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RESUMO

O objetivo no presente estudo foi avaliar o desempenho da ferramenta reducao
de artefato metalico (RAM) em diferentes campos de visdo (FOV) de Tomografia
Computadorizada de Feixe Conico (TCFC) para detecgdo de istmo radicular em
molares inferiores restaurados com retentores intrarradiculares. Estudo experimental
ex vivo onde vinte e oito molares humanos inferiores foram submetidos ao exame de
micro-tomografia computadorizada (micro-TC) e avaliados em conjunto por
especialistas para detecgao dos istmos e estabelecimento do padrao de referéncia.
Os dentes foram submetidos ao tratamento endodéntico e posteriormente, divididos
em trés grupos: Grupo Guta-percha: dentes tratados endodonticamente, sem retentor
intrarradicular (n=10); Grupo pino metalico: dentes tratados endodonticamente e com
pino metalico pré-fabricado (n=9); Grupo pino de fibra de vidro: dentes tratados
endodonticamente e com pino de fibra de vidro (n=9). A aquisicao das imagens de
TCFC foi realizada variando-se o tamanho do FOV (10 x 5,5 e 5 x 5,5 cm) e a utilizag&o
da ferramenta RAM (“desabilitada”, “baixa”, “normal” e “alta”). Os exames de TCFC
foram avaliados por trés especialistas em Radiologia Odontoldgica, que identificaram
a presencga ou auséncia dos istmos radiculares nos tergos radiculares cervical, médio
e apical da raiz mesial dos molares inferiores, de acordo com uma escala de 5 pontos.
Quando considerados presentes, os istmos eram classificados em completo ou
incompleto. Para verificar a concordancia intra e inter-examinador foi utilizado o teste
Kappa ponderado. Para verificar a associagao entre o tergo radicular e o tipo de istmo
utilizou-se o teste qui-quadrado. Para comparacado dos diferentes protocolos de
aquisicdo com o padrdo de referéncia utilizou-se o teste de McNemar. Foram
construidas curvas ROC para obtengdo dos valores de acuracia, sensibilidade e
especificidade. A comparacao desses valores entre os protocolos aplicados e entre
0s grupos com e sem retentores foi realizada por meio de ANOVA dois fatores, com
teste pos hoc de Tukey (p<0,05). A concordancia intra e interexaminadores variou de
moderada a substancial. O teste qui-quadrado demonstrou associagao entre o tergo
radicular e o tipo de istmo (p < 0,05). A frequéncia de diagndstico correto para
avaliagao do istmo radicular em comparagao ao padrao-ouro variou significativamente
em todos os grupos, independentemente do protocolo de aquisicdo de imagem
selecionado (P <0,05). No grupo guta-percha, ndo houve diferenga nos valores de

acuracia, sensibilidade e especificidade entre os protocolos testados. Nos grupos de



pinos de metal e fibra de vidro, os valores de acuracia foram maiores com os modos
“‘desativado” e “baixo” da ferramenta RAM, independentemente do tamanho do FOV
selecionado. Isso também foi observado para os valores de sensibilidade no grupo de
pino de metal (P <0,05). Concluiu-se que o tamanho do FOV n&o afetou o
desempenho da ferramenta RAM e todos os protocolos testados apresentaram
diferengas significativas em comparagao ao padrao de referéncia. No entanto, o uso
da ferramenta RAM nos modos “normal” e “alto” produziu resultados piores e,

portanto, deve ser contraindicado para condicdes semelhantes as do presente estudo.

Palavras-chave: Artefatos. Tomografia Computadorizada de Feixe Cénico.

Diagnostico. Micro Tomografia Computadorizada. Retentores intrarradiculares.



ABSTRACT

The objective of the present study was to evaluate the performance of the metal
artifact reduction (MAR) algorithms tool in different fields of view (FOV) of Cone Beam
Computed Tomography (CBCT) for the detection of root isthmus in mandibular molars
with intraradicular posts. This was an ex vivo experimental study. Twenty-eight
mandibular human molars were submitted to micro-computed tomography (micro-CT)
exam and the data set for isthmus detection and establishment of the reference
standard. The teeth were prepared for endodontic treatment and later divided into three
groups: Gutta-percha Group: teeth treated endodontically, without intraradicular post
(n = 10); Metal pin group: teeth treated endodontically and with prefabricated metal
post (n = 9); Fiberglass post group: teeth treated endodontically and with fiberglass
post (n = 9). The acquisition of CBCT images was performed by varying the size of the
FOV (10 x 5.5 and 5 x 5.5 cm) and the use of the MAR tool (disabled, low, normal and
high). The CBCT exams were evaluated by three specialists in Dental Radiology, who
identified the presence or absence of the root isthmus in the cervical, middle and apical
root thirds of the mesial root of the mandibular molars, according to a 5-point scale.
When considered to be present, the isthmus was classified as complete or incomplete.
To check the intra- and inter- examiner agreement, the weighted Kappa test was used.
To check the association between the root third and the type of isthmus, the chi-square
test was used. To compare the different acquisition protocols with the reference
standard it was used the McNemar test. ROC curves were constructed to obtain the
values of accuracy, sensitivity and specificity. The comparison of values between the
tested protocols in groups with and without post was performed using two-way
ANOVA, with Tukey's post hoc test (P <0.05). The intra- and inter-examiner agreement
varied from moderate to substantial. The chi-square test showed an association
between the root third and the type of isthmus (p <0.05). The frequency of correct
diagnosis for assessing the root isthmus compared to the reference standard varied
complementarily in all groups, regardless of the selected image acquisition protocol (P
<0.05). In the gutta-percha group, there was no difference in the values of accuracy,
sensitivity and specificity between the protocols tested. In the groups of metal and
fiberglass posts, the accuracy values were higher with the “disabled” and “low” modes
of the MAR tool, regardless of the size of the selected FOV. This was also observed

for the sensitivity values in the metal post group (P <0.05). It was concluded that the



size of the FOV did not affect the performance of the MAR tool and all protocols differed
to the reference standard. However, the use of the MAR tool in normal and high modes
produced worse results and, therefore, should be contraindicated for conditions similar

to the present study.

Keywords: Artefacts. Cone Beam Computed Tomography. Diagnosis. Micro CT. Root
retainer.
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1 INTRODUGAO

A realizagdo de tratamento endoddéntico em molares inferiores representa um
desafio, em virtude da variabilidade da anatomia do sistema de canais radiculares,
com destaque para a presencga dos istmos radiculares (SERT et al., 2004; FAN et al.,
2010; PABLO et al., 2010; VILLAS-BOAS et al., 2011; VERSIANI et al., 2016;
TAHMASBI et al., 2017). O istmo constitui uma comunicacao estreita, em forma de
fita, entre dois canais radiculares, que contém tecido pulpar, também conhecido como
corredor ou anastomose transversa (KIM et al., 2016).

Estudos tém mostrado que a presenca de canais acessorios ou de um istmo
radicular s&o fatores limitantes durante o tratamento endodéntico cirurgico ou nao-
cirurgico, sendo uma das principais razdes para o insucesso (MANNOCCI et al., 2005;
PABLO et al., 2010; VILLAS-BOAS et al., 2011; PABLO et al., 2012; DUQUE et al.,
2017; TAHMASBI et al., 2017; KELES; KESKIN, 2018). Tal situagéo relaciona-se com
o fato de instrumentos de limpeza mecéanica, bem como de solugdes irrigantes
apresentarem pouca eficiéncia nessas regides (ENDAL et al., 2011; KELES et al.,
2016; DUQUE et al., 2017; KELES et al., 2018; KIM et al., 2018). Consequentemente
acontece a persisténcia de micro-organismos, mesmo quando o tratamento foi
realizado com padrdes aceitaveis e por um clinico experiente (ENDAL et al., 2011;
PECORA et al., 2013; VON ARX 2016; SILVA et al., 2019; SIQUEIRA-JUNIOR et al.,
2018).

De acordo com Von Arx (2016) a elevada prevaléncia de istmo nos primeiros
molares superiores e inferiores relatada in vitro por alguns estudos, foi confirmada em
seu trabalho in vivo através da inspecéo durante cirurgia endoscopica perirradicular.
O istmo se mostrou presente em 76% das raizes mesiovestibulares dos primeiros
molares superiores, em 83% de raizes mesiais de primeiros molares inferiores, e em
36% de raizes distais dos primeiros molares inferiores. Tal peculiaridade dos primeiros
molares inferiores serem os dentes que apresentam maior variabilidade de anatomia
radicular, assim como alta incidéncia de istmo, foi relatada por diversos estudos na
literatura (MARKVART et al., 2012; HARRIS et al., 2013; PECORA et al., 2013;
ESTRELA et al., 2015; WOLF et al., 2016; KELES; KESKIN, 2018, MARCELIANO-
ALVES et al., 2018).
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Buscando solucionar esses desafios, exames de imagem sao muito usados na
Endodontia clinica e laboratorial (ESTRELA et al., 2015), com destaque para a
radiografia periapical (SOUSA et al., 2017a; KOC et al., 2019). Entretanto, conforme
relatado por Pécora et al. (2013), para avaliar a microconfiguragdo do sistema de
canais radiculares esta € insatisfatéria, por ser um exame bidimensional. Assim, os
recursos tecnolégicos mais avangados e que tem tido melhores resultados, sao
exames tridimensionais, como a tomografia computadorizada de feixe cénico (TCFC)
na pratica clinica (MATHERNE et al., 2008; HASSAN et al., 2012; HELVACIOGLU-
YIGIT et al., 2016; NIKBIN et al., 2018; KOC et al., 2019), e a microtomografia
computadorizada (micro-TC) na investigacdo laboratorial (ENDAL et al., 2011;
ORDINOLA-ZAPATA et al., 2017; KELES; KESKIN, 2018, TOLENTINO et al., 2018).

A acessibilidade, o alto custo e a necessidade de conhecimento técnico elevado
sao limitagdes da micro-TC (KELES; KESKIN, 2018). Apesar de n&o ser possivel seu
uso clinico, ela fornece informag¢des mais precisas do que a TCFC (HARRIS et al.,
2013; ORDINOLA-ZAPATA et al., 2017; TOLENTINO et al., 2018). Isso € um dos
fatores que pode explicar resultados de investigacdes da morfologia tridimensional de
canais in vitro serem consideradas superiores aos métodos in vivo (WOLF et al.,
2016).

Ademais, a micro-TC € um método usado para investigar raizes de forma nao
destrutiva, sendo importante na reconstru¢cdo e analise dos sistemas de canais
radiculares, permitindo por exemplo, a comparag¢ado da morfologia dos canais antes e
depois de alguma intervencdo, utilizando dentes extraidos (FAN et al.,, 2010;
ORDINOLA-ZAPATA et al., 2017; SIQUEIRA-JUNIOR et al., 2018). Os primeiros
relatos de sua aplicagao na pesquisa endoddntica estavam vinculados a medicéo de
espessura do esmalte dos dentes e a comparacédo de técnicas de instrumentacao,
sendo posteriormente aplicada em pesquisas na detecc¢ao de istmos (MANNOCCI et
al., 2005). Atualmente, este € o método mais detalhado e preciso na investigacédo da
morfologia interna dos canais radiculares, a partir da reconstrugdo de imagens em
softwares que permitem a avaliagdo tridimensional, sendo considerado padréo de
referéncia (ORDINOLA-ZAPATA et al., 2017; MARCELIANO-ALVES et al., 2018;
SIQUEIRA-JUNIOR et al., 2018).

A utilizagdo da TCFC tem ampliado consideravelmente nos ultimos anos, tanto
na pratica clinica como em pesquisa cientifica (KIM et al., 2018; TOLENTINO et al.,
2018; CAMPELLO et al., 2019; KOC et al., 2019; PATEL et al., 2019b). De acordo
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com as diretrizes da Associacao Americana de Endodontia e da Academia Americana
de Radiologia Oral e Maxilofacial (2015), a TCFC deve ser usada apenas quando a
histéria do paciente e um exame clinico demonstram que os beneficios para o
paciente superam os riscos potenciais da exposi¢ao a radiagao X, bem como quando
as informagdes necessarias nao puderem ser alcangadas por radiografia
bidimensional de dose mais baixa (PATEL et al., 2019a; PATEL et al., 2019b). Dessa
forma, em casos de tratamento endodéntico de dentes com morfologia complexa, a
TCFC com campo de visao (field of view — FOV) limitado deve ser considerada uma
modalidade de imagem de escolha, desde que os critérios citados anteriormente
sejam respeitados. Destaca-se que a TCFC nao deve ser usada como exame de
rotina na Endodontia, sendo individualmente indicada (AAE, 2015; PATEL et al.,
2019a).

Segundo a literatura, a obtengdo de uma imagem com boa qualidade para
adequada visualizagao de estruturas anatémicas na TCFC, é diretamente influenciada
pelo protocolo de aquisicdo de imagens selecionado (HASSAN et al., 2012; NEVES
et al., 2014; CODARI et al., 2017). Esses protocolos vem sendo cada vez mais
pesquisados, visto a relevancia de uma correta indicagdo de acordo com as
informacdes clinicas de cada caso (SOUSA et al., 2017a; MARCELIANO-ALVES et
al., 2018). O projeto SEDENTEXCT e a Sociedade Europeia de Endodontia
(SEDENTEXCT, 2009; PATEL et al., 2019a), também destacaram importantes
diretrizes baseadas em evidéncias sobre o uso da TCFC aplicada a Endodontia, como
a importancia no ajuste desses protocolos para a radioproteg¢ao, destacando que a
dose de radiacdo depende do tipo de equipamento e dos parametros de exposi¢ao,
especialmente o FOV selecionado.

O FOV dos exames de TCFC é um fator importante para a visualizacdo dos
canais, uma vez que quanto menor o FOV utilizado, maior a resolugdo espacial da
imagem (TOLENTINO et al., 2018). Dessa forma, exames que utilizam FOV maior
apresentam pior qualidade da imagem, consequentemente, dificultando o diagndstico
(HASSAN et al., 2012; HELVACIOGLU-YIGIT et al., 2016; QUEIROZ et al., 2017b;
SOUSA et al., 2017a; TOLENTINO et al., 2018; KOC et al., 2019).

A inter-relacao do efeito de volume parcial com a qualidade da imagem, existe
pelo fato deste efeito limitar o diagnostico de estruturas pequenas e complexas,

influenciando nos resultados de sensibilidade (TOLENTINO et al., 2018). Isso ocorre



16

quando a resolugao do voxel da varredura é maior do que a resolugéo espacial do
objeto analisado (TOLENTINO et al., 2018; TOLENTINO et al., 2020).

O voxel por sua vez, é definido como o menor elemento de imagem, sendo
determinado por sua altura, largura e espessura (OZER, 2011). O tamanho do voxel
esta diretamente ligado a resolugéo espacial, sendo que quanto menor o tamanho do
voxel melhor a resolugéo da imagem. O alto contraste e resolugao espacial € um fator
essencial, devido a necessidade da riqueza de detalhes para examinar pequenas
estruturas como istmos radiculares (TOLENTINO et al., 2018).

Outro fator limitante em exames de TCFC é a formacgao de artefatos em casos
onde existem materiais de alta densidade presentes, tais como guta percha, pinos
metalicos ou implantes (NEVES et al., 2014; BEZERRA et al., 2015; HELVACIOGLU-
YIGIT et al., 2016; KAMBUROGLU et al., 2016; RABELO et al., 2017; FREITAS et al.,
2018; NIKBIN et al., 2018). Estes podem ser gerados e influenciados por diversos
fatores, como efeito de volume parcial (TOLENTINO et al., 2018), radiagdo secundaria
dispersa (RABELO et al., 2017; VASCONCELOQOS et al., 2019), protocolos de aquisicéo
de imagens (BEZERRA et al., 2015; HELVACIOGLU-YIGIT et al., 2016; FREITAS et
al., 2018) e, principalmente, em fungao das diferengas na atenuagao e absor¢ao dos
raios X por materiais de alta densidade, levando ao aumento da energia média do
feixe de radiagdo, fendbmeno conhecido como endurecimento do feixe
(KAMBUROGLU et al., 2016; KAJAN et al., 2018). A imagem resultante ent&o
apresentara estrias hipodensas (faixas escuras), estrias hiperdensas (faixas brancas)
e distorcao de objetos metalicos, que podem interferir na interpretacdo do exame,
acarretando erros de diagnostico (BEZERRA et al., 2015; QUEIROZ et al., 2017a).

Neste contexto, diversos métodos e algoritmos tém sido propostos para reduzir
os artefatos em TCFC. Um deles é a ferramenta de redugcdo de artefato metalico
(RAM), que é um conjunto de algoritmos que atuam na homogeneizagdo das
variagcdes dos valores de cinza e aumentam a relagéo de contraste-ruido (QUEIROZ
et al., 2017a; KOC et al., 2019). Seu uso tem sido testado em diversos estudos que
buscam ferramentas para aprimorar o diagndstico de condi¢bes como fraturas
radiculares, instrumentos fraturados, perfuragdes de furca, doengas periodontais e
periimplantites em regides que apresentem materiais de alta densidade e/ou elevado
namero atémico (BEZERRA et al., 2015; KAMBUROGLU et al., 2016; QUEIROZ et
al., 2017b; FREITAS et al., 2018; NIKBIN et al., 2018; CANDEMIL et al., 2019; KOC
et al., 2019; VASCONCELOS et al., 2019; COSTA et al., 2020).
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Apesar dos recentes avangos, o diagndstico por imagem dos istmos radiculares
ainda permanece um desafio na pratica clinica. Tolentino et al. (2018) relataram em
que mesmo utilizando parametros de aquisicdo que contribuam para uma maior
resolucao espacial na TCFC, os resultados nao permitiram uma detecgao confiavel de
presenca de istmo em comparagao com o grupo controle, analisado com micro-TC.

Helvacioglu-Yigit et al. (2016) realizaram avaliacédo do efeito de diferentes
protocolos de aquisicdo de TCFC, em relacdo a reducdo de artefatos metalicos
produzidos, em dentes obturados com quatro materiais obturadores distintos. Os
autores destacaram que determinadas variaveis como o dente escolhido, o tipo de
material obturador, kVp, voxel e a configuracdo da ferramenta RAM, resultaram em
diferencgas significantes quanto a quantificagcao dos artefatos gerados. Ainda conforme
relatado por Vasconcelos et al. (2019), a ferramenta de RAM apresenta
comportamentos distintos em diferentes FOV e na presenca de artefatos gerados por
materiais de diferentes numeros atdmicos, indicando que ainda sdo necessarios
estudos sobre a aplicagao e indicagao desses algoritmos de reconstru¢gdo em diversas
situacoes.

Diante de tais relatos na literatura cientifica, pode-se destacar que a qualidade
da imagem e os protocolos de aquisi¢ao estdo inter-relacionados, ressaltando-se a
importancia da escolha adequada das configuracdes de exposicao,a fim de otimizar a
qualidade da imagem, considerando também a redugdo das doses de radiagéo
segundo o principio As Low As Diagnostically Accpetable (ALADA) (NEVES et al.,
2014; HELVACIOGLU-YIGIT et al., 2016; QUEIROZ et al., 2017b; RABELO et al.,
2017; NIKBIN et al., 2018; KOC et al., 2019).

O uso de micro-TC e TCFC na pesquisa é cada dia mais comum (PECORA et
al., 2013; HELVACIOGLU-YIGIT et al., 2016; KELES et al., 2018). Ambos sao uteis
em estudos sobre a complexidade anatdbmica do sistema de canais radiculares,
incluindo o diagnéstico dos istmos, principalmente em situagdes desafiadoras, como
a presenca de retentores intrarradiculares.

Com base no exposto, a hipotese nula testada foi a de que a ferramenta RAM
nao influencia o diagndstico de istmo radicular em molares inferiores com retentores
intrarradiculares em imagens de TCFC obtidas com diferentes FOV. Este estudo teve
como objetivo avaliar o desempenho da ferramenta RAM em diferentes FOV de TCFC
para deteccdo de istmo radicular em molares inferiores com retentores

intrarradiculares.



18

2 ARTIGO CIENTIFICO

Artigo cientifico enviado para publicagdo no periodico International
Endodontic Journal, qualis CAPES Interdisciplinar A1. A estruturacdo do artigo

baseou-se nas instrugbes aos autores preconizadas pelo periddico (ANEXO B).

Title Page

Assessment of the metal artifact reduction tool in CBCT scans with different
fields of view for the detection of root isthmus in mandibular molars with

intraradicular posts

MLB Oliveira ', RB Junqueira 2, K Kamburoglu 3, N Eratam 3, EE Cakmak 3, G

Sonmez*, O Kiiclk 5, FS Verner 2

' Applied Health Sciences Post-Graduate Program, Federal University of Juiz de Fora,
Campus GV, Governador Valadares, Minas Gerais, Brazil.

2 Applied Health Science Post-Graduate Program and Department of Dentistry,
Federal University of Juiz de Fora, Campus GV, Governador Valadares, Minas Gerais,
Brazil.

3 Department of Dentomaxillofacial Radiology, Faculty of Dentistry, Ankara University.
Ankara, Turkey.

4 Dentistomo Private Dentomaxillofacial Imaging Center, Ankara, Turkey.

5 Department of Nuclear Medicine, Faculty of Medicine, Ankara University, Ankara,

Turkey.

Running Title: Assessment of the MAR tool in CBCT

Keywords: Artefacts; Cone Beam Computed Tomography; Diagnosis; Micro CT;

Tooth Root; Root Canal Filling Materials.

Corresponding Author: Kivang Kamburoglu, Department of Dentomaxillofacial
Radiology, Faculty of Dentistry, Ankara University, Ankara, Turkey.

Email: dtkivo@yahoo.com; kamburogluk@dentistry.ankara.edu.tr




19

Tel: + 903122965632;
Fax: + 903122123954

Abstract

Aim: To evaluate the performance of metal artefact reduction (MAR) tool in cone-beam
computed tomography (CBCT) scans by using different fields of views (FOVs) in the
detection of root isthmus in mandibular molars with intraradicular posts.
Methodology: This was an experimental ex vivo study. Twenty-eight human
mandibular molars were scanned by using micro-computed tomography in order to
serve as reference standard images. Thereafter, specimens were treated
endodontically and allocated into different groups according to the presence and/or
material of the intraradicular post: Gutta-percha group (teeth with no posts) (n = 10);
Prefabricated metal post group (n = 9); Fiberglass post group (n = 9). CBCT scans
were taken by using CBCT ProMax 3D Max device. Eight different image acquisition
protocols, with variations in the size of the FOV (10 cm x 5.5 cm and 5 cm x 5.5 cm)
and MAR tool (disabled, low, normal, and high mode) were utilized. The presence of
root isthmus was determined in the cervical, middle, and apical thirds of the mesial root
considering a 5-point scale. If present, root isthmuses were classified as either
complete or incomplete. Data were analysed by using weighted Kappa, Chi-square,
Mc Nemar tests, ROC curves (accuracy, sensitivity, and specificity), and two-way
ANOVA with Tukey's post hoc test (a = 5%).

Results: Intra- and inter-examiner agreement varied from moderate to substantial.
Chi-square test demonstrated an association between the root third and the type of
isthmus (P <0.05). The frequency of correct diagnosis for root isthmus assessment in
comparison to reference standard varied significantly in all groups, regardless of the
image acquisition protocol selected (P <0.05). In the gutta-percha group, there was no
difference in accuracy, sensitivity, and specificity values between the tested protocols.
In the metal and fiberglass post groups, accuracy values were higher with the
“disabled” and “low” modes of the MAR tool, regardless of the FOV size selected. This
was also observed for sensitivity values in the metal post group (P <0.05).
Conclusion: The MAR tool was not effective in reducing metallic artifacts, during the
diagnosis of root isthmus, regardless of the FOV used, in molars with intraradicular

posts.
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Introduction

The variability in the anatomy of root canal system poses a challenge for the
endodontic treatment of mandibular molars, specifically in the presence of root isthmus
(Sert et al. 2004, Fan et al. 2010, Pablo et al. 2010, Villas-Bbas et al. 2011, Versiani
et al. 2016, Tahmasbi et al. 2017). Previous studies showed that accessory canals or
root isthmuses could limit and negatively affect surgical or non-surgical endodontic
treatment leading to treatment failure (Mannocci et al. 2005, Pablo et al. 2010, Villas-
Boas et al. 2011, Pablo et al. 2012, Duque et al. 2017, Tahmasbi et al. 2017, Keles &
Keskin 2018). Hitherto, in order to assess three-dimensional microconfiguration of the
root canal system micro-computed tomography (micro CT) and cone-beam computed
tomography (CBCT) were successfully utilized, for in vitro research (Endal et al. 2011,
Ordinola-Zapata et al. 2017, Keles & Keskin 2018, Tolentino et al. 2018) and clinical
practice (Matherne et al. 2008, Hassan et al. 2012, Helvacioglu-Yigit et al. 2016, Nikbin
etal. 2018, Kog et al. 2019), respectively. Micro CT provides more accurate information
than CBCT, however its clinical use is not allowed mainly due to high doses of radiation
emitted to the patient, in addition to difficult accessibility, high cost and the need for
high technical knowledge (KELES; KESKIN, 2018).

Usage of CBCT showed a significant jump over the last years both in terms of
clinical practice and scientific research, once the three-dimensional images provide
great details, that even with limitations, allows changes in acquisition parameters in
order to improve quality of image (Kim et al. 2018, Tolentino et al. 2018, Campello et
al. 2019, Kog et al. 2019, Patel et al. 2019b). According to the guidelines of the
American Association of Endodontics and the American Academy of Oral and
Maxillofacial Radiology (2015), CBCT should only be used when the patient's history
and clinical examination indicate that the benefits of the tomographic scanning
outweigh the risks of radiation exposure, or when two-dimensional radiography is
insufficient to provide the required diagnostic information (Patel et al. 2019a, Patel et
al. 2019b). Therefore, considering radioprotection factors, CBCT with a limited field of
view (FOV) should be the imaging modality of choice for the endodontic treatment or
retreatment of teeth with complex morphology, as is the case of those with root isthmus
(AAE 2015, Patel et al. 2019a).

Artefact formation due to the presence of high-density restorative materials,

such as; amalgams, crowns, implants, gutta-percha and metal posts, may drastically
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reduce the diagnostic accuracy of CBCT scans (Neves et al. 2014, Bezerra et al. 2015,
Helvacioglu-Yigit et al. 2016, Kamburoglu et al. 2016, Rabelo et al. 2017, Freitas et al.
2018, Nikbin et al. 2018). High-density materials may produce variations in the
attenuation and absorption of X-rays, leading to an increase in the average energy of
the radiation beam, a phenomenon known as beam hardening (Kamburoglu et al.
2016, Kajan et al. 2018). The resulting image presents hypodense or hyperdense
bands, and distortion of metallic objects, which can interfere with the interpretation of
the image and result in misdiagnosis (Bezerra et al. 2015, Queiroz et al. 2017a). In
addition, factors, such as; the partial volume effect (Tolentino et al. 2018), scattered
secondary radiation (Rabelo et al. 2017, Vasconcelos et al. 2019), and different image
acquisition protocols (Bezerra et al. 2015, Helvacioglu-Yigit et al. 2016, Freitas et al.
2018) may all affect the formation of metallic artefacts.

Several methods and algorithms were proposed in order to reduce the extent of
artefact formation in reconstructed CBCT images. One of them is the metal artefact
reduction (MAR) tool, which is a set of algorithms that homogenize variations in
grayscale values and increase the contrast-to-noise ratio (Queiroz et al. 2017a, Kog et
al. 2019). This tool was tested in several studies in order to improve the diagnosis of
root fractures, fractured instruments, furcation perforations, periodontal diseases, and
peri-implantitis, in areas with high-density and/or high atomic number materials
(Bechara et al. 2013, Kamburoglu et al. 2013, Bezerra et al. 2015, Kamburoglu et al.
2016, Queiroz et al. 2017b, Freitas et al. 2018, Nikbin et al. 2018, Candemil et al. 2019,
Kog et al. 2019, Vasconcelos et al. 2019, Costa et al. 2020).

Helvacioglu-Yigit et al. (2016) assessed the effectiveness of different CBCT
acquisition protocols in reducing metallic artefact formation. The authors concluded
that the configurations of the MAR tool significantly affected the average number of
artefacts. The MAR tool presented different characteristics depending on the FOV and
the presence of artefacts generated by materials with different atomic numbers
(Vasconcelos et al. 2019). Hence, further studies indicating the application of these
reconstruction algorithms in diverse situations should be encouraged.

Despite the most recent advances, diagnostic imaging of root isthmuses still
remains as a challenge for the clinician. Even when acquisition parameters with higher
spatial resolution are used in CBCT scanning, the detection of isthmus may be less
accurate in comparison to micro CT (Tolentino et al. 2018). Previous literature suggest

that the image quality and acquisition protocols are interrelated, emphasizing the
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importance of correctly choosing exposure settings to optimize the image quality while
reducing radiation doses, according to the As Low As Diagnostically Acceptable
(ALADA) principle (Neves et al. 2014, Helvacioglu-Yigit et al. 2016, Queiroz et al.
2017b, Rabelo et al. 2017, Nikbin et al. 2018, Kog et al. 2019).

The anatomical complexity of the root canal system should be thoroughly
examined for endodontic success, especially in challenging situations due to artefact
formation and due to the influence of different acquisition protocols on the image
quality. To the best of our knowledge, the present study is the first to address such
parameters in teeth with a high prevalence of root isthmuses and in need of endodontic
retreatment. Therefore, the null hypothesis tested was that the MAR tool did not
influence the diagnosis of root isthmus in mandibular molars with intraradicular posts
when CBCT images obtained by using different FOVs were assessed. This study
aimed to evaluate the performance of the MAR tool in CBCT scans taken with different

FOVs in the detection of root isthmus in mandibular molars with intraradicular posts.

Materials and Methods

This study was previously approved by the Human Research Ethics Committee
at the Federal University of Juiz de Fora, under Protocol No: 3.675.856/2019, and was
structured according to the Standards for the Reporting of Diagnostic Accuracy Studies
(STARD) for of diagnostic accuracy studies (Bossuyt et al. 2015, Cohen et al. 2015).

Sample Selection

Forty-five first and second human mandibular molars recently extracted for
different purposes were obtained from a biorepository and used in this experimental
ex vivo study. Teeth were clinically and radiographically inspected for eligibility and
mandibular molars only with sound roots were included. Teeth with lacerated and/or
fused roots, endodontic treatment, intraradicular posts, fractured file in the canals,
internal or external root resorption, obliterated canals, pulp calcifications, and roots
with incomplete rhizogenesis, were excluded from the study. Teeth with cracks and
root fractures were also excluded according to diagnosis through transillumination
technique by using a high-power LED 1200 mW/cm? (Radii Cal, SDI, Victoria,
Australia). Finally, 13 teeth were excluded resulting in an n of 32. Thereafter, scaling
and root planning were performed on teeth, followed by bathing in an ultrasonic bath

for 30 minutes (Cristéfoli, Londrina, Parana, Brazil), in order to remove possible
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calculus or remaining cementum and bone tissue. All crowns were then sectioned at
the level of the cementoenamel junction by using ISOMET 1000 Precision Saw
metallographic cutter (Buehler, Lake Bluff, IL, USA) in order to avoid identification of
the teeth by the examiners.

Micro CT acquisition and evaluation (Reference Standard)

After sample preparation, all teeth were subjected to micro CT scanning (Super-
argus PET/CT, Sedecal USA Inc., Madrid, Spain), which served as reference standard
(Tayman et al. 2018). The images were obtained at 40 kVp, 140 mA and a voxel size
of 0.03 mm. Micro CT images were evaluated by consensus of an Endodontist and a
Dentomaxillofacial Radiology specialist to establish the reference standard -
presence/absence of isthmus in the cervical, middle, and apical root thirds, as well as
the type of isthmus (complete or incomplete) (Figure 1). The analysis of micro CT
scans was performed under the same observation conditions by using AMIDE software
(Amide's, a Medical Imaging Data Examiner, available at amide.sf.net, public domain)
on a 24" LCD screen (LG Electronics, Seoul, South Korea) with a screen resolution of
1920 x 1200 pixels and 16-bit color depth in a room with dimmed lighting.

Endodontic treatment

Once micro CT scans were obtained, endodontic treatment was performed on
the specimens by a single specialist, with 8 years of experience, in a standardized
manner. The length of the root canal was established when the tip of a file #10 (LK-
flexofile, Dentsply, Petrépolis, RJ, Brazil) reached the apex of the root patency. The
file length was measured, and the working length was set 1 mm below the actual
length. The teeth were then instrumented by using rotary files (ProTaper Universal,
Dentsply / Maillefer, Petropolis, RJ, Brazil). During instrumentation, four teeth suffered
instrument fracture inside the root canal, resulting in a final sample of 28 teeth.
Statistical power of the sample was calculated and indicated that the minimum sample
size was reached. All teeth were irrigated with 2.5% sodium hypochlorite, cleaned with
17% EDTA, and dried with absorbent paper tips (Dentsply / Maillefer, Petrépolis, RJ,
Brazil). The filling was performed with gutta-percha cones and zinc oxide and eugenol
cement (Endofill, Dentsply/Maillefer, Petrépolis, RJ, Brazil) through lateral
condensation technique.

Following endodontic treatment, specimens were randomly divided into three
groups based on the presence and/or material of the intraradicular posts (cemented

after clearance of 2/3 of the root length), as follows: GPG — gutta-percha group, teeth
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with no posts (n = 10); PMG - teeth with a prefabricated metal post (n = 9); FGG - teeth
with a fiberglass post (n = 9).

CBCT acquisition and evaluation

For CBCT imaging, each tooth was placed in the appropriately prepared
mandibular molar sockets of a dry skull along with its mandible. The dry skull along
with its mandible was covered with 2 cm. red wax as a soft tissue equivalent material.
ProMax 3D Max CT scanner (Planmeca, Helsinki, Finland) was set to the following
fixed parameters: 96 kVp, 7.1 mA, 15 s, 0.15 mm voxel size, varying FOVs (10 x 5.5
cm - DAP 1153 mGy*cm?; 5 x 5.5 cm - DAP 657 mGy*cm?) (Table 1). The MAR tool
was tested in disabled, low, normal, and high modes (Table 1 and Figure 2). The
artefact removal tool in Romexis software (Planmeca Oy) works as follows: the
software algorithm recognizes metal areas in the basic frames and corrects them by
interpolation, after which a three-dimensional volume is calculated from the corrected
basic frames and artefacts are reduced. The low—medium—high selection is the
threshold value to recognize the metal areas and the user can set the threshold value
for recognition. The threshold values are fixed and determined in the scanner: 8000
for low, 4000 for medium and 3500 for high MAR. The scale is 0-8191 (13 bit). CBCT
scans were evaluated by L.A.S., L.M.F. e 1.5.Q.B, three previously instructed and
trained specialists in CBCT image reading. During training sessions, images of eight
teeth which were not included in the present study were analyzed under the same
conditions of the full-length study. The examiners classified the presence or absence
of root isthmus in the cervical, middle, and apical root thirds of the mesial root,
according to a 5-point scale (Bezerra et al. 2015, Kamburoglu et al. 2016, Kog et al.
2019, Rosado et al. 2020), as follows: 1 - definitely absent; 2 - probably absent; 3 -
unclear; 4 - probably present; 5 - definitely present. The cases that scored 4 or 5 were
further classified according to the type of isthmus either as complete or incomplete.

Reconstructed CBCT images were analyzed under the same observation
conditions by using Romexis Viewer Software (Planmeca, Helsinki, Finland) on a 24"
LCD screen (LG Electronics, Seoul, South Korea) with a screen resolution of 1920 x
1200 pixels and 16-bit color depth in a room with dimmed lighting. Tools for image
enhancement, zoom, brightness, and contrast were also used, if needed. 3 weeks after
the initial evaluations, 20% of the sample was reevaluated (Bezerra et al. 2015), as

previously described, in order to calculate intra-examiner agreement.
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Data analysis

Kappa test was used to assess intra- and inter-examiner agreement. The
statistics were interpreted based on the following criteria: < 0.00 = poor agreement;
0.00 - 0.20 = slight agreement; 0.21 - 0.40 = fair agreement; 0.41 - 0.60 = moderate
agreement; 0.61 - 0.80 = substantial agreement; 0.81 - 1.00 = almost perfect
agreement (Landis & Koch 1977). The association between the type of isthmus and
the root third was determined by using the Chi-square test. The responses of the
examiners for different acquisition protocols in comparison to the reference standard
were analyzed by Mc Nemar test. Receiver Operating Characteristic (ROC) curves
were constructed to obtain accuracy, sensitivity, and specificity values for each
imaging protocol. In order to compare these values in relation to FOV and MAR tool,
two-way ANOVA with Tukey's post hoc test, was used. Data were analyzed in the
MedCalc version 11.2.1.0 (MedCalc Software, Oostende, Belgium) and Jamovi

version 1.2 (Jamovi Software, Sydney, Australia), considering a 5% significance level.

Results

The Chi-square test showed an association between the root third and the type
of isthmus (P < 0.05). A high prevalence of isthmus was observed in the cervical third
(85.70%, of which 60.70% were complete and 25% were incomplete) and apical third
(85.70%, of which 78.60% were complete 7.10% were incomplete). While the middle
root third had a lower overall prevalence of isthmus, it showed the highest prevalence
of the incomplete type (60.70%, of which 32.10% were complete and 28.60% were
incomplete).

Weighted Kappa statistics indicated moderate to substantial intra- and inter-
examiner agreement, as described in Table 2.

The frequency of correct diagnosis of root isthmus in comparison to reference
standard (micro CT) varied significantly for all groups, regardless of the image
acquisition protocol (FOV and MAR) (P < 0.05) (Table 3). Nevertheless, the use of
MAR in “disabled” and “low” modes was significantly related to a higher frequency of
correct diagnosis (Table 3).

Accuracy, sensitivity, and specificity values for the gutta-percha, prefabricated
metal post, and fiberglass post groups are shown in Tables 4, 5, and 6, respectively.

The gutta-percha group showed accuracy, sensitivity, and specificity values ranging
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from 0.612 to 0.719, 0.333 to 0.628, and 0.714 to 1.0, respectively. However, there
was no significant difference related to the FOV and the MAR tool.

In the prefabricated metal post group, accuracy values ranged between 0.565
to 0.854; sensitivity values ranged between 0.133 to 0.866, and specificity values
ranged between 0.666 to 1.0. Greater accuracy and sensitivity were observed in the
“disabled” and “low” modes of the MAR tool (P < 0.05), regardless of the FOV.

In the fiberglass post group, the values of accuracy, sensitivity, and specificity
ranged from 0.506 to 0.788, 0.111 to 0.777, and 0.388 to 0.944, respectively. Higher
accuracy values were observed in the “disabled” and “low” modes of the MAR tool,
regardless of the FOV (P < 0.05). There was no significant difference in terms of

sensitivity and specificity related to the FOV and MAR tool.

Discussion

Knowledge regarding the complexity of the root canal anatomy and its variations
is critical for the success of endodontic therapy (Marceliano-Alves et al. 2019,
Tolentino et al. 2020). The first and second molars are considered as teeth which
mostly present variations in the root canal morphology (Harris et al. 2013, Pécora et
al. 2013, Estrela et al. 2015, Wolf et al. 2016, Keles & Keskin 2018, Marceliano-Alves
et al. 2018, Tolentino et al. 2020). An example of the complexity of canal anatomy is
the presence of root isthmus, which is one of the leading causes of endodontic
treatment failure (Mannocci et al. 2005). Therefore, in the present study, we simulated
the real clinical conditions present in endodontically-treated teeth with intraradicular
posts, treatment failure, recurrence of symptoms, and the need for endodontic
retreatment.

Despite all advances in imaging technologies, metallic artefacts continue to be
a limitation for CBCT scanning of the root canal anatomy, commonly resulting in
misdiagnosis and overlooking the need for endodontic retreatment, as broadly
discussed elsewhere (Bechara et al. 2013, Kamburoglu et al. 2013, Bezerra et al.
2015, Kamburoglu et al. 2016, Queiroz et al. 2017b, Freitas et al. 2018, Nikbin et al.
2018, Candemil et al. 2019, Kog et al. 2019, Vasconcelos et al. 2019, Costa et al.
2020). There is mounting evidence in the literature on image acquisition protocols,
artefact behaviour, and how to minimize them, in clinical conditions, such as; root

fractures, peri-implantitis, periodontal defects, root perforations, as well as under- and
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over-instrumentation (Bechara et al. 2013, Kamburoglu et al. 2013, Bezerra et al. 2015,
Kog et al. 2019). Nevertheless, to the best of our knowledge, the present study is the
first to address such parameters in teeth with a high prevalence of root isthmuses and
in need of endodontic retreatment.

The apical third is the most critical area of the root due to the predominance of
isthmus and frequently incomplete cleaning by mechanical instruments and irrigation
solutions (Mannocci et al. 2005, Harris et al. 2013, Siqueira-Junior et al. 2018). The
findings of our study are in line with the existing literature, suggesting that there was
an association between the root third and the type of isthmus (Mannocci et al. 2005,
Harris et al. 2013, Pécora et al. 2013). We found a predominance for specific
classifications according to the root third. For example, complete isthmus was more
prevalent in the apical (78.6%) and cervical (60.7%) thirds, respectively, while the
middle third had a higher percentage for the absence of isthmus (39.3%).

Despite the continuous and cutting-edge progress in endodontic research,
cleaning and disinfecting root canal isthmuses remain as a clinical challenge since it
is considered the main reason for symptoms and bacterial persistence (Siqueira-Junior
et al. 2018, Tolentino et al. 2020). Therefore, imaging exams may provide accurate
diagnostic information in order to support treatment planning. Micro CT was used in
this study as the reference standard modality images since it is the most detailed and
accurate non-destructive approach to examine the internal morphology of root canals,
generating high-quality images (Ordinola-zapata et al. 2017, Marceliano-Alves et al.
2018, Siqueira-Junior et al. 2018). Since use of micro CT in clinical practice is not
feasible due to ultra-high radiation doses, CBCT serves as the preferred imaging
method for the analysis of complex root anatomy in the clinical scenario (Sedentexct
2009, AAE 2015, Patel et al. 2019a). In addition, CBCT is also a non-destructive,
accurate technique that allows for a three-dimensional analysis of anatomical
structures and their variations (Baratto-Filho et al. 2020), although artefact formation
in the presence of high-density materials is a major limitation of CBCT (Patel et al.
2019b, Vasconcelos et al. 2019).

In our study, the null hypothesis tested was that the MAR tool does not influence
the diagnosis of root isthmus in mandibular molars with intraradicular pins in CBCT
images obtained with different FOVs, which was accepted. Our findings indicated that
the CBCT images differed from those of the reference standard, regardless of the

image acquisition protocol used (P < 0.05). This finding highlights how challenging it
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may be to diagnose root isthmuses in the presence of metallic artefacts. Despite this,
in the group with prefabricated metallic posts, there was a higher percentage of correct
diagnosis when using the protocol with reduced FOV (5 x 5.5 cm) associated with the
use of MAR tool in “low” mode. This can be explained by the fact that small FOVs
provide higher spatial resolutions (Tolentino et al. 2020) and that the effectiveness of
the MAR tool in homogenizing of grayscale values and increasing the contrast-to-noise
ratio is directly related to the intensity of the artifacts, where the most pronounced ones
(usually caused by materials with a high atomic number, such as prefabricated metal
poles) make the MAR tool more effective (Queiroz et al. 2017a, Freitas et al. 2018,
Kog et al. 2019, Fontenele et al. 2020, Gaéta-Araujo et al. 2020).

The second-highest percentage of correct diagnosis of root isthmus was also
observed in the group of specimens with prefabricated metal posts, despite the use of
larger FOV (10 x 5.5 cm) and “disabled” MAR tool. This result suggests that MAR was
unnecessary for an extended FOV in the presence of more pronounced metallic
artefacts.

While it has been established that the size of the FOV is related to the quality of
the image because of the effect of scattered radiation and increased spatial resolution
(Brullmann & Schulze 2015, Kamburoglu et al. 2016), little is known about the
performance of MAR algorithms in different sizes of the FOV (Vasconcelos et al. 2019).
We found that there was no difference between the size of the FOV and MAR tool
settings. However, it is important to note that in both groups with posts (whether
metallic or fiberglass), the highest percentage of success was found with the smallest
5 x 5.5 cm FOV. These results should be interpreted with caution since the factor
“‘intracanal material” is a variable that can also be directly involved in the outcome
(Helvacioglu-Yigit, et al. 2016, Codari et al. 2017). Furthermore, one must consider the
direct relationship between the FOV and the radiation dose emitted to the patient. Of
note, the dose area product (DAP) is almost doubled when large FOVs are used, which
goes against the recommendations of the American Association of Endodontics (AAE
2015). Taken altogether, our findings indicate that the use of a smaller FOV is preferred
to optimize the radiation dose administered and to avoid misdiagnosis during the
analysis of tomographic images.

The fiberglass post group showed the lowest percentage of correct diagnosis of
root isthmus in comparison to reference standard when a larger FOV (10 x 5.5 cm)

and the MAR tool in "normal" mode were applied. This is consistent with the findings
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mentioned earlier, which suggested that a larger FOV reduced the quality of spatial
resolution and that the use of MAR tool was not effective in the presence of a fiberglass
post. This can be explained by the low atomic number of the fiberglass and,
consequently, its discreet artefact formation characteristics (Helvacioglu-Yigit, et al.
2016, Patel et al. 2019b, Vasconcelos et al. 2019, Gaéta-Araujo et al. 2020).

Fontenele et al. (2020) showed that the MAR algorithm was effective in reducing
artefact formation, especially when artefacts were more noticeable. Thus, it can be
said that the effectiveness of the MAR tool is causally associated with the intensity of
artefact formation in the presence of high-density materials, which explains why
fiberglass posts tend to form less pronounced artefacts (Queiroz et al. 2017, Patel et
al. 2019b, Vasconcelos et al. 2019). These findings are in line with those published
elsewhere suggesting that there was no significant difference between fiberglass posts
and the control group in terms of hypodense halo artefact formation (P > 0.05) (Rabelo
et al. 2017).

In the gutta-percha group, FOV and MAR settings did not significantly change
accuracy, sensitivity, and specificity values. These results disagree with those reported
by Kajan et al. (2018), who analysed the complexity of the root canal anatomy and
reported an increase in the number of correct diagnoses in all groups when using the
MAR tool in CBCT images, including specimens filled with gutta-percha. However,
mentioned authors suggested that the percentage of correct diagnoses was not related
to the use of MAR tool (Kajan et al. 2018). Likewise, Queiroz et al. (2017) evaluated
the effectiveness of the MAR tool in different materials and found that its application
was unnecessary in the presence of gutta-percha, since the artefacts formed by this
material were insufficient to meet the requirements for the optimal performance of the
MAR tool.

In prefabricated metal posts, greater accuracy and sensitivity were obtained
with the MAR tool “disabled” or set to “low” mode (P <0.05), regardless of selected
FOV. Kog et al. (2019) evaluated the diagnosis of endodontic conditions, such as
instrument fracture, strip perforation, canal underfilling and canal overfilling, by using
the MAR tool in different modes and were unable to find any significant difference
related to the use of the MAR tool. As the prefabricated metal post has a high atomic
number, possibly it generates major artefacts and thereby meets the requirements of
the MAR tool, although better outcomes were observed with the MAR tool disabled

and/or in “low” mode.
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Collectively, our results suggest that “medium” and “high” mode MAR tends to
generate grayscale homogenization and alter the noise-to-contrast ratio. Although it
reduces metallic artefacts, as reported by Bezerra et al. (2015), when dealing with the
diagnosis of complex structures, such changes make it difficult to distinguish root canal
features (e.g., root isthmuses) from artefacts as well as from the surrounding dentin.
Therefore, we do not recommend using the MAR tool in normal and high modes to
detect root isthmuses in endodontically-treated teeth with intraradicular posts.

Using the same device, we used in the present study (ProMax 3D), Vasconcelos
et al. (2019) demonstrated that the MAR tool performed better if it was associated with
the largest FOV tested by them (10 x 5 cm). However, although these results indicated
a good performance for the MAR tool in the ProMax 3D device operating with a large
FOV (10 x 5 cm), our study simulated ex vivo conditions that mimicked almost the
same real clinical environment.

As previously reported, the performance of the MAR tool may be satisfactory in
reducing artifacts, but not necessarily when it comes to improving the diagnosis of
conditions and variations of the root anatomy, in the case of detecting the second
mesiobuccal canal in first molars (Rosado et al. 2020), root fractures (Bechara et al.
2013, Bezerra et al. 2015, Kog et al. 2019), peri-implantitis and periodontal defects
(Kamburoglu et al. 2013), root perforations (Ko¢ et al. 2019), under- and over-
instrumentation (Kog et al. 2019) and root isthmus.

Although we used a dry skull with the mandible coated with 2 cm-thick wax to
position the teeth and simulate soft tissues, the patient's positioning and movement
variables were not evaluated in this study ex vivo, which can directly influence the
quality and resolution of the image obtained, it is important to consider that due to
these factors, clinically different results can be obtained. Despite their limitations, ex
vivo CBCT studies are the only methodological approach through which it is possible
to obtain repeated images in order to compare different protocols, which is not allowed
in patients due to radioprotection concerns (AAE 2015). Moreover, micro CT is a
laboratory examination method that cannot be used in routine clinical practice (Harris
et al. 2013, Ordinola-Zapata et al. 2017, Tolentino et al. 2018).

Further research is needed to clarify current conflicting evidence and to evaluate
other image acquisition protocols associated with the MAR tool for the diagnosis of
root isthmus and other conditions of the root canal system. The diagnosis of root

isthmus continues to be a challenge and this fact was also confirmed by poor accuracy
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and sensitivity and high specificity values associated with significant variations of all

protocols in comparison to the reference standard.

Conclusion

Within the limitations of the present research, the MAR tool was not effective in
reducing metallic artifacts, during the diagnosis of root isthmus, regardless of the FOV
used. All tested protocols showed significant differences in comparison to the
reference standard. However, the use of the MAR tool in normal and high modes
yielded poorer outcomes and therefore should be contraindicated for conditions similar

to those of the present study.
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Figures

Figure 1: Axial micro-CT sections showing representative cases of missing isthmus

(a), incomplete isthmus (b) and complete isthmus (c).
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Figure 2: ProMax® 3D Max axial slices of a teeth with prefabricated metal post, with

the tested protocols.
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Tables
Table 1: ProMax 3D Max protocols tested.
Protocol KV mA t(s) DAP FOV (cm) VOXEL MAR
(mGy*cm?) (cm)

1 96 7.1 15 11563 10 X 5.5 0.015 disabled
2 96 7.1 15 657 5x56.5 0.015 disabled
3 96 7.1 15 11563 10 X 5.5 0.015 low
4 96 7.1 15 657 5x56.5 0.015 low
5 96 7.1 15 1163 10 X 5.5 0.015 normal
6 96 71 15 657 5x55 0.015 normal
7 96 71 15 1153 10X 5.5 0.015 high
8 96 71 15 657 5x5.5 0.015 high
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Table 2: Weighted Kappa values for intra and inter-examiner agreement.

Evaluator 1 Evaluator 2 Evaluator 3
Evaluator 1 0.795 0.489 0.598
Evaluator 2 - 0.732 0.521

Evaluator 3 - - 0.706
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Table 3: Frequency of correct diagnosis of the root isthmus according to the CBCT protocols, for each group, in relation to the reference standard

(microTC).
Gutta-percha Prefabricated metal post Fiberglass post
FOV (cm) FOV (cm) FOV (cm)

MAR 10 x 5.5 5x5.5 10 x 5.5 5x5.5 10 x 5.5 5x5.5
% P VALUE* % P VALUE* % P VALUE* % P VALUE* % P VALUE* % P VALUE*
Disabled 42.06 P < 0.0001 44 .44 P < 0.0001 71.42 P =0.0001 69.84 P =0.0192 57.14 P < 0.0001 63.49 P < 0.0001
Low 50.79 P < 0.0001 44 .44 P < 0.0001 69.84 P =0.0007 73.01 P =0.0127 57.14 P < 0.0001 57.14 P < 0.0001
Normal 39.68 P < 0.0001 39.68 P < 0.0001 38.09 P < 0.0001 44.44 P < 0.0001 31.74 P < 0.0001 34.92 P < 0.0001
High 39.68 P < 0.0001 38.88 P < 0.0001 42.85 P < 0.0001 34.92 P < 0.0001 34.92 P < 0.0001 33.33 P < 0.0001

* P Value: McNemar Test
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Table 4: Values of accuracy, sensitivity and specificity, according to the CBCT protocols, for the gutta-percha group.

Accuracy Sensitivity Specificity

MAR FOV (cm) FOV (cm) FOV (cm)
10 x 5.5 5x5.5 10 x 5.5 10 x 5.5 5x5.5 10 x 5.5
Disabled 0.654 Aa 0.717 Aa 0.485 Aa 0.628 Aa 0.809 Aa 0.714 Aa
Low 0.719 Aa 0.633 Aa 0.590 Aa 0.457 Aa 0.809 Aa 0.809 Aa
Normal 0.656 Aa 0.617 Aa 0.333 Aa 0.333 Aa 0.952 Aa 0.904 Aa
High 0.670 Aa 0.612 Aa 0.333 Aa 0.361 Aa 1.000 Aa 0.904 Aa

Different capital letters indicate a significant difference between the different FOV in the same line (P < 0.05, ANOVA two factors, Tukey post hoc test).
Different lowercase letters indicate a significant difference between the MAR tool in the same column (P < 0.05, ANOVA two factors, Tukey post hoc test).



Table 5 Values of accuracy, sensitivity and specificity, according to the CBCT protocols, for the prefabricated metal

post group.

Accuracy Sensitivity Specificity

FOV (cm) FOV (cm) FOV (cm)

MAR
10 x 5.5 5x5.5 10 x 5.5 5x5.5 10x 5.5 5x5.5

Disabled 0.854 Aa 0.782 Aa 0.777 Aa 0.866 Aa 0.888 Aa 0.666 Aa
Low 0.828 Aa 0.797 Aa 0.755 Aa 0.800 Aa 0.888 Aa 0.777 Aa
Normal 0.565 Ab 0.605 Ab 0.133 Ab 0.222 Ab 1.000 Aa 1.000 Aa
High 0.598 Ab 0.620 Ab 0.200 Ab 0.400 Ab 1.000 Aa 0.833 Aa

Different capital letters indicate a significant difference between the different FOV in the same line (P < 0.05, ANOVA two factors, Tukey post hoc test).

Different lowercase letters indicate a significant difference between the MAR tool in the same column (P < 0.05, ANOVA two factors, Tukey post hoc test).
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Table 6: Values of accuracy, sensitivity and specificity, according to the CBCT protocaols, for the fiberglass post group.

Accuracy Sensitivity Specificity
FOV (cm) FOV (cm) FOV (cm)
MAR
10 x 5.5 5x5.5 10 x 5.5 5x5.5 10 x 5.5 5x5.5

Disabled 0.719 Aa 0.788 Aa 0.533 Aa 0.622 Aa 0.833 Aa 0.888 Aa
Low 0.738 Aa 0.741 Aa 0.422 Aa 0.711 Aa 0.944 Aa 0.722 Aa
Normal 0.524 Ab 0.506 Ab 0.355 Aa 0.133 Aa 0.722 Aa 0.944 Aa
High 0.527 Ab 0.570 Ab 0.111 Aa 0.777 Aa 0.944 Aa 0.388 Aa

Different capital letters indicate a significant difference between the different FOV in the same line (P < 0.05, ANOVA two factors, Tukey post hoc test).
Different lowercase letters indicate a significant difference between the MAR tool in the same column (P < 0.05, ANOVA two factors, Tukey post hoc test).
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3 CONCLUSAO

A ferramenta RAM n&o se mostrou eficaz na reducédo de artefatos metalicos,
durante o diagnostico de istmos radiculares, independentemente do FOV utilizado. No
entanto, o uso da ferramenta RAM nos modos “normal” e “alto” apresentou
desempenho pior e, portanto, devem ser contraindicados para em situacdes

semelhantes as do presente estudo.
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Trust and ramiers of the Research Coencls Uk (RCUI or the Austrian Science Fund (FVFY yau will be
gven the opportunity to publish your article under a CC-BY licenss supparting you in comalying with
Wellcame Truss and Research Cauncls UK requitements. For more informatian an this paiicy and the
Journal's compliant self-archiving policy please st

OnlinaOpen

inline@ipen is available to authars af primary research articles who wish tn make thair article avadable e
non-subscribers an publicstion, or whoss funding agsncy requines grantess 1 sechive the sl version of
their article. With Gnlinedpen, the author. the authar's funding agency, or the author's Instiution pays a
fre to-ensure that the artcle is made avadable ta nonsubserbars upon publication wa Wiay Onling
Liltary, st well a5 depesited |n the fundifg ageney's preferred sthive. Far the full st of tarms and
conditions, see

en.Terms

Any suihors wishing to send {hesr papes OnlineOpen will be required e compiela the paymend Torm
available from aur website st

b | arderssp

Priar ta acteptance thers is na requiremant to inform an Edearial Office that yau mtend ta publish your
pager DnlineOpen i you de mot wish to, All OnlineCpen articles are treated In the seme way a5 any othis
artidle. They go through the journal's standard peer-review process and will be accepted or rejecied
biased an thair cwn maerit

. MANUSCRIPT SUBMISSION PROCEDURE

Manserlpts should  be  submited  eleavenically & the  anline  Submissian  site
g | The use af an oaline submissian and pasr review site enables

immediate di nat and spesds up the review process it siso allows

AUThGrs: t 1rACK The sTatus of Their own Ianuscrges, Complete iNSructions for submitting & paper &

avallable anline and below. Further asastance can be abtained from fjeditor@cardiff.acui

3.1. Gatting Startad
« Laurich your web browser (supiported browsers includs Internet Explorer 5.5 or higher, Safari 1,14, or
Firsto 104  or  highert and  ga  to  the  journalt  online  Submisslon  Site:

* Lag-in, ar f you are s new user, dick on register here'.

* If i STE FRESIENAE A5 3 NEW Wser,

. Aftor clidang on ‘register hore', enter your rame and e-mail informatian and click "Next!. Your e-mail
infarmation ks wery Important.

- Enter your Institution and sddress information as appropeate, and then chick Mest

- Entor a user 10 and password of your choics [we recammand wsing your a-mall address a5 yaur user 3]
i ther select your areas of expertise. Click Finsh',

+ I you are regismered, bt have forgotten your log In Setalls pleass ented your e-mad address
under 'Paswword Heldp'. The systerm will send you an astomabe user 80 and a new termparary passwaord.

* Lag-in and select Authers Cantre '

2.3 Submitting Your Manuscript

= After you have Sogged into your ‘Author Tentre', submit your manusceps by clicking an the submission
link unger ‘Author Resaurces’

» Bt dala sncl andwer questions 33 apprapriste. You may capy and paste directly from your manuseripl
and yru may uplnad yrur pea-praparsd couering fatar.

* Click the "Next’ button an each screen 10 save your wark and advancs to the next screen.

= Yau @ reguired fo upload your files

awmEH imamatinel Endodants boumal

- Chick an the 'Bremwse’ buttomn and keate the Tile on your compater,

- Selart the designatian of each fiks inthe drop down next 10 the Browse button.

~When you have selected all files you wish ta uploard, dick the ‘Uplaad Fles’ butian,

= Review pour sulirnission o HTML and PDF fermath before completing your suberission by sending it to
the journal, Click the 'Submit' button when you arg finishod reviewing,

ORCID

A5 part of the journals commitment to supporing suthors at every step of the publshing procass.
inferntinnm Endodants journal requires the submitting adthoe [anly] to provide an OROID @ when
subminting & manuscripr. This takes araund 2 minutes 10 complete. Please ses Wiley's resources on
ORCID hare.

3.3. Manuscript Files Accaptod

Manuscripts shauld be uploaded a5 Weed ( dac) o Rich Test Format | oty files (nak write-prosteed) plus
sepasate figure flles. GIF, JPEG, PICT or Bltmap files are acceptabie for submissan, but anly high-
resalution TIF or EFS filas are sultable for printing, The files will be sutematically convarted to HTML and
PDF on uplasd and will be used for the review process, The text lie must contain the sbslract. main lest,
relerences, tables. and figure lagends, but no embedded fgures of Tafe page The Tite page shoudd be
uplnaded az a separata file, In the main toxt. please reforance figurns &5 far instance Figurs 17, ‘Figurn 2'
et to match the tag hame you thapss foe the indiiduad figure files Uploaded, Manuseripts should be
Fermatted a5 dezcribad in the Author Guidelines below,

3.4. Blinded Review

Manuscript thar do nat conform te the gereral aims and scopr of the journal will be returned

imenediately withoul review. Al other maruscripts will be reviewed by experts i the fidd {generally tho

refereac), International Endodontc joumal aims to ferward referces’ comments and o mform The

corresponding author of the resull of the review process. Manuscrigis will by considered Far fast-frack
ian under special ci i sttatian with the Editos.

Internationat Endodonts Journal uses doubde blinded reveew, The nares of the reviewers will thus rat be

discased to the authar ssbmitting a paper and the nameqs) of the autharisj wil not be disclosed 1 the

Fevleers

To allow double Blinded reyview, please submit fupload) your man manuscript and ttle page as separstes

Files,

Pledse uphoad.

* ¥our manuscript without ttke page under tha file designation 'main dacument

« Figuire fibes undes the file designation figures'

= The title page and Adoiowedgements whers applicabde, should be uploaded under the file designation

“fitle page”

Al documents uploaded under the f@e designation it page’ will not be viswable = the himl and pdl

Format you are asked o review in the end of the sn.mmisslon process, The files viewabla in tha htm| and

pdf format are the files availabl the reviawier in th

35 of Mid-way in the ess

Yais misy suspend a submissian ot any phase befare clicking the Submit’ Buttan and save i 1o subamit
later, Tha manuscrgt can then be located under Unsubmimed Manuscripes’ and yau can dick on
*Continue Submissinn’ to cantinue your submissian when you chaoss to

2.6 E-mail Confirmarion of Submission

After subrnizsion pau will receive an e-mail te conlirm receipt ¢ yous manuseriat. If yau de nol recelve
the confismation e-mad after 24 hours, please chack your e-mail address carefully in the system. If the e
mail address is carrect please contact your |1 department, The errar may be caused by some sort of spam
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filbaring on your ermail server. Also, the e-mails should be recessed if the T depsriment adds our e-mail
servar luranus scholarone.comi to thelr whielist.

3.7 Manuscript Starus
You can access SthalarOne Manuscripts any time to check your ‘Author Certre’ for the status of your
rranuseripL. The faurnal will nform you by e-meil anos 3 decision has besn made.

1.8 Submission of Revised Manuscripts

T Subimet @ revsed manuscript, lacate yeur manwscrpt under "Manusoriges with Decistons™ and dick on
‘Submit a Resision’. Please remember o dolete any oid files uploaded when yau uplead your revised
rarsCrpL.

4. MANUSCRIPT TYPES ACCEPTED

Original Scientific Articles (includes Clinical Research (randomized control trials. cohort studies,
case control studies, eross sectional studies, case series), Basic Research - Blological, Basic
Raesearch - Technical and Education): must describe sgrdicant ard original esperimensal obss rations
and provide sufficent detail 2o that the observations can be critically evaluated and, if necessary,
repeated. Original Sentific Articles must conform tothe hghest ntermational standards in the Tield,

Review Artiches (systematic and narrative) sre accepied for their broad gemersd interest all are
refaread by exparts in tha field whe are asked to comment an ssues such as tmsliness, general inerest
and balanced trestment &f controversies, s well ac an seeptific seouracy. Reviews shauld generally
include a clearky defined Search strategy and fake a broad view of the field rather than merely
summarizng the literature Extensive or unbalanced citation of the authors” cwn publications is
discauraged.

Clinical Techniques: are suited to describe significant improvements in clinical practics such as the
report of 3 noval Technique, 3 bresktiraugh In technodogy af practical Sppeoaches 1o recogrised dlinkcal
challengrs, They should confarm t the hightst soentific and dinical pracice standards

Case Reports: (lustrating unusua and clinsaly rilevant chsenvations are aciepiatls but they must b of
sulficiently high quality to be considersd worthy of publication in the Journal. ©n rare pccasions,
compliated cases displaying men-cbviows seltions to significant cinical challenges will be considared.
ustrative material must be of the highest guality and healing siteomes, i appropriate, should: be
desminstrated.

Joarraf encaursges submission of adjuncs fo printed
pagers via the supp ‘websie (588 ol sugporting infarmation below). It is
encouraged that authars wishing 1o describe noved procecheres ar llussrate cases mane fully wish figanes
and/or video may wish Lo ulilise this faciy.

Letters to the Editor: are alsc acceprable.

Mesting Aeports: are also acceptable.

£ MANUSCRIPT FORMAT AND STRUCTURE

5.1, Format
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Language: The language of publicatien is Enghish. |t Is preferrad that manuscript Is professionally edited.
Presentation: Authors should pay special attentian to the presentation of their reseasch Findings or
clinical reports sa that they may be communicated dearly. Teshnical jargen should be aveided as much a5
possible and clearly explained where its use is wnavordable. Abnrwmnm's shaould IJED be Kept toa
i, partivularly thase that are not ssandard Thy i the sy,
a5 wiell as its maln conelusions, shauwld be daarly !rnla«nﬂ nlles and anstracts esneﬂaﬁ,' shauld he
vreten in language that will be readily intelligible fo any scentist,
Arvicle Preparation Support: Wilsy Editing Sarvices offers expert hetp with Enghsh Language Edaing. as
veedl as translation, figure and graphiral abstract
design - 5o yau can submit yaur manuscrpt with canfidence. Nsu check out our resources Foe Preparing
for generalgumn(eahmv( M!hﬂzanﬂprepinn!\rour [UEETE S

val it Journal adheres to the corventsans cutlined in Units, Symbols
and Apbreviations: A Guide for Medical and Stentfic Editors and Authors. When non-standard tenms
appearing 3 or more bmes n the manusoript are to be abbreviated, they should be written aut
completily in the text when first used with the sbbreviation in parenthess,

S22 Structurs
all manuscripes submited to internatianal Endadantic fearnar should indude Title Page, Abstracs Main
Tast, Refrrences and Ackncwledgements, Tables, Figures and Figure {rgends a5 appropriate

Tide Page: The title page shauld bear. (1) Tele, which showld ba concise as well as descriptve: (4 Initialis)
and last (family} name af sach suthor; ) Narme and sddress of departmant, haspital oo institution 1o
which wirk shuld be attributed; (vl Bunning tike ino more chan 30 lemers and spaces), i Mo more than,
st lmywords fin alphabetical orderl: (v Mame, ull postal address, telephone, fax number and gamail
axddress af suthar respansibbe for correspandence.

Abatract for Original Stientific Artides should be na more than 350 words gang details of what was
done usng the follewing structure

* Adm; e a clear statement of the main am of the study ard the main hypathesis tested, i any,

= Methodolegy: Describe the methsds adopted inchuding, a5 appropeiate, the design of the study, the
SREERE, Rrery requirements far subjects, use of materials, cutcome maasures and statistos] tess,

+ Results: Give the main results of the atudy, including the cutceme of any stalistical anahysis.

» Conelusions. Stare the primary conclusions of e study and thelr Implications. Sugaest areas for
Fusrthar research, I appeopriate,

Abstract for Systematic Review Articles should be no more than 350 words using tha follawing
striacture where applicable:

# Title: idantify the report 35 a systematic reviow, meta-anatysis, or hoth,

* Background: #ravide s kel infraduction of the subject and why it is Important.

« Objectives: The ressarch question Incuding P siich a3 scipan!

comparatars, and outcomes. Use PICC format.

» Methods: Briefly degcribe ) the inclusian criteria 6] provide databases searched and dates, il] mention
the method used to sssess study quality {risk of L35 v meta-analysis mechodology 0F approprlatel.

* Rasults: s Number and type &f included stuties and participants i) Fesuits for main outcomes (benefits
and harm). If & mela-analysic was wodestakes, inchede surmmary messures and confidence ntensals. i)
direction of the effect interms that are meanmngiul to dinlcians and patients.

+ Discussion: i} Sirengths and () mitations of evidence,

» Conclusions: General interpretation of the resuhs and important implicaticas.
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= Funding: Primary source af funding for the resiew il na funding: &y ‘none).
= Registration: Registration numbier and nama.

Abstract for Review Artlcles [narrative)
The Abstract sheuld be unstructured and no more than 350 words.

Abstrace for Clinical Techniques and Case Reparts showd be ne mere than 350 werds using the
ToSawing structure:

= Admy: Give 3 clear statemant of the mam aim of the report and the dinical problemn which is addeassad,

= Summary, Describe briefly the clinical ischnigue(s) ar the case reportis)

* Key learning points. Proside Up to 5 short, bulet-pointed staterments to ghlight the key messages of
tha raport. Al paints must ba fully jstified by matarial prasented in the repart.

Main Text of Original Sclentific Artiche shoutd indude Introductan, Materake and Methods, Resuls
Distussion and Condusion:

= Intreduction; showkd be focused, outiming the histonkat or lagica! origing of the study ang gaps In
knowledga, Exhaustive literasure reviews are nat appeograte. it should closs with the explicit stacermsnt
ol the spedific alms of the miestization, of Hypothedls 1o be tested

= Material and Methoes: must contain suffioant datall such that, in combnatan with the refarances
cited, all clinical trials and experiments reported can be fully reproduced,

(i) Chinteal Trials should be reported using the PRIRATE 2020 guidelines, A FRIFATE 2020 checklist
st he completed and induded akang with & flaw diagram (as a Fgure) in the submission materfal
These are svailatile at o
(i) Experimontal Subjacts: sxperimentation mn.ulv!ng hurn:n s-::prs will aaly be published if such
research has been o ull principles, including the World fedical
Association Daclaration of Helsinkl (version mn: arm the additional requirements, I any, of the
cauntry whare the ressarch has been camed aut. Mamgscnpts msst be accompanied by a
aratement that the experiments were underlaken with the understanding and written comeim of
#ach subject and according fo the above mentioned prindples. 4 statensant regarding the fact that
the study has been independently seviewnd and apgraved by an ethical board should also be
included. Editors reserve the right ta reject papers | there are Boubts as tm whether appropriate
procedures have been used,

When experimental animals sre wed the methods sedion must dearly Indicate that adeguates
MBEMNes wWern taken 1o minimize pan or discomfort, Expanmants should be carred ous in
accardance with the Guidelines laid down by the Mational Instiure of Healh [MIB) in the USA
fogarding the care and use of snanals for experimental procedures of with the Europesn
Cammunaties Councll Directive of 24 Movernber 1926 (35/60%EECEH and in accardance with Incal
laws and regulations.
A8 studies using human ar animal subjects should include an expit statemant in the Mazerial and
Methods section identiying the review and ethics committee approval for =ach study, If applicable.
Editors reserve the right 1o reject gapers [f tere s deabt as to whather appropriate procedures
have heen used.
(i) Suppiters: Supplers of materials shoud be named and their location (Company, Townlcity,
srare, cauriry] inchded.
= Resulbts: should present the observations with minimal reference ta earlier Berature of to possile
Intemretamns Diata shoukd not b2 duplicated in Tabdes and Figures.
; ey wsefully start with a brief surmmary of the majar findings. but repetition of parts of the
abstract of of the resilts section should be avolded. The Discussion section should progress with a review
of the methodetogy befora distussing the results in light of previews wark in the field, The Proussion
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should end with a briel canclution and a comment on the potentisl dinical refevance.of the findings.
Statements and interpretation of the data should be appropeataly supparted by onginal refarences.
+ Canchesion: should contam a summary af the findings,

Main Tawt of Systematic Reviow Articles should be divided inta Introduction, Methads, Results and
Conchisions:

= Introduction; Showkd be facwsed 1 place the subject matter m contest and to justify the necd for tho
revigw.

* Method: Dvvide wito logical sub-sectsons in order to smprove readability anid enhance understanding
ie.g detalls af protocod registration, literature search process, Inclesiondexclussan criteria, data exiractian,
quality assesement, sutcomers) of interest, dara synthesis and statistiosl analysis guality of evidence).

« Results: Present in siructured fashion (8.6 resulis of the szarch process, characieistics of Lhe included
studios, resuls of prmary by i | analysis, "y bias, quality of ovidance).

» Diseussion: Showld summarize lherumlls. highlighting campleteness and applcability of evidence,
quality of essdance, agreements and disagresments with ather stisies o reviews, strengzh and
lirmitatians, mplcatians far pracice and research,

» Conchusion(s): Section shoald rench dear contusions andior recammendations an the basis af the
ewdence presented,

Main Text of Review Articles should be divided into Introduction, Review and Conchusions. The
Introdiction section shauld be focused fa place the subject matter in contest and to justiy the need for
the review. The Review sectin shookd be divided Into logicsl sub-sections in order o imarave resdabilicy
and enhance understanding. Search stratagies must be described and the sa of state-ofthe-art
eadencebased systematic approaches is cxperier. The: use af tabulated and llusirative materiad s
encouraged. The Conclucion ection should resdh deas condusions andfor recommendstans an the
basis of the ewdance prasented

Main Text of Clinical Technlques and Case Reports should be diided into Introduction, Repo,
Discussion and Canchmion. They should be well illustrated with clirical images, radiopraphs, diagrams
and, where appregriate, supporting tabdes and graphs. However, all llustrations st be of the Feghest
quality,
Cate raports should e written using the Prefarred Reparting liems far Case reports in Endadortics
(PRICE) 2020 guidalines, & FRICE checkllstand flowchart |33 a Figure) should alse be cemplatad and
inclusded in the submission material. The PRICE 2029 checklist and fiowchart can be downlaaded fram:
arplprige’

it Is recommended that authars consult the fallowing papers, which esplains the rasionale for the PRICE
030 ires and their enp b wariting; ¢

Hagmndrababu ¥, Chong BS, Mrf:bnﬂ. Shah P, Prly:I— Jayaraman |, I‘ullkkoﬂlsj Smw FL. Sunds

8T, Dumerser PRHL. PRICE 2020 gy for reparting poris in

nasedﬂzvelopmur_ I, Endwj 2020 Feb 23, dod: 10.1217758),13285

bmed/Az#0342]

nim,nik

Hagendrababu V, Chang BS, McCabe P, Snah PK. Priva £, layaramaﬂj Pulikkotil 5, Durmmner PRE.
#RICE 2020 guidebnes for reparting case reparis In Endad and ini
Endad |, (ht Holl aba 10.1911/8}.13300 )

Journat requires that all sources of institutional, private and
corporate financlal support for the work within e maruscript must be fuly acknowledged, and any
potertial conflicts of interest nated, Grant or confribution numbers may be acknowtedged, and principal
granl halders sheuld be lisled, Ackniwksdgments shauld be brief and shauld hdt indude thanks to
ananymos referees and editors. See also above under Ethical Guedsfines
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5.3. References
it is the policy of the journal to encourage refersnce o the onginal papers rather than ta lmrature
reviews. Authars should therefare keep citations of revisws ta the absolute minimum.

‘Wi recommand the use of a ool such as Endiotn or Reference Manager for reference managoment and
formatting. The EndMote reference styfle can be obidined Upon feguest to the sdtntal office
(ajpditor@cardiffac ukl  Referance Mana,glzf reference styles can Be searchen  far here

e refman.

i
In the fent: slnge o double al.nmrs shoutl be acknowledged together with the year of publication, e
(Fitt Ford & Reberts 1530) IF more than twa authers she first authar followed by ef ol & sufficient, 1g
(Tosbidrs ot o, 1931). W more thar 1 paper is tted the references should be in year order and separated by
=@ g (Pt Ford & Roberts 1950, Tob@s e af, 1951,

Reference list All references shauld be brought tagether at the =nd af the paper in alphabeticsl arder
and shiaild be in the frlawing form.

{7 Marmex and mitiak of up to six authars, When there are seven ar mose, list the ficst three snd add er al
ear of publication In parenthasas

) Fusll title of paper follownd by a fill ssop )

() Title af journal in full fin italics)

() walume rurnter oold) follawed by 3 comma L)

) First and kast pages

Examples of earvect farms of referanre fallow:

Standord journ orticle

Bergenholtz G Nagacks 5. Jontell M {1991} Class |} antigen-expressing cells n ecperimentally induced
pulpitis, internmaenn Endagantc fournn! 24, 814,

Corparate nuther

Brinish Endodontic Sociery {1983} Guldelnes for roor canal treatment. infernacaral Endodanac journo! 16,
14925

Journal supplement

Fruman &, Misshaum | Esposito M [157% Funciional asplensa: demanstration of splonic activity by bons
rarrow scan (Abstract). Blocd 54 [Suppl. 1), 26a.

Sooks and ather monographs

Personal author(s)

Gutmann L Harrisan (W [1997) Sugicel Sndodanics, 15t edn Boston, MA. USA Blackwed Scentific
Pubzstions

Chopter fn o book

\eselink P {1990} Conwentianal root-canal theragy It raot filling. In: Harty AL ed. fndodontics i Chnical
Pegenice, Ird edn; pp. 186-223. Landon, UK: Buttenwarth.

Published prace edings poper

DuiPant 8 (1574) Bane marrow ranspantalion s sevede carmbined immunodeficenty with an unrelated
MLC compatible donar. i White HL Smith & ecs Proceedings of the Third Annusl Meeting of the
International Society for Experimental Rematology; pp. 44-46, Houssan, T, USA Internasional Sooety for
Experimental Hemastalogy.

Agency publication

Ranafsky AL (1978} Surgical Cparations @ Shorl-5Stay Hospasis: Umited Siates-1 975, DHEW publication na.
[PHS) T8-1785 [Mital and Health Staristice: Serles 13 noc 340 Hyatiswille, MO, WSA: Mational Centre for
Health Statistics §

Dissertation or thesis

Saunders EM (1988) bn vitra and invive Inte rootcanal ion wsing thermally sofiened

e
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guttaspercha techiniques (PhD Thesish Dundee, UK: University of Dundes.

WRls

Full reference details must be given alang with the URL, i.e. autharship, year, title of dorumentfreport and
UIRL ¥ this informatian |5 not svallable, the reference should be remaved ard anly s web adireas cted
In tha tet,

Semith A [1995) s-elm chenmitlee report into sm‘ul cars in the comemunity [WWW docwnent]. URL
Ftt: hss g it

laccessed on ¥ Nmmhgr ;Duﬂ

5.4. Tables, Figures and Figura Lagands

Tables: Tables shoubd be double-spaced with ne vértical rulings, with & single bold ruling beneath the
eoturrin fltles. Units of moasuroments must bo induded in tha column tite.

Figures: A8 figuras snauld be planned co fitwithin eithir 7 colmn width @50 cmi, 1.5 columa wadths (13,0
ey or 2 column widths (17.0 cm), and must be suitable for phatorapy repreducticn fram the printed
werzian af the manuseript Lemering on figures shauld Be in a dear, sans senf ypeface fag Halvetical, I
possible, the same bypeface should be used for all figures in a gaper, After reduction far publication,
Upper-cass lext and numbers should be at least 1.5-2.0 mm high (10 point Helvetical. Afler reduction,
symbois shauld be at feast 2.0-3.0 mim high (10 pointh. All haif-tene phatograghs shoukd be submitted at
final reproduction size, in genaral, multi-part figures shauld be arranged as thay would appear in the final
wession, Reduction fa the scale thal will be Gsed an the page 1S not necessery, bul any spesisl
reguirements [such as the separation #istance of steres pairs) should be dearly specified,

Unnecessary figures and parts jpanets) of figures should be avoided: data presented in small tables or
histagrams, for instance, <an generally be stated briefly in the et instead. Fgures shauld net contain
mare than ane panol unless the parts are logicaly connected; oach panel of a multipart figure shauld be
sizad 5o that the whele figure can be reduced by the same amaunt sed reproduced on the grnted page
@ the srnaliest size atwhich essential detads are wisible

Figures shauld be an a while background, and sheuld svaid sxesssve boxing, Lnnseessary colodr,
shading and/or decorative effeds g 3 anil highly poselared
computer deawings. The vertical axiz of hisograms shauld not ba truncated to sxaggerats cmall
differences. The fine spacing should be wide enaugh to rernain cdear on reduclion ta the minimurm
wiceprable princed size,

Figur=s divided inte parts should be labe@ad with & [ower.case, boldfses, raman letter, a, b, and o on, in
the same typenize as used elsewhirs i the figure. Lettenng in figures should be i lowar-case type, wim
tha first letrer capitalized, Units shauld have a snghe space batwren the number and the unit, and fallow
Sl nomenclature of the nomenclaturs common Lo & particulsr field, Thousands should be separated by
thin space (1 O6M). Unusual uniss o abreviations shauld be spelled out In full or defined in the legend.
Scale bars shoisd be ussd rather than magndfication factars, with the length of the bar dofined in the
legend father than on the bar itelf. In general, wisual cues (on the fgures themselies) are preferred to
wverbal explanatians in the fpend fe g braken line, open red triangkes 2i)

Figure fegends: Fizure legends should Segin with a bef tile far the whale figure and cantirae with a
short descriptinn af rach paned and the symbals used: they should nat contain any details af methods.

Permissions: If all or pan ol prevaushy puhll;hvd lllwraunru ar\- 1w be used, PH’Imsslnn must b
btained free the capyright hoider iy af the authars b "

af for Although low quality images ars adequate far revies
purpodes, pring publication requires high quality Images m prevent e final produd being blurred or
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fuuszy. Submit EPS Bneart or TIFF thalfane/photagraphs) files only, MS and Ward Graphics
are unsultable for printed pictures, Do nit use plkekoriented programenes. Scans {THF only) should have
@ resolution of 300 dpi (halfiane) or 600 10 1200 dpi (ke drawingst in relation o the e
(see befow). EPS [Rex should be saved with fonts embedded (and with & TIFF preview if possible) For
scanned Images, the scanning resolutien (at final Image size) should be as follows to 2nsure pood
reproduction: lingart: =600 dpi; half-tones including gel photagraphs): =300 dpi; figures rontaining both
halftens and line images: =600 dpi,

Further informatian  fan  be  obiained  at Wiley Slackeels  guideines for  figures

Check your electranic artwark bedore submitting it
hetstauth o |bst nsps

5.6, Guidelines for reporting of DNA microsrray data
The mmnm?ona.l Eﬂﬂonhn(fr Jovenm &hves authars notice that: with effect from Tst Janusry 2011,

1o the il it joumal Tequires the Teporting of microarray data i ceaform o
the MIAME gﬂ'ﬂell”! AKE' this date, submissions will be assessed a«.ordlr\g e MIAME standards. The
complate cureent puldelines are avadable at

mged ame_20biml. Ako, maruscripls will be publishee andy
after the complete data has been submitted into the public reposiores, such & GEQ
mim nchl nim, nlh ooy o ArrayEapross

ehiac I overviswhemll in MIAME compliant farmat, with the

data acression number (ihe enification nurmber of the data sat in the database) quoted in the
maruscrpt, Both databases are committed to keeping the data pravate untd the assonated manaseript is
plibished, f requested.

Prospactive awhors are ssa nncouraged to search for praviously publshed microarray data with:

Pelevance ta their awn dats, and b repart whethes such dats exists. Furthenmore, they ste encoliraged te
use the previousty publishad dats for qualitative andior quandtative comparisen with their own data,
wheneuer suitable. Ta fully acknawledge the original work, an appropriate reference should be gheen nat

oy ts e datab, guestion, but alss 1 th inal anticle in wihich the dats was first pubiishes), This
opean approach will nreass thq avatability and use of !hese targe-soale dama stz and Imprave the
reparting and interpretation of the findings, and in the camp of the:

physialogy and pathology of endodantcally related tesues and diseases, result sventually In better
patient cara,

5.7. Supporting infermation

Pubfcation in electronic formats has created apportunities for adding details or whole sections in the
electranic version oaly. Authers need to wark dosely with the editors in devéloping or using such new
pubkcation farmats,

Supporting Infarmation, such & d31a sets or addeional gures of tables, thae will rot be publshed in the
frint edtion of the journal but which will be viewalide wa the onbne edidon, can oe submited. It should
be clearly stated ac the time of submission that the supporting nformation i intended 19 be mads
available through the anline edition, IF the Size of fermat af the supparting INfermation £ -such that it
cannct be acrommicdatad on the journads websts, the author agrees 1o maka the supporting
infaemation aveilable free aof charge an a permanent Web site, fo which links will be set up fram the
Journal's website, The suthar miust advise Wiksy Blackwsll if the URL of the website where the supporiing
infarmation is located changes. The tantent of the supporting information must nat be atered after the
paper has besn accepted for publication

Tha availability of supporting information shauld be indicated in the main manuscnpe by a paragraph, to
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o Fontsize: at kast 12pn
2 Font Calibe).
@ File size sheukd not axceed 1MB,
7. A good example of how a graphical abstract shoubd look can be seen here:
fhetpedfanlinelibrary wiley.comigol 101 111 /joim 13148

Ploase cantact tha nditcrial office at |Eleditariécardiffac.uk if you have any questicns,

7. AFTER ACCEPTANCE

Upen accegtance of & paper for publication the manuscrist will be ferwarded to the Production Editor
who s responsible for the production of the journal,

7.1. Figures

Hard copies of all figures and tabées are required when the manuscript is ready far publication. These wil
bie reduested by the Editsr when reguised. Each Figure copy shoukd be marked on the reverse with the
Figure numier and the cesrispeading ashors nams,

7.2 Preef Correctians

The corresponding author will recewe an smail alert containing a link o @ web sits, A working email
addrecs must thisefeee b provided Tor the correspeading authes The proo! can be downloaded o< 3
POF iparable domumient format) filn from shis sita, Arrchat Reader will Bie requirad in erder ta read this
file This software can be downloaded (free of ctharge) from  the fallowing Web  site:
e adobe comdoreducisfacrobat/readstep himl. This will enable the file 10 be opened, read on
screen, and primed aut n order for any corrections 1a be addad, Further mstrucsions will be sent with the
pracl. Hard copy proafs will be pasted if no e-mail address is available: in your absence, please arrange
For & colieague 10 ACCess your e-mal 1o relreve the proofs. Proafs must be reurned to the Praducion
Editor within three days of receipt, As changes to proofs are costly, we ask that you only arrect
typesetting errors. Exgensive changes made by the suthar in the prools, exduding ppessrting sreoes, will
be charged separately. Other tham in esceptional crournstances, ol Mustrations are retained by the
pubisher, Please note that the asher 15 respansible far all statements made in his wark, inchedmg
changes rmade by the copy edtar,

7.3 Early Online Publicstion Priar to Print

farzramtioon Endedontic w15 covered by Wiley Blackwel's Early Wiew service, Early view articles are
complete fulltext armicles published cnline in adwnce of their publication in 3 printed issue. Fardy
View artitles sre complute and final, They have buen fully redeysd, rsdsed snd edited for poblication,
and the authors' final carractians have been Incorparated. Because they are in finad form, no changas can
bie made after online publication, The nature of Early Wiew artices means that they do nat yet have
walme, Seue or page numbers, so Early View artides cannat be clted in the traditional way. They ane
therefare given a Bigital Objet Identifier (DO, which allows the article to ba cited and tracked before i1 =
afacated to an ssue, After print publicatian, the D8 remaing valid and con continge o be wed o cte
and steess the artcle.

7.4 Online Production Tracking

Online presduction tracking 5 avallable for your articde through Slacdesell's Author Sensces. Authar
Ceruices enables althors to track thes articls - once i has been accepted - through the produstion
process fo publication anline and in print. Authors can check the status of thelr adicles onlime and choose
to receive aitamated e-malks at key stages of production, The author will receive an e-mail with a unigue
lirik that enatshes therm 10 register and have their artich awtomatically added Lo the system. Plesse ensure
that & complete ermail address & provided  when  submaming  the  manuscript Vsl
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appear after the References, headed Supporting Infermation” and providing tites of fgures, tables, e, in
order to prefec reviewsr ancnymily, material posted oo the authirs Web site cannat be reviswed,
The supporting informatian is an integral part of the artice and will be reviewed accardingly,

Prep 1 of Alrhesugh provissan of content through the web In any formatis
i matian s best pravided sither in web-ready faom ar in a farm thas can

be cum»em:nn,u canverted nto-one of the standard web publishing larmats:

« Sampla word-processing files (.dos or it for text,

+ PIF far mite comples, layout-depandent tast o pags-based material. Acrobal es can ba distlled fram

Poansoript by the Pubdhes, f necessany.

« GIF or |PEG for still graphecs, Graphics supplied as F25 ar TIFF are also acceptable.

« MPEG or A¥I far moving graphice.

Subsequent reguests for changes are genersly Lnaccepsstie. a5 for prnted papers, A charge may be

|evvied for this s=ruice,

Videa Imaging: For the on-line varsion of the Journal the sutmission of ilustratve videc 15 ancguraged.

Ahuthars propesing the Use such media shoukd consult with the Editar during manuserpt preparaticn.

Artichs Pramotion Suppart

Wiley Editing Services offers professanal wdea, design, and writing servsces to oreats sharsabée vidao

albstracts, miographics, canference pasiers, lay summaries, and ressarch news starses Tor your research —

seyau can help your research ger the stention it deserves,

E. GRAPHICAL ABSTRACT
Authars are invited to submit a graphical abstract along with their manuscript to be published in the
Internataonal Endodentic |ournals;

* {miine tatée of comtents.
* Content alert emaiis.
= Within tha artsle

The graghical sbstrect should visuslly anvey the key fndings of the report and present a desr message
tothe reader. It sheuld be used 35 2 means of attracting the readers’ stention and prosrotng further
wngagement with the article,
Ta create @ effective graphical abstract, authors should focus on presenting to the reader wiat they can
learn from the mpun commuricating anly the key message

del a Abstrace

1. Creating a graphical abstract doos mat maan just capying and pasting a figure fram the manusrat,

2. Use text dpacingly, 4o Lhe graphe:sl Bbetact daed not becarie chitered, but endure tat you have
dearly stated the purpose of the repars, research design, cinicad case and the suacome of the study
ar rase, Lise language consistent with terms and definisiors in the articde that are free of
editarialization (persena apinion) or bias.

3. Use anly images that yeu have 3 fegal right to use. Authors are resporsible for obtalning
permission to uss any images that they include from outside sources, incuding articles, web pages,
stock pRote sites o Google image searches. Any needed permissions must be subrmitted slong with
waur graphical abstrace or dentfied in the Ackrowledgemants section of your manuscript,

4 Exclude imagery that can b viewed s advertisement, such as trade names, logos, or images of
ratemarked eme.

& The Graghical Abstract should be alang with tha it thaugh ur
platform and uploatled with the il designation “Graphical Abstract®.

6. Fequirad he properties:

o Resolution: Y00 pieels (width) x 800 pisels (Reight],

L

o HiE
280N Iraealioned Erdocorte: Journal
hin: ther far more details an onfine praducion trackng and for a

walth of resaurces inchuding FAGS and [ips an article praparation, sulmssion and .

7.5 Author Material Archive Policy

Fleaza note that unless spedfically reguested, Wiy Blackwel will dspose of all hardeopy or lectronic
material submistad swa raonths after publication. If you require the retumn af any material submitted,
plesss infarm the aditarial office or production edilar &8 soon 25 possibie.

7.6 Offprints

Fraa accass to the final POF offprint of your article will be avallable wa Auther Services only, Fleass
theralare sign up for Author Services if you wauld Bke Lo access waur articls POF affprint and enjoy the
maiy ather henefits the serdce offers,

dditianal paper aftprnts may be ordered anling, Flease click on the tallowing link, fill in the necessary
debads and ensure that you Type infarmation n sl of the reguired felds: Sheeldan Printer If wou have
gueries about oHprints please small Customar Service

The corresponding authar will be sent complimentary copies of the ssae in which the paper is pubdshed
fane copy par Futhor,

7.7 Author Services
Far mara substantial mformanan on the serices provided for authors, please see Wik, Blackwell
futhor Jervices

7.8 Nate to NIH Grantees: Pursuant ta MIH mandate, Wikey Blackwed will post the accepted version of
eontribuliens swthored by NIH grant-nolders 1o PubMed Central upon acceplance, This accepted wersion
will be made publicdy available 13 menths after pubkcation,  For Further infarmatian, se
s wilsy.com/gninihmandate
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