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RESUMO

Introducdo: O conhecimento da morfologia da raiz dentaria adéamental para o
planejamento e execucado do tratamento endodor@iaabjetivo deste estudo foi avaliar o
volume do canal radicular e o comprimento de imossiinferiores por meio de tomografia
computadorizada de feixe conico (TCFC), utilizarmmo referéncia ou padrédo-ouro a
microtomografia computadorizada (microCWaterial e métodos: Setenta e um incisivos
inferiores humanos extraidos foram escaneados métootomoégrafo SkyScafi e pelo
tomégrafoi-CAT Next Generatidh O comprimento do dente e o volume radicular das
imagens obtidas pela TCFC foram mensuradasofitware TK-SNAP 3.8.0e as imagens
obtidas pela microCT foram avaliadas pstuftware CTAR versdo 2.2.1. Além disso, a
morfologia de cada dente (area, circularidade, €eifos maior e menor) foi avaliada no
softwareCTArF. Para avaliar o comprimento, foi utilizado o tes&tudentpareado e para
avaliar o volume, foi realizada a transformacaatdgica dos dados seguida pelo tdste
Studentpareado (p<0,05Resultados:As evidéncias amostrais indicaram que as médias do
comprimento e do volume foram significantementereifites entre a microCT e a TCFC
(p<0,001). A mediana do volume do canal radiculaf@FC foi duas vezes maior do que a
mediana da microCT (2,205 IC (95%) = (2,03; 2,398).para o comprimento do dente, a
estimativa da diferenca das médias calculada pste tStudenffoi igual a 1,08 (IC (95%) =
(0,94; 1,21)), demonstrando uma subestimacdo da&CTCBnclusdo: A imagem obtida em
um equipamento de TCFC de grande volume nao pligsibinensurar o comprimento e o
volume do canal radicular com precisédo em comparegé a microCT, mesmo utilizando o

protocolo de maior resolugcéo na aquisi¢édo da imagem

Descritores: Tomografia computadorizada de feixe conico; mamaigrafia por raios X;

incisivo; cavidade pulpar



ABSTRACT

Introduction: The knowledge of dental root internal morphologymperative for planning
and execution of endodontic treatment. The aimhf $tudy was to evaluate the volume of
the root canal and the length of mandibular ingaging cone beam computed tomography
(CBCT), using micro-computed tomography (microC§)areferenceMethods: Seventy-
one mandibular incisors were scanned by the Sky&aaitrotomograph and the i-CAT
Next Generation®. The tooth length and root volurhéhe images obtained by the CBCT
were measured using the ITK-SNAP 3.8.0 software iammjes obtained by the microCT
were evaluated using the CTANn® software version.12.2Moreover, 2-dimensional
parameters (area, roundness, and largest and strdileneter) of each tooth were measured
using the CTAN® software. To evaluate the lendik, $tudent's paired t-test was used and to
evaluate the volume, the logarithmic transformatbhe teeth was performed, followed by
the Student's paired t-test (p <0.0Results: The sample indicated that the length and
volume means were significantly different betwelea microCT and CBCT (p <0.001). The
median root canal volume in the CBCT was twice @h las the median of the microCT
(2.205 CI (95%) = (2.03; 2.39)). For the lengthtlod tooth, the estimate of the difference in
means calculated by the Student's t-test was egudl.08 (CI (95%) = (0.94, 1.21)),
demonstrating an underestimation of the CBCbnclusion: The tomographic image of
large volume was unable to measure the length ahdne of the root canal compared to

microCT, even using the highest resolution settings

Keywords: Cone-beam computed tomography; x-ray microtomdgraimcisor; pulp cavity
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1 INTRODUCAO

O desconhecimento da morfologia dos dentes pode By insucesso no tratamento
endodontico, comprometendo o processo de limpezanféccdo e modelagem dos canais
radiculares (1). Segundo Barbizam et al. (2), antidade de detritos nos canais radiculares
apos a instrumentacdo esta intimamente relacioaadzaracteristicas anatémicas internas.
Esses fatores requerem a identificacdo de um edanmagem que determine com precisao
a morfologia do canal radicular. A qualidade da gema facilita a interpretacdo da
morfologia radicular, e particularmente auxilia seterminacdo do comprimento do dente,
bem como a avaliagdo pos-operatoria e a longo glaz@tamento endodontico (3).

Os incisivos inferiores sdo comumente consideradestes unirradiculares,
apresentando apenas um canal e sendo mais ampémtido vestibulo-lingual (4,5). Apesar
disso, eles podem apresentar dois ou trés carth@laes (5-7), devido a presenca de uma
ponte de dentina na camara pulpar (8). Na litema@prevaléncia de incisivos inferiores que
apresentam canal Unico varia de 55% a 87,6% (%(),9Além disso, as variacbes
anatdOmicas da configuragdo dos canais radiculaergindo a classificacdo de Vertucci,
contempla até oito tipos de configuracdo (9). Rustaeente, alguns autores acrescentaram
outros tipos morfologicos a esta classificacaol@),

S&o descritos na literatura diferentes metodologas analise da morfologia dos
sistemas de canais radiculares, como a radiografieencional (13), radiografia digital (14),
injecdo de resina (15), seccdo de diferentes pléh®s avaliacdo macroscopica (17) e
microscopica (18), técnicas de diafanizacdo (%lrhjcroscopia eletronica de varredura (10).
Recentemente, outros métodos foram surgindo pastuolo da morfologia dos dentes, como
a tomografia computadorizada de feixe cbnico (TCKT9,20) e a microtomografia
computadorizada (microCT) (5,7,20). O equipamemd @FC apresenta algumas vantagens
em relacdo a outras metodologias como auséncialleposicdes, obtencdo de modelos
tridimensionais (3D) e estudos que podem ser adizin vivo (21). Esses exames estao
associados a doses menores de radiacdo, quandoaremimp com a tomografia
computadorizada helicoidal (22). A microCT foi degalvida no inicio dos anos 1980,
baseada nos principios da tomografia computadariaadal, por Elliot e Dover (23) e tem
sido amplamente utilizado no estudo da morfologia dentes (5,6), devido a sua alta
resolucdo espacial e por ser um método ndo destrpira os espécimes (23,24). Os
algoritmos utilizados neste método permitem anslisielimensionais (2D) e 3D (5). No
campo da pesquisa experimental, a microCT vem setildtada como padrao de referéncia

nos estudos de morfologia dos canais radiculafs (2
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Nesse contexto, uma avaliacdo do padrédo anatomies do tratamento endoddéntico
deve ser realizada usando os métodos de imagempnegisos (26). O desenvolvimento e
aperfeicoamento dos equipamentos de TCFC, bem demovos programas de reconstrugao
e analise de dados tem possibilitado o uso da T&@REndodontia com preciséo (3,27).
Entretanto, sabe-se que fatores comtandware configuracdo da exposicaspftware
utilizado para reconstrucao e visualizacdo dos slasimdicdes de visualizacéo e experiéncia
do observador podem influenciar na qualidade eapaadade de diagndstico da imagem
tomogréfica (22,28,29). Dessa forma, o objetivangipal deste estudo foi avaliar o volume
do canal radicular e o comprimento de incisivogninfes por meio da TCFC, utilizando
como referéncia ou padrao-ouro a microCT. O objesigcundario deste estudo foi avaliar
guantitativamente a anatomia dos incisivos infesqror meio da microCT. Foi considerada
a seguinte hipotese nula: os equipamentos de miceoTCFC utilizados neste estudo nao

apresentam diferencas na avaliacdo do comprimesdoselume do dente.
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2 MATERIAL E METODOS

Selecdo da amostra

Todos os dentes foram limpos com curetas periodonia tipo Gracey (Hu-friedy,
Chicago, IL,Estados Unidgse com tacas de borracha, pedra pomes e aguaepargiao de
detritos e restos de ligamento periodontal (30ktétmrmente, eles foram armazenados em
solucdo de timol 0,1% em temperatura ambienteadt@@eriodicamente por um periodo
maximo de doze meses (6). Os dentes foram radampafpor meio do equipamento
Focus™ (KaVo, Instrumentarium, Tusuulginlandig com 70 kVp, 7 mA, com uma
distancia do foco ao filme de 20 cm e tempo de sixfo de 0,56 segundos. Para a técnica
radiografica, foi utilizado o sensor intraoral R\B300 (Carestream Health, Rochester, NY,
Estados Unidos). Foram incluidos no estudo, inassimferiores do tipo | de Vertucci (9)
com um unico canal que se estende da camara paipar apice. Incisivos inferiores com
rizogénese incompleta, tratamento endodéntico préanais radiculares calcificados e/ou
atrésicos, fraturas radiculares, anomalias desté&rigeabsor¢des foram excluidos do estudo.
Com a aplicacdo desses critérios, a amostra iriaiatduzida para 71 dentes.

Para o céalculo do tamanho da amostra, foi utilizateste—Studenpareado com nivel
de significancia de 5% e poder de analise superi8b%, o que resultou em um ndamero
minimo de 71 dentes. Inicialmente, 101 incisivoferiores extraidos por motivos néo
relacionados a este estudo foram adquiridos apagr@avacdao do protocolo pelo Comité
Permanente de Etica em Pesquisa envolvendo semesnba da Universidade Estadual de
Maringa (CAAE 83354418.8.0000.0104) (ANEXO A). EBstentes ndo foram diferenciados
em incisivos centrais e laterais, pois estudosipséndo demonstraram diferencas entre a

morfologia dos dentes (7,9).

Escaneamento por meio do equipamento de microCT

Antes do escaneamento dos espécimes, 0s dentes ifsaridos em bases de cera
utilidade (Lysanda produtos, SP, Brasil) e foramptédos individualmente a uma base
metalica, firmemente fixada a mesa giratoria, @sade um parafuso. Este parafuso
possibilita o posicionamento do dente de forma gragjwular em relacdo a fonte de radiacao
durante o escaneamento, reduzindo-se assim a tidasi® de movimentagao.

Os dentes foram escaneados utilizando o microted@kyScafi, modelo 1174,
versao 2 Bruker MicroCT, KontichBeélgica) (Figura 1) do Departamento de Endodastdia
Faculdade de Odontologia de Bauru, Universidad8atePaulo (FOB-USP). O equipamento
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€ composto por um tubo de raios X de microfoco ¢onte de alta tensédo (energia de
kVp, corrente de 800A). O sistema inclui uma porta amostra cmanipulador de precisé
e detector/sensor baseado em camera de dispodeivearga acopladécCharge Coupled
Device- CCD) com resolugéo de 1Megapixel(matriz de 1304 x 102pixels). Quanto aos
parametros de aquisicao, foi utilizado um filtro deimino de 0,5 mm de espessi
posicionado em frente a fonte de raios X, cvoxelisotropico de 286 um. O passo de
rotacao foi de um angulo de 1,0° por imagem deepémj, com rotacdo total de 360s
dados foram posteriormente reconstruidos a pasrimhigens das projecdes angulares
softwarededicadoNReconversédo 1.6.4.8Bruker MicroCT, KontichBélgice). As imagens

foram salvas em formatoitBhap (BMP)

Figura 1 Microtomégrafo Skyscan® 1174 (Bruker MicroCKontich, Bélgica)

<

Ap6s a reconstrucdo, as imagens foram analisadasacxilio dc software CTAR
versao 2.2.1 Bruker MicroCT, Kontic, Bélgica). O software esta instalado em um
computador com monitor Sony Vaio, tel7", resolucdo HD 1366« 768 pixels com
processador IntélICoreTM i-3110M, 2.40 GHz e 4GB de meméria R.. O primeiro passo
foi selecionara regido de interesse (ROI), por meio da escolhintervalo através dc
parametrosTop e Bottom (Figura 2a. Como padrao, definiu-seop como ¢ primeira fatia
selecionada, escolhidguando estavil mm aquém a extremidade apic; a ultima fatia
selecionada,Bottom foi escolhia considerando a juncdo cemeatmnalte (JCE). Ei
seguida, uma figura geométrica foi selecionada peypiciar a interpolacdo dos ROpara
fazé-las unidas erama soO estrutura (Figura 2b). O proximo passoa segmentacdo da
imagem por meio da técnicie limiarizagdo ouhresholdinterativg no qual a segmentag
dos valores de cinza foi obtida de forma interatiggparando 0s segmentos
correspondiam a dentina e o canal radicular. Hecemado para este esti, a limiarizacao

realizada pelo opedar. Neste processo, foi possivel dividir a imagem regi0e,
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reconhecendo-as como objetos independentes (FRp)raObteve-se, assim, uma imagem

binaria onde ogpixels pretos representavam o fundo eposels branco, o objeto de analise
(Figura 2d).

He Vew lmuge Precton Akt

= s el
) BeNEDH 490 ¥

it

Figura 2. a. Selecédo dop e Bottompara criacdo do ROI; b. Selecdo da area de isteres
para o célculo do volume; c. Processo de limiaéieaateterminado pelo operador; d. Imagem

binarizada.

A sequir, por meio dplug-in 3D Analysisfoi possivel obter a andalise quantitativa 3D
do volume total (mr) e da area total (mfhdo canal radicular. ®oftwareCTVol® v.2.2.1
(Bruker MicroCT, KontichBeélgica) gerou a imagem 3D do canal radiculagyfa 3). Foram
obtidos dados referentes aos parametros 2D de(@wm®d), circularidade (mm), diametro
maior (mm) e didmetro menor (mm) dos canais radiesl, em trés niveis radiculares

(cervical, médio e apical) por meio glug-in Individual Object Analysi@D space).
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Figura 3. Reconstru¢c&D do canal radicular por meio softwareCTVol®.

Ainda, com o auxilio dosoftware CTAn®, foi realizada a menswcdo do

comprimento do dente daor¢do mais coronal da coroa dentériaa extremidade apic
(Figura 4).
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Figura 4 Delimitacdo do comprimento do incisivo mandibulélizando osoftwareCTANR®.
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Escaneamento por meio do equipamento de TCFC

Quatro incisivos foram inseridos nos alvéolos deaumandibula humana macerada,
totalizando 18 escaneamentos. Os dentes foramofxads alvéolos com uma fina camada
de cera utilidade a fim de simular a aparénciaogrdfica do espaco periodontal (20). A
mandibula foi revestida com trés camadas de c#éigade nas faces vestibular e lingual para
fornecer algum nivel de simulacéo de tecidos m@eys

As TCFCs foram realizadas na Universidade EstadigalMaringa (UEM), no
Laboratério de Imagens em Pesquisa Clinica (LIPEZ)Céntral de Tecnologia em Saude
(CTS), do Complexo de Centrais de Apoio a Pesq3@MCAP), por um mesmo
profissional especialista em Radiologia Odontolagec Imaginologia. As imagens foram
obtidas pelo equipamenteCAT Next Generation® (Imaging Sciences Internaip
Hatfield, PA,EUA), com o protocolo de aquisicémxelisométrico de 12am, FOV (Field
of View de 8x8 cm, tempo de varredura de 26,9 segundosad de tubo de 120 kVp,
corrente do tubo de 37,07 mA e matriz de 640 x@46ls As mandibulas maceradas foram
posicionadas no tomdégrafo de tal maneira que copbafusal permaneceu paralelo ao solo e
o plano sagital mediano perpendicular.

Para a analise do volume, as tomografias foransfeddas em formato DICOM
(Digital Imaging and Communication in Medicinpara osoftware ITK-SNAP 3.8.0 verséo
3D (http://www.itksnap.org/pmwiki/pmwiki. php?n=MaHomePage) Este software esta
instalado em um MacBook Pro, tela 15, com processade® CoreTM i5, 2,4 Ghz e 4 GB
de memodria DDR3 de 1067 MHz, com sistema operacioaaOS High Sierra.

Para analise do volume, foi utilizado a segmentasginiautomatica. Neoftware
ITK-SNAP, a ROI foi selecionada para realizacdo segmentacdo automatica. Para o
preenchimento do volume a ser segmentado, foiisado um recurso de imagem para
ativacdo do contorno de evolugcdo. Os parametrdabrdsholdforam ajustados de maneira
gue o canal radicular ficasse nitidamente demar(idora 5a). Esses parametros variaram
de acordo com os valores de densidade presentgsante de imagem de cada paciente. Em
seguida, foi realizada a colocacdo de bolhas @s @gustaveis ao longo da imagem, para
inicializacdo do contorno de evolucéo ativa (Figbiop Ao fim da segmentacdo, a imagem
do volume do canal radicular foi reconstruida neel@ 3D dosoftware(Figura 5c). Para
garantir a segmentacao correta, uma segmentacamhianexecutada com ferramentas 3D
(31) (Figura 5d). Dessa forma, o volume do canalictdar foi calculado nas trés

reconstrucdes (axial, coronal e sagital) (Figura 6)
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Figura 5. Interface dsoftwarelTK-SNAP. a. Parametros daresholdforam ajustados de
maneira que o0 canal radicular ficasse nitidamergenaicado; b. As bolhas foram
posicionadas na ROI; c. Preenchimento automatiaegiao selecionada; d. O resultado das

segmentacfes automatica e manual.

Para analise do comprimento do dente, as recofsswpronal, sagital e axial foram
ajustadas para se cruzarem na camara pulpar. Oricoempo do dente foi obtido no plano
sagital (30). Utilizando a escala de mensuracasafiovare ITK-SNAP, cada dente foi

mensurado da por¢cdo mais coronal da coroa deatériextremidade apical (Figura 5d).
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Figura 6 Reconstrucéo 3D do canal radicular por meisoftwarelTK SNAP.

Analise estatistica

Todas as mensuracdes foram realizadas pcunico operador calibrac, especialista
em EndodontiaA calibrag&o foi conduzida com 20% da amostracsaada aleatoriamer,
com um intervalo de 15 dii Todas as analises foram realizadas era semiescura e
silenciosa e o examinador foi orientado a realinggrvalos entre as analises para e\
fadiga ocular.A concordancia int-examinador foi realizada por meio do coeficiente
correlacao intraclasse (CCI). Para a andlise stitati o este deShapirc-Wilk foi utilizado
para analisar a normalidade dos dados. Uma vezaquexriave respost “comprimento”
apresentou normalidade, auséncia de valores exdrerhomocedasticidade ena TCFC e a
microCT, a analise foi conduzida a partir dm testet-Studentpareado Por outro lado, a
varidvel respostd'volume” apresentou auséncia de normalidade, pgasede valore
extremos e hetocedasticidat. Por isso, a analise considerou a transformaggaritmica
dos dados seguida pelo test8tudentpareadoTodos 0s testes estatisticos foram realiz.

no softwareR, versao 4.@om nivel de significancia de 5% (p <O,(
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3 RESULTADOS

O CCI demonstrou uma aplicabilidade excelente qumw de 0,9888-0,9930 para as
variaveis comprimento e volume.

As medianas dos volumes dos incisivos inferiorenda analisado pela microCT foi
de 2,97 mnie a distancia interquartil de 1,86 rhm mediangara a TCFC foi de 6,23 nim
e a distancia interquartil foi de 5,30 mrEnquanto, as médias dos comprimentos dos dentes
guando analisados pela microCT e pela TCFC foram21d2+1,90 mm e 20,1+1,79 mm,
respectivamente.

Para ambas as variaveis, o tasBtudenipareado demonstrou evidéncias contrarias a
veracidade da hipotese nula, de modo que a re#tamsto €, as evidéncias amostrais
indicaram que as médias do logaritmo do volume ssgificantemente diferentes entre a
microCT e TCFC (p<0,001). Contudo, o antilogaritoied média dos dados transformados
correspondeu a média geométrica dos dados origiRais outro lado, a transformacao
logaritmica néo alterou a ordem hierarquica do®slafélssim, a mediana dos dados na escala
logaritmica foi igual ao logaritmo da mediana de@&las na escala original. Portanto, os
resultados do testeStudentpareado puderam ser interpretados em termos @oittng da
proporcdo das medianas dos dados na escala orifisa obter as estimativas do tdste
Studentpareado na escala original, bastou aplicar a tueg@onencial nas mesmas. Logo, a
mediana do volume na TCFC foi duas vezes maiomugoagmediana do volume na microCT
(2,205; IC 95% = (2,03; 2,39)).

J& em relacdo a variavel comprimento do denteyig€recias amostrais indicaram
gue as médias dos comprimentos tiveram diferenggisticamente significantes entre a
microCT e a TCFC (p<0,001). A estimativa da difggedas médias calculadas pelo teste t-
Studenffoi igual a 1,08 (IC 95% = (0,94; 1,21)).

Morfologia do sistema de canais (microCT)

A Tabela 1 resume os dados morfométricos (parasm@idoe 3D) em varios niveis da
raiz. O volume médio e a area foi de 3,25 H@m29,49 mrfy respectivamente. A andlise
morfométrica 2D revelou que a area dos canaisukaiegs aumentou gradualmente de apical
para cervical. Os valores de circularidade varig® @& 1, sendo que “0” corresponde a uma
reta e “1” a um circulo perfeito. No presente esfual circularidade nas regides cervical e

média variou de 0,50+0,17 mm e 0,34+0,21 mm, rgmtesido uma forma oval e achatada
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nessas regides. Na regido apical, a circularidad®w de 0,65+0,12 mm. Estes valores

demonstraram uma forma levemente circular dos sar@aregiao apical.

Tabela 1. Dados morfométricos 2D e 3D dos incisinteriores analisados pela microCT.

Canal
Paradmetros 3D
Volume total (mr) 3,25+1,68
Area total (mrf) 29,49+10,41
Paradmetros 2D Cervical Médio Apical
Area (mnf) 0,57+0,30 0,24+0,19 0,06+0,05
Circularidade (mm) 0,50+0,17 0,3410,21 0,65%0,12
Maior diametro (mm) 1,19+0,41 1,04+0,41 0,32+0,11
Menor didmetro (mm) 0,61+0,20 0,32+0,13 0,21+0,08
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4 DISCUSSAO

O conhecimento da morfologia dos dentes tem sido pumatesso complexo e
importante no planejamento e execucdo da terapdodéntica. A identificacdo da
configuracéo anatdmica é influenciada pelo métadawaliacdo (32). A imagem tomogréfica
oferece uma avaliacdo 3D da regido de interesgeraeimagens com uma resolucao espacial
adequada que permite uma analise detalhada do (9)tePorém, a literatura ainda €
controversa em relacdo a sua precisdo na avaligamaifologia dos canais radiculares
(20,32-34). A microCT foi utilizada como referéngeadrdo neste estudo, baseado em
estudos anteriores que também avaliaram a mor#oldgicanal radicular (20,33,34), uma
vez que fornece alta qualidade e imagens detallsmhagiestruir a amostra (33). A resolucéo
espacial da TCFC é menor que a microCT, mas a T&Lip€ra algumas das desvantagens da
microCT, como tempo de varredura, dosagem de r@adlia@lto custo, bem como amplo uso
em pratica clinica (25). Portanto, também tem sitlzada em ensaios laboratoriais (25).

Apesar da crescente importancia e aplicacées d&T@Fmorfologia do sistema de
canais radiculares, este instrumento ndo demonstmecordancia com a microCT em alguns
estudos (20,34-36). Nesse estudo, a mediana dmedlio canal radicular na TCFC foi duas
vezes maior do que a mediana da microCT (2,20®%0f = (2,03, 2,39)). Esses resultados
nao concordaram com Shaheen et al. (33) e Micketl. (37), que encontraram uma alta
correlacdo na avaliacdo do volume entre a microCh @CFC. As diferencas nas
metodologias dificultam a comparacao entre os estushaheen et al. (33) avaliaram quatro
protocolos de aquisicdo de trés equipamentos deCT@Ecuitomo 170, Scanora 3-D e
ProMax May. Para assegurar a precisdo da segmentacao,ngdsreimensionais entre o
dente real e o dente segmentado foi avaliado {88),meio do principio de Arquimedes
conforme descrito por Khalil et al. (3&m uma segunda etapa, foi realizada comparacdes
volumétricas entre os dentes segmentados dosmt#erprotocolos de TCFC e microCT por
meio dosoftware 3-matic®11833). As mudancas volumétricas foram medipasmeio de
um meétodo de comparacdo de pecas, resultando emaypa codificado por cores (33). Ja
Michetti et al. (37) avaliaram a estrutura do pescede imagem baseado na limiarizacao
global adaptativa. ApGs 0 processamento e segniéntdes imagens, foi realizado a
comparacdo do canal radicular segmentado a fim lonaa os dois volumes (37).
Posteriormente, o volume da segmentacao do cadiautar da microCT e da TCFC foram

registradas e comparadas visualmente (37). Alésodessa diferenca no resultado pode ser
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explicada pelo tamanho amostral, ambos os estutlacanam somente trés dentes para
avaliacao do volume enquanto o nosso estudo utilidoincisivos inferiores.

Para o comprimento do dente, nesse estudo, a &stnta diferenca das médias
calculadas pelo testeStudentfoi igual a 1,08 (IC (95%) = (0,94, 1,21)), demwasdo uma
subestimacdo da TCFC. Essa distancia milimétricacomprimento pode representar
importantes reservatorios para microrganismoscudtindo o sucesso de um tratamento
endodontico (1). Uma vez que, a subinstrumentag&alta em um preparo insuficiente,
permitindo a permanéncia de bactérias (1), enquam@ sobreinstrumentacdo promove o
alargamento do forame apical levando restos dendeimfectada para os tecidos periapicais
(39). Yilmaz, Kamburglu e Senel (30), também encontraram uma subestimacdo do
comprimento do dente analisado na TCFC, quando a@dp com o paquimetro eletronico.
Imagens tomogréficas, visualizadas corsoftwarei-Dixel 2.0 (J. Morita, Téquio, Japéao),
em diferentevoxelsmostraram uma subestimacao entre 1,16 e 1,63 @mA®Rm disso, o
localizador apical apresentou uma precisao melbwr ema variacdo média de 0,098 mm e a
radiografia periapical apresentou uma precisdo @ion uma variagdo média de 1,64 mm
comparado com o comprimento real do dente (30).

Segundo Baumgaertel et al. (40), as imagens da TiGfF@cem medidas confiaveis
para a aplicacao clinica. Entretanto, esses vak#tedrequentemente inferiores as medidas
reais. Alguns fatores como, o tamanho do campas@® \(FOV) do equipamento de TCFC e
a reconstrucédo comwoxel podem influenciar a qualidade das imagens (308%)imagens
tomograficas consistem evoxels que sdo analogos a pixel em uma imagem 2D (29). O
tamanho dovoxeldetermina o nivel de detalhes que uma imagem prigm@, ou seja, sua
resolucao espacial (41). Se a resolucao espaciahdamagem for aumentada, diminuindo o
tamanho dooxel,uma dose mais alta de radiacédo é necessériatpagit @ mesmo nivel de
ruido que o maior tamanho dexel (29). Diferentes tamanhos dexels podem ser
encontrados dependendo das especificacfes tedasaparelhos de TCFC, variando de 600
para 75um (41). Segundo Szabo et al. (35), a deteccédo ohprimento total de uma raiz é
influenciada pelo tamanho dmxel Imagens do equipamento Planmeca ProMax 3D Smart
(100 um) ndo demonstraram a extremidade apical em 4%)(t#@ amostra (35). Por outro
lado, nos equipamentos NewTom VG (1b88) e o Classic i-CAT (25Qm), 44% (11/25) e
65% (16/25) das extremidades apicais foram invisj\am uma média de 2,79+1,34 mm e
3,62+1,45 mm de parte invisivel, respectivamentd).(Esses achados concordaram

parcialmente com o0 nosso estudo, pois mesmo uiilz® menoroxeldisponivel na-Cat
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(125 um), o comprimento do dente apresentou uma subestina@ndo comparado com a
microCT.

Da mesma forma, um FOV grande aumenta a dose degdiade diminui a relagao
sinal/ruido e afeta a resolucédo espacial da ima@@n Assim, para fins endodonticos, o
FOV deve ser limitado a regido de interesse, oa, sejFOV deve abranger o dente sob
investigacdo para produzir uma imagem com melhalidade (29,43). Diferentes protocolos
de aquisicdo de imagem mostraram diferenca nacedicta visibilidade do canal radicular
(43). Segundo Hassan et al. (43), o menor FOV @) do equipamento Accuitomo 170,
produziu uma visibilidade melhor e foi significamiente superior ao FOV dos tamanhos 8x8
cm e 10x10 cm. Um FOV de 17x12 cm demonstrou o pésultado, com os canais
radiculares mal representados (43).

Alguns estudos demonstraram uma alta concordamiia @ TCFC e a microCT
guando analisada a morfologia dos canais radi@jlaegundo a classificacdo de Vertucci
(26,32). Entretanto, os dados apresentados ndgtinasao demonstraram uma concordancia
da TCFC e da microCT, concordando com Tolentira.g0), Ordinola-Zapata et al. (32) e
Tolentino et al. (34). Segundo Ordinola-Zapata let(22), a TCFC né&o foi precisa em
reconhecer configuracdes mais complexas. Além destoados demonstraram que a TCFC
produz detalhes de imagens menos nitidos que a@licrfalhando em detectar istmos e
canais acessorios (19,20,34). Incisivos inferioeggesentam uma alta incidéncia de
bifurcacdes e istmos (5-7). Devido a essa compdedadio sistema de canais radiculares e a
variabilidade na configuracdo, foram incluidos nespnte estudo, somente, incisivos
inferiores do tipo | de Vertucci (9), a fim de dmair o viés.

Outros fatores podem influenciar na qualidade faalimagem, como goftware
utilizado para a andlise, o monitor e também o eoimento do avaliador (25). Avancos
tecnolégicos na area da TCFC permitram o desemaelvo de novos programas de
reconstrucao, interpretacdo e analise de dados @8pftware ITK-SNAP € gratuito, de
codigo aberto e multiplataforma, mostrando sersaftwareadequado para a realizagéo de
renderizacdo de &reas pequenas e com riqueza albede(44). Gsoftwaretem mostrado
confiabilidade das medicdes volumétricas de oudsdruturas anatbmicas, como 0 espaco
aeéreo faringeo (45). Porém, a segmentacao aut@nééitamente suscetivel a ser afetada por
pequenas variagdes nos parametros de configurdgficSegundo Marroquin Penaloza et al.
(46), ndo hé& evidéncia de que diferentes métodaegmentacdo e mensuracdo do volume
sejam sensiveis o suficiente para detectar pequadieaacoes de volume em estruturas como

o canal radicular. H4 uma baixa nitidez e definidas pequenas estruturas, especialmente
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em relacdo a delimitacdo das bordas, para a reatizéa andlise quantitativa 2D (36). Ainda,
o ITK-SNAP apresenta algumas limitacdes em relag@suas ferramentas e as analises de
algumas func¢des, como a mensuracdo da area ecdgdade, que ndo estdo incorporadas
no sistema.

A analise quantitativa dos parametros 2D mostra) gm relacéo a circularidade, os
canais radiculares dos incisivos inferiores aprasam uma grande variacdo nos trés niveis
avaliados, concordando com Leoni et al. (6). Nalgexr média da circularidade variou de
0,34+0,21 mm até 0,65+0,12 mm, mostrando uma \&uiap comportamento da geometria
do canal radicular, achatado no terco médio e uwméguracao circular para oval no terco
apical. E importante salientar que em canais déigroacdo achatada-oval, limas rotatorias
nao conseguiram realizar a limpeza e modelagemuadeag deixando areas ndo tocadas nas
faces vestibular e/ou lingual do canal (47,48).

Outro aspecto importante na limpeza dos canaisutales € o diametro. Os valores
dos diametros maior e menor no terco médio forammedia 1,04+0,41 mm e 0,32+0,13
mm, evidenciando uma configuracdo de um canal resieito. Esses dados tornam-se
importante no planejamento do preparo biomecéniona vez que a utilizacdo de
instrumentos de maior conicidade ou ponta podear lavatrogenias (6). O achatamento dos
canais radiculares pode dificultar o preparo bidmam por meio de instrumentos manuais
elou rotatérios (2,47), sendo que a quantidadeetlitat estd intimamente relacionada as
caracteristicas da morfologia dental (2). Os valales diametros menor e maior dos canais
radiculares a 1 mm do forame apical dos incisinéeriores foram, em média, 0,21+0,08 mm
e 0,32+0,11 mm, tendo resultados similares com osutestudos (5,49). Os dados
morfométricos de didmetro maior e menor, concluam g lima #25 € necessaria para
remocado da dentina na menor dimensdo do canal anlden extremidade apical (50).
Contudo, essa diferenca entre os diametros reqeiegé, uma vez que a instrumentacao no
diametro maior pode deixar superficies ndo tocdd93. Segundo Versiani et al. (48)
nenhum sistema é capaz de tocar todas as paredes cknal oval longo, sendo um desafio
para a Endodontia. Foi sugerido que instrumenttadaos de Niquel-Titdnio devem ser
usados com movimento de pincelagem para otimizefi@h da preparacao, particularmente
em canais ovais (51). Allatar et al. (52) avaliaraneficacia de corte de trés sistemas
reciprocantes (Reciproc®, Wave one® e UFile®) eosode mostraram eficientes quando
utilizados o movimento de pincelamento. Quando @ago 0s sistemas reciprocante e
rotatério com relacdo a porcentagem de superfige instrumentada, nenhuma diferenca

entre 0s sistemas nos tercos medio e apical fereada (53).
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As variacOes na geometria do canal tém grandeéindia na efetividade da limpeza e
modelagem (2,47). Devido a essa variabilidade, T@BC pré-operatoria se faz importante
na maioria dos casos (20,54), sendo uma ferranpertarosa no diagndstico endodontico,
planejamento, tratamento e acompanhamento (29nais® dificil comparar os dados
obtidos pela falta de estudos publicados relaciomadeficacia do equipamento esibdtware
utilizado. Apesar dos avancos nardware a interpretacdo da imagem ainda € comprometida
guando visualizada neoftware(28). Novos programas sdo desenvolvidos, com o intuito de
realizar medicdes precisas de estruturas anatomidasinir melhor as bordas da superficie
dental, como @-Vol DX (CDT SoftwareBauru, Brasil) (27). Outreoftwareé 03D endo®
(Dentsply Sirona, Salzburgo, Austria), concebido especificamente para Endodontia,
permitindo determinar com precisdo o comprimentatrdbalho (55). Dessa forma, mais
estudos ainda devem ser realizados, principalmenigue diz respeito as®ftwares a fim

de aumentar a previsibilidade e progndstico dartnanto endodontico.
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5 CONCLUSAO

A imagem tomografica obtida em um equipamento ded @e grande volume néo
possibilitou mensurar o comprimento do dente e lame do canal radicular com preciséo
em comparacao com a microCT, mesmo utilizando topoto de maior resolugcéo espacial
do equipamenteCAT Next Generation®Dessa forma, a indicacdo da TCFC para avaliacdo
do comprimento e volume utilizandosoftwarelTK-SNAP deve ser vista com cautela, uma

vez que apresentaram valores super ou subestimados.
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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
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checklist and template flow diagram are available online.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement’ (see
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the manuscript together with a 'Journal Publishing Agreement’' form or a link to the online version
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Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
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For gold open access articles: Upon acceptance of an article, authors will be asked to complete an
'‘Exclusive 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
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Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

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. If the funding source(s) had no such involvement then this should
be stated.

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.

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 English
Language Editing service available from Elsevier's Author Services.
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final publication. All correspondence, including notification of the Editor's decision and requests for
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PREPARATION
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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.
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also section “c,” below), or sentences with little to no transition within a paragraph.

b. 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.

c. 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.

d. 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.)

e. 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.

f. 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.”

g. To summarize 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.
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h. 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. 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.

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

* Author names and affiliations. 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.

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.

Abstract Headings
Introduction, Methods, Results, Conclusions

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.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

The authors deny any conflicts of interest related to this study.
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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 hypathesis 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 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 "methaods 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 compasite figures containing several
panels of photographs, if possible. Each panel must be clearly identified with 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 scares 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,
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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%
NaOCl (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.

Acknowledgments

All authors must affirm that they have no financial affiliation (eg, employment, direct payment, stock
holdings, retainers, consultantships, patent licensing arrangements, or honoraria), or involvement
with any commercial organization with direct financial interest in the subject or materials discussed in
this manuscript, nor have any such arrangements existed in the past 3 years. Disclose any potential
conflict of interest. Append a paragraph to the manuscript that fully discloses any financial or other
interest that poses a conflict. Disclose all sources and attribute all grants, contracts, or donations that
funded the study. Specific wording: "The authors deny any conflicts of interest related to this study."”

References

The reference style can be learned from reading past issues of JOE. References are numbered in order
of citation. Please use superscripts at the end of a sentence or at the end of a clause that requires
a literature citation. Original reports are limited to 35 references. There are no limits in the number
of references for review articles.

Manuscripts submitted to JOE that are not Original Articles must fall into one of the following
categories. Abstract limit: 250 words. Note that word limits, listed by type, do not include figure
legends or References. If you are not sure whether your manuscript falls within one of the categories
listed or if you would like to request pre-approval to submit additional figures, contact the Editor at
JEndodontics@uthscsa.edu.

CONSORT Randomized Clinical Trial

Must strictly adhere to the Consolidated Standards of Reporting Trials—CONSORT—minimum
guidelines for publication of randomized clinical trials (http://www.consort-statement.org). 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 Repart/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.
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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.

Formatting of funding sources
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]l;
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, please 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.

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.

e 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.

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;

e Supply files that are too low in resolution;

» Submit graphics that are disproportionately large for the content.
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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.

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.

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 DOI 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/10.1029/2001]JB000884.
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. 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.

Data references

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.

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
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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.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/journal-of-endodontics

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

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, 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.

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 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.

This journal encourages and enables you to share data that supports your research publication
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. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.
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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 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.

AFTER ACCEPTANCE

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.
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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 the article is
accepted for publication. Both corresponding and co-authors may order offprints at any time via
Elsevier's Author Services. Corresponding authors who have published their article gold open access
do not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article will
be published.
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