Reitsma B, de Vet HCW, Bossuyt PMM. (2016) STARD 2015 guidelines for reporting
diagnostic accuracy studies: explanation and elaboration. BM) Open 6, e012799

http://bmjopen.bmj.com/content/6/11/e012799.abstract

2.2.5. Animal studies

Animal studies should be written using the Preferred Reporting Items for Animal
Studies in Endodontology (PRIASE) 2021 guidelines (Nagendrababu et al. 2021, doi:
10.1111/iej.13477).

When submitting manuscripts that have been written using the PRIASE 2021
guidelines, authors should include the following statement in the beginning of
“Materials and Methods” section: “The manuscript of this animal study has been
written according to Preferred Reporting Items for Animal studies in Endodontology
(PRIASE) 2021 guidelines (Nagendrababu et al. 2021, doi: 10.1111/iej.13477).

A PRIASE 2021 checklist (for editors/referees) and flowchart (as a Figure to be included
in the manuscript for readers) should also be completed and included in the
submission material. The PRIASE 2021 checklist and flowchart can be downloaded
from: http://pride-endodonticguidelines.org/priase/

It is recommended that authors consult the following papers when writing
manuscripts, which explain the rationale for the PRIASE 2021 guidelines and their
importance:

Nagendrababu V, Kishen A, Murray PE, Nekoofar MH, de Figueiredo JA, Priya E,

Jayaraman J, Pulikkotil SJ, Camilleri ], RM S, Dummer PMH (2021) PRIASE 2021
guidelines for reporting animal studies in Endodontology: a consensus-based
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development. International Endodontic Journal 54, 848-57.
(https://onlinelibrary.wiley.com/doi/10.1111/iej.13477)

Nagendrababu V, Kishen A, Murray PE, Nekoofar MH, de Figueiredo JA, Priya E,
Jayaraman J, Pulikkotil SJ, Jakovljevic A, Dummer PMH (2021) PRIASE 2021 guidelines for
reporting animal studies in Endodontology: Explanation and Elaboration. International
Endodontic Journal 54, 858-86.
(https://onlinelibrary.wiley.com/doi/10.1111/iej.13481)

2.2.6. Laboratory studies

Laboratory studies should be reported using the Preferred Reporting Items for
Laboratory studies in Endodontology (PRILE) 2021 guidelines (Nagendrababu et al.
2021, doi: 10.1111/iej.13542).

When submitting manuscripts that have been written using the PRILE 2021 guidelines,
authors should include the following statement in the beginning of “Materials and
Methods” section: “The manuscript of this laboratory study has been written according
to Preferred Reporting Items for Laboratory studies in Endodontology (PRILE) 2021
guidelines (Nagendrababu et al. 2021, doi: 10.1111/iej.13542).

A PRILE checklist (for editors/referees) and flowchart (as a Figure to be included in the
manuscript for readers) should also be completed and included in the submission
material The PRILE 2021 checklist and flowchart can be downloaded

from: http://pride-endodonticguidelines.org/prile/

It is recommended that authors consult the following papers when writing
manuscripts, which explain the rationale for the PRILE 2021 guidelines and their
importance:

Nagendrababu V, Murray PE, Ordinola-Zapata R, OA Peters, IN Rd¢as, JF Siqueira Jr, E
Priya, J Jayaraman, SJ Pulikkotil, ] Camilleri, C Boutsioukis, G Rossi-Fedele, PMH
Dummer (2021) PRILE 2021 guidelines for reporting laboratory studies in Endodontics:
a consensus-based development. International Endodontic Journal May 3. doi:
10.1111/iej.13542. (https://onlinelibrary.wiley.com/doi/abs/10.1111/iej.13542)

Nagendrababu V, Murray PE, Ordinola-Zapata R, OA Peters, IN Rocas, JF Siqueira Jr, E
Priya, J Jayaraman, SJ Pulikkotil, N Suresh, PMH Dummer (2021) PRILE 2021 guidelines
for reporting laboratory studies in Endodontics: Explanation and elaboration.
International Endodontic

Journal (https://onlinelibrary.wiley.com/doi/abs/10.1111/iej.13565)
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2.2.7 Systematic reviews

The abstract and main body of the systematic review should be reported using the
PRISMA for Abstract and PRISMA guidelines respectively (http://www.prisma-
statement.org/). Authors submitting a systematic review must register the protocol in
one of the readily-accessible sources/databases at the time of project inception and
not retrospectively (e.g. PROSPERO database, OSF registries). The protocol registration
number, name of the database or journal reference should be provided at the
submission stage in the “Registration” section in the abstract and ‘Methods'’ section in
the main body of the text.

A PRISMA checklist and flow diagram as a Figure (to be included in the manuscript for
readers) should also be included in the submission material. Source of funding (grant
number, if available) should be added in the ‘Acknowledgements’ section.

It is recommended that authors consult the following papers, which help in the
production of high quality reviews:

Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group (2009) Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement. PLOS
Medicine 6, e1000097.

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Ggtzsche PC, loannidis JP, Clarke M,
Devereaux PJ, Kleijnen J, Moher D (2009) The PRISMA statement for reporting
systematic reviews and meta-analyses of studies that evaluate health care
interventions: explanation and elaboration. Journal of Clinical Epidemiology 62, e1-34.

Nagendrababu V, Duncan HF, Tsesis |, Sathorn C, Pulikkotil SJ, Dharmarajan L, Dummer
PMH (2019) PRISMA for abstracts: best practice for reporting abstracts of systematic
reviews in Endodontology. International Endodontic Journal 52, 1096-

1107. (https://onlinelibrary.wiley.com/d0i/10.1111/iej.13118)

Nagendrababu V, Dilokthornsakul P, Jinatongthai P, Veettil SK, Pulikkotil SJ, Duncan HF,
Dummer PMH (2020) Glossary for systematic reviews and meta-analyses. International
Endodontic Journal 53, 232-
249.(https://onlinelibrary.wiley.com/doi/full/10.1111/iej.13217)

2.2.8 Scoping reviews

Reviews should be reported using the PRISMA guidelines. A checklist for scoping
reviews should also be included in the submission material - see: http://www.prisma-
statement.org/Extensions/ScopingReviews.
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2.2.9 Guidelines for reporting of microarray and next-generation sequencing
data

Submission will be assessed according to MIAME and MINSEQE standards. The
complete current guidelines are available at

Also, manuscripts will be published only after the complete data has been submitted
into the public repositories, such as GEO (http://www.ncbi.nlm.nih.gov/geo/) or
ArrayExpress (http://www.ebi.ac.uk/microarray/submissions_overview.html), and
the data accession number (the identification number of the data set in the database)
quoted in the manuscript. Both databases are committed to keeping the data private
until the associated manuscript is published, if requested.

3. After Acceptance

Wiley Author Services

When an accepted article is received by Wiley's production team, the corresponding
author will receive an email asking them to login or register with Wiley Author

Services. You will be asked to sign a publication license at this point as well as pay for
any applicable APCs.

Copyright & Licensing
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The journal offers Wiley's Accepted Articles service for all manuscripts. Manuscripts
accepted ‘in press’ are published online shortly after acceptance, prior to copy-editing
or typesetting and appear in PDF format only. After the final version article is
published (the article of record), the DOI remains valid and can still be used to cite and
access the article.

Accepted Articles will be indexed by PubMed; submitting authors should carefully
check the names and affiliations of all authors provided in the cover page of the
manuscript so it is accurate for indexing. The final copyedited and proofed articles will
appear in an issue on Wiley Online Library; the link to the article in PubMed will update
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returned within 48 hours of receipt of the email.
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In accordance with Wiley's Best Practice Guidelines on Research Integrity and
Publishing Ethics and the Committee on Publication Ethics’ guidance, International
Endodontic Journal will allow authors to correct authorship on a submitted, accepted, or
published article if a valid reason exists to do so. All authors - including those to be
added or removed - must agree to any proposed change. To request a change to the
author list, please complete the Request for Changes to a Journal Article Author
List Form and contact either the journal’s editorial or production office, depending on
the status of the article. Authorship changes will not be considered without a fully
completed Author Change form. [Correcting the authorship is different from changing
an author's name; the relevant policy for that can be found in Wiley’s Best Practice
Guidelines under “Author name changes after publication.”]

Appendix
Abbreviations:

The International Endodontic Journal adheres to the conventions outlined in Units,
Symbols and Abbreviations: A Guide for Medical and Scientific Editors and Authors.
When non-standard terms appearing 3 or more times in the manuscript are to be
abbreviated, they should be written out completely in the text when first used with the
abbreviation in parenthesis.

Additional Guidelines for Cover Pictures, Visual Abstracts, Frontispieces and
Table of Contents Graphics

o Concepts illustrated in graphical material must clearly fit with the research
discussed in the accompanying text.

e Images featuring depictions or representations of people must not contain any
form of objectification, sexualization, stereotyping, or discrimination. We also
ask authors to consider community diversity in images containing multiple
depictions or representations of people.

e Inappropriate use, representation, or depiction of religious figures or imagery,
and iconography should be avoided.

e Use of elements of mythology, legends, and folklore might be acceptable and
will be decided on a case-by-case basis. However, these images must comply
with the guidelines on human participants when they are present.
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e Generally, authors should consider any sensitivities when using images of
objects that might have cultural significance or may be inappropriate in the
context (for example, religious texts, historical events, and depictions of
people).

e Legal requirements:

e All necessary copyright permission for the reproduction of the graphical
elements used in visuals must be obtained prior to publication.

e Clearance must be obtained from identifiable people before using their image
on the cover or the like and such clearance must specify that it will be used on
the cover. Use within text does not require such clearance unless it discloses
sensitive personal information such as medical information. In all situations
involving disclosure of such personal info, specific permission must be
obtained. And images of individuals should not be used in a false manner.

Graphics that do not adhere to these guidelines will be recommended for
revision or will not be accepted for publication.

Embedded Rich Media

This journal has the option for authors to embed rich media (i.e. video and audio)
within their final article. These files should be submitted with the manuscript files
online, using either the “Embedded Video” or “Embedded Audio” file designation. If the
video/audio includes dialogue, a transcript should be included as a separate file. The
combined manuscript files, including video, audio, tables, figures, and text must
not exceed 350 MB. For full guidance on accepted file types and resolution please
see here.

Ensure each file is numbered (e.g. Video 1, Video 2, etc.) Legends for the rich media
files should be placed at the end of the article.

The content of the video should not display overt product advertising. Educational
presentations are encouraged.

Any narration should be in English, if possible. A typed transcript of any speech within
the video/audio should be provided. An English translation of any non-English speech
should be provided in the transcript.

All embedded rich media will be subject to peer review. Editors reserve the right to
request edits to rich media files as a condition of acceptance. Contributors are asked
to be succinct, and the Editors reserve the right to require shorter video/audio
duration. The video/audio should be high quality (both in content and
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visibility/audibility). The video/audio should make a specific point; particularly, it
should demonstrate the features described in the text of the manuscript.

Participant Consent: It is the responsibility of the corresponding author to seek
informed consent from any identifiable participant in the rich media files. Masking a
participant’s eyes, or excluded head and shoulders is not sufficient. Please ensure that
a consent form (https://authorservices.wiley.com/author-resources/Journal-
Authors/licensing/licensing-info-fags.html) is provided for each participant.
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