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RESUMO

O objetivo deste estudo foi determinar a espessura 0ssea entre o centro do
forame apical e a superficie externa das corticais vestibular e lingual/palatal em
dentes permanentes humanos usando imagens de tomografia computadorizada de
feixe de coOnico (TCFC). Uma amostra de 1.400 imagens de dentes de TCFC de 422
pacientes (394 mulheres, idade média de 44,46) foi selecionada, e a espessura
0ssea entre o centro do forame apical e a por¢cdo externa da cortical vestibular e
lingual/palatal foi determinada nos cortes axial, coronal e sagital. A média e o desvio
padrdo das variaveis quantitativas foram obtidas, e a normalidade dos dados foi
avaliada pelo teste de Kolmogorov-Smirnov. Para analise da comparacdo das
amostras independentes foi utilizado o Teste-t para amostras independentes ou o
Teste de Mann-Whitney. Foram considerados significativos valores de p< 0,05. Os
resultados mostraram que no grupo dos dentes anteriores, a menor espessura 0ssea
entre o centro do forame apical e a superficie externa da cortical vestibular foi
observada no canino superior (1,49 mm + 0,86) seguida pela do incisivo central
superior (1,59 mm + 0,67), e a maior espessura 0ssea entre o centro do forame
apical e a cortical lingual/palatal foi observada no canino superior (8,63 mm + 2,08)
seguida do incisivo central superior (7,07 mmz 1,96). No grupo de pré-molares, a
menor espessura foi verificada na cortical vestibular da raiz vestibular do primeiro
(1,13 mm * 0,68) e do segundo pré-molar (2,20 mm + 1,21) superiores, € a maior
espessura da cortical lingual/palatal foi encontrada na raiz palatal no primeiro (8,07
mm * 1,63) seguida do segundo (7,62 mm + 1,84) pré-molar superiores. No grupo
dos molares, o primeiro molar superior apresentou a menor espessura da cortical
vestibular da raiz mesiovestibular (1,98 mm + 1,33) e o0 segundo molar inferior
mostrou que a cortical vestibular (8,36 mmz 1,84) era mais espessa que a lingual
(2,95 mm = 1,16). O conhecimento da anatomia dos diferentes grupos dentarios e
das estruturas adjacentes como as espessuras 6sseas das corticais alveolares
influéncia na qualidade do planejamento terapéutico cirirgico, bem como orienta a
andlise das vias de disseminacdo bacteriana nas infec¢des periapicais. A TCFC
permite obter medidas lineares que favorecem analises comparativas.

Palavras chave: Anatomia humana, exames por imagens, tomografia
computadorizada de feixe conico, método de diagnéstico, planejamento cirdrgico



ABSTRACT

The aim of this study was to determine the thickness of the root apex in
relation to cortical buccal and lingual / palatal human permanent teeth using
computed tomography cone beam images (CBCT). A sample of 1,400 CBCT
examination teeth from 422 patients (394 women, mean age of 44.46) was selected.
The determination of the thickness of the apical foramen with the vestibular and
lingual / palatal cortical was determined in CBCT images in the axial, coronal and
sagittal sections, with reference to the center of the apical foramen and the external
portion of the buccal and lingual / palatal cortical. The mean and standard deviation
of the quantitative variables were obtained. The normality of the data was evaluated
by the Kolmogorov-Smirnov test. Analysis of the comparison of independent samples
was assessed by the t-Test for independent samples or by the Mann-Whitney Test.
Values of p <0.05 were considered significant. The results showed that in the upper
and lower anterior teeth the smaller bone thicknesses are directed towards the
vestibular cortical. The lowest cortical vestibular thickness was found in the superior
canine (1.49mm % 0.86) followed by the upper central incisor (1.59mm * 0.67). The
greater cortical lingual / palatal thickness was found in the superior canine (8.63 +
2.08) followed by the upper central incisor (7.07 £ 1.96). The lowest thickness was
found in the cortex of the buccal root of the first (1.13 + 0.68) and second (2.20 *
1.21) premolars. The greatest cortical thickness lingual / palatal was found in the
palatal cortex of the first (8.07 = 1.63) followed by the second (7.62 + 1.84) upper
premolars. In the first upper molar the smallest thickness was found in the buccal
cortical of the mesiobuccal root (1.98 + 1.33). In the second lower molar, it was
verified that the buccal cortical (8.36 + 1.84) was thicker than the lingual cortical (2.95
+ 1.16). Knowledge of the anatomy of different dental groups and adjacent structures
such as bone thickness of alveolar cortices influences the quality of surgical
therapeutic planning, as well as guides the analysis of bacterial dissemination
pathways in periapical infections. The CBCT allows to obtain linear measures that
favor comparative analysis.

Keywords: Human anatomy, cone beam computed tomography, diagnostic

methods, imaging exams, surgical planning



11

1 INTRODUGAO

A infeccdo primaria e secundaria dos canais radiculares difunde-se
naturalmente em direcéo aos tecidos periapicais. A etiopatogenia da lesédo periapical
inclui a necrose pulpar decorrente de falhas de procedimentos operatdrios que
podem ocorrer durante o processo de sanificacdo e selamento endodontico e
coronario (SUNDQVIST & FIGDOR, 2003; MARENDING et al., 2005; ESTRELA et
al., 2011).

Os erros de procedimentos operatérios durante o tratamento do canal
radicular (transporte do forame apical, perfuracédo radicular, fratura de instrumento
endodontico, sobre-instrumentacdo, sobre-irrigacdo e sobre-obturagcéo), associados
as injurias dentarias traumaticas compdem os fatores de risco potenciais para a
inducdo de inflamacdo e infeccdo na regido periapical (ALENCAR et al., 2010;
HARGREAVES et al., 2010; SILVA et al., 2012; ALVES et al., 2013; ESTRELA et al.,
2017).

Os sinais mais frequentes de insucesso séo caracterizados pela presenca de
lesé@o periapical e sintomatologia dolorosa pos-tratamento. Estes aspectos clinicos e
radiograficos representam importantes indicadores da necessidade de nova
intervencao (ESTRELA et al., 2014a,b).

Em diferentes condic@es clinicas tem sido indicada como opcéo terapéutica a
cirurgia parendodéntica. A falha de um tratamento endoddntico com persisténcia de
lesdo periapical posterior ao retratamento por um periodo de 6 meses tem
constituido uma indicacdo de cirurgia parendodontica (BERNABE & HOLLAND,
2004). A cirurgia parendodéntica constitui a melhor opcdo em condi¢gbes clinicas
com risco iminente de perdas dentarias, como na auséncia de acesso endodontico,

na presenca de dilaceracbes excessivas, retentores intrarradiculares extensos, de
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fragmentos de instrumentos endodonticos, reabilitacbes extensas recém-
cimentadas, calcificacdo parcial ou total de canais radiculares curvos associada a
presenca de lesdo periapical, reabsorcdo radicular inflamatéria externa que néao
pode ser tratada ndo cirurgicamente. Estas e outras condi¢cfes clinicas com critico
prognéstico quanto ao risco, beneficio e custo econdémico, considerando a
intervencdo convencional e ao potencial de perda dentaria, incluem indicacfes de
cirurgias parendodénticas (DEL RIO, 1996; BERNABE & HOLLAND, 2004;
ESTRELA et al., 2017).

As radiografias convencionais representam exames por imagens mais
utilizados para a analise da relacdo anatdbmica entre os dentes e o rebordo alveolar,
contudo, contém muitas limitacbes conhecidas. As limitacbes dos exames
radiograficos bidimensionais das estruturas tridimensionais impedem a correta
interpretacdo da relacdo dos apices dentarios com as lesfes periapicais, bem como
com suas estruturas adjacentes (BENDER, 1982; HUUMONEN & @RSTAVIK, 2002).

A incluséo clinica da tomografia computadorizada de feixe cénico (TCFC)
como recurso auxiliar no diagnostico e planejamento tem contribuido de forma
expressiva para o estabelecimento de protocolos terapéuticos mais eficazes
(MOZZO0 et al., 1998; ARAI et al., 1999; COTTON et al., 2007; PATEL et al., 2007;
ESTRELA et al., 2008). A importancia da TCFC na analise das caracteristicas
morfolégicas da denticAo humana, estruturas adjacentes e sua relacdo com as
estruturas 0sseas tem sido demonstrada. O conhecimento anatémico das estruturas
adjacentes aos dentes é de extrema importancia ndo sé para o diagnéstico preciso
de alteragbes inflamatorias e infecciosas, mas também para o0 correto
estabelecimentos de planejamentos terapéuticos, cirdrgicos e de reabilitacdo do

complexo maxilomandibular (ESTRELA et al., 2016; NUNES et al.,, 2016). A
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possibilidade de navegacédo pela imagem da TCFC pode caracterizar a realidade de
uma estrutura multidimensional, a qual auxilia com informacédo precisa sobre as
estruturas anatébmicas, presenca, auséncia ou regressdo do processo inflamatorio
(BUENO et al., 2011; NUNES et al., 2016).

Em decorréncia dos avancos conquistados pela TCFC, outras perspectivas
foram conquistadas a partir deste exame por imagem, como 0 potencial de se
trabalhar com guias em trés dimensdes nas diferentes areas da odontologia, como
cirurgia buco-maxilo-facial, implantodontia, ortodontia, protese dentaria, e mais
recentemente, endodontia. Estes guias preparados a partir de exames por imagens
em TCFC permitem um planejamento que monitora 0S acessos e as novas vias
anatbmicas para as cavidades (COHN, 2010; ABDUO et al., 2014; ALGHAZZAWI,
2016; VAN DER MEER et al., 2016, VERWEIJ et al., 2017a,b;, ANDERSON et al.,
2018). Neste sentido, a tecnologia do Computer-aided design-CAD e o Computer-
aided manufacturing-CAM, auxiliada pelo conhecimento das areas anatdmicas
decorrente dos exames por imagens em TCFC tem permitido a reproducdo de
protétipos que servem como guias para procedimentos endodoénticos cirdrgicos e
nao cirargicos, além de aplicacdes no campo do ensino e da pesquisa (VAN DER
MEER et al., 2016, VERWEIJ et al., 2017a,b; ANDERSON et al., 2018).

A cirurgia parendodontica envolve um cuidadoso planejamento, diagndstico,
osteotomia, resseccao radicular, que atualmente tem sido realizado com o auxilio de
exames com TCFC (TSESIS et al. 2006; Kim & KRATCHMAN, 2006; ERSOY et al.,
2008; SCHNEIDER et al., 2009; SETZER et al., 2010; HARGREAVES et al., 2010).

O conhecimento da estrutura da anatomia da denticio humana com fins
endododnticos e cirurgicos tém requerido especial atencdo. Os apices dos dentes

estdo posicionados em rebordos alveolares, proximos a cortical vestibular, lingual ou
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palatal. A relacdo da espessura 6ssea entre 0 apice radicular e as corticais pode
estabelecer uma associacdo que explica a tendéncia de expansdo ou destruicéo,
facilitada em determinadas areas comparadas a outras, 0 que oportunizaria a
difusdo de infeccBes e presenca de fistulas. Todas as raizes dentarias podem ser
alvo de processos inflamatorios, fistulacdo ou rompimento, dependendo do tipo de
0SSO (esponjoso ou compacto) presente, e da relacédo das raizes com as corticais. A
espessura 6ssea entre 0 apice dentario e a cortical éssea varia dependendo do
género, idade, etnia e sua localizacdo nos arcos dentarios. Para o tratamento
endodéntico é indispensavel informacdes sobre a anatomia dental e estruturas
adjacentes. Para o planejamento e procedimento cirdrgico, como a confeccdo de
guias ou trajetos de processos infecciosos, o conhecimento da espessura 0ssea
entre a cortical vestibular e lingual/palatal e apice dental torna-se essencial.
Considerando caréncia de estudos que determinam estes aspectos anatdmicos de
relevancia, aplicacdo e justificativa no protocolo terapéutico clinico, buscou-se
estudar determinar a espessura 0ssea entre o centro do forame apical de cada
grupo dentario e a superficie externa das corticais vestibulares e lingual/palatal na

denticdo permanente humana.
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2 OBJETIVOS

2.1 OBJETIVO GERAL
Determinar a espessura 0ssea entre o centro do forame apical e a superficie

externa das corticais vestibular e lingual/palatal, na denticdo permanente humana.

2.2 OBJETIVO ESPECIFICO
Mensurar a espessura 0ssea entre o centro do forame apical e a superficie
externa das corticais vestibulares e lingual/palatal de cada raiz em todos os grupos

dentarios usando imagens de tomografia computadorizada com feixe de conico.
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3 METODO

3.1. Tipo de estudo

Este é um estudo transversal de avaliacdo de imagens de exames de TCFC
realizado de janeiro de 2012 a abril 2017. Por tratar-se de um estudo retrospectivo
para analise de exames de TCFC registrados em um banco de dados secundario,
solicitou-se a dispensa do termo de consentimento livre e esclarecido (TCLE). Este
trabalho foi aprovado pelo Comité de Etica em Pesquisa da Universidade Federal de
Goias (COEP 37968214.8.0000.5083). Foram utilizadas imagens anonimizadas a fim

de preservar a identidade do sujeito e firmado o termo de uso de banco de dados.

3.2. Selecdo da amostra
3.2.1. Célculo da amostra

O célculo da amostra foi realizado com base em estudo piloto que permitiu
visualizar 90% das posi¢cdes dos forames apicais, variando 8% para mais ou para
menos, dependendo da raiz dentaria avaliada. Com o nivel de significancia de 5%
seria necessario uma amostra de 54 raizes para cada grupo avaliado, totalizando
756 dentes. Nesse estudo optou-se por uma amostra de 1400 dentes,
consequentemente menor margem de erro e maior confiabilidade dos resultados.

O estudo foi delineado usando bancos de dados de um centro de radiologia
odontoldgica 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 1400 dentes, sendo
600 incisivos e caninos, 400 pré-molares e 400 molares, superiores e inferiores,
selecionada a partir de exames tomograficos de 422 pacientes (394 mulheres, idade

média de 44,46 anos).
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3.2.2. Critérios de inclusdo/exclusao

Os critérios de inclusdo foram imagens de TCFC com dentes higidos com
apice completamente formado; e auséncia de canais radiculares calcificados;
reabsorcbes radiculares externa ou interna; disturbios de desenvolvimento e
processos patoldgicos. Somente imagens de alta resolucdo foram incluidas para
garantir uma analise mais precisa. Terceiros molares e dentes com aparelho

ortoddntico foram excluidos do presente estudo.

3.3. Aquisicdo 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 exposi¢ao de 33,5 segundos (com 1.024 exposicOes por aquisicdo). A
tensao 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
estacdo de trabalho independente PC com o Windows 7 profissional SP - 2
(Microsoft Corp, Redmond , WA , EUA ), com o processador Intel 17 1,86 Ghz -6300
(Intel Corp, Santa Clara,CA, EUA), placa de video NVIDIA Ge Force 1070 turbo
cache (NVIDIA Corporation, Santa Clara, CA, EUA) e com um monitor de alta
resolucdo EIZO - Flexscan S2000, resolucdo de 1600x1200 pixels (EIZONANAO

Corp, Hakusan).

3.4. Mensuracdo da espessura 6ssea
A estratégia de navegacdo em imagens de TFCF foi de acordo com estudo de

BUENO et al. (2011). A distancia entre o centro do forame apical e a superficie mais
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externa das corticais vestibular e lingual/palatal foi considerada como espessura
0ssea, sendo mensurada nas imagens de TCFC nos cortes axial, sagital e coronal. A
menor medida era verificada na imagem sagital para os dentes anteriores e coronal
para os dentes posteriores. A mensuracdo da espessura Ossea foi realizada
utilizando-se a ferramenta do préoprio programa (Figura 1 e 2).

A referéncia padrdo para a localizacdo do forame apical foi correspondente ao
canal radicular principal. A navegacao axial foi empregada de forma individualizada
para cada raiz. Nos molares superiores, a navegacdo axial iniciou na raiz
mesiovestibular(MV), seguida pela analise da raiz distovestibular(DV), e palatal (P),
e nos molares inferiores, iniciou na raiz mesial (M), seguida da analise da raiz distal
(D). Quando havia raizes fusionadas, a navegacao axial era concomitante nas duas
raizes. A amostra consistiu de 2337 forames apicais.

Dois avaliadores, especialistas em radiologia odontolégica com mais de 10
anos de experiéncia analisaram todas as imagens. Os examinadores foram
calibrados avaliando 10% da amostra. Quando diferencas foram encontradas, o
consenso foi alcancado depois que a imagem foi avaliada por um terceiro

examinador, especialista em endodontia, com mais de 10 anos de experiéncia.



19

Image size: 209 x 307 Al 742554 ( 31y, 30y )l Image size: 489 x 793 SA 742554 ( 31y, 30y)
WL: 713 W 3390 Mandibula Direita 8 WL: 713 WW: 3390 Mandibula Direita
X: 136 px Y: 302 px Value: 3.00 X: 0 px Y: O px Value: 0.00
X: 10.72 mm Y: -5.25 mm Z: -10.74 mm X: -11.49 mm Y: -20.94 mm Z: 43.81 mm

N

742554 ( 31y, 30y
Mandibula Direita

mm Z: 20.00 mm

Zoom: 289% Angles L-R: -46°, S-I: Zoom: 185% Angles L-R: 397, S-I:
Im: 1/1 Series: 1000 01/12/14 11:30:44 Im 1/1 Selles 1000 Paues /12/14 11:30:44 B Im: 1/1_Series: 1000 01/ 1’ 14.11:30:44

Figura 1. Representa(;ao da navegacéo aX|aI na imagem de TCFC para o canino
inferior (A. Corte sagital, B. Corte axial, C. Corte coronal).
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Figura 2. Representacao da mensuragcao espessura 0ssea, no corte sagital, entre o
centro do forame apical e as corticais vestibular e lingual em um canino inferior (A.
Espessura 0ssea vestibular, B Espessura éssea lingual).
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3.5. Analise estatistica

A média e o desvio padrdo das variaveis quantitativas foram obtidas. A
normalidade dos dados foi avaliada pelo teste de Kolmogorov-Smirnov. A analise da
comparacao entre as espessuras 0sseas das corticais vestibular e linguais/palatais
de cada grupo dentario. Nas amostras independentes foi avaliada pelo Teste-t para
amostras independentes ou pelo Teste de Mann-Whitney. Foram considerados
significativos valores de p< 0,05. A anadlise estatistica foi realizada utilizando o

software Statistical Package for the Social Sciences, versdo 20 (SPSS, Chicago, IL).
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4 RESULTADOS

As médias e desvios padroes da espessura 6ssea entre o centro do forame
apical e as superficie externa da cortical vestibular e lingual/palatal dos dentes
anteriores, pré-molares e molares superiores e inferiores estdo apresentados nas
Tabelas de 1 a 3.

Os resultados mostraram que no grupo dos dentes anteriores, a menor
espessura 6ssea entre o centro do forame apical e a superficie externa da cortical
vestibular foi observada no canino superior (1,49 mm + 0,86) seguida pela do
incisivo central superior (1,59 mm + 0,67), e a maior espessura 6ssea entre o centro
do forame apical e a cortical lingual/palatal foi observada no canino superior (8,63
mm % 2,08) seguida do incisivo central superior (7,07 mmz 1,96).

No grupo de pré-molares, a menor espessura foi verificada na cortical
vestibular da raiz vestibular do primeiro (1,13 mm £ 0,68) e do segundo pré-molar
(2,20 mm = 1,21) superiores, e a maior espessura da cortical lingual/palatal foi
encontrada na raiz palatal no primeiro (8,07 mm + 1,63) seguida do segundo (7,62
mm + 1,84) pré-molar superiores.

No grupo dos molares, o primeiro molar superior apresentou a menor
espessura da cortical vestibular da raiz mesiovestibular (1,98 mm + 1,33) e o
segundo molar inferior mostrou que a cortical vestibular (8,36 mmz* 1,84) era mais

espessa que a lingual (2,95 mm + 1,16).
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Tabela 1. Média e desvio padréo das espessuras 0sseas entre o forame apical (mm)
dos dentes anteriores superiores e inferiores e as corticais vestibulares e

linguais/palatais em imagens de TCFC, no plano sagital.

Dentes Espessura da N  Espessura da cortical N p
(n=600) cortical vestibular lingual/palatal
X +s X +5s

ICS 1,59 + 0,67 100 7,07 +1,96 100 0,000**
ILS 2,30+ 1,20 100 5,28 +1,35 100 0,000**
CS 1,49 + 0,86 100 8,63 +2,08 100 0,000**
ICI 2,72 + 1,30 100 3,89+1,15 100 0,000**
ILI 3,06 + 1,29 100 4,01+1,35 100 0,000**
Cl 3,43+1,31 100 4,78+ 1,64 100 0,000**

(X: média. S: desvio padr&o. * Teste-t para amostras independentes. ** Teste de Mann-Whitney).
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Tabela 2. Média e desvio padrdo das espessuras 60sseas (mm) dos apices dos
apices dos dentes pré-molares superiores e inferiores e as corticais vestibulares e

linguais/palatais em imagens de TCFC, no plano coronal.

Dentes Espessura da N  Espessura da cortical N p
(n=400) cortical vestibular lingual/palatal
X +£s X +£s

1 PMS
CV(MV) 1,13+0,68 100 8,07+1,63 100 0,000**
CP (P) 4,47 +1,85 86 452+1,51 86  0,840*
2 PMS
Cv(MVv) 220zx1,21 97 7,62%+1,84 97  0,000**
CP (P) 3,86 +1,74 36 5,82+1,59 36  0,000*
1 PMI 3,27+ 1,04 100 5,58+ 1,66 100 0,000*
2 PMI 3,65+1,35 100 5,46+1,84 100 0,000*

(X: média. S: desvio padrdo. * Teste-t para amostras independentes. ** Teste de Mann-Whitney).
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Tabela 3. Média e desvio padrdo das espessuras (mm) dos apices dos apices dos
dentes molares superiores e inferiores e as corticais vestibulares e linguais/palatais
em imagens de TCFC, no plano coronal.

Dentes Espessura da N Espessurada N p
(n=400) cortical vestibular cortical
lingual/palatal
X +5 X +5
1 MS
CMV 1,98+ 1,33 100 11,91 +1,68 100 0,000**
CMP 3,10+ 1,35 76 10,56 +1,81 76  0,000*
CDhvV 2,07 +£1,45 100 12,35+1,98 100 0,000**
CP 11,92 + 2,38 100 2,84+1,16 100 0,000**
2 MS
CMV 4,48 +1,85 100 8,74+2,47 100 0,000*
CMP 4,89 +1,48 34 8,46 +2,56 34  0,000*
CDhvV 3,51+2,15 89 9,74+241 89  0,000**
CP 10,39 + 2,42 92 2,82+1,86 92  0,000**
1Ml
CMV 4,45 + 1,46 100 6,49 +1,87 100 0,000*
CML 5,43+141 100 5,63+1,88 100 0,397*
CDhvV 591+1,64 100 5,44+1,82 100 0,056*
CDL 6,46 + 1,86 24 4,68+2]16 24  0,004*
2MI
CMV 7,73 +1,83 100 3,46+1,24 100 0,000*
CML 8,36+ 1,84 80 2,95+1,16 81  0,000*
CDhvV 8,01+191 95 3,08+1,13 94  0,000**
CDL 6,65 + 4,47 4 2,19+ 1,57 4 0,191**

(X: média. S: desvio padrdo. * Teste-t para amostras independentes. ** Teste de Mann-Whitney).
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5 DISCUSSAO

No presente estudo verificou-se que nos dentes anteriores, a média de
espessura 6ssea entre o centro do forame apical e a superficie externa da cortical
vestibular variou 1,49 mm + 0,86 a 3,43mm * 1,31, sendo a menor média de
espessura 0ssea observada no canino superior e incisivo central superior, 1,49 *
0,86 e 1,59 mm + 0,67, respectivamente.

Estudo de VERA et al. (2012) mostrou em dentes anteriores superiores,
medianas de espessuras 0sseas alveolares vestibulares em nivel de 1 mm apical
correspondente a 0,83 mm, e de ALTARAWNEH et al. (2017), de 0,6mm, 0,49mm e
0,4 mm para 0s incisivos centrais, incisivos laterais, e caninos, respectivamente.
FUENTES et al. (2015) analisaram as dimensdes anatbmicas das paredes 0sseas
da regido estética da maxila para colocacdo imediata do implante, com base em
imagens de TCFC correspondente de uma amostra de pacientes adultos. As médias
das espessuras 6sseas das paredes vestibulares ao forame apical nos incisivos
centrais, incisivos laterais e caninos foram 2.13 £+ 0.67, 1.53 £ 0.94, e 1.81 + 0.67,
respectivamente. De acordo com o0s autores a idade e o sexo ndo mostraram
diferencas significativas, e menos de 10% dos locais apresentaram mais de 2 mm de
espessura de parede 6ssea, com excecao da regido do incisivo central, onde 14,4%
dos casos apresentaram espessura = 2 mm.

No presente estudo no grupo de pré-molares, a menor espessura foi
verificada na cortical vestibular da raiz vestibular do primeiro (1,13 mm £ 0,68) e do
segundo pré-molar (2,20 mm + 1,21) superiores, € a maior espessura da cortical
lingual/palatal foi observada na raiz palatal no primeiro (8,07 mm * 1,63) seguida do
segundo (7,62 mm * 1,84) pré-molar superiores.

ZAHEDI et al. (2018) apds analisarem a anatomia dos dentes posteriores
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mandibulares usando feixe conico tomografia computadorizada para endodontia
cirdrgica em 170 exames de TCFC, considerando a espessura da cortical vestibular
e 0 apice de dentes inferiores, mostraram que 0s primeiros pré-molares, a maior e
menor espessura 0ssea estava nha cortical vestibular e lingual (4,70 a 0,42 mm e de
7,30 a 0,67 mm), respectivamente. Nos segundos pré-molares, estes valores foram
de 5,41 a 0,42 mm e 7,40-0,95 mm, respectivamente. Resultado de estudo de VERA
et al. (2012) mostrou medianas de espessuras 0sseas alveolares em nivel de 1 mm
apical correspondente a 1,13 mm na area dos pré-molares.

No presente estudo no grupo dos molares, o primeiro molar superior
apresentou a menor espessura da cortical vestibular da raiz mesiovestibular (1,98
mm £ 1,33) e o segundo molar inferior mostrou que a cortical vestibular (8,36 mmz+
1,84) era mais espessa que a lingual (2,95 mm + 1,16).) Estudo de ZAHEDI et al.
(2018) mostrou as maiores espessuras Osseas Vverificadas nas corticais
vestibulolingual foram de 9,08 mm e 7,66 para a raiz mesial e distal do primeiro
molar, respectivamente; 8,09 mm e 7,71 para a raiz mesial e distal do segundo,
respectivamente.

O conhecimento das distancias entre os apices radiculares e as corticais
O0sseas nos diferentes grupos dentarios favorece o melhor entendimento para a
andlise das vias de disseminacdo das infeccbes endodbnticas em direcdo as
estruturas nobres da cabeca e pescoco (VASCONCELLOS et al., 2002;
ROBERTSON & SMITH, 2009; BOSCOLO-RIZZO & DA MOSTO, 2009; SIQUEIRA-
JR. & ROCAS, 2013). Igualmente, pode-se também estabelecer alguns parametros
para o planejamento e a confeccao de guias cirargicos (ERSOY et al., 2008; KALT et
al., 2008; BEHNEKE et al., 2012; BUCHGREITZ et al., 2016; VAN DER MEER et al.,

2016; KRASTL et al.,, 2016; ZEHNDER et al., 2016; CONNERT et al., 2017,


https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=6507511961&zone=
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VERWELJ et al., 2017a,b).

A distribuicBo e a posicdo dos dentes no complexo bucomaxilofacial e as
relacbes destes com as estruturas 6sseas Sao essenciais para o0 planejamento
preciso do tratamento endodéntico, cirdrgico ou mesmo ortodontico (SIMONTON et
al., 2009; ESTRELA et al., 2010; KIM et al., 2010; GRIBEL et al., 2011; PORTO et
al., 2014; WANG et al., 2017; ZAHEDI et al., 2018), bem como pode influenciar ou
até favorecer a disseminacéo de infeccdo bacteriana aos tecidos moles adjacentes
(TOPAZIAN & GOLDBERG, 1993; FLYNN, 2000; GILL & SCULLY, 2009;
SIQUEIRA-JR & ROCAS, 2013).

As vias de disseminacao bacteriana em direcdo aos espacos faciais ou outras
areas anatdomicas nobres da cabeca podem ser imprevisiveis, porém, fatores de
risco como a espessura 6ssea entre os apices radiculares e as corticais externas
podem facilitar o acesso, devido a destruicdo O0ssea, e chegar aos planos faciais.
Dentre os espacos faciais que podem estar afetados incluem: o sublingual,
submandibular, vestibular, pterigomandibular, temporal, massetérico, lateral,
faringeo e retrofaringeo (TOPAZIAN & GOLDBERG, 1993; FLYNN, 2000; GILL &
SCULLY, 2009; SIQUEIRA-JR & ROCAS, 2013). O favorecimento da propagacéo de
infeccbes provenientes de canais radiculares em espacos da cabeca e do pescocgo
pode ser realgcado pelo conhecimento da localizacdo dos &pices radiculares e da
espessura 6ssea em relacdo a cortical vestibular ou lingual/palatal; e, também, a
relacdo do apice radicular com a insergdo de alguns musculos. Neste sentido, as
infecdes agudas como ocorre a de abscessos periapicais podem difundir o exsudato
purulento em direcdo a espacos faciais sublingual ou submandibular. Condi¢bes
mais criticas como a Angina de Ludwig podem ocorrer e trazer obstrucdes de vias

aéreas, com severo quadro clinico. Em outras condi¢cdes graves, as infeccdes
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dentarias também podem ser responsaveis pela trombose do seio cavernoso
(TOPAZIAN & GOLDBERG, 1993; FLYNN, 2000; GILL & SCULLY, 2009).

As espessuras 0sseas entre os forames apicais e as corticais podem também
permitir um padrdo de referéncia como guia para os implantes dentarios ou as
cirurgias parendodonticas. Alguns estudos buscaram informacdes de espessuras
Osseas dos dentes as corticais externas (VERA et al., 2012; FUENTES et al., 2015;
ALTARAWNEH et al., 2017; ZAHEDI et al., 2018), e reforcaram que o adequado
conhecimento das dimensfes anatdmicas dos dentes e suas estruturas circundantes
torna-se muito importante para a execucao da cirurgia endodéntica.

Estudos tém demonstrado os avancos conquistados pelo odontologia com o
advento da TCFC (MOZZO et al., 1998; ARAI et al., 1999; SCARFE et al., 2007;
BUENO et al., 2007; COTTON et al., 2007; PATEL et al., 2007). A preciséo dos
exames por imagens permitiu o0 emprego de diversas metodologias em pesquisas
(BUENO & ESTRELA, 2018), tanto utilizando softwares do proprio fabricante, quanto
especializados, como por exemplo, o e-Vol DX (CDT, Bauru, SP, Brasil) (BUENO et
al., 2018; ESTRELA et al., 2018).

A estratégia dindmica de navegacdo aumentou as expectativas sobre a
aplicacdo de imagens de TCFC em procedimentos operatdrios complexos ndo s6 na
endodontia como em toda odontologia (BUENO et al., 2007, 2011). Este método que
permite uma visualizacdo tridimensional minimiza limitacdes como as verificadas na
radiografia periapical, exame bidimensional de uma estrutura tridimensional. Em
adicdo, permite a navegacdo em imagens com uma visualizacdo dinamica das
estruturas tridimensionais. Essa perspectiva de navegacéao forneceu informacgdes
valiosas para melhor determinacdo da espessura 6ssea no periapice dos dentes

permanentes usando imagens em alta resolugcéo (BUENO et al., 2011).
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Um fator fundamental que envolve esta tecnologia esta relacionada a
ferramenta de mensuracdo da TCFC, a qual permite determinar as distancias
lineares e os volumes de estruturas anatébmicas; realizar o planejamento preé-
operatorio de cirurgias parendodoénticas; mensurar o comprimento da raiz e do nivel
0sseo, estabelecer a relacdo entre os dentes e as estruturas anatbmicas, les6es
periapicais e reabsor¢des radiculares, dentre varias outras alternativas (KOBAYASHI
et al., 2004; JIM et al., 2005; PINSKY et al., 2006; LUDLOW et al., 2007; SIMONTON
et al.,, 2009; ESTRELA et al., 2010; CAVALCANTI et al., 2010; KIM et al., 2010;
AZIM et al., 2014; NUNES et al., 2015; BURKLEIN et al., 2015; ESTRELA et al.,
2016; CHONG et al., 2017; WANG et al., 2017; ZAHEDI et al., 2018).

Neste sentido, SILVA et al. (2017) avaliaram a acuracia de medidas lineares
realizadas com dois softwares em imagens de tomografia computadorizada por
multislice (TCMS) e feixe cbnico (TCFC). As imagens de TCMS e TCFC mensuradas
digitalmente com os softwares ST e IV apresentaram resultados confiaveis quando
comparadas as medidas obtidas manualmente. Tanto o software quanto as
modalidades de aquisicdo de imagens séo Uteis para planejar o procedimento
cirirgico na pratica odontolégica. SIMONTON et al. (2009) verificaram se as
diferencas no sexo ou idade do paciente eram preditivas de diferencas na
localizacdo relativa do nervo alveolar inferior comparado com as raizes do primeiro
molar mandibular. Independentemente da idade, as mulheres apresentaram
distancias verticais significativamente menores do nervo alveolar inferior para os
apices mesial e distal e, também, distancias horizontais menores para a largura total
da mandibula. Além disso, a largura total da regido mandibular éssea diminuiu em
ambos 0s sexos nas terceiras e sextas décadas de vida. Coletivamente, esses

dados indicaram que tanto o sexo quanto a idade sao preditivos de relacdes



31

anatdbmicas endodonticas cirargicas e deve ser considerado no planejamento preé-
cirdrgico.

No presente estudo foram utilizados TCFC de 422 pacientes (394 mulheres)
com idade média de 44,46. A estratégia de navegacdao em imagens de TFCF foi
realizada de acordo com estudo de BUENO et al. (2011). As imagens de TCFC
foram ajustadas nos planos sagital, axial e coronal para a obtencdo da espessura
0ssea entre o centro do forame apical e a superficie mais externa das corticais. O
registro das medidas foi executado no plano correspondente a imagem sagital para
dentes anteriores e coronal para os dentes posteriores. A referéncia padrdo para a
localizacdo do apice radicular foi correspondente ao canal radicular principal, com
cuidados destinados as especificidades dos diferentes grupos dentarios.

O presente estudo registrou como a referéncia para a analise da espessura
0ssea 0 centro do forame apical e as corticais externas. Desta forma, em funcéo da
caréncia de estudos com estas caracteristicas a comparacao com outros estudos foi
dificultada. No entanto, em recente estudo (ESTRELA et al., 2018) foi determinado a
posicdo do forame apical em relacdo a superficies da raiz de dentes permanentes
humanos usando imagens de TCFC com um novo software e-Vol DX. Os resultados
demonstraram que a posi¢cédo de forame apical em dentes permanentes humanos foi
central em 48,95% e 42,08% dos dentes maxilar e mandibular, respectivamente.
Estes aspectos evidenciam possiveis diferencas entre os resultados do corrente
estudo em que foi avaliado a distancia do centro do forame apical com as corticais
externas, com o trabalho de ZAHEDI et al. (2018), em que determinaram as
mensuracdes entre a cortical vestibular e o apice dos dentes posteriores inferiores.
Enquanto que, VERA et al. (2012) e ALTARAWNEH et al. (2017) analisaram a

espessura 0ssea vestibular e palatina nos dentes anteriores superiores nos tercos
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apical, médio e coronal, bem como a distancia da juncdo cemento-esmalte (CEJ) até
a crista 0ssea usando imagens de TCFC. Outro aspecto que deve ser considerado
no presente estudo esta associado ao numero de amostras analisadas (n=1400
dentes, 2337 forames apicais), comparado aos outros estudos e, também, o género
e as idades dos pacientes.

Um fator de importancia, o que deve ser realcado na metodologia, e que
pode identificar fragilidades em alguns estudos que empregaram mensuracfes em
imagens de TCFC, refere-se ao protocolo de aquisi¢cao das imagens. A resolucdo da
imagem de TCFC pode ser um fator limitante na medicdao de objetos finos e
delicados. Quanto maior o campo de visdo, menor a resolucdao da imagem. As
TCFCs utilizadas no presente estudo apresentaram um campo de visdo pequeno,
voxel isotropico de 0,10 x 0,10 x 0,10 mm, com objetivo de diagnostico para
determinar o planejamento terapéutico preciso.

Os procedimentos endoddnticos e cirdrgicos guiados cada vez mais tém sido
alvo de estudos e aplicacbes clinicas devido os avan¢os conquistados pelas
inovacgdes tecnolégicas da TCFC, como novos softwares, planejamentos assistidos e
intervencdes guiadas por imagens em 3D (CAD-CAM) e prototipagem. O
planejamento digital e os guias de dire¢cdes minimizam riscos e acidentes
iatrogénicos, aumentam a efetividade dos planejamentos clinicos, e
consequentemente, reduzem o tempo das intervengbes (VAN DER MEER et al,,
2016; LAVASANI et al., 2016; CONNERT et al., 2017; VERWEIJ et al., 2017a,b).
Todavia, a compreensdo da espessura das raizes dentarias, em especial de pré-
molares e molares superiores, em nivel apropriado para a resseccdo da raiz, da
espessura 0ssea sobre estas raizes e a proximidade de cada apice radicular com o

seio maxilar tem um impacto clinico importante no resultado terapéutico, além de
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auxiliar o profissional antes e durante o procedimento cirdrgico (LAVASANI et al.,
2016).

O conhecimento da anatomia dos diferentes grupos dentarios e das estruturas
adjacentes como as espessuras 0Osseas das corticais alveolares influéncia na
qualidade do planejamento terapéutico cirargico, bem como orienta a analise das
vias de disseminacao bacteriana nas infec¢des periapicais. A TCFC permite obter

medidas lineares que favorecem analises comparativas.
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6 CONCLUSAO

O conhecimento da anatomia dos diferentes grupos dentarios e das estruturas
adjacentes como as espessuras Osseas das corticais alveolares influéncia na
qualidade do planejamento terapéutico cirargico, bem como orienta a analise das
vias de disseminacao bacteriana nas infec¢des periapicais. A TCFC permite obter

medidas lineares que favorecem analises comparativas.
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Abstract
The aim of this study was to determine the thickness of the root apex in

relation to cortical buccal and lingual / palatal human permanent teeth using
computed tomography cone beam images (CBCT). A sample of 1,400 CBCT
examination teeth from 422 patients (394 women, mean age of 44.46) was selected.
The determination of the thickness of the apical foramen with the vestibular and
lingual / palatal cortical was determined in CBCT images in the axial, coronal and

sagittal sections, with reference to the center of the apical foramen and the external
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portion of the buccal and lingual / palatal cortical. The mean and standard deviation
of the quantitative variables were obtained. The normality of the data was evaluated
by the Kolmogorov-Smirnov test. Analysis of the comparison of independent samples
was assessed by the t-Test for independent samples or by the Mann-Whitney Test.
Values of p <0.05 were considered significant. The results showed that in the upper
and lower anterior teeth the smaller bone thicknesses are directed towards the
vestibular cortical. The lowest cortical vestibular thickness was found in the superior
canine (1.49mm = 0.86) followed by the upper central incisor (1.59mm * 0.67). The
greater cortical lingual / palatal thickness was found in the superior canine (8.63 £
2.08) followed by the upper central incisor (7.07 £ 1.96). The lowest thickness was
found in the cortex of the buccal root of the first (1.13 = 0.68) and second (2.20 *
1.21) premolars. The greatest cortical thickness lingual / palatal was found in the
palatal cortex of the first (8.07 £ 1.63) followed by the second (7.62 + 1.84) upper
premolars. In the first upper molar the smallest thickness was found in the buccal
cortical of the mesiobuccal root (1.98 + 1.33). In the second lower molar, it was
verified that the buccal cortical (8.36 = 1.84) was thicker than the lingual cortical (2.95
+ 1.16). Knowledge of the anatomy of different dental groups and adjacent structures
such as bone thickness of alveolar cortices influences the quality of surgical
therapeutic planning, as well as guides the analysis of bacterial dissemination
pathways in periapical infections. The CBCT allows to obtain linear measures that
favor comparative analysis.

Keywords: Human anatomy, cone beam computed tomography, diagnostic

methods, imaging exams, surgical planning.
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Introduction

Primary and secondary infection of the root canals diffuses naturally into the
periapical tissues. The etiopathogenesis of the periapical lesion includes pulp
necrosis due to failures of operative procedures that may occur during the
sanitization and endodontic and coronary sealing process (Sundqvist & Figdor, 2003;
Marending et al., 2005; Estrela et al., 2011).

Errors in operative procedures during root canal treatment (transport of the
apical foramen, root perforation, endodontic instrument fracture, over-
instrumentation, over-irrigation, and over-obturation) associated with traumatic dental
injuries are the potential risk factors for the induction of inflammation and infection in
the periapical region (Alencar et al., 2010; Hargreaves et al., 2010; Silva et al., 2012,
Alves et al., 2013; Estrela et al., 2017).

The most frequent signs of failure are characterized by the presence of
periapical lesion and posttreatment pain symptomatology. These clinical and
radiographic aspects represent important indicators of the need for new intervention
(Estrela et al., 2014a,b).

Parendodontic surgery has been indicated as a therapeutic option in different
clinical conditions. The failure of an endodontic treatment with persistence of
periapical lesion after retreatment for a period of 6 months has been an indication of
parendodontic surgery (Bernabé & Holland, 2004). Parendodontic surgery is the best
option under clinical conditions with imminent risk of dental loss, such as absence of
endodontic access, excessive dilation, extensive intraradicular retainers, fragments of
endodontic instruments, extensive newly cemented rehabilitations, partial or total
calcification of curved root canals associated with the presence of periapical lesion,

external inflammatory root resorption that can not be treated non-surgically. These
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and other clinical conditions with a critical prognosis regarding risk, benefit and
economic cost, considering the conventional intervention and the potential of dental
loss, include indications of parendodontic surgeries (Del Rio, 1996; Bernabé &
Holland, 2004; Estrela et al., 2017).

Conventional radiographs represent the most used imaging tests for the
analysis of the anatomical relationship between the teeth and the alveolar ridge,
however, it contains many known limitations. The limitations of two-dimensional
radiographic examinations of three-dimensional structures prevent correct
interpretation of the relationship between dental apices and periapical lesions, as well
as their adjacent structures (Bender, 1982; Huumonen & @rstavik, 2002).

The clinical inclusion of concomitant computed tomography (CBCT) as an aid
in diagnosis and planning has contributed significantly to the establishment of more
effective therapeutic protocols (Estrela et al.,, 2016; Nunes et al., 2016). The
importance of CBCT in the analysis of the morphological characteristics of human
dentition, adjacent structures and their relationship with bone structures has been
demonstrated. The anatomical knowledge of the structures adjacent to the teeth is of
extreme importance not only for the precise diagnosis of inflammatory and infectious
alterations, but also for the correct establishments of therapeutic, surgical and
rehabilitation plans of the maxillomandibular complex(reference). The possibility of
navigation through the CBCT image can characterize the reality of a multidimensional
structure, which assists with precise information about the anatomical structures,
presence, absence or regression of the inflammatory process (Bueno et al., 2011,
Nunes et al., 2016).

As a result of the advances achieved by the TCFC, other perspectives were

obtained from this imaging exam, such as the potential to work with guides in three
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dimensions in different areas of dentistry, such as buco-maxillofacial surgery,
implantology, orthodontics, dental prosthesis , and more recently, endodontics.
These guides, which are prepared from CTF imaging, allow planning that monitors
the accesses and the new anatomical pathways to the cavities (Cohn, 2010; Abduo
et al., 2014; Alghazzawi , 2016; Meer et al., 2016, Verweij et al., 2017a,b; van der ,
Anderson et al., 2018). In this sense, Computer-aided design-CAD technology and
Computer-aided manufacturing-CAM, aided by the knowledge of the anatomical
areas resulting from the CBCT imaging examinations, has enabled the reproduction
of prototypes that serve as guides for surgical endodontic procedures. as well as
applications in the field of teaching and research cavidades (van der Meer et al.,
2016, Verweij et al., 2017a,b; Anderson et al., 2018).

The endodontic surgery involves careful planning, diagnosis, osteotomy, root
resection, which has currently been carried out with the aid of tests with CBCT(Tsesis
et al. 2006; Kim & Kratchman, 2006; Ersoy et al., 2008; Schneider et al., 2009;
Setzer et al., 2010; Hargreaves et al., 2010).

The knowledge of the anatomical structure of the human dentition for
endodontic and surgical purposes has required special attention. The apexes of the
teeth are positioned on alveolar ridges, close to buccal, lingual or palatal cortical. The
relationship of bone thickness between the root apex and cortical can establish an
association that explains the tendency of expansion or destruction, facilitated in
certain areas compared to others, which would allow the spread of infections and the
presence of fistulas. All dental roots can be the target of inflammatory processes,
fistulation or rupture, depending on the type of bone (spongy or compact) present,
and the relationship of the roots with the cortical ones. The bone thickness between

the tooth apex and the cortical bone varies depending on the gender, age, ethnicity
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and its location in the dental arches. Information about the dental anatomy and
adjacent structures is indispensable for endodontic treatment. For the planning and
surgical procedure, such as the preparation of guides or routes of infectious
processes, the knowledge of the bone thickness between the buccal and lingual /
palatal cortical and dental apex becomes essential. Considering the lack of studies
that determine these anatomical aspects of relevance, application and justification in
the clinical therapeutic protocol, we sought to determine the bone thickness between
the center of the apical foramen of each dental group and the external surface of the

buccal and lingual / palatal cortical human dentition(reference).

Materials and methods
Patients

The study was designed using databases of a dental radiology center in
Goiania-GO (Radiodontological Unit of Goiania Ltda., Goiania, GO, Brazil). Patients
were referred to the dental radiology service for various diagnostic purposes. A
sample of 1400 teeth with canines and incisors 600, 400 premolars and molars 400,
upper and lower, selected from CT scans of 422 patients (394 women, mean age
44.46 years). Inclusion criteria were CBCT images with healthy teeth with a fully
formed apex; and absence of calcified root canals; external or internal root
resorption; developmental disorders and pathological processes. Only high resolution
images were included to ensure a more accurate analysis. Third molars and teeth
with orthodontic appliance were excluded from the present study.
Acquisition of images

Images were acquired using a PreXion 3D Inc. (San Mateo, CA, USA)

tomograph configured to make a 0.100 mm isotropic voxel image in a F.O.V. of 60
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mm in height and 56.00 mm in diameter during a 33.5 second exposure (with 1,024
exposures per acquisition). The tube voltage was 90 kVp and the current was 4 mA.
The images were analyzed using PreXion 3D Viewer software (Tera Reconinc,
Foster City, CA), in an independent PC workstation with Windows 7 professional SP -
2 (Microsoft Corp, Redmond, WA, USA), with the Intel I7 1.86 Ghz-6300 (Intel Corp,
Santa Clara, CA, USA), NVIDIA GeForce 1070 turbocharged video card (NVIDIA
Corporation, Santa Clara, CA, USA) and a high-resolution EIZO - Flexscan S2000,
resolution of 1600x1200 pixels (EIZONANAO Corp, Hakusan).

Measurement of bone thickness

The strategy of navigation in TFCF images was according to a study by
BUENO et al. (2011). The distance between the center of the apical foramen and the
outermost surface of the buccal and lingual / palatal cortices was considered as bone
thickness and was measured in the CBCT images in the axial, sagittal and coronal
sections. The smallest measure was found in the sagittal image for the anterior teeth
and coronal for the posterior teeth. The bone thickness was measured using the tool
of the program itself (Figure 1 and 2).

The standard reference for the location of the apical foramen was
corresponding to the main root canal. Axial navigation was used individually for each
root. In the upper molars, the axial navigation began in the mesiobuccal root (MV),
followed by the analysis of the distobuccal root (DV), and palatal (P), and in the lower
molars, it started in the mesial root (M), followed by analysis of the distal root (D).
When there were fused roots, the axial navigation was concomitant in the two roots.
The sample consisted of 2337 apical foramina.

Two evaluators, specialists in dental radiology with more than 10 years of

experience analyzed all the images. The examiners were calibrated by evaluating



51

10% of the sample. When differences were found, consensus was reached after the
image was evaluated by a third-party endodontic examiner with more than 10 years
of experience.
Statistical analysis

The mean and standard deviation of the quantitative variables were obtained.
The normality of the data was evaluated by the Kolmogorov-Smirnov test. The
analysis of the comparison between the bone thickness of the buccal and lingual /
palatal cortices of each dental group. In the independent samples it was evaluated by
the t-Test for independent samples or by the Mann-Whitney Test. Values of p <0.05
were considered significant. Statistical analysis was performed using Statistical

Package for Social Sciences, version 20 (SPSS, Chicago, IL).

Results

Means and standard deviations of the bone thickness between the center of
the apical foramen and the outer surface of the cortical buccal and lingual / palatal of
anterior teeth, premolar and upper and lower molars are shown in Tables 1 to 3.

The results showed that, in the anterior teeth group, the lower bone thickness
between the apical foramen center and the external surface of the vestibular cortical
was observed in the superior canine (1.49 mm  0.86) followed by the upper central
incisor (1, 59 mm + 0.67), and the greater bone thickness between the center of the
apical foramen and the lingual / palatal cortical was observed in the superior canine
(8.63 £ 2.08 mm) followed by the maxillary central incisor (7.07 mm £ 1.96).

In the group of premolars, the lowest thickness was found in the buccal
cortical of the buccal root of the first (1.13 mm + 0.68) and the second premolar (2.20

mm + 1.21), and the greater thickness of the lingual / palatal cortical was found in the
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palatal root in the first (8.07 £ 1.63) followed by the second (7.62 mm * 1.84) superior
premolar.

In the molars group, the first maxillary molar showed the lowest thickness of
the buccal cortical of the mesiobuccal root (1.98 mm £ 1.33) and the lower molar
showed that the buccal cortical (8.36 = 1.84) was thicker than the lingual (2.95 mm %

1.16).

Discussion

In the present study, the average bone thickness between the center of the
apical foramen and the outer surface of the vestibular cortex varied from 1.49 mm %
0.86 to 3.43 mm + 1.31 in the anterior teeth, mean bone thickness observed in the
upper canine and upper central incisor, 1.49 + 0.86 and 1.59 mm z* 0.67,
respectively.

A study by Vera et al. (2012) showed in anterior superior, median teeth of
vestibular alveolar bone thickness at 1 mm apical level corresponding to 0.83 mm,
and of ALTarawneh et al. (2017), 0.6mm, 0.49mm and 0.4mm for the central incisors,
lateral incisors, and canines, respectively. Fuentes et al. (2015) analyzed the
anatomical dimensions of the bone walls of the aesthetic region of the maxilla for
immediate placement of the implant, based on corresponding CBCT images from a
sample of adult patients. The averages of bone thickness of the vestibular walls to
the apical foramen in the central incisors, lateral incisors and canines were 2.13 +
0.67, 1.53 + 0.94, and 1.81 + 0.67, respectively. According to the authors, age and
sex did not show significant differences, and less than 10% of sites presented more
than 2 mm of bone wall thickness, except for the central incisor region, where 14.4%

of the cases presented thickness =2 2 mm.
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In the present study in the group of premolars, the lowest thickness was found
in the vestibular cortical of the first vestibular root (1.13 mm £ 0.68) and the second
premolar (2.20 mm % 1.21) higher , and the greatest thickness of the lingual / palatal
cortical was observed in the palatal root in the first (8.07 £ + 1.63) followed by the
second (7.62 mm * 1.84) superior premolar.

Zahedi et al. (2018), after analyzing the anatomy of mandibular posterior teeth
using a conical beam CT scan for surgical endodontics in 170 CFCT examinations,
considering the thickness of the vestibular cortex and the apex of the lower teeth,
showed that the first premolars, the largest and smallest premolars bone thickness
was in the buccal and lingual cortex (4.70 to 0.42 mm and 7.30 to 0.67 mm),
respectively. In the second premolars, these values were 5.41 to 0.42 mm and 7.40-
0.95 mm, respectively. Results of a study by Vera et al. (2012) showed medians of
alveolar bone thickness at the 1-mm apical level corresponding to 1.13 mm in the
area of the premolars.

In the present study in the molar group, the maxillary first molar showed the
lowest thickness of the buccal cortical of the mesiobuccal root (1.98 mm * 1.33) and
the lower second molar showed that the buccal cortical (8.36 mm + 1, 84) was thicker
than the lingual (2.95 mm + 1.16).) Zahedi et al. (2018) showed the greatest bone
thickness verified in the vestibulolingual cortices were 9.08 mm and 7.66 for the
mesial and distal root of the first molar, respectively; 8.09 mm and 7.71 for the mesial
and distal roots of the second, respectively.

The knowledge of the distances between the root apices and the cortical bone
in the different dental groups favors the best understanding for the analysis of the
routes of dissemination of the endodontic infections towards the noble structures of

the head and neck (Vasconcellos et al., 2002; Robertson & Smith , 2009). In the
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present study, In addition, it is also possible to establish some parameters for the
planning and preparation of surgical guides (Ersoy et al., 2008; Kalt et al., 2008,
Beuchneke et al., 2012, Buchgreitz et al., 2016; van der Meer et al., 2016, Krastl et
al., 2016, Zehnder et al., 2016, Connert et al., 2017, Verweij et al., 2017a, b).

The distribution and the position of teeth in the oral and maxillofacial complex
and their relations with the bone structures are essential for precise planning of
endodontic treatment, surgical or even orthodontic (Simonton et al, 2009;. Star et al,
2010;. Kim et al 2010). And may also influence or even promote the spread of
bacterial infection to adjacent soft tissues (Gill et al., 2011). Gill & Scully, 2009).

The bacterial dissemination pathways to facial areas or other noble anatomical
areas of the head can be unpredictable, but risk factors such as bone thickness
between the root apex and the outer cortical can facilitate access due to bone
destruction, and get to facial plans. Among the facial spaces that may be affected
include: the sublingual, submandibular, vestibular, pterygomandibular, temporal,
masseteric, lateral, pharyngeal and retropharyngeal (Topazian & Goldberg, 1993; Gill
& Scully, 2009; Siqueira-Jr & Rocas , 2013). Favoring the propagation of root canal
infections in head and neck spaces can be enhanced by knowledge of the root apex
location and bone thickness in relation to the buccal or lingual / palatal cortex; and
also the relation of the root apex to the insertion of some muscles. In this sense,
acute infections such as periapical abscesses can diffuse the purulent exudate
towards the sublingual or submandibular facial spaces. More critical conditions such
as Ludwig's Angina may occur and lead to obstructions of the airways, with severe
clinical picture. In other severe conditions, dental infections may also be responsible
for cavernous sinus thrombosis (Topazian & Goldberg, 1993; Flynn, 2000; Gill &

Scully, 2009).
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Bone thicknesses between the apical and cortical foramina can also allow a
reference pattern as a guide for dental implants or parendodontic surgeries. Some
studies have sought information on the bone thickness of the external cortical teeth
(Vera et al., 2012; Fuentes et al., 2015, ALTarawneh et al., 2017; Zahedi et al.,
2018), and have reinforced that adequate knowledge of the dimensions anatomical
characteristics of the teeth and their surrounding structures becomes very important
for the execution of endodontic surgery.

Studies have demonstrated the advances achieved by dentistry with the
advent of the CBCT (Mozzo et al., 1998, Arai et al., 1999, Scarfe et al., 2007, Bueno
et al., 2007, Cotton et al. et al., 2007). The accuracy of the imaging tests allowed the
use of several research methodologies (Bueno & Estrela, 2018), both using the
manufacturer's own software and specialized software, such as e-Vol DX (CDT,
Bauru, SP, Brazil) (Bueno et al., 2018, Estrela et al., 2018).

The dynamic navigation strategy increased expectations about the application
of CBCT images in complex operative procedures not only in endodontics but also in
dentistry (Bueno et al., 2007, 2011). This method that allows a three-dimensional
visualization minimizes limitations such as those verified in periapical radiography,
two-dimensional examination of a three-dimensional structure. In addition, it allows
navigation in images with a dynamic visualization of three-dimensional structures.
This navigational perspective provided valuable information for better determination
of bone thickness in the peri-penis of permanent teeth using high-resolution images
(Bueno et al., 2011).

A fundamental factor that involves this technology is related to the tool of
measurement of the TCFC, which allows to determine the linear distances and the

volumes of anatomical structures; perform the preoperative planning of
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parendodontic surgeries; to measure the length of the root and bone level, to
establish the relationship between the teeth and the anatomical structures, periapical
lesions and root resorption, among several other alternatives(Kobayashi et al., 2004;
Jim et al., 2005; Pinsky et al., 2006; Ludlow et al., 2007; Simonton et al., 2009;
Estrela et al., 2010; Cavalcanti et al., 2010; Kim et al., 2010; Azim et al., 2014; Nunes
et al., 2015; Burklein et al., 2015; Estrela et al., 2016; Chong et al., 2017; Wang et
al., 2017; Zahedi et al., 2018).

In this sense, Silva et al. (2017) evaluated the accuracy of linear
measurements performed with two softwares on multislice computed tomography
(MSCT) and conical beam (CBCT) images. The MSCT and CBCT images digitally
measured with the ST and IV software presented reliable results when compared to
the measurements obtained manually. Both software and imaging modalities are
useful for planning the surgical procedure in dental practice. Simonton et al. (2009)
verified whether differences in sex or age of the patient were predictive of differences
in the relative location of the inferior alveolar nerve compared to the roots of the first
mandibular molar. Regardless of age, women presented significantly lower vertical
distances of the inferior alveolar nerve to the mesial and distal apices and also
smaller horizontal distances to the total width of the mandible. In addition, the total
width of the mandibular bone region decreased in both sexes in the third and sixth
decades of life. Collectively, these data indicated that both sex and age are predictive
of surgical endodontic anatomical relationships and should be considered in
preoperative planning.

In the present study, CBCT was used in 422 patients (394 women) with a
mean age of 44.46. The strategy of navigation in TFCF images was performed

according to a study by Bueno et al. (2011). The CBCT images were adjusted in the
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sagittal, axial and coronal planes to obtain the bone thickness between the center of
the apical foramen and the outer surface of the cortical ones. The measurements
were recorded in the plane corresponding to the sagittal image for anterior teeth and
coronal for the posterior teeth. The standard reference for the location of the root
apex corresponded to the main root canal, with care intended for the specificities of
the different dental groups.

The present study registered as the reference for the analysis of the bone
thickness the center of the apical foramen and the external cortical ones. Thus, due
to the lack of studies with these characteristics the comparison with other studies was
difficult. However, in a recent study (Estrela et al., 2018), the position of the apical
foramen was determined in relation to root surfaces of human permanent teeth using
TCFC images with a new e-Vol DX software. The results showed that the position of
apical foramen in human permanent teeth was central in 48.95% and 42.08% of
maxillary and mandibular teeth, respectively. These aspects evidenced possible
differences between the results of the current study in which the distance from the
center of the apical foramen to the external cortices was evaluated, with the work of
Zahedi et al. (2018), in which they determined the measurements between the
vestibular cortical and the apex of the lower posterior teeth. While, Vera et al. (2012)
and ALTarawneh et al. (2017) analyzed the vestibular and palatine bone thickness in
the upper anterior teeth in the apical, middle and coronal thirds, as well as the
distance from the cementum-enamel junction (CEJ) to the bone crest using CBCT
images. Another aspect that should be considered in the present study is associated
with the number of samples analyzed (n = 1400 teeth, 2337 apical foramina),
compared to the other studies, as well as the gender and ages of the patients.

A factor of importance, which should be highlighted in the methodology, and
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which can identify weaknesses in some studies that used measurements in CBCT
images, refers to the protocol of image acquisition. Resolving the CBCT image may
be a limiting factor in the measurement of fine and delicate objects. The larger the
field of view, the lower the resolution of the image. The CBCTs used in the present
study had a small field of view, isotropic voxel of 0.10 x 0.10 x 0.10 mm, with a
diagnostic objective to determine the precise therapeutic planning.

Endodontic and surgical procedures guided increasingly have been the
subject of studies and clinical applications due to the advances made by
technological innovations of CBCT as new software, assisted planning and
interventions guided by 3D images (CAD-CAM) and prototyping. Digital planning and
the guides directions minimize risks and iatrogenic accidents, increase the
effectiveness of clinical planning, and consequently reduce the time of interventions
(van der Meer et al, 2016;. Lavasani et al, 2016;. Connert et al. , 2017, Verweij et al.,
2017a, b). However, understanding the thickness of the tooth roots, especially
premolars and molars in appropriate level for the resection of the root, bone
thickness on these roots and the proximity of each apex with the maxillary sinus has
a clinical impact important in the therapeutic result, besides helping the professional
before and during the surgical procedure (Lavasani et al., 2016).

Knowledge of the anatomy of different dental groups and adjacent structures
such as bone thickness of alveolar cortices influences the quality of surgical
therapeutic planning, as well as guides the analysis of bacterial dissemination
pathways in periapical infections. The CBCT allows to obtain linear measures that

favor comparative analysis.
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Table 1. Mean and standard deviation of the bone thicknesses between the

apical foramen (mm) of the upper and lower anterior teeth and the vestibular

and lingual / palatal cortices in CBCT images in the sagittal section.

Teeth  Cortical thickness N  Cortical thickness N p
(n=600) Buccal Palatal
X 5 X +5

ICS 1,59 £ 0,67 100 7,07 £1,96 100 0,000**
ILS 2,30+ 1,20 100 5,28+ 1,35 100 0,000**
CS 1,49+ 0,86 100 8,63 +2,08 100 0,000**
ICI 2,72+1,30 100 3,89+1,15 100 0,000**
ILI 3,06 + 1,29 100 4,01 +1,35 100 0,000**
Cl 3,43+1,31 100 4,78 +1,64 100 0,000**
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Table 2. Mean and standard deviation of the bone thicknesses (mm) of the apex

apices of the upper and lower premolar teeth and the vestibular and lingual /

palatal cortices in CBCT images in the coronal section.

Teeth  Cortical thickness N  Cortical thickness N p
(n=400) Buccal Palatal
X +S X +S

1 PMS

Cv(MV) 1,13+0,68 100 8,07 +1,63 100 0,000**
CP (P) 4,47 +1,85 86 452+1,51 86  0,840*
2 PMS

CVv(MV) 220+1,21 97 7,62+1,84 97  0,000**
CP (P) 3,86 £1,74 36 5,82+1,59 36  0,000*
1 PMI 3,27+ 1,04 100 5,58+ 1,66 100 0,000*
2 PMI 3,65+1,35 100 5,46+1,84 100 0,000*
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Table 3. Mean and standard deviation of the thicknesses (mm) of the apices of

the upper and lower molar teeth apexes and the vestibular and lingual / palatal

cortices in CBCT images in the coronal section.

Teeth Cortical N  Cortical thickness N p
(n=400) thickness Buccal Palatal
X +5 X +5
1 MS
CMV 1,98 +1,33 100 11,91 +1,68 100 0,000**
CMP 3,10+ 1,35 76 10,56 +1,81 76  0,000*
CbvVv 2,07 £ 1,45 100 12,35+1,98 100 0,000**
CP 11,92 + 2,38 100 2,84+1,16 100 0,000**
2 MS
CMV 4,48 +1,85 100 8,74+247 100 0,000*
CMP 4,89+1,48 34 8,46 £ 2,56 34  0,000*
CDhvV 3,51+2,15 89 9,74+241 89  0,000**
CP 10,39 + 2,42 92 2,82+1,86 92  0,000**
1Ml
CMV 4,45+ 1,46 100 6,49+1,87 100 0,000**
CML 5,43+141 100 5,63+1,88 100 0,397*
CDV 5,91+1,64 100 5,44+1,82 100 0,056*
CDL 6,46 + 1,86 24 4,68+2]16 24  0,004*
2MI
CMV 7,73 +1,83 100 3,46+ 1,24 100 0,000*
CML 8,36 + 1,84 80 295+1,16 81  0,000*
CDhvVv 8,01+191 95 3,08+1,13 94  0,000**
CDL 6,65 + 4,47 4 2,19+ 157 4 0,191**
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Figure 1. Representation of the axial navigation in the CBCT image for the

Figure 2. Representation of measuring bone thickness in the sagittal section
between the center of the apical foramen and the buccal and lingual cortical on

a lower canine (A. bone thickness buccal, lingual bone thickness B).




ANEXO 2 - PARECER DO COMITE DE ETICA

. UNIVERSIDADE FEDERAL DE W
GOIAS - UFG asil
fa 1

Continuagio do Parecer 883.431

utilizando o banco de imagens provenientes de exames de tomografia computadorizada de feixe conico de
uma clinica radioldgica odontoldgica privada em Goidnia-Go. Tais exames foram =solicitados por diferentes
cirurgides-dentiztas & com finalidades variadas dentro das diversas especialidades odontolégicas.
Beneficios: Os trabalhos publicados na literatura apresentam alta incidéncia de istmo na raiz mesio-
vestibular dos molares supeniores e na raiz mesial dos molares inferiores. No entanto a incidéncia dessa
estrutura nos demais grupos dentarios da dentigBo permanente, ainda necessita de estudos e publicagdes.
E sabido que a anatomia interna dos canais radiculares esta infimamente relacionada as taxas de sucesso
do tratamente endoddntico. Espera-se que as informagdes levantadas nesse trabalho possam colaborar
com novos conhecimentos a respeito da anatomia dos canais radiculares de elementos dentdrios gue
necessitam de tratamento endedontico, contribuinde diretamente na cometa escolha do plano de tratamento

e técnica operatonia.

Comentarios e Consideragoes sobre a Pesquisa:

Solicitou dispensa do TCLE, por se tratar de pesquisa em banco de dados secundarios, porém apresentou o
TCUD - Termo de consenfimento de Uso de Banco de Dados, assinado pela instituicSo detentora dos
exames. Relataram que a pesquiza sera realizada garantindo-se o anonimato do parficipante, sem conter
qualguer indicador da sua identidade, a ndo ser ao acesso as informagdes referente ao seu género e idade,
condigdes necessarias para a realizag8o da pesguisa. Também ndo implicara em nenhum custo financeire
ou biologico adicional ae participante, pois nd@o necessitara de exames complementares.

Consideragdes sobre os Termos de apresentagio obrigatoria:

Apresentou os seguintes documentos: Termo de compromisso dos pesguisadores; Certiddo de ata do CD
da FO/UFG, aprovando o projeto; Solicitag3o de dispensa do TCLE; Folha de rosio, devidamente assinada;
Projeto de pesquisa; Informagdes basicas do projeto;TCUD - Termo de consenfimento de Uso de Banco de
Dados.

Recomendagies:

Conclusdes ou Pendéncias e Lista de Inadequagdes:

Apds leitura e andlise des documentos anexados, sugerimos a aprovago do p_p., SMJ.

Situagio do Parecer:

Aprovado

MNecessita Apreciagio da CONEP:
MNao

Enderego: Predio da Retoria Témeo Cx. Postal 131

Bairro: Campus Samambaia CEP: 74.001-970

UF: GO Municipio: GOIANIA

Telefone: (B2)3521-1215 Fax- (62)3521-1163 E-mail: cep prpi_ufgigmail com
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ANEXO 3 — NORMAS DE PUBLICACAO DOS RESPECTIVOS PERIODICOS

Huame = Pabbaabons and Researsh = Journal of Endedenlics > Aot and Revewers = Guidelines for Publishing Pagens in he JOE

Guidelines for Publishing Papers in the JOE

Writing &n efective arlicle 1= a challenging assignment, The following guidelines are provided to sasiat authars in submitting
MEnUscrpis,

Thie JOE publishes original and review articles relaled to the scientific and apgled aspects of endadontics, Moresver, the JOE has a
diverse reatership that includes fulktime clnicians, Tulklime academicians, resdents, sludenls and scientisls, Efeclive communication
with this dwerse readarship requires careful atbantion Lo writing style,

General Points on Composition

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

1. Ganaral Points on Composition

1. Awthars are strongly encovraged bo analyze their fnal drall wilh both software (o.g., spalling and grammar programs) and
colleaguens who have axgarlisn in English grammar, References listed at the and of this secton provide a mare extonsive rmviey
ol rules of English grammar and guidelines lor weiling a sclenlfic aricle, Always remembar thal clarnity is the most mpartant
feature of acentific wiiting, Scentfic articles must be clear and precise in thelr cantent and conciae in thelr dalivery snce thelr
purpase (8 ta inform the readar, The Eddor reseres the nght te edit 3]l manuseripis or ta reject those manuscripts that ack
clarity or precision, or hawe unacceptable grammar or syntax, The followng list represents common errors in manuscripts
submitted to the JOE

2, The paragraph i the ideal unit of organization, Faragraphs typically start with an infroductory sentence that is followed by
saniences that describe additional defail or axamples, The last sentenca of the paragraph provides conclusions and forms a
trangition lo the next paragraph, Comman problems include one=sentence paragraphs, sentences thatl do nol develop the theme

of he paragraph {see alss section "o hvnk:ﬁw] ar sentences with |itle 1o ne transilion wikin & saragragh,

3, Weep lo the poind, The subject of the sentence should support the subject of the paragraph, For example, the infraducton of
authare names na senlence changes the subject and lsngthens the taxl, [na paragragh on sodium bypechlonte, the sentence,
‘| 1983, Langelend &1 &l,, reported that sodium hypochlorite acts as a Jubricating factor during instrumentabon and helps tao
flush debris from the roof canals® can be edited to: "Sodium hypochlorilz acls as & Jubricant during instrumeaniation and as a
vahicle for flushing the generated debris (Langaland et al., 19831 In this example, tha paragraph's subject is sodium
hypachlarie and seniences should facus on this subjact,

4, Santances are sbronger when writtan in the active voica, ie., the subjact parforms the aclion, Passive sentences am identified by
the use of passive verbs such as “was,” “were,” “could,” etc, For example: "Dexamethasone was found in this study to be a factar
thal was associaled with reduced inflammation.” can be adited 1o "0ur resulls demonstssled that dexamethasons feduced
inflammation,” Sentences writlen na direct and active voice are generally more powerul and shorler than senlencas wrillen in
the passive valce,

5, Reduce verbizge, Shorl senlences are easier lo underatand, The inclusion of unnecessary words ig oflen associated with the
use of a passive volce, & ack of focus or run-cn sentences, This (s net to iImply that &l sentences need be shart or even the
same length, Indeed, variation in sentence structure and length often helps Lo maintain reader interast, Howewver, make all words
count, & more formal way of statng this point s that the use of suberdinate clauses adds variety and information when
constructing a paragraph, (This section was wrillen deliberately with sentences of varying length fo illestrate this paint.}

&

Use parallal canstrection 1o eopress related ideas, For axampls, the sentence, “Formaery, endodontics was faught by hand
instrurneniaton, whila now rolary irstrumentation is the commoen mathod,” can ba edited 1o *Formerdy, endodontios was laughl
using hand inslrumentation; now il is commonly taught using ralary instromentation,” The use of paralel construction in
saniences Smply means that similar deas are sxpressad in similar ways, and this helps the reades recognize thal the ideas are
related,

T, Heep modifyng phrases close to the word that they modify, This = & commeaen problem in complex sentences that may confuse
the reader, For example, the slatement, "Accordingly, when conclusions are drawn from the results of this atudy, caution musat be
usad,” can be edted to "Caution must be used when conclusions ara drawn from the results of this study.”
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, Tosummarze thesa polnts, effective sentencas are elear and precise, and often are shart, aimple and locused an ane key point
that supporta the paregraph’s thame,

, Authors should e aware that the JOE uses [Thenticate, plagariam detection software, to sssure orlginality and integrity of
materal publshed in the Jdowmnal, The use of copled sentences, even when present within guotation marks, is highly
discouraged, Instead, tha information of the original research should be expressed by new manuscriol author's own words, and
a proper ciiation given at the end of the sentence, Plagiarism will not be tolerated and manuscripts will be rejocted, or papars
withdrawn after publication based on wealhscal actions by the authors, In addftion, acthors may be sanchoned for future
publication,

Organization of Original Research Manuscripts

Flease Note: Al absiracls showld be arganized inlo sections thal star! with @ ane-word @ie (in bold), e, Infroduwction. Mefhods,
Results, Conclusions, alc,, and showld hol excead maore than 200 words i length,

1. Title Page: The tile should describe the major emphasis of the paper, It shauld be as short as possible without less of clarity,

Remember that the fitl: is your advertising billoard—it represents your major oppartunity to solict readars o spend the tme to
read your paper, |Eis basl nof fo use abbroviations in e lille since this may lad lo imprecise coding by electronic cilation
programs such as Pubbed (eg,, use “sodium hypoechlore” rather Bran HaQC]), The sulhor [0 must conform o published
standards on aulhorshp (see authorship criteria in the Undorm Requiremanis for Manuscripts Submited lo Bliemedical Journals
Al W lemje.org), The manuscrpt 12le, name and address (ncluding email) of one author desgneled as the cormesponding
author, This authar wil be responsble for editng proofa end arderng reprints whean applicable, The contricution of 2ach author
shaould also be Righlighted in the cover letter,

. Abstract: The abstract should concisaly descripe the purpesa of the study, the hypothesis, methods, major findings and
conclusions, Tha abstract should dascrioe the new contricutions made by this study, Tha ward Imitations (250 words) and the
wida distribution of the absiracl (g 9., PubMad) make this seclion challenging 1o wrile clearly, This seclion oflen is written last by
many authors since ey can draw an the rest of the manusaripl, Wrile the abstrac in pasl tense Snce the shady has been
camplated, Three lo tan keywords should be |sted below the abstract,

, Intreduction: The inlreduclion should brielly review the pertinent |ilerature in order to identily 1he gap in knowledge that the
study Is Intendead to address and the limitations of previous studies in the area, The purpese of the sledy, the lested rypathasis
and is scope should be olearly described, Authors should res|ize that this section of the paper is thelr primary apportunity to
eaiablish communication with the diveras readsrship of the JOE Readera who are not expart in the topic of the manuscript are
lixely to skip the paper if the introduction fails to succinetlly surmmarize the gap in knowladga that the study addresses, |t is
impartant ta nate that many successful manuscripts requice no more than a few paragraphs o accomplish thesa goals,
Tharafore, authass sheuld refrain fram performing extensive reviaw o the [leraliee, and discussing he results of tha study in
1his seelian,

., Materials and Methods: The abjective of the malerials and methods seclion is bo permd olher investigators o repeat your
exparimenls, The lour companants bo this section are the detailed deseription of e materials used and thesr components, the
exparimantal design, the procedures employed, and the siatistical tests vaed to analyze the results, The vast majority of
manuscripts should cite prier stedies using similar metrods and succinctly describe the essental aspects used in the present
study, Thus. the reader should still be able to understand the method used in the experimental approach and concentration of
tha main reagants (c.g., anfibodies, drugs, efc.] evan when citing a previously published mathad, The nclusion of a *mathods
figure” will e rejected wnless the procedure is novel and requires an ilkestration for comprebensson, [T the method s novel, then
the authors should carefully describe the method and inclhede validation expedments, [1ihe study uiilized a commercial product,
the mranuscripl must slate that they either followed manufaclurer's protocol or specfy any changes made ta the protacal, I the
study used an fn witro model o simulate a clnical cutcome, the suthors must describe experiments made io validate the model,
or preveaus litarabuere that proved the dinical relevance of the model, Swidias on humans must conform to the Helsinki
[aclaration of 1975 and state that tha institulional IRE/aguivalent commitieais) approved the protocol and that informaa consant
was ablained after the risks and benefits of parlicipalion were describad to the subjects or patients recruited, Sludies invalving
animals mus! state that the instildianal anirmal care and use commites approved the profacol, The stalsbcal analysis sscbon
ahould describe which tests were ugad to analyze which dependant measures, p=valuas should be specified, Additonal detalls
may include randomization scheme, stratilicaten (f any), power analysis a8 & bass for sample sze computation, drog=outs from
clinical trials, the affacts of important confeunding variebles, and bivanate wearaus multivarate analysis,

, Results: Only experments| resulis are appropriate in thig ssction (Le., nelther methads, dsousson, nor congjusions ehould be n
this section), Include only those data that are crtical for the study, as dafined by the aim(s), Do not include all available data
without justfication; any repatitve findings will be rejected from publication, Al Figures, Charts and Tables should be dascped in
thair arder of numberng with a brief description of the major findings, Author may consider the use of supplemental figures,
tabes or videa cips thal will be published anline, Supplemaental material s often wsad to provide addtianal information or contral
exparimeanls thal suppor the resulls secton (e.g, microarray data),

, Figures: There are bwo general lypes of Tgures, The firsl lype of Tgures incledes phalagraphs, radiographs ar misragraphs,
Inzlude only essentlal igures, and even if essaential, the use of composite flgures contalning severs| panels of photographs s
encouragad, For example, most photoe, rad o= or micrographs tase up one colump=sidth, or about 185 mm wide X 185 mm ta|l,
If matead, you construct a two columna=wedath figure (Le., about 175 mm wide X 125 mm high when published n the JOE), vou
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wiauld be able to place about 12 panels of photomicregraphs (of radiographs, ele,) as an array of four columng acrass and thras
rows down (with sach pane| acout 40 X 40 mm), This will require some adting to emphasize the most important feature of sach
photomicragraph, but it greatly increases the total number of llustratons that you can presant in your paper, Rlemambear that
each panel must be clearly identfied with a lettar (e.g., "4° "B." abz.), in order for the reader o undarstand each individual paneal,
Savaral nice axamples of composite figures are seen in recant arbcles by Jeger ot al (J Endod 2012;38:884-888); Okvier ot al,,
[J Endod 2012,38:1007 1011); Tsad et al (J Endod 2012;38;985-270), Please nobe that color igures may be published al no cosl
la the aulhors and authors are encouraged lo use color b enfance the value of the illestration, Please nole thal a multipana|,
campaosite figure only counts a8 one figure when consldering the total number of figures In @ manuscript (ses saction 3, below,
far mazmum number of allowable figures],

The second type of figures are graphs (ie.. line drawings mcluding bar graphs) that plot a dapendent maasura {on the ¥ axis} as
a funclion of an independent measure (usually plotted on the X axis), Examples inchede a graph depicting pain scores aver lime
wle, Graphs should be used whaen the overall irend af the resclis are more important than e exac numerica] values of the
regulls, For example, a graph = & convenient way of repoartag that an ibuprolan-lreated group reparled less pain than a placebo
group over lhe first 24 hours, bul was the same as the placebo group for the next 86 hours, |n this case, the trend of the results
iz the primary finding; the actual pan scores are not as critizal as the relative dfferences betwean the NSAID and placeba

groups,
7. Tables: Tables are appropriate when it = critcal to present axact numerical values, Howewar, not all results need oe placed in
aithar a table or figure, For exampla, the follzwing table may not be necassary:
% NaDC| NGroup % |nhibition of Grawth
0,001 & 0
0,003 3 0
0.01 5 0
0,03 = ]
01 5 100
0.3 & 00
1 5 100
3 8 00
Instedad, the rasulls could simply state that there was no inhibilion of growth from D,001=0,03% NaOQC|, and a 100% inhibition of
arowlh from 0,05=3% NaQC| (MeStgrous), Similacly, I the resulls are nol signdicant, then il is prosably nol necessany 1o inclede
the results in ether a table or as & figure, These and many other suggestions on figure and table constructon are descrioed in
sdditiznal detal in Day (19568).
&, Discussion: This section should be used fo intarpret and explain the results, Bath the sirengths and weaknesses of the

observations should be discussed, How do these fndings compare to the publishad literature? What are the clinical implications?
Akhough this last sactiion might ba tentative given the nature of a particular study, the authers should realize that even
preliminary clinical imphcations might have valus for the dinizal readership, Ideally, a review of the patential clinical significance is
the last section of the discussion, What are the major conclusions of the shedy? How does the data support these conclusions

8, Acknowledgments: All avthors mast aifirm hal ey have no financial alfRation (o.g., employment, direct payment, stock
holdings, refainers, consuliantships, patent [oensing arrangements ar hananaria), or invalvement with any sommersial
arganzation with direct financal Interast In the subject or materials dscussed In this manuacript, nor have any such
arrangements existed in the past three years, Any other patential conflict of nterest should be disclosed, Any author for whom
this slatemeant = not true must apgend a paragraph to the manuscript that fully discloses any financial or ather interest that
posas 8 conflict, Likewisa the sources and corract atiriputons of all othar grants, contracis or donations that fundaag the study
must ba disclosed

10, References: The reference style follows Index Medicus and can be easily karned from reading past ssees of the JOE, The JOE
usas the Vancouver refarence style, which can be found i most citation managemant software produects, Citations are placed in
parentheses al the end of a sentence or al the end afa clause that reguires a lilesalere cilation, Do not use superscripl for
relerences, Original reports are |imited to 35 referances, Thare are no limis in e number of relerences lof review arlicles,

3, Manuscripts Calegory Classifications and Requiremants

Manuscripls submitled o the JOE must fall inla one af the Tollowing calegores, The absiracts for all hese calegaries would have a
maxirmum word count of 250 words;

1. COMBORT Randomizad Clnical TriakManuscripis in thes category must striclly adhere to the Consoldated Standards of



76

Raporling TrialsCOMNSORT- minimum guidelines for the publeation of randomized clinlsa| trials, Thesa guidelines can be faund
at W consort-sfatement. org/, These manuscrpts have a limit of 3,500 words, [including abstract, intreduction, materials and
mathods, results, discussion and acknowladgmants; excluding fgure legends and refarencas], In addiion, thers is a limit of 2
taial of 4 figures and 4 fablas®,

Rawview Artcleanuscripts in this category are eithar narrative arficlas, or systermabe reviawsimeta-analysas, Gase
report'Clinical Technique articles aven whan followed by sxtensive review of the literature will shoul be calegorized as "Case
Raparl!Clinical Tachnique”, These manuscrips have @ lirmit of 3,500 words, [including absiract, inlreduction, dscussion and
acknowledgments, excluding figure legends and references], In addilion, these = a limil of a lolal of 4 Tgures and 4 tables®,
Clinical Resaarch (o.g,, prospective of refrospactive steding on patients or patisnd fecords, of resaarch an biopsies, excleding the
use of human teeth for lechnigue sludies], These manuseripls have a limil of 3 500 words [including abstract, introdustian,
materals and mathads, results, dscussian and acknawledgments, excluding gure legends and refersnces], [n addition, thers ls
& limit of a total of 4 figures and 4 tables®.

4, Basic Ressarch Blology (an'mal or culture studies on bological research on physlology, develooment, stem ce] differsntiation.
irflammaticn or patholegy), Manuscripts that have a primary focus on belegy should be submitied in this category whils
manuscripts that have a primary focus on materials should be submited in the Basic Rasearch Technology category, For
waample, a shudy on eylotoceily of a material should be submitted in the Basic Research Technology category, even if it was
parormied in atimals wilh histological analyses, Thase manuseripts hiova a limi of 2 500 words fincleding abstrac!, imreduction,
malerals and methads, results, dscusson and acknawledgments, excluding figure legends and references], n addition, there is
a limit of & total of 4 fgures or 4 Lables®,

5, Basic Research Technology (Manuscripts submitted in this categary focus primarily on research related to technigues and
materals vsad, or with patential clinica| use, in endadantica), These manuscripts have a limit of 2,500 words Including abstract,
intreduction. materials and methads, results, discussion and acknowledgments. exduding figure legands and referances]. In
addition, thera is a Imit of a total of 3 figures and fables *,

6, Case Report/Clinical Technigue (s.g., repert of an unusual clinical case or the use of culting=adge technology in & clinical case),
Thesa manuscrpis have a limil of 2,500 words [ncluding abstract, introduction, matarfals and mathods, rasults, discussion and
acknowlkedgments; excluding figurs legends and references], In addilion, theoe & a limil of a lodal of 4 Fgeres or Lables®,

® Frpures, i1 submitlad as multipanal Tguees mest not excead 1 pagae length, Manuscripls submilted with mora than tha allowsd
number of figures or ables will require approval of e JOE Editor or associale edilors, IF you are nol sure whether your manuscript
falls wilkin ane of the calegesies abave, of woatld Bke to request preapproval Tor submissien of addibesal figures please conlact the
Editor by emal al jendodontics@uihscsa. eduy,

2

3

Imparantly, adhering to the genaral writing methods dascribed in these guidelines (and in the resources [isted balow) will help o
raduse the size of the manwsonipl while maintaining its focwes and significance, Authors are encawraged 1o focws on only e
essential aspects of he sludy and 1o avaid neluson of extraneous lext and fguras, The Eddar may rejecl manuscripls hal exceed
Inege limfations,

Available Resources:

Slrunk W, While EB, The Elements of Style, Allyn & Bacon, 4th ed, 2000, |2BN 020530802,

Drary R, Mo e Wrile and Publish a Scientific Papas, Oryx Press, Sthoed, 1993, [SBN 1-57356-164-3,
Waeds G, English Grammar far Dummees, Hungry Minds:NY, 2001 (an entertaining review of grammar),
Alley M, The Craft of Scentific Writing, Springsr, 3rd edition 1996 SBN (36794 766=3,

Alley M. The Craft of Editing, Springer, 2000 SEN 0387888641,
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APENDICE 1

u FG FACULDADE DE

QDONTOLOGIA
UFG

APENDICE 1

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

O Centro Integrado de Radiologia Odontolégica (CIRO) esta de acordo, franqueara
acesso ao seu banco de dados radiolégico e se compromete a apoiar o desenvolvimento da
pesquisa e execucac do projeto da pesquisadora Luiz Eduardo Gregoris Rabelo. sob a
onentagdo do Prof. Dr. Carlos Estrela da Universidade Federal de Goias, com o titulo
“Detecgado de istmo na denticao permanente humana por meio de imagens de tomografia
computadorizada de feixe cdnico”.

Declaramos conhecer e cumprir as ResolugBes Eticas Brasikiras, em especial a
Resolugao 466/2012 do CNS. O CIRO esta ciente de suas co-responsabilidades como co-
participante do presente projeto de pesquisa, € 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 confidencialidade desses sujeitos.

INFORMACOES SOBRE A PESQUISA:

» Essa pesquisa pretende determinar a prevaléncia dos istmos radiculares nos
diferentes grupos dentarios por meio de tomografia computadorizada de feixe conico
utilizando como amostra uma subpopulagao brasileira.

e O periodo de participacao nessa pesquisa refere-se ao tempo em que for necessario
a obtencao dos arquivos de seu banco de dados.

e A pesquisa sera realizada sem expor seu centro de radiologia, garantindo
plenamente o sigilo guanto a sua privacidade. Nao havera qualguer tipo de
constrangimento ou coagao para o preenchimento deste documento, sendo dada total
liberdade de recusar a participar do grupo a qualquer tempo, sem gque seja
penalizado.
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Aterciosamente,

Goiania, 10 de Setembro de 2014.

o

Centro Integredo de Radiologia Odontolégica

(CNPJ 37.307.618/0001-09)

UNIDADADE RADIODONTOLOGICA
DE GOIANIA LTDA
CNPJ:37.307.618/0001-09
Av. T9 n° 249 sta
CEP:74.150-300 /-
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Pesquisador responsavel
Luiz Eduardo Gregoris Rabelo.




APENDICE 2

og v
.” APENDICE 2 O

U FG FACULDADE DE

ODONTOLOSIA
UFG

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO (TCLE)

DISPENSA

Eu, Luiz Eduardo Gregoris Rabelo, solicito a dispensa da aplicagao do Termo de
consentimento livre e esclarecido do projeto de pesquisa intitulade Detecgao de istmo na
denticio permanente humana por meic de imagens de tomografia computadorizada de
feixe conico, com a seguinte justificativa:

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

Atenciosamente,

Goiania, 10 de Setembro de 2014.

Pesquisador responsavel
Luiz Eduardo Gregoris Rabelo.
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