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RESUMO
O processo de identificacdo humana representa um dos aspectos mais relevantes no campo das
ciéncias forenses. Poucos estudos relacionados ao dimorfismo sexual avaliaram a acuracia de
medidas lineares dos seios frontal e maxilares em tomografias computadorizadas multislice (TCM).
A presente investigacao teve como objetivos: (1) avaliar pardmetros de acuracia na estimativa do
sexo através dos seios maxilar e frontal em TCM de individuos adultos brasileiros; (2) desenvolver
e validar uma nova férmula matematica para diferenciar homens e mulheres. Uma pesquisa
transversal em duas fases foi conduzida com uma amostra estatisticamente estimada de 140 TCM:
fase 1) desenvolvimento de uma féormula baseada em ambos os seios (50 homens ¢ 50 mulheres);
fase 2) estudo de validagdo (20 homens e 20 mulheres). As medidas lineares dos seios frontal e
maxilares (altura, largura e didmetro) foram avaliadas usando o software RadiAnt DICOM. Com
base em uma abordagem estatistica multivariada, uma nova féormula combinando os seios
paranasais foi desenvolvida e validada. Foram criadas curvas receiver operating characteristic
(ROC) e obtidos valores de sensibilidade, especificidade, valores preditivos positivos e negativos,
acuricia e razdo de verossimilhanca. Além disso, a influéncia da idade foi avaliada por meio de
andlise estatistica de subgrupo. Os homens apresentaram maiores valores médios de largura, altura
e didmetro dos seios paranasais estudados (p <0,05). Os seios maxilares foram melhores preditores
para estimar o sexo do que os seios frontais (acuracia entre 61-74% e 58-69%, respectivamente).
A maior precisdo foi encontrada com a distancia entre os seios maxilares direito e esquerdo (74%).
A formula para estimativa do sexo mostrou sensibilidade de 80%, especificidade de 95,5% e uma
acuracia de 87,5%. Em individuos com idade superior a 30 anos houve uma reducao de 63,1% no
numero de valores preditivos para estimativa do sexo. As medidas dos seios frontal e maxilar foram
preditores adequados de dimorfismo sexual em uma amostra brasileira. Ambos 0s seios paranasais
apresentaram melhor estimativa do sexo masculino e a acuracia mais significativa ocorreu nos seios
maxilares. Foi encontrada alta precisdo com a distancia entre os seios maxilares direito e esquerdo.
A férmula baseada em abordagem estatistica multivariada forneceu uma melhor precisdo na

discriminacdo de homens e mulheres.

Palavras-chave: seios paranasais, dimorfismo sexual, seio maxilar, seio frontal, tomografia

computadorizada.



ABSTRACT
The human identification process represents one of the most relevant aspects of the forensic
sciences field. Few studies related to sex dimorphism have evaluated the accuracy of linear
measurements of frontal and maxillary sinuses on multislice computed tomographies (MCT). This
investigation aimed to: (1) evaluate parameters of accuracy in sex estimation of maxillary and
frontal sinuses on MCT of Brazilian adult individuals; (2) develop and cross-validate a new formula
for discriminating males and females. Two-phase cross-sectional research was conducted with a
statistically estimated sample of 140 MCTs: phase 1) development of a formula based on both
sinuses (50 males and 50 females); phase 2) validation study (20 males and 20 females). Frontal
and maxillary sinuses linear measurements (height, width, and diameter) were assessed using the
RadiAnt DICOM software. Based on a multivariate statistical approach, a new formula combining
both paranasal sinuses was developed and further validated. Receiver operating characteristic
(ROC) curves, the area under the curve (AUC), sensitivity, specificity, positive and negative
predictive values, accuracy, and likelihood ratio were obtained. Also, the influence of age was
evaluated by subgroup statistical analysis. Men showed higher mean values of width, height, and
diameter of the studied paranasal sinuses (p<0.05). The maxillary sinuses were a better predictor
of sex estimation than frontal sinus (accuracy between 61-74% and 58-69%, respectively). The
highest accuracy was found with the distance between the right and left maxillary sinuses
(74%).The formula for sex estimation showed a sensitivity of 80%, specificity of 95.5%, and an
accuracy of 87.5%. In individuals aged > 30 years, there was a 63.1% reduction in predictive values
for sex estimation. Frontal and maxillary sinuses measurements were adequate predictors for sexual
dimorphism in a Brazilian sample. Both paranasal sinuses showed a better estimation of males, and
the most significant accuracy occurred with maxillary sinuses. High precision was found with the
distance between the right and left maxillary sinuses. The multivariate statistics-based formula

provided a better precision in discriminating males and females.

Keywords: paranasal sinuses, sexual dimorphism, maxillary sinus, frontal sinus, computed

tomography.
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1 INTRODUCAO GERAL

Os conceitos anatomicos dos seios paranasais (SP) tornaram-se amplamente estudados
desde o final do século XIX e inicio do século XX (VIVEK; KHANDELWAL, 2010), o que
torna a func¢ao dos SP ainda um tema de debate. O desenvolvimento e persisténcia dos seios em
humanos tem estimulado a discussdo sobre a vantagem evolutiva de manter um sistema tao
complexo (ARSLAN; AYDINLIOGLU; BOZKURT; EGELI, 1999).

Nesse contexto, as fossas nasais e os SP sdo areas de significativa variabilidade e
complexidade estruturais, em que a tomografia computadorizada (TC) constitui-se em um
exame de eleicdo na avaliagdo pré-operatéria e no estudo de doengas inflamatorias
nasossinusais. Este exame, particularmente com o sistema de reconstrucao tridimiensional, tem
sido crescentemente utilizado nas ultimas décadas visando & defini¢do de pardmetros de
imagem nasossinusais. Além disso, tal modalidade de exame tem mostrando concordancia com
os resultados de estudos de dissec¢do anatomica (ARSLAN; AYDINLIOGLU; BOZKURT;
EGELI, 1999).

A integragdo tridimensional na avaliagdo imaginoldgica corresponde a uma ferramenta
de suporte para um bom planejamento cirtirgico. Contudo, a aquisi¢ao de imagem e os relatorios
imaginoldgicos sdo frequentemente incompletos no que diz respeito a variagcdes anatomicas,
cuja importancia ¢ reconhecida na cirurgia endoscOpica e em cirurgias relacionadas,
principalmente pelo seu possivel envolvimento patogénico e pelos riscos operatdrios associados
(MARQUES et al., 2011).

Dessa maneira, os SP assumiram uma significancia maior nos tltimos tempos devido a
avancos tanto no campo de procedimentos cirurgicos como no uso de tecnologias de imagem.
Entretanto, ¢ mister reportar que, além dessas aplicabilidades anteriormente citadas, tais
estruturas anatdmicas passaram a ter o seu devido reconhecimento no ambito das ciéncias
forenses, especialmente no que diz respeito ao processo de identificagdo humana. Este, por sua
vez, ¢ definido como um processo pelo qual se determina a identificagdo de uma pessoa ou de
uma coisa (DELWING, 2013).

De fato, a identificacdo de restos humanos ¢ um dos aspectos de grande relevancia no
contexto da antropologia forense. A determinag¢do do sexo de individuos desconhecidos tem
sido considerada de grande importancia no processo de investigacdo para se obter a correta
identificacdo post-mortem (HAMED; EL-BADRAWY; ABDEL FATTAH, 2014; VIDYA; et

al., 2013). Esse processo ganha maior destaque em circunstancias de desastres em massa
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naturais ou provocados pelo homem e nos casos em que o corpo ¢ decomposto ou
desmembrado, como nas tentativas de ocultar deliberadamente a identidade do individuo
(MATHUR; et al., 2013).

A estimativa do sexo ¢ considerada um passo importante na reconstru¢do do perfil
bioldgico de um individuo desconhecido no ambito forense. Pesquisas com esse proposito tém
utilizado, por exemplo, os dentes como ferramenta adicional para a distingao entre individuos
do sexo masculino e feminino devido a sua capacidade de resistir a destrui¢do no periodo pos-
morte. Entretanto, vale destacar que o dimorfismo sexual (DS) pode ser realizado utilizando-se
outras estruturas do corpo humano e as variagdes esqueléticas mais proeminentes entre 0s seXos
sdo as da pelve Ossea e dos ossos adjacentes, especialmente aquelas que contribuem para a
formacao da articulagdo do quadril, ou seja, o acetabulo e a cabega do fémur (PAPALOUCAS;
FISKA; DEMETRIOU, 2008; ZORBA; MORAITIS; MANOLIS, 2011).

Em situagdes extremas como explosdes, guerras e outros desastres em massa, 0 cranio
e outros 0ssos, com frequéncia, apresentam-se gravemente desfigurados. Em tais casos, como
o de vitimas que sdo incineradas, tem sido relatada a utilizagdo do seio maxilar (SM) no
processo de identificacdo em virtude de o mesmo permanecer intacto (KAJOAK et al., 2013).
Da mesma maneira, o seio frontal (SF) ¢ considerado como sendo uma estrutura anatémica
muito resistente a um trauma, sendo provavel que esteja preservado em cadaveres
desmembrados ou mesmo carbonizados (AKHLAGHI et al., 2016).

Diferentes métodos de aquisicdo de imagem tém sido empregados para estimativa do
sexo em osteologia forense, tais como radiografias digitais, imagens de ressonancia nuclear
magnética e exames tomograficos (KRISHAN et al., 2016). Um exemplo atual que ilustra a
relevancia de métodos modernos de imagem consiste no uso da virfopsy, que vem ganhando
destaque no campo da investigacdo forense. Esta técnica emprega métodos de imagem
tridimensionais (3D) rotineiramente usados na medicina, além de patologia forense, radiologia,
computagdo grafica, biomecanica e fisica. Ela consiste em uma varredura de superficie 3D
usada para mapear a superficie externa do corpo em que ¢ possivel gravar e documentar
imagens com riqueza de detalhes (BADAM et al, 2017).

Embora pesquisas relacionadas ao estudo do DS venham também sendo realizadas com
tomografias computadorizadas de feixe conico (TCFC) (GAMBA et al., 2017), a tomografia
computadorizada mulitslice (TCM), ou multidetectores, oferece informagao util previamente a
necropsia, auxiliando, por exemplo, no desvendamento de caracteristicas de corpos

severamente desfigurados (NAIKMASUR et al, 2009). Além disso, as medidas lineares
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obtidas em imagens de TCM (resolugdo de 0,6 mm) e TCFC (resolugdo de 0,25 mm) foram
consideradas precisas e exatas (GAIA et al., 2014).

A realizagdo do presente trabalho ¢ justificada pela importancia da estimativa do sexo
através dos seios paranasais e a escassez de estudos brasileiros de acuracia com TCM cuja
avaliacdo tenha considerado em conjunto medidas lineares dos seios maxilar e frontal.

Na literatura pertinente ao tema, observa-se uma lacuna nas pesquisas empreendidas na
area, que tenham desenvolvido e validado uma féormula matematica que envolva medidas de

diferentes seios paranasais para fins de distingdo entre homens e mulheres.
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2 REVISAO DE LITERATURA
2.1 Aspectos gerais do SM e SF

Os SM sao cavidades preenchidas por ar, localizados no osso maxilar, que podem exibir
variados tamanhos e formas. Suas paredes sdo delgadas, revestidas internamente por uma
membrana, e seu apice pode se estender ao processo zigomatico € ocupar 0 0SS0 zigomatico
(UTHMAN et al., 2010). Além disso, na regido de assoalho constituido pelo processo alveolar,
as raizes dos primeiros, segundos e terceiros molares, bem como as raizes dos caninos podem
elevar tais SP ou, em algumas situacdes, ocasionar a perfuragdo do assoalho sinusal (KAJOAK
etal.,2013).

Geralmente, os SM, ndo sdo vistos no exame de imagem ao nascer. Nessa fase do
desenvolvimento humano apresentam-se como um saco arredondado e raso. Logo entre o
primeiro e o quarto ano de vida o processo de pneumatizagdo ocorre de forma rapida. Por volta
dos 7 anos de idade, o assoalho do SM atinge o nivel do meato inferior. Entre os 12 e 14 anos,
o individuo exibe o assoalho do SM ao nivel do assoalho da cavidade nasal. Apos isso, um
processo lento de pneumatizacao continua até os 20 anos de idade.

Além das diversas variagdes anatdmicas, como hipoplasia, pneumatizagdo, presenca de
septos antrais ou exostose Ossea, alteracdes patologicas também sdo bastante comuns; as quais
incluem espessamento da mucosa, sinusite, cisto de retengdo de muco, descontinuidade do
assoalho do seio, lesdes polipdides, descontinuidade da parede lateral do seio ou presenca de
corpos estranhos.

Dentre as estruturas anatdomicas mais estudadas e com repercussao clinica cita-se o septo
maxilar, cuja anatomia pode ser fator de complicagio durante osteotomia para fins de confec¢ao
e posterior remogao de janela dssea de acesso durante o procedimento cirtirgico de elevagao do
assoalho do SM (BETTS; MILORO, 1994). Como resultado, essa variagdo anatdmica esta
frequentemente associada a perfuragdo da membrana sinusal (ARDEKIAN2006;
HERNANDEZ-ALFARO; TORRADEFLOT; MARTI, 2008). Dessa maneira, o conhecimento
da localiza¢do e morfologia dos septos do seio ¢ essencial na fase de planejamento quanto a
melhor abordagem cirargica (LOZANO-CARRASCAL et al., 2017; WEN; CHAN; WANG,
2013).

Os SF, por sua vez, desenvolvem-se como extensdo das células aéreas etmoidais
anteriores. Na populacdo em geral, estdo ausentes em 5% e hipoplésicos em 4% dos individuos.
Os SF bem pneumatizados apresentam margens tipicas recortadas com septos internos intactos.
Deiscéncias focais dentro da parede posterior dos seios frontais podem ser identificadas no

plano sagital. Seu desenvolvimento embriolégico ¢ formado pela continuagao do recesso frontal
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(STAMMBERGER; KENNEDY, 1995). A pneumatizagdo do SF ¢ altamente varidvel,
alernando de aplasia a hiperplasia, mesmo entre gémeos monozigéticos e dentro do mesmo
individuo (KJZAR; PALLISGAARD; BROCK-JACOBSEN, 2012).

Encontram-se comumente em numero de dois, no espaco da diploe, entre as paredes
externa e interna do osso frontal, geralmente de tamanho e extensao diferentes e separados por
um septo dsseo na linha média. Ocasionalmente, um dos SF apresenta tamanho reduzido ou
mesmo pode encontrar-se ausente. A drenagem do seio ¢ realizada através do recesso frontal,
uma estrutura em formato de ampulheta, que geralmente drena para o meato médio em 62%
dos pacientes e para o infundibulo etmoidal em 38% dos casos (LANDSBERG; FRIEDMAN,
2001). E considerado o seio mais desafiador frente a abordagens cirargicas devido a sua
anatomia complexa e proximidade com a Orbita e a lamela lateral da placa cribiforme

(NAIDOO et al., 2012; WORMALD, 2005).

2.2 Estimativa do sexo por meio do SM e SF

A avaliag¢do do DS ¢ uma alternativa que vem sendo utilizado h4d muitos anos dentro das
ciéncias forenses com fins de identificagdo humana. Esta avaliagdo mostra-se mais acurada em
individuos adultos, uma vez que sofrem menos influéncias morfologicas do que as estruturas
Osseas de individuos mais jovens na fase de puberdade, como por horménios que controlam o
crescimento e desenvolvimento dos ossos (ANUTHAMA et al., 2011; FRANKLIN et al.,
2012).

Na populagdo contemporanea existe uma relativa escassez de padrdes morfométricos
especificos para a estimativa do sexo em achados dsseos de pessoas desconhecidas. Esta ¢
basicamente uma comprovacao historica da falta ou da mé documentagdo do aproveitamento
de esqueletos humanos disponiveis para o estudo (KHANPETCH et al., 2012; NAIKMASUR;
SHRIVASTAVA; MUTALIK, 2010; REITAROVA et al., 2009).

A TC tem a capacidade de facilitar o trabalho de antropdlogos e patologistas forenses,
proporcionando aos mesmos uma identificacdo mais rapida e precisa (KHANPETCH et al.,
2012). Estudos anteriores indicaram que a analise morfométrica do seio maxilar TC é um
método bem-sucedido. Além disso, foi apresentado como um método rapido e eficaz de
identificacao (AMIN; HASSAN, 2012; TEKE et al., 2007; UTHMAN et al., 2011).

Embora tenham sido reportados estudos sobre a anatomia dos seios paranasais,
considera-se que ainda existam dimensdes do SM e de estruturas circundantes que precisam ser
melhor investigadas (SAHLSTRAND-JOHNSON et al, 2011). Diferentes estudos que

utilizaram os SM como fatores para determinag¢do do sexo mostraram que o tamanho e outras
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medic¢des tomograficas podem ser uteis no contexto da medicina forense. (AKHLAGHI et al.,
2017; AKHLAGHI et al., 2016; AMIN; HASSAN, 2012; JEHAN; BHADKARIA et al., 2014,
KANTHEM et al., 2015; SAHLSTRAND-JOHNSON et al., 2011; TAMBAWALA et al.,
2016; TEKE et al., 2007).
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3 OBJETIVOS
3.1 Objetivo Geral
Estimar o sexo por meio de parametros morfométricos dos seios frontal e maxilar em

TCM de individuos adultos do nordeste brasileiro.

3.2 Objetivos Especificos

e Avaliar especificidade, sensibilidade e acuracia de medidas lineares relativas ao SF, na
estimativa do sexo, em TCM de individuos brasileiros;

e Avaliar especificidade, sensibilidade e acuracia de medidas lineares relativas aos SM,
na estimativa do sexo, TCM de individuos brasileiros;

e Desenvolver e validar uma formula matematica (equagao da reta) de estimativa do sexo
a partir da combinacao de parametros quantitativos dos SF e SM em TCM de individuos

brasileiros.
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4 PROPOSICAO
A presente dissertacdo serd apresentada por meio do seguinte capitulo: Forensic
assessment of maxillary and frontal sinuses measurements in sex estimation based on multislice

computed tomography among Brazilian adults: a STROBE-compliant study.
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5 CAPITULO

A presente dissertacdo serd baseada no Artigo 46 do Regimento Interno do Programa de
Po6s-Graduagao em Odontologia da Universidade Federal do Ceara que regulamenta o formato
alternativo para dissertagdes de Mestrado e teses de Doutorado e permite a inser¢ao de artigos
cientificos de autoria ou coautoria do candidato. Por se tratar, em parte, de pesquisa envolvendo
seres humanos, o projeto de pesquisa referente ao trabalho desenvolvido foi submetido a
apreciacdo prévia pelo Comité de Etica em Pesquisa Envolvendo Seres Humanos do Instituto
Dr. José Frota, em conformidade com a Resolugdo n° 466, de 12 de dezembro de 2012, do
Conselho Nacional de Saude, sob numero de parecer de aprovagdo 2.253.923 (CAAE
67591217.2.0000.5047) (Anexo A).

Desta forma, a dissertagdo ¢ composta pelo capitulo Unico descrito: Forensic assessment
of combined maxillary and frontal sinuses measurements in sex estimation based on multislice
computed tomography among Brazilian adults: a STROBE-compliant study. O presente artigo
sera submetido a publicag@o na revista “Forensic Science International” (On-line version ISSN

0379-0738; Fator de impacto: 1.990; Qualis CAPES vigente: A2) (Anexo B).
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Highlights:

e Frontal and maxillary sinuses measurements were adequate predictors for sexual
dimorphism in a Brazilian sample.

e A new formula for sex estimating was developed and validated, considering linear
measurements of two paranasal sinuses.

e Men showed higher mean values of width, height, and diameter of the studied
paranasal sinuses.

e The highest accuracy value was found with the distance between the right and left

maxillary sinuses.



24

ABSTRACT

The human identification process represents one of the most relevant aspects of the
forensic sciences field. Few studies related to sex dimorphism have evaluated the
accuracy of linear measurements of frontal and maxillary sinuses on multislice computed
tomographies (MCT). This investigation aimed to: (1) evaluate parameters of accuracy in
sex estimation of maxillary and frontal sinuses on MCT of Brazilian adult individuals;
(2) develop and cross-validate a new formula for discriminating males and females. Two-
phase cross-sectional research was conducted with a statistically estimated sample of 140
MCTs: phase 1) development of a formula based on both sinuses (50 males and 50
females); phase 2) validation study (20 males and 20 females). Frontal and maxillary
sinuses linear measurements (height, width, and diameter) were assessed using the
RadiAnt DICOM software. Based on a multivariate statistical approach, a new formula
combining both paranasal sinuses was developed and further validated. Receiver
operating characteristic (ROC) curves, the area under the curve (AUC), sensitivity,
specificity, positive and negative predictive values, accuracy, and likelihood ratio were
obtained. Also, the influence of age was evaluated by subgroup statistical analysis. Men
showed higher mean values of width, height, and diameter of the studied paranasal
sinuses (p<0.05). The maxillary sinuses were a better predictor of sex estimation than
frontal sinus (accuracy between 61-74% and 58-69%, respectively). The highest accuracy
was found with the distance between the right and left maxillary sinuses (74%).The
formula for sex estimation showed a sensitivity of 80%, specificity of 95.5%, and an
accuracy of 87.5%. In individuals aged > 30 years, there was a 63.1% reduction in
predictive values for sex estimation. Frontal and maxillary sinuses measurements were
adequate predictors for sexual dimorphism in a Brazilian sample. Both paranasal sinuses

showed a better estimation of males, and the most significant accuracy occurred with
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maxillary sinuses. High precision was found with the distance between the right and left
maxillary sinuses. The multivariate statistics-based formula provided a better precision

in discriminating males and females.

Keywords: paranasal sinuses, sexual dimorphism, maxillary sinus, frontal sinus,

computed tomography.
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Introduction

The process for human remains identification is one of the most relevant aspects
of forensic sciences. This process has received considerable attention in circumstances of
individuals involved in natural calamities or mass disasters where the deceased person is
decomposed, dismembered, skeletonized, or burnt, as well as in criminal situations
related to attempts of hiding individual's identity [1, 2].

It is noteworthy that sexual determination tools are useful in biological profile
reconstruction, especially in unknown individuals. In forensic odontology, human teeth
have been commonly used for the distinction between males and females since dental
units can resist postmortem period deterioration. Sexual dimorphism is a well-recognized
prominent area in forensic and anthropological fields that can assess several body-related
structures, including the skull, pelvis, long bones, foramen magnum, and paranasal
sinuses [3, 4]. Among human bones, after pelvis, skull components have been considered
the second part of the skeleton estimation of sex [5].

Osteometry has been a preferable approach to discriminate males and females
since high accuracy values, such as 77-92% [6] and 72-95.5 [7], are described in the
literature. In extreme situations such as explosions, wars, and different types of mass
disasters, the skull and other bones may be severely disfigured. However, in cases of
incinerated victims, it has been reported that the maxillary sinus (MS) remains intact and,
thus, this anatomic structure can be used for identification purposes [8]. Similarly, the
frontal sinus (FS) has been preserved in dismembered or carbonized corpses mainly
because of its high resistance to traumatic injuries, as previously reported [9].

Skull-related morphological aspects have been reported as a potential method for
sexual dimorphism; however, there is no specific feature [5]. Thus, the estimation of sex

based on the craniofacial structures, such as paranasal sinuses, should be considered a
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topic of interest in forensic research because it may address population-specific
parameters to the current literature. Considering that the paranasal sinuses show a
significant inter-individual variation [10], imaging studies may provide substantial
scientific evidence about paranasal sinus-based sex estimation.

Nowadays, computed tomography is a usual imaging technique among forensic
institutes worldwide, and its application on skeletal bones has received continuous
attention in attempts of sex estimation [11]. Additional aspects that favor the use of this
X-ray exam in postmortem investigations are its common clinical application in the
preoperative assessment of paranasal sinus and adjacent structures, as well as its high
accuracy of details even in severely disfigured corpses [12]. Also, computed tomography
assessment has been validated by different forensic science groups [13-15].

Few in vivo studies related to sex dimorphism have evaluated accuracy parameters
of linear measurements of frontal [9, 16] or maxillary [17-21] sinuses on multislice
computed tomography (MCT). Thus, the study's primary goal was to evaluate the
specificity, sensitivity, and accuracy in sex estimation of maxillary and frontal sinuses
linear measurements based on MCT of Brazilian adult individuals. Furthermore, this
research aimed to develop and cross-validate a new formula for discriminating males and

females.

Material and Methods
Study design and ethics statement

This cross-sectional investigation was performed after approval by the Ethics and
Research Committee (number 2.253.923) of Dr. José Frota Hospital (Ceara, Brazil) and

followed the Declaration of Helsinki principles. It was conducted according to the
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Strengthening the Reporting of Observational studies in Epidemiology (STROBE)
Statement [22].
Sample

It was evaluated MCT data from individuals who were referred to Dr. José Frota
Hospital imaging between May and June 2017. Two investigators initially analyzed the
image hospital database until obtaining the necessary sample since it included all MCT
scans required for different clinical purposes (e.g., cranial trauma and maxillofacial
injuries assessment).

One hundred and forty MCT volumes were used in a two-phase study: (1)
development of a formula based on maxillary and frontal sinuses measurements (n=100
images from 50 males and 50 females); (2) validation of the new formula through a
random Brazilian sample of MCTs that was not used in phase 1 (n=40 images from 20
males and 20 females). All MCT scans were evaluated according to the eligibility criteria
by two investigators (DSM and ASWA). The inclusion criteria were imaging exams from
individuals aged 18 to 40 years, clearly showing at least the frontal and maxillary sinuses,
and the presence of posterior maxillary teeth (at least first premolar to the second upper
molar). Data from duplicated exams, images that revealed pathology or fractures signs,
signs suggesting facial growth disorders or craniofacial syndromes, any metallic
(maxillary dental implants and osteosynthesis materials) or motion artifacts, and low-
quality diagnostic images impairing the sinus-related structure's assessment were
excluded.

The Student's t-test estimated 50 MCT per group to obtain a representative sample
(90% of power and assuming a 95% confidence interval). About the sample size

estimation, it was considered the study of Sherif et al., [23] that found a statistically
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significant difference between males and females regarding an FS anteroposterior
measurement (6.904+2.30 vs. 8.76+3.25 mm, respectively).
Variables

The dichotomic variable analyzed in the present study included sex. Quantitative
data were linear measurements.
Image acquisition process

MCT data were obtained using a single scanner (Somatom Emotion 6, Siemens,
Forchheim, Medical Solutions, Germany) under the following acquisition protocol: 1mm
of table increment, 130 kVp, milliamperage ranging from 80 to 120 mA, cross-section
image thickness up to 2.0 mm, 180 mm FOV, and 0.6 seconds of rotation time. The same
computer (Dell Inc., model G3 3590, Intel® Core ™ processor 15-9300H CPU @
2.40GHz, 2400 Mhz, 4 colors, 8 logic processors - LED HD backlight screen) was used
to perform all analyses, and the Digital Imaging and Communications in Medicine
(DICOM) files were imported to the free software RadiAnt (Medixant, Poznan- Poland),
version 4.6.9.18463 (64 bit).

A trained observer (DSM) performed all evaluations in a dedicated room with
dimmed light. The evaluator was free to modify the brightness of the screen during the
analysis, and up two exams were evaluated per study shift aiming to prevent visual fatigue
since an approximate total of 45 minutes per scan was necessary to perform all
measurements. Initially, head orientation and tomographic alignment were performed to
ensure that all measurements were perpendicular to the horizontal plane. Then, axial,
sagittal, and coronal sections were obtained to guide the observer. During this process, an
axial view-related parallel plane to the hard palate, in the coincident sagittal section with
anterior nasal spine and posterior nasal spine, was used as a reference landmark in this

study (Figure 1).
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Figure 1 - Definition of positioning parameters to measure frontal and maxillary sinuses

in the sagittal, axial, and coronal planes.

Through axial and coronal images, the highest linear measurements were
estimated (Table 1 and Figure 2). Also, to improve the accuracy of the measurements,
after determining the section with the largest measurement (main image), all linear
assessments were repeated in two slices above and two sections below the main segment.
Then, for each evaluated variable in this study, the mean of these five values was adopted
(Figures 1 and 2).

Table 1 - Definition of the adopted morphometric parameters.

Spatial view Parameter Paranasal sinus
Maximum distance between upper Coronal Height Frontal and maxillary
and lower sinus borders
Maximum distance between Axial Diameter Frontal and maxillary
anterior and posterior sinus walls
Maximum distance between medial Axial Individual width Maxillary

and lateral sinus walls
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Maximum distance between Axial Maximum width ~ Frontal and maxillary

external limits of the sinus walls

Figure 2 - A) Maximum distance between anterior and posterior sinus walls (diameter);

B) maximum distance between upper and lower sinus borders (height); C) maximum
distance between the external limits of the MS (maximum width); D) Maximum distance

between medial and lateral sinus walls of the MS (individual width).
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Measurement training and study error

To minimize the occurrence of measurement bias, the observer (DSM) that
performed the analysis in this study was previously trained by senior investigators
(FWGC and LMK) with experience in oral and maxillofacial radiology. Firstly, an image
dataset of randomly selected MCT scans was evaluated in a blind process. After a 15-day
interval, the same procedure was repeated to obtain the intrarater agreement. Data were
assessed using SPSS version 20.0 (IBM Corporation, Sommers, NY, USA) for Windows
(Microsoft Corporation, Redmond, WA, USA), and their analysis was based on a paired
t-test, Pearson's correlation, and intraclass correlation coefficient (ICC) to assess
systematic errors. A random bidirectional effect model with a 95% confidence interval
and p < 0.05 were used to estimate the ICC. The intraclass correlation coefficient (ICC)
assessed intraobserver reproducibility according to the Koo and Li [25] reliability criteria:
poor (< 0.5), moderate (0.5-0.74), good (0.75-0.9), and excellent (> 0.9).
Development and validation of a sex estimation-related formula

A linear regression model was estimated for each measurement to predict female
and male sex correctly. Correlation coefficients were used to create a mathematical
formula using the frontal and maxillary sinuses (isolated or combined). To validate the
formula, a random sample of MCT scans from Brazilian individuals (20 males and 20
females) was assessed. The validation method followed the recommendations of Farias-
Gomes et al., [26], which were the selection of tomographic images in a broader age range
and inclusion of individuals regardless of the presence or absence of posterior maxillary
teeth.
Bias

Some aspects were considered to minimize the occurrence of bias [20]: (1)

selection bias - planning was carried out regarding the sample size calculation to estimate
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adequate and equally divided samples between males and females; (2) sample selection -
the dental status was standardized, and potential confounding factors (i.e., suggestive
signs of pathological changes or bone fractures) were avoided; (3) measurement errors -
image examinations were conducted by a trained observer, who was blind to the gender
of each image, and it was performed the reliability of the measurements.

Statistical methods

All analyses were performed by an investigator (PGBS) using SPSS version 20.0
(IBM Corporation, Armonk, NY, USA), with a 95% confidence level. Regarding the
validation of the five measurements per MTC volume, the Cronbach's alpha was used as
a measure of internal consistency, the ICC was obtained to evaluate systematic error, and
the Hotelling's T-Squared statistic (multivariate counterpart of the t-test) was performed
to calculate the random error.

The Kolmogorov-Smirnov test was used to test the normality of the data. The
linear measurements are expressed as mean and standard deviation (SD), and categorical
data are expressed in absolute and relative frequencies. Bivariate analysis was performed
using the Student t-test (linear measurements between males and females). The
coefficient of variation was also calculated, and the variance regarding sex was compared
using the Levene test. The measurements of the MS on the right and left sides were
compared using the paired t-test.

Receiver operating characteristic (ROC) curves were developed to identify cutoff
points related to sexual dimorphism and obtain the area under the curve (AUC),
sensitivity, specificity, positive and negative predictive values, accuracy, and likelihood
ratio. In an age-related subgroup analysis, sensitivity, specificity, positive and negative
predictive values, accuracy, and likelihood ratio for individuals up to 30 years of age and

those older than 30 years were calculated.



34

Results
Reliability

The confidence of the method was significant for linear sinus measurements,
varying from satisfactory (r = 0.822) to highly satisfactory (r = 0.997). The paired t-test
did not reveal a statistically significant difference between the first and second

measurements. The ICC showed satisfactory values, ranging from 0.896 to 0.998.

Reproducibility analysis

The validation analysis (Table 2) of the FS measurements showed excellent
Cronbach's alpha (> 0.800) and ICC (> 0.800) values, as well as significant Hotelling's
T-Squared correlation (p <0.001). The measurements of the MS, on both sides, showed
excellent values for maximum height and maximum width regarding the Cronbach's alpha
(> 0.800), ICC (> 0.800), and Hotelling's T-Squared correlation (p <0.001).

Men showed higher mean values of paranasal sinuses measurements.

The mean maximum height (p = 0.018) and width (p = 0.201), as well as the
diameter (p <0.001) of the FS (both sides), were significantly higher in men (Table 3).
Also, males showed increased values of the following MS measurements in comparison
with females: maximum height (right side, p <0.001; left side, p = 0.001), maximum
width (right side, p =0.011; left side, p = 0.001), diameters (right side, p=0.011; left side,
p=0.004).

Regarding data variance, this measure of statistical dispersion was significantly
higher for maximum height (p = 0.035) and diameter (p = 0.001) of the FS. In the MS,
the diameter was significantly higher in men than in women when evaluated the right (p

=0.015) and left (p = 0.048) sides (Table 2).
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Validation coefficients

Mean£SD (cm)

Variation coefficient

Cronbach’s Hotelling's

alpha T-Squared ICC Total Females Males p-value?® Females Males p-value®
FS height 0.999 <0.001 0.997 2.92+1.13  2.65+0.93 3.19+1.26 0.018 35.1% 39.5% 0.035
FS width 0,993 <0.001 0.967 5.21£1.73  4.99+1.59 5.43+1.85 0.201 31.9% 34.1% 0.406
FS diameter 0.993 <0.001 0.967 1.1240.39 0.96+0.26 1.28+0.43 <0.001 27.1% 33.6% 0.001
RMS height 0.999 <0.001 0.994 3.65+0.49 3.48+0.45 3.82+0.47 <0.001 12.9% 12.3% 0.699
RMS width 0.999 <0.001 0.994 2.83+0.51 2.70+0.42 2.95+0.56 0.011 15.6% 19.0% 0.337
RMS diameter 0.998 0.074 0.998 3.92+0.38 3.83+0.25 4.02+0.46 0.011 6.5% 11.4% 0.015
LMS height 0.999 <0.001 0.999 3.67+£0.50 3.51+0.45 3.84+0.49 0.001 12.8% 12.8% 0.966
LMS width 0.999 <0.001 0.994 2.82+0.49 2.66+0.41 2.98+0.51 0.001 15.4% 17.1% 0.287
LMS diameter 0.947 0.351 0.781 3.92+0.36 3.82+0.27 4.02+0.41 0.004 7.1% 10.2% 0.048
MSx--[riL)) 1.000 0.028 0.998 8.59+0.94 8.21+0.97 8.96+0.74 <0.001 11.8% 83%  0.467
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SD, standard deviation; FS, frontal sinus; MS, maxillary sinus; R, right; L, left; (x"[R;L]), arithmetic mean between R and L measurements;

aStudent t-test; PLevene’s test; ICC = intraclass correlation coeficient.
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MS were significant predictors of sexual dimorphism
The ROC curves-based (Figure 3) cutoff points for estimating sexual dimorphism
are shown in Table 4. Most AUCs were significantly higher than the null axis of the ROC

curve (> 0.500). The higher AUC value was observed in the maximum width of the MS

(0.756+0.049).
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Figure 3 - ROC curves demonstrating cutoff values, sensitivities, and specificities of the
FS (A), right MS (B) and left MS (C), and both MS (D). Blue line = maximum height;
red line = RS maximum width or MS individual width; black line = diameter; grey line =

MS maximum width.
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According to Table 3, the best sensitivity in estimating male sex was observed in
the maximum MS width (74.0%). Among females, the MS diameters on the left (82.0%)
and right (78.0%) sides, and the mean diameters of both sides (80.0%) showed the most
significant values of specificity. The highest accuracy was observed in the mean
maximum width (74.0%) with the highest likelihood ratio (8.10; 95% CI = 3.31-19.80).
Age-related subgroup analysis

Age-frequency distribution based on gender is shown in Table 4. Patients aged up
to 30 years showed a reduction in the number of predictive values for sex estimation
(35.4%). In the 30 years old age subgroup, this reduction was 63.1 %.

In the 30 years old age subgroup, the highest sensitivity in identifying the male
sex was observed in the width between both MS (76.9%), and the highest specificities in
identifying the female sex were found in the left MS diameter (83.9%). The highest
accuracy was observed in the width between both MS (78.6%). In CT scans of patients
over 30 years of age, the highest sensitivity in identifying the male gender was observed
in the FS height (90.9%), the highest specificity in identifying the female gender was
found in the FS diameter (84.2%). The highest accuracy was observed in the FS diameter

measure (80.0%).
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Table 3: Summary of sensitivity, specificity, positive/negative predictive values,

accuracy, and likelihood ratio for the study variables (cm) to estimate sex.

Estimated sex

Sens. Spec. PPV PNV LR
F M Accuracy
&M F® ™M (F) (95% CI
(m=50) (n=50)

FS height 26 35 70.0% 52.0% 59.3% 634% 61.0%  2.53(1.11-5.74)
FS width 29 29  58.0% 58.0% 58.0% 58.0% 58.0%  1.91(0.86-4.22)
FS diameter 34 35 70.0% 68.0% 68.6% 69.4%  69.0% 4.96 (2.12-11.58)
RMS height 34 34 68.0% 68.0% 68.0% 68.0% 68.0% 4.52(1.95-10.46)
RMS width 34 32 64.0% 68.0% 66.7% 654%  66.0%  3.78 (1.65-8.65)
RMS diameter 39 33 66.0% 78.0% 75.0% 69.6% 72.0% 6.88(2.83-16.74)
LMS height 32 29 58.0% 64.0% 61.7% 60.4% 61.0%  2.46 (1.10-5.49)
LMS width 37 26 52.0% 74.0% 66.7% 60.7%  63.0% 3,08 (1.33-7.15)
LMS diameter 41 30 60.0% 82.0% 76.9% 67.2% 71.0% 6.83(2.73-17.09)
MS heightx--r;L)) 34 31 62.0% 68.0% 66.0% 642% 65.0%  3.47(1.52-7.90)
MS width--(riL)) 35 30 60.0% 70.0% 66.7% 63.6%  65.0%  3.50(1.53-8.01)
MS diameterx--(riL)) 40 30 60.0% 80.0% 75.0% 66.7%  70.0%  6.00 (2.45-14.68)
Width between both MS 37 37 74.0% 74.0% 74.0% 74.0% 74.0% 8.10(3.31-19.80)

M, male; F, female; FS, frontal sinus; MS, maxillary sinus; R, right; L, left; (x[R;L]), arithmetic

mean between R and L measurements; Sens., sensibility; spec., specificity; PPV, positive

predictive value; NPV, negative predictive value; LR, likelihood; CI, confidence interval.



Table 4: Variation of predictive values of sex estimation according to age groups.
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Up to 30 years > 30 years
Sens. Spec. PPV~ PNV Sens. Spec. PPV PNV
Accuracy Accuracy
™M ® M (F) M) (F) M) (F)
Frontal sinus height -5.9% -04% 32% 101% -2.4% 209%  0.6%  -6.7%  27.5% 5.7%
Frontal sinus width 35% -9.6% 2.0% -8.0% -2.3% -12.5% 15.7%  -8.0%  12.0% 5.3%
Frontal sinus diameter -0.8% -9.9% -11% -9.4% -4.7% 27%  162%  4.1% 14.8%  11.0%
R maxillary sinus height 1.2% 3.0% 7.0% -3.3% 2.0% -44% -48% -18.0% 7.0% -4.7%
R maxillary sinus width 27% 62% 9.8% -1.5%  4.0% -95% -10.1% -23.8% 3.4% -9.3%
R maxillary sinus diameter 0.7% -0.6% 3.8% -4.7% -0.6% 24% 09% -114% 9.3% 1.3%
L maxillary sinus height 35% 3.7% 89% -2.1% 3.3% -12.5% -6.1% -23.2% 4.3% -1.7%
L maxillary sinus width 44% 3.4% 92% -22% 2.7% -15.6% -5.6% -26.7% 4.3% -6.3%
L maxillary sinus diameter 4.1% 1.9% 64% -2.2% 1.9% -145% -3.1% -21.3% 4.2% -4.3%
Maxillary sinus height (x[R;L]) 21% 62% 9.8% -2.0% 3.6% -1.5% -10.1% -23.1%  4.6% -8.3%
Maxillary sinus width (x[R;L]) 4.1% 10.6% 13.9% 0.5% 6.4% -14.5% -17.4% -31.0% -1.1% -15.0%
Maxillary sinus diameter (x[R;L]) 1.5% 0.6% 5.0% -4.2% 0.0% -55% -11% -15.0% 8.3% 0.0%
Width between both maxillary
sinuses 29% 6.6% 93% -05%  4.6% -10.4% -10.8% -24.0% 1.0% -10.7%
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M, male; F, female; FS, frontal sinus; MS, maxillary sinus; R, right; L, left; (x[R;L]), arithmetic mean between R and L measurements; Sens.,
sensibility; spec., specificity; PPV, positive predictive value; NPV, negative predictive value; LR, likelihood; CI, confidence interval; x~ =

arithmetic mean between left and right measurements. Bold numbers represent reduced values of accuracy measures.
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Formula for sex estimation and external validation

A multiple linear regression model was designed to obtain adjusted beta values,
which were inserted in a linear formula to estimate sex [26]. Based on coefficients of
collinearity with sex, the following formula was constructed to discriminate females

(value < 0) and males (value > 0):

Sex= 0.196%(A) - 0.406*(B) + 0.446*(C) + 0.318%(D) + 0.176*(E) — 0.168*(F) +

0.060*(G)

Where: A, FS height; B, FS width; C, FS diameter; D, MS width; E, arithmetic mean
between right and left MS height; F, arithmetic mean between right and left MS width;

G, arithmetic mean between right and left MS diameter.

Then, a ROC curve with a statistically significant AUC (0.757+0.002; [CI 95% =
0.619 - 0.894]; p = 0.002) was plotted, and it was estimated an optimal cutoff point value
of 2.23 (Figure 4). Additionally, we performed a sample size calculation to estimate the
number of cases to external validation. Based on the best measurement of this study
(frontal sinus diameter: females = 0.96+0.26, males = 1.28+0.43), 20 patients per group
were necessary to perform the validation of the formula according to a statistical approach
(power 80% and confidence 95%; t-test).

In an independent sample consisting of 20 CT scans of females and 20 CT scans
of males that were not part of the original studied sample, this cutoff point showed a
sensitivity of 80.0% (males), a specificity of 95.5% (females), the positive predictive
value of 94.1% (males), the negative predictive value of 82.6% (females), and likelihood

ratio of 76.00 (CI05% = 7.70 — 750.49) as shown in Table 5.
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Table 5 - Summary of sensitivity, specificity, positive/negative predictive values,

accuracy, and likelihood ratio for the external validation of the formula created to estimate

SEX.

Estimated sex
Sens. Spec. PPV PNV LR

F M Accuracy
»&  F ™ (F) (95% CI)

(n=20) (n=20)

19 16 80.0% 95.5% 94.1% 82.6% 87.5%  76.00 (7.70-750.49)

Sens., sensibility; spec., specificity; PPV, positive predictive value; NPV, negative

predictive value; LR, likelihood; CI, confidence interval; M, male; F, female.

Discussion
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The present research evaluated MTC images for maxillary and frontal sinuses
sexual dimorphism purposes. Previous studies have used conventional radiographs of the
craniofacial complex [5, 27, 28], cone beam computed tomography (CBCT) [12], and
magnetic resonance imaging to estimate sex. There are scarce studies on MTC that
developed and validated formula for estimating sex combining frontal and maxillary
sinuses morphometric (linear distances) measurements [23]. To the best of our
knowledge, there are no published Brazilian studies with similar methodological aspects
to date.

Besides applications of MTC in surgical procedures, the usefulness of this method
in estimating sex has been limited explored through the years for both frontal and
maxillary sinuses; in fact, a few numbers of diagnostic accuracy studies evaluating both
paranasal sinuses on MTC has been published to date (Table 9). Since this imaging
method requires standardized measurement methods to obtain reliable results, the present
investigation used validated coefficients (Cronbach’s alpha, Hotelling's T-Squared, and
ICC) to assess the intraobserver agreement. We found an almost perfect agreement, which
was similar to Sahlstrand-Johnson et al [10]. Also, it should be highlighted that a mean
value was obtained considering five consecutive MTC slices, which guaranteed higher
fidelity in the measures.

This crossectional investigation adopted a convenience sample of MCT scans to
compare males and females based on maxillary and frontal sinuses tridimensional
measurements. It was used a dataset of MCT with large FOV since imaging exams
following this parameter were necessary and justified regarding clinical and surgical
planning purposes. Although MCT is an x-ray exam that emits a higher dose of radiation
than CBCT [29], most patients with cranial trauma and maxillofacial injuries have been

referred to hospital radiology departments to perform craniofacial MCT. A previous study
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showed similar precision and accuracy of linear measurements obtained from MCT (0.6
mm resolution) and CBCT (0.25 mm resolution). Another advantage of MCT in
comparison to CBCT is the high accuracy in measuring soft tissues, which plays
substantial importance during orthognathic surgery preoperative planning [30].

In the context of forensic sciences, the paranasal sinuses are highly individual,
comparable to fingerprints. This finding supports the use of the FS contours in situations
that require quantitative reasoning for forensic identification [16]. Regarding the MS,
although there are published studies focused on their anatomical aspects, Sahlstrand-
Johnson et al., [10] mentioned that there are still dimensions related to these structures
that need to be investigated. Thus, both paranasal sinuses assessed in this study are
currently recommended in the literature on sex dimorphism. Also, the development of a
formula combining measurements from two paranasal sinuses has not been reported to
date, which reinforces the relevance of this research. Further studies in other population-
based samples may be conducted with a similar study design to evaluate the accuracy of
frontal and maxillary sinuses in discriminating males and females.

Both paranasal sinuses showed significantly higher measurement values among
males than in females, which are in agreement with FS-related data of studies from Brazil
[31] and Iraq [32], and MS findings among individuals from Iraq [17, 21] and Turkey
[33]. Also, the present results were obtained from a miscegenated population, since its
ancestry has shown the mixture to be predominantly European and Amerindian
populations (refer), which partially explains different values compared with other studies.
Farias-Gomes et al., [26] highlighted some factors that can influence these differences:
sample size, age, type of imaging exam, measurement methods, and statistical protocol.

The right MS height showed a sensitivity of 68% in identifying the male gender,

which was higher than in female individuals. Previous studies from non-Brazilian
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populations [9, 10, 17, 18, 33-36] also showed the height as a useful variable in sex
estimation due to their ability to provide a faster identification and facilitate the work of
anthropologists [37]. Other sinus linear measurements performed in this study (width and
diameter) have been considered significant for gender differentiation among computed
tomograph-designed studies [38, 39].

The FS was assessed for sexual dimorphism in 2014 by Belaldavar et al., [40],
who evaluated width, height, and sinus area on posteroanterior plain radiographs from an
Indian sample. These authors found a sex estimation index of 64.6%, a value found within
the present study range (61% to 69% for linear measurements). Regarding FS
measurements, Luo et al., [24] considered medium significance for sex estimation when
they used the area and an index calculated between the height and width. The accuracy
of the FS height and width in our study was 61 to 58%, respectively, confirming its
significance when used as parameter for discriminating males and females.

The most significant accuracy values for the estimation of sex regarding the type
of paranasal sinus were 74% (MS) and 69% (FS) in this research. In a Turkish population
study [33], the MS accuracy rate was 69.3%. Ekizoglu et al., [20], with a similar
population and methods, found an accuracy of 77.1%. Uthman et al., [21] measured the
MS, also employing CT evaluation, in an Iraqi population, and the authors found an
overall accuracy of 73.9% for sex estimation. Akhlaghi and collaborators concluded two
distinct investigations with Iraqis individuals. Their first study [9] did not recommend FS
parameters to estimate sex among Persian adults. The study performed in 2017 [17]
showed that in young Iranian adults, the MS width had a considerable accuracy (65.6%)
in identifying the correct sex.

The mean width between the right and left MS showed an accuracy of 74% and a

likelihood ratio of 8.10 for correctly identifying men, emphasizing the role of this
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measurement on MCT scans in the field of sex dimorphism investigation. This finding
was similarly found in the Iranian population-based studies [9, 17, 21] that also observed
a high sensitivity in identifying the male gender using the MS.

Our study obtained accuracy values for the diameter of the right and left MS of
72% and 71%, respectively; right and left MS width were 66% and 63%, respectively;
the height of the right MS showed a 68% rate. Regarding males, Ekizoglu et al., [20]
obtained the highest precision rates when assessed the diameter of the right MS (75.7%)
and the mean height between both MS (71.4%). Uthman et al., [21] found a 60.5%
accuracy rate for the right MS width and 72.1% for the opposite side.

High precision for sex estimation was observed with the maximum distance
between both MS (74%) and the FS diameter (69%), while the low accuracy rate was
related to the left MS width and FS width. In a study evaluating the MS, the best variables
were the height and the anteroposterior diameter of the left MS [21]. Teke et al., [33]
reported low accuracy (67.7%) for linear measurements in the left MS and the distance
between both MS, which contrast with the present results. Concerning the FS, Akhlaghi
et al, [17] reported precision of 61.3% for the left side height and a low rate (51.3%) for
the width of the right side.

We also developed and validated a mathematical equation to estimate sex in a
sample of adult individuals from Northeast Brazil. There is a limited comparison with
Brazilian published data due to differences in methodological approaches. Farias-Gomes
et al., [26] reached an accuracy of 84% with a formula based on the three-dimensional
volume of MS in CBCT images from a south-west Brazilian sample; however, that study
used a single paranasal sinus, while our formula used a multivariate statistical approach
based on frontal and MS linear measurements. Wanzeler et al, [41] reported that the

chances of correctly estimating sex through CBCT-based volumetric analyzes were
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96.2% and 92.7% for men and women from North Brazil, respectively. Nevertheless,
these authors included the sphenoidal sinus in their formula, which was not performed in
the present study.

Regarding the validation study, the formula reliability was tested in another
sample of Brazilians without restriction for age or the presence of posterior teeth as
recommended in a previous investigation of sex dimorphism [26]. The cross-validated
formula showed moderate accuracy (74%) and lower error. Although the present formula
used simple and relatively easy-to-apply anthropometric measures of selected paranasal
sinuses, it should be previously validated if applied to other ethnic groups in further
investigations.

In the current investigation, with advancing age, the accuracy measures related to
the MS were significantly reduced, which may be explained by bone resorption and age-
related degenerative changes. Akhlaghi et al., [17] found an age influence on the
reduction of predictive MS anthropometric indices for sex estimation. Regarding
individuals aged over 30 years, the FS provided better measures of accuracy to estimate
sex, which was also reported in the literature [17].

This investigation presents some limitations. Due to rigorous eligibility criteria, a
sample of one hundred MCT scans was included. Although a non-larger population was
included in this study, which was similar to Sherif et al., [23] that evaluates MCT of 100
adult Egyptians, we adopted a sample size calculation to minimize selection bias. There
was a relatively subjective selection of the slice with the highest measure; however, it
was found substantial intrarater observer agreement, and a mean for five consecutive
measurements (thickness of 0.6-2.0 mm) was adopted in the present methodology. The
developed formula was based on a linear relationship between specific measurements and

a category (0 = female; 1 = male), which does not always exist in gender estimation;
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therefore, intersection ranges between variables can influence the final sex estimation.
However, we must highlight that the adopted multivariate model was able to determine
different weights for each measurement in an inter-associated approach. After this
adjustment, it was possible to develop a formula with a sensitivity of 80% and specificity
of 95.5%, which are substantial values for forensic studies purposes.

We believe that a multivariate statistics-based formula may provide a better
precision in discriminating males and females. We suggested this approach in future
investigations using other imaging exam modalities or evaluating other bones for sex

dimorphism purposes.

Conclusion

In this investigation, higher mean values of the studied paranasal sinuses were
mainly found in men. The most significant accuracy values for sex estimation were
observed with MS, followed by FS. High precision was observed with the distance
between the right and left MS. Also, the developed and validated formula showed high
precision for sex estimation. In the field of forensic sciences, the present data highlight
the importance of MCT-based morphometric assessment of FS and MS as a
complementary tool for sex estimation.
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Table 6 — Characterization of accuracy studies in sexual dimorphism using MCT to evaluate linear measurements in frontal and maxillary sinuses.

Cutoff
Sample Paranasal Linear Best linear Sens. Spec. PPV NPV Accuracy
Authors Continent Country MCT unit AUC point
(F/M) sinus  measurements measurement (cam) (%) (%) (%) (%) (%)
mm

Maximum AP
Akhlaghi et Siemens 64 dimension, Left max.
Asia Iran  100/100 . Frontal ‘ . NI 21 61 59 60 40 61.3
al.[9] Slice width, and height
height
Width, height,
AP length,
distance
between the
highest points
of the two
Uthman et Siemens . _
Asia Iraq 45/45 Frontal sinuses, Left height NI NI NI NI NI NI 76.95
al., [16] Somatom

Plus 4

distance
between the
highest points
of each sinus to
its max. lateral

limit



Akhlaghi et
al.[17]

Uthman et
al.[21]

Amin and

Hassan[18]

Ekizoglu et
al.[20]

Asia Iran 144/144 NI

Siemens

Asia Iraq 45/43 Somatom

Emotion

GE Medical

Africa Egypt  48/48

Systems

Siemens

Europe  Turkey  70/70 Medical

Solutions

Maxillary

Maxillary

Maxillary

Maxillary

Max. AP
dimension,
width, height,
and distance
between the
sinuses
Max. width,
length, height,
and total
distance across
both sinuses
AP, transverse
and
cephalocaudal
diameters, and
size
AP, transverse,
and
cephalocaudal

diameters

Max. distance

between the 0.656 83.5

sinuses

Left height NI 42

Left
cephalocaudal
diameter and

size

Right AP
NI 357

diameter

56.3

75 692 63.2

76.7 689 712 NI

NI

74.3

NI NI NI

80.7 78.8 NI

52

65.6

72.7

70.8

NI



Attia et al.,

Africa Egypt
[19]

Dangore-
Kashbage
& Bhowate
[42]

Asia India

Max. width,
length, height,
34/39 NI Maxillary and total Right height 0.706 NI
distance across

both sinuses

Mediolateral,
Siemens . superoinferior Left
100/100 ‘ Maxillary o NI NI
Healthnineers and superoinferior
anteroposterior

74

NI

38

NI

66

NI

70

NI

53

68

71.5

F, Female; M, male; Max., maximum; AP, anteroposterior; AUC, area under the curve; Sens., sensitivity; Spec., specificity; PPV, positive

predictive value; NPV, negative predictive value; NI, not informed.
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6 CONCLUSAO

Considerando-se os resultados obtidos e as limitagdes inerentes ao presente

estudo, as conclusdes podem ser sumarizadas da seguinte forma:

1. A andlise do seio frontal mostrou que a maior sensibilidade em identificar o
sexo masculino foi observada através da altura maxima e diametro, bem como as
maiores especificidades em identificar o sexo feminino foram observadas com
base no didmetro. A maior acurdcia foi observada por meio da média da largura

maxima e a maior razdo de verossimilhanga foi encontrada por meio do didmetro.

2. A andlise dos seios maxilares mostrou que a maior sensibilidade em identificar
o sexo masculino foi relativa a largura maxima e a maior especificidade em
identificar o sexo feminino foi observada com o didmetro do lado esquerdo. A
maior acuracia foi obtida por meio da média da largura méxima, a qual apresentou

a maior razdo de verossimilhanga.

3. Baseado nos coeficientes de colinearidade com o sexo, obtidos das medidas
lineares do seio frontal e da média dos seios maxilares, foi possivel elaborar e
validar uma equacao, que demonstrou adequadas medidas de acuracia para fins de
dimorfismo sexual (sensibilidade de 80,0% para o sexo masculino e

especificidade de 95,5% para o sexo feminino).
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DADOS DA EMENDA

Titulo da Pesquisa: Tomografia computadorizada em feixe em leque em traumatologia bucomaxilo facial.

Pesquisador: Andréa Silvia Walter de Aguiar

Area Tematica:

Versao: 2

CAAE: 67591217.2.0000.5047

Instituicdo Proponente: Instituto Dr. José Frota - IJF/ Prefeitura de Fortaleza
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Nuamero do Parecer: 2.253.923

Apresentacéao do Projeto:

O trauma é causa mais comum de morbidade e mortalidade, em especial em jovens e adultos-jovens. As
fraturas faciais, por sua vez, configuram-se em 18% de todos os traumatismos do corpo humano. As fraturas
faciais apresentam critérios peculiares no diagnéstico e planejamento cirargico, visto que séo
frequentemente mdltiplas, complexas e assimétricas. Para uma melhor compreenséo, analises a tomografia
computadorizada (TC)

tornou-se uma ferramenta imprescindivel principalmente na interpretacéo de fraturas

complexas, assim como na possibilidade de classificagéo de severidade das fraturas.A

sobreposicao de imagens e de fragmentos ésseos faz com que a TC se torne método

radiografico de primeira escolha para esta finalidade, definindo os tragos de fratura, localizagédo, extenséo e
deslocamentos. Inumeros trabalhos vém demonstrando a real viabilidade de se obter a reconstru¢do em 3D,
aprimorando a qualidade da imagem e sua aplicabilidade na area da traumatologia. A TC com reconstrucao
multiplanar (RMP) produz uma interpretacdo mais correta que as radiografias convencionais para muitas
fraturas.

O diagnéstico precoce das fraturas faciais é fundamental para o seu tratamento adequado e para o
estabelecimento de um prognoéstico favoravel. Sera realizado primario, observacional, longitudinal,

prospectivo e individualizado em exames tomogréficos
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de face, de um grande hospital de referéncia em Fortaleza. Trata-se de um estudo quantitativo,
observacional, individuado, descritivo, transversal baseado em investigagdes que observaram causa e
efeito, simultaneamente.

Objetivo da Pesquisa:

Geral: Estudar a severidade dos traumatismos faciais a partir de exames
tomograficos, em pacientes atendidos em um hospital de emergéncia de uma cidade
do Nordeste brasileiro.

Objetivos Especificos:

1.Tracar perfil epidemiologico das fraturas faciais no periodo de um ano;

2. Realizar avaliagéo objetiva das fraturas faciais a partir de exame tomografico;
3. Classificar a severidade do traumatismo facial a partir da classificagdo da AO
para fraturas do esqueleto craniomaxilo facial;

4. Elaborar um algoritmo de severidade de traumatismo facial de interesse ao
exame tomogréfico.

Avaliacao dos Riscos e Beneficios:

Para realizacdo da pesquisa serdo obedecidos e respeitados todos os aspectos éticos expressos na
Resolucéo n° 466 de 2012, do Conselho Nacional de Salde/ Ministério da Salde, que traz as Diretrizes e
Normas Regulamentadoras de pesquisas com seres humanos e em conformidade com a norma do CONEP
(Comissao Nacional de Etica em Pesquisa) (BRASIL, 2012). Em virtude de implicagbes legais, e a fim de
manter os principios éticos, as identidades dos sujeitos se configuram como sigilosos.

Como beneficios vao ser estudados os graus de severidade de traumatismos. Havera a

possibilidade de institucionalizagdo de protocolos imaginolégico de severidade do trauma na assisténcia as
vitimas acidentes e violéncia. O beneficio para sociedade é traduzido na deteccéo precoce de graus de
fraturas faciais, e no conhecimento procedente da pesquisa que contribuird para desenvolvimento de
métodos efetivos de diagnostico imaginoldgico de pacientes internados vitimas de acidentes ou violéncia
fisica interpessoal.
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Pesquisa de grande relevancia a cirurgia bucomaxilo facial para o estudo da severidade de fraturas faciais e

desenvolvimento de métodos efetivos de diagnostico imaginolégico de pacientes internados vitimas de

acidentes ou violéncia fisica interpessoal. A pesquisadora solicitou uma emenda ao projeto, ja aprovado

anteriormente pelo CEP/IJF, solicitado a inclusao deuma pesquisadora para colaborar na coleta de dados

do estudo.

Consideracoes sobre os Termos de apresentacao obrigatoria:

Apresentados corretamente: Folha de rosto, Carta de Anuéncia (Chefe da Odontologia e Chefe do Servigo

de Imagem), TCLE.

Recomendacgoes:
Sem recomendagbes.

Conclusodes ou Pendéncias e Lista de Inadequacdes:

Aprovado

Consideracoes Finais a critério do CEP:

Solicita-se ao pesquisador que apos o término da pesquisa que seja enviado para o CEP/IJF os resultados,

discussao e conclusao, via Plataforma Brasil, como notificagcéo.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situacao
InformagGes Basicas| PB_INFORMACOES_BASICAS_982107 19/08/2017 Aceito
do Projeto E1.pdf 14:01:58
Outros Solicitacao_Coletador.jpeg 19/08/2017 | Andréa Silvia Walter | Aceito

13:58:14 | de Aguiar
Outros Curriculo_Juliana.pdf 25/04/2017 | Andréa Silvia Walter | Aceito
10:19:54 | de Aguiar
Projeto Detalhado / |IJF_TC_Severidade_BMF_ProjetoFinal. | 25/04/2017 |Andréa Silvia Walter | Aceito
Brochura pdf 10:18:26 |de Aguiar
Investigador
Outros IJF_TC_Severidade_BMF_Instrumento. | 25/04/2017 |Andréa Silvia Walter | Aceito
pdf 10:11:45 | de Aguiar
Outros CARTA_DE_ANUENCIA_TAMIA_VARE| 25/04/2017 |Andréa Silvia Walter | Aceito
LA.pdf 10:11:13 | de Aguiar
Outros CARTA_DE_ANUENCIA_MANOEL_ME| 25/04/2017 |Andréa Silvia Walter | Aceito
LLO.pdf 10:10:45 |de Aguiar
Outros IJF_Tomografia_Severidade_Cartaenca | 25/04/2017 |Andréa Silvia Walter | Aceito
minhamento.pdf 10:09:13 |de Aguiar
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FORENSIC SCIENCE INTERNATIONAL

_ An international journal dedicated to the applications of medicine and science in the
" administration of justice.

TABLE OF CONTENTS

Description

Audience

Impact Factor
Abstracting and Indexing
Editorial Board

Guide for Authors
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ISSN: 0379-0738

DESCRIPTION

Forensic Science International is the flagship journal in the prestigious Forensic Science International
family, publishing the most innovative, cutting-edge, and influential contributions across the
forensic sciences. Fields include: forensic pathology and histochemistry, chemistry, biochemistry and
toxicology, biology, serology, odontology, psychiatry, anthropology, digital forensics, the physical
sciences, firearms, and document examination, as well as investigations of value to public health in
its broadest sense, and the important marginal area where science and medicine interact with the
law.The journal publishes:Case Reports Commentaries Letters to the Editor Original Research Papers
(Regular Papers) Rapid Communications Review Articles Technical Notes

Forensic Science International adheres to strict ethical publication guidelines and actively supports
a culture of inclusive and representative publication. For any submission enquiries, please contact
the respective Editor.

The Forensic Science International journals offer comprehensive and pioneering coverage within
the forensic sciences and beyond, disseminating ground-breaking discoveries, highly specialised
research, and foundational science across the family of publications. The FSI portfolio comprises of:
Forensic Science InternationalForensic Science International: Digital InvestigationForensic Science
International: Genetics Forensic Science International: Genetics Supplement SeriesForensic Science
International: Mind and LawForensic Science International: ReportsForensic Science International:
Synergy

AUDIENCE

Pathologists, Anthropologists, Psychiatrists, Biologists, Serologists, Odontologists, Physical Scientists,
Toxicologists, Scientists in Legal and Social Medicine, Questioned Documents and Jurisprudence

IMPACT FACTOR

2018: 1.990 © Clarivate Analytics Journal Citation Reports 2019
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GUIDE FOR AUTHORS

We now differentiate between the requirements for new and revised submissions. You may choose to
submit your manuscript as a single Word or PDF file to be used in the refereeing process. Only when
your paper is at the revision stage, will you be requested to put your paper in to a 'correct format'
for acceptance and provide the items required for the publication of your article.

To find out more, please visit the Preparation section below.

INTRODUCTION

Forensic Science International is a peer-reviewed, international journal for the publication of original
contributions in the many different scientific disciplines comprising the forensic sciences. These
fields include, but are not limited to, forensic pathology and histochemistry, toxicology (including
drugs, alcohol, etc.), serology, chemistry, biochemistry, biology (including the identification of hairs
and fibres), odontology, psychiatry, anthropology, the physical sciences, firearms, and document
examination, as well as the many other disciplines where science and medicine interact with the law.

. Original Research Articles (Regular Papers)
. Review Atrticles

. Rapid Communications

. Technical Notes

. Forensic Anthropology Population Data

. Case Reports

. Preliminary Communications

8.Letters to the Editor

9. Book Reviews

10. Commentaries

NOUThWN -

Please note that all contributions of type 4 to 7 will be published as e-only articles. Their citation
details, including e-page numbers, will continue to be listed in the relevant print issue of the journal's
Table of Contents.

Announcement of Population Data: these types of articles will be published
in Forensic Science International: Genetics, only. Please submit these articles via
https://www.evise.com/profile/api/navigate/FSIGEN.

Preliminary Communications(where brief accounts of important new work may be announced with
less delay than is inevitable with major papers) may be accepted after correspondence with the
appropriate Associate Editor.

Review Articles may be regularly submitted or invited by Editors. However, they will undergo the
normal review process of the journal.

Forensic Anthropology Population Data: Although the main focus of the anthropology section of
the journal remains on the publication of original research, authors are invited to submit their forensic
anthropology population data articles by selecting the "Forensic Anthropology Population Data" article
type on the online submission system. When submitting a Forensic Anthropology Population data
article, please assure that "Forensic Anthropology Population Data" is included as one of the keywords.
These forensic anthropology population data articles involve the application of already published and
standardised methods of aging, sexing, determination of ancestry and stature and other well known
diagnoses on different populations. This is at the heart of applied forensic anthropology. For example,
in order to correctly assess age, stature or even sex of individuals of different ancestry or from
different populations, it is fundamental that the method be tested on the specific population one is
working on. In building the biological profile of a skeleton in order to aid identification, one needs to
calibrate such techniques on the population of interest before applying them. The same may be true
in a completely different scenario of anthropology, for example identifying criminals taped on video
surveillance systems and aging victims of juvenile pornography. This section is dedicated to forensic
anthropological population data and other types of updates (state of the art of particular issues, etc.),
particularly concerning the following:
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- Sexing

- Aging sub adult skeletal remains

- Aging adult skeletal remains

- Aging living sub adults and adults

- Determining ancestry

- Stature estimation

- Facial reconstruction

- Non metric trait distribution, pathology and trauma
- Positive identification of human skeletal remains

- Positive identification of the living

Forensic Anthropology Population Data articles will be published in abridged form in print (a clear,
descriptive summary taken from the abstract), and the full length article will be published online only.
Full citation details and a reference to the online article, including e-page numbers, will be published
in the relevant print issue of the journal. All submitted manuscripts will be evaluated by a strict peer
review process.

Case Reports will be accepted only if they contain some important new information for the readers.

Rapid Communications should describe work of significant interest, whose impact would suffer
if publication were not expedited. They should not be longer than 5 printed journal pages (about
10 submitted pages). Authors may suggest that their work is treated as a Rapid Communication,
but the final decision on whether it is suitable as such will be taken by the handling Editor. Rapid
Communications requiring revision should be resubmitted as a new submission.

Technical Notes report new developments, significant advances and novel aspects of experimental
and theoretical methods and techniques which are relevant for scientific investigations within the
journal scope. Manuscripts of this type should be short (a few pages only). Highly detailed and specific
technical information such as computer programme code or user manuals can be included as electronic
supplements. The manuscript title must start with "Technical Note:".

Commentaries Commentary articles are designed to allow experts from right across forensics to
present their view on a 'hot topic' or emerging field. Commentaries should be between 1000-1500
words and contain fewer than 5 references. Authors may suggest that their work is treated as a
Commentary, but the final decision on whether it is suitable as such will be taken by the handling
Editor. Commentaries will not appear in the printed version of the journal.

Please note that articles that are sent to the author for revision need to be returned within 60 days
(and within 20 days for subsequent revisions). A reminder will be sent in the second month. Any
articles that are sent after the two month period of revision will be considered a re-submission.

Papers for consideration should be submitted by topic. Editors and their topic specialty are listed
below.

C. Cattaneo (Co Editors-in-Chief):
Tel: +39 02503 15679
E-mail: cristina.cattaneo@unimi.it

C. Jackowski (Co Editors-in-Chief):
Tel: +41 (0)31 631 84 12
E-mail: Christian.Jackowski@irm.unibe.ch

B. Ludes: Forensic Genetics.
E-mail: ludes@unistra.fr

P. Margot: Questioned Documents and Physical Science: ballistics, tool marks, contact traces, drugs
analysis, fingerprints and identification, etc.
Tel: +41 21 692 4605
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Fax: +41 21 692 4605
E-mail: pierre.margot@unil.ch

O.H. Drummer: Toxicology
Tel: +61 3 9684 4334

Fax: +61 3 9682 7353

E-mail: olaf.drummer@vifm.org

S. Matuszewski: Entomology
Tel: +48 61 82 94 292
E-Mail: szymmat@amu.edu.pl

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

Ensure that the following items are present:

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

All necessary files have been uploaded:

Manuscript:

e Include keywords

¢ All figures (include relevant captions)

» All tables (including titles, description, footnotes)

¢ Ensure all figure and table citations in the text match the files provided
» Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

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

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

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

e A competing interests statement is provided, even if the authors have no competing interests to
declare

* Journal policies detailed in this guide have been reviewed

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

For further information, visit our Support Center.

BEFORE YOU BEGIN

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

The editors reserve the right to reject papers on ethical grounds, regardless of whether requisite
local/national ethical guidelines and approvals have been adhered to and confirmed.

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

Multiple submissions is not acceptable to the Editor, and any such papers, together with future
submissions from the authors, will be rejected outright. Submission also implies that all authors have
approved the paper for release and are in agreement with its content.

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. To verify originality, your article may be checked by the originality detection service Crossref
Similarity Check.

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Articles should make no assumptions about the beliefs or
commitments of any reader, should contain nothing which might imply that one individual is superior
to another on the grounds of race, sex, culture or any other characteristic, and should use inclusive
language throughout. Authors should ensure that writing is free from bias, for instance by using 'he
or she', 'his/her' instead of 'he' or 'his', and by making use of job titles that are free of stereotyping
(e.g. 'chairperson’ instead of 'chairman' and 'flight attendant' instead of 'stewardess').

For transparency, we encourage authors to submit an author statement file outlining their individual
contributions to the paper using the relevant CRediT roles: Conceptualization; Data curation;
Formal analysis; Funding acquisition; Investigation; Methodology; Project administration; Resources;
Software; Supervision; Validation; Visualization; Roles/Writing - original draft; Writing - review &
editing. Authorship statements should be formatted with the names of authors first and CRediT role(s)
following. More details and an example

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

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

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.
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Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

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

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

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

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Please visit our Open Access page for more information.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you through
the process of writing for research and going through peer review. Feel free to use these free resources
to improve your submission and navigate the publication process with ease.

Language (usage and editing services)

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

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

Submit your article
Please submit your article via https://ees.elsevier.com/fsi/default.asp?pg=Ilogin.asp.

PREPARATION

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts your files to a single PDF file, which
is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file
to be used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-
out that can be used by referees to evaluate your manuscript. It should contain high enough quality
figures for refereeing. If you prefer to do so, you may still provide all or some of the source files at
the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately.
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References

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing
data will be highlighted at proof stage for the author to correct.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential elements
needed to convey your manuscript, for example Abstract, Keywords, Introduction, Materials and
Methods, Results, Conclusions, Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes.

Divide the article into clearly defined sections.

Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to the relevant text
in the manuscript, rather than at the bottom or the top of the file. The corresponding caption should
be placed directly below the figure or table.

This journal operates a double blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.

This journal uses double-blind review, which means the identities of the authors are concealed from
the reviewers, and vice versa. More information is available on our website. To facilitate this, please
include the following separately:

Title page (with author details): This should include the title, authors' names, affiliations,
acknowledgements and any Declaration of Interest statement, and a complete address for the
corresponding author including an e-mail address.

Blinded manuscript (no author details): The main body of the paper (including the references,
figures, tables and any acknowledgements) should not include any identifying information, such as
the authors' names or affiliations.

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. The electronic text should be prepared
in a way very similar to that of conventional manuscripts (see also the Guide to Publishing with
Elsevier). See also the section on Electronic artwork.

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

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

Results
Results should be clear and concise.
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Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

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

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

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

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

Highlights are mandatory for this journal as they help increase the discoverability of your article via
search engines. They consist of a short collection of bullet points that capture the novel results of
your research as well as new methods that were used during the study (if any). Please have a look
at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please
use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of their images
and in accordance with all technical requirements.

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

Please provide Acknowledgements as a separate file and remove this from the manuscript. List
here those individuals who provided help during the research (e.g., providing language help, writing
assistance or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

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

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

If no funding has been provided for the research, please include the following sentence:

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

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors build footnotes into the text, and this feature may be used. Should this not be the case,
indicate the position of footnotes in the text and present the footnotes themselves separately at the
end of the article.

Electronic artwork

General points

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

» Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

e Number the illustrations according to their sequence in the text.

¢ Use a logical naming convention for your artwork files.

o Indicate per figure if it is a single, 1.5 or 2-column fitting image.

e For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.

* Please note that individual figure files larger than 10 MB must be provided in separate source files.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save as' or
convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
e Supply files that are too low in resolution.

e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
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information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum but
explain all symbols and abbreviations used.

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference links

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

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

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

Reference management software

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

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

http://open.mendeley.com/use-citation-style/forensic-science-international

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

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing data
will be highlighted at proof stage for the author to correct. If you do wish to format the references
yourself they should be arranged according to the following examples:

Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The actual authors
can be referred to, but the reference number(s) must always be given.

Example: '..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different result ...."'

List: Number the references (numbers in square brackets) in the list in the order in which they appear
in the text.

Examples:

Reference to a journal publication:

[1]13. van der Geer, J.A.]J. Hanraads, R.A. Lupton, The art of writing a scientific article, J. Sci. Commun.
163 (2010) 51-59. https://doi.org/10.1016/j.5¢c.2010.00372.

Reference to a journal publication with an article number:

[2] 3. van der Geer, J.A.J. Hanraads, R.A. Lupton, 2018. The art of writing a scientific article. Heliyon.
19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

[3] W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New York, 2000.
Reference to a chapter in an edited book:

[4] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: B.S. Jones, R.Z.
Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc., New York, 2009, pp. 281-304.
Reference to a website:

[5] Cancer Research UK, Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/, 2003 (accessed 13 March 2003).

Reference to a dataset:

[dataset] [6] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for Japanese oak wilt
disease and surrounding forest compositions, Mendeley Data, v1, 2015. https://doi.org/10.17632/
xwjo98nb39r.1.

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

Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to

AUTHOR INFORMATION PACK 18 Apr 2020 www.elsevier.com/locate/forsciint 13



82

supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the "Track Changes' option
in Microsoft Office files as these will appear in the published version.

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

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

Data linking

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

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

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

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

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

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

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data into
one or multiple data articles, a new kind of article that houses and describes your data. Data articles
ensure that your data is actively reviewed, curated, formatted, indexed, given a DOI and publicly
available to all upon publication. You are encouraged to submit your article for Data in Brief as an
additional item directly alongside the revised version of your manuscript. If your research article is
accepted, your data article will automatically be transferred over to Data in Brief where it will be
editorially reviewed and published in the open access data journal, Data in Brief. Please note an open
access fee of 600 USD is payable for publication in Data in Brief. Full details can be found on the Data
in Brief website. Please use this template to write your Data in Brief.

Data statement

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

This journal makes articles available online as soon as possible after acceptance. This concerns
the Journal Pre-proofs (both in HTML and PDF format), which have undergone enhancements after
acceptance, such as the addition of a cover page and metadata, and formatting for readability, but
are not yet the definitive versions of record. A Digital Object Identifier (DOI) is allocated, thereby
making it fully citable and searchable by title, author name(s) and the full text. The article's PDF also
carries a disclaimer stating that it is an unedited article. Subsequent production stages will simply
replace this version.

To ensure a fast publication process of the article, we kindly ask authors to provide us with their proof
corrections within two days. Corresponding authors will receive an e-mail with a link to our online
proofing system, allowing annotation and correction of proofs online. The environment is similar to
MS Word: in addition to editing text, you can also comment on figures/tables and answer questions
from the Copy Editor. Web-based proofing provides a faster and less error-prone process by allowing
you to directly type your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

The corresponding author will, at no cost, receive 25 free paper offprints, or alternatively a customized
Share Link providing 50 days free access to the final published version of the article on ScienceDirect.
The Share Link can be used for sharing the article via any communication channel, including email
and social media. For an extra charge, paper offprints can be ordered via the offprint order form
which is sent once the article is accepted for publication. Both corresponding and co-authors may
order offprints at any time via Elsevier's Author Services. Corresponding authors who have published
their article gold open access do not receive a Share Link as their final published version of the article
is available open access on ScienceDirect and can be shared through the article DOI link.

When your article is published, you can commemorate your publication with printed author
copies of the journal issue, customized full-color posters, extra offprints, and more. Please visit
http://webshop.elsevier.com to learn more.

AUTHOR INQUIRIES

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

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