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RESUMO

A espessura de reconstru¢do da imagem tomografica é utilizada de forma subijetiva,
sem a confirmacao se ha melhora para o diagnéstico de fraturas radiculares verticais
(FRV). Sendo assim, este estudo visou avaliar a influéncia da espessura de
reconstrucao da imagem de tomografia computadorizada de feixe conico (TCFC) no
diagnostico de FRV em dentes com diferentes condigdes intracanal. Foram utilizados
20 dentes pré-molares unirradiculares sem fratura (n=10) e com FRV (n=10), com
guatro diferentes condicbes experimentais (sem material, pino de fibra de vidro, guta-
percha e pino metalico). Foram realizadas 80 aquisi¢6es de imagens adquiridas pelo
aparelho Veraviewepocs R100 3D com 90 kvp, 1 mA, FOV 4 cm x 4 cm, tempo de
exposicdo de 9,4 s e voxel de 0,125 mm. As imagens foram avaliadas por 3
endodontistas, utilizando o software OnDemand3D Dental, quanto a identificacdo das
fraturas e qualidade da imagem de acordo com quatro espessuras distintas (0,125
mm; 0,25 mm; 0,5 mm; e 0,75 mm), sendo utilizada uma escala de 5 pontos para
ambas avaliacOes. As analises estatisticas foram realizadas por meio dos testes de
Wilcoxon para comparacdes entre as Az (Area Under The Curve ROC), andlise de
variancia (ANOVA) com post hoc (Tukey) para comparacdo das médias dos testes de
diagnostico dos diferentes protocolos de espessura de reconstrucdo e condicdes
intracanal e qui-quadrado para avaliacdo da qualidade subjetiva da imagem. O nivel
de significancia adotado foi de 5%. Os coeficientes kappa de Cohen foram calculados
para avaliar o grau de concordancia e confiabilidade entre as avaliacdes. Foi possivel
observar que as Az das quatro espessuras testadas apresentaram adequada
capacidade preditiva para o diagnéstico de FRV. Os valores de Az entre as diferentes
espessuras e condi¢des intracanal foram semelhantes em todos os grupos testados
(p>0,05). As espessuras testadas, independente da condicdo intracanal,
comportaram-se de forma semelhante para todos os testes diagndsticos (p>0,05).
Para as diferentes condicdes intracanal, maiores valores das médias de Az e acuracia
foram encontrados no grupo sem material e de PPV para 0s grupos sem material e
pino de fibra de vidro, respectivamente (p<0,05). As variagdes das espessuras nao
influenciaram as avaliagdes subjetivas da qualidade da imagem (p>0,05). Conclui-se
gue alterar a espessura de reconstrucao tomografica ndo tem influéncia na avaliagao
de FRV em dentes com diferentes condi¢des intracanal e nas avaliagbes subjetivas

da qualidade da imagem.



Palavras-chave: diagnostico por Imagem; endodontia; fratura dos dentes; material de

preenchimento do canal radicular; tomografia computadorizada de feixe conico.



ABSTRACT

The thickness of the tomographic image reconstruction is subjectively utilized, without
confirmation if there is improvement for the diagnosis of vertical root fractures (VRF).
Therefore, this study aimed to evaluate the influence of the thickness of cone beam
computed tomography (CBCT) image reconstruction on the diagnosis of VRF in teeth
with different intracanal conditions. Twenty single-rooted premolar teeth without
fractures (n=10) and with VRF (n=10) were used, with four different experimental
conditions (no material, fiberglass post, gutta-percha, and metal post). Eighty image
acquisitions were performed by the Veraviewepocs R100 3D device with 90 kvp, 1 mA,
FOV 4 cm x 4 cm, exposure time of 9.4 s, and voxel of 0.125 mm. The images were
evaluated by 3 endodontists using the OnDemand3D Dental software for fracture
identification and image quality according to four different thicknesses (0.125 mm; 0.25
mm; 0.5 mm; and 0.75 mm), using a 5-point scale for both assessments. Statistical
analyses were conducted using Wilcoxon tests for comparisons between Az (Area
Under The Curve ROC), Analysis of Variance (ANOVA) with Post Hoc (Tukey) for
comparison of means of diagnostic tests of different reconstruction thickness protocols
and intracanal conditions, and Chi-square for subjective image quality evaluation. The
significance level was set at 5%. Cohen's Kappa coefficients were calculated to assess
the degree of agreement and reliability between evaluations. It was observed that the
Az values of the four tested thicknesses showed adequate predictive capacity for the
diagnosis of VRF. The Az values between different thicknesses and intracanal
conditions were similar in all tested groups (p>0.05). The tested thicknesses,
regardless of intracanal condition, behaved similarly for all diagnostic tests (p>0.05).
For different intracanal conditions, higher mean Az and accuracy values were found in
the group without material and PPV for the groups without material and fiberglass post,
respectively (p<0.05). Thickness variations did not influence subjective assessments
of image quality (p>0.05). It is concluded that altering the thickness of tomographic
reconstruction does not influence the evaluation of VRF in teeth with different

intracanal conditions and subjective assessments of image quality.

Keywords: cone-beam computed tomography; diagnostic imaging; endodontics; root

canal filling materials; tooth fracture;
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1 INTRODUCAO/REFERENCIAL TEORICO

Dentre os tipos de fratura radicular, tém-se as horizontais, obliquas e verticais,
sendo estas Ultimas as menos frequentes, mas quando ocorrem sdo mais comuns em
dentes tratados endodonticamente (VIEIRA et al., 2019; MIZUHASHI et al., 2020; UYSAL
et al., 2021), apresentando uma incidéncia em 11% a 20% (LIAO et al., 2016), e os
dentes mais afetados sdo os pré-molares (VIEIRA et al., 2019; MIZUHASHI et al., 2020).
A fratura radicular vertical (FRV) ocorre na dire¢céo longitudinal e envolve o cemento, a
dentina e o sistema de canais radiculares, (PATEL; BHUVA; BOSE, 2022) podendo se
estender do ter¢o coronario até o apice radicular (HEKMATIAN et al., 2018; UYSAL et
al., 2021). De acordo com Patel, Bhuva e Bose (2022), a fratura pode ser classificada
como incompleta, se envolver apenas um lado da raiz, e completa, se for estendida para
o lado oposto da raiz.

Existem alguns fatores que tornam os dentes pos-tratamento endoddntico mais
susceptiveis a fratura. Dentre eles, a remocao excessiva de dentina durante a terapia
endodontica, as for¢cas de condensacéao vertical no momento da obturacdo dos canais
radiculares, colocacdo de pinos (VIEIRA et al., 2019), execucdo inadequada da
restauracdo pos-endodontia e exposicdo prolongada as solucdes irrigadoras e
medicacao intracanal (PATEL; BHUVA; BOSE, 2022). Aléem dos aspectos endodonticos
citados, apresentam-se como um risco adicional, as forcas mastigatorias excessivas
(MIZUHASHI et al., 2020), os habitos parafuncionais e a ma oclusao (MIZUHASHI et al.,
2020; PATEL; BHUVA; BOSE, 2022).

As fraturas radiculares podem ser diagnosticadas através dos sintomas clinicos,
sinais radiograficos e em cirurgias perirradiculares exploratérias (MIZUHASHI et al.,
2020). Entretanto, o diagndéstico das FRV é considerado um desafio para os cirurgides-
dentistas devido aos variados achados clinicos e radiogréaficos e a auséncia de sinais
patognomonicos, principalmente nos casos sem separacdo evidente dos fragmentos
(YAMAMOTO-SILVA et al., 2018; UYSAL et al., 2021), podendo néo serem identificadas
até que surjam grandes alteracdes periapicais (VIEIRA et al., 2019). Dessa forma, &
importante a realizacdo do tratamento dos dentes diagnosticados com FRV em tempo
habil, por meio de exodontia, para evitar a dor e o desconforto para o paciente, além de
limitar a perda Ossea perirradicular que pode ter impacto negativo no planejamento
subsequente com implantes dentarios (PATEL; BHUVA; BOSE, 2022).

Por ser uma técnica simples que fornece informagdes complementares a um
custo e dose de radiagao relativamente baixos, a radiografia periapical € o exame mais
adotado como auxiliar no diagnéstico (NASSEH; AL-RAWI, 2018; ALZAMZAMI et al.,
2019; KRUG et al., 2019). Entretanto, apresenta algumas limitagdes por produzir uma
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imagem bidimensional, o que dificulta a detec¢cao das FRV devido a sobreposi¢céao de
estruturas anatomicas (BRITO et al., 2017).

Em radiografias periapicais, o principal achado é uma linha radiolcida entre os
fragmentos radiculares (VIEIRA et al., 2019), podendo ou ndo estar presente uma
rarefacdo Ossea na regido de ligamento periodontal adjacente a fratura (LIAO et al.,
2016). A visualizacdo dessa linha radioltcida apenas é possivel quando o feixe de raio
X passa paralelamente a fratura (YAMAMOTO-SILVA et al., 2018; VIEIRA et al., 2019).
Assim, poucos séo os casos de fratura radicular que podem ser detectados por uma
Unica radiografia periapical. Na maioria dos casos é necessaria a realizacdo de
radiografias adicionais com variagdo da angulagéo horizontal (VIEIRA et al., 2019).

A aplicacdo otimizada da TCFC para o diagnostico de FRV é indicada pela
Academia Americana de Endodontia e a Academia Americana de Radiologia Oral e
Maxilofacial, as quais séo responsaveis por estabelecer as diretrizes que orientam o0s
endodontistas na solicitacdo desse exame (NAIR et al., 2015). Contudo, a TCFC
apresenta uma maior dose de radiacdo quando comparada as radiografias periapicais,
por isso sua solicitacdo deve ser criteriosamente justificada (UYSAL et al., 2021).

Quando a radiografia periapical é insuficiente para o diagnostico, deve-se recorrer
ao exame tridimensional, para obtencéo de informa¢gdes mais detalhadas. Edlund, Nair
e Nair (2011) demonstraram sensibilidade de 88% e especificidade de 75% no
diagnostico de FRV utilizando imagens de TCFC, com menores tamanhos de voxels
(0,125 mm e 0,08 mm) e um campo de visdo (FOV - field of view) limitado, que foram
confirmadas através de cirurgia exploratdria, o que demonstra a alta capacidade de
diagnostico desse exame.

Apesar da eficacia da TCFC no diagnostico de FRV em dentes sem material
intracanal, a presenca de materiais com alta densidade, como guta-percha
(HEKMATIAN et al., 2018) e pino metalico (YAMAMOTO et al., 2018), podem dificultar
ou impossibilitar a sua visualizacao, influenciando, principalmente, a sensibilidade desse
exame (CORBELLA et al., 2014). Os materiais intracanais produzem graus distintos de
artefato de imagem, sendo o mais comum o de endurecimento do feixe (beam hardening
artifact) que ocorre em consequéncia do encontro do feixe de raio X com um objeto de
alta densidade, no qual os fotons de baixa energia sdo absorvidos aumentando a energia
média do feixe que atravessa o objeto, o que resulta em diferentes padrbes de artefato,
como halos hipodensos (hypodense halo) e faixas hipodensas ou hiperdensas
(hypodense e hyperdense streaks), reduzindo a qualidade da imagem e,
consequentemente, o diagnéstico, pois podem sobrepor ou mimetizar as fraturas
radiculares (VIEIRA et al., 2019; LIMA et al., 2019).
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Com a finalidade de superar essas limitacdes e favorecer a interpretacao do
exame, pode-se configurar os parametros de aquisicdo e poOs-processamento das
imagens, de acordo com a estrutura anatémica ou patologia que esta sendo investigada,
como também de acordo com a presenca de materiais hiperdensos, como implantes,
guta-percha e pinos metalicos (POUR; Al; SHAMSHIRI, 2016; JASA et al., 2017;
YAMAMOTA et al., 2018; VIEIRA et al., 2019; UYSAL et al., 2020).

Varios parametros aquisicao influenciam nas caracteristicas das imagens de
TCFC, como a corrente e tensao do tubo, tamanho do campo de visao, voxel, tempo de
exposicdo, numero de projecdes, grau de rotacdo do tomografo e diferentes tamanhos
e tipos de detectores. De acordo com Gaéta-Araujo et al. (2017), quando h& presenca
de materiais com alta densidade, como guta-percha e pino metalico, tem-se um melhor
desempenho diagndstico com maiores correntes do tubo (8 mMA e 10 mA,
respectivamente), devido a diminuicdo do ruido da imagem, com a desvantagem de
maior dose de radiagcdo. Enquanto a utilizacdo de protocolos com menor tamanho de
voxel e campo de visédo favorecem a deteccdo de FRV em dentes com pinos metalicos
(YAMAMOTO-SILVA et al., 2018).

Além disso, pode-se melhorar a qualidade e a precisdo das imagens ajustando os
parametros de pdés-processamento, como diferentes algoritmos de reconstrucéo
(VIEIRA et al., 2019), ajuste de brilho, contraste, filtros e parametros de volume, como
espessura e intervalo de reconstrucao (BUENO et al., 2018; VIEIRA et al., 2019). De
acordo com Pauwels et al. (2015), Jasa et al. (2017) e Bueno et al. (2018), o efeito
prejudicial causado pelo ruido pode ser compensado pelo aumento da espessura de
reconstrucao, pois esta tem a capacidade de suavizar a imagem. Assim, a alteracao da
espessura de reconstrucdo nas imagens tomograficas pode ser capaz de melhorar a
relacdo de contraste-ruido com o objetivo aumentar a capacidade de diagndstico
(MORDANOV, et al., 2019).

Alguns estudos (POUR; ARZI; SHAMSHIRI, 2016; JASA et al., 2017; ABDINIA;
GHAIOUR, 2018; MORDANOV et al., 2019; SEDOV et al., 2019; PHAM; PHAM, 2022)
demonstraram a influéncia da variacdo da espessura de reconstrucdo dos exames de
TCFC na visualizacao de estruturas ou variacdes anatbmicas e patologias, como o canal
alveolar inferior (POUR; ARZI; SHAMSHIRI, 2016; JASA et al., 2017), canalis sinuosos
na maxila (SEDQV et al., 2019), segundo canal mesiovestibular de molares superiores
(MORDANOV et al., 2019), mensuracdo do comprimento do canal radicular (PHAM,;
PHAM, 2022) e cérie oclusal (ABDINIA; GHAIOUR, 2018).

No estudo de Mordanov et al. (2019) e Sedov et al. (2019), resultados mais
favoraveis para identificacdo de segundo canal mesiovestibular e canalis sinuosos,

foram encontrados para as espessuras 0,5 mm e 1,0 mm, quando comparadas com 3,0
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mm e 10,0 mm. Abdinia e Ghaiour (2018) afirmaram que o aumento da espessura de
reconstrucao de 0,5 mm para 5,0 mm resulta em reducao da precisao do diagnéstico de
carie. Pham e Pham et al. (2022) identificaram que os melhores resultados para medir 0
comprimento dos canais radiculares foram obtidos com a espessura de 1,2 mm, quando
comparada com as de 0,6 mm e 2,4 mm.

No estudo de Jasa et al. (2017) os valores da Az (Area Under The Curve)
aumentaram significativamente na localizagdo de canais mandibulares quando a
espessura aumentou de 0,18 mm para 3,78 mm. No entanto, Pour, Arzi e Shamshiri
(2016) nao encontraram diferencas entre as espessuras estudadas (0,5 mm, 1,0 mm e
2 mm) para a visualizagdo de canais mandibulares. Para Shokri e Khajeh (2015), dentre
as espessuras testadas (0,5 mm, 1,0 mm, 2,0 mm, 3,0 mm, 4,0 mm, 5,0 mm e 10 mm),
a maior precisao para medi¢c&do suporte 0sseo foi observada em reconstrucdes de 4 mm
para largura 0ssea e espessura de reconstru¢cdo de 5 mm para altura 0ssea.

A manipulagéo das imagens é feita de forma rotineira com o objetivo de melhorar
a qualidade e aprimorar o diagnostico. No entanto, varios parametros, incluindo
espessura de reconstrucdo, sao utilizados de maneira subjetiva, sem a confirmacao se
isso melhora a qualidade da imagem para o diagndstico. Uma vez que o tamanho da
espessura de reconstrucdo da imagem tomografica € um dos fatores que esta
diretamente relacionado com a qualidade da imagem (GUO et al., 2019), estudos vém
sendo desenvolvidos com a finalidade de definir protocolos mais adequados (POUR;
ARZ|; SHAMSHIRI, 2016; JASA et al., 2017; MORDANOV et al., 2019).

Ainda existem questionamentos e escassez de fundamentacdo literaria em
relacdo ao emprego de protocolos de espessura de reconstrucdo ideais para o
diagnostico de FRV. Portanto, é indispensavel a realizacdo de pesquisas que
fundamentem a escolha da espessura ideal que melhore o diagndéstico. Tendo em
consideracdo o desafio em diagnosticar as fraturas radiculares, este estudo tem o
objetivo de avaliar a influéncia da utilizacdo de diferentes espessuras de reconstrucao
da imagem de TCFC na identificacdo de FRV e na qualidade da imagem em dentes com

diferentes condi¢des intracanal.


https://pesquisa.bvsalud.org/portal/?lang=pt&q=au%3A%22Ghaiour%2C%20Marzieh%22
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2 OBJETIVOS
2.1 GERAL

Avaliar a influéncia da espessura de reconstrugdo na imagem de TCFC no

diagnostico de FRV em dentes com diferentes condigfes intracanal.
2.2 ESPECIFICOS:

e Identificar qual(ais) a(s) melhor(es) espessura(s) de reconstrucao(s) para o
diagnéstico de FRV;
e Analisar a qualidade subjetiva da imagem para o diagnostico de FRV de acordo

com diferentes espessuras.
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3 METODOLOGIA

3.1 ASPECTOS ETICOS

A pesquisa foi aprovada pelo Comité de Etica em Pesquisa do Centro de Ciéncias
da Saude da Universidade Federal de Pernambuco (CCS-UFPE) sob nimero CAAE:
68473023.7.0000.5208 (ANEXO A).

3.2 DESENHO DA PESQUISA (TIPO DE ESTUDO):

Foi realizado um estudo analitico, quantitativo e do tipo de pesquisa experimental

(ex vivo).
3.3 LOCAL DA PESQUISA:

A pesquisa foi realizada na Clinica de Radiologia Prof. Ageu de Aquino Sales,
pertencente ao Departamento de Clinica e Odontologia Preventiva da Universidade
Federal de Pernambuco (UFPE).

3.4 AMOSTRA:

A amostra foi composta por 20 dentes pré-molares unirradiculares inferiores

humanos, provenientes da doacao do banco de dentes da UFPE (ANEXO B).

3.5 CRITERIOS DE INCLUSAO E EXCLUSAO

e Critérios de inclusdo

Dentes pré-molares unirradiculares de seres humanos, extraidos com a devida
indicacao clinica, escolhidos de maneira aleatoria em relacédo aos aspectos sexo, raca

e faixa etaria entre 20 e 60 anos.

e Critérios de exclusdo

Dentes com tratamento endodontico prévio, reabsorcao radicular interna ou
externa, rizogénese incompleta, trincas ou fraturas radiculares, raizes
supranumerarias, canais obliterados, calcificagbes pulpares (em condi¢cbes que
impossibilitaram a exploragéo passiva com lima #15) e dentes incapazes de serem

adaptados no alvéolo da mandibula macerada.
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A observacao desses critérios foi realizada pelas inspecdes visuais diretas,
radiograficas e por transiluminagcdo com auxilio de um aparelho diodo emissor de luz
(UltraLume 5, Ultradent Products Inc., UT, EUA).

3.6 PREPARO DA AMOSTRA:

Os dentes foram submetidos a raspagem e alisamento radicular, para eliminagao
de célculo e remanescentes de tecido periodontal, e desinfectados com alcool 70%.
Realizou-se a seccdo das coroas dentarias na juncdo amelocementéria para eliminar a
possibilidade de trincas de esmalte, fraturas e/ou materiais restauradores coronarios.
Nessa etapa, foi utilizado um disco diamantado acoplado a uma cortadeira metalografica
(Isomet 1000 Buehler Ltd., Lake Bluff, IL, EUA) (Figura 1).

Figura 1 — Seccédo da coroa dentéria no limite da juncdo amelocementaria (A) cortadeira metalografica;
(B) seccao da coroa na juncdo amelocementaria com disco diamantado; (C) raiz seccionada da coroa.

Fonte: A autora (2024).

Posteriormente, os canais radiculares dos dentes foram instrumentados
utilizando o sistema rotatério Mtwo NiTi (VDW, Munique, Alemanha), com 350
rotacbes/min e 1 N (Figura 2A). A instrumentacdo com as limas endoddnticas foi
realizada em todo o comprimento do canal radicular, seguindo a sequéncia de limas:
30/.06, 35/.04, 40/.04 e 25/.06. A solucao irrigadora utilizada foi a agua destilada. Logo
em seguida, os dentes foram preparados, para posterior adaptacdo do pino intracanal,
com broca de baixa rotacdo (n° 3) (Reforpost, Angelus, Londrina, Brasil) nos tercos

cervical e médio do canal radicular (Figura 2B).
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Figura 2 — Preparo da amostra. A. instrumentagdo endodontica; B. preparo para adaptacdo do pino
intracanal.

Fonte: A autora (2024).

Ap6s a remocgdo da coroa na juncdo amelocementaria e da instrumentacao
endodobntica, 10 dentes foram fraturados completamente utilizando uma maquina de
teste (Instron, Canton, MA, EUA) usando uma carga de 500 N e velocidade de 1 mm/min.
Para tanto, uma ponta metalica cOnica foi introduzida na entrada do canal e a carga
compressiva foi aplicada ao longo eixo do dente até que o som da fratura foi ouvido,
guando ocorreu a fratura, a maquina parou automaticamente. Os 20 dentes pré-molares
unirradiculares humanos foram divididos em dois grupos experimentais: controle (sem

fratura) e FRV, cada um contendo 10 dentes.

3.7 PREPARO DO PHANTOM:

Utilizou-se uma mandibula humana e trés vértebras cervicais (da primeira a
terceira) pertencentes a Clinica de Radiologia Odontoldgica Prof. Ageu de Aquino Sales
do Departamento de Clinica e Odontologia Preventiva da UFPE, a qual autorizou o
empréstimo para a realizacdo da presente pesquisa (ANEXO C). A mandibula humana
macerada serviu para a aquisi¢cdo das imagens (Figura 3A). Previamente a insercdo dos
dentes, a mandibula foi imersa em agua e envolta por cera ortodéntica, com 15 mm de
espessura, para simular a presenca de tecido mole correspondente a uma pessoa de
tamanho médio (Figura 3B). Trés vértebras cervicais foram fixadas com cera 7, em
posicdo anatbmica, para atenuacdo do feixe de radiacdo (KATSUMATA et al., 2007)
(Figura 4A e 4B). Os dentes foram posicionados sempre no mesmo alvéolo do Phantom,
na regido de segundo pré-molar inferior esquerdo e entre dois dentes higidos (sem

material intracanal) (Figura 4A e 4B).



22

Figura 3 — Preparagéo do Phantom. A. mandibula humana hidratada; B. mandibula com cera ortodéntica
para simulacao de tecidos moles.

Fonte: A autora (2024).

Figura 4 — Preparacdo do phantom A. vértebras acopladas a mandibula, em posicdo anatbémica e
posicionamento dos dentes escaneados; B. posicionamento de um dos materiais intracanal avaliado (guta-
percha).

Fonte: A atora (2024).

3.8 AQUISICAO DAS IMAGENS DE TOMOGRAFIA COMPUTADORIZADA DE FEIXE
CONICO:

Todas as exposi¢cfes foram adquiridas no aparelho Veraviewepocs R100 3D (J.
Morita, Kyoto, Japao) com 90 kvp, 1 mA, FOV 4 cm x 4 cm, tempo de exposicao de 9,4
segundos, voxel de 0,125 mm e 0,81 mGy. Para cada dente do grupo controle (n= 10) e
com FRV (n= 10) foram realizadas 4 exposic¢des (Figura 5 e 6), de acordo com o material

de preenchimento intracanal selecionado (Tabela 1).
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Figura 5 — Imagens da TCFC em reconstrucdo axial, coronal e sagital sem alteracdo da espessura de
reconstrucdo (0,125 mm) do dente controle com quatro diferentes condicfes experimentais A. sem
material; B. pino de fibra de vidro; C. guta-percha; D. pino metalico.
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Figura 6 — Imagens da TCFC em reconstrucdo axial, coronal e sagital do dente com FRV sem alteracdo
da espessura de reconstrucdo (0,125 mm) com quatro diferentes condi¢cdes experimentais A. sem
material; B. pino de fibra de vidro; C. guta-percha; D. pino metéalico. A seta amarela indica a fratura radicular
vertical.
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Tabela 1 — Grupos experimentais das aquisi¢cdes das imagens de acordo com os fatores: auséncia ou
presenca de fratura radicular (controle e FRV, respectivamente) e tipo de material intracanal (sem
material intracanal, pino metdlico, pino de fibra de vidro e guta-percha).

Grupo NUmero amostral
Controle (sem material intracanal) n=10
Controle (pino metalico) n=10
Controle (pino de fibra de vidro) n=10
Controle (guta-percha) n=10
FRV (sem material intracanal) n=10
FRV (pino metalico) n=10
FRV (pino de fibra de vidro) n=10
FRV (guta-percha) n=10

Fonte: A autora (2024).

Os materiais intracanais utilizados nas aquisicbes foram: cones de guta-percha
principal e acessorios (Dentsply Maillefer, Ballaigues, Suica), sem cimento endododntico
ou material adesivo, pino metalico, composto por liga metalica de cobalto-cromo e
confeccionado em laboratorio protético e pino de fibra de vidro (Exacto, Angelus,
Londrina, Brasil). Ambos com as mesmas dimensdes e com boa adaptacdo no canal
radicular, confirmada através de exame radiografico periapical ortorradial. Assim, as
aquisicoes tomograficas foram divididas em oito grupos (n= 10) (Tabela 1).

A primeira aquisicdo foi realizada com a guta-percha e, logo em seguida, foi
removida do canal radicular cuidadosamente para que ndo removesse 0 dente do
alvéolo. Posteriormente, o pino metalico foi inserido para o escaneamento, seguido do
pino de fibra de vidro, com o mesmo cuidado para que ndo houvesse alteracdo da
posicdo do dente dentro do alvéolo. A Ultima aquisicao foi realizada com o dente sem
material intracanal. Dessa forma, todas as aquisi¢cdes foram obtidas sem retirar o dente
da posicao inicial, alterando apenas o material intracanal.

Foram obtidas 40 aquisi¢cdes da imagem dos grupos controle e 40 aquisicdes da
imagem dos grupos com FRV. Ao final, totalizou-se 80 aquisicdes tomograficas. As
imagens foram exportadas no formato DICOM (Digital Imaging and Communications in

Medicine) para que as andlises das imagens pudessem ser realizadas.

3.9 AVALIACAO DAS IMAGENS

As imagens foram avaliadas quanto a identificacdo das fraturas e qualidade da
imagem para diagnéstico da FRV (APENDICE A). Cada volume foi avaliado por 3
endodontistas calibrados e com experiéncia em TCFC, sem conhecimento da



25

distribuicdo e quantidade das fraturas na amostra, utilizando o software OnDemand3D
Dental (Cybermed Inc., Version 1.0.10.5385, Daejeon, Korea). Através da ferramenta
Thickness, utilizou-se quatro protocolos de espessura de reconstrugéo: 0,125 mm (1),
0,25 mm (2), 0,5 mm (3) e 0,75 mm (4) (Figura 7 e 8), de modo que cada endodontista
avaliou 320 imagens, totalizando 960 avaliagdes.

As imagens foram analisadas em sala escura, utilizando monitor de 19
polegadas (AOC — Envision, Taipei, Taiwan). Foi permitido modificar brilho, contraste,
zoom de acordo com a necessidade e navegar por todas as reconstrugoes
multiplanares. Foram avaliados no maximo 25 volumes por dia com intervalo minimo
de 24 horas.

Figura 7 — Imagens da TCFC em reconstrucéo axial, coronal e sagital do dente com fratura e pino de fibra
de vidro em quatro diferentes espessuras de reconstrugdo: A. 0,125 mm; B. 0,25 mm; C. 0,5 mm; D. 0,75
mm. A seta amarela indica a fratura radicular vertical.
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Fonte: A autora (2024).
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Figura 8 — Reconstrucdes axiais de TCFC no terco cervical do dente com FRV (1 mm a baixo da linha
amelocementéria) com quatro diferentes condi¢des experimentais do canal radicular (sem material, pino
de fibra de vidro, guta-percha e pino metélico) e em quatro diferentes espessuras de reconstrucao (0,125
mm, 0,25 mm, 0,5 mm e 0,75 mm). A seta amarela indica a fratura radicular vertical.
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3.10 ANALISE ESTATISTICA

Todos os dados coletados foram registrados em Microsoft Excel (2021) no
computador do pesquisador, que foi responsavel pela coleta e guarda dos dados da
pesquisa. Para avaliar o grau de concordancia intra e interexaminador, 10% da amostra
foi reavaliada. Os coeficientes Kappa de Cohen foram calculados, de acordo com Landis
e Koch (1977)Y, e foram pontuados como pobre (0,00); leve (0,01 - 0,20); aceitavel (0,21
- 0,40); moderado (0,41 - 0,60); consideravel (0,61 - 0,80); e quase perfeito (0,81 - 1,00).
As capacidades gerais de diagndstico foram determinadas pelas curvas ROC (Receiver
Operating Characteristic) para as quatro diferentes espessuras de reconstrucdo, as
guais foram produzidas pelo IBM SPSS Statistics for Windows, Version 28.0 (SPSS Inc.,
Chicago, IL, EUA).

As andlises estatisticas foram realizadas por meio dos testes de Analise de
Variancia (ANOVA) com Post Hoc (Tukey) para comparacdo das medias de
sensibilidade, especificidade, acuracia, PPV e NPV para as diferentes condi¢cbes
intracanal e protocolos de espessura de reconstrucdo na identificagéo de FRV e o Teste
de Wilcoxon para comparacdes entre as Az (Area Under The Curve ROC). Adistribuicao

dos resultados das estatisticas absolutas e percentuais das avaliacfes subjetivas da
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gualidade da imagem na avaliacdo da FRV de acordo com a espessura utilizada foram
avaliadas pelo teste qui-quadrado.

As andlises estatisticas foram realizadas por meio do MedCalc Software Ltd.
Version 22.016 (MedCalc Software bvba, Ostend, Belgium).

Para todas as analises, os dados foram tratados estatisticamente adotando-se
nivel de significancia de 5%.
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ABSTRACT

Introduction: Cone-beam computed tomography (CBCT) reconstruction thicknesses are
subjectively utilized without confirmation if they enhance image quality for the diagnosis
of vertical root fractures (VRF). This study aimed to evaluate the influence of CBCT image
reconstruction thickness on VRF diagnosis in teeth with different intracanal conditions.
Methods: A sample of twenty single-rooted premolar teeth without fracture (n=10) and
with VRF (n=10) was utilized, with three different intracanal materials (fiberglass post,
gutta-percha, and metal post), totaling 80 image acquisitions obtained by the
Veraviewepocs R100 3D device with low tube current (1 mA). Images were assessed by
3 endodontists for fracture identification and image quality, applying four tomographic
thickness protocols (0.125 mm, 0.25 mm, 0.5 mm, and 0.75 mm). Statistical analyses
were performed using Wilcoxon tests, Analysis of Variance with Post Hoc, and Chi-
square tests, adopting a significance level of 5%. Cohen's Kappa coefficients were
calculated. Results: The areas under the curve (Az) of the four tested thicknesses
showed adequate predictive capacity for VRF diagnosis (p<0.05). Az comparisons
between thicknesses and intracanal conditions were similar (p>0.05). Higher accuracy
and Az values were found in the group without material and Positive Predictive Value for
without material and fiberglass post groups (p<0.05). Thickness variations did not
influence subjective assessments of image quality (p>0.05). Conclusions: The results
demonstrate that altering thickness does not influence VRF diagnosis and image quality.

Keywords: Cone-Beam Computed Tomography; Diagnostic Imaging; Endodontics; Root
Canal Filling Materials; Tooth Fracture.

INTRODUCAO

Apesar da eficacia da tomografia computadorizada de feixe conico (TCFC) no
diagnéstico de fratura radicular vertical (FRV) em dentes sem material intracanal'?, a
presenca de materiais com alta densidade, como guta-perchal e pino metalico?, pode
dificultar a visualiza¢éo da fratura. Isso acontece devido aos artefatos de endurecimento
do feixe de raio X, os quais distorcem as estruturas adjacentes e produzem halos
hipodensos e faixas hipodensas e/ou hiperdensas, que podem sobrepor ou mimetizar as
fraturas radiculares.®>* Com a finalidade de superar essas limitagGes e favorecer a
interpretacdo do exame, de acordo com a estrutura que esta sendo investigada ou de
acordo com a presenca de materiais hiperdensos, pode-se configurar os parametros de
aquisicdo da imagem?*° e de pés-processamento.®’

Em relacdo aos parametros de aquisicdo, de acordo com Gaéta-Araujo et al.
(2017)8, quando h&a presenca de materiais com alta densidade, tem-se um melhor
desempenho diagnéstico com maiores correntes do tubo, devido a diminui¢cdo do ruido
da imagem, com a desvantagem de maior dose de radiacdo. Enquanto a utilizagcéo de
protocolos com menor tamanho de voxel e campo de visdo favorecem a detecgéo de

FRV em dentes com pinos metalicos.?
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Os parametros de pos-processamento também influenciam as caracteristicas das
imagens de TCFC, dentre eles, tem-se a espessura de reconstrucdo.® De acordo com
Pauwels et al. (2015)'°, Jasa et al. (2017)” e Bueno et al. (2018)°, o efeito prejudicial
causado pelo ruido poderia ser compensado pelo aumento da espessura de
reconstrucao, pois esta tem a capacidade de suavizar a imagem por ser inversamente
proporcional ao ruido. Assim, a alteracdo da espessura das imagens tomogréaficas pode
ser capaz de melhorar a relacdo de contraste-ruido com o objetivo aumentar a
capacidade de diagnéstico.!

Alguns estudos®7:1112.13.1415 demonstraram a influéncia da variacédo da espessura
de reconstrucdo dos exames de TCFC na visualizacdo de estruturas ou variagdes
anatdmicas e patologias. Diferentes espessuras de reconstrucdo da imagem ja foram
testadas na avaliacdo do suporte 6sseo para colocacdo de implantes dentarios?®,
visualizacéo de canais mandibulares,®’ diagndstico de carie dentaria'?, investigacéo da
presenca do segundo canal mesiovestibular de molares superiores'! e de canalis
sinuosos da maxila'® e para medir o comprimento de canais radiculares'*.

Entretanto, ainda ha escassez de estudos que avaliem a influéncia de diferentes
espessuras da imagem tomografica no diagnéstico de FRV em dentes com diferentes
condicdes intracanal. Sendo assim, a espessura de reconstrucdo vem sendo utilizada
de maneira subjetiva, sem a confirmacéo se isso traz resultados positivos na qualidade
da imagem. Dessa forma, este estudo tem o objetivo de avaliar a influéncia na utilizacao
de diferentes espessuras de reconstrucado na imagem de TCFC na identificacdo das FRV

e na qualidade subjetiva da imagem de dentes com diferentes condi¢cfes intracanal.

MATERIAIS E METODOS

A pesquisa foi aprovada pelo Comité de Etica em Pesquisa sob niimero CAAE:
68473023.7.0000.5208. A amostra foi composta por 20 dentes pré-molares
unirradiculares inferiores humanos. Foram excluidos dentes com tratamento
endodéntico prévio, reabsorcao radicular interna ou externa, rizogénese incompleta,
trincas ou fraturas radiculares, raizes supranumerarias, canais obliterados, calcificacdes
pulpares e dentes incapazes de serem adaptados no alvéolo da mandibula macerada.
A observacao desses critérios foi realizada pelas inspec¢fes visuais direta, radiograficas
e por transiluminacao (UltraLume 5, Ultradent Products Inc., UT, EUA).

Os dentes foram submetidos a raspagem e alisamento radicular, para eliminagéo
de calculo e remanescentes de tecido periodontal, e desinfectados com alcool 70%.
Realizou-se a sec¢do das coroas dentarias na juncdo amelocementaria, utilizando um

disco diamantado acoplado a uma cortadeira metalogréafica (Isomet 1000 Buehler Ltd.,
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Lake Bluff, IL, EUA). Os canais radiculares dos dentes foram instrumentados utilizando
o sistema rotatério Mtwo NiTi (VDW, Munique, Alemanha), com 350 rotagdes/min e 1 N,
seguindo a sequéncia de limas: 30/.06, 35/.04, 40/.04 e 25/.06. A solucgé&o irrigadora
utilizada foi a 4gua destilada. Logo em seguida, os dentes foram preparados, para
posterior adaptacdo do pino intracanal, com broca de baixa rotacdo (n° 3) (Reforpost,
Angelus, Londrina, Brasil) nos tercos cervical e médio do canal radicular.

Os 20 dentes pré-molares unirradiculares humanos, foram divididos
aleatoriamente em dois grupos experimentais: controle (sem fratura) e FRV, cada um
contendo 10 dentes. Para isso, 10 dentes da amostra foram fraturados por uma maquina
de teste (Instron, Canton, MA, EUA) com uma ponta metdlica em movimento na
velocidade de 1 mm/min e com uma forga de 500 N.

Utilizou-se uma mandibula humana e trés vertebras cervicais para a aquisicao
das imagens. Previamente a insercdo dos dentes, a mandibula foi imersa em agua e
envolta por cera ortodéntica, com 15 mm de espessura, para simular a presenca de
tecido mole correspondente a uma pessoa de tamanho médio. Trés vértebras cervicais
foram fixadas com cera 7, em posicdo anatémica, para atenuacao do feixe de radiacéo.*®
Os dentes foram posicionados sempre no mesmo alvéolo do Phantom, na regido de
segundo pré-molar inferior esquerdo e entre dois dentes higidos.

Todas as exposi¢cdes foram adquiridas no aparelho Veraviewepocs R100 3D (J.
Morita, Kyoto, Japao) com 90 kvp, 1 mA, FOV 4 cm x 4 cm, tempo de exposicao de 9,4
segundos, voxel de 0,125 mm e 0,81 mGy. Os materiais intracanais utilizados nas
aquisicoes foram: cones de guta-percha principal e acessorios (Dentsply Maillefer,
Ballaigues, Suica), sem cimento endoddntico ou material adesivo, pino metalico,
composto por liga metalica de cobalto-cromo e pino de fibra de vidro (Exacto, Angelus,
Londrina, Brasil). Ambos com as mesmas dimensdes e com boa adaptacdo no canal
radicular, confirmada através de exame radiografico periapical ortorradial.

As aquisicdes tomograficas foram divididas em oito grupos: controle (sem
material intracanal); controle (pino metalico); controle (pino de fibra de vidro); controle
(guta-percha); FRV (sem material intracanal); FRV (pino metalico); FRV (pino de fibra
de vidro); FRV (guta-percha), cada grupo contendo 10 aquisi¢des. Ao final, foram
obtidas 80 aquisi¢Bes tomograficas. As imagens foram exportadas no formato DICOM
(Digital Imaging and Communications in Medicine) para que as andlises das imagens

pudessem ser realizadas.

Avaliacao das imagens
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As imagens foram randomizadas e avaliadas quanto & identificacdo das fraturas
e qualidade daimagem. Para a classificacao quanto a identificacéo das fraturas, a escala
usada foi: 1 — definitivamente ausente, 2 — provavelmente ausente, 3 — incerteza, 4 —
provavelmente presente e 5 — definitivamente presente; e para a classificacdo quanto a
gualidade subjetiva da imagem para avaliacdo da FRV, a escala usada foi: 1 — muito
ruim, 2 — ruim, 3 — aceitavel, 4 — boa e 5 — excelente.

Cada volume foi avaliado por trés endodontistas com experiéncia em TCFC e
previamente calibrados, sem conhecimento da distribuicdo e quantidade das fraturas
na amostra, utilizando o software OnDemand3D Dental (Cybermed Inc., Version
1.0.10.5385, Daejeon, Korea). Através da ferramenta Thickness, utilizou-se quatro
protocolos de espessura de reconstru¢do: 0,125 mm (1), 0,25 mm (2), 0,5 mm (3) e
0,75 mm (4) (Figura 1), de modo que cada endodontista avaliou 320 imagens,
totalizando 960 avaliagbes. As imagens foram analisadas em sala escura, utilizando
monitor de 19 polegadas (AOC — Envision, Taipei, Taiwan). Foi permitido modificar
brilho, contraste, zoom de acordo com a necessidade e navegar por todas as
reconstru¢cdes multiplanares. Foram avaliados no maximo 25 volumes por dia com

intervalo minimo de 24 horas.
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FIGURA 1 — Reconstrugfes axiais de TCFC no terco cervical do dente com FRV (1 mm a baixo da linha
amelocementéria) com quatro diferentes condi¢cdes experimentais do canal radicular (sem material, pino
de fibra de vidro, guta-percha e pino metélico) e em quatro diferentes espessuras de reconstrucéo (0,125
mm, 0,25 mm, 0,5 mm e 0,75 mm).
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Anéalise estatistica

Todos os dados coletados foram registrados em Microsoft Excel (2021) no
computador do pesquisador, que foi responsavel pela coleta e guarda dos dados da
pesquisa. Para avaliar o grau de concordancia intra e interexaminador, 10% da amostra
foi reavaliada. Os coeficientes Kappa de Cohen foram calculados, de acordo com Landis
e Koch (1977)Y, e foram pontuados como pobre (0,00); leve (0,01 - 0,20); aceitavel (0,21
- 0,40); moderado (0,41 - 0,60); consideravel (0,61 - 0,80); e quase perfeito (0,81 - 1,00).
As capacidades gerais de diagndstico foram determinadas pelas curvas ROC (Receiver
Operating Characteristic) para as quatro diferentes espessuras de reconstrucao, as
guais foram produzidas pelo IBM SPSS Statistics for Windows, Version 28.0 (SPSS Inc.,
Chicago, IL, EUA).

As andlises estatisticas foram realizadas por meio dos testes de Analise de
Variancia (ANOVA) com Post Hoc (Tukey) para comparacdo das meédias de
sensibilidade, especificidade, acuracia, PPV e NPV para as diferentes condicbes
intracanal e protocolos de espessura de reconstrucéo na identificacdo de FRV e o Teste
de Wilcoxon para comparacdes entre as Az (Area Under The Curve ROC). Adistribuicédo
dos resultados das estatisticas absolutas e percentuais das avaliacbes subjetivas da
gualidade da imagem na avaliacdo da FRV de acordo com a espessura utilizada foram
avaliadas pelo teste qui-quadrado.

As analises estatisticas foram realizadas por meio do MedCalc Software Ltd.
Version 22.016 (MedCalc Software bvba, Ostend, Belgium)*81°,

Para todas as analises, os dados foram tratados estatisticamente adotando-se

nivel de significancia de 5%.

RESULTADOS

Os valores do Kappa Cohen entre os examinadores para identificacdo de fratura
radicular foram quase perfeitos (0,87-1,0) e para qualidade da imagem foram de
consideravel (0,62) a quase perfeito (0,87). Os valores de concordancia intraexaminador
para identificacdo de fratura radicular e qualidade da imagem variaram de consideravel
(0,73; 0,64, respectivamente) a quase perfeito (1,0).

Todas as areas sob a curva demonstraram adequada capacidade preditiva para
o diagnéstico de FRV (p<0,05) (Figura 2). Os valores de Az entre as diferentes
espessuras e condi¢des intracanal foram semelhantes em todos os grupos testados
(p>0,05) (Tabela 1).
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FIGURA 2 - Curvas ROC das avaliacdes da identificacdo da fratura nas espessuras de reconstrucéo
estudadas.

TABELA 1 — Resultados de Az e desvio padrédo (DVP) das espessuras de reconstrucdo da imagem
tomogréfica e diferentes condi¢des intracanal para o diagnéstico de fraturas radiculares verticais.

Espessura

(mm) Guta-percha Pino metélico Sem material Pino de fibra de vidro
Az (DVP) Az (DVP) Az (DVP) Az (DVP)

0,125 0,67 (0,06) 0,65 (0,09) 0,81 (0,06) 0,75 (0,06)

0,25 0,66 (0,06) 0,66 (0,10) 0,82 (0,06) 0,75 (0,06)

0,50 0,68 (0,07) 0,81 (0,10) 0,81 (0,06) 0,81 (0,06)

0,75 0,76 (0,07) 0,66 (0,08) 0,83 (0,05) 0,82 (0,06)

Teste de Wilcoxon para comparacgdes dos valores de Az.

As espessuras testadas, independente da condi¢do intracanal, comportaram-se
de forma semelhante para todos os testes diagnosticos (p>0,05) (Tabela 2). Em relacéo
as diferentes condicfes intracanal, maiores valores das médias de Az e acuracia foram
encontrados no grupo sem material, quando comparado com o guta-percha e pino
metalico e de PPV para os grupos sem material e pino de fibra de vidro, respectivamente,
quando comparado com o pino metalico (p<0,05). As diferentes condi¢des intracanal
testadas se comportaram de forma semelhante em relagao aos valores de sensibilidade,
especificidade e NPV (p>0,05) (Tabela 3).



TABELA 2 — Distribui¢cdo dos valores de AUC, sensibilidade, especificidade, PPV, NPV e acuracia na
identificagdo da fratura quanto as diferentes espessuras.

Espessura em milimetros

Variaveis 0,125 0,25 0,50 0,75 \32":;
Média DPV Média DPV Média DPV Média DPV

Az 072 007 072 008 078 007 077 0.08 0.65
Sensibilidade 0.81 0.13 079 0.06 081 001 085 0.10 0.87
Especificidade  0.88 0.08 0.85 0.08 0.84 002 0.87 0.09 0.79
PPV 053 018 054 0.19 067 0.11 060 020 0.59
NPV 088 008 085 008 084 002 087 009 0.79
Acuracia 070 010 070 0.08 075 0.06 073 006 0.73

Teste ANOVA com post Hoc de Tukey.

TABELA 3 — Distribui¢cdo dos valores de Az, sensibilidade, especificidade, PPV, NPV e acuracia na
identificac8o da fratura guanto aos diferentes materiais

Material

Pino de fiborade Valor

Variaveis Guta-percha Pino metalico Sem material )

vidro dep
Média DVP Média DVP Meédia DVP Média DVP

Az 0,698 0,05 0,708 0,08 0,82% 0,01 0,78"8 0,04 0,007*
Sensibilidade 0,78 0,02 0,83 0,13 0,82 0,02 0,83 0,12 0,790
Especificidade 0,85 0,02 0,91 0,07 0,83 0,03 0,85 0,11 0,461
PPV 0,52”8 0,03 0,42° 0,21 0,74 0,02 0,66 0,07 0,007*
NPV 0,85 0,02 0,91 0,07 0,83 0,03 0,85 0,11 0,460
acuracia 0,68% 0,02 0,668 0,09 0,79 0,01 0,75"% 0,05 0,013*

Teste ANOVA com post Hoc de Tukey.
*Diferenca significativa para valores de p<0,05.
Médias diferem para diferentes letras em uma mesma linha.
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N&o houve diferencas significativas nas avaliacdes subjetivas de qualidade da

imagem de acordo com as diferentes espessuras de reconstrucdo utilizadas,

demonstrando que as variacfes de espessura se comportaram de forma semelhante

para qualidade da imagem (p>0,05) (Tabela 4).

TABELA 4 - Distribuicdo dos resultados das estatisticas absolutas e percentuais das avaliagbes da
gualidade das imagens de acordo com as espessuras avaliadas.

Qualidade da imagem

s I : Valor
Espessuras  Excelente/boa Aceitavel Muito ruim/ ruim Total X2 de p
N 70 N 70 N 70 N 70

0,125 94 3920 11 4,60 135 56,30 240 100,00
0,25 102 4250 10 4,20 128 53,30 240 100,00

0,5 104 4330 12 5,00 124 51,70 240 100,00 2,06 0,91
0,75 103 4290 14 5,80 123 51,30 240 100,00
Total 403 42,00 47 490 510 53,10 960 100,00

Teste do Qui-Quadrado (p=0,05).
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DISCUSSAO

Como o diagnéstico das FRV é considerado um desafio para os cirurgides-
dentistas, objetivou-se comparar quatro diferentes espessuras de reconstrucdo da
imagem de TCFC. A escolha das espessuras foi baseada nos estudos de Mordanov et
al. (2019)!* e Sedov et al. (2019)*3, que avaliaram pequenas regides de interesse e
obtiveram melhores resultados com espessuras de reconstrucdo < 1 mm. Como
também, Pauwels et al. (2015)!° recomendam que a espessura ndo seja aumentada
consideravelmente quando for necessaria a visualizacdo de pequenos detalhes,*° que é
0 caso das FRVs. Desse modo, este estudo limitou-se em avaliar as espessuras de
0,125 mm, 0,25 mm, 0,50 mm e 0,75 mm.

Um fator que dificulta o diagnostico é o ruido da imagem, o qual € inversamente
proporcional a miliamperagem (mA). As imagens obtidas nesta pesquisa foram
adquiridas usando um protocolo que emprega uma baixa corrente do tubo (1 mA) que
acarreta em imagens com maior ruido, no entanto, traz como beneficio uma menor dose
de radiacéo.”®

Os efeitos da dose e da qualidade da imagem devem ser devidamente
balanceados, seguindo o principio de ALADA (As Low As Diagnosticaly Acceptable) que
tem como objetivo fornecer imagens de qualidade para o diagnéstico ecom a menor dose
de radiagédo possivel.?° Logo, parametros de aquisi¢cdo mais baixos devem ser preferidos
se a qualidade da imagem for preservada. Sendo assim, é interessante que estudos
sejam realizados com o objetivo de permitir a melhora da qualidade da imagem e do
diagnostico com o uso das ferramentas de pos- processamento ao invés de aumentar
0s parametros de aquisicao.

Com esse intuito, a presente pesquisa utilizou uma miliamperagem reduzida com
diferentes espessuras de reconstrucdo da TCFC, com o objetivo de avaliar se diferentes
espessuras facilitaria a identificacdo de FRV. No entanto, os resultados encontrados
sugerem que a alteracdo da espessura de reconstrucao, nas condi¢des testadas, ndo
promoveu melhora, como também néo prejudicou a identificacéo de FRV, pois os valores
de Az demostraram-se semelhantes quando comparadas as diferentes espessuras e
condi¢des intracanal.

Entende-se que a variagao entre as espessuras testadas neste estudo nao foi
suficiente para trazer resultados estatisticamente significativos. Desse modo, torna-se
interessante a realizagcdo de estudos com maiores variacbes de espessuras para
compreender o efeito dessa modalidade de pos-processamento na identificacdo de FRV.

Isso porque, segundo Pauwels et al. (2015)%°, Jasa et al. (2017)” e Bueno et al. (2018)°,
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o efeito prejudicial causado pelo ruido poderia ser compensado pelo aumento da
espessura de reconstrugdo, pois esta tem a capacidade de suavizar a imagem, ja que
em algumas situagcbes uma reconstrugdo mais espessa aumenta o contraste da imagem
e pode contribuir com a identificacdo da regido de interesse.® "%

A presenca de materiais com alta densidade, como guta-percha' e pino metalico?,
pode dificultar ou impossibilitar a sua visualizagao da FRV, o que pode prejudicar a
acuracia do exame de TCFC.?! No presente estudo, os melhores resultados de Az e
acuracia para o grupo sem material em relacéo aos grupos pino metélico e guta-percha
ja sédo bem demostrados na literatura,®?223 como também, para PPV nos grupos sem
material e pino de fibra de vidro, quando comparado com o grupo pino metalico,??> embora
estudos anteriores ndo tenham avaliado a presenca de FRV em dentes com diferentes
condicdes intracanal de acordo com a espessura de reconstrucao da tomografica.

A qualidade da imagem da TCFC é descrita em termos de resolucdo espacial,
contraste, ruido e presenca de artefatos, e esta relacionada com diversos aspectos,
como parametros de aquisicdo, algoritmo de reconstru¢do, angulo de rotacdo de
filtragem do feixe, nimero de imagens base e tecnologia do sensor.?42°

Na avaliacdo da qualidade da imagem com as variagcbes de espessura, 0S
examinadores deste estudo ndo observaram diferencas, o indica que a espessura de
reconstrucao nao apresentou influéncia na qualidade subjetiva da imagem para analisar
FRV. Além disso, aproximadamente metade das imagens foram classificadas como
muito ruim/ruim, o que se deve, provavelmente, aos grupos com a presenca de materiais
com alta densidade que podem dificultar a visualizacdo da linha de fratura devido a
presenca dos artefatos de imagem,?®> como guta-percha! e pino metalico.223:26

Isso corrobora com o estudo de Wanderley et al. (2022)?4, no qual foram avaliados
diferentes tomoégrafos variando as modalidades de aquisicdo da imagem. Para maioria
dos tomografos, a presenca de estruturas com alta densidade (pino metélico e implantes
dentarios) tornou inferior a qualidade da imagem quando comparadas com 0S grupos
sem material, incluindo o aparelho Veraviewepocs R100 3D, no qual foram utilizados
parametros de aquisicdo proximos ao do presente estudo (tensdo do tubo de 90 KVp;
tempo de exposicdo de 9,4 s; FOV de 4x4 cm; e voxel de 0,125 mm), porém com uma
maior miliamperagem (8 mA).

Como limitagéo, ressalta-se que este estudo teve um desenho ex vivo. Sabe-se
que a presenca de estruturas de tecidos duros e moles no ambiente oral e a auséncia
de sinais e sintomas podem alterar os resultados. Sendo importantes a realizacao de
estudos in vivo para confirmar os resultados ex vivo. Além disso, a escassez de trabalhos

prévios que avaliem diferentes espessuras de reconstru¢do da imagem
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tomografica no diagndstico de FRV torna dificil a comparacgéo dos resultados dapresente
pesquisa.

Considerando os desafios encontrados no diagndstico dessa condi¢ao, pesquisas
futuras sdo essenciais. Especialmente que explorem a espessura de reconstrugdo em
conjunto com outros parametros de pds-processamento da imagem, como a otimizacdo
do contraste e brilho, utilizacdo de filtros de nitidez e de reducéo de artefatos, por
exemplo, como também, com outros parametros de aquisicdo de imagem, para a
deteccdo de FRV em dentes com materiais intracanal de alta densidade, como pinos
metalicos e guta-percha. Isso pode ajudar a equilibrar a qualidade da imagem e dose de
radiacdo, além de proporcionar maior seguranca para o profissional realizar o

diagnostico e conduzir o tratamento do paciente.

CONCLUSAO

Nas condi¢Oes testadas neste estudo, é possivel concluir que:

1. A espessura de reconstrucdo tomografica ndo tem influéncia no
diagnostico de FRV para as diferentes condic¢des intracanal,
2. Alterar a espessura nao tem influéncia na qualidade subjetiva da imagem

para avaliacdo de FRV.
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5 CONSIDERACOES FINAIS

Ha escassez na literatura de estudos que avaliem o emprego de diferentes
protocolos de espessura de reconstrucdo no diagnostico de FRV em dentes com
diferentes condic¢des intracanal. Portanto, € indispensavel a realizacao de trabalhos que
melhor expliquem esse parametro para que se compreenda o efeito das variagdes de
espessura, principalmente, em dentes com pino metélico e guta-percha, os quais sdo 0s

materiais intracanal que mais produzem artefatos de imagem.
Nas condi¢fes testadas neste estudo, é possivel concluir que:

1. A espessura de reconstrucdo tomogréfica ndo tem influéncia no
diagnostico de FRV para as diferentes condic¢des intracanal,
2. Alterar a espessura nao tem influéncia na qualidade subjetiva da imagem

para avaliacdo de FRV.
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APENDICE A - QUESTIONARIO
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INFLUENCIA DA ESPESSURA DE RECONSTRUGAO NA IMAGEM TOMOGRAFICA PARA AVALIAGAO DE
FRATURAS RADICULARES

Avaliador: Data: / / N° da tomografia: _
Espessura:

1. () Sem alteragdo 0,125 mm

2. ()0,25 mm

3. ()0,5mm

4, ()0,75 mm

Classificagdo da imagem quanto a identificacdo de fratura radicular:

1.

2.

() Fratura definitivamente ausente
() Fratura provavelmente ausente

() Incerteza da presenca de fratura
() Fratura provavelmente presente

() Fratura definitivamente presente

Classificacdo da imagem quanto a qualidade daimagem:

1.

2.

() Muito ruim para analisar fratura
() Ruim para analisar fratura

() Aceitavel para analisar fratura
() Boa para analisar fratura

() Excelente para analisar fratura
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como a guts-percha = plnos me@llcos podem diflicular a 'ﬂsuall.z.t;in da fratura Infleenclardo &
sensibilidads desse exame. Com & finaldade de superar sssas Imtapkes = favorscer 8 Interpretaciio do

exame, pode-s& confgurar os II-HI'HMEHI:II-IZH'HJIF:II:I & reallzar o processaments des Imepens o soonds

com & estrubura anaidimica ou pabclopls que =558 seroo Invesdgada. Termdo =m nm'::ll:lzrul;iu 0 desaflo am
diagrcesticar &5 fraturas radioulares, prindpalents, na presenia de matedals iRracanal que geram anefatos

de Imagem, far-3= necassino desemvoler s5ados gue promavam & melmors na gusldade = preclsdo da
TCFC, para avallagio de casos com suspesita clinica de FRV, gamanindo malor aosdcls no disgnosdcoo.

Lo phe - Flmresads GoATD IS

Cibjetive da Pecquisa:

Cibjettva Frimario: Avallsr & irfuéncda da espessora de reconsinaCio na Imagem de TCFC ro dagnosioo de
FEW s denbes oo diferenies materisls inrscanal

Cijetve Seoardddo:

= Debermirar o walores. de s=relblldade, =specHicidade = curva RGOS, no disgrdstco de FRY em demies
com diferertes maiedals inracanal;

* k=riificar ual{als) &) mehores espessurs(s) de reconsTucols) para o dagnasico de FR

= Aralisar a qualdade sobeilva das Imagens cbides com difereries =5pessuras;

* Quantficar a presenca de artefaios res dierenies espessumas de reconstrucio;
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pesguisa, a exeoario dos procedimentos desia pesquisa pode frazer alpam risco Inerente & exposicho
durante o processo de aquisicho das Imagens de TCFC, 0 gue s=r minimizado peio faio de & pesguisa
pbedecer aos protocolos de radioproteclio postulados pela ANYISA — AgEncla Nadonal de Viglancia
Sankaria — preconlzados durante qualsguer procedimentos de apdsicio deste fipo de exame na Clinica de
Radlologla Cdonfoldgica da Universidade Federal de Pemambucn. Os rscos aos nds clrurgifes-dendsias
gue serdo avalladones podem ser: iomar o fempo do sujelio, cansago & esresse, a0 avallar os exames de

Imagem. Pama minimizar esses riscos, a avalacho dos exames serd realizada com no madme 25 volumes
par dis, om Interalo de 24 foras.

Benefidos: espera-se que a analse de como a variacio oa espessura de reconsinacio tomogranca imerfens
no dlagrdstics de fraturas radiculsres vericals em demes com dierentes meiedals inTracanal, apresense
dados corddvels e de relevidnda clinlca para & Cdontologls & pam of usudrios dos sendgos odonmioldglcos.
Isso possiblfard o desenho de protocclos e superem as Imkagbes da ldendficacho de fraturas adiculares

vericals pels balxs qualdade do =same de Imagem. £55i, 0 emprego desss modslldade de exame & 52
patencial ndo deve ser desperdlcado tendo em vista a reverberacio poshiva que 1sso trada para o
diagnostico de paclertes com fraturas radiculares verticals. A aplicacdo ofimizada da TCFC para o
diagnésicn de fratoras mdiodarss & promilssom, sendo Indicado pela Acsdemia Amedcana de Endodoniis
[(AAEN = a Acaderils Amercana de Radiclogla Cral = Mazliofaclal (AAROKME, gque es@beEleceram a5
diretrizes pama orientar os clrurgiies-dentissas na solicliiaclo das TCFCs.

Neste proforcolo o5 Riscos estdo adeguadamente previsios & minimizados de acordo com a Rresoluclo
46EM 2. Guario sos Beneficos, Indresos, serfo advindos do conhecdmento acgulics peles resubacos @o
esfudo o gual torriulra para a precislo = & qualdade do disgndsdco das freturas radiculanes
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groos =xpedmentals: controle (sem fraturs) & oo FRV. Fara cada grupo sarlio realzades 4 E:-:p-D:IIIEﬂlE'I., i
acordo com o maberisl de presnchimento irirecaral cones de goia-percha priccipal & scessdios s
cimarto endodfrdco ou maierdal adesko, plno mellico &= cobabo-cromo & pino de flors e vidro, Serdo
ukEz=dss uma mandibula humans £ itz veriebmas cervicals (e primesdra & ferosira) osdldas pels Cinice o=
Radiclogls Prof. Ageu de Aguino do Depariamenio de Clinka & Cdomologla Prevendva da UFRPE. Na
mandibula humana serfio lhserddos os espécimes para a aguisicdo das Imagers de TCFC. A Tris vérieoras
cervicals serdo fhiadas com cera n® 7, em posko anasteica, pam ateruaclo do febie de radiacio. Serdo
reallzadas 40 aquisicles da iImapem dos grupos confrole & 40 aquiskcles da imagem dos gnapos com FRAV.
&0 final, serfio obiidas B0 aguisicles tomogradcas. As Imapens serfio exportadas ro formeo DIGCCA {Digital
Imaglng and Commanlcadons In Medidne) pera gue =5 andllses das mapers possam o realzadas guario
4 identicacio das fraturas. guarto a qualdade da Imagem & a IRuéncl dos are’atos por 3 endodontistas
calbrados = com =iperitnda e TORC, s oonhedments da dlrl:ﬂhul;.l-:- £ ipaantlolsde das frafuress ms
amosTa, utlizercs o softwere OriDermarsd3D Dertal {Cysermed Inc, Version 1.0.90.5385) Serdo udlzados
guairs proiocolos de espessumn die corte: O, 125mm 1) 0.25mm (2], 0,5 mm {3) = 0,75 mm (4], de modo g
cada endodontists rd avalar 320 Imsgens. Os dados serfio tabolados em planiia do programa Moo
Excel [20153), oF ousals sarfo sxporisdos para andlise esiaiisdca descriilva = Inferemclal mo programra 2PEE
20.0 &, Serd calculads 8 dres 5o & Oava ROC, sersbllidads & especicldade, corsldemando o5 makerials
de pmmmunmeaﬂﬂﬂummmm{jn utlzada. O feshe | de Bluden serd vtllmado pars
a comparacdo dos valores de diagnosdoo enire a5 espessuras de reconsTuclo tomogradca para cada um
dos matedals Imracarsls, O dedor 8 gualdecs de regem serdo expressos &m frequincls reledve =
anallsados descridvamente. Fam verificar a reprodutiblidade dos métodes (avalacho Intraexaminador e
Imerecamminador) serd vllizado o Test= Kappa. O fesie de Kolmogomy-Smimoy serd utllzado para a'.rul-ul;.!-n-
da normalidsde da amosira &, para u‘mlu-;!n da Irflugncls des vaddyels Indespendenbes (=spessura =
material) nas sreas ariefatuals, sera aplicada o teste de Kruskal-#allls & comparacio enre gragos pela
andlls= post-hoc de Durr-Bonferronl. Erm iodos o5 festes serd adotsdo o nibkeed de sipnficéncks de S5,
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ANEXO B - FICHA DE CESSAO E/OU EMPRESTIMO E DEVOLUCAO DO BANCO
DE DENTES




ANEXO C - FICHA DE CESSAO E/OU EMPRESTIMO E DEVOLUCAO DA CLINICA DE
RADIOLOGIA PROF. AGEU DE AQUINO SALES

UNIVERSIDADE FEDERAL DE PERNAMBUCO
CENTRO DE CIENCIAS DA SAUDE
DEPARTAMENTO DE CLINICA E ODONTOLOGIA PREVENTIVA
v CLINICA DE RADIOLOGIA PROF. AGEU DE AQUINO SALES

FroesaL
O PERNAMBUCO

FICHA DE CESSAO EAOU EMPRESTIMO E DEVOLUCAO (PARA PESQUISA
OU PARA OUTRA FINALIDADE)

Declaro que a Clinica de Radiologia Prof. Ageu de Aguino Sales, pertencenic 20
Departamento de Clinica ¢ Odontologia Preveativa da Universidade Federal de
Pernambuco (UFPE), estari cedendo uma mandibula humana macerada ¢ trés véricbras
cervicais (da primeira @ terceira) para serem utilizadas no projeto de pesquiss
"Avaliacio da Espessura de Reconstruciio da Imagem Tomogrifica no Diagndstico
de Fraturas Radiculares Verticais em Dentes com Difereates Materiais Intracanal™
de responsabilidade do(a) Pesquisador(a). Larissa Hellen de Paiva Felix afihado(a) a0
curso de POS-GRADUACAO EM ODONTOLOGIA da UNIVERSIDADE

FEDERAL DE PERNAMBUCO.
Vale ressaltar que a referida pesquisa nilo envolveri aspectos genéticos (pesquisa de

DNA).

Recife, 12062023

AV. PROF. MORAES REGO, ¢/n - CID. UNIVERSITARIA- RECIFE - PE - CEP:
50,670-901. FONE / FAX (81) 21268340 / 2126834 1. e-mail: mlpontual@gmail com
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ANEXO D — NORMAS DA REVISTA JOURNAL OF ENDODONTICS

g\ -

Login
- \ [ éﬂgggﬁlimcs

— | Searchfor... Q

Author Information

E Introduction

The Journal of Endodontics is owned by the American Association of Endodontists. Submitted
manuscripts must pertain to endodontics and may be original research (eg, clinical trails, basic
science related to the biological aspects of endodontics, basic science related to endodontic
techniques, case reports, or review articles related to the scientific or applied aspects of
endodontics). Clinical studies using CONSORT methods or systematic reviews using meta-
analyses are particularly encouraged.

Authors of potential review articles are encouraged to first contact the Editor during their
preliminary development via e-mail at JEndodontics@UTHSCSA.edu.

Manuscripts submitted for publication must be submitted solely to JOE. They must not be
submitted for consideration elsewhere or be published elsewhere.

Disclaimer

The statements, opinions, and advertisements in the Journal of Endodontics are solely those of
the individual authors, contributors, editors, or advertisers, as indicated. Those statements,
opinions, and advertisements do not affect any endorsement by the American Association of
Endodontists or its agents, authors, contributors, editors, or advertisers, or the publisher. Unless
otherwise specified, the American Association of Endodontists and the publisher disclaim any
and all responsibility or liability for such material.


https://www.equator-network.org/reporting-guidelines/consort/
https://www.equator-network.org/reporting-guidelines/consort/
mailto:JEndodontics@UTHSCSA.edu
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Submission checklist

You can use this list to carry out a final check of your submission before you send it to urnal for
. review. Please check the relevant section in this Guide for Authors for
*=" details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
* E-mail address
* Full postal address

All necessary files have been uploaded:

Manuscript:

* Include keywords

* All figures (include relevant captions)

* All tables (including titles, description, footnotes)

* Ensure all figure and table citations in the text match the files provided
* Indicate clearly if color should be used for any figures in print

Graphical Abstracts / Highlights files (where applicable)
Supplemental files (where applicable)

Further considerations

* Manuscript has been 'spell checked' and 'grammar checked'

* All references mentioned in the Reference List are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources
(including the Internet)

* Acompeting interests statement is provided, even if the authors have no competing
interests to declare

* Journal policies detailed in this guide have been reviewed

* Referee suggestions and contact details provided, based on journal requirements For

further information, visit our Support Center.

g Before You Begin


https://service.elsevier.com/app/home/supporthub/publishing/

Ethics in publishing

Please see our information on Ethics in publishing.

Studies in humans and animals

If the work involves the use of human subjects, the author should ensure that the work described
has been carried out in accordance with The Code of Ethics of the World

Medical Association (Declaration of Helsinki) for experiments involving humans. The manuscript
should be in line with the Recommendations for the Conduct, Reporting, Editing and Publication
of Scholarly Work in Medical Journals and aim for the inclusion of representative human
populations (sex, age and ethnicity) as per those recommendations. The terms sex and gender
should be used correctly.

Authors should include a statement in the manuscript that informed consent was obtained for
experimentation with human subjects. The privacy rights of human subjects must always be
observed.

All animal experiments should comply with the ARRIVE guidelines and should be carried out in
accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines,
EU Directive 2010/63/EU for animal experiments, or the National Research Council's Guide for
the Care and Use of Laboratory Animals and the authors should clearly indicate in the
manuscript that such guidelines have been followed. The sex of animals must be indicated, and
where appropriate, the influence (or association) of sex on the results of the study.

Declaration of interest

All authors must disclose any financial and personal relationships with other people or
organizations that could inappropriately influence (bias) their work. Examples of potential
competing interests include employment, consultancies, stock ownership, honoraria, paid expert
testimony, patent applications/registrations, and grants or other funding. Authors must disclose
any interests in two places: 1. A summary declaration of interest statement in the title page file (if
double anonymized) or the manuscript file (if single anonymized). If there are no interests to
declare then please state this: 'Declarations of interest: none'. 2. Detailed disclosures as part of
a separate Declaration of Interest form, which forms part of the journal's official records. It is
important for potential interests to be declared in both places and that the information matches.
More information.


https://www.elsevier.com/about/policies/publishing-ethics#Authors
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
http://www.icmje.org/recommendations/
http://www.icmje.org/recommendations/
http://www.icmje.org/recommendations/
https://www.who.int/gender-equity-rights/understanding/gender-definition/en/
https://www.nc3rs.org.uk/arrive-guidelines
https://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm
https://grants.nih.gov/grants/olaw/guide-for-the-care-and-use-of-laboratory-animals.pdf
https://grants.nih.gov/grants/olaw/guide-for-the-care-and-use-of-laboratory-animals.pdf
https://service.elsevier.com/app/answers/detail/a_id/286/supporthub/publishing/

Declaration of generative Al in scientific writing

The below guidance only refers to the writing process, and not to the use of Al tools to analyse and
draw insights from data as part of the research process.

Where authors use generative artificial intelligence (Al) and Al-assisted technologies in the
writing process, authors should only use these technologies to improve readability and
language. Applying the technology should be done with human oversight and control, and
Inclusive language acknowledges diversity, conveys respect to all people, is sensitive authors
should carefully review and edit the result, as Al can generate authoritative-sounding output that
can be incorrect, incomplete or biased. Al and Al-assisted technologies should not be listed as
an author or co-author, or be cited as an author. Authorship implies responsibilities and tasks
that can only be attributed to and performed by humans, as outlined in Elsevier’s Al policy for
authors.

Authors should disclose in their manuscript the use of Al and Al-assisted technologies in the
writing process by following the instructions below. A statement will appear in the published
work. Please note that authors are ultimately responsible and accountable for the contents of the
work.

Disclosure instructions

Authors must disclose the use of generative Al and Al-assisted technologies in the writing
process by adding a statement at the end of their manuscript in the core manuscript file, before
the References list. The statement should be placed in a new section entitled ‘Declaration of
Generative Al and Al-assisted technologies in the writing process’.

Statement: During the preparation of this work the author(s) used [NAME TOOL /
SERVICE] in order to [REASON]. After using this tool/service, the author(s) reviewed and edited
the content as needed and take(s) full responsibility for the content of the publication.

This declaration does not apply to the use of basic tools for checking grammar, spelling,
references etc. If there is nothing to disclose, there is no need to add a statement.

Submission declaration and verification

Submission of an article implies that the work described has not been published previously
(except in the form of an abstract, a published lecture or academic thesis, see '‘Multiple,
redundant or concurrent publication' for more information), that it is not under consideration for
publication elsewhere, that its publication is approved by all authors and tacitly or explicitly by


https://www.elsevier.com/about/policies/publishing-ethics#Authors
https://www.elsevier.com/about/policies/publishing-ethics#Authors
https://www.elsevier.com/about/policies/publishing-ethics#Authors
https://www.elsevier.com/about/policies/publishing-ethics#Authors
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the responsible authorities where the work was carried out, and that, if accepted, it will not be
published elsewhere in the same form, in English or in any other language, including
electronically without the written consent of the copyright-holder. To verify compliance, your
article may be checked by Crossref Similarity Check and other originality or duplicate checking
software.

Use of inclusive language

to differences, and promotes equal opportunities. Content should make no assumptions about the
beliefs or commitments of any reader; contain nothing which might imply that one individual is
superior to another on the grounds of age, gender, race, ethnicity, culture, sexual orientation,
disability or health condition; and use inclusive language throughout. Authors should ensure that
writing is free from bias, stereotypes, slang, reference to dominant culture and/or cultural
assumptions. We advise to seek gender neutrality by using plural nouns ("clinicians,
patients/clients") as default/wherever possible to avoid using "he, she," or "he/she.” We recommend
avoiding the use of descriptors that refer to personal attributes such as age, gender, race, ethnicity,
culture, sexual orientation, disability or health condition unless they are relevant and valid. When
coding terminology is used, we recommend to avoid offensive or exclusionary terms such as
"master”, "slave", "blacklist" and "whitelist".

We suggest using alternatives that are more appropriate and (self-) explanatory such as

"primary", "secondary", "blocklist" and "allowlist". These guidelines are meant as a point of
reference to help identify appropriate language but are by no means exhaustive or definitive.

Reporting sex- and gender-based analyses

Reporting guidance

For research involving or pertaining to humans, animals or eukaryotic cells, investigators should
integrate sex and gender-based analyses (SGBA) into their research design according to
funder/sponsor requirements and best practices within a field. Authors should address the sex
and/or gender dimensions of their research in their article. In cases where they cannot, they
should discuss this as a limitation to their research's generalizability. Importantly, authors should
explicitly state what definitions of sex and/or gender they are applying to enhance the precision,
rigor and reproducibility of their research and to avoid ambiguity or conflation of terms and the
constructs to which they refer (see Definitions section below). Authors can refer to the Sex and
Gender Equity in Research (SAGER) guidelines and the SAGER guidelines checklist. These
offer systematic approaches to the use and editorial review of sex and gender information in
study design, data analysis, outcome reporting and research interpretation - however, please
note there is no single, universally agreed- upon set of guidelines for defining sex and gender.


https://www.elsevier.com/editors/perk/plagiarism-complaints/plagiarism-detection
https://www.elsevier.com/editors/perk/plagiarism-complaints/plagiarism-detection
https://doi.org/10.1186/s41073-016-0007-6
https://doi.org/10.1186/s41073-016-0007-6
https://doi.org/10.3897/ese.2022.e86910
https://doi.org/10.3897/ese.2022.e86910
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Definitions

Sex generally refers to a set of biological attributes that are associated with physical and
physiological features (e.g., chromosomal genotype, hormonal levels, internal and external
anatomy). A binary sex categorization (male/female) is usually designated at birth ("sex
assigned at birth"), most often based solely on the visible external anatomy of a newborn.
Gender generally refers to socially constructed roles, behaviors, and identities of women, men
and gender-diverse people that occur in a historical and cultural context and may vary across
societies and over time. Gender influences how people view themselves and each other, how
they behave and interact and how power is distributed in society. Sex and gender are often
incorrectly portrayed as binary (female/male or woman/man) and unchanging whereas these
constructs actually exist along a spectrum and include additional sex categorizations and gender
identities such as people who are intersex/have differences of sex development (DSD) or
identify as non-binary. Moreover, the terms "sex" and "gender" can be ambiguous—thus it is
important for authors to define the manner in which they are used. In addition to this definition
guidance and the SAGER guidelines, the resources on this page offer further insight around sex
and gender in research studies.

Author contributions

For transparency, we require corresponding authors to provide co-author contributions to the
manuscript using the relevant CRediT roles. The CRediT taxonomy includes 14 different roles
describing each contributor’s specific contribution to the scholarly output. The roles are:
Conceptualization; Data curation; Formal analysis; Funding acquisition; Investigation;
Methodology; Project administration; Resources; Software; Supervision; Validation;
Visualization; Roles/Writing - original draft; and Writing - review & editing. Note that not all roles
may apply to every manuscript, and authors may have contributed through multiple roles. More
details and an example.

Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request
such a change, the Editor must receive the following from the corresponding author: (a) the
reason for the change in author list and (b) written confirmation (e-mail, letter) from all authors
that they agree with the addition, removal or rearrangement. In the case of addition or removal
of authors, this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or


https://www.elsevier.com/authors/policies-and-guidelines/edi#SAGER
https://www.elsevier.com/authors/policies-and-guidelines/edi#SAGER
https://credit.niso.org/
https://www.elsevier.com/authors/policies-and-guidelines/credit-author-statement
https://www.elsevier.com/authors/policies-and-guidelines/credit-author-statement

60

rearrangement of authors after the manuscript has been accepted. While the Editor considers
the request, publication of the manuscript will be suspended. If the manuscript has already been
published in an online issue, any requests approved by the Editor will result in a corrigendum.

Reporting clinical trials

Randomized controlled trials should be presented according to the CONSORT guidelines. At
manuscript submission, authors must provide the CONSORT checklist accompanied by a flow
diagram that illustrates the progress of patients through the trial, including recruitment,
enrollment, randomization, withdrawal and completion, and a detailed description of the
randomization procedure. The CONSORT checklist and template flow diagram are available
online.

Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement’
(see more information on this). An e-mail will be sent to the corresponding author confirming receipt
of the manuscript together with a 'Journal Publishing Agreement’ form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for
internal circulation within their institutions. Permission of the Publisher is required for resale or
distribution outside the institution and for all other derivative works, including compilations and
translations. If excerpts from other copyrighted works are included, the author(s) must obtain
written permission from the copyright owners and credit the source(s) in the article. Elsevier has
preprinted forms for use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete
a 'License Agreement' (more information). Permitted third party reuse of gold open access
articles is determined by the author's choice of user license.

Author rights

As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing

Find out how you can share your research published in Elsevier journals.


https://www.goodreports.org/reporting-checklists/consort/
https://www.goodreports.org/reporting-checklists/consort/
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/about/policies/copyright/permissions
https://www.elsevier.com/__data/assets/word_doc/0007/98656/Permission-Request-Form.docx
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/about/policies/open-access-licenses
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/authors/journal-authors/submit-your-paper/sharing-and-promoting-your-article
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Role of the funding source

You are requested to identify who provided financial support for the conduct of the research
and/or preparation of the article and to briefly describe the role of the sponsor(s), if any, in study
design; in the collection, analysis and interpretation of data; in the writing of the report; and in the
decision to submit the article for publication.

the funding source(s) had no such involvement, it is recommended to state this.

Open access

The Journal of Endodontics supports Open Access. Following acceptance, authors have the
option to make their article freely accessible for a fee of $3,000. Please see the following link to
learn more about open access options: https://www.elsevier.com/about/open-science/open-
access.

Open access

Please visit our Open Access page for more information.
Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture
of these). Authors who feel their English language manuscript may require editing to eliminate
possible grammatical or spelling errors and to conform to correct scientific English may wish to
use the Language Editing service available from Elsevier's Language Services.

Submission

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests
for revision, is sent by e-mail.


http://www.elsevier.com/about/open-science/open-access
http://www.elsevier.com/about/open-science/open-access
https://www.elsevier.com/journals/journal-of-endodontics/0099-2399/open-access-options
https://webshop.elsevier.com/language-editing/
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Submit your article

Please submit your article via https://www.editorialmanager.com/JOE.

B Preparation

General Points on Composition

Authors are strongly encouraged to analyze their final draft with both software (eg, spelling and
grammar programs) and colleagues who have expertise in English grammar. References listed at
the end of this section provide a more extensive review of rules of English grammar and guidelines
for writing a scientific article. Always remember that clarity is the most important feature of scientific
writing. Scientific articles must be clear and precise in their content and concise in their delivery
because their purpose is to inform the reader. The Editor reserves the right to edit all manuscripts
or to reject those manuscripts that lack clarity or precision or that have unacceptable grammar or
syntax. The following list represents common errors in manuscripts submitted to the Journal of
Endodontics:

2 The paragraph is the ideal unit of organization. Paragraphs typically start with an
introductory sentence that is followed by sentences that describe additional detail or
examples. The last sentence of the paragraph provides conclusions and forms a transition
to the next paragraph. Common problems include one-sentence paragraphs, sentences
that do not develop the theme of the paragraph (see also section “c,” below), or sentences
with little to no transition within a paragraph.

3 Keep to the point. The subject of the sentence should support the subject of the
paragraph For example, the introduction of authors’ names in a sentence changes the subject
and lengthens the text. In a paragraph on sodium hypochlorite, the sentence, “In 1983,
Langeland et al, reported that sodium hypochlorite acts as a lubricating factor during
instrumentation and helps to flush debris from the root canals” can be edited to: “Sodium
hypochlorite acts as a lubricant during instrumentation and as a vehicle for flushing the
generated debris (Langeland et al, 1983).” In this example, the paragraph’s subject is sodium
hypochlorite and sentences should focus on this subject.

4 Sentences are stronger when written in the active voice, that is, the subject performs the
action. Passive sentences are identified by the use of passive verbs such as “was,” “were,”
“could,” etc. For example: “Dexamethasone was found in this study to be a factor that was
associated with reduced inflammation,” can be edited to: “Our results demonstrated that
dexamethasone reduced inflammation.” Sentences written in a direct and active voice are
generally more powerful and shorter than sentences written in the passive voice.


https://www.editorialmanager.com/JOE
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Reduce verbiage. Short sentences are easier to understand. The inclusion of
unnecessary words is often associated with the use of a passive voice, a lack of focus,
or run-on sentences. This is not to imply that all sentences need be short or even the
same length. Indeed, variation in sentence structure and length often helps to maintain
reader interest. However, make all words count. A more formal way of stating this point is
that the use of General Points on Composition

Authors are strongly encouraged to analyze their final draft with both software (eg, spelling and
grammar programs) and colleagues who have expertise in English grammar. References listed at
the end of this section provide a more extensive review of rules of English grammar and guidelines
for writing a scientific article. Always remember that clarity is the most important feature of scientific
writing. Scientific articles must be clear and precise in their content and concise in their delivery
because their purpose is to inform the reader. The Editor reserves the right to edit all manuscripts
or to reject those manuscripts that lack clarity or precision or that have unacceptable grammar or
syntax. The following list represents common errors in manuscripts submitted to the Journal of
Endodontics:

2 The paragraph is the ideal unit of organization. Paragraphs typically start with an
introductory sentence that is followed by sentences that describe additional detail or
examples. The last sentence of the paragraph provides conclusions and forms a transition
to the next paragraph. Common problems include one-sentence paragraphs, sentences
that do not develop the theme of the paragraph (see also section “c,” below), or sentences
with little to no transition within a paragraph.

3 Keep to the point. The subject of the sentence should support the subject of the
paragraph For example, the introduction of authors’ names in a sentence changes the subject
and lengthens the text. In a paragraph on sodium hypochlorite, the sentence, “In 1983,
Langeland et al, reported that sodium hypochlorite acts as a lubricating factor during
instrumentation and helps to flush debris from the root canals” can be edited to: “Sodium
hypochlorite acts as a lubricant during instrumentation and as a vehicle for flushing the
generated debris (Langeland et al, 1983).” In this example, the paragraph’s subject is sodium
hypochlorite and sentences should focus on this subject.

4 Sentences are stronger when written in the active voice, that is, the subject performs the
action. Passive sentences are identified by the use of passive verbs such as “was,” “were,”
“could,” etc. For example: “Dexamethasone was found in this study to be a factor that was
associated with reduced inflammation,” can be edited to: “Our results demonstrated that
dexamethasone reduced inflammation.” Sentences written in a direct and active voice are
generally more powerful and shorter than sentences written in the passive voice.



5 Reduce verbiage. Short sentences are easier to understand. The inclusion of unnecessary
words is often associated with the use of a passive voice, a lack of focus, or run-on
sentences. This is not to imply that all sentences need be short or even the same length.
Indeed, variation in sentence structure and length often helps to maintain reader interest.
However, make all words count. A more formal way of stating this point is that the use of
subordinate clauses adds variety and information when constructing a paragraph. (This

section was written deliberately with sentences

of varying length to illustrate this point.)

6 Use parallel construction to express related ideas. For example, the sentence, “Formerly,
endodontics was taught by hand instrumentation, while now rotary instrumentation is the
common method,” can be edited to “Formerly, endodontics was taught using hand
instrumentation; now it is commonly taught using rotary instrumentation.” The use of
parallel construction in sentences simply means that similar ideas are expressed in similar

ways, and this helps the reader recognize that the ideas are related.

7 Keep modifying phrases close to the word that they modify. This is a common problem in
complex sentences that may confuse the reader. For example, the statement, “Accordingly,
when conclusions are drawn from the results of this study, caution must be used,” can be

edited to “Caution must be used when conclusions are drawn from the results of this study.”

8 Tosummarize these points, effective sentences are clear and precise, and often are short,
simple and focused on one key point that supports the paragraph’s theme.

9 Authors should be aware that the JOE uses iThenticate, plagiarism detection software, to
ensure originality and integrity of material published in the journal. The use of copied
sentences, even when present within quotation marks, is highly discouraged. Instead, the
information of the original research should be expressed by the new manuscript author’s
own words, and a proper citation given at the end of the sentence. Plagiarism will not be
tolerated and manuscripts will be rejected or papers withdrawn after publication based on
unethical actions by the authors. In addition, authors may be sanctioned for future
publication.

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most
formatting codes will be removed and replaced on processing the article. In particular, do not
use the word processor's options to justify text or to hyphenate words. However, do use bold
face, italics, subscripts, superscripts etc.
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When preparing tables, if you are using a table grid, use only one grid for each individual table and not a grid for each row.
If no grid is used, use tabs, not spaces, to align columns. The electronic text should be prepared in a way very similar to
that of conventional manuscripts (see also the Guide to Publishing with Elsevier). Note that source files of figures, tables
and text graphics will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and
‘grammar-check’ functions of your word processor.

Essential title page information

* Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

* Author names and dffiliations. Please clearly indicate the given name(s) and family
name(s) of each author and check that all names are accurately spelled. You can add your
name between parentheses in your own script behind the English transliteration. Present
the authors' affiliation addresses (where the actual work was done) below the names.
Indicate all affiliations with a lower-case superscript letter immediately after the author's
name and in front of the appropriate address. Provide the full postal address of each
affiliation, including the country name and, if available, the e-mail address of each author.

* Corresponding author. Clearly indicate who will handle correspondence at all stages of
refereeing and publication, also post-publication. This responsibility includes answering any
future queries about Methodology and Materials. Ensure that the e- mail address is given
and that contact details are kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the
article was done, or was visiting at the time, a 'Present address' (or 'Permanent address')
may be indicated as a footnote to that author's name. The address at which the author
actually did the work must be retained as the main, affiliation address. Superscript Arabic
numerals are used for such footnotes.

Structured abstract

A structured abstract, by means of appropriate headings, should provide the context or
background for the research and should state its purpose, basic procedures (selection of study
subjects or laboratory animals, observational and analytical methods), main findings (giving
specific effect sizes and their statistical significance, if possible), and principal conclusions. It
should emphasize new and important aspects of the study or observations.


https://www.elsevier.com/authors/journal-authors/submit-your-paper

Abstract Headings

Introduction, Methods, Results, Conclusions

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These
keywords will be used for indexing purposes.
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Original Research Article Guidelines

Title Page

The title describes the major emphasis of the paper. It must be as short as possible without loss
of clarity. Avoid abbreviations in the title because this may lead to imprecise coding by electronic
citation programs such as PubMed (eg, use sodium hypochlorite rather than NaOCI). The author
list must conform to published standards on authorship (see authorship criteria in the Uniform
Requirements for Manuscripts Submitted to Biomedical Journals at www.icmje.org). Include the
manuscript title; the names and affiliations of all authors; and the name, affiliation, and full
mailing address (including e-mail) of the corresponding author. This author will be responsible
for proofreading page proofs and ordering reprints when applicable. Also highlight the
contribution of each author in the cover letter.

Abstract

The Abstract concisely describes the purpose of the study in 250 or fewer words. It must be
organized into sections: Introduction, Methods, Results, and Conclusions. The hypothesis is
described in the Abstract Introduction. The Abstract describes the new contributions made by this
study. The Abstract word limitation and its wide distribution (eg, PubMed) make it challenging to

66



write clearly. This section is written last by many authors. Write the abstract in past tense
because the study has been completed. Provide 3-5 keywords.

Introduction

The introduction briefly reviews the pertinent literature in order to identify the gap in knowledge
that the study is intended to address and the limitations of previous studies in the area. Clearly
describe the purpose of the study, the tested hypothesis, and its scope. Many successful
manuscripts require no more than a few paragraphs to accomplish these goals; therefore, do not
perform extensive literature review or discuss the results of the study in this section.

Materials and Methods

The Materials and Methods section is intended to permit other investigators to repeat your
experiments. There are 4 components to this section: (1) detailed description of the materials
used and their components, (2) experimental design, (3) procedures employed, and (4)
statistical tests used to analyze the results. Most manuscripts should cite prior studies that used
similar methods and succinctly describe the essential aspects used in the present study. A
"methods figure" will be rejected unless the procedure is novel and requires an illustration for
comprehension. If the method is novel, then you must carefully describe the method and include
validation experiments. If the study used a commercial product, the manuscript must either state
that you followed manufacturer’s protocol or specify any changes made to the protocol. If the
study used an in vitro model to simulate a clinical outcome, describe either experiments made to
validate the model or previous literature that proved the clinical relevance of the model. The
statistical analysis section must describe which tests were used to analyze which dependent
measures; P values must be specified.

Additional details may include randomization scheme, stratification (if any), power analysis as a
basis for sample size computation, dropouts from clinical trials, the effects of important
confounding variables, and bivariate versus multivariate analysis.

Results

Only experimental results are appropriate in this section; do not include methods, discussion, or
conclusions. Include only those data that are critical for the study, as defined by the aim(s). Do
not include all available data without justification; any repetitive findings will be rejected from
publication. All Figures, Charts, and Tables must be cited in the text in numerical order and
include a brief description of the major findings. Consider using Supplemental Figures, Tables, or
Video clips that will be published online. Supplemental material often is used to provide additional
information or control experiments that support the results section (eg, microarray data).

Figures

There are 2 general types of figures: type 1 includes photographs, radiographs, or micrographs;
type 2 includes graphs. Type 1: Include only essential figures and use composite figures
containing several panels of photographs, if possible. Each panel must be clearly identified with
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a letter (eg, A, B, C), and the parts must be defined in the figure legend. A figure that contains
many panels counts as 1 figure. Type 2: Graphs (ie, line drawings including bar graphs) that plot
a dependent measure (on the Y axis) as a function of an independent measure (usually plotted
on the X axis). One example is a graph depicting pain scores over time. Use graphs when the
overall trend of the results is more important than the exact numeric values of the results. A
graph is a convenient way to report that an ibuprofen-treated group reported less pain than a
placebo-treated group over the first 24 hours, but pain reported was the same for both groups
over the next 96 hours. In this case, the trend of the results is the primary finding; the actual pain
scores are not as critical as the relative differences between the NSAID and placebo groups.

Tables

Tables are appropriate when it is critical to present exact numeric values; however, not all results
need be placed in either a table or figure. Instead of a simple table, the results could state that
there was no inhibition of growth from 0.001%-0.03% NaOCI, and a 100% inhibition of growth
from 0.03%-3% NaOCI (N=5/group). If the results are not significant, then it is probably not
necessary to include the results in either a table or as a figure.
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CONSORT Randomized Clinical Trial

Must strictly adhere to the Consolidated Standards of Reporting Trials—CONSORT— minimum
guidelines for publication of randomized clinical trials (https://www.goodreports.org/reporting-
checklists/consort/). Word limit: 3500.

Headings: Abstract, Introduction, Materials and Methods, Results, Discussion, Acknowledgments.

Maximum number of figures: 4. Maximum number of tables: 4.

Review Article

Either narrative articles or systemic reviews/meta-analyses. Case Report/Clinical Techniques
articles, even when they include an extensive review of the literature, are categorized as Case
Report/Clinical Techniques. Word limit: 3500. Headings: Abstract, Introduction, Discussion,
Acknowledgments. Maximum number of figures: 4. Maximum number of tables: 4.

Clinical Research

Prospective or retrospective studies of patients or patient records, research on biopsies
excluding the use of human teeth for technique studies. Word limit: 3500. Headings: Abstract,
Introduction, Materials and Methods, Results, Discussion, Acknowledgments. Maximum number
of figures: 4. Maximum number of tables: 4.

Basic Research—Biology

Animal or culture studies of biological research on physiology, development, stem cell
differentiation, inflammation, or pathology. Primary focus is on biology. Word limit: 2500.
Headings: Abstract, Introduction, Materials and Methods, Results, Discussion,
Acknowledgments. Maximum number of figures: 4. Maximum number of tables: 4.

Basic Research—Technology

Focus primarily on research related to techniques and materials used, or on potential clinical
use, in endodontics. Word limit: 2500. Headings: Abstract, Introduction, Material and Methods,
Results, Discussion, Acknowledgments. Maximum number of figures: 3. Maximum number of
tables: 3.

Case Report/Clinical Techniques

Reports of an unusual clinical case or use of a cutting edge technology in a clinical case. Word
limit: 2500. Headings: Abstract, Introduction, Materials and Methods, Results, Discussion,
Acknowledgments. Maximum number of figures: 4. Maximum number of tables: 4.
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List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx,
yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United
States Institutes of Peace [grant number aaaa.

It is not necessary to include detailed descriptions on the program or type of grants and awards.
When funding is from a block grant or other resources available to a university, college, or other
research institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, it is recommended to include the following
sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Units

Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.

Artwork

Electronic artwork

General points

* Make sure you use uniform lettering and sizing of your original artwork.

* Embed the used fonts if the application provides that option.

* Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman,
Symbol, or use fonts that look similar.

* Number the illustrations according to their sequence in the text.
* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Size the illustrations close to the desired dimensions of the published version.

* Submit each illustration as a separate file.

* Ensure that color images are accessible to all, including those with impaired color vision.

A detailed guide on electronic artwork is available.
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You are urged to visit this site; some excerpts from the
detailed information are given here.

Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel)
then please supply 'as is' in the native document format. Regardless of the application used
other than Microsoft Office, when your electronic artwork is finalized, please 'Save as' or convert
the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000
dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:
* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically

have a low number of pixels and limited set of colors;
* Supply files that are too low in resolution;
* Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF)
or MS Office files) and with the correct resolution. If, together with your accepted article, you
submit usable color figures then Elsevier will ensure, at no additional charge, that these figures
will appear in color online (e.g., ScienceDirect and other sites) in addition to color reproduction in
print. Further information on the preparation of electronic artwork.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the
figure. A caption should comprise a brief title (not on the figure itself) and a description of the
illustration. Keep text in the illustrations themselves to a minimum but explain all symbols and
abbreviations used.
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Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article.

Please avoid using vertical rules and shading in table cells.

References

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full.

Unpublished results and personal communications are not allowed in the reference list, but they
may be mentioned in the text. Citation of a reference as "in press” implies that the item has been
accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such
as Scopus, Crossref and PubMed, please ensure that data provided in the references are
correct. Please note that incorrect surnames, journal/book titles, publication year and pagination
may prevent link creation. When copying references, please be careful as they may already
contain errors. Use of the DOI is highly encouraged.

A DOl is guaranteed never to change, so you can use it as a permanent link to any electronic
article. An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C.,
Russo R.M., James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser
Antilles slab beneath northeastern Venezuela. Journal of Geophysical Research,
https://doi.org/10.1029/2001JB000884. Please note the format of such citations should be in the
same style as all other references in the paper.

Web References

As a minimum, the full URL should be given and the date when the reference was last accessed.
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Any further information, if known (DOI, author names, dates, reference to a source publication, etc.),

should also be given. Web references are included in the reference list.
Datareferences

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing
them in your text and including a data reference in your Reference List. Data references should
include the following elements: author name(s), dataset title, data repository, version (where



available), year, and global persistent identifier. Add [dataset] immediately before the reference
so we can properly identify it as a data reference. The [dataset] identifier will not appear in your
published article.

Preprint references

Where a preprint has subsequently become available as a peer-reviewed publication, the formal
publication should be used as the reference. If there are preprints that are central to your work
or that cover crucial developments in the topic, but are not yet formally published, these may be
referenced. Preprints should be clearly marked as such, for example by including the word
preprint, or the name of the preprint server, as part of the reference. The preprint DOI should
also be provided.

References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and any citations
in the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular
reference management software products. These include all products that support Citation Style
Language styles, such as Mendeley. Using citation plug-ins from these products, authors only
need to select the appropriate journal template when preparing their article, after which citations
and bibliographies will be automatically formatted in the journal's style. If no template is yet
available for this journal, please follow the format of the sample references and citations as
shown in this Guide. If you use reference management software, please ensure that you
remove all field codes before submitting the electronic manuscript. More information on how to
remove field codes from different reference management software.

Reference style

Text: Indicate references by Arabic numerals in parentheses, numbered in the order in which
they appear in the text. List: Number the references in the list in the order in which they appear
in the text. List 3 authors then et al.

Examples:
Journal article:

1. Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. J Sci
Commun. 2010;163:51-59.

Book:

2. Strunk W Jr, White EB. The Elements of Style, 4th ed. New York: Longman; 2000. Chapter
in an edited book:

3. Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones BS,
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Smith RZ, eds. Introduction to the Electronic Age. New York: E-Publishing; 2009:281-304.
Journal abbreviations source

Journal names are abbreviated according to Index medicus.

Video

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in
the same way as a figure or table by referring to the video or animation content and noting in the
body text where it should be placed. All submitted files should be properly labeled so that they
directly relate to the video file's content. In order to ensure that your video or animation material
is directly usable, please provide the file in one of our recommended file formats with a preferred
maximum size of 150 MB per file, 1 GB in total. Video and animation files supplied will be
published online in the electronic version of your article in Elsevier Web products, including
ScienceDirect. Please supply 'stills’ with your files: you can choose any frame from the video or
animation or make a separate image. These will be used instead of standard icons and will
personalize the link to your video data. For more detailed instructions please visit our video
instruction pages. Note: since video and animation cannot be embedded in the print version of
the journal, please provide text for both the electronic and the print version for the portions of the
article that refer to this content.

Supplementary material

Supplementary material such as applications, images and sound clips, can be published with
your article to enhance it. Submitted supplementary items are published exactly as they are
received (Excel or PowerPoint files will appear as such online). Please submit your material
together with the article and supply a concise, descriptive caption for each supplementary file. If
you wish to make changes to supplementary material during any stage of the process, please
make sure to provide an updated file. Do not annotate any corrections on a previous version.
Please switch off the "Track Changes' option in Microsoft Office files as these will appear in the
published version.

Research data

This journal encourages and enables you to share data that supports your research publication
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where appropriate, and enables you to interlink the data with your published articles. Research
data refers to the results of observations or experimentation that validate research findings,
which may also include software, code, models, algorithms, protocols, methods and other useful
materials related to the project.

Below are a number of ways in which you can associate data with your article or make a
statement about the availability of your data when submitting your manuscript. If you are sharing
data in one of these ways, you are encouraged to cite the data in your manuscript and reference
list. Please refer to the "References" section for more information about data citation. For more
information on depositing, sharing and using research data and other relevant research
materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article
directly to the dataset. Elsevier collaborates with a number of repositories to link articles on
ScienceDirect with relevant repositories, giving readers access to underlying data that gives
them a better understanding of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your
published article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. Before submitting your article, you can deposit
the relevant datasets to Mendeley

Data. Please include the DOI of the deposited dataset(s) in your main manuscript file. The
datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data statement

To foster transparency, we encourage you to state the availability of your data in your
submission. This may be a requirement of your funding body or institution. If your data is
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unavailable to access or unsuitable to post, you will have the opportunity to indicate why during
the submission process, for example by stating that the research data is confidential. The
statement will appear with your published article on ScienceDirect.

For more information, visit the Data Statement page.
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Proofs

One set of page proofs (as PDF files) will be sent by e-mail to the corresponding author (if we do
not have an e-mail address then paper proofs will be sent by post) or, a link will be provided in
the e-mail so that authors can download the files themselves. Elsevier now provides authors with
PDF proofs which can be annotated; for this you will need to download Adobe Reader version 7
(or higher) available free from http://get.adobe.com/reader. Instructions on how to annotate PDF
files will accompany the proofs (also given online). The exact system requirements are given at
the Adobe site: http://www.adobe.com/products/reader/tech-specs.html.

If you do not wish to use the PDF annotations function, you may list the corrections (including
replies to the Query Form) and return them to the Journal Manager at Elsevier in an e-mail.
Please list your corrections quoting line number. If, for any reason, this is not possible, then
mark the corrections and any other comments (including replies to the Query Form) on a printout
of your proof and return by fax. Please use this proof only for checking the typesetting, editing,
completeness and correctness of the text, tables and figures. Significant changes to the article
as accepted for publication will only be considered at this stage with permission from the Editor.
We will do everything possible to get your article published quickly and accurately — please let
us have all your corrections within 48 hours. It is important to ensure that all corrections are sent
back to us in one communication: please check carefully before replying, as inclusion of any
subsequent corrections cannot be guaranteed. Proofreading is solely your responsibility. Note
that Elsevier may proceed with the publication of your article if no response is received.

Offprints

The corresponding author will, at no cost, receive a customized Share Link providing 50 days
free access to the final published version of the article on ScienceDirect. The Share Link can be
used for sharing the article via any communication channel, including email and social media.
For an extra charge, paper offprints can be ordered via the offprint order form which is sent once
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