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RESUMO

A determinacdo sexual por meio de remanescentes esqueléticos tem sido
amplamente utilizada na reconstrucdo do perfil biolégico, uma vez que sdo uma das
Ultimas estruturas a perecer apos a morte. O seio esfenoidal tem uma localizagédo
mais profunda no cranio, sendo envolvido por diversas estruturas dentro do corpo do
esfenoide, ou seja, tem menos propensao a injarias e/ou alteracbes patologicas. O
objetivo no presente estudo € avaliar, na populacdo brasileira, a possibilidade de
determinacdo do sexo por meio de mensuracdes lineares e volumétricas do seio
esfenoidal, além de identificar e quantificar a presente de extensdes deste seio em
exames de tomografia computadorizada de feixe conico (TCFC). Foram utilizadas
265 exames de TCFC, sendo 123 de pacientes do sexo masculino, e 145 pacientes
do sexo feminino, ambos com idades entre 22 e 70 anos. As imagens foram
selecionadas por um cirurgido-dentista radiologista a partir de um banco de imagens
de TCFC representativo de uma populacéo brasileira. As mensuracdes volumétricas
foram realizadas por meio do software de segmentacdo ITK-SNAP 3.0° e as
mensuracdes lineares infero-superior, latero-lateral e antero-posterior, bem como
presenca de extensdes do seio esfenoidal foram realizadas no software CS Imaging
Software®. Os resultados desse estudo sugerem que comparando homens e
mulheres ndo ha diferencas estatisticas significantes referentes as mensuracoes
lineares e extensfes do seio esfenoidal, ainda que os valores sejam consideraveis
nas extensbes para 0sS processos pterigoideos e asa maior do esfenoide,
principalmente nas mulheres. No entanto, ha diferenca estatisticamente significante
guando se compara o volume do seio esfenoidal, sendo maior no sexo masculino
(11,364 mm3 £ 4,229 mm?3) que no sexo feminino (10,000 mm?3 = 3,615 mm3). Em
suma, as mensuracdes volumétricas no seio esfenoidal em exames de TCFC séo

Uteis para a determinagéo do sexo de individuos desconhecidos.

Palavras-chave: Seio esfenoidal. Caracteres sexuais. Tomografia Computadorizada

de Feixe Conico. Antropologia forense. Odontologia legal



ABSTRACT

Determination of sex from skeletal remains has been widely used in reconstruction of
the biologic profile, because these are some of the last structures that perish after
death. The sphenoid sinus has a deeper localization in the skull, and is enveloped by
diverse structures within the sphenoid body; that is, it is less predisposed to injuries
and/or pathological changes. The aim of the present study was to evaluate the
possibility of determining sex - in a Brazilian population - by means of linear and
volumetric measurements of the sphenoid sinus, in addition to identifying and
quantifying the presence of extensions of this sinus in cone beam computed
tomography (CBCT) exams. In total 265 CBCT exams were used, of which 145 were
of patients of the female, and 123 of patients of the male sex, both in the age-range
between 22 and 70 years. The images, representative of a Brazilian population, were
selected by a dental radiologist from a CBCT image bank. The volumetric
measurements were made by means of segmentation software ITK-SNAP 3.0® and
the linear inferior-superior, latero-lateral and anteroposterior measurements, as well
as the presence of extensions of the sphenoidal sinus were made using the CS
Imaging Software®. The results of this study suggested that when comparing men
and women, there were no statistical differences in the linear measurements and
extensions of the sphenoidal sinus, although the values were considerable in the
extensions for the pterygoid processes and greater wings of the sphenoid bone,
particularly in women. However, there was statistically significant difference when the
sphenoidal sinus volume was compared, as it was larger in the male (11.364 mm? %
4.229 mm3) than in the female sex (10.000 mm?3 = 3.615 mms3). To sum up, the
volumetric measurements of the sphenoidal sinus in CBCT exams are useful for

determining the sex of unknown individuals.

Keywords: Sphenoid sinus. Sex characteristics. Cone-Beam Computed Tomography.

Forensic anthropology. Forensic dentistry.
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1 INTRODUCAO

Desde os primérdios a humanidade buscou identificar objetos, animais e
homens, com o objetivo de desvendar situagcdes complexas. A necessidade de
identificacdo dos seres humanos néo reflete apenas uma questdao de exigéncia
social, sédo requisitos juridicos. Reconhecer a plenitude dos direitos e deveres é
conceder a identidade a alguém seja em vida ou post-mortem (DELWING, 2013).

A identificacdo humana ainda é um desafio para a ciéncia, principalmente nos
casos em que o individuo se encontra sem vida e com impossibilidade de
reconhecimento direto (TERADA et al., 2011). Antigamente, este reconhecimento
era realizado por meio de confirmacfes do que jA se viu no passado, ou seja,
observacédo de cicatrizes, marcas ou até mesmo vestimentas e joias que o individuo
estivesse frequentemente portando. No entanto, esta forma de identificacdo nao
fornece precisdo e segurancga, uma vez que podem ocorrer enganos e, até mesmo,
transformacdes que fisiologicamente acontecem com os cadaveres.

Diante disto, se faz necessario a reconstrucao biolégica do ser humano, de
forma a restringir e, consequentemente, individualizar aquela identidade. O perfil
biolégico é determinado por quatro informacfes essenciais: sexo, idade a morte,
estatura e ancestralidade (AZEVEDO, 2008). Segundo Peckmann (2015), a
determinacao do sexo é a parte mais importante para construcdo do perfil biolégico,
pois a estatura e a idade no momento da morte sdo caracteristicas sexo
dependentes.

Estruturas Osseas que compde o0 esqueleto humano podem determinar
sexualmente cada individuo. Na pesquisa de Azevedo (2008), existem 3 causas
principais que conduzem ao desenvolvimento as diferentes caracteristicas nos
esqueletos masculinos e femininos: variacdo morfologica da bacia fundamentada
pela funcéo reprodutora, desenvolvimento e proporc¢des dos ossos pelas influéncias
genéticas e diferencas na quantidade e propor¢do de massa muscular, evidenciadas
pelas diferentes areas de insergdo musculares.

A determinacdo sexual utilizando ossos humanos, normalmente, é avaliada
por meio de analises métricas e morfoldgicas (ndo métricas), sendo a primeira
quantitativa e objetiva; utilizam-se de mensuracgfes e referéncias anatbmicas para,
posterior, utilizar calculos estatisticos que podem ser repetidos e validados. O ultimo

€ qualitativo e subjetivo, se usam a observacdo da morfologia e a acuréacia, que
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dependem do nivel de experiéncia do observador (AZEVEDO, 2008; ISCAN, 2005;
PECKMANN, 2015).

Segundo Shehri e Soliman (2015), os ossos com maior quantidade de tracos
dimorficos séo cranio, pelve e o0ssos longos. Em casos em que o0 esqueleto &
recuperado por completo a diferenciacdo sexual é realizada com 100% de acuracia,
no entanto, na maioria dos casos 0S 0ss0s sao encontrados fragmentados,
principalmente a pelve e 0s 0ssos longos que S80 0S 0SSOS COmM maior acuracia
(CHANDRA et al., 2014; UTHMAN et al., 2011). Diante disso, se intensifica o estudo
das caracteristicas morfolégicas e dimensionais do cranio no contexto forense, uma
vez que em acidentes em massa, sdo muito comuns situacées onde, apenas 0
cranio ou parte dele séo localizadas e passiveis de identificacdo do individuo, devido
a sua resisténcia impar as condicdes ambientais adversas e a acdo do tempo
(DELWING, 2013; PEREIRA, 2003).

Nesse contexto, 0s seios paranasais, constituidos pelos seios frontais,
maxilares, esfenoidais e etmoidais, sdo estruturas que se mantém intacto em
situacBes extremas na grande maioria das vezes, podendo ser, entdo, utilizados
para determinar o sexo por meio das caracteristicas dimensionais (AHMED et al.,
2015; AMIN; HASSAN, 2012; CHANDRA et al, 2014; GUPTA et al.,, 2014
KANTHEM et al., 2015; SACCUCCI et al., 2015; TEKE et al., 2007; UTHMAN et al.,
2011). Os seios paranasais sdo cavidades 0sseas bilaterais, ou seja, presentes nos
dois hemisférios da face, situadas adjacentes das fossas nasais que se comunicam
através de canais, orificios ou 6stios (DE SOUZA JUNIOR, 2016).

Os seios esfenoidais tém menos propensdo a injurias e/ou alteracdes
patologica, devido a sua localizacdo mais profunda, situam-se no interior do corpo
do osso esfenoide e se relaciona superiormente com a sela tarcica (OLIVEIRA et al.,
2016; SICHER et al.,1965). Segundo Vidic et al. (1968) e Pancoast et al. (1942), o
seio esfenoidal, dentre as estruturas craniofaciais, completa seu desenvolvimento
previamente aos demais, ja que se inicia por volta do terceiro e quarto més de vida
intrauterina, atingindo dimensdes adultas aos doze anos de idade aproximadamente.

Segundo Dias et al. (2004), o seio esfenoidal pode ser classificado em:
apneumatizado, conchal, pré-selar, pos-selar e selar, com a qual se usa como
referéncia a extensdo da pneumatizacdo e o grau de exposicdo a sela turcica. O
seio apneumatizado possui agenesia sinusal, o conchal é pequeno sem relagdo com

a sela tarcica. A pneumatizacao do seio pré-selar ndo se estende posteriormente ao



23

plano vertical da sela. Ja o seio selar atinge o plano vertical da sela tarcica.
Consequentemente, no seio esfenoidal pos-selar a pneumatizacdo ultrapassa o
plano vertical, atingindo a parte basilar do processo occipital. Conhecer a anatomia
dos seios paranasais, bem como suas possiveis variacdes tem grande importancia
para que se consiga fazer uma avaliagdo segura e precisa.

Na literatura sdo descritas inUmeras técnicas para se visualizar as estruturas
anatbmicas tridimensionalmente e, consequentemente utiliza-la para determinacéo
dimérfica. No entanto, em muitos casos, h& inconvenientes, seja pela
inacessibilidade da técnica, seu custo ou questbes fisicas que impossibilitam a
execucado. Portanto, a tomografia computadorizada de feixe cOnico tem sido
amplamente utilizada, uma vez que permite a representacdo fiel do cranio do
individuo, menores custo e tamanho de FOV compativel com a area a ser estudada
(SACCUCCI et al., 2015; WEISSHEIMER et al., 2012).

Os dados de Antropologia Forense no Brasil ainda sdao muito deficientes. E,
sabe-se que as caracteristicas esqueléticas de cada individuo variam entre
populacdes, ou seja, cada populacdo tem sua particularidade esquelética que se
baseiam nas condi¢cdes nutricionais e ambientais. Diante disso, se faz necessario
estabelecer padrdes sexuais populagdo-especificos atualizados, sem que sejam
comparados com outras populacdes, para que ndo haja dados incorretos e que
impossibilitem a identificacdo médico-legal (GOMES, 2016).

Assim, o objetivo no presente estudo é avaliar a possibilidade de
determinacdo sexual por meio de mensuracfes lineares e volumétrica nos seios
esfenoidais em uma populagdo brasileira por meio de exames de tomografia
computadorizada de feixe conico, além de identificar e quantificar a presenca de

extensdes do seio esfenoidal.
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2 OBJETIVOS

2.1 Objetivo geral

Avaliar em exames de tomografia computadorizada de feixe coOnico a
possibilidade de determinar o sexo do individuo por meio de analises volumétrica e

lineares do seio esfenoidal.

2.2 Objetivos especificos

a) avaliar e comparar as medidas lineares infero-superior, latero-lateral e
antero-posterior dos seios esfenoidais em homens e mulheres;

b) avaliar e comparar o volume do seio esfenoidal em homens e mulheres;

c) identificar e quantificar a presengca de extensbes dos seios esfenoidais

(processo pterigoideo, asa maior, asa menor e clivos).
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3 MATERIAL E METODOS

Este trabalho foi aprovado pelo Comité de Etica em Pesquisa da Pontificia
Universidade Catélica de Minas Gerais, CAEE: 04221018.3.0000.5137 (ANEXO A).

3.1 Selecao da amostra

Foram utilizados 265 exames de TCFC de pacientes que apresentavam
indicagdo para tratamento ortodéntico ou cirdrgico-ortognatico, sendo 123 de
individuos do sexo masculino e 145 do sexo feminino, com idades entre 22 e 70
anos (média de idades de 33,2 £ 8,06) em ambos 0s sexos. As imagens foram
selecionadas por um cirurgido-dentista radiologista, a partir de um arquivo de
exames de pacientes de uma populacdo brasileira. Foram excluidas da amostra
imagens de pacientes que ndo apresentavam o seio esfenoidal dentro do FOV
adquirido, exames com qualidade insuficiente para avaliacdo, além de exames que
apresentassem sinusopatias inflamatérias ou qualquer outra condicdo patologica

antral deste seio.
3.2 Obtencao das imagens

As imagens de TCFC foram adquiridas utilizando o tomégrafo i-CAT®
(Imaging Sciences, Hatfield, PA, EUA), com os parametros de exposi¢ao de 120 kV
e 7 mA, tempo de aquisicado de 40s e de reconstrucdo de 62s, com voxel de 0,3 mm
e FOV (Field of View) de 23 x 17cm. As imagens foram adquiridas com FOV
estendido, sendo selecionadas as que permitiram completa visualizacdo dos seios
esfenoidais. Todas as imagens utilizadas nesse estudo foram obtidas com os
pacientes posicionados sentados, com a posicdo da cabeca estabilizada pelos
préprios dispositivos do aparelho, de modo que o plano sagital mediano ficasse
perpendicular ao plano horizontal e o Plano de Frankfurt paralelo ao plano

horizontal.
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3.3 Mensuracgdes lineares e volumétricas do seio esfenoidal

As mensuracdes lineares e volumétricas foram realizadas nas reconstrucdes
das imagens do seio esfenoidal.

Para a realizagdo das mensuracdes lineares no seio esfenoidal foram
utilizadas as reconstrucdes multiplanares e as ferramentas proprias do software CS
Imaging Software® (Carestream Dental, Atlanta, EUA).

As mensuracdes realizadas estao ilustradas na figura 1 e assim descritas:

a) infero-superior: Maior distancia do ponto mais inferior do assoalho do
seio esfenoidal ao ponto mais superior do teto do seio esfenoidal.
Mensurada na reconstru¢ao coronal;

b) antero-posterior: Maior distancia do ponto mais anterior da parede
anterior do seio esfenoidal ao ponto mais posterior da parede posterior
do seio esfenoidal. Mensurado na reconstrucéo sagital;

c) latero-lateral: Maior distancia do ponto mais lateral da parede lateral do
lado direito do seio esfenoidal ao ponto mais lateral da parede lateral
do lado esquerdo. Mensurada na reconstrugdo axial.

Figura 1 — Medidas lineares no seio esfenoidal

28.6mMng,

Legenda: A: Distancia latero-lateral do seio esfenoidal. B: Distancia infero-superior do seio esfenoidal.
C: Distancia antero-posterior do seio esfenoidal.
Fonte: Elaborado pelo autor

Para a mensuragdo de volume, foram obtidas imagens tridimensionais,
geradas a partir de reconstru¢cbes multiplanares, por meio das ferramentas préprias
do software de segmentacéo ITK-SNAP 3.0° (Cognitica, Philadelphia, PA, EUA).
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As analises foram realizadas por um Unico examinador, cirurgido-dentista
radiologista, o qual possuia conhecimento prévio sobre o funcionamento do software
ITK-SNAP 3.0® e sobre a anatomia tomografica dos seios paranasais.

A reconstrucdo do modelo 3D foi realizada com o modo de segmentacao
semiautomatica do software. Os limites para selecdo da area de interesse a ser
segmentada foram as paredes anterior, posterior, laterais, superior e inferior do seio
esfenoidal. A delimitacdo da regido de interesse foi realizada com a ferramenta
Snake ROI (Region of Interest) (Fig. 2).

Figura 2 - Limites para selecdo da regido a ser segmentada.

B Superior » c

Anterion i

Anterior

: Posterior
C ..

: Inferior

Posterior

Legenda: Selecdo do ROI e limites representados no seio esfenoidal. A: vista axial, B: vista coronal e
C: vista sagital.

Fonte: Elaborado pelo autor

A segmentacao do seio esfenoidal foi realizada no software em 3 passos:

a) 1° Passo: Selecdo do recurso de imagem Region competition para ativacao
do contorno de evolucéo, por meio do pré-processamento da imagem. Para o
preenchimento do volume a ser segmentado, foram estabelecidos parametros
de threshold de -1000 ao valor minimo, e variando de -400 a -600 ao valor
maximo, com esfumagamento fixo em 10,00. Esses parametros variaram de
acordo com os valores de densidade presentes no exame de imagem de cada
paciente. Foi utilizada a opc¢do de display combinado para a verificacdo do

completo preenchimento do volume do seio esfenoidal (Fig. 3).
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Figura 3 - 1° passo para a segmentacao do seio esfenoidal, no display

combinado do software ITK-SNAP 3.0°
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Legenda: Selecao do recurso Region Competition. Selecao dos valores maximo e minimo de
threshold, e do esfumacamento.
Fonte: Elaborado pelo autor

b) 2° Passo: Colocac¢do de bolhas de raios ajustaveis ao longo da imagem, para
inicializac&o do contorno de evolucao ativo (Fig. 4).

Figura 4 - 2° passo para a segmentacao do seio esfenoidal no software
ITK-SNAP 3.0°.
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Legenda: Seio esfenoidal visualizado nos planos axial (A), sagital (B) e coronal (C), com a presenca
das bolhas (em vermelho).
Fonte: Elaborado pelo autor
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c) 3° Passo: Selecdo da velocidade (fixada em 4) para o preenchimento do
volume a ser segmentado, com inicio e finalizagdo do preenchimento ainda

nesse passo (Fig. 5).

Figura 5 - 3° passo para a segmentacéo do seio esfenoidal no software ITK-
SNAP 3.0°.
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Legenda: Seio esfenoidal visualizado nos planos axial (A), sagital (B) e coronal (C), com a sele¢éo da
velocidade de preenchimento do volume.
Fonte: Elaborado pelo autor

Ao final da segmentacdo, a imagem do volume do seio esfenoidal foi
reconstruida na janela 3D do software (Fig. 6). A mensuracdo do volume foi

realizada pelo préprio software em milimetros cubicos (mm3) (Fig. 7).
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Figura 6 - Imagens volumétricas da reconstrucdo 3D do seio esfenoidal pelo

software.

Legenda: Reconstrucdo 3D do seio esfenoidal em diferentes planos.
Fonte: Elaborado pelo autor

Figura 7 - Display combinado do software.

N i Intensity Mean £ SD
Label Name  Voxel Count  Volume (mm3) |, o i
o I Clearlabel 209618396 3.275e+06 -480.95322585.1797

1 B Labelt 916004 1.431e+04  -845.84462131.4636

Update Copy Bxport... Close

zoom to fit 3510f6

Legenda: Reconstru¢des multiplanares e em 3D do seio esfenoidal. Volume do seio
esfenoidal calculado pelo software em mms.
Fonte: Elaborado pelo autor

Para a calibracdo, o examinador avaliou repetidas vezes um grupo de 25
imagens, diferentes daquelas propostas pelo estudo, obtendo valores semelhantes

entre as avaliacOes realizadas.
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3.4 Presenca de extensdes no seio esfenoidal

As avaliacbes de existéncia de extensdes foram realizadas utilizando as
reconstrucdes multiplanares do software CS Imaging Software® (Carestream Dental,
Atlanta, EUA).

As extensOes analisadas estdo ilustradas na figura 8 e descritas a seqguir:

a) extensdo para o processo pterigoideo: corte coronal,
b) extensédo para a asa maior do esfenoide: corte axial;
C) extensdo para a asa menor do esfenoide: corte coronal,

d) extensédo para a regidao do Clivos: corte sagital.

Figura 8 - Extensdes do seio esfenoidal.

Legenda: A: Clivos — vista sagital. B: Processo Pterigoideo e asa menor do esfenoide bilateralmente —
vista coronal. C: Asa maior do esfenoide bilateral — vista axial
Fonte: Elaborado pelo autor

3.5 Andlise estatistica

Trinta dias apds o fim das andlises, todas as mensuragcfes foram repetidas
para um grupo de 20% das imagens, e foi aplicado o teste de correlacao intraclasse
(ICC) para avaliacdo da concordancia intraexaminador. Para a comparacao entre as
médias das mensuracdes avaliadas no seio esfenoidal de individuos dos sexos
masculino e feminino, foi utilizada o teste estatistico de andlise de variancia
(ANOVA) e o teste t de Student. Para avaliacdo da presenca de extensdes do seio

esfenoidal foi realizado estatistica descritiva e para comparacdo da presenca de
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extensdes entre homens e mulheres foi utilizado teste de Mann-Whitney. Toda a

analise estatistica foi realizada considerando nivel de significancia de 5% (a =0.05).
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ABSTRACT

Background: Determination of sex from skeletal remains has been widely used in
reconstruction of the biologic profile, because these are some of the last structures
that perish after death. The sphenoidal sinus has a deeper localization in the skull,
and is enveloped by diverse structures within the sphenoid body; that is, it is less
predisposed to injuries and/or pathological changes. The aim of the present study
was to evaluate the possibility of determining sex - in a Brazilian population - by
means of linear and volumetric measurements of the sphenoidal sinus, in addition to
identifying and quantifying the presence of extensions of this sinus in cone beam
computed tomography (CBCT) exams.

Material and Methods: The sample was composed of 265 CBCT images, of which
123 were of patients of the male, and 145 of patients of the female sex, both in the
age-range between 22 and 70 years. The images, representative of a Brazilian
population, were selected by a dental radiologist from a CBCT image bank. The
volumetric measurements were made by means of segmentation software ITK-SNAP
3.0® and the linear inferior-superior, latero-lateral and anteroposterior measurements,
as well as the presence of extensions of the sphenoidal sinus were made using the
CS Imaging Software®. For comparison between the mean values of the
measurements evaluated in the sphenoidal sinuses of individuals of the male and
female sexes, the ANOVA and Student’s-t statistical tests were used. For evaluation
of the presence of extensions of the sphenoidal sinus descriptive statistics were
used, and for comparison of the presence of extension between men and women,
the Mann-Whitney test was used. All statistical analysis was performed considering

the level of significance of 5 % (a = 0.05).
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Results: When comparing men and women, there were no statistical differences in
the linear measurements and extensions of the sphenoidal sinus, although the values
were considerable in the extensions for the pterygoid processes and greater wings of
the sphenoid bone, particularly in women. However, there was statistically significant
difference when the sphenoidal sinus volume was compared, as it was larger in the
male (11.364 mm3 = 4.229 mm3) than in the female sex (10.000 mm3 + 3.615 mm3).

Conclusion: The volumetric measurements of the sphenoidal sinus in CBCT exams

are useful for determining the sex of unknown individuals.

Keywords: Sphenoid Sinus. Sex characteristics. Cone-Beam Computed

Tomography. Forensic anthropology. Forensic dentistry.
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INTRODUCTION

Since primordial times, humanity has sought to identify objects, animals and
men, with the aim of unraveling obscure situations. The need for identification of
human beings does not reflect a question of social demands only, but are legal
requirements. Full recognition of rights and duties is to grant someone their identity,
whether in life or post-mortem. [1]

In view of this, the biological reconstruction of the human being is necessary,
as a way to restrict and consequently individualize that identity. The biological profile
is determined by 4 essential items of information: sex, age at the time of death,
stature and ancestry [2]. The determination of sex is the most important part for
construction of the biological profile, because the stature and age at the time of death
are sex-dependent characteristics [3].

Determining sex by using human bones is normally evaluated by metric and
morphological (non-metric) analyses, the former is quantitative and objective;
anatomic references and measurements are used, to enable later use of statistical
calculations that can be repeated and validated. The latter is qualitative and
subjective; observation of the morphology and accuracy are used, which depend on
the level of experience of the observer [2-4].

The bones with the largest number of dimorphic traces are the cranium,
pelvises and long bones [5]. In case in which the skeleton is completely recovered,
sexual differentiation is made with 100% accuracy, however, in the majority of
cases, the bones are found in a fragmented state, particularly the pelvis and long
bones, which a the bones providing the most accurate information [6,7]. In view of
the foregoing, studies of the morphological and dimensional characteristics of the

cranium within the context of forensics are intensified, since in mass accidents, there
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are commonly situations in which only the cranium or parts of it are localized and
capable of allowing identification of the individual, due to their unique resistance to
adverse environmental conditions and the action of time [1,8].

In this context, the paranasal sinuses comprised of the frontal, maxillary,
sphenoid, and ethmoid sinuses are structures that remain intact in extreme situations
in the majority of cases, and are thus capable of being used for determining sex by
means of dimensional characteristics [6, 7, 9, 10-14]. The paranasal sinuses are
bilateral bony cavities; that is they are present in the two hemispheres of the face,
situated next to the nasal fossae that communicate through channels, orifices or ostia
[15].

The sphenoidal sinuses are situated within the body of the sphenoid bone and
relates superiorly to the sella turcica. Due to its deeper localization in the skull, it is
enveloped by diverse structures within the sphenoid body, it is less predisposed to
injuries and/or pathological changes [16]. The sphenoidal sinus, within the
craniofacial structure, completes its development before the other structures, since it
begins around the third and fourth month of intrauterine life, and attains adult
dimensions at approximately twelve years of age [17, 18].

The sphenoidal sinus could be classified into different types: apneumatized,
conchal, pre- sellar, sellar and post-sellar, with which the extension of
pneumatization, and degree of exposure to the sella turcica, are used as reference.
The apneumatized sinus has sinus agenesis, the conchal is small without relation to
the sella turcica. Pneumatization of the pre-sellar sinus does not extend posteriorly to
the vertical plane of the sella. Whereas the sellar sinus attains the vertical plane of
the sella turcica. Consequently, in the post-sellar sphenoidal sinus, pneumatization

overtakes the vertical plane, attaining the basilar part of the occipital process.
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Knowing the anatomy of the paranasal sinuses and their possible variations is of
great importance to being able to make a safe and precise evaluation.

In the literature, innumerable techniques are described for visualizing the
anatomic structures tridimensionally, and consequently use it for dimorphic
determination. However, in many cases, there are inconvenient aspects, either due
to the inaccessibility of the technique, its cost or physical questions that make it
impossible to perform it. Therefore, cone beam computed tomography has been
widely used, because it allows faithful representation of the individual’s cranium,
lower cost and FOV compatible with the area to be studied [12, 20].

The skeletal characteristics of each individual are known to vary among
populations; that is, each population has its skeletal particularity that is based on
nutritional and environmental conditions. In view of the foregoing, it is necessary to
establish population-specific sexual patterns, without comparing them with those of
other populations, so that there are no incorrect data that with make medical-legal
identification impossible [21].

Thus, the aim of the present study was to evaluate the possibility of
determining sex by means of linear and volumetric measurements of the sphenoidal
sinuses in a Brazilian population, by means of cone beam computed tomography
exams, in addition to identifying and quantifying the presence of extensions of the

sphenoid sinus.

MATERIAL AND METHODS
The present study was approved by the local Research Ethics Committee,

CAEE: 04221018.3.0000.5137.
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Sample Selection

In the study, 265 CBCT exams were used, which presented indication for
orthodontic treatment or orthognathic surgery; of these 123 were of individuals of the
male, and 145 of the female sex, in the age-range between 22 and 70 years (mean
age of 33.2 £ 8.06) in both sexes. The images were selected by a dental radiologist
from a file of exams of patients representative of a Brazilian population. Excluded
from the sample were images of patients who did not present the sphenoidal sinus
with the FOV acquired, exams with insufficient quality for evaluation, and exams that
presented inflammatory sinus pathologies or any other antral pathological condition.

The CBCT images were acquired using the i-CAT® tomography (Imaging
Sciences, Hatfield, PA, USA), with exposure parameters of 120 kV and 7 mA,
acquisition time of 40 s and reconstruction of 62s, with voxel size of 0.3 mm and
FOV (Field of View) of 23 x 17 cm. The images were acquired with an extended FOV,
and those that allowed complete visualization of the sphenoidal sinuses were

selected.

Linear and volumetric measurements

The linear and volumetric measurements were made on the reconstructions of
the sphenoidal sinus images.

To make the linear measurements on the sphenoidal sinus, the multiplanar
reconstructions and tools of the CS Imaging Software® itself (Carestream Dental,
Atlanta, USA) were used.

The measurements made are illustrated in figure 2 and described as follows:
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a) inferio-superior: Longest distance from the most inferior point of the
sphenoidal sinus floor to the most superior point of the sphenoidal sinus
roof. Measured in the coronal reconstruction;

b) antero-posterior: Longest distance from the most anterior point of the
sphenoidal sinus to the most posterior point of the posterior wall of the
sphenoidal sinus. Measured in the sagittal reconstruction;

c) latero-lateral: Longest distance from the most lateral point of the lateral
wall on the right side of the sphenoidal sinus to the most lateral point of

the lateral wall on the left side. Measured in the axial reconstruction.

Figure 1 - Linear measurement of the sphenoidal sinus

A: Longest latero-lateral distance of the sphenoidal sinus. B: Longest inferior-superior distance of the

sphenoidal sinus. C: Longest antero-posterior distance of the sphenoidal sinus.

For measuring the volume, tridimensional images were obtained, generated
from the multiplanar reconstructions by means of the tools of the segmentation
software ITK-SNAP 3.0° itself (Cognitica, Philadelphia, PA, USA).

The analyses were performed by a single examiner, dental radiologist, who
had previous knowledge about the functioning of the ITK-SNAP 3.0° software and

about the tomographic anatomy of the paranasal sinuses.
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Reconstruction of the 3D model was performed with the semi-automatic
segmentation mode of the software. The limits for selecting the area of interest to be
segmented were the anterior, posterior, lateral, superior and inferior walls of the
sphenoidal sinus. The region of interest was delimited with the Snake ROI tool

(Region of Interest) (Figure 2).

Figure 2 - Limits for selecting the region to be segmented

B Superior C

Anterion
Anterior

Posterior

Lateral Lateral

: Inferior

Posterior

Selection of ROI and limits represented in the sphenoidal sinus. A: axial view, B: coronal view and C:

sagittal view.

On conclusion of segmentation, the sphenoidal sinus image was reconstructed
in the 3D window of the software. The volume was measured in cubic millimeters

(mm?3) by the software itself (Figure 3).
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Figure 3 - Volumetric images of the 3D reconstruction of the sphenoidal sinus

by software.

3D reconstruction of the sphenoidal sinus in different planes.

For calibration, the examiner repeatedly evaluated a group of 25 images,
different from those proposed by the study, obtaining similar values between the

evaluations made.

Statistical analysis

Thirty days after conclusion of the analyses, the measurements were repeated
in a group of 20% of the images, and the intraclass correlation test (ICC) was applied
to evaluate the intra-examiner agreement. For comparison between the mean values
of the measurements evaluated in the sphenoidal sinuses of individuals of the male
and female sexes, the ANOVA and Student’s-t statistical tests were used. For
evaluation of the presence of extensions of the sphenoidal sinus descriptive statistics
were used, and for comparison of the presence of extension between men and
women, the Mann-Whitney test was used. All statistical analysis was performed

considering the level of significance of 5 % (a = 0.05).
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RESULTS
The intraclass correlation coefficient revealed excellent intra-examiner
reproducibility (ICC>0.990, p <0.0001) for the linear, volumetric measurements and

the presence of extensions of the sphenoidal sinuses.

Analysis of the linear measurements
On conclusion of the inferio-superior, latero-lateral and antero-posterior linear
measurements, no statistically significant differences were verified between the

group of men and women, as show in Table 1.

Table 1 - Mean (standard deviation) of linear measurements made in the

sphenoidal sinus of individuals of the male and female sexes

Linear Measurements

Inferio-superior Latero-lateral Antero-posterior
(mm) (mm) (mm)
Men 32.44 +2.50 37.93+9.11 29.88 +£5.93
Women 28.55+5.85 36.35+8.78 28.79 (5-41)
p-Value p =0.0619 p =0.1472 p=0,115

ANOVA and Student’s-t Statistical Tests Inferio-superior (mm) (p) = 0.0619; Latero-lateral: (p) =
0.1472; Antero-posterior: (p) = 0.115

According to Table 1, the mean values of the antero-posterior measurements
for the male sex were verified to be 29.88 mm = 5.93 mm, and those of the female
sex, a mean of 28.79 mm £ 5.41 mm. The inferio-superior measurement showed
means corresponding to 32.44 mm = 2.50 mm for the male, and 28.55 mm + 5.85
mm for the female sex. For the latero-lateral measurements the results were 36.35

mm = 8.78 mm for the women and 37.93 mm + 9.11 mm for the men.



Volumetric Analysis

volume of the sphenoidal sinus between the individuals of the male and female sex,
with the men having a larger sphenoidal sinus volume with a mean of 11.364 mm3 £

4.229 mm?3 in comparison with the women who obtained a mean of 10.000 mm3 +

3.615 mms3, according to Table 2.

Table 2 - Mean (standard deviation) of volumetric measurements made in the

After volumetric analysis, statistically significant difference was found in the

sphenoidal sinus of individuals of the male and female sexes

Men
Women

p-Value

Volumetric Measurements

(mm°)

11.364 + 4.229
10.000 + 3.615
(p) =0.01

Presence of extensions

ANOVA and Student’s-t Statistical Tests Value of P <0.01

Table 3 - Quantification of sphenoidal sinus extensions in men and women

Extensions Men Women p-Value
Pterygoid Process 71 (57.7%) 81 (57.04%) 0.9691
Unilateral Pterygoid Process 34 (27.64%) 30 (21.13%)

Bilateral Pterygoid Process 37 (30.08%) 51 (35.92%)
Greater Wing 65 (52.85%) 85 (59.86%) 0.2973
Unilateral Greater Wing 7 (5.69%) 10 (7.04%)
Bilateral Greater Wing 58 (47.15%) 75 (52.82%)
Lesser Wing 46 (37.40%) 44 (30.99%) 0.3855
Unilateral Lesser Wing 16 (13.01%) 17 (11.97%)
Bilateral Lesser Wing 30 (24.39%) 27 (19.01%)
Clivus 35 (28.46%) 44 (30.99%) 0.7

Mann-Whitney statistical test and descriptive statistics Pterygoid Process (p) = 0.9691; Greater wing of
the sphenoid (bone): (p) = 0.2973; Lesser wing of the sphenoid (bone): (p) = 0.3855; Clivus: p = 0.7
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According to Table 3, it was verified that 57.7% of a total of 71 individuals of
the male sex presented extensions of the pterygoid process, with 34 (27.64%) being
unilateral and 37 (30.08%) bilateral. Almost similar to the total of 81 women
(57.04%), which showed 30 (21.13%) women with unilateral extensions of the
pterygoid process and 51 (35. 92%) with bilateral extensions.

For the greater sphenoid wing, the men attained a percentage of 52.85%, with
a total of 65 individuals, and the women, a percentage of 59.86% with a total of 85
individuals. This extension was unilateral in 7 (5.69%) men and 10 (7.04%) women,
and bilateral in 58 (47.15%) of the male, and 75 (52.82%) of the female sex.

For the lesser sphenoid wing, the results of this extension showed a total of 44
women with a percentage of 30.99%, and 46 men with a percentage of 37.40%,
being unilateral in 16 (13.01%) of the individuals of the male, and in 17 (11.97%)
individuals of the female sex and bilateral in 30 (24.39%) of the men and 27 (19.01%)
of the women.

With regard to the clivus, these presented extensions in 28.46% a total of 35
men and in 30.99% of a total of 44 women. In view of these results, the authors
concluded that there were no statistically significant differences between individuals

of the female and male sexes with regard to the presence of any type of extensions.

DISCUSSION

The determination of sex and stature are some of the most important aspect of
forensic anthropology. However, different studies about sexual dimorphism in human
bones have reported the need for establishing specific anthropometric patterns
/standards for the different populations of the world [4, 5, 22, 23]. This research was

developed in a Brazilian population, due to the scarcity of reports in the literature
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about the applicability of the sphenoidal sinus dimensions in the sexual dimorphism
of unknown individuals in the country.

In the forensic context, cone beam computed tomography has frequently been
used because it offers some advantages for acquiring images of the cadaver, which
include relatively low operational cost when compared with multislice computed
tomography, mobility and simplicity of using the appliance, and mainly, good spatial
resolution of skeletal imaging [24]. The use of cone beam computed tomography
images has been recorded in the literature in the majority of studies directed towards
the evaluation of images of the maxillary sinuses for determining the sex of
individuals [6, 7, 9-13, 21]. However, when sexual dimorphism and human
identification are considered, using characteristics of the sphenoidal sinus, cone
beam computed tomography images are less frequently used, characterizing an
important environment of study and evaluation.

In human populations, in a general and generic manner, morphological
differences between the sexes are known to be defined at the end of puberty, due to
the influence of hormones that act on the structures [2]. Moreover, the sphenoidal
sinus is the first to be formed and attain adult dimensions at approximately 12 years
of age, compared with the other paranasal sinuses. In the present research, only
individuals over the age of 20 years were included to ensure complete development
of the sphenoidal sinus.

Some authors have found a relationship between the dental condition and
changes in the frontal and sphenoidal sinuses, which reinforced the biomechanical
theory that relates the dissipation of masticatory force from the teeth during
mastication being distributed by the mandible to the cranium [25-27]. As the sella

turcica is at the base of the sphenoid bone, the change in shape and size of this
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bone with growth of the cranium is clear [28]. Thus, with the purpose of avoiding
possible changes in the results of the measurements taken in this study, images of
patients with complete dentition were used.

The absence of pathological changes was an important factor taken into
consideration in the present study. The sphenoid sinus has a deeper localization (in
the skull), and is enveloped by diverse structures within the sphenoid body; that is, it
is less predisposed to injuries and/or pathological changes [29].

In forensic anthropology, the reliability and reproducibility of measurements
are important, so that the experts will be capable of understanding them and
reproducing them, they need to be well defined [3]. The intraclass correlation index in
this study was 0,99, showing evidence of excellent reproducibility for both linear and
volumetric measurements taken on the sphenoidal sinus.

Authors have suggested that knowledge of the paranasal sinuses and their
basic linear dimensions could diminish the risk of possible accidental injuries [30,31].
Nevertheless, according to Mdhlhenrich et al. [32], due to the anatomic complexity of
the paranasal sinuses, the linear analysis is imprecise and subject to errors, which
was shown in our study, because there were no statistical differences in these
measurements. The volume of the sphenoidal sinus was obtained with the semi-
automatic segmentation technique of the ITK-SNAP 3.0° software, which allows
segmentation of complex anatomic structures such as the airways and paranasal
sinuses, thereby diminishing the possibility of errors [33].

Oliveira et al.[34], conducted a study with Helical computed tomography
images, which measured the sphenoid sinus volume of 27 women and 20 men in the
age-range between 18 and 86 years, by means of the semi-automatic segmentation

technique of the same software used in this research, ITK-SNAP 3.0®. No significant
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correlation was reported between age, sex and sphenoidal sinus volume. In
disagreement with the results of the present research, in which the sphenoidal sinus
volume values in the male sex were statistically higher than those of the female sex.
The authors of this study attributed the difference in the results to the small sample
and extensive age-range (18 to 86 years) analyzed by Oliveira et al. [34].

In the literature there are articles written by different authors who have studied
sexual dimorphism by means of linear measurements (height, length and width)
particularly of the maxillary sinuses, and they have found significant differences, with
values being higher in individuals of the male sex [6, 7-13, 21]. However, in dealing
with the sphenoidal sinus in this research there was not statistically significant
difference.

The study of anatomic variations and pneumatization of the paranasal sinuses
is of great importance in the diagnosis and propedeutics of sinus pathologies [30,
31]. In the study of Hiremath et al. [35], in an Indian population, using multislice
computed tomography exams, they studied the prevalence of variations and
pneumatization of the sphenoidal sinus, in which no statistically significant
differences were presented between men and women. However, in this same study
they confirmed that there were differences in the prevalence in different ethnicities.
Considering the Brazilian population studied in this research, similarly to the study of
Hiremath et al. [35], there were no statistically significant differences when comparing

the male and female sexes with any extensions of the sphenoidal sinus.
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CONCLUSION
In extreme cases of impossibility of identifying the individual by other methods,
it is possible to differentiate men from women by means of volumetric analysis of the

sphenoidal sinus.
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5 CONSIDERACOES FINAIS

A ocorréncia de Obitos que dificultam a identificacdo dos individuos tem
aumentado significativamente nos Ultimos anos devido, principalmente, ao
crescimento da criminalidade e a acidentes relacionados ao mundo moderno. Diante
das evidéncias cientificas que demonstraram a possibilidade de se diferenciar o
sexo dos individuos através de medidas lineares, volumétricas e existéncia de
extensdes dos seios paranasais nas mais diversas populacdes, procuramos
consolidar essas evidéncias por meio do seio esfenoidal em tomografia
computadorizada de feixe conico na populagao brasileira.

Os resultados encontrados nesse estudo mostraram que € possivel
estabelecer a diferenciacdo sexual de individuos por meio da anélise volumétrica do

seio esfenoidal em tomografia computadorizada de feixe conico.
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