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RESUMO

O objetivo do presente estudo foi determinar a frequéncia de istmo radicular
(IR) em dentes permanentes humanos utilizando estratégias de navegacado em
imagens axiais de tomografia computadorizada de feixe cénico (TCFC). Uma
amostra de 1.400 dentes foi selecionada a partir de exames tomograficos de 618
pacientes (394 mulheres; média de idade de 43,4 anos). O IR foi detectado
longitudinalmente em imagens de TCFC em cortes de 0,1 mm / 0,1 mm desde o
orificio de entrada do canal até o forame apical, dividido em categorias: 1.
Comecando e terminando em terco cervical; 2. Iniciando em terco cervical e
finalizando em terco médio; 3. Comecando em terco cervical e terminando em
terceiro apical; 4. Iniciando e finalizando em tergco médio; 5. Comegando em tergo
médio e terminando em tergo apical. 6. Iniciando e finalizando em tergo apical; 7.
Auséncia de istmo. As variaveis categéricas foram descritas em frequéncias (%) e
analisadas utilizando o teste do Qui-quadrado ( x2 ) com correcdo de Yates ou o
teste exato de Fisher. As variaveis quantitativas foram comparadas pelo teste t de
Student para amostras independentes. O IR é uma estrutura anatébmica de
ocorréncia comum em dentes permanentes humanos, exceto nos dentes anteriores
superiores. As maiores frequéncias de istmo radicular em dentes permanentes
humanos foram encontrados em primeiros molares inferiores(87,9%). A frequéncia
de IR de acordo com grupos de dentes nao foi significativamente diferente (p> 0,05),
exceto para os incisivos centrais inferiores. O IR foi menos frequente entre os
pacientes mais velhos. A maior frequéncia de quatro canais radiculares (76%) e
quatro forames apicais (33%) foi encontrada em primeiros molares superiores.

Palavras-chave: Tomografia computadorizada de feixe coénico. Canal radicular.
Anatomia. Endodontia.
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ABSTRACT

This study determined the frequency of root isthmuses (RI) in human
permanent teeth using map-reading dynamics and cone beam computed
tomography (CBCT) images.A sample of 1,400 teeth was selected from CBCT scans
of 618 patients (394 women; 43.4 mean age-years). Rl were detected longitudinally
on 0.1-mm/0.1-mm axial slices of CBCT images, from the pulp orifice to the root
apex, and findings were recorded into seven categories: 1. beginning and end in
cervical third; 2. beginning in cervical third and end in middle third; 3. beginning in
cervical third and end in apical third; 4. beginning and end in middle third; 5. begin in
middle third and end in apical third; 6. beginning and end in apical third; 7. no
isthmus.The categorical variables, described as frequencies (%), were analyzed
using a chi-square test (x?) with Yates correction or the Fisher's exact test.
Quantitative variables were compared using the Student t test for independent
samples.Rl is an anatomic structure of common occurrence in human permanent
teeth, except in maxillary anterior teeth. The higher frequencies of root isthmus
(87.9%) in human permanent teeth were found in mandibular first molars. The
frequency of RI according to tooth groups was not significantly different (p>0.05),
except in mandibular central incisors. Rl was less frequent among older patients.
The higher frequency of four root canals (76%) and four apical foramina (33%) was

found in maxillary first molars.

Keywords:Computed tomography cone beam. Root canal. Anatomy. Endodontics.
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1 INTRODUWIO

A anatomia complexa do sistema de canais radiculares é responsavel por
sérias dificuldades durante o tratamento do canal radicular (TCR), que por sua vez
afeta diretamente o esvaziamento, o alargamento, a sanificagdo e o preenchimento
destes espacos’ 2.

Ramificacbes anatbmicas localizadas em terco apical dos canais
radiculares foram observadas em 27,4% dos casos de uma amostra de1140 dentes
permanentes humanos. Os pré-molares e molares apresentaram a maior variedade
de ramificagdes® O istmo radicular (IR) tem sido largamente estudado considerando
a sua influéncia sobre o TCR, e em especial devido a dificuldade em seu acesso e
consequente manipulacdo* °. O IR é definido como uma extensio estreita entre um
ou dois canais principais, e classificados em incompleto ou completo® ’. Sua maior
incidéncia foi verificada de 3 a 5 mm do apice radicular da raiz mesio-vestibular dos
molares superiores. O istmo em sua forma completa foi encontrado em 12% dos
casos e em 88% de istmo incompleto nos 4 mm do 4pice da mesma raiz.*

Varios métodos invasivos e nao invasivos tém sido utilizados para avaliar a
micromorfologia do canal radicular. A seccgao vertical e transversal da amostra para
posterior avaliagdo por microscopia 6ptica e eletrbnica, a descalcificagdo seguida
pelo tingimento da amostra, o uso de moldes de plastico, microscépio cirurgico,
microscépio de dissecacao,tomografia computadorizada de feixe conico (TCFC) e
micro tomografia (MCT) tem sido amplamente citados na literatura como formas de
se avaliar a anatomia dos canais radiculares* ..

A avaliacao anatémica do sistema de canais radiculares pode ser iluséria
quando determinado pelo método de imagem que mostra as estruturas anatémicas
em apenas duas dimensdes. A radiografia periapical (RP) constitui um método nao-
invasivo, e exemplifica 0 modelo convencional de estudo mais utilizado em pesquisa
endoddntica clinica. No entanto, as limitagdes de RP sdo amplamente
conhecidas®?*?'?2_ Opcdes inovadoras para o estudo da anatomia interna do canal
radicular tém sido incorporadas as pesquisas, como é o caso da TCFC e MCT ®'°.
Matherne et al. (2008)" avaliaram o uso de TCFC como uma ferramenta de
diagnoéstico para identificar o numero de canal radicular, quando comparado com
imagens digitais obtidas utilizando dispositivo de carga acoplado (CCD) e placa de
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fosforo foto estimulavel (PSP), por meio de técnica radiografica intra-bucal. Setenta
e dois dentes extraidos (molares superiores, pré-molares inferiores e incisivos
inferiores) foram expostos em sensores CCD e PSP, e também submetidos a
exames tomograficos. Trés endodontistas avaliaram as imagens obtidas por CCD e
PSP para determinar o numero de canais radiculares. A TCFC foi utilizada para
estabelecer a "verdade terrena" para as comparacoes. Em sensores CCD o nimero
de canais radiculares foi corretamente identificado em 80%, 78%, e 77%,
respectivamente, quando comparado com a TCFC. J& nos receptores de PSP, o
namero de canais radiculares foi corretamente reconhecida em 81%, 76%, e 84%,
quando comparado a0 mesmo exame.

Baratto-Filho et al. (2009)%, comparando a anatomia interna dos primeiros
molares superiores em dentes extraidos, e os analisando por meio dos aspectos
clinicos e de suas imagens tomogréficas, afirmou ser a TCFC importante ferramenta
a ser usada como método para a localizacdo e identificacdo de canais radiculares.
Pécora et al. (2013)° avaliaram a frequéncia de istmos radiculares em molares
superiores e inferiores em amostras ex vivo e in vivo utilizando estratégia dinamica
de navegagao em imagens axiais de TCFC. A frequéncia do IR encontrada foi alta
nos dois modelos de estudo e a estratégia de leitura dindmica em imagens axiais de
TCFC mostrou ser preciso na deteccéao e localizagao do IR.

O significado clinico da influéncia do istmo no sucesso do TCR esta
diretamente associado a impossibilidade de acesso completo a estas areas em
dentes infectados. Este fato tem sido bem demonstrado em estudos que mostram o
sucesso do TCR em casos cirlirgicos e ndo cirdrgicos®. Estudos envolvendo a
anatomia dos canais radiculares podem caracterizar as especificidades de cada
dente de uma populacéo, assim sugerindo um valor preditivo para o prognéstico,
bem como contribuir para 0 aumento nas taxas de sucesso do tratamento do canal
radicular. Com base na falta de estudos de metodologia n&do-invasiva na deteccéo e
na localizagéo longitudinal dos istmos radiculares, o objetivo do presente estudo foi
determinar a frequéncia de istmos radiculares em dentes permanentes humanos
utilizando estratégia dindmica de navegacdo em imagens axiais de tomografia

computadorizada de feixe cdnico.
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2 OBJETIVO
2.1 OBJETIVO GERAL

Analisar a presencga de istmo e sua respectiva frequéncia dentro da denticao

permanente humana por meio de imagens de tomografia computadorizada de feixe

coOnico.

2.1 OBJETIVOS ESPECIFICOS

1.

Analisar a frequéncia do istmo dentro de cada grupo dentario por meio
de imagens de tomografia computadorizada de feixe cnico.

Analisar a localizagéo e extensao longitudinal do istmo dentro de cada
grupo dentério utilizando-se de estratégias de navegacao dinamica por
meio de imagens em tomografia computadorizada de feixe conico.
Analisar a associacao das variaveis género e faixa etaria com a
presenca ou ndo do istmo na denticdo permanente.

Analisar a frequéncia de raizes, canais radiculares e forames apicais
dentro de cada grupo dentario por meio de imagens de tomografia

computadorizada de feixe conico.
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3 MATERIAL E METODOS

3.1 TIPO DE ESTUDO

Estudo transversal por meio de avaliacdo de imagens de exames de
tomografia computadorizada de feixe cénico realizados durante os meses de janeiro
de 2012 a agosto 2014.

3.2 SELECAO DA AMOSTRA

O estudo foi delineado usando bancos de dados de um centro de radiologia
odontolégica em Goiania-GO (Unidade Radiodontoldgica de Goiania Ltda., Goiania,
GO, Brasil). Os pacientes foram encaminhados para o servico de radiologia
odontoldgica por diversos fins de diagndstico. Uma amostra de 1.400 dentes (1146
raizes em dentes superiores e 900 raizes nos dentes inferiores) foi selecionada a
partir de exames tomograficos de 618 pacientes caucasianos (224 homens; 394
mulheres; média de idade de 43,4 anos), realizados entre janeiro de 2012 e agosto
2014.

Os critérios de inclusdo das imagens em TCFC contemplavam raizes sem
TCR ou coroas protéticas, auséncia de canais radiculares calcificados ou de
reabsorcao radiculares, presenca de apice completamente formado, sem historia
prévia de tratamento ortodontico ou transtorno do desenvolvimento, e sem a
presengca de processos patolégicos. Os terceiros molares foram excluidos da
avaliacdo. Consideraram-se apenas as imagens com qualidade de alta resolucao
que permitiu uma analise correta. O estudo foi aprovado pelo comité de ética em
pesquisa [(CAAE 37968214.8.0000.5083) Anexo B].

3.3 AQUISICAO DAS IMAGENS

As imagens foram adquiridas utilizando um tomégrafo PreXion 3D Inc.(San
Mateo, CA, EUA) configurado para a realizacdo de uma imagem com voxel
isotrépico de 0,100 mm em um F.O.V. de 60 mm de altura e 56,00 mm de diametro
durante uma exposicao de 33,5 segundos (com 1.024 exposicées por aquisicado). A
tensédo de tubo foi de 90 kVp e a corrente de 4 mA. As imagens foram analisadas
por meio do software PreXion 3D Viewer (Tera Reconinc, Foster City,Ca,EUA), em
uma estagao de trabalho PC com o Windows XP profissional SP - 2 (Microsoft Corp,
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Redmond , WA , EUA ), com o processador Intel Core 2 Duo 1,86 Ghz -6300 (Intel
Corp, Santa Clara,CA, EUA), placa de video NVIDIA Ge Force 6200 turbo cache
(NVIDIA Corporation, Santa Clara, CA, EUA) e com um monitor EIZO - Flexscan
S2000 , resolucéao de 1600x1200 pixels ( EIZONANAO Corp, Hakusan).

3.4 DETECGCAO DO ISTMO RADICULAR

Os istmos radiculares foram considerados quando a imagem axial mostrava
uma comunicacao estreita (em forma de fita) entre dois canais radiculares; quando
se verificou em um canal da raiz uma projecao mesio-distal ou bucal-palatal com
extensdo equivalente a 1/3 do canal da raiz principal; e em comunicagdes entre os
canais radiculares de raizes em forma de “C” (C- Shaped).

A avaliacdo da frequéncia do IR também permitiu caracterizar nesta
populacao a frequéncia do numero de raizes, canais radiculares e forames apicais.

A analise do IR nos dentes anteriores e pré-molares (superiores e inferiores)
com raiz Unica e duas raizes foi realizada utilizando-se uma navegacédo axial
considerando todo o sistema anatémico como uma sé estrutura. Nos dentes com
trés ou mais raizes, a navegacao axial foi feita individualmente em cada raiz. Em
molares superiores, a navegacgao axial ocorreu inicialmente na raiz mesio-vestibular,
seguido da raiz disto-vestibular e palatal; em molares inferiores, a navegagéo axial
foi iniciada pela raiz mesial, seguido da raiz distal. Quando havia a presenca dessas
raizes bifurcadas, a navegacao axial ocorreu concomitante nestas duas raizes.

A presenga ou auséncia do IR em cada dente foi analisada utilizando
estratégias de navegacado dindmica nas imagens axiais de acordo com avaliacao
anatdmica prévia das raizes (9). A navegacao ocorreu nos cortes axiais desde o
orificio de entrada dos canais até o vértice apical, mas sempre utilizando os cortes
coronais e sagitais, como referéncia para posicionamento do istmo quanto ao terco
radicular. Depois do IR ser identificado e localizado longitudinalmente, foi
subdividido em sete categorias: 1. Comecando e terminando no tergo cervical (CT-
CT); 2. Iniciando no terco cervical e finalizando em terco médio (CT-MT); 3.
Comecando no terco cervical e terminando no terco apical (CT-AT); 4. Iniciando e
finalizando em terco médio (MT-MT); 5. Comec¢ando no terco médio e terminando no
terco apical (MT-AT); 6. Iniciando e finalizando em terco apical (AT-AT); 7. Auséncia
de istmo.

15



As imagens dos dentes e istmos foram visualizadas em diferentes planos
(sagital, coronal e axial) com espessura de 0,1 mm. A navegacao nos cortes axiais
ocorreu por fatias de imagens de 0,1 milimetro na direcao corono-apical (e também
a direcao apico-coronal). A estratégia dindmica de visualizacdo de imagens axiais
forneceu valiosas informacdes, que contribuiram para uma eficiente visualizacao e
identificacao da localizacao e frequéncia do IR.

Todos os exames de imagem foram analisados por dois observadores (um
endodontista e um radiologista, ambos com 10 ou mais anos de experiéncia),
previamente calibrados por teste de concordancia de Kappa, utilizando 10% da
amostra, com nivel de concordancia superior a 80% (K=0,873). Quando observada
divergéncia entre as avaliacdes dos observadores, a imagem foi avaliada por um

terceiro examinador responsavel pelo consenso.

3.5 ANALISE ESTATISTICA

As variaveis categdricas foram descritas por frequéncia e porcentagem, e a
quantitativa pela média e desvio padrao. As frequéncias foram descritas com seus
respectivos intervalos de confianca em 95%. As variaveis categoricas foram
associadas pelo teste do Qui-quadrado (X2) com correcéo de Yates ou teste exato
de Fisher. As variaveis quantitativas foram comparadas pelo teste t de Student para
amostras independentes. O nivel de significancia foi estabelecido em a = 0,05. A
analise estatistica dos dados foi realizada utilizando o programa Statistical Package
for Social Sciences, versdo 18 (21 IBM, IBM Co. New York, NY, EUA).
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4 RESULTADOS

Os resultados mostraram frequéncia de IR com diferencas significativas (p
<0,05) quando comparados 0s géneros, apenas no grupo dos incisivos centrais
inferiores. Os pacientes com mais idade apresentaram menor frequéncia de IR.

A frequéncia de IR dentro de cada grupo dentario utilizando o intervalo de
confianca de 95% €& mostrada na Figura 1 e Tabela 1. A Tabela 2 mostra a
distribuicdo de frequéncia de raizes, canais radiculares e forames apicais em todos
0Ss grupos da denticdo permanente humana.

Em primeiros molares superiores a frequéncia de istmo encontrado foi de
60,8%. Destes, a maioria das ocorréncias foram detectadas em raizes mesio-
vestibulares (93,5%) (Figura 2). Nos segundos molares superiores verificou46,5%
de IR e, destes, 78,8% estavam presentes em raizes mesio-vestibulares. Ainda
nesse grupo, verificou-se um dente com apenas uma raiz, e 29 dentes com duas
raizes. Em varios casos, foram identificados a presenca de fusao radicular (Tabelas
1-2).

Em primeiros molares inferiores (Figura 3), detectou-se a maior frequéncia de
IR (87,9%) entre todos os grupos dentarios permanentes humanos: 57,8% (67) na
raiz mesial e 42,2% (49) na raiz distal. Neste grupo, 51% dos casos ainda foram
detectados com presenga de quatro canais radiculares. Em segundos molares
inferiores observou 66,3% de IR, sendo 94,1% deles encontrados na raiz mesial
(Tabelas 1 e 2).

Os segundos pré-molares superiores (Figura 4) apresentaram mais IR
(50,5%) do que os primeiros pré-molares superiores (18,8%). Em pré-molares
inferiores ocorreu o inverso. O grupo dos primeiros pré-molares apresentou mais IR
(18,8%) do que os segundos pré-molares (3%).

Em dentes maxilares anteriores, a presenca de IR é pouco expressiva,
enquanto em dentes anteriores inferiores a frequéncia mais elevada foi determinada
em incisivos laterais (47,6%), seguidos por incisivos centrais (33,3%) e de caninos
(24%) (Tabela 1 e Figura 5).

A maior frequéncia de quatro canais radiculares e quatro forames apicais foi
encontrada em primeiros molares superiores (76% e 33%), seguido dos segundos
molares superiores (41% e 25%), dos primeiros molares inferiores (51% e 15%), e
segundos molares inferiores (4% e 1%), respectivamente (Tabela 2).
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A frequéncia de IR, que inicia-se no terco médio ou no terco apical foi de 50%
para 0s primeiros molares superiores, de 42,2% para 0s primeiros molares
inferiores, de 82,3% para o grupo dos incisivos centrais inferiores e 55,1% para os
incisivos laterais inferiores (tabela 1). Em seis dentes foram identificados raiz em
forma de C (sendo 2 em segundos molares superiores, 3 em segundos molares
inferiores [Figura 6] e 1 em segundo pré-molar inferior).
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Tabela 1. Distribuicdo do istmo radicular na denticdo permanente humana detectado
pela navegacao dinamica de imagens em TCFC.

Dentes

CT- CT- CT- MT-MT MT-  AT- Total Istmo
superiores CT MT AT AT AT ausente
(n=700)

11e21 0 0 0 0 0 0 0 (0.0%) 100
(100.0%)
12e22 1 0 0 1 0 0 2 (2.0%) 98
(98.0%)
13e23 2 2 0 1 0 0 5 (5.0%) 95
(95.0%)
14e24 5 4 0 7 1 2 19 82
(18.8%) (81.2%)
15e25 11 7 5 11 10 9 53 52
(50.5%) (49.5%)
16e26 10 19 2 17 10 4 62 40
(60.8%) (39.2%)
17e27 5 13 6 10 6 7 47 54
(46.5%) (53.5%)
Dentes CT- CT- CT- MT-MT MT- AT- Total Istmo
inferiores CT MT AT AT AT ausente
(n=700)
31e41 2 0 4 13 8 7 34 68
(33.3%) (66.7%)
32e42 6 11 5 10 9 8 49 54
(47.6%) (52.4%)
33e43 3 12 0 6 2 1 24 76
(24.0%) (76.0%)
34e44 3 3 1 5 3 4 19 82
(18.8%) (81.2%)
35e45 1 1 0 0 1 0 3 (3.0%) 97
(97.0%)
36e46 30 24 13 18 7 24 116 16
(87.9%) (12.1%)
37e47 6 13 16 9 12 12 67 34
(66.3%) (33.7%)

Legenda 1- Comegando e terminando no tergo cervical (CT-CT) - Iniciando no tergo cervical e

finalizando no ter¢o médio (CT-MT) - Comegando no tergo cervical e terminando no terco apical (CT-
AT) - Iniciando e finalizando em ter¢o médio (MT-MT) - Comecgando no terco médio e terminando no
terco apical (MT-AT) - Iniciando e finalizando em tergo apical (AT-AT).
Legenda 2 - Considerou-se a ocorréncia de mais do que um tipo de istmo por cada canal de raiz, o
que explica a diferenga entre o nimero de istmos analisados com o nimero de raizes.

19



Tabela 2. Distribuicdo da frequéncia do nimero de raizes, canais radiculares e
forames apicais na denticdo permanente humana.

Raiz Canal Forame

Dentes
superiores 1 2 3 1 2 3 4 5 1 2 3 4
(n=700)

11e21 100 - - 100 - - - - 100 - - -
12e22 100 - - 100 - - - - 100 - - -
13e23 100 - - 97 3 - - - 100 - - -
14e24 32 66 2 6 88 6 - - 16 81 3 -
15e25 83 17 - 25 73 2 - - 56 43 1 -
16e26 1 6 93 - 1 21 76 2 - 1 64 3
17e27 2 29 69 1 5 54 41 - 2 8 65 25
Root Canal Forame
Dentes
inferiores 1 2 3 1 2 3 4 5 1 2 3 4
(n=700)
31e41 100 - - 65 35 - - - 100 - - -
32e42 100 - - B8 42 - - - 100 - - -
33e43 97 3 - 78 22 - - - 97 3 - -
34e44 99 1 - 70 29 1 - - 80 20 - -
35e45 100 - - 97 3 - - - 99 1 - -
36e46 2 95 3 - 3 45 51 1 - 36 49 15

37e47 7 91 2 1 8 8 4 - 5 54 40 1




Figura 1 —Gafico com a média e o intervalo de confianga (95%) da idade de sujeitos com

istmo.
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Figura2. {A] Istmoradicular em primeiro melar inferior visto por navegacgao dinamica em cortes
axiais de TCFC no sentido corono-apical. Cortes com 0,1 milimetro de espessura. {B) magens
ampliadas.
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Figura3. (A) Istmo radicular em primeiro molar inferior visto por navegacao dinamica em cortes axiais de
TCFC no sentido corono-apical. Cortescom 0,1 milimetro de espessura. (B} Imagens ampliacdas
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Figura 4(A) Istmo radicular em segundo premolar superior visto por navegacao dinamica em cortes axiais
de TCFC no sentido corono-apical. Cortes com 0,1 milimetro de espessura. (B) Imagens ampliadas.
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Figura 5. (A) Istmo radicular em incisivos central e lateral visto por navegagao dinamica em
cortes axiais de TCFC no sentido corono-apical. Cortes com 0,1 milimetro de espessura. (B)
Imagens ampliadas.
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Figura 6. (A) Segundo molar inferior “C-Shape” visto por navegacao dinamica em cortes axiais de TCFC
no sentido corono-apical. Cortes com 0,1 milimetro de espessura. (B) Imagens ampliadas.
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5 DISCUSSAO

Os incisivos centrais superiores constituiram o Unico grupo de dentes onde
nao foi identificada presenca de istmo. A frequéncia em outros grupos dentarios
variou entre 2% a 87,9%, sendo o IR identificado em todos os tergcos do canal
radicular. A maior frequéncia de IR foi identificado em primeiros e segundos molares
mandibulares (87,9% e 66,3%), seguido dos primeiros molares superiores (60,8%),
segundo pré-molares superiores (50,5%), incisivos laterais inferiores (47,6%) e
segundos molares superiores (46,5%) (Tabela 1). A menor frequéncia de IR foi
observada em pacientes com mais idade. A TCFC permitiu visualizar o IR deforma
satisfatéria. O uso de imagens de TCFC associada a estratégia de navegacao
dindmica aumenta a precisdao na identificagcdo dos istmos radiculares, pois permite
uma localizagdo longitudinal (desde o orificio de entrada do canal até o forame
apical), além de representar uma metodologia ndo-invasiva.

O presente estudo utilizando metodologia comparavel confirma os resultados
descritos anteriormente por Pécora et al. (2013)°, onde avaliou-se a frequéncia de
IR em nas raizes mesio-vestibulares de molares superiores e mesiais dos molares
inferiores. A presenca de IR em molares superiores variou de 86% em amostra ex
vivo e 62% para a investigacdo in vivo. Considerando que, em molares
mandibulares foi observada a frequéncia de 70% em ensaio ex vivo e 72% em
amostra in vivo. Esse método mostrou uma frequéncia de IR localizado apenas no
terco apical de molares superiores (raizes me sio-vestibulares) de 4% (ex vivo) e
6% (in vivo); e em molares inferiores (raizes mesiais) entre 16% (ex vivo) e 26% (in
vivo). As diferengas observadas entre estes estudos podem ter sido devido ao fato
de que em nosso estudo foram analisados todos os canais radiculares, enquanto no
estudo Pécora et al. (2013)° foi avaliada somente a raiz mesio-vestibular de molares
superiores e a raiz mesial de molares inferiores.

O IR tém sido avaliado através de varias metodologias, tais como: imagens
radiograficas, seccoes verticais e transversais da amostra, descalcificacdo dental
com posterior tingimento dos canais radiculares, microscépio cirurgico, microscopio
de dissecacgao, microscépio eletrénico de varredura, moldes plasticos dos canais e

as imagens de TCFC*'9%2527  As imagens de microtomografia computadorizada
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(MCT) também vem sendo amplamente utilizada como uma alternativa para avaliar
a area de IR'*111213,
Diversas pesquisas tém utilizado de imagens tridimensionais de TCFC para

9.12,16,19.23.24.25  Estudos utilizando

identificagdo da anatomia do canal radicular
estratégia dindmica de navegacdo de imagens axiais mostrou o potencial desta
ferramenta aliada a alta tecnologia da TCFC®?. A estratégia envolve a navegacéo
na imagem de cada raiz através de cortes sequenciais axiais, com a menor
espessura de corte possivel, tanto no sentido corono-apical quanto no sentido
inverso. A navegacao por essas imagens fornecem informacdes preciosas a
respeito da localizacdo exata de vestigios que sugerem estruturas anatdbmicas,
pontos de comunicagbes entre os canais radiculares e o espago periodontal
associados as areas radiolicidas®?®. Este método supera limitacdes dos exames de
imagens bidimensionais, pela possibilidade da visualizagdo da imagem de forma
dindmica onde antes s6 era possivel de maneira estatica. Em nosso estudo a
técnica de estratégia de navegacao dinamica foi utilizada através da manipulacéo
das imagens sequenciais dos cortes axiais, com 0,1mm de espessura, tanto no
sentido cervico-apical quanto no sentido apico-cervical. Tais estratégias provem
valiosa informacdo na identificacdo do IR bem como na determinacdo de suas
frequéncias e localizacbes dentro de cada grupo dentario. O istmo radicular
presente entre os materiais obturadores dos canais radiculares foram claramente
identificados nas imagens de TCFC?.

As diferentes formas de IR podem ser classificadas de acordo com o tipo de
seccao da amostra e quantoa distancia da area analisada ao apice radicular (4-
8,25). Hsu e Kim (1997)° classificou o istmo em 5 tipos: 1- Na presenca de dois ou
trés canais radiculares sem comunicagao notavel; 2- Na presenca de dois canais
radiculares com conexao definida entre os dois canais principais; 3- Na presenca de
trés canais em vez de dois (canais em forma de C incompletos); 4- Na presenca de
canais que se estendem para a regiao de istmo; 5- Na presenca de uma conexao ou
corredor verdadeiro unindo os canais. No presente estudo, o objetivo foi avaliar a
frequéncia de IR através da estratégia de navegacao dindmica das imagens axiais
de TCFC, considerando o canal radicular desde a regido inicial do orificio pulpar até
a regiao do forame apical. Nao foi objetivo do estudo classificar o istmo em cada
terco do canal radicular, no entanto, pelas imagens de TCFC foram também
detectadas diferentes apresentagdes do IR.
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Neste estudo, os primeiros molares inferiores apresentaram a maior
freqiéncia de istmo em comparacao com os outros dentes humanos (87,95%). A
frequéncia de IR entre as mulheres e os homens apresentaram diferencas
significativas apenas em incisivos centrais inferiores. Ndo foi observada diferenca
significativa entre a média de idade e grupos dentais, exceto em incisivos laterais
inferiores. Ja os pacientes com mais idade apresentaram menor frequéncia de IR.

Em estudo de revisdo de literatura publicada Pablo et al. (2010)?°, avaliou-se
a configuracdo anatémica do canal da raiz do primeiro molar inferior permanente. A
frequéncia do IR encontrada foi em média 55% na raiz mesial e 20% na raiz distal.
As caracteristicas anatomicas do RI foram analisados em 36 dentes humanos
extraidos (raiz mesial de primeiros molares inferiores) por meio de imagens de MCT
por Gu et al. (2009)'°. A ocorréncia de IR foi alta, principalmente nas regides de 4-6
mm do apice radicular e dentro da faixa etaria de 20 a 39 anos de idade (até 81%).
A prevaléncia de istmo diminuiu significativamente com o aumento da idade. Fan et
al. (2010)"" observaram IR nas raizes mesiais dos 126 primeiros e segundos
molares inferiores também utilizando imagens de MCT. A ocorréncia de IR a 5
milimetros do forame apical das raizes mesiais foi de 85%. O primeiro molar teve
mais istmos classificados como incompleto e tipo misto, enquanto o segundo molar
apresentou mais IR do tipo conexao em folha.

Os resultados do presente estudo mostraram que a frequéncia de IR
encontrado em primeiros molares superiores foi de 60,8%. Destes, a maioria das
ocorréncias foram detectadas em raizes mesio-vestibulares (93,5%). Nos segundos
molares superiores, verificou 46,5% de IR, e, destes, 78,8% estavam presentes em
raizes mesio-vestibulares.Ainda nesse grupo dentario, encontramos apenas um
dente com uma Unica raiz e 29com duas raizes. Raizes fusionadas foram
frequentemente observadas (Tabelas 1 e 2). Weller et al. (1995)* observaram que a
prevaléncia de IR completo nas raizes mesio-vestibulares de primeiros molares
superiores foi de 5% a 14,8% (1-6mm do nivel apical), enquanto a de IR parcial foi
de 23,1 a 88%. Jung et al. (2005)” encontraram uma prevaléncia inferior do istmo
parcial (2,6 -15,8%). Mannocciet al. (2005)'? verificaram uma maior frequéncia de IR
a 3 mm do nivel do apice (50,25%) e de 17,24% a 1mm da mesma saida apical.

A simetria da morfologia da raiz e do canal radicular dos molares superiores e
inferiores foi avaliada recentemente avaliada usando imagens de TCFC por Plotino

et al. (2013)%. Os primeiros molares superiores mostraram ser simétrico em 71,1%

29



dos pacientes, enquanto segundos molares superiores eram simétricos em 79,6%.
Cerca de 30% dos primeiros molares inferiores e 20% dos segundos molares
inferiores mostraram assimetria. A simetria variou entre 70% a 81%. Estas variagbes
na morfologia devem ser levadas em consideracdo quando em tratamento
simultaneo de dois molares opostos, visto que a sua anatomia pode ser diferente
em até 30% dos casos.

No presente estudo, a frequéncia de IR nos segundos pré-molares superiores
(50,5%) foi maior do que a de pré-molares superiores (18,8%). Em pré-molares
inferiores ocorreu o inverso. Os primeiros pré-molares apresentaram mais IR
(18,8%) do que os segundos pré-molares (3%). Zhu et al. (2013)'? verificou-se que a
incidéncia de IR em pré-molares superiores, antes e apds preparo do canal radicular
(PCR), usando imagens de TCFC em elementos com dois canais e com raiz Unica.
A incidéncia de IR foi diferente em cada nivel milimétrico, desde o apice até o 6°
milimetro radicular, tanto antes quanto depois do PCR. Antes do PCR a incidéncia a
1 mm apical foi menor quando comparado ao nivel de 6 mm, e em toda a extenséo
0-6 mm o IR parcial estava significativamente mais frequente em relacao ao IR
completo. Ap6és o PCR, a incidéncia do IR em apical 0-6 mm diminuiu, mas a
propor¢cao do istmo completo aumentou. A diferenga nos nimeros absolutos de IR
antes e depois do PCR pode ser explicada pela diminuicdo da acuracia das imagens
de TCFC quando presente estruturas de elevado numero atbmico proximas as
areas de interesse.

Com base em estudo de revisdo da morfologia da raiz e do canal radicular do
primeiro pré-molar inferior, Cleghorn et al. (2007)* relataram que a
aproximadamente 98% dos dentes nestes estudos possuiam raiz Unica. A incidéncia
de duas raizes foi de 1,8% e em apenas 0,2% dos casos trés raizes foram
encontradas. Um unico forame apical foi encontrado em 78,9% dos dentes, ao
passo que 21,1% tinham dois ou mais orificios apicais. As frequéncias de canais
radiculares observadas em nosso estudo apresentaram resultados proximos a
esses.

O papel da genética e da variagdo racial pode resultar em diferentes
incidénciasdo nimero de raizes e canais radiculares nas populagdes humanas®.
Em nosso estudo, a presenca de IR em dentes anteriores superiores, foi
inexpressiva, enquanto que em dentes anteriores inferiores foi detectada

consideravel frequéncia nos incisivos laterais (47,6%), seguido por incisivos centrais
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(33,3%) e caninos (24%) (Tabela 1). Na andlise de cem incisivos inferiores
selecionados aleatoriamente, Mauger et al. (2005)%' encontraram IR em 55%, 30% e
20% dos casos quando avaliados a 3, 2 e 1 mm do apice, respectivamente. E a
forma dos canais foi classificada em quatro tipos distintos: redondo, oval, oval longo
e em forma de fita.

O principal objetivo deste estudo foi avaliar a frequéncia de IR, mas o
desenho do estudo também permitiu caracterizar nesta populacdo a frequéncia de
raizes, canais e forame apical. A maior frequéncia de quatro canais radiculares e de
quatro forames apicais foi encontrada em primeiros molares superiores (76% €
33%), seguido de segundos molares superiores (41% e 25%), dos primeiros
molares inferiores (51% e 15%), e segundos molares inferiores (4% e 1%),
respectivamente (Tabela 2).

O IR que inicia no tergo cervical é o de melhor acesso, permitindo assim agéao
mecanica de instrumentos rotatérios ou ultra-som de forma mais adequada. Em
situacdes onde o IR inicia no terco médio ou apical, 0 acesso biomecanico a essas
areas representa grande desafio®. A complicacdo clinica deste achado envolve a
dificuldade da acdo mecénica e na complexidade de saneamento dessas areas
inacessiveis, interferindo de forma diretamente negativa na formatagdo do canal
radicular bem como na ruptura do biofilme nele existente. Um protocolo rigoroso de
irrigagdo com utilizacao de curativo de demora, que permitem um melhor controle de
bactérias, tém sido recomendados em funcao dos todos os desafios associados a
complexidade da anatomia do sistema de canais radiculares’31°18:32-35,

As variagdes entre as frequéncias de IR encontrados no presente estudo e
outros pode ser explicada por fatores que incluem: diferencas na concepcao
metodoldgica, tamanho da amostra, definicdo do istmo bem como as diferencas
entre suas classificacoes. A idade, género e aspecto étnicos por vezes nao sabidos,
em estudos ex vivo, também podem explicar as variacdes encontradas. A maioria
das frequéncias de IR publicada na literatura foi analisada a partir de sec¢des
transversais seriadas, porém estaticas, da amostra. Assim, a variabilidade da
anatomia interna da denticdo permanente humana descrita na literatura deve ser
cuidadosamente considerada antes de iniciar qualquer tratamento de canal. A
frequéncia de numero de raizes, canais, forame apical, istmo, ramificacbes, e a

forma do canal pode ndo apresentar padrao perfeito.
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6 CONCLUSAO

O istmo radicular € uma estrutura anatémica de ocorréncia comum em dentes
permanentes humanos, exceto nos dentes anteriores superiores. As maiores
freqUéncias de IR (87,9%) dos dentes permanentes humanos foram encontrados em
primeiros molares inferiores. A frequéncia de IR de grupos de dentes nao era
apresentaram diferencas significativas (p> 0,05), exceto para os incisivos centrais
inferiores. Os pacientes com mais idade apresentaram menor freqténcia de IR. A
maior freqiéncia de quatro canais radiculares e quatro forames apicais foi

encontrada em primeiros molares superiores (76%, 33%).
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Abstract

This study determined the frequency of root isthmuses (RI) in human
permanent teeth using map-reading dynamics and cone beam computed
tomography (CBCT) images.A sample of 1,400 teeth was selected from CBCT scans
of 618 patients (394 women; 43.4 mean age-years). Rl were detected longitudinally
on 0.1-mm/0.1-mm axial slices of CBCT images, from the pulp orifice to the root
apex, and findings were recordedinto seven categories: 1. beginning and end in
cervical third; 2. beginning in cervical third and end in middle third; 3. beginning in
cervical third and end in apical third; 4. beginning and end in middle third; 5. begin in
middle third and end in apical third; 6. beginning and end in apical third; 7.
noisthmus.The categorical variables, described as frequencies (%), were analyzed
using a chi-square test (x?) with Yates correction or the Fisher's exact test.
Quantitative variables were compared using the Student t test for independent
samples.Rl is an anatomic structure of common occurrence in human permanent
teeth, except in maxillary anterior teeth. Th

e higher frequencies of root isthmus (87.9%) in human permanent teeth were
found in mandibular first molars. The frequency of Rl according to tooth groups was
not significantly different (p>0.05), except in mandibular central incisors. Rl was less
frequent among older patients. The higher frequency of four root canals (76%) and

four apical foramina (33%) was found in maxillary first molars.
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Introduction

The complex shapes of the root canal system are responsible for serious
difficulties during root canal treatment (RCT) and affect the cleaning, shaping and
filling of this space (1-3).

Ramifications were found in the apical third of root canals in 27.4% of 1,140
human permanent teeth. Premolars and molars had the greatest variety of
ramifications (3). Root isthmuses (RI) have been studied, and their effect on RCT,
particularly the extent to which they complicate location and preparation, has often
been discussed (4-9). RI, defined as narrow extensions from either one or two main
canals, are classified as incomplete or complete (4, 7). Their incidence is higher 3
mm to 5 mm from the root apex in the mesiobuccal region of maxillary molars. At 4
mm from the root apex, 12% of the specimens had a complete isthmus, and 88%, a
partial isthmus (4).

Several invasive and non-invasive methods to define root canal
micromorphology and Rl have been evaluated: radiography, vertical and cross-
sectional cutting, clearing and staining, stereomicroscopy, surgical microscopy,
dissecting microscopy, plastic casts, scanning electronic microscopy, cone beam
computed tomography (CBCT) and micro-computed tomography (MCT) (4-19).

Three-dimensional macro-configurations of root canals may be misguiding
when determined by imaging methods that represent anatomical structures in only
two dimensions. Periapical radiography (PR) is a non-invasive method that produces
conventional study models, most commonly used in research and clinical
Endodontics. However, the limitations of PR are known (9,20-22). Innovative options
to study internal root canal anatomy, such as CBCT and MCT, have been used (9-

19). Matherne et al. (19) evaluatedthe use of CBCT as a diagnostic tool to define the
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number of root canals and compared findings with the analysis of images obtained
by using digital radiographs with charged coupled devices (CCD) and
photostimulable phosphor plates (PSP). Seventy-two extracted teeth (maxillary
molars, mandibular premolars and mandibular incisors) were evaluated using CCD,
PSP and CBCT scans. Three board-certified endodontists evaluated CCD and PSP
images to determine the number of root canals. CBCT images were used to
establish a parameter for the comparisons. When using CCD, the number of root
canals was correctly identified in 80%, 78%, and 77% of the cases when compared
with CBCT, whereas when using PSP, the number of root canals was correctly
identified in 81%, 76%, and 84% of the cases, when compared with CBCT. Baratto-
Filho et al. (23) compared the internal anatomy of maxillary first molars using
extracted teeth, clinical factors and CBCT analysis. Microscopy and CBCT are
important tools that may be used to locate and identify root canals. Pécora et al. (9)
evaluated the frequency of root isthmuses in maxillary and mandibular molars in ex
vivo and in vivo assays using map-reading dynamics and CBCT images. The
frequency of RI was high in both study models. Map-reading dynamics using CBCT
scans locates Rl precisely.

The clinical effect of isthmuses on RCT is associated with failure in obtaining
full access to this area in infected teeth. This fact has been well demonstrated in
outcomes of surgical and nonsurgical RCT (24). Studies about root canal anatomy
may describe the specificities of each tooth in a population to suggest a predictive
value for prognosis, and the expected increase to a successful root canal treatment.
Based on the lack of studies using non-invasive methods to determine RI and

longitudinal evaluations of the root in axial slices, this study determined the
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frequency of root isthmuses in human permanent teeth using map-reading dynamics

in CBCT images.

Materials and methods
Patients

The study included databases of private radiology clinics (CIRO, Goiania,
Brazil). The patients were referred to the dental radiology service due to different
diagnoses. A sample of 1,400 teeth (1,146 roots in maxillary teeth and 900 roots in
mandibular teeth) was selected from a collection of CBCT scans of 618 white
patients (224 men; 394 women; mean age: 43.4 years) from January 2012 to August
2014.

Inclusion criteria for CBCT images were: teeth without previous RCT, post or
crowns; no calcified root canals; no internal or external root resorption; fully formed
apex; no history of orthodontic treatment; no developmental disorders; and no
pathologies. Third molars were excluded. To ensure that the analysis was accurate,
only high-resolution images were included. This study was approved by the
Research Ethics Committee of the institution where it was conducted (approval

#7968214.8.0000.5083).

Imaging methods

CBCT images were obtained using a PreXion 3D Inc. (San Mateo, CA);
thickness: 0.100 mm; dimensions: 1.170 mm x 1.570 mm x 1.925 mm; FOV: 56.00
mm; voxel: 0.100 mm, 33.5 s (1,024 views). Tube voltage was 90 kVp, and tube
current was 4 mA. Exposure time was 33.5 s. Images were examined using the
scanner’s proprietary software PreXion 3D Viewer (TeraReconinc, Foster City, CA)

in a PC workstation with Intel Core 2 Duo-6300 processor, 1.86 Ghz (Intel Corp.,
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Santa Clara, CA), NVIDIA GeForce 6200 turbo cache videocard (NVIDIA
Corporation, Santa Clara, CA), EIZO-Flexscan S2000 monitor at a resolution of
1600X1200 pixels (EIZO NANAO Corp., Hakusan, Japan), running Windows XP

professional SP-2 (Microsoft Corp., Redmond, WA).

Root isthmus detection

Root isthmuses (RI) were recorded when the axial image showed a narrow
(ribbon-shaped) communication between two root canals; when a root canal had a
mesiodistal or buccolingual projection measuring about 1/3 of the main root canal;
and when C-shaped root canals were detected.

The evaluation of RI frequency also provided information about the frequency
of roots, canals and apical foramina in the population under study.

Rl in maxillary and mandibular anterior teeth and premolars with one or two
roots were analyzed using axial navigation throughout the anatomical system. For
teeth with three or more roots, axial navigation was individualized for each root. In
maxillary molars, axial navigation started in the mesiobuccal root and was followed
by analysis of distobuccal and palatal roots; in mandibular molars, the axial
navigation started in the mesial root, followed by analysis of the distal root. When
there were bifurcated roots, the axial navigation was concomitant in these two roots.

The presence or absence of Rl in each tooth was analyzed using map-reading
dynamics in images according to a previous study (9): longitudinally in the axial
plane, from the pulp orifice to the root apex. Findings were
recordedintosevencategoriesaccordingto Rl beginningandend: 1. beginning and end
in cervical third (CT-CT); 2. beginning in cervical third and end in middle third (CT-

MT); 3. beginning in cervical third and end in apical third (CT-AT); 4. beginning and
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end in middle third (MT-MT); 5. beginning in middle third and end in apical third (MT-
AT); 6. beginning and end in apical third (AT-AT); 7. no isthmus.

Scans of the teeth that had Rl were obtained in different planes (sagittal,
coronal, and axial) at 0.1-mm thickness. Navigation in axial slices of 0.1 mm/0.1 mm
followed the coronal to apical direction, as well as the apical to coronal direction.
This map-reading technique provided valuable information for a better visualization
and identification of Rl frequency and position. All imaging tests were analyzed by
two observers, an endodontist and a radiologist, both with 10 or more years of
experience, calibrated by evaluating 10% of the sample. When differences were
found, a consensus was reached after the image was discussed with a third

observer.

Statistical analysis

Categorical variables were described as frequencies and percentages, and
quantitative variables, by means and the standard deviations. Frequencies and their
confidence intervals (95%) were described. Categorical variables were analyzed
using a chi-square test (x?) with Yates correction or the Fisher's exact test.
Quantitative variables were compared using the Student t test for independent
samples. The level of significance was set at a=0.05. Statistical analysis of data was
performed using the Statistical Package for Social Sciences, version 18 (IBM 21,

IBM Co., New York, NY).

Results
A significant difference (p<0.05) was found in Rl frequency between women

and men only when mandibular central incisors (teeth #24 and #25) were compared.
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There were no significant differences between mean age and tooth groups (p>0.05),
except for mandibular lateral incisors (teeth #23 and #26). Rl frequency was lower
among older patients.

The confidence intervals (95%) of RI frequency in human permanent teeth
according to root canal position are shown in Figure 1 (Table 1). Table 2 shows the
distribution of roots, canals and apical foramen in all groups of human permanent
teeth.

In maxillary teeth, Rl frequency in first molars was 60.8%, and most were
detected in mesiobuccal roots (93.5%) (Figure 2). In maxillary second molars, Rl
were found in 46.5% of the cases, and 78.8% of these were in the mesiobuccal
roots. In this group, one tooth had only one root, and 29 had two roots. Root fusions
were found in several cases (Tables 1 and 2).

The highest RI frequency (87.9%) was found in the group of mandibular first
molars (Figure 3): 57.8% (67) in the mesial root and 42.2% (49) in the distal root. In
this group of teeth, 51% had four root canals. In the mandibular second molars, Rl
frequency was 66.3%, and 94.1% of the Rl were found in mesial roots (Tables 1 and
2).

Maxillary second premolars (Figure 4) had more Rl (50.5%) than maxillary
first premolars (18.8%). Inversely, mandibular first premolars had more Rl (18.8%)
than mandibular second premolars (3%).

In maxillary anterior teeth, the number of Rl was negligible, whereas in
mandibular anterior teeth, the highest frequency was found in lateral incisors
(47.6%), followed by central incisors (33.3%) and canines (24%) (Table 1) (Figure 5).

The higher frequency of four root canals and four apical foramina were found

in maxillary first molars (76%, 33%), followed by maxillary second molars (41%,
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25%), mandibular first molars (51%, 15%), and mandibular second molars (4%, 1%)
(Table 2).

The frequency of RI beginning in the middle and apical thirds ranged from
50% for maxillary first molars and 42.2% for mandibular first molars; and from 82.3%
for mandibular central incisors and 55.1% for mandibular lateral incisors (Table 1).
Six teeth had C-shaped roots: two in maxillary second molars, two in mandibular
second molars, one in mandibular second premolar and one in mandibular first

premolar (Figure 6).

Discussion

The maxillary central incisors were the only tooth group in which no RI were
identified. The frequency in other teeth ranged from 2% to 87.9% in all root canal
thirds. The highest frequency of Rl was in mandibular first and second molars
(87.9%, 66.3%), followed by maxillary first molars (60.8%), maxillary second
premolars (50.5%), mandibular lateral incisors (47.6%), and maxillary second molars
(46.5%)(Table 1). RI frequency was lower among older patients. CBCT images
provided a satisfactory visualization of Rl. The use of CBCT images associated with
longitudinal map-reading dynamics to identify isthmuses enhances accuracy
because teeth are scanned from pulp orifice to root apex. Moreover, it is a
noninvasive method.

This study used comparable methods and confirmed the results described by
Pécora et al. (9). In their study, Rl frequency was evaluated only in the mesiobuccal
root of maxillary molars and in the mesial root of mandibular molars. Rl in maxillary
molars ranged from 86% in the ex-vivo assay and to 62% in the in-vivoassay;

whereas in mandibular molars it was 70% in the ex-vivo assay and 72% in the in-
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vivo assay. The method used in their study revealed that Rl frequency in the apical
third of maxillary molars (mesiobuccal roots) was 4% (ex-vivo) and 6% (in-vivo); and
of mandibular molars (mesial roots), 16% (ex-vivo) and 26% (in-vivo). The
differences between these studies may be assigned to the fact that our study
analyzed all root canals, whereas Pécora et al. (9) evaluated only the mesiobuccal
root of maxillary molars and the mesial root of mandibular molars.

Several methods have been used to evaluated RI: radiography; vertical and
transversal sectioning; clearing and staining; stereomicroscopy; surgical microscopy;
dissecting microscopy; plastic casting; scanning electronic microscopy; CBCT; and
MCT (4-19,23,25-27).

Different investigations used three-dimensional CBCT images to identify root
canal anatomy (9,12,16,19,23,24,25). Studies using map-reading strategies showed
the potential of this tool of CBCT technology (9,28). The strategy involves sequential
axial slices of each root and image navigation in the coronal to apical (or in the apical
to coronal) direction, using 0.1-mm/0.1-mm axial slices. The movement in this
direction provides precious information about the exact position of images that
suggest anatomical structures and points of communication between root canals and
the periodontal space associated with radiolucent areas (9,28), for example. This
method overcomes the limitations of PR, enables the navigation of images and
provides a dynamic visualization of what was static before. In our study, the strategy
to navigate CBCT images used 0.1-mm/0.1-mm axial slices navigated in the coronal
to apical direction, as well as in the apical to coronal direction. This map-reading
strategy provided valuable information for a better visualization and identification of
Rl frequency and position of Rl on high-resolution images. Rl between filling

materials were clearly identified on CBCT images (28).
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Rl types have been grouped according to the cross-sectional view of the root
and the distance to root apex (4-8,25). Hsu and Kim (5) classified isthmuses into five
types: 1. two or three root canals with no notable communication; 2. two root canals
with definite connection between the two main root canals; 3. three root canals
instead of two; incomplete C-shaped canals with three canals; 4. canals extending to
the isthmus; 5. a true connection or corridor throughout the section. The purpose of
our study was to evaluate Rl frequency all through CBCT images using a longitudinal
map-reading dynamics, from pulp orifice to the apical third. It was not our objective to
classify isthmuses in each root canal third, but various forms of Rl, as defined earlier,
were detected in the axial planes of CBCT images. MCT has also been used as an
alternative to evaluating Rl areas (10-13).

Our study found that mandibular first molars had the highest Rl frequency
when compared with all other human teeth (87.9%), and Rl were distributed from the
coronal to the apical third. RI frequency was significantly different between women
and men only for mandibular central incisors (teeth #24 and #25). There were no
significant differences between mean age and tooth groups, except for mandibular
lateral incisors (teeth #23 and #26). Rl frequency was lower among older patients.
Studies in the literature (29) evaluated the root canals of permanent mandibular first
molars and found a mean RI frequency of 55% in the mesial root and 20% in the
distal root. Gu et al. (10) evaluated the anatomic features of Rl in 36 extracted
human teeth (mesial root of mandibular first molars) using MCT scans. The
occurrence of Rl was high, particularly in the apical 4 mm to 6 mm area of the 20- to
39-year-old age group (up to 81%). The prevalence of an isthmus significantly
decreased with age. Fan et al. (11) found RI in the mesial roots of 126 first and

second mandibular molars using MCT. The occurrence of Rl in the 5-mm apical
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region of the mesial roots was 85%. The first molar had more isthmuses of single
and mixed types, whereas second molars had more Rl with connections.

We found that the frequency of RI in maxillary first molars was 60.8%. From
these, the most occurrences were detected in the mesiobuccal roots (93.5%).
Maxillary second molars had 46.5% of all Rl, and of these, 78.8% were in the
mesiobuccal roots. In these teeth, one tooth had just one root, and 29 had two roots.
Root fusions were found in several cases (Tables 1 and 2). Weller et al. (4) found
that the prevalence of complete Rl in the mesiobuccal roots of the maxillary first
molars was 5% to 14.8% (1 mm to 6 mm from apex), and partial Rl was 23.1% to
88%. Jung et al. (7) found a lower prevalence of partial isthmuses (2.6% to 15.8%).
Mannocci et al. (13) found a higher frequency of Rl at 3 mm (50.25%) from the apex
than at 1 mm (17.24%). Root symmetry and root canal morphology of maxillary and
mandibular molars was recently evaluated using CBCT by Plotino et al. (26).
Maxillary first molars were symmetrical in 71.1% of the patients, whereas maxillary
second molars were symmetrical in 79.6%. About 30% of the mandibular first molars
and 20% of the mandibular second molars were asymmetrical. Symmetry ranges
from 70% to 81%. These variations in symmetry should be taken in high
consideration when treating two opposite molars in the same patient, because their
anatomy may be different in up to 30% of the cases.

In our study, the frequency of Rl in maxillary second premolars (50.5%) was
greater than in maxillary first premolars (18.8%). The opposite was found in
mandibular premolars: the first premolars had more Rl (18.8%) than the second
premolars (3%). Zhu et al. (12) used CBCT to study the incidence of Rl in maxillary
first premolars with a single root and two canals before and after root canal

preparation (RCP). Rl incidence was different at each 1 mm within the apical 0-6 mm
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region in the single roots and two canals before and after RCP, and was lowest at
the apical 1 mm and highest at the apical 6 mm point. The rate of partial Rl was
significantly higher than that of complete RI. After RCP, the incidence of Rl in the
apical 0-6 mm region decreased, but the proportion of complete isthmuses
increased. The difference in RI structure before and after RCP may be accurately
defined using CBCT. Based on a review of the root and root canal morphology of the
mandibular first premolar, Cleghorn et al. (30) reported that about 98% of the teeth in
these studies were single-rooted. The incidence of two roots was 1.8%. Three roots,
when reported, were found in 0.2% of the teeth studied. A single apical foramen was
found in 78.9% of the teeth, whereas 21.1% had two or more apical foramina. The
frequencies of root canals that we found were close to those rates. The role of
genetics and racial variation may explain differences in the incidence of root number
and canal number in human populations (30). In our study, the presence of Rl in
maxillary anterior teeth was negligible, whereas in mandibular anterior teeth the
highest frequency was detected in lateral incisors (47.6%), followed by central
incisors (33.3%) and canines (24%)(Table 1). In the analysis of 100 randomly
selected mandibular incisors, Mauger et al. (31) found Rl in 55%, 30% and 20% of
the teeth at 3 mm, 2 mm and 1 mm from the root apex. Canal shapes were classified
into four distinct types: round, oval, long oval and ribbon-shaped.

The main objective of this study was to evaluate RI frequency, but our study
design also provided information about the frequency of roots, canals and apical
foramina in this population. A higher frequency of four canals and four apical
foramina were found in maxillary first molars (76%, 33%), followed by maxillary
second molars (41%, 25%), mandibular first molars (51%, 15%), and mandibular

second molars (4%, 1%) (Table 2).
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Access by cervical pre-flaring, mechanical action of rotary instruments or
ultrasound is easier in cases of Rl beginning in the cervical third. In clinical situations
in which RI begins in the middle third and ends in the apical third or begins and ends
in the apical third, the access into these areas is challenging (9). The clinical
implications of this finding involve the difficulty of cleaning and shaping by
mechanical action to disrupt bacterial biofilm and to reach these inaccessible areas.
Arigorousstrategyofirrigationandintracanaldressingtoimprovebacterialcontrolhasbeen
recommendedtoaddressallthechallengesassociatedwiththiscomplexanatomyandwith
root canal preparation protocols (1-3,15-18,32-35).

Theariations of Rl frequencies found in this study and in others may be
explained by several factors, such as: method differences; sample size; the definition
of isthmus; differences between classifications; tooth age, which, together with
patient gender and ethnicity, are often no tknown in ex-vivo studies, whereas age
and gender may be controlled in in-vivo studies. Most Rl frequencies reported in the
literature were found in serial static and cross-sectionalslices. Therefore, the
variability of human tooth anatomy described in the literature should be carefully
considered before starting any root canal treatment. The frequency of number of
roots, canals, apical foramina, isthmuses, ramifications and canal shapes may not
match any perfect standard.

In summary, Rl is an anatomic structure of common occurrence in human
permanent teeth, except in maxillary anterior teeth. The highest frequencies of Rl
(87.9%) in human permanent teeth were found in mandibular first molars. RI
frequency between tooth groups was not significantly different (p>0.05), except in

mandibular central incisors. Rl frequency was lower among older patients. The
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highest frequency of four canals and four apical foramina were found in maxillary first

molars (76%, 33%).
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Legends:

Table 1.Distribution of root isthmuses according to navigation on CBCT axial slices
in the coronal to apical direction in human permanent teeth.
Table 2.Frequencies of roots, root canals and foramina in human permanent teeth.

Figure 1. Confidence intervals (95%) of frequencies of isthmuses in human

permanent teeth.

Figure 2. (A) Root isthmus in maxillary first molar viewed by navigation in coronal to

apical direction on 0.1-mm/0.1-mm CBCT axial slices; (B) greater magnification.

Figure 3 (A)Root isthmus in mandibular first molar viewed by navigation in coronal to

apical direction on 0.1-mm/0.1-mm CBCT axial slices; (B) greater magnification.

Figure 4. (A)Root isthmus in maxillary second premolar viewed by navigation in
coronal to apical direction on 0.1-mm/0.1-mm CBCT axial slices; (B) greater

magpnification.

Figure 5. (A)Root isthmus in mandibular central and lateral incisors viewed by
navigation in coronal to apical direction on 0.1-mm/0.1-mm CBCT axial slices; (B)

greater magnification.

Figure 6. (A)C-shape in mandibular second molar viewed by navigation in coronal
to apical direction on
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Guidelines for Publishing Papers in the JOE

Wirting &n effective arlicle is a challenging assignment, The following guidelines are provided to 2ssist authors in submitting
MENLSCHRIE,

Thie JOE publisthes original and review articles relaled to the scentific and appled aspecls of endodantics, Maresver, the JOF has a
diverse readership thal includes fulktime clnicians, fulklime academicians, residents, sludenls and scientisls, Efeclive communication
with this dwerse readership requires carefu| atlention te writing style,

Generall Points on Composition

Organization of Original Research Manuscripts
Manuscripts Category Classifications and Requirements
Available Resources

1. Ganaral Poinis on Composition

1. Authars are strangly encavraged to analyze their fnal drall wilh both software (2.g9., spelling and grammar pragrams) and
colleadguaes whao have axpaeriEe in English grammas, References listed at the and of this secton provide a morn extnnsive foviee
ol rules of English grammar and guidelines lor weiling a scienlfic article, Aways remembear thal clarity is e mos! mpostan
feature of scentiflc witing, Scentfic articles must be clear and precise in thelr content and concse inthelr dalivery since their
purpase I8 e inform the readear, The Edtor reserdes the nght to edit 8l manuscnpls or b reject those manuscripls that lack
clarity or precision, or hawe unacceptable grammar or syniax, The following list represents common errars in manuscripts
submittad to the JOE

2, The paragraph = the ideal unit of organization, Faragraphs typically start with an infroductory sentence that is followed by
saniances that describe additional defail or examples, The last sentenca of the paragraph provides conclusions and forms a
tramsition {o the next paragraph, Commaon problems include one=sentence paragraphs, sentences that do not develop the thaemae
of the paragraph (See alss seclion o htkm] ar senbences with litle b no transilion wilhin & paragragph,

3, Keep o the poind, The subject of the sentence should supporl the subject of the paragraph, For example, the infroducton of
authars’ names n a santence changes the subject and lengthens the text, Ina peragraph an sodiuem bypochlante, the sentence,
‘|l 1983, Langeland & &), reporiad thal sedium hypochlorite acts a8 & [ubricating factor during instrumentaban and heles ta
flush debris from the root canals” can be edited fo: “Sodium hypochlerite acts as & |ubricant during Instrumentation and as &
vahicle for flushing the generated debris (Langaland et al., T%83)." In this example, tha paragraph's subject is sodum
hypochlorite and santences should focus on this subjoct,

4, Santancas are stronger when writhan in the active voice, Le., the subjact parforms the action, Passive sentences are identifiad by
the use of passive verbs such as “was,” “were,” “could,” ete, For example: “Dexamethasone was found in this study to be a factor
thal was associated with reduced inflammalion.” can ba adited 1o "0ur resulls demonstraled that dexamathasorns rediiced
inllammation,” Sentences writlen in a direct and active woice are genesally more powerul and shorler than senlences wrillen in
the passive valce,

m

Reduce verbiage, Shorl senlences are easier lo undaratand, The inclusion of unnecessary wards ig oflen assaciated wilh e
use of 8 passive volce, & |ack of facus or run=on sentences, This s not o imply that 2| sentences need be shart or evan the
same length, Indeed. variation in sentence strecture and length often helps o maintein reader interest, Howsvar, make all words
count, & more formal way of stating this point s that the use of subordinate clauses adds variety and information when
constructing a paragraph, (This section was writien deliberataly with senterces of varying length io illestrate this paint)

@

Use parallel construction io express related ideas, For axample, the sentenca, "Formerly, endadontics was faught by hand
instrumeniation, whia now relary instrumentalisn is the common mathod,” can ba edited 1o "Formerly, endodontcs was laughl
using hamd inslrumentation; row il is commonly taught wsing ratary instremantation,” The use of paralel construction in
santences smply means thatl similar deas are exprassad nosimilar ways, and thig helps the readss recognize 1nal the idaas are
related,

=

Heep modifying phrases close to the werd that they maodify, This & &8 commaon problem in complex sentences thal may confuse
the reader, Far example, the slatement, “Aocordingly, when conclusions are drawn fram the results of this study, caution must be
usad,” can be edted to "Caution must be used when conclusions are drawn from the results of this study,”
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, T summarze these paints, effective senlencas are clear and precize, and often ara shorl, simple and focused an ane key paint
that supports the paregraph’s theme,

, Authors should be aware that the JOE uses IThenticate, plagarism detection software, 1o assure orlginality and integrity of
materal publshed in the Jowmnal, The use of copled sentencas, even when present within guotation marks, s highly
discouraged, Instead, the information of the original reseerch should be expressed by new manuscript author's own words, and
a proper ciation given at the end of the sentence, Plagiarism will not be tolerated and manuscripts will be refected, or papers
withdrawn after publication based on walhecal aclions by the authors, In addflion, acthors may be sanchoned for future
publication,

Organization of Original Research Manuscripls

Please Note: Al abstracls showld be organized info sections thal star! with o one-word iille (in bold), Lo, Introduction, Methods,
Results, Conclisions, ele, and showd nol exceed mare fan 250 words i fength,

1. Title Page: The title shoukd describe the major emphasis of the paper, 1t should be as short as possibla without loss of clarity,

Remember that the titk is your advertising billkoard—it represents your major oppartunity to solict readaers to spend the tme to
read your papar, [Fis basl nof o use abbrevations in B file sicca 1his may lead fo imprecse coding by electronic alation
programs such as PubMed (e.g., use "sodium hypochlorie” rather than NaOC[, The sulhor st must conform to published
atandards on authorship (see authorship eriteria in the Unform Requiremeants for Manuseripts Sebmited o Blomedical Jaurnals
AL wwwlemye.ong), The manuscrpt 12le, name &nd address (ncluding email) of one author designaled a8 the cormesponding
suthor, This author wil be responsble for editng proofs and ordering reprints whean applicable, The contricution of each author
should also be Righlighted in the cover letter,

. Abstract: The abstract should concisely descripe the purpose of the study, the hypothesis, metheds, major findings and
conclusions, Tha abstract should descrios the new contrioulions madae by this shudy, Tha ward Imitations {250 worgs) and the
wida distribution of the absiracl (e.g., PubMad) make this seclion challenging lo wrile clearly, This section offen is written last by
many authors since they can draw on the rest of the manuseript, Write the abstract in pasl bense since the sludy has been
campleted, Three to ten keywords should be [sted below the absbrac,

. Infreduction: The inlroduction should brielly review the perinent |ilerature in order to identify he gap in knowledge that the
study Is Intended to address and the limitations of previous atudies n the area, The purpesa of the sludy, the lested hypathasizs
and iis scope should be clearly described, Authors should realize that this section of the paper is thelr primeary oppartunity to
eaiablish communication with the diverse readership of the JOE Readers who are not expert in the topic of the manuscriot are
lixaly to skip the paper if the introduction fails to succinctly summarize the gap in knowledge that the study addresses, ltis
impartant to note that many successful manuscripts require no more than a few paragraphs io accomplish these goals,
Tharafore, avthars shoukd refrain from perfarming extensive foview of the [eralure, and discussing the results of the study in
This seclian,

., Materials and Metheds: The abjective al the malerals and methods seclion is o permid alher invesfigalons o repeal your
exparimenls, The lour componenis bo this section ase the delailed description ol the materiale used and thes components, the
exparimantal design, the procedures employed, and the siatistical tests used to analyze the resulls, The vast majority of
manuscripts should cite prior studies using similar methods and succinctly describe the essential aspects used in the present
study, Thus, the reader should still be able to understand the method used in the experimental approach and conceniration of
tha main reagants (e, antibodies, drugs, ete.) evan when citing a previously published mathod, The nclusion of a *mathods
figure” will Be rejected unless the procedure is novel and requires an ilkstration for comprehension, [f the method s novel, then
the authors should carefully describe the method and inclede validation expedments, [T the study iilized 2 commarcial product,
the manuscrp! must state that they sithes followed manwfaclurer's protocs| or specfy any changes made ta the pratocol, |1 the
study used &n i vitre model o simulate & cleical outcome, the authors must describe experiments made 1o validate the madel,
or previous literature that proved the dinical relevance of the model, Studies on humans must conform to the Helsinki
Daclaration of 1975 and state that tha institutional IRB/'equivalant commitiea(s) approved the protacol and that informad consent
was ablained after the risks and banefits of parlicipalion were described to the subjects or patients recruited, Sludies nvolving
animals must state that the instiluliona) animal care and use commites approved the prolocol, The stalsiosl analysis secbon
shauld describe which lests were usad to analyze which dependent measuras; p-valuas should be specified, Additonal detalls
may include randomization acheme, stratificatan (f any), power analysis a8 a bas's for sample eze compuiation, draope=outs from
clinical trials, the affecta of important confeunding variables, and bhvarate versus multivarate analysis,

, Results: Only experimentsl reaulis are appropriate in this section (La., nelther methads, dsoussion, nor conclusions ehould be =
this section), Include only those data that are critical for the study, as defined by the gim{s}, Do not include &l aveileble data
without justfication; any repatitve findings will be rejected from publication, Al Figures, Charts and Tables should be dascrioed in
thatr arder of numbering with a brief description of the major findings, Author may consider the use of supplemental figures,
tables of videa clps thal will be published anline, Supplemental material s often wsad to provide addlianal information or control
experiments thal support the resulis secton (e.g., microarray data),

. Figures: There are two general ypes of Tgures, The firsl lype of Tigueres incledes pholagraphs, radiographs of micrographs,
Inzlude only essaential figures, and even if essantlal, the use of composiie flgures contalning several panels of photlographs (=
encouraged, For example, most phofoe, radioe of micrographs take up one columnewidth, or abou 185 mm wide X 185 mm ta|l,
If matesd, you construct a two columns-width figure (Le., about 175 mm wids X 125 mm righ when published in the JOE), you

56



walld be able o place about 12 panels of phoflomicregraphs (or radiographs, ele,) as an array of four columng acraas and three
rows down (with each panel apout 40 X 40 mm), This will require some edting to emphasize the most important feature of sach
photomicrograph, but it greatly increases the total numbar of llustrations that youw can presant in your paper, Remambar that
each pane| must be clearly idantfied with a lettar (eg., "4.° "B, alz.), in order for tha reader to understand each individual panal,
Savaeral nice axamples of composite figures are seen in recent arbicles by Jeger et al {J Endod 2012;38:884-B888); Olvieri o al,,
[J Endod 2012;38:1007 1011); Tsad et al (J Endod 2012,38:9685-070), Please nobe that color figures may be published al no cost
la e aulhars and authors are encouraoed Lo use color o enhance the value of the illustration, Please nole thal & multipana|,
campaosite figure only counts 28 one figure when consldaring the total number of fligures n @ manuscript (ses sacton 3, below,
for mazmum number of allowable figuresa),

The second type of fiqures ara graphs (e, line drawings ncluding bar grapghs) that plot a degendent maasura {on the ¥ awis) as
a funclion af ar independent measure (wsually plotted on the X agis), Examples inclede a graph depicting pain scores over lime
wls, Graphs should be used whan the overall frend of the resulis are more important than e exact numaerical values of the
regulls, For example, 2 graph = 8 convenient way of reparbag that an ibuprolenstreated group reporled |ess pain than a placebo
group over lhe firs? 24 hours, bul was the same as the placebo group for the next BB hours, | this case, the trend of the results
iz the primary finding; the actual pan scores are not as critical as the relative dfferances betwean the MSAID and placeba

groups,
T. Tables: Tables are approprate whan it = crivzal to prasent axact numerical values, Howsvar, not all results need be placed in
ailhar a table or figure, For exampla, the follewing table may not be necassany:
% NaDC| WiGroup % [nhibition of Growth
0,001 5 Q
0,003 ] a
0.01 5 0
0,03 o 0
01 5 00
0.3 B 100
1 5 100
3 3 g
Insledd, the resulls could simply state that there was ro inhibilion of growth from 0,001=0,03% NaQCl, and & 130% inhibition of
growlh from 0,05=3% NaOC] (N=8/groug), Similarly, if the resulls are nal signficant, then il is prabably nal necessany la inclede
the results in ether a lable or as a figure, These and many other suggestions on figure and table constructon are described in
sdditional detal in Day (1988).
8, Digcussion: This secton should be used o interpret and explain the results, Bath the strengths and weaknesses af the

observations should be discussed, How do these findings compare fo the publishad literature? What are the clnical implcations?
Akhough this last sachon might be tentative gven the nature of a particular study, the authors should realize that evan
preliminary clinical implcations might have value for the dinical readership, ldeally, a review of the potential clinical sgnificance is
the last secbon of the discussion, What are the major conclugions of Bw shedy? How does the dala support these conclugions

8, Acknowledgmants: All avihors mast affem thal ey have no financial affilation (o9, employment, direcl paymaent, stock
haldings, retainers, consulaniships, palan? [oensing arrangements ar honararia), or invalvemenl wih any commercial
organization with direct financal Interast in the subjest or materlals dscussed In this manuacript, nor have any auch
arrangements existed in the past three years, Any other potential conflict of interest should be disclossd, Any author for whom
thia statement & not true must apeend a paragraph to the manuscnpt that fully discloses any financisl or ather interest that
poses & conflict, Likewisa the sources and corract attrioutans of all othar grants, contrecis or donations that fundad the study
must ba disclosed

-
=

References: The reference style follows Index Medicus and can be easily lkarnaed from reading past issves of the JOE, The JOE
uses tha Vancouver reference style, which can be found in most citation managamaent software products, Cilations are placed in
pareniheses ai the end of a senilence or al the end of 8 clause that reguires a lilesature citation, Do not use superseripl for
references, Original reparis are limiled to 35 relerences, There are no limils in the number of references lor review arlicles,
3, Manuseripts Calegory Classifications and Regquiremants
Manuscripls submiled fo the JOE must Tall inlo one of the lollowing calegories, The absiracts far all these calegories would have a
maximum word count of 250 words;

1, COMBORT Randomized Clnical TriakManuscripis in thes category must siricily adhere to the Consaldated Standards of

57



Rapaorting Triale=CONSORTminmum guidelines for the publeation of randomized clinieal trials, Thesa guidelines can be faund
at wew consor-slatementongd, Thess manuscrpts have & imit of 3,500 words, [including abstract, infreduction, materials and
mathads, results, discussion and acknowladgmants; excluding fgure legends and refarencas], In addition, thers is a limit of 2
tetal of 4 figures and 4 fablas®,

Review Artcle-hanuscripis in this category are eithar narrative articles, or systermabs reviaws'meta-analysas, Case
reportiClinical Technigue articles aven whan followed by sxtensve review of the literature will should be calegorized as "Case
Rapart/Clinical Technique®, These manuscripls have a limit of 3,500 words, [including abstract, infroduction, dsoussion and
acknowledgments, excluding ligure legends and roferencis], [n addiion, there & a limil of a lolal of 4 Tgures and 4 lables®,
Clinical Resaarch (o.g., prospoclive o relraspective stedies on patients o patien] recerds, of fesearch on biopsies, sxaleding the
use af human teeth for lechnique sludies), These manusenipts have a limil of 3,500 wards [including abstract, intraduction,
materals and mathods, results, dscussion and acknowledgments; excluding Ngure legends and refersnces], [n addition, thers ls
& limit of a total of 4 figures and 4 tables®.

4, Basic Research Blology (an'mal or culture studies on bloleglcal research on physlology, development, stam ce| differentiation,
inflammation or pathalegy), Manuscripts that have a primeary focus on biology should be submitied in this category whils
manuscripts that have a pimary fecus on matarals should ba suomitted in the Basic Research Tachnolegy category, For
example, a shedy on cylatoocily of a material should be submitted in the Basic Ressarch Technology category, even if it was
parfarimied in atimals wilh hislalogical analyses, Thess manuscripts hava a limi of 2 500 words [incleding abstrac!, mMreduction,
malerals and methods, results, dscusson and acknowledgments; excluding figure legends and references], [n addition, there is
alimit of & total of £ fgures or 4 tables®,

5, Basic Research Technology (Manuscripls submitied in this category focus primarly on research related to lechniguas and
materals vsad, or with patential clinical use, in endodantica), These manuscripts have a limit of 2 500 words Including absiract,
intrediuction. materials and methods, results, discussion and acknowledgrments. excuding figure legands and referances]. In
addition, thera is 8 Imit of a total of 3 figures and tables *,

6, Case Report'Clinical Technigue (s.g., report of an unusual clinical casa or the use of cutting=adge technology in & clinical casa),
Thesa manuscrpis have a limil of 2,500 wards [mcluding abstract, introduction, matarials and mathods, rasults, discussion and
acknowledgrments, excludng figure legends and references], [n addilion, (hane s a limil of a lolal of 4 Fgueoes or ables®,

® Frigueres, i submitled as multipanal Tguees mest nol sxcead 1 page lengh, Manuscripls submitted wilh mors than tha allowasd

number of figures o tables will reguire approval of e JOE Editor or associale editors, |F you are nol swre whether youwr manescript

falls wilhin ane af the calegosies abave, of woeuld ke to request preapproval Tor submission of addibenal ligures please conlact the

Editar by emal al jendodontics@uthscsa. edu,

b

=

Imparantly, adhering to the general writing methods dascribed in these guidelines (and in the resources listed balow) will help to
raduce the size of the manwscripl while maintaining ils focwes and significance, Authaors are encowraged Lo fooes on only Be
Essential aspecls of he sludy and 1o avoid ncluson of extranesus lext and figures, The Edfor may rejecl manuscripls hal excead
Inege limtations,

Available Resourcaes:

Slrunk W, While EB, Thie Elamants of Styla, Allyn & Bacon, 4th nd, 2000, [EBN 020530802,

Cavy B, How o Wrile and Publish a Scientiic Papar, Oryx Pross, Bth ed, 1993, |SBN 1-57 356 162-3,
Waoods G, English Grammar for Dummees, Hungry Minds:NY, 2001 (an entertaining review ol grammar),
Alley M, The Craft of Scantific Writing, Springar, 3rd edition 1996 SBN Ja367=04 7661,

Alley M. The Craft of Editng, Springer, 2000 SBN 0=387 885641,
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ANEXO B

UNIVERSIDADE FEDERAL DE £ Plobaforma
GOIAS - UFG Wﬂﬂ

o I
PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Detecglio de istmo na denticdo permanente humana por meio de imagens de
tomografia computadorizada de feixe conico.

Pesquigador: LUIZ EDUARDO GREGORIS RABELO

Area Tematica:

Versdo: 1

CAAE: 37968214.3.0000.5083

Instituigio Proponente: Faculdade de Odontologia da Universidade Federal de Goias
Patrocinador Principal: FUND COORD DE APERFEICCAMENTO DE PESSOAL DE NIVEL SUP

DADOS DO PARECER

Huamero do Parecer: 883431
Data da Relatoria: 30/11/2014

Apresentagio do Projeto:

Titulo:Detecgdo de istmo na dentiglo permanente humana por meic de imagens de tomografia
computadorizada de feixe cdnico. Pesquisador responsavel: LUIZ EDUARDO GREGORIS RABELC;
Instituigdo Proponente: Faculdade de Odontologia da Universidade Federal de Goids. E um projeto para o
mestrado académico da FO, orentado pelo prof. Caros Estrela. M. da amostra:- 1400. Coleta de dados: 01 a
10/M1252014.

Objetivo da Pesquisa:

Analisar a presenca e frequéncia de istmo na denticdo permanente humana por meic de imagens de
tomografia computadorizada de feixe cdnico. Em especifico:1) Analizar a localizagdo do istmo por meio de
imagens de tomografia computadorizada de feixe conico. 2) Analisar a extensdo longitudinal do istmo
utilizando-se de estratégias de navegacgdo dindmica por meio de imagens em tomografia computadorizada
de feixe cdnico. 3) Analisar a associag8o das varidveis género e faixa etdria com a presenca ou nfo do
istmo na dentigéo permanente. 4) Analisar a anatomia interna des canais radiculares, avaliando o nimero de

canais radiculares e foraminas apicais por meio de imagens de tomografia computadorizada de feixe cdnico.

Avaliagio dos Riscos e Beneficios:
Relatou ndo apresentar riscos aos participantes da pesquisa por se tratar de estudo retrospectivo

Enderego: Predio da Reitoria Témeo Cx. Postal 131

Bairro: Campus Samambaia CEP: 74.001-970
UF: GO Municipio: GOIANIA
Telefone: (82)3521-1215 Fax: (62)3521-1183 E-mail: cep.prpi_ufg@gmail com
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Continuagdo do Parecer: 363,431

utilizando o banco de imagens provenientes de exames de tomografia computadorizada de feixe cinico de
uma clinica radiclogica odontolégica privada em Goidnia-Go. Tais exames foram solicitados por diferentes
cirurgides-dentistas e com finalidades variadas dentro das diversas especialidades odontoldgicas.
Beneficios: Os trabalhos publicados na literatura apresentam alta incidéncia de istmo na raiz mesio-
vestibular dos molares superiores e na raiz mesial dos molares inferiores. Mo entanto a incidéncia dessa
estrutura nos demais grupos dentdrios da dentico permanente, ainda necessita de estudos e publicagdes.
E zabido que a anatomia interna dos canais radiculares esta intimamente relacionada s taxas de sucesso
do tratamento endodéntico. Espera-se que as informagdes levantadas nesse trabalho possam colaborar
com noves conhecimentos a respeito da anatomia dos canais radiculares de elementos dentarios gue
necessitam de tratamento endoddntico, confribuindo diretamente na comreta escolha do plano de tratamento

e técnica operatonia.

Comentarios e Consideragies sobre a Pesquisa:

Solicitou dispensa do TCLE, por se tratar de pesguisa em banco de dados secundarios, porém apresentou o
TCUD - Termo de congentimento de Uso de Banco de Dados, assinado pela instituicio detentora dos
exames. Relataram que a pesquisa sera realizada garantindo-se o anonimato do participante, sem conter
gualguer indicader da sua identidade, a ndo ser ao acesso as informagdes referente ac seu género  idade,
condigdes necessarias para a realizago da pesquisa. Tambeém ndo implicard em nenhum custo financeiro
ou binldgico adicional ao participante, pois ndo necessitard de exameas complementares.

Consideragdes sobre os Termos de apresentagio obrigatdria:

Apresentou os seguintes documentos: Termo de compromisso dos pesquisadores; Certido de ata do CD
da FO/JFG, aprovando o projeto; Scolicitag@o de dispensa do TCLE; Folha de rosto, devidamente assinada;
Projeto de pesguiza; Informagdes basicas do projete; TCUD - Temmo de consentimento de Uso de Banco de
Dados.

Recomendagbes:

Conclusdes ou Pendéncias e Lista de Inadequagbes:

Apos leitura e andlise dos documentos anexados, sugerimos a aprovagio do p.p., SMJ.

Situagio do Parecer:
Aprovado

MNecessita Apreciagdo da CONEP:
MNao

Enderego: Prédio da Reftoria Témeo Cx. Postal 131

Bairro: Campus Samambaia CEP: 74.001-870
UF: GO Municipio: GOLANIA
Telefone: (82)3521-1215 Fax: [62)3521-1163 E-mail: cep prpi_ufgdgmail com
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APENDICE 1

3 &
UFG o

ODONTOLOGIA
UFG

APENDICE 1
Apéndice 1 - Termo de Consetimento de uso de banco de dados

O Centro Integrado de Radiologia Odontologica (CIRD) esta de acordo, frangueara
acesso ao seu banco de dados radioldgico & se compromete a apoiar o desenvolvimento da
pesguisa e execusao do projeto da pesquisadora Luiz Eduardo Gregoris Rabelo, sob a
orientagiio do Prof. Dr. Carlos Estrela da Universidade Federal de Gaids, com o titulo
“Detecgao de istmo na dentigio permanente humana per meio de imagens de tomografia
computadorzada de feixe cinico".

Declaramos conhecer & cumprir as Resolugties Eticas Brasilziras, em especial a
Resoluglo 466/2012 do CNS. O CIRO esta ciente de suas co-responsabilidades como co-
paricipante do presente projeto de pesquisa, e de seu compromisso no resguardo da
seguranga e bem-estar dos sujeitos de pesquisa nela recrutados, dispondo de banco de
dados necessarios com a garantia da confldencialidade desses sujeitns

INFORMACZOES SOBRE A PESQUISA:

s Esgsa pesquisa pretende determinar a prevaléncia dos istmos radiculares nos
diferentes grupos dentarios por meio de tomografia computadorizada de feixe cdnico
utilizando comao amostra uma subpopulacio brasileira.

= O periodo de participagao nessa pesquisa refere-se ao tempo em que for necessario
a obtencdo dos arguivos de seu banco de dados.

s A pesquisa serd realizada sem expor seu centro de radiclogia, garantindo
plenamente © sigilo guanto 8 sua privacidade. Nao havera qualguer tipo de
constrangimento ou coagdo para o preenchimento deste documento, sendo dada total
liberdade de recusar a participar do grupo a gqualquer tempo, sem que seja
penalizado.
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Alerciosaments,

Goiénia, 10 de Setembro de 2014.

//) ad
1 =
L

Centro Integrado de Radiologia Odontolégica

(CNPFJ 37 .307.618/0001-09)

UNIDADADE RADIODONTOLOGICA
DE GOIANIA LTDA
CNFJ:37.307 .618/0001-06
Av. T8 n° 248 S&mfyalliﬂ?
CEP:74.150-300 /.-
/

III.II. x‘ -:)llllrf |

e

Pescuisador responsavel
Luiz Eduardo Gregoris Rabelo
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APENDICE 2

APENDICE 2

FACLILDADE DE
OOONTOLOSIA
UFG

TERMO DE CONSENTIMENTC LIVRE E ESCLARECIDO (TCLE)
DISPENSA

Eu, Luiz Eduardo Gregoris Rabelo, soliciio a dispensa da aplicacao do Termo de
consentimento livre e esclarecido do projeto de pesquisa intitulade Detecclo de istmo na
denticio permanente humana por meio de imagens de tomografia computadorizada de
feixe cénico, com a seguinte justificativa;

1. Trata-se de pesquisa retrospectiva com uso de banco de dados radioldgicos do
Centro Integrado de Radiologia Odontolagica.

Atencipsamente,

Goidania, 10 de Setembro de 2014,
4 .f _.II:"
II 4 Iﬁ--_.J.-'I
|h_{{'-_1){"

Pesquisador responsdve|
Luiz Eduardo Gregoris Rabelo,
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