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RESUMO

A identificacdo humana se estabelece por métodos primarios e
secundarios, sendo que os primarios sdo DNA, dente e datiloscopia e os secundarios
sao antropometria e reconstrucao facial. O trabalho em questéao trata-se de um estudo
por método secundario, que tem por objetivo estabelecer o dimorfismo sexual pela
vertebra atlas em ossadas brasileiras. Foi realizado um estudo observacional e
transversal utilizando 191 vértebras: 81 (42,4%) do sexo feminino e 110 (57,6%) do
sexo masculino. Foram feitas medidas lineares dos didmetros anteroposterior da
vértebra, anteroposterior do canal raquidiano, transverso do canal raquidiano e
transverso maximo. Verificou-se que as medidas estudadas sdao dimérficas sendo
possivel estabelecer um novo modelo de regressao logistica (LOGITO Padovan):
Sexo = - 23.7 + (0.18 x Antero posterior da vértebra) — (0.08 x transverso do canal
raquidiano) + (0.25 x transverso maximo) sendo que valores maiores que 0,5 (cutoff)
seriam considerados masculino e menores como feminino. O presente modelo
matematico de regressao logistica obteve 82,2% de acuracia, ou seja, apresentando
grau de diferenciacdo sexual e, mostrando-se, portanto, mais eficaz na predicao do
sexo do que o mero acerto ao acaso. A partir deste resultado sera possivel criar um

software para determinar o sexo em ossadas para brasileiras.

Palavras-Chave: Antropometria. Atlas cervical. Caracteres sexuais.



ABSTRACT

Human identification is established by primary and secondary methods, the
primary ones being DNA, tooth, and dyoscopy, and the secondary ones are
anthropometry and facial reconstruction. The work in question is a study by secondary
method that aims to establish the sexual dimorphism by the vertebra atlas in Brazilian
bones. An observational and transversal study was carried out using 191 vertebrae:
81 (42.4%) were female and 110 (57.6%) were male. Linear measurements were
made of the anteroposterior diameters of the vertebra, anteroposterior of the spinal
canal, transverse of the spinal canal and transverse maxillary. It was verified that the
measured measures are dimorphic and it is possible to establish a new model of
logistic regression ( LOGITO Padovan ): Sex = - 23.7 + (0.18 x Antero posterior of the
vertebra) - (0.08 x transverse of the spinal canal) + (0.25 x transverse maximum ) and
values greater than 0.5 (cutoff) would be considered masculine and minor as female.
The present mathematical model of logistic regression obtained 82.2% of accuracy,
that is, presenting a degree of sexual differentiation and, therefore, being more
effective in the prediction of sex than the mere chance adjustment. From this result it

will be possible to create a software to determine the sex in bones for Brazilians.

Key words: Anthropometry. Cervical atlas. Sexual characters.
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1 INTRODUCAO

Quando se defronta com um esqueleto, ha a necessidade de se
estabelecer o nome do individuo quando em vida, pois este, tem direitos
assegurados para si e para os seus descentes (direito sucessorio). Para tal, faz-se
necessario utilizar o processo de identificacdo humana, visando obter a identificacédo

positiva (Scandoleiro, [2015]).

Tal pratica vinha sendo realizada pela Medicina Legal dentro do Institutos
Médico-Legais, porém com o florescer da Odontologia Legal, e com o aumento do

campo de atuacao destes, passou a ser atribuicdo também do Cirurgido-Dentista.

A Odontologia Legal de Oscar Amoedo emergiu como arte até se tornar
especialidade odontolégica, por meio da identificacdo positiva de carbonizados no
Bazar da Caridade. Registros historicos sobre a evolucdo desta especialidade

retratam sua transformac¢ao do empirismo a consolidagao cientifica (Silva, 2017b).

A Odontologia Legal brasileira, surgida inicialmente por meio da aplicacao
de uma técnica para a identificacdo humana foi criada, desenvolvida e aplicada por
Henrique Tanner de Abreu em 1922, por meio da obra “Medicina Legal aplicada a arte

dentaria”; na sequéncia foi estudada por Luiz Lustosa da Silva em 1924 (Silva, 2017a).

Foi na década de 30 que essa ciéncia integrou legalmente a formacgao dos
Cirurgides-dentistas, e dela fez parte até os dias atuais. A partir desta data, ela se
disseminou de maneira mais abrangente uma vez que esta entre as disciplinarias
obrigatodrias requeridas em territério nacional. Consideravelmente distinta das demais
areas da Odontologia, esta veio a ser reconhecida como especialidade

aproximadamente 40 anos depois do seu surgimento nos cursos de graduacao.
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A Odontologia Legal brasileira, teve seu auge com a criagdo em 1990 do
primeiro curso de pés-graduacado em Odontologia Legal e Deontologia na Faculdade

de Odontologia de Piracicaba-UNICAMP.

Por meio deste e dos demais que se surgiram, a Odontologia Legal
brasileira desempenha um papel fundamental e é aceita mundialmente como uma
ferramenta confiavel para diversas modalidades periciais, como identificagdo humana,
antropometria fisica forense, importdncia do dano corporal do aparelho

estomatognatico, pés-traumatico, dentre outros.

Desta forma, o conhecimento Odonto Legal, passou a ser desenvolvido
no Brasil, findando a fase transitéria (conteudo internacional com conteudo
nacional), ingressando para a fase de conhecimento especifico (validacao de
tabelas, modelos e demais metodologias (conjunto de técnicas, métodos e sistemas)

direcionados para a populacéao brasileira).

Sabe-se que o brasileiro atual é fruto de uma gigantesca miscigenacgao,

tornando-o Unico entre os povos atuais.

Desta forma, o presente valida o método de estimativa do sexo por meio

de medidas obtidas da vértebra atlas na populagéo brasileira atual.
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Abstract: To establish sexual dimorphism through measurements of ke Virtebra
from 191 skeletons in the forensic physical anthropologriaory Prof. Eduardo Daruge. A
study through files and quantitative measurements of theteksl Linear measurements
were made of the anteroposterior diameter of the lvert@anteroposterior of the rachidian
canal, transverse of the rachidian canal and maximuravease. This study has fulfilled the
requirements of resolution 466/12 through the approval of #sed&ch Ethics Committee
(CEP) 138/2014 and Certificate of Presentation for Ethicak(deration (CAAE)
38522714.6.0000.5418. It was found that the measurements are dimorpihiwasgossible
to establish a logit model with the data obtained. Tieeaemoderate to good correlation
between measurements of the anteroposterior diametex vértebra and anteroposterior
diameter of the rachidian canal and also with the maxirimansverse, but not with the
transverse of the rachidian canal, therefore, thedlaions were not influenced by the gender.
The same occurs in the relation between the measuoteiaeteroposterior of the rachidian
canal and transverse of the rachidian canal. Howevereldtgon between the measurement
of the anteroposterior diameter of the rachidian kcand the maximum transverse was lower
in males than in females, indicating a possible influeriggender in this relation. Here is the
logit: Gender = - 23.7 + (0.18 x Anteroposterior oftketebra)- (0.08 x transverse of the
rachidian canal) + (0.25 x maximum transverse) reveadhk model compound by the
measurements of diameters anteroposterior of thelrer, transverse of the rachidian canal
and maximum transverse results in 86.4% sensitivity, 76.5%fisfig and 82.2% accuracy.
We concluded that it is possible to determine the gender kar Imeasurements of the Atlas

vertebra.

Keywords: Anthropometry, Gender Determination Through The FirsviCar

Vertebra, Sexual Dimorphism, Mathematical Models.
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INTRODUCTION:

Gender determination by linear measurements of bone strsictlakeady a reality in
Brazil; however, due to the great extension of Brazil esdncestral diversity, there is the
need to develop a useful mathematical model for Brazlalole.

The Southeast region, headquarters of the osteologitattion (Forensic
Anthropology laboratory Prof. Dr. Eduardo Daruge), is th@rewith the greatest flow of
individuals. In this region, there is a great miscegenaimong leucodermas, melanodermas
ard xanthodermas. There is no prevalence of any phewedtgits, but rather a miscellanea of
these. Such context can generate a situation whicHaaotkrma woman may or may not be
bigger than a xanthoderma man, which may complicate the igeéetsgmination by simple

gualitative examination.

Such matter becomes more complicated since the possifiétyistence of
undifferentiated individuals (10 to 20%) which male and femladeacteristics are mixéd

must be associated.

Such problem is analyzed by the forensic physic anthropomeitityallows the study
of living or entire corpses, and/or in different staitEsonservation (putrefied, semi-skeletal,

completely skeletal or even just some bone parts).

As we know, human skeletons develop in such a way thaptiesgnt differential
characteristics such as prominences, rugosity, crestshggis, lengths and others, which
characterize the sexual dimorphism (occurrence of aradefemale individuals of a species
with markedly different physical characteristics). Sabhracteristics are, in general, more

prominent and visible in men than in worhen

It also stands out the fact that variations of osseexisa$ dimorphism characteristics
suffer influences over the years, mainly due to genatimfs, such as hormones; secondly,

due to environmental factors, such as nutritional diet, diseagrk habits etc

Once the gender has been determined, it is necessamlctoate, ancestry and stature.
Obedience to this precept can prevent occurrence of @mranshropological identification.

Gender determination is the main anthropometric studyisrdghly important in
disaster situations of big proportions. It allows sepamabf male from female bones, which

decreases search quantity, in addition to speed up the prociess of identificatidh
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Gender determination makes the process faster and tasilitee search for the
remaining characteristics that make each individual unigtirentheir species.

Such characteristics are recognized as primary methaddsllaw identity
establishment. In case of finding partial or total skéEigpses, it is up to the expert to
identify the individual by the teeth and DNA.

It turns out that such processes depend on prior matgpiddi{ed medical register and
genetic material for comparison). If the bones haxesadly been analyzed anthropologically,
gender, age, skin color and stature will be available.

The International Criminal Police Organization (Inte)pois an international
organization that helps with police cooperation in diffecguntries and in 2014, classified the
identity establishing methods into primary and secondarhr@oometry is classified as a
secondary method, because it does not allow to establistetimty of bones separately).

It is a known fact that to consider a method as a primaeytbat allows to establish
someone's identity, it must cover five fundamentalgypiles: uniqueness (characteristics that
make a individual unique), immutability (attutes do not change over the individual’s life),
persistence: (characteristics that resist to time @¢tracticability (process of obtaining and
registering data must be easy and viable) and finallycléssificability (use and search of data
must be viable and fast).

One of the human identification techniques and consequedégdatermination of
high precision is the DNA examination. Accomplished throgeghetic analysis, which most
popular method is based on the amplification by Polymerhaen@eaction (PCR) and
observation of sequence or size between the amelogenimatomal genes X and Y. The
ancestry determined by genetic analysis may not mataxgerted phenotype or
morphological aspect. This is especially true in populatibat have reached a high degree of
miscegenation, such as the Brazilian [6,7 e 8]. Howevan gt be noted that some factors
such as immersion in chemical products (acids or basesyen sea water and natural

degradation of the necrotic tissues can make the geds 3bt viable in 73.68% [9].

Such situation puts the anthropometry as a necessahnparhat must be used with
others for human identification, since there will deaions in which the gene study will be

unsuccessful.
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Even knowing the pelvis bones and the skull bones rigét fem are those with the
most accurate qualitative and quantitative characteyignietric ones) for gender determination
of a particular skeleton and despite the most founé$ah a crime scene being the skull, the
femur and the jaw [10]. There is the possibility to deteengender through the Atlas vertebra
which is part of the axial skeleton.

The first Atlas vertebra, which is also the first ceaVivertebra, is considered an
irregular bone, formed by a spongy bone tissue surroundedthiy layer of compact bone
tissue. It it articulated with the occipital bone, ir thccipitoatloid joint, allowing the head
movements. This name was given to it because as thedfiGreek mythology, it supports the
head’s globe. Its main particularity is not having a body like the otventebrae. This happens
due to the fact that, during its embryonic development, atdylis fused with the second
vertebra’s body. It has annular shape and two arches: an anterior one, which corresponds to
about one-fitth of its diameter and a posterior one, Wwhk@rresponds to approximately two-
fifths of its diameter. It has two lateral massed does not have a spiny process. In the center
of its ventral face, it presents the anterior tulegrahd, in its dorsal face, a smooth, oval or
circular face, with the odontoid process or the tootlew@eied with the axis or second cervical
vertebra; the posterior arch ends at the posteriordlgheudimentary form of the spiny process
[11].

In carbonization interactions, serious traumatic actgléplane crash), crime scene
alterations, there is a huge possibility to find this vegebther than the skull, the femur or the

pelvis, which makes our study very important.

MATERIALS AND METHODS:

This research was designed and follows the determinatidhe cesolution 466/12
through the approval of the Research Ethics Committe®)TCE8/2014 and Certificate of
Presentation for Ethical Consideration (CAAE) 38522714.6.0000.541 8iars to evaluate
linear measurements of the atlas vertebra (anteromostiéstance of the atlas, anteroposterior
diameter of the rachidian canal, transverse dianodtire rachidian canal, maximum
transverse diameter of the atlas) regarding dimorpHisiddition, to discuss for sure the

importance of Forensic Anthropometry in the process aitifeestablishment.

191 vertebrae were considered for the calculation, being284%) female and 110

(57.6%) male. All the bones belonged to individuals whose il@snitere no longer alive, or
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did not request the corpse remains during a period of 3 to §, yeasocioeconomic personal
reasons. Such skeletons were legally donated to the Pvadiental School and are part of
the osteological collection of the laboratory of fasie physical anthropology Prof. Eduardo
Daruge. All measurements were taken with a Stairlesseed® 150 mm digital caliper,
Mauda, Séo Paulo, Brazil.

The inter and intra examiner test was carried out to verify the researcher’s calibration.
To do it so, 25 skeletons properly identified by gender, ancasd age, three times each and
at different times, to obtain and compare the error ingogycentage.
According to Szklo and Nieto (2000), it was found after deseeignalysis of the data that
there was an excellent concordance (ICC > 0.75) both in the evaluator inter analysis and
evaluator intra analysis, for the four studied measuresrigransverse diameter of the Atlas
vertebra, anteroposterior diameter of the Atlasele, transverse diameter of the rachidian
canal, and anteroposterior diameter of the rachidiaaljzaaccording to Figures 1, 2, 3 and 4.
Once calibrated with standard of excellence, the remainirgunements in the Atlas

vertebra were finalized on 191 skeletons.

We carried out data analysis of the measurements by usinghapireWilk and
Levene’s tests to assess, respectively, distribution and equality of variances (homoscedagjici
of the variables under study. The unpaired t-test and thadPetest were performed as well
and a logistic regression was obtained (Hachward Stepwire-talaer & Lemeshow and
Nagelkerke).

Measurements of the anteroposterior diameter of thelwert(A), anteroposterior of
the rachidian canal (B), transverse of the rachidiaalo@) and maximum transverse (D) are

represented on the figure below.

.

W\ 7

Fig. 1 Transverse diameter of the Atlas vertebra (D)



Fig. 3 Transverse diameter of the rachidian canal (C)

Fig. 4 Anteroposterior diameter of the rachidian canal (C)
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RESULTS:
The Shapiro-Wilk test showed that the measurements (p&2850.74), C (p=0.10
e D (p=0.07 showed normal distribution. In addition, the Levene’s test showed

homoscedasticity (p>0.05) for all measurements.
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Fig 5 Mean (z standard deviation) of the measuremédrte@nteroposterior of the vertebra (A),
anteroposterior of the rachidian canal (B), transverdeeofachidian canal (C) and maximum transverse (D)
diameters.

Means obtained for females were lower (unpaired t test)tthose obtained for males
considering the measurements A (p<0.0001), B (p<0.0001), C (p=0.6@88)<0.0001).

Thus, these measurements are influenced by the genders.

Table 1 shows the correlation (Pearson test) for measunts of diameters with and

without gender influence.



19

Table 1. Table 1 shows the correlation (Pearson esfor measurements of the diameters with and without
gender influence.

Diameters

Anteroposterior

of the vertebra

Diameters

Anteroposterior

of the rachidian canal

Transverse of the

rachidian canal

Total

Female

Male

Anteroposterior

of the rachidian canal
Transverse of the
rachidian canal

Maximum transverse

Anteroposterior

of the rachidian canal
Transverse of the
rachidian canal

Maximum transverse

Anteroposterior

of the rachidian canal
Transverse of the
rachidian canal

Maximum transverse

0.52 (p<0.0001)

0.19 (p = 0.0077)

0.55 (p<0.0001)

0.42 (p<0.0001)

0.08 (p=0.4988)

0.32 (p=0.0035)

0.43 (p<0.0001)

0.13 (p=0.1622)

0.44 (p<0.0001)

0.61 (p<0.0001)

0.44 (p<0.0001)

0.68 (p<0.0001)

0.38 (p=0.0006)

0.51 (p<0.0001)

0.27 (p=0.0052)

0.42 (p<0.0001)

0.4 (p=0.0002)

0.36 (p<0.0001)

Table 1 reveals that there is a moderate to good correlagkoveen measurements of

the anteroposterior diameter of the vertebra and @pasterior diameter of the rachidian

canal and also with the maximum transverse, but not wattrémsverse of the rachidian

canal, in such a way that these relations were not irdecehy the gender. The same occurs
in the relation between the measurements anteropmrstéthe rachidian canal and transverse
of the rachidian canal. However, the relation betwbemteasurement of the anteroposterior
diameter of the rachidian canal and the maximum trasswgas lower in males than in

general and in females, indicating a possible influenagender in this relation. Therefore,
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the logistic regression (Stepwise-Wald) was performedidenng males as "1" and females
as "0" for the calculation.

Considering the probability of accuracy at random, the @atzaled a 57.6% chance
of predicting the gender. Regression revealed that the rfaydedd by the diameter
measurements of the anteroposterior of the vertéianasverse of the rachidian canal and
maximum transverse was better (Chi-square=89.5 p<0.0001) to predieirtier than by
chance. The measurement of the anteroposterior diaafates rachidian canal was not
important to the model (p=0.23). The NagelkerkesRowed that the variables are responsible
for 50.3% of the variation found in gender. In additior, Hosner-Lemeshow test showed
that the model was adequate (p=0.29). This model is presented drelTable 2.

Table 2. Logistic regression analysis

Coefficient
Coefficient Standard error Wald p-Value Standardized

(ODDS Ratio)

Anteroposterior of the vertebra 0.18 0.07 59 0.0152 1.19
Anteroposterior of the rachidian canal -0.08 0.09 0.67 0.41 0.93
Maximum transverse 0.25 0.05 26.7 <0.0001

Constant -23.7 4.0 36.0 <0.0001 4.9x10%

Therefore, the logit would be:

Gender = - 23.7 + (0.18 x Anteroposterior vertebra) (0.08 x transverse of the rachidian canal ) + (0.25 x
maximum transverse)

Valueshigher than 0.5 (cutoff) would be considered as “male” and lower as “female.”

Table 3 shows the prediction considering this relation.
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Table 3. Frequency distribution of correct percentaggemder prediction.

Prediction by formula

Female Male Correct percentage
Real gender Female 62 19 76.5
Male 15 95 86.4
Correct general percentage 82.2

This table shows that the method results in 86.4% sehgitid.5% specificity, and
82.2% accuracy, therefore, being more effective in the@eprediction than the mere

random accuracy.

DISCUSSION
The results obtained indicate that male vertebrabigger than female ones.

Such situation is according to international researcliérs verified that all variables
showed that, on average, measurements of the firstakwartebra in men are higher than in
women and there is an 80-87% percentage of correct gendleutath in the study samples
(Medina et al. 2011).

In the present study, 82.2% correct general percentage waseobtahich confirmed

to be possible determine gender by the Atlas.

Another researcher verified trust levels between 75 and 83k& imetric study on the
first cervical vertebra (Marino et al. 1995). In anothedg, 82% confidence was obtained in

the image analysis study on the first cervical vert@bed Rio et al. 2000).

In a master's thesis, a logistic regression functias obtained which accuracy

percentages of women and men classification were resdg@8:&% and 89.4% (Pinto 2012).

Gender determination through the Atlas first cervicatelma is not commonly used,
unlike what happens to several other osseous structurestmddiieThe small number of this
type of study is specially due to the low number of adequatehiskeletons, that is, well
documented and preferably with known personal data. In addifitlas is a very fragile

structure, therefore, hard to find in good conditions feeaech conduction.
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However, it is understood that results identified througbaieh on the first cervical
vertebra after literature review, present a large dedrgermler differentiation. Furthermore,
the measurements found in the present study and consedghenblyne under study are
sexually dimorphic, with acceptable classification stassland hence, useful for forensic
anthropology.

From this result and the mathematical model, it vélplossible to create specific

softwares to determine gender in Brazilian skeletons.

After the efficient statistical analysis, we concludeat @l the linear measurements
carried out in the first Atlas vertebra and the fastvical vertebra are dimorphic. It was also
possible to build a mathematical logistic regression mgaigit): Gender = - 23.7 + (0.18 x
Anteroposterior vertebra) (0.08 x transverse of the rachidian canal ) + (0.25 x maxrimu
transverse) with 82.2% accuracy.
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3 CONCLUSAO

Apés a andlise estatistica das medidas realizadas foi possivel observar que
todas as medidas realizadas sao dimoérficas. Também foi possivel validar e criar um
novo modelo de regressao logistica para se estimar o sexo, a saber LOGITO Padovan
2017 [Sexo=- 23.7 + (0.18 x Antero posterior da vértebra) — (0.08 x transverso do
canal raquidiano) + (0.25 x transverso maximo)]. A aplicacéo deste na mesma amostra
obteve indice de acerto de 82,2%. Acredita-se que o mesmo sera de grande valia no
processo de identificacdo a ser realizado pelos antropologistas/odontolegistas, dentro
dos IMLs.
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