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RESUMO

A necessidade da identificagdo humana enraiza-se na inata natureza social do homem, zelo
pelos seus direitos de propriedade e identidade, e incoerciveis anseios de diferenciar-se dos seus
semelhantes. Em decorréncia desses principios e das transformagdes acontecidas nas
organizagdes coletivas que ele integra, nos dias atuais, ja ndo se discutem os alcances legais
nem as repercussdes sociais € midiaticas daquela. Nesse contexto, a determinagdo do sexo,
passo-chave para a reconstrug¢ao do perfil biologico individual, constitui um dos alvos capitais
dos peritos médico-legistas e odontolegistas, quando responsaveis pelo exame antropologico
de ossadas incolumes ou fragmentadas. No presente estudo, foram realizadas onze medidas,
quatro no plano sagital e sete no horizontal, em dois grupos de 186 cranios cada, com 101 do
sexo masculino e 85 do feminino para as do plano sagital, e 100 e 86, respectivamente, para as
concernentes ao horizontal, de sujeitos com idades compreendidas entre 18 e 94 anos ao
momento do Obito, pertencentes ao Biobanco osteoldgico e tomografico Professor Doutor
Eduardo Daruge da Faculdade de Odontologia de Piracicaba da Universidade Estadual de
Campinas, com os objetivos de instituir um método confiavel para determinar o sexo e elaborar
prototipos matematicos, capazes de auxiliar nas agdes de investigacao ou identificagdo. Constatou-
se que das medidas efetivadas (Lambda-Nasio, Lambda-Rinio, Lambda-Espinha Nasal Anterior,
Rinio-Espinha Nasal Anterior, Zigomaxilar-Zigomaxilar, Ldmbda-Forame Incisivo, Lambda-
Zigomaxilar Direito, Lambda-Zigomaxilar Esquerdo, Basio-Forame Incisivo, Basio-
Zigomaxilar Direito e Bésio-Zigomaxilar Esquerdo), s6 a Lambda-Espinha Nasal Anterior e
Rinio-Espinha Nasal Anterior, no plano sagital, e a Zigomaxilar-Zigomaxilar e Lambda-
Forame Incisivo, no horizontal, mostraram-se significativamente dimorficas. Para cada par
delas, conceberam-se dois modelos matematicos preditivos de sexo, um de regressao logistica
e outro de arvore de classificacdo condicional, com indices de acerto de 78,5% ¢ 77,42%, e de
68,28% e 72,04%, respectivamente. Concluiu-se que existe a possibilidade de aplicar os
referidos subsidios a antropologia forense, como ferramentas coadjuvantes nos processos de

investigacdo ou identificacao.

Palavras-chave: Antropologia forense. Dimorfismo sexual. Craniometria. Odontologia Legal.



ABSTRACT

The need for human identification is rooted in man's innate social nature, zeal for his property
and identity rights, and unquenchable yearnings to differentiate himself from his peers. In
consequence of these principles and the transformations that took place in the collective
organizations that he is part of, nowadays, legal scopes neither social nor media repercussions
of it are no longer discussed. In this context, sex determination, key step for the reconstruction
of the individual biological profile, is one of the major goals of forensic medical and odontology
experts, when they are responsible for anthropological examination of intact or fragmented
skeletons. In the present study, eleven measurements were carried out, four in the sagittal plane
and seven in the horizontal plane, in two groups of 186 skulls each, with 101 from males and
85 from females for those of the sagittal plane, and 100 and 86, respectively, for those
concerning the horizontal, of subjects aged between 18 and 94 years at the time of death,
belonging to the Osteological and Tomographic Biobank Professor Doctor Eduardo Daruge of
the Piracicaba Dental School of the University of Campinas, with the aims of establishing a
reliable method to determine sex and to elaborate mathematical prototypes, capable of assisting
in investigation or identification actions. It was found that of the measurements performed
(Lambda-Nasion, Lambda-Rhinion, Lambda-Nasospinale, Rhinion-Nasospinale,
Zygomaxillare-Zygomaxillare, Lambda-Incisive Foramen, Lambda-Right Zygomaxillare,
Lambda-Left Zygomaxillare, Basion-Incisive Foramen, Basion-Right Zygomaxillare and
Basion-Left Zygomaxillare), only the Lambda-Nasospinale and Rhinion-Nasospinale, in the
sagittal plane, and the Zygomaxillare-Zygomaxillare and Lambda-Incisive Foramen, in the
horizontal plane, were significantly dimorphic. For each pair of them, two predictive
mathematical models of sex were formulated, one of logistic regression and another of
conditional inference trees, with accuracy rates of 78,5% and 77,42%, and of 68,28% and
72,04%, respectively. It was concluded that there is the possibility of applying the
aforementioned data in forensic anthropology, as auxiliary tools in the investigation or
identification processes.

Keywords: Forensic Anthropology. Sex dimorphism. Craniometry. Forensic Dentistry.



RESUMEN

La necesidad de la identificacion humana se cimienta en la innata naturaleza social del hombre,
celo por sus derechos de propiedad e identidad, e irrefrenables anhelos de diferenciarse de sus
semejantes. Como consecuencia de estos principios y de las transformaciones acaecidas en las
organizaciones colectivas de las que forma parte, en la actualidad, ya no se discuten los alcances
legales ni las repercusiones sociales y medidticas de aquella. En este contexto, la determinacion
del sexo, paso clave para la reconstruccion del perfil bioldgico individual, constituye una de las
primordiales finalidades de los médicos y odontdlogos forenses, cuando son responsables de
llevar a cabo el examen antropologico de esqueletos incolumes o fragmentados. El presente
estudio consistid en la realizacion de once medidas, cuatro en el plano sagital y siete en el
horizontal, en dos grupos de 186 craneos cada uno, con 101 del sexo masculino y 85 del
femenino para las del plano sagital, y 100 y 86, respectivamente, para las concernientes al
horizontal, de sujetos con edades comprendidas entre 18 y 94 afios al momento del 6bito,
pertenecientes al Biobanco osteoldgico y tomografico Profesor Doctor Eduardo Daruge de la
Facultad de Odontologia de Piracicaba, Universidad de Campinas, con los objetivos de
establecer un método confiable para determinar el sexo y elaborar prototipos matematicos,
capaces de auxiliar en las acciones de investigacion o identificacion. Se comprobd que de las
medidas efectuadas (Lambda-Nasion, Lambda-Rhinion, Lambda-Espina Nasal Anterior,
Rhinion-Espina Nasal Anterior, Zigomaxilar-Zigomaxilar, Lambda-Foramen Incisivo,
Lambda-Zigomaxilar Derecho, Lambda-Zigomaxilar Izquierdo, Basion-Foramen Incisivo,
Basion-Zigomaxilar Derecho y Basion-Zigomaxilar Izquierdo), s6lo la Lambda-Espina Nasal
Anterior y Rhinion-Espina Nasal Anterior, en el plano sagital, y la Zigomaxilar-Zigomaxilar y
Lambda-Foramen Incisivo, en el horizontal, resultaron significativamente dimorficas. Para
cada par de ellas, se formularon dos modelos matematicos predictivos del sexo, uno de
regresion logistica y otro de arbol de clasificacion condicional, con indices de acierto de 78,5%
y 77,42%, y de 68,28% y 72,04%, respectivamente. Se concluyd que existe la posibilidad de
aplicar los referidos datos en antropologia forense, como herramientas coadyuvantes en los
procesos de investigacion o identificacion.

Palabras clave: Antropologia forense. Dimorfismo sexual. Craneometria. Odontologia legal.
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1 INTRODUCAO

Indubitavel ¢ que o homem revela-se como um ser racional, social e politico, dado seu
conatural pendor para idealizar, constituir, integrar e/ou interagir com organizacdes coletivas
de indoles diversas, bem como para melhor relacionar-se, adaptar-se e modificar o meio
ambiente a sua exclusiva conveniéncia (Turbon, 2006). Igualmente, tem demonstrado claros e
irrefredveis anseios de determinar a sua verdadeira identidade, dominios e pertences, ¢ de
diferenciar-se dos seus semelhantes (Vanrell e Borborema, 2011). Por conseguinte, ndo pode
surpreender a incontestavel importancia que a identificacdo possui para a humanidade, a sua
real necessidade e a crescente exigéncia nesse sentido, dos ambitos sociais, civis,
administrativos, comerciais e penais (Buchner, 1985; Sweet, 2001; Oliveira et al., 2012).

A identificacdo de restos humanos, um dos maiores desafios das equipes forenses,
devera alicergar-se na acdo coordenada das multiplas disciplinas envolvidas neste dindmico e
complexo processo técnico-cientifico (medicina e odontologia legal, antropologia, genética,
quimica, entomologia, geologia, botanica, balistica, etc.), visando estabelecer as caracteristicas
privativas de um individuo (Clark, 1994; Vanrell e Borborema, 2011; Oliveira et al., 2012;
Campos Neto e Vanrell, 2014; Sassi e Picapedra in Vanrell, 2016). Para tal, serd mister levar a
efeito uma apropriada reconstrugdo do seu perfil bioldgico, valendo-se dos quatro principais
componentes deste: idade, sexo, estatura e ancestralidade (Prabhu e Acharya, 2009; Pereira et
al., 2010; Nidugala et al., 2013).

A determina¢do do sexo desempenha um formidavel papel, tanto em presenca de um
ocasional e tUnico sujeito, quanto de um grande nuimero de cadaveres, esqueletos e/ou
fragmentos deles. Efetivamente, em ocorréncia de desastres de grandes proporg¢des constituira
o pontapé inicial, ao reduzir o universo de busca em 50%, simplificando, ao mesmo tempo, o
labor de identifica¢do das vitimas (Dayal et al., 2008; Acharya e Mainali, 2009; Acharya et al.,
2011; Saini etal., 2011; Ahmed et al., 2011; Lima et al., 2012; Eboh et al., 2016; Sakaew et al.,
2016; Madadin et al., 2017; Amores-Ampuero, 2017).

Por outro lado, vale lembrar que o dimorfismo sexual, principal padrao de variagdo entre
integrantes de grupos populacionais, refere as particularidades volumétricas, fisiondmicas,
somaticas, anatdmicas, fisiolégicas e estruturais, que se manifestam, diferentemente, em
machos e fémeas de uma mesma espécie (Soler-Argilaga, 1987; Ahmed et al., 2011; Menéndez
e Lotto, 2013; Narang et al., 2014). Sem duvida alguma, trata-se de um fendmeno que tem
despertado o especial interesse dos médicos-legistas e antropdlogos, por estar presente na
maioria dos ossos humanos (Paiva e Segre, 2003; Deshmukh e Devershi, 2006; Nidugala et al.,

2013; Orish et al., 2014; Sakaew et al., 2016).
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Algumas pecas esqueléticas, como as da mado e do pé, cintura escapular, esterno,
primeira costela, imero, ulna, radio, fémur, tibia, fibula, patela e mandibula, empregam-se para
determinar o sexo, conquanto a cintura pélvica e o cranio sejam consideradas as mais confiaveis
para dito proposito (Krogman, 1962; Anderson e Thompson, 1973; Almeida Jr. e Costa Jr.,
1981; Krogman e Iscan, 1986; Inoue et al., 1992; Celbis et al., 2001; Sangvichien et al., 2007;
Suazo et al., 2008; Kranioti et al., 2009; Saini et al., 2011; Nidugala et al., 2013; Menéndez e
Lotto, 2013; Kubicka e Piontek, 2016; Sakaew et al., 2016; Toledo Avelar et al., 2017). Soma-
se a isso que o cranio, em particular, possui um enorme potencial forense, pela sua
extraordinaria resisténcia as conjunturas extremas (catastrofes, acidentes, incéndios, explosodes,
entre outras), condi¢cdes ambientais e naturais fases de decomposicdo, encontrando-se apds a
morte, via de regra, bem preservado e separado do resto da ossada (Johnson et al., 1989; Green
e Curnoe, 2009; Nidugala et al., 2013).

No decorrer do tempo, diversas técnicas cientificas tém sido utilizadas para concretizar
um correto diagnostico diferencial do sexo, por meio do proprio neuro e viscerocranio ou das
suas respectivas imagens (fotografias, radiografias e/ou tomografias, de preferéncia, digitais),
abrangendo desde as muito cléssicas, apregoadas e de menor monta (descritivas e métricas dos
ossos e dentes), até as mais hodiernas, requintadas e dispendiosas (observagdo microscopica do
tecido pulpar ou da arquitetura dssea, analise fisica e quimica dos tecidos calcificados dentais
e o0sseos, € exame de DNA). Em linhas gerais, os procedimentos consistentes em avaliagdes
qualitativas (cranioscoOpicas), quantitativas (craniométricas) ou quali-quantitativas sdo os de
primeira escolha, a despeito de que a decisdo final dependera da quantidade e estado do material
questionado e da simplicidade, praticidade, exatidao e custo daqueles (Birkby, 1966; Pereira e
Mello e Alvim, 1979; Krogman e Iscan, 1986; Steyn e Iscan, 1998; Kondo e Townsend, 2006;
Sangvichien et al., 2007; Kimmerle et al., 2008; Pereira et al., 2010; Senn e Stimson, 2010;
Spradley e Jantz, 2011; Lima et al., 2012; Menéndez e Lotto, 2013; Jurda e Urbanova, 2016;
Madadin et al., 2017; Casado, 2017; Oikonomopoulou et al., 2017). Todavia, impende
mencionar que aparecem bem menos eficazes e precisos em presenca de remanescentes de
subadultos, em decorréncia da falta ou infima eclosdo dos caracteres sexuais secundarios.
Nessas circunstancias, o fato de que a quase totalidade dos 6rgdos dentais desenvolve-se
completamente antes da maturagdo esquelética, faz da denticdo um valioso indicador de sexo
(Arbenz, 1988; Lund e Mornstad, 1999; Scheuer, 2002; Karaman, 2006; Rai et al., 2008;
Rodriguez-Florez et al., 2008; Adler e Donlon, 2010; Picapedra et al., 2012; Sassi et al., 2012;
Narang et al., 2014).
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Diante do exposto, o presente trabalho buscou instituir um método fiavel para a
determinagdo do sexo, servindo-se de medidas lineares realizadas em cranios secos de humanos
adultos, e criar um modelo matematico, a partir das significativamente dimorficas, capaz de

colaborar nas agdes de investigagdo criminal ou identificagdo humana.
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2 ARTIGO: Sex determination in a Brazilian sample from cranial morphometric

parameters

Artigo submetido ao periddico Journal of Forensic Odonto-Stomatology.

Comprovante adicionado ao anexo 2.

ABSTRACT

Sex determination, which is based on the existence of dimorphism between specimens of the same
species, plays an important role in the process of human identification. In the absence of pelvic
elements, the skull appears to be the best sex indicator, and can also be submitted to quantitative
or metric assessments. Eleven measurements were taken for this study, four in the sagittal plane
and seven in the horizontal, in two groups of 186 skulls each, with 101 from males and 85 from
females for those of the sagittal plane, and 100 and 86, respectively, for those concerning the
horizontal, of subjects aged between 18 and 94 years at the time of death. The sample belongs to
the Osteological and Tomographic Biobank Professor Doctor Eduardo Daruge of the Piracicaba
Dental School of the University of Campinas. The aim of this research was to establish a reliable
method to determine sex and elaborate mathematical prototypes capable of assisting in
investigation or identification activities. Of the measures implemented (Lambda-Nasion, Lambda-
Rhinion, Lambda-Nasospinale, Rhinion-Nasospinale, Zygomaxillare-Zygomaxillare, Lambda-
Incisive Foramen, Lambda-Right Zygomaxillare, Lambda-Left Zygomaxillare, Basion-Incisive
Foramen, Basion-Right Zygomaxillare and Basion-Left Zygomaxillare), only the Lambda-
Nasospinale and Rhinion-Nasospinale in the sagittal plane, and the Zygomaxillare-Zygomaxillare
and Lambda-Incisive Foramen in the horizontal plane, were significantly dimorphic. Two
predictive mathematical models of sex were conceived for each pair of them: one of logistic
regression and another of conditional inference trees, displaying accuracy rates of 78.5% and
77.42%, and of 68.28% and 72.04%, respectively. The authors concluded that there is the
possibility to apply the aforementioned data in forensic anthropology as an auxiliary tool in
investigation or identification tasks.

Keywords: Forensic Anthropology. Sex dimorphism. Craniometry. Forensic Dentistry.

INTRODUCTION
Sexual dimorphism, the main pattern of variation among members of population groups,

refers to the volumetric, physiognomic, somatic, anatomical, physiological and structural
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particularities, which manifest themselves differently in males and females of the same species.!
It is a phenomenon that has undoubtedly aroused the special interest of forensic medical experts
and anthropologists due to its presence in most human bones.>3

Some skeletal parts (such as those of hands, feet and scapular girdle, sternum, first rib,
humerus, ulna, radius, femur, tibia, fibula, patella and mandible) are used to determine sex,
although the pelvic girdle and skull are considered to be the most reliable for this purpose.!-*
In addition, the skull in particular has enormous forensic potential due to its extraordinary
resistance to extreme conjunctures, environmental conditions and natural stages of
decomposition, usually being found well-preserved and separated from the rest of the skeleton
after death.>

Several scientific techniques have been used over the course of time to achieve a correct
differential sex diagnosis, either through the neuro and viscerocranium itself or through their
respective images (photographs, radiographs and/or tomographies, preferably digital), ranging
from the very classic, common and inexpensive (descriptive and metric of bones and teeth), to
the most modern, sophisticated and costly (microscopic observation of pulp tissue or bone
architecture, physical and chemical analysis of dental and bone calcified tissues, and DNA
examination). In general terms, procedures consisting of qualitative (cranioscopic), quantitative
(craniometric) or qualitative-quantitative evaluations are those of first choice, despite the fact
that the final decision will depend on the quantity and state of the material questioned, and also
the simplicity, practicality, accuracy and cost of those procedures.!$-!! However, it should be
mentioned that they appear to be much less effective and accurate in the presence of remnants
of subadults, due to the lack of or minimal expression of secondary sexual characters.!?

In view of the foregoing, the present work sought to establish a reliable method for sex
determination, using linear measurements performed on dry skulls of adult humans, and to
create a mathematical model, from the significantly dimorphic ones, capable of collaborating

in investigation or identification activities.

MATERIALS AND METHODS
This was a descriptive, cross-sectional and quantitative study of dry skulls of Brazilians

belonging to the collection of the Osteological and Tomographic Biobank Professor Doctor
Eduardo Daruge of the Piracicaba Dental School of the University of Campinas, which are part
of 320 skeletons, 179 from males and 141 from females, of individuals with age, origin and
cause of death known. The referred material was donated on March 24, 2015 by Parque Nossa

Senhora da Congei¢ao (Amarais) Cemetery, of the city of Campinas, State of Sdo Paulo, as set
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out on page 44 of case 06-P-1447/16. In regards to ancestry, the collection includes 188
(58.75%) skeletons of Caucasians (whites), 91 (28.44%) of Mulattoes (mixed-races), 40
(12.5%) of Afro-descendants (blacks) and 1 (0.31%) of Amerindian (aborigine).

Of the 320 skulls, only 194 (105 from males and 89 from females) were selected, of
subjects died in the second half of the 20" century, aged between 18 and 94 years at the time
of death, with no morphological or pathological abnormalities, neither traces of extensive
trauma nor surgical interventions that might interfere with their assessment. This consisted in
the realisation of eleven measurements (four in the sagittal plane and seven in the horizontal
plane) in two groups of 186 skulls each (n=186), with 101 male skulls and 85 female skulls for
measurements in the sagittal plane, and 100 and 86, respectively, for those concerning the
horizontal plane, because of the impossibility of materialising them on the 194 skulls, as some
of the anthropometric points used would be damaged.

These measurements were carried out by means of a digital sliding calliper with a
resolution of 0.01mm (150 mm - Digimess®, Sdo Paulo, Brazil), or a digital spreading calliper
with a resolution of 0.01mm (203 mm - Igaging®, California, United States of America), by a
single operator as follows: in the first 25 skulls on three different occasions, with an interval of
no less than two weeks between them, a requisite for intra-examiner calibration (intra-
examination agreement), and in the remaining 161, merely once. Three of the four
measurements in the sagittal plane [Lambda-Nasion (La-Na), Lambda-Rhinion (La-Rhi) and
Lambda-Nasospinale (La-Ns)] were performed with the aid of the spreading calliper, and one,
Rhinion-Nasospinale (Rhi-Ns) of the sliding calliper, while four of the seven in the horizontal
plane [Zygomaxillare-Zygomaxillare (ZgM-ZgM), Lambda-Incisive Foramen (La-IF),
Lambda-Right Zygomaxillare (La-RZgM) and Lambda-Left Zygomaxillare (La-LZgM)] made
with spreading calliper, and three [Basion-Incisive Foramen (Ba-IF), Basion-Right
Zygomaxillare (Ba-RZgM) and Basion-Left Zygomaxillare (Ba-LZgM)] with sliding calliper
(Figure 1, Table 1 and Figure 2).

It should be noted that the corresponding project was submitted to the Ethics Committee
in Research of the Piracicaba Dental School, and finally approved (protocol n® 138/2014, CAAE
n° 38522714.6.0000.5418), complying with Resolution 466/12 about guidelines and regulatory

norms of researches involving human beings.'?
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Fig. 1: Instruments for measuring and Rhi-Ns and ZgM-ZgM measurements

Table 1: Definition of the cranial landmarks (adapted from Pereira & Mello e Alvim, 1979)

Lambda (La)

Nasion (Na)

Rhinion (Rhi)

Nasospinale (Ns)

Zygomaxillare (ZgM)

Incisive Foramen (IF)

Basion (Ba)

Point at the intersection of the sagittal and lambdoid sutures, in the midline.
Point at the intersection of the internasal and nasofrontal sutures, in the midline.

Most inferior and anterior point of the internasal suture.

Most inferior and anterior point of the inferior margin of nasal aperture, at the anterior nasal
spine base.

Most inferior point of the zygomaticomaxillary suture. Bilateral (RZgM and LZgM).
Midpoint on the posterior margin of the incisive foramen.

Midpoint on the anterior margin of the foramen magnum.

Spreading Calliper

/ﬁ% JETSS
S32°% B Nap

Sliding Calliper

Fig. 2: Cranial measurements in the sagittal (A and B) and horizontal (C and D) planes
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Statistical Analysis

The data obtained were entered into a spreadsheet and analysed using R statistical
program. Intra-examiner reliability was evaluated by the intra-class correlation coefficient, with
a range from 0.985 to 0.997 for sagittal plane measurements, and from 0.993 to 0.999 for the
horizontal ones, thus proving the absence of a statistically significant difference amongst the
three series of measurements taken.

A scatter plot matrix of a set of independent variables, quantitative (measurements in
the sagittal or horizontal planes), and one response or dependent, dichotomous, with only two
categories (“male” and “female”), in which each element consisted of a scatter plot of one of
the first and the response, allowed to select the most significantly dimorphic variables.

Then, two kinds of statistical models were proposed and customized for this survey: one
parametric of logistic regression and one more non-parametric of conditional inference trees
(Ctree).

Afterwards, two logistic regression models were elaborated, consisting of a constant
(x0=1) and two explanatory variables - La-Ns and Rhi-Ns for the measurements in the sagittal
plane, and ZgM-ZgM and La-IF for those in the horizontal - whose mathematical formulas are
the result of the substitution of the respective parameters or coefficients (B, B1 and B2) by the
appropriately estimated values. In these equations, results greater than zero are indicative of
feminine sex and minor than zero of masculine sex.

In turn, two models of conditional inference trees were developed, one for each group
of measurements, with the same variables as the previous ones, evaluating the corresponding
final nodes. Each of these were assigned one of the two categories of the response variable,
being designated as category 1 to the one with the highest number of components, and 2 to the
one with the lowest number of them.

Hence, the logistic regression model for the group of measures in the sagittal plane had
the succeeding expression, as well as the conditional inference trees, the configuration

represented in Figure 3.

logit(p) = Ln (1 P ) = Ao+ Bixy + Foxo + ... + By

logit (p)= Bo+ B1x La-Ns+ 8, x Rhi-Ns
logit (p)=-29.5393 +(0.1057 x La-Ns) + (0.2985 x Rhi-Ns)
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Fig. 3: Conditional inference trees model for measurements in the sagittal plane

On the other hand, the logistic regression model for the group of measurements in the

horizontal plane was formulated as follows:

logit(p) = Ln (%p) = o+ Bizy + Poxa + ...+ Fpxp

logit (p)= Bo+B1x ZgM-ZgM + 8, x La-IF
logit (p)= -24.4233 +(0.1089 x ZgM-ZgM)+ (0.0777 x La-IF)

The conditional inference trees model for the aforementioned acquired the configuration

reproduced in Figure 4.
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Fig. 4: Conditional inference trees model for measurements in the horizontal plane

RESULTS

Once the measurements in the sagittal plane were evaluated through logistic regression

model (Table 2), it was possible to verify that:

+ 83 male and 63 female skulls were correctly classified (success rate of 78.5%);

* the model identified 105 of the 186 skulls examined as male and the remaining 81 as female,

with an accuracy of 79.04% (83 of 105) and 77.77% (63 of 81), respectively;

» the success rate by sex corresponded to 82.18% of males and 74.12% of females; and

* the total classification error was 21.5%, whereas the error by sex reached 17.82% in males

and 25.88% in females.
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Table 2: Cataloguing of skulls for measurements in the sagittal
plane, by means of the logistic regression model

Predicted
F M Total
F 22 85
Observed M 18 101
Total 81 105 186

When these measurements were submitted to the conditional inference trees model
(Table 3), the subsequent outcomes were obtained:
* 75 male and 69 female skulls were correctly categorised (success rate of 77.42%);
* 91 skulls were typified as male and 95 as female, with an accuracy of 82.4% (75 of 91) and
72.6% (69 of 95), respectively;
» the success rate by sex corresponded to 74.26% of males and 81.18% of females; and
« the total classification error was 22.58%, whilst that considered by sex reached 25.74% in

males and 18.82% in females.

Table 3: Categorization of skulls for measurements in the sagittal
plane, according to conditional inference trees model

Predicted
F M Total
Observed F 16 85
M 26 101
Total 95 91 186

After evaluating the measurements in the horizontal plane, taking advantage of the
logistic regression model (Table 4), it became feasible to assert that:
* 74 male and 53 female skulls were correctly catalogued (success rate of 68.28%);
* the model predicted that 107 of the 186 skulls examined were masculine and the remaining
79 feminine, with an accuracy of 69.1% (74 of 107) and 67.1% (53 of 79), respectively;
* the success rate by sex corresponded to 74% of males and 61.63% of females; and
» the total classification error was 31.72%, 26% in males and 38.37% in females when

considered by sex.
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Table 4: Classification of skulls for measurements in the horizontal
plane, using the logistic regression model

Predicted
F M Total
Observed F 33 86
M 26 100
Total 79 107 186

Finally, the measurements were analysed through conditional inference trees model
(Table 5), with the following results:
* 65 male and 69 female skulls were correctly classified (success rate of 72.04%);
* 82 skulls were characterized as male and 104 as female, with an accuracy of 79.2% (65 of 82)
and 66.3% (69 of 104), respectively;
« the success rate by sex corresponded to 65% of males and 80.23% of females; and
» the total classification error was 27.96%, while that considered by sex reached 35% in males

and 19.77% in females.

Table 5: Cataloguing of skulls for measurements in the horizontal
plane, by means of the conditional inference trees model

Predicted
F M Total
Observed F 17 86
M 35 100
Total 104 82 186

DISCUSSION
It could be stated that the need and eagerness for identification can be traced back to the
beginnings of civilisation, since man has always been careful regarding his property and identity
rights, in order to differentiate himself from his peers.'* In view of these precepts, nowadays,
the legal scope, social significance and media repercussions of this are no longer discussed.!*!?
On this treadmill, sex determination, which is based on the existence of dimorphism
between specimens of the same species, arises as a key step to reconstruct the biological profile

of human remains,'*!® by enabling the reduction of the search universe by 50%.>!7 It is also
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one of the cardinal scopes of anatomists, bioarchaeologists, anthropologists and criminal,
forensic medical and odontology experts, when responsible for the anthropological examination
of unscathed or fragmented bones.??

These contrasting features are evident in most parts of the skeleton, and markedly so in
the pelvic girdle and skull, which are considered as reliable sex indicators.!** It is added that,
because of its formidable resistance, the skull is often recovered from crime scene or crash site
in a good condition to undergo a detailed appraisal.>

Some cranial and mandibular traits must be analysed in an attempt to arrive at a precise
differential sex diagnosis, not forgetting that their degree of expression - usually higher in males
- will be influenced by diachronic, mesological, geographical, evolutionary, ontogenic,
occupational, socioeconomic, behavioural, nutritional, genetic, ethnic, age-related,
constitutional, physiological, hormonal, biomechanical, traumatic, pathological and/or surgical
factors,!-3-3:9-10.15.16.18 Therefore, forensic anthropology, a subspeciality of physical, anatomical
or biological anthropology, comes on scene as a supporting science for forensic medicine and
justice, especially in cases related to identification.!

In general, macroscopic qualitative, non-metric or visual inspection techniques continue
to be widely used as a consequence of their universality, practicability, replicability, quickness,
efficiency and simplicity (not requiring sophisticated equipment), despite demanding capable,
experienced and trained professionals, and of their high subjectivity load.!:3->8-1LIS17.18 Tq
overcome these disadvantages, minimise the chances of inter-observer error'! and favour the
admissibility of findings in court,'"!” an attempt was made to quantify the morphological

attributes using ordinal scales with three or five levels,!%!?

or special devices such as coordinate
callipers,!! which are not always effective in increasing the accuracy rate. In contrast,
quantitative or metric techniques rely on standardised linear or angular measurements of
distances delimited by landmarks, weighted individually or as indexes, as well as in spatial
references of superior objectivity, statistical value, population specificity and susceptibility to
secular changes, and of lesser challenge in the judicial sphere.’->78-1L13.17.18 Nevertheless, their
use may be restricted in view of the three-dimensionality and natural irregularity of the various
body units in question,?® for which Mandelbrot?!, in 1982, proposed resorting to fractal
geometry for morphometric analysis of these structures. In this same goal, Bookstein?? utilized
a geometric morphometric approach with the aim of recording 2D and 3D coordinates on
landmarks and semilandmarks. This is based on the application of new photographic

(photogrammetry, digital cameras, microlenses, illuminators, reflectors, tripods, etc.) and

computational (images digitization, scanners, computers, and specific softwares) technologies
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and accessories, which make it possible to visualise, measure and reproduce the variations in
shape and size of biological components.!*>1%18 Jts main contribution consists in the possibility
of practising a more objective, realistic, complete and accurate evaluation,!? although hampered
by the eventual unavailability or lack of economic, operational and/or human resources.'®

It is worth remembering that Brazilian anthropology directed its first efforts towards the
validation (for the national samples) of findings of successive and celebrated European
scientific works, capturing the inconveniences that generated to interpolate them and the
urgency to coin their own paradigms and tables. For these reasons, in the midst of the
uninterrupted and impetuous expansion of statistics in the mid-twentieth century, mathematical
archetypes began to be developed that were adapted to the reality of the country.?

In a nutshell, adequate statistical analysis requires the application of flexible
methodologies capable of leading to easily understandable results. Using this as a guide, it
should detail the selection process of variables and indicate the performance prediction of
mathematical models. On this occasion, two multivariate tools of uncontroversial utility in
health sciences - one of logistic regression and another of conditional inference trees - were
expressly designed for the assorting of the skulls studied. The first is a valuable statistical
appliance for forecasting a binary dependent variable such as sex, albeit still insufficiently
explored in forensic dentistry.?® In essence, it represents a generalised alternative that has
proven to be very adaptable in its hypotheses and able of manipulating both discrete and
continuous variables, which request not to be normally distributed, linearly related, or of equal
variance within each ensemble.?* Furthermore, the second is a predictive and exploratory
instrument that facilitates the explanation of a numerical response variable (regression) or
categorised (classification), through a bunch of covariables and their possible relations. In fact,
it is a versatile scheme with a simple interpretation, with no restrictions as to the type and
distribution of the considered variables, either dichotomous (as in this case) or not.

The sample in question consisted of dry skulls of Brazilians belonging to the
Osteological and Tomographic Biobank Professor Doctor Eduardo Daruge of the Piracicaba
Dental School of the University of Campinas. The collection comprises of 320 skeletons, 179
from males and 141 from females, 188 (58.75%) of Caucasians (whites), 91 (28.44%) of
Mulattoes (mixed-races), 40 (12.5%) of Afro-descendants (blacks) and 1 (0.31%) of
Amerindian (aborigine), of individuals with age, origin and cause of death known. This material
was donated by Parque Nossa Senhora da Concei¢cdo Cemetery, of the city of Campinas, State
of Sdo Paulo, Southeast Region of Brazil. As to the ancestry, it would be inappropriate to forget

that the nation is home to a multi-ethnic society with European, indigenous and - above all -
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African and Asian influences,’!*1

since 46% of its population (one of the most miscegenated
in the world) are descendants of former slaves from the African continent,'* and the largest
Japanese community in the world is located in and around Sdo Paulo.'* Given the
aforementioned information, there appears to be no physical or genetic stereotype of the
Brazilian citizen, which symbolises the synthesis of a long, intricate and very rich ethnocultural
history.?>

The present research focused on cranial measurements performed in the sagittal and
horizontal planes in order to verify the presence of sexual dimorphism. Statistically significant
linear distances were Lambda-Nasospinale and Rhinion-Nasospinale in the sagittal plane, and
Zygomaxillare-Zygomaxillare and Lambda-Incisive Foramen in the horizontal. For each pair
of them, a mathematical prototype of logistic regression and one of conditional inference trees
were created, with success rates of 78.5% and 77.42%, and of 68.28% and 72.04%, respectively.

The bizygomatic breadth has been referred to as the most dimorphic measurement in
conglomerates of white’ and black!” South Africans, Greeks,* Americans,® Indians,’
Romanians,?® Scots?’ and Brazilians.!>*’-*® Nonetheless, it was excluded from this evaluation
because it appears in the measurement battery of Ulbricht et al.?® for a sample of the same
osteological collection.

The Basion-Incisive Foramen distance was statistically significant in two subsets of
Brazilians, one in Sdo Paulo?® and the other in Mato Grosso,” but not in this study. In contrast,
the Zygomaxillare-Zygomaxillare distance was significant in this, but not in Western
Australians'® and Southeastern Brazilians,'? whereas the Rhinion-Nasospinale was significant
for two of this bone collection, as expected: that of Ulbricht et al.2® and the present study.

Saini et al.’ reported the dimorphic character of the Nasion-Nasospinale distance in
Indians, which was not measured in this survey, but the Rhinion-Nasospinale (which is known
to be included in the former) was, and it was shown to be significant. It should be noted that an
analogy has been drawn between the two, since they are associated with the sagittal plane and
in the same anatomical region.

For Green & Curnoe’ and Saini et al.?, the aforesaid results would be attributed to a
succession of biological phenomena and mechanisms, as well as to the applied methodology,
samples size and/or ancestry of the human sets assessed. Indeed, the singularities of organic
growth and development, which are fundamentally conditioned by genetic and hormonal
factors (hereditary patterns, beginning and end of puberty), are responsible for the onset and
magnitude of sexual dimorphism in the cranial unit. The traits considered more dimorphic are

located in the face and vault, due to the fact that they reach their final volume and shape
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relatively late in ontogeny. The superior facial region (orbital region) is the first to complete its
maturation and is consequently less dimorphic than the nasal, zygomatic, maxillary and
mandibular areas.!3= The vault is closely related to cranial capacity (on average 10% higher in
men) and should adapt to the progressive increase in brain mass until the age of forty, from
which it will decline at a rate of 5% per decade,'® as the base will grow and mature earlier to
support the brain and protect the vital nerves and vessels.! Taking all of this into account, it
should be possible to explain the reason for the dissimilar success rates of predictive models of
the present study and the lesser reliability of the measurements in the horizontal plane. On the
other hand, it is essential to emphasise that modern population groups do not exhibit appreciable
or palpable phenotypic or genotypic discrepancies, as is evident from cladistic analyses that
seek to trace the genealogy of our species.!* In essence, they constitute authentic, temporary,
dynamic and changeable ethnic crucibles, with certain ancestral peculiarities that are
periodically repeated, in total harmony with increasing degrees of human variation and
miscegenation for which it is necessary that every procedure of identification is tested and
validated for each of them.!#

In addition to the limitations and controversies inherent in osteometric methods in
general and craniometric methods in particular, the one used in this opportunity, although not
infallible,’ proved to be reliable, valid, simple, feasible, accessible, fast, practical, economical,
standardised and reproducible. Likewise, it can achieve results comparable to those of much
more abstruse and costly ones, and be useful in cases of fractured skulls.!’

At last, it should be pointed out that sex determination and human identification are
conceptualised as fundamental individual rights. Besides, these activities are responsibility of
Brazilian dental surgeons when invested in the role of odontology experts (items I'V and IX of
article 6 of the Law 5081/66), who will have the possibility to contribute and expedite these
processes, in the pursuit of providing better and more efficient services to the community and

to be subject to current legislation.*°

CONCLUSION
Quantitative assessments of the different cranial structures emerge as suitable, useful,
valuable, pragmatic, inexpensive and complementary resources for the reconstruction of the

individual biological profile. Sex determination as a major step in this arduous and relevant
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task, is one of the most common and critical problems faced by anatomists, bioarchaeologists,

anthropologists and criminal, forensic medical and odontology experts.

A positive identification should never be based on a single technique, according to the

anthropological premise of making use as many available means as possible. Additionally, it

will be necessary that the abovementioned be tested and validated for each population sample,

in light of the notorious level of variation and miscegenation of contemporary human beings.

The Lambda-Nasospinale and Rhinion-Nasospinale distances in the sagittal plane and

the Zygomaxillare-Zygomaxillare and Lambda-Incisive Foramen in the horizontal revealed

themselves to be significantly dimorphic. For each pair of them, two predictive mathematical

models of sex were developed, one of logistic regression and one of conditional inference trees,

with success rates of 78.5% and 77.42%, and of 68.28 % and 72.04%, respectively.
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3 DISCUSSAO

Poder-se-ia sentenciar que a preméncia e afa de identificacdo remontam-se aos
primordios da civilizagdo, haja vista que o homem sempre tem zelado pelos seus direitos de
propriedade e identidade, objetivando diferenciar-se dos seus semelhantes (Vanrell e
Borborema, 2011). Em face desses preceitos, hoje em dia, ja ndo se discutem os alcances legais,
a significagdo social nem a repercussdo mididtica daquela (Buchner, 1985; Sweet, 2001;
Oliveira et al., 2012).

Nessa esteira, a determinagdo do sexo, fundamentada na existéncia de dimorfismo entre
exemplares da mesma espécie, exsurge como um passo-chave para reconstruir o perfil bioldgico
de restos humanos (Soler-Argilaga, 1987; Williams e Rogers, 2006; Suazo et al., 2008; Prabhu
e Acharya, 2009; Pereira et al., 2010; Saini et al., 2011; Ahmed et al., 2011; Spradley e Jantz,
2011; Nidugala et al., 2013; Menéndez e Lotto, 2013; Narang et al., 2014; Eboh et al., 2016;
Sakaew et al., 2016; Madadin et al., 2017; Amores-Ampuero, 2017; Oikonomopoulou et al.,
2017), ao possibilitar a redu¢dao do universo de busca em 50% (Dayal et al., 2008; Acharya e
Mainali, 2009; Acharya et al., 2011; Saini et al., 2011; Ahmed et al., 2011; Lima et al., 2012),
e como um dos escopos cardinais dos anatomistas, bioarquedlogos, antropdlogos e peritos
criminais, médico-legistas e odontolegistas, quando responsaveis pelo exame antropologico de
ossadas incolumes ou fragmentadas (Konigsberg e Hens, 1998; Paiva e Segre, 2003; Costa et
al., 2005; Deshmukh e Devershi, 2006; Suazo et al., 2008; Nidugala et al., 2013; Sakaew et al.,
2016; Madadin et al., 2017; Amores-Ampuero, 2017; Oikonomopoulou et al., 2017).

Essas particularidades contrastantes evidenciam-se na maioria das pecas esqueléticas e,
marcadamente, na cintura pélvica e no cranio, pelo qual soem configurar-se como fidedignos
indicadores de sexo (Krogman, 1962; Anderson e Thompson, 1973; Almeida Jr. e Costa Jr.,
1981; Krogman e Iscan, 1986; Inoue et al., 1992; Celbis et al., 2001; Paiva e Segre, 2003;
Deshmukh e Devershi, 2006; Sangvichien et al., 2007; Suazo et al., 2008; Kranioti et al., 2009;
Saini et al., 2011; Nidugala et al., 2013; Menéndez e Lotto, 2013; Kubicka e Piontek, 2016;
Sakaew et al., 2016; Toledo Avelar et al., 2017). Acrescenta-se que, mercé a sua formidavel
resisténcia, o cranio €, com frequéncia, recuperado dos locais de crime ou acidente, em boas
condig¢des para ser submetido a uma pormenorizada apreciacao (Johnson et al., 1989; Green e
Curnoe, 2009; Saini et al., 2011; Nidugala et al., 2013; Madadin et al., 2017; Botwe et al.,
2017).

Alguns tracos cranianos e mandibulares deverdao sopesar-se (forma, contorno, tamanho,
peso, capacidade, densidade e robustez ou gracilidade das estruturas anatomicas e das cristas

de inser¢des musculares; inclina¢do ou verticaliza¢do da fronte; curvatura ou angulosidade da
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articulagdo frontonasal; agucamento ou arredondamento dos rebordos supraorbitarios; altura e
largura das orbitas e abertura piriforme; franco ou discreto desenvolvimento das proeminéncias
parietais, glabelar e occipital e dos processos ou apdfises mastdides e estildoides; comprimento
e largura do forame magno, condilos occipitais e arcos dentais; volume e projecao dos alvéolos
dentais), na tentativa de chegar a um preciso diagnostico diferencial do sexo, sem esquecer que
seu grau de expressdo, corriqueiramente maior nos individuos masculinos, ver-se-a
influenciado por inumeros fatores, a saber: diacronicos, mesologicos, geograficos, evolutivos,
ontogénicos, ocupacionais, socioecondmicos, comportamentais, nutricionais, genéticos,
étnicos, etarios, constitucionais, fisioldgicos, hormonais, biomecanicos, traumaticos,
patoldgicos e/ou cirurgicos (Krogman e Iscan, 1986; Inoue et al., 1992; Buikstra e Ubelaker,
1994; Konigsberg e Hens, 1998; Celbis et al., 2001; Schiwy-Bochat, 2001; Walrath et al., 2004;
Sangvichien et al., 2007; Suazo et al., 2008; Kranioti et al., 2009; Green e Curnoe, 2009;
Zavando et al., 2009; Bigoni et al., 2010; Saini et al., 2011; Ahmed et al., 2011; Oliveira et al.,
2012; Lima et al., 2012; Sassi et al, 2012a; Franklin et al., 2012; Nidugala et al., 2013;
Menéndez e Lotto, 2013; Orish et al., 2014; Eboh et al., 2016; Sakaew et al., 2016; Jurda e
Urbanov4, 2016; Madadin et al., 2017; Amores-Ampuero, 2017; Toledo Avelar et al., 2017;
Botwe et al., 2017). Assim, a antropologia forense, subespecialidade da antropologia fisica,
anatomica ou bioldgica, entra em cena como uma ciéncia coadjuvante da medicina legal e da
Justica, nomeadamente, nos casos atinentes a identificacdo (Montagu, 1969; Krogman e Iscan,
1986; Arbenz, 1988; Celbis et al., 2001; Williams e Rogers, 2006; Oliveira et al., 2012).

De modo geral, as técnicas macroscopicas qualitativas, ndo métricas ou de inspecao
visual, continuam sendo assaz empregadas, em consequéncia da sua universalidade,
praticabilidade, replicabilidade, celeridade, eficacia e simpleza (ao ndo requererem
equipamento sofisticado), apesar de demandarem profissionais capacitados, experientes e
treinados, e da sua elevada carga de subjetividade (Inoue et al., 1992; Celbis et al., 2001; Paiva
e Segre, 2003; Walrath et al., 2004; Williams e Rogers, 2006; Sangvichien et al., 2007; Dayal
et al., 2008; Suazo et al., 2008; Kranioti et al., 2009; Green e Curnoe, 2009; Zavando et al.,
2009; Bigoni et al., 2010; Saini et al., 2011; Ahmed et al., 2011; Spradley e Jantz, 2011; Oliveira
et al., 2012; Lima et al., 2012; Franklin et al., 2012; Nidugala et al., 2013; Menéndez e Lotto,
2013; Sakaew et al., 2016; Jurda e Urbanova, 2016; Madadin et al., 2017; Casado, 2017;
Oikonomopoulou et al., 2017). Para superar essas desvantagens, minimizar as chances de erro
interobservador (Walrath et al., 2004; Kimmerle et al., 2008; Casado, 2017) e favorecer a
admissibilidade das ilagdes nos pretorios (Dayal et al., 2008; Casado, 2017), procurou-se

quantificar os atributos morfologicos mediante escalas ordinais, com trés ou cinco niveis
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(Defrise-Gussenhoven, 1966; Buikstra e Ubelaker, 1994; Celbis et al., 2001; Williams e Rogers,
2006; Jurda e Urbanova, 2016; Oikonomopoulou et al., 2017), ou dispositivos especiais, como
os compassos de coordenadas (Casado, 2017), nem sempre efetivos para aumentar a
percentagem de acerto. Em contrapartida, as técnicas quantitativas ou métricas repousam em
medi¢des padronizadas, lineares ou angulares, de distdncias delimitadas por pontos de
referéncia, ponderadas individualmente ou como parte de indices, bem como em subsidios
espaciais, de superior objetividade, valor estatistico, especificidade populacional e
suscetibilidade as mudancas seculares, e de menor contestagdo na esfera judiciaria (Kajanoja,
1966; Inoue et al., 1992; Steyn e Iscan, 1998; Celbis et al., 2001; Paiva e Segre, 2003;
Sangvichien et al., 2007; Dayal et al., 2008; Suazo et al., 2008; Kranioti et al., 2009; Green e
Curnoe, 2009; Zavando et al., 2009; Bigoni et al., 2010; Saini et al., 2011; Ahmed et al., 2011;
Spradley e Jantz, 2011; Oliveira et al., 2012; Lima et al., 2012; Sassi et al, 2012a; Franklin et
al., 2012; Nidugala et al., 2013; Sakaew et al., 2016; Jurda e Urbanova, 2016; Madadin et al.,
2017; Casado, 2017; Oikonomopoulou et al., 2017; Botwe et al., 2017). No entanto, podem ver-
se restringidas no uso em vista da tridimensionalidade e natural irregularidade das variadas
unidades corporais em questdo (Schiwy-Bochat, 2001; Ahmed et al., 2011), pelo que
Mandelbrot, em 1982, propds lancar mao da geometria fractal para a analise morfométrica
destas. Nesse mesmo diapasdo, Bookstein (1991) utilizou a morfometria geométrica, com o fito
de registrar coordenadas em 2D e 3D sobre marcos anatomicos e contornos homologos, que,
baseada na aplicacdo de novas tecnologias e acessorios fotograficos (fotogrametria, cAmeras
digitais, microlentes, iluminadores, refletores, tripés, etc.) e computacionais (digitaliza¢do de
imagens, escaneres, computadores e programas informaticos especificos), viabiliza visualizar,
dimensionar e reproduzir as variacdes de forma e tamanho das estruturas bioldgicas (Bookstein,
1996; Bookstein, 1997; Bookstein et al., 2004; Franklin et al., 2007; Kieser et al., 2007;
Kimmerle et al., 2008; Kranioti et al., 2009; Green e Curnoe, 2009; Bigoni et al., 2010; Ahmed
et al.,, 2011; Franklin et al., 2012; Menéndez e Lotto, 2013; Jurda e¢ Urbanova, 2016;
Oikonomopoulou et al., 2017). Sua principal contribui¢do estriba na possibilidade de praticar
uma avaliacdo mais objetiva, realista, completa e precisa (Kimmerle et al., 2008; Bigoni et al.,
2010; Jurda e Urbanova, 2016), porém dificultada pela eventual indisponibilidade ou caréncia
de recursos econdmicos, operacionais e/ou humanos (Franklin et al., 2012; Oikonomopoulou
et al., 2017).

E salutar trazer a baila que a antropologia brasileira direcionou seus primeiros esforcos
em validar, para as amostras nacionais, as constatagdes de sucessivos e célebres trabalhos

cientificos europeus, captando os inconvenientes que gerava interpola-las e a urgéncia em
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cunhar seus proprios paradigmas e tabelas. Por tais motivos, e diante da ininterrupta e impetuosa
expansdo da estatistica, em meados do século XX, comecou a desenvolver arquétipos
matematicos adaptados a realidade do pais (Costa et al., 2005).

Em rapidas pinceladas, uma adequada andlise estatistica requer o emprego de
metodologias flexiveis e capazes de conduzir a resultados facilmente compreensiveis. Nesse
norte, deve detalhar o processo de selegdo das varidveis e indicar a previsao de desempenho
dos modelos matematicos (Taconeli et al., 2009; Martins-Bed¢ et al., 2010). Nesta ocasido, duas
ferramentas multivariadas, de incontroversa serventia nas ciéncias da saude, uma de regressao
logistica e outra de arvore de classificagdo condicional, foram expressamente concebidas para
a catalogagdo dos cranios estudados. A primaria consiste em uma valiosa abordagem estatistica
para a previsdo de uma variavel dependente bindria, como o sexo, se bem que ainda,
insuficientemente explorada em odontologia legal (Christensen, 1997). Em esséncia, representa
uma alternativa generalizada que tem provado ser muito adaptavel nas suas hipoteses e
competente para manipular varidveis discretas e continuas, as quais exigem ndo serem
normalmente distribuidas, linearmente relacionadas, ou de igual variancia dentro de cada grupo
(Norusis, 1990; Spicer, 2004). Por sua vez, a segunda ¢ um instrumento preditivo e exploratorio
que facilita a explicagdo de uma varidvel resposta numérica (regressdo) ou categorizada
(classificacdo), por meio de um conjunto de covaridveis e das suas possiveis relacdes. Alids,
trata-se de um esquema versatil e de singela interpretacdo, sem restrigdes quanto ao tipo e
distribuicdo das variaveis consideradas, sejam elas dicotomicas, como neste caso, ou ndo
(Taconeli et al., 2009; Martins-Bed¢ et al., 2010).

A amostra em tela compds-se de cranios secos de brasileiros, pertencentes ao Biobanco
osteoldgico e tomografico Professor Doutor Eduardo Daruge da Faculdade de Odontologia de
Piracicaba da Universidade Estadual de Campinas, que integram uma colecao de 320 esqueletos,
179 masculinos e 141 femininos, de sujeitos de idade, origem e causa de morte conhecidas,
oportunamente doados pelo Cemitério Parque Nossa Senhora da Concei¢do, da cidade de
Campinas, estado de Sao Paulo, regido Sudeste do Brasil. No tocante a ancestralidade, ela inclui
188 (58,75%) de brancos (caucasicos ou leucodermas), 91 (28,44%) de pardos ou mulatos
(feodermas ou faiodermas), 40 (12,5%) de negros (melanodermas) e 1 (0,31%) de amerindio
(xantoderma). Inadequado seria esquecer que a nacgdo alberga uma sociedade multiétnica com
influéncia europeia, indigena e, sobretudo, africana e asiatica (Knepper et al., 2011; Oliveira et
al., 2012; Lima et al., 2012), porquanto 46% da sua populacao, uma das mais miscigenadas do
mundo, descende de antigos escravos do continente negro (Ferreira, 1998; Heringer, 2002;

Torres, 2002), e a maior colonia nipdnica do orbe localiza-se em Sao Paulo e circunvizinhancas
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(Kikumura-Yano, 2002; Sassi et al, 2012a). Dado o apresentado, depreende-se que inexiste um
estereotipo fisico ou genético do cidaddo brasileiro, o qual simboliza a sintese de uma longa,
intricada e riquissima historia etnocultural (Florentino e Machado, 2002).

A presente pesquisa focou-se em medidas cranianas, efetivadas nos planos sagital e
horizontal, a fim de verificar a presenca de dimorfismo sexual. As distancias lineares
estatisticamente significativas foram, no plano sagital, a Lambda-Espinha Nasal Anterior e
Rinio-Espinha Nasal Anterior, e, no horizontal, a Zigomaxilar-Zigomaxilar e Lambda-Forame
Incisivo. Para cada par delas, conceberam-se um protdtipo matematico de regressdo logistica e
um de arvore de classificacdo condicional, com indices de acerto de 78,5% ¢ 77,42%, ¢ de
68,28% e 72,04%, respectivamente.

A largura bizigomatica tem sido referida como a mensuracdo mais dimorfica em
conglomerados de sul-africanos brancos (Steyn e Iscan, 1998) e negros (Dayal et al., 2008),
gregos (Kranioti et al., 2009), estadunidenses (Spradley e Jantz, 2011), indianos (Saini et al.,
2011; Nidugala et al., 2013), romenos (Marinescu et al., 2014), escoceses (Lopez Capp, 2017)
e brasileiros (Zavando et al., 2009; Oliveira et al., 2012; Delwing, 2013; Ulbricht et al., 2017;
Lopez Capp, 2017). Nao obstante, ficou excluida desta avaliagdo por constar na bateria de
medigdes de Ulbricht et al. (2017), para uma amostra da mesma cole¢do osteologica.

A distancia Basio-Forame Incisivo resultou estatisticamente significativa em dois
subconjuntos de brasileiros, um paulista (Francesquini Jr. et al., 2007) e mais um mato-
grossense (Lima et al., 2012), porém nao no deste estudo. Em compensacao, a Zigomaxilar-
Zigomaxilar foi significante neste, € ndo nos de australianos ocidentais (Franklin et al., 2012) e
de brasileiros sudestinos (Jurda e Urbanova, 2016), ao passo que, como se esperava, a Rinio-
Espinha Nasal Anterior revelou-se significativa para dois desta coletanea 6ssea, o de Ulbricht
et al. (2017) e o do presente estudo.

Saini et al. (2011) comunicaram o carater dimoérfico da distancia Nasio-Espinha Nasal
Anterior em indianos, a qual ndo mensurou-se neste trabalho, mas sim a Rinio-Espinha Nasal
Anterior, compreendida naquela, que demonstrou ser significativa. Cumpre ressaltar que
tracou-se uma analogia entre as duas, por encontrarem-se associadas ao plano sagital e na
mesma regido anatomica.

Para Green e Curnoe (2009), Bigoni et al. (2010) e Saini et al. (2011), os resultados
supracitados seriam atribuidos a uma sucessdo de fendmenos e mecanismos bioldgicos, bem
como a metodologia aplicada, tamanho das amostras e/ou ascendéncia dos conjuntos humanos
pesquisados. Com efeito, as singularidades do crescimento e desenvolvimento organico,

condicionadas fundamentalmente por componentes genéticos e hormonais (padrdes
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hereditarios, inicio e fim da puberdade), sdo responsaveis pelo surgimento e magnitude do
dimorfismo sexual na unidade craniana. Os tragos considerados mais dimorficos locam-se no
rosto e abdbada, devido a que atingem seu volume e feitio definitivos relativamente tarde na
ontogenia. A regido facial superior ou orbitaria serd a primeira a completar a sua maturacao e,
portanto, menos dimorfica que as areas nasal, zigomatica, maxilar e mandibular (Enlow, 1992;
Green e Curnoe, 2009; Bigoni et al., 2010; Saini et al., 2011; Menéndez e Lotto, 2013). A
abobada guardara estreita relacdo com a capacidade craniana, em média 10% maior nos
homens, devendo adaptar-se ao progressivo aumento da massa cerebral até a idade de quarenta
anos, a partir da qual declinard em uma taxa de 5% por década (Eboh et al., 2016), a propor¢ao
que, a base avolumaré e amadurecera mais cedo para sustentar o cérebro e proteger os nervos e
vasos fundamentais para a vida (Menéndez e Lotto, 2013). Levando-se em conta tudo isto, seria
fativel explanar o porqué dos dessemelhantes indices de acerto dos modelos preditivos do
presente estudo e a menor confiabilidade das medidas do plano horizontal. Por outro enfoque,
¢ impreterivel salientar que os grupos populacionais modernos ndo exibem aprecidveis nem
palpaveis discrepancias fenotipicas ou genotipicas (Relethford, 2004), tal qual colige-se de
analises cladisticas que pretendem rastrear a genealogia da nossa espécie (Stringer et al., 1997).
Em esséncia, constituem auténticos, temporarios, dindmicos e mutaveis cadinhos étnicos, com
certas peculiaridades ancestrais que se iteram periodicamente (Iscan, 1989), em total harmonia
com os crescentes graus de variacdo humana e miscigenagdo, pelo que impde-se que todo
procedimento de identificag¢@o seja provado e validado para cada um daqueles (Iscan e Kedici,
2003; Sassi et al., 2012; Sassi et al., 2013; Gargano et al., 2014).

Além das limitagdes e polémicas inerentes aos métodos osteométricos, em geral, e
craniométricos, em particular, o utilizado, nesta oportunidade, mesmo que ndo infalivel (Lima
et al, 2012), mostrou-se fidvel, valido, simples, exequivel, acessivel, rapido, pratico,
econdmico, padronizado e reprodutivel, podendo atingir resultados comparaveis aos de outros
muito mais abstrusos e onerosos, e ser de utilidade em casos de cranios fraturados (Dayal et al.,
2008).

Em derradeiro, convém assinalar que a determinagdo do sexo e a identificagdo humana
conceituam-se como direitos individuais fundamentais, e que, outrossim, competem aos
cirurgides-dentistas brasileiros, quando investidos na funcdo de peritos odontolegistas (incisos
IV e IX do artigo 6° da Lei 5081/66), quem terdo a possibilidade de contribuir e agilitar esses
processos, na procura de prestar melhores e mais eficientes servicos a comunidade e sujeitar-se

a legislacdo vigente (Brasil, 1966; Francesquini Jr. et al., 2001).
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4 CONCLUSAO

Em aten¢do do que precede, conclui-se que as distdncias Lambda-Espinha Nasal Anterior
e Rinio-Espinha Nasal Anterior, no plano sagital, e Zigomaxilar-Zigomaxilar e Lambda-
Forame Incisivo, no horizontal, desvendaram-se dimorficas. Para cada dupla delas, elaboraram-
se dois modelos matematicos preditivos de sexo, um de regressao logistica e outro de arvore de
classificacao condicional, com indices de acerto de 78,5% e 77,42%, ¢ de 68,28% ¢ 72,04%,

respectivamente.
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