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ABSTRACT

Collecting and analyzing evidence found in human remains is crucial to help establish a biological
profile and understand the cause of death. The validation of reliable anthropological technigues in
diverse populations is essential for forensic anthropology services. Given this, this study aims to
measure dried human skulls from the triangle techniques: TMD, TME, and TOB and compare them
between biological sexes. This study includes 85 human skulls, 27 female and 58 male. Three
observers performed the measurements at 15-day intervals. The data for TMD, EMT, and TOB intra-
and interobserver did not show to be significant. When analyzing the data between genders, the
parameters in millimeters (mm) of the TMD in male skulls were, at the first measurement - M1
(AstPoD) 48.67 £+ 5.02; at the second measurement - M2 (AstMsD) 50.21 + 5.55; and at the third
measurement - M3 (PoMsD) 31.12 + 3.38. For female skulls, M1 (AstPoD) 41.49 + 2.24; M2
(AstMsD) 42.95 £ 6.13 and M3 (PoMsD) 28.55 £ 4.07. The TME in male skulls was, in M1 (AstPoE)
48.27+3.02; M2 (AstMSE) 49.24+4 .87 and M3 (PoMsE) 31.50+3.34. For female skulls, M1 (AstPoE)
was 41.81+4.71; M2 (AstMsE) 44.48+7.74 and M3 (PoMsE) 27.47+3.74. Whereas the TOB
parameters for male skulls were, M1 (Op-MsE) 60.18+£2.87, M2 (Op-MsD) 60.11+3.17, and M3
(MsDMSE) 104.67+4.65. In female skulls, M1 (Op-MsE) was 53.38 + 2.40; M2 (Op-tMsD) 55.61 +
4.26 and M3 (MsEMsD) 97.37 = 6.60. It is concluded that, regarding the measured parameters, there
are significant differences between male and female skulls.

Keywords: Craniometry; Forensic anthropology; Sex; Human identification.
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RESUMO

A coleta e analise de evidéncias, encontrados em restos mortais humanos, sdo cruciais para ajudar
a estabelecer um perfil biolégico e compreender a causa da morte. A validagdo de técnicas
antropolégicas confiaveis nas mais diversas populagbes é essencial para os servigos de
antropologia forense. Diante disso, este estudo objetiva mensurar cranios humanos secos a partir
das técnicas dos triangulos: TMD, TME e TOB e compara-los entre os sexos bioldgicos. Este estudo
inclui 85 cranios humanos 27 femininos e 58 masculinos. As mensuracdes foram realizadas por trés
observadores em intervalo de 15 dias. Os dados referentes ao TMD, TME e TOB intra e inter
observadores ndo mostraram ser significativos. Quando analisados os dados entre 0s sexos 0s
parametros em milimetros (mm) do TMD em cranios masculinos foi de, na primeira mensuracao -
M1 (AstPoD) 48,67+5,02; na segunda mensuracdo - M2 (AstMsD) 50,21+5,55; na terceira
mensuracdo - M3 (PoMsD) 31,12+3,38. J& para cranios femininos, a M1 (AstPoD) 41,49+2,24; M2
(AstMsD) 42,95+6,13 e M3 (PoMsD) 28,55+4,07. J4 o TME em créanios masculinos foi, na M1
(AstPoOE) 48,27+3,02; M2 (AstMsE) 49,24+4,87 e M3 (POMsE) 31,50+3,34. Para cranios femininos,
a M1 (AstPoE) foi de 41,81+4,71; M2 (AstMsE) 44,48+7,74 e M3 (PoMsE) 27,47+3,74. Enquanto
que, os parametros do TOB para cranios masculinos foi de, M1 (Op-MsE) 60,18+2,87; M2 (Op-MsD)
60,11+3,17 e M3 (MsDMSsE) 104,67+4,65. J4 em cranios femininos M1 (Op-MsE) foi de 53,38+2,40;
M2 (Op-tMsD) 55,61+4,26 e M3 (MsEMsD) 97,37+6,60. Conclui-se que, em relagdo aos parametros
mensurados, ha diferencas significativas entre cranios do sexo masculino e feminino.

Descritores: Craniometria; Antropologia forense; Sexo; Identificagdo humana.

INTRODUCAO

Thomas Hobbes, grande filésofo, afirma que cada individuo ou coisa tem peculiaridades e
caracteristicas proprias que a distinguem de outros. A identidade é por definicAo um conjunto de
caracteristicas que distinguem uma pessoa ou uma coisa e por meio das quais € possivel
individualiza-la. Acrescentando-se que identificar é, portanto, reconhecer a identidade de alguém
ou de determinada coisa ou individuo que apresenta um conjunto de particularidades que o
caracterizam?.

Nesse sentido, a Antropologia Forense é um ramo da Antropologia Geral que tem uma
grande importancia para Medicina Legal. A coleta e analise de evidéncias, encontradas em restos
mortais humanos, juntamente com os conhecimentos da antropologia fisica/biolégica e anatomia
humana, podem ser cruciais para ajudar a estabelecer um perfil biolégico (sexo, estatura, idade,
afinidade populacional, anomalias e caracteristicas individualizantes), reconstruir o periodo post-
mortem e compreender a causa da morte?.

Dentre os métodos métricos para determinacdo do sexo encontra-se a craniometria. O
cranio possui diversas estruturas anatémicas que variam de um individuo para outro, podendo ser
comuns entre grupos de individuos de mesma faixa etaria, sexo ou afinidade populacional, por
exemplo. Dessa forma é possivel determinar, a partir da analise desses elementos, as quais grupos

seriam mais provavel a ossada analisada pertencer. Assim, a partir de alguns acidentes anatémicos
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do créanio € possivel analisar diversos aspectos caracteristicos que, apesar de ndo definir
integralmente a qual individuo se refere, permitem tracar um perfil provavel e, a partir dai, auxiliar
as investigacoes®.

Inquestionavelmente, o Brasil é o pais com maior miscigenacdo do mundo, que favorecem
a formacéao do povo brasileiro*. Com isso, muitas das técnicas para a identificacéo do sexo no Brasil,
pela Antropologia Forense, ndo sdo muito decisivas, fazendo-se necessarias pesquisas com 0
objetivo de desvendar métodos que possam abranger a diversidade brasileira com mais eficacia.

Como forma de auxiliar a area criminalistica, devido ao aumento crescente da violéncia e
de desastres naturais por todo o pais, em que o estudo de ossadas torna-se essencial para a
deteccao de vitimas, uma vez que, nesses casos, € muito dificil encontrar corpos em bom estado
de conservacao para que a identificagdo visual seja feita e pela falta de recursos oferecidos para as
cidades interioranas, a antropometria vem ganhando destaque por ser um método seguro e de baixo
custo. Contudo, para tal identificacdo de cadaveres/ossadas € necessario que haja padrdes
calculados, comparados e independentes para cada regido brasileira.

Assim sendo, este trabalho objetiva realizar técnicas craniométricas dos triangulos
mastoides direito e esquerdo e triangulo opisthion-bimastoideale em cranios humanos de brasileiros
sul mineiros, com o intuito de estabelecer dados entre 0s sexos para esta amostra da populacao.

MATERIAIS E METODOS

Para este estudo, foi utilizada uma amostra de 85 cranios humanos sugestivos de serem
58 masculinos e 27 femininos. A técnica utilizada para determinar o sexo dos cranios foi a
cranioscopia, que envolve a andlise visual de alguns acidentes anatdmicos que auxiliam na
diagnose sexual dos cranios®.

Os cranios foram obtidos de acordo com a lei n® 8501 de 1992, que trata do uso de
cadaveres nao reclamados para fins didaticos e pesquisas e por meio do convénio estabelecido
entre a Universidade Federal de Alfenas e a Policia Civil de Minas Gerais.

Os parametros foram obtidos cegas por trés observadores e em trés momentos diferentes
com intervalo de 15 (quinze) dias entre uma mensuracao e outra. Para mensuragdo sera utilizado
um paquimetro digital (Marberg®) com medidas em milimetros (mm). Durante a obtencdo das
mensuragcfes 0s observadores ndo tiveram acesso aos dados referente ao sexo biolégico dos
cranios analisados tornando assim a andlise mais fiel e menos sugestiva.

As analises craniométricas para determinacao do sexo e aplica¢cdo do método do triangulo
mastoide e tridngulo opisthion-bimastoideale foram baseadas no estudo de Sinhorini et al.® e na

dissertacdo de Castro’. Os parametros lineares para estimar os trés triangulos cranianos foram
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baseados nos pontos craniométricos conforme Quadro 1 de Pereira e Alvim®: triangulo mastoide

direito e esquerdo (Figura 1) e o tridngulo opisthion-bimastoideale (Figura 2).

Quadro 1. Parametros lineares que foram mensurados, pontos craniométricos e distancias lineares.

Parametro linear

Pontos Craniométricos

Distancias lineares

Tridngulo Mastoide Direito
(TMD)

Asterion (Ast)
Parion (Po)

Mastoideale (Ms)

- Asterion-Porion (AstPoD);

- Asterion-Mastoideale
(AstMsD);

- Porion-Mastoideale (PoMsD).

Triangulo Mastoide
Esquerdo (TME)

Asterion (Ast)
Parion (Po)

Mastoideale (Ms)

- Asterion-Porion (AstPoE);

- Asterion-Mastoideale
(AstMsE);

- Porion-Mastoideale (PoMSsE).

Tridngulo opisthion-
bimastoideale (TOB)

Opisthion (Op)
Mastoideale esquerdo (MsE)

Mastoideale direito (MsD)

- Op-MsE;
- Op-MsD;

- MsD-MsE.

Figura 1. Vista lateral direita de um crénio humano evidenciando o triingulo mastoide. Distancias lineares
gue serdo mensuradas: AstPo- asterion-porion, AstMs- asterion-mastoideale e PoMs- porion-mastoideale.

Cranio masculino pertencente ao acervo osteolégico do Departamento de Anatomia, ICB, Unifal-MG.
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Figura 2. Base de um cranio humano evidenciando o triangulo opisthion-bimastoideale. Distancias lineares
gue serdo mensuradas: OP-MsE; OP-MsD e MsD-MsE. Cranio masculino pertencente ao acervo osteol6gico
do Departamento de Anatomia, ICB, Unifal-MG.

O coeficiente de correlagédo intraclasse (ICC) foi calculado para determinar o nivel de
concordancia intra e inter os observadores. Foi realizado o teste de variancia e teste Tukey (t de
Student), para determinar a distribuicdo dos dados verificados no teste de normalidade.

Para todas as anadlises, um valor de p menor que 5% (p <0,05) foi considerado significativo.
O nivel de confianga para esta pesquisa foi estabelecido em 95%. As andlises foram realizadas no
software GraphPad Prism 8 (GraphPad, San Diego, EUA).

RESULTADOS

Os dados obtidos, intra e inter observadores, bem como 0s parametros mensurados
comparando sexo biolégico dos cranios secos, estdo apresentados em forma de gréaficos para
melhor visualiza¢do dos dados obtidos.

As figuras 3, 4 e 5 apresentam a comparacao das distancias lineares obtidas, expressas
em gréficos, referentes aos Triangulos Mastoides Direito e Esquerdo e Triangulo Opisthion —
Bimastoidale.

Conforme observado na Figura 3, a média da distancia linear em milimetros (mm) entre as
trés mensuragdes do triangulo mastoide direito (D), do observador 1 (O1), a primeira mensuracao
— M1 (AstPoD — P1), foi de 46,85+6,43, a segunda mensuracdo — M2 (AstMsD — P2) foi de,
48,34+6,69 e a terceira mensuragdo — M3 (PoMsD — P3) foi de 30,85+4,78. Do observador 2 (02),

a primeira mensuragdo — M1 (AstPoD — P1), foi de 47,38+5,62, a segunda mensuracdo — M2
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(AstMsD — P2) foi de 48,94+6,36 e a terceira mensuragdo — M3 (PoMsD — P3) foi de 30,29+3,68. Ja
do observador 3 (O3), a primeira mensuracdo — M1 (AstPoD — P1), foi de 47,03+5,99, a segunda
mensuracdo — M2 (AstMsD — P2) foi de 48,54+6,51 e a terceira mensuracao — M3 (PoMsD — P3) foi
de 30,5145,49.
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Figura 3. Valores das mensuracbes em milimetros (mm) do Triangulo Mastoide Direito
apresentados na coluna vertical e das distancias lineares mensuradas inter e intra observadores na
linha horizontal. Sendo: Observador 1 - O1; Observador 2 - O2; Observador 3 - O3; M1, M2 e. M3
qguantidade de mensuragdes obtidas e P1 (distancia linear AstPoD), P2 (distancia linear AstMsD) e
P3 (distancia linear PoMsD).

Na figura 4 e tabela 1 é possivel observar a média da distancia linear, em milimetros (mm),
das trés mensuragfes do triangulo mastoide esquerdo (E), do observador 1 (O1), a primeira
mensuragdo — M1 (AstPoE — P1), foi de 46,48+4,85, a segunda mensuracdo — M2 (AstMsE — P2)
foi de, 47,9846,17 e a terceira mensuracdo M1 (AstPoE — P1), foi de 47,05£4,91, a M2 (AstMsE —
P2) foi de, 48,03+6,30 e a M3 (PoMsE - P3) foi de 30,27+3,59. Do observador 3 (O3), a M1 (AstPoE
- P1), foi de 47,00£4,99, a M2 (AstMskE — M2) foi de, 47,90+6,21 e a M3 (PoMskE — P3) foi de
30,44+4,10.
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Figura 4. Valores das mensuragcdes em milimetros (mm) do Tridngulo Mastoide Esquerdo
apresentados na coluna vertical e das distancias lineares mensuradas inter e intra observadores na
linha horizontal. Sendo: Observador 1 - O1; Observador 2 - O2; Observador 3 - O3; M1, M2 e. M3
guantidade de mensuragdes obtidas e P1 (distancia linear AstPoE), P2 (distancia linear AstMsE) e
P3 (distancia linear POMSE).

Ainda, é possivel observar na Figura 5 a média das distancias lineares, em milimetros (mm),
das trés mensuragdes do Triangulo Opisthion - Bimastoidale, do observador 1 (01), a M1 (Op-MsE
— P1), foi de 58,70+4,17, a M2 (Op-MsD — P2) foi de, 59,11+4,23 e a M3 (MsD-MsE — P3) foi de
103,41+6,15. Do observador 2 (02), a M1 (Op-MsE — P1), foi de 58,40+4,27, a M2 (Op-MsD — M2)
foi de, 49,09+4,67 e a M3 (MsD-MsE — P3) foi de 102,33+8,10. Do observador 3 (03), a M1 (Op-
MsE — M1), foi de 58,68+4,33, a M2 (Op-MsD — P2) foi de, 59,00+4,26 e a M3 (MsD-MsE — P3) foi
de 103,15+6,14.
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Figura 5. Valores das mensura¢cdes em milimetros (mm) do Tridngulo Opisthion - Bimastoidale
apresentados na coluna vertical e das distancias lineares mensuradas inter e intra observadores na
linha horizontal. Sendo: Observador 1 - O1; Observador 2 - O2; Observador 3 - O3; M1, M2 e. M3
gquantidade de mensuracdes obtidas e P1 (distancia linear Op-MsE), P2 (distancia linear Op-MsD)
e P3 (distancia linear MsD-MsE).
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Tabela 1. Descricao estatistica dos parametros analisados entre os observadores (Observador 1 —
O; Observador 2 - O2 e Observador 3 — O3) dos cranios analisados.

MédiatDP Valor de p
o1 02 03
P1(AstPoD) 46,85+6,43 47,38+5,62 47,0315,99 >0,9999 "
™D P2 (AstMsD) 48,34+6,69 48,94+6,36 48,5416,51 >0,9999 "
P3 (PoMsD) 30,85+4,78 30,29+3,68 30,51+5,49 >0,9999 "
P1 (AstPoE) 46,48+4,85 47,05+4,91 47,00+4,99 >0,9999 "
TME P2 (AstMsE) 47,98+6,17 48,03+6,30 47,90£6,21 >(0,9999 "s
P3 (POMsSE) 31,13+5,41 30,27+3,59 30,44+4,10 >0,9999 "
P1 (Op-MskE) 58,70+4,17 58,40+4,27 58,68+4,33 >0,9999 "
TOB ns
P2 (Op-MsD) 59,11+4,23 59,09+4,67 59,00+4,26 >0,9999
- ns
EA:D;S;ASD 103,41+6,15 102,33£8,10 103,15+6,14 >0,9999

As figuras 6, 7 e 8, apresentam a comparacao dos dados referentes aos Tridangulo Mastoide

Direito (TMD), Esquerdo (TME) e Tridngulo Opisthion — Bimastoidale (TOB) entre os cranios do

sexo masculino e feminino.

Conforme observado na figura 6 a média das distancias lineares, em milimetros (mm), do

TMD para cranios masculinos foi de, na primeira mensuracdo - M1 (AstPoD -P1) 48,67+5,02, na

segunda mensuragédo - M2 (AstMsD — P2) 50,21+5,55, na terceira mensuragao - M3 (PoMsD — P3)

31,12+3,38. J& para cranios do sexo feminino, a primeira mensuracao - M1 (AstPoD — P1) foi de

41,4942 24, na segunda mensuracao - M2 (AstMsD — P2) 42,95+6,13, na terceira mensuracéo - M3

(PoMsD — P3) 28,55+4,07.
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Triangulo Mastoide Direito x Sexo Biolégico
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Figura 6. Valores das mensuragbes em milimetros (mm) do Tridngulo Mastoide Direito
apresentados na coluna vertical e das distancias lineares mensuradas comparando cranios
masculinos (M) e femininos (F) Sendo: P1 (distancia linear AstPoD), P2 (distancia linear AstMsD) e
P3 (distancia linear PoMsD). Os dados marcados com * p=0,0105; **** p<0,0001 representam
valores que diferem significativamente.

Na Figura 7, a média das distancias lineares, em milimetros (mm), do Tridngulo Mastoide
Esquerdo (TME) para cranios do sexo masculino a primeira mensuracgdo - M1 (AstPoE — P1) foi de
48,27+3,02, na M2 (AsStMsSE — P2) 49,24+4,87, enquanto que a M3 (PoMskE — P3) a média foi de
31,50+3,34. J4 para cranios do sexo feminino, a primeira mensuragéo - M1 (AstPoE — P1) foi de
41,81+4,71, a M2 (AstMsSE — P2) de. 44,48+7,74 e a M3 (POMSE — P3) de 27,47+3,74.

Triangulo Mastoide Esquerdo x Sexo Biolégico
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Figura 7. Valores das mensuracdes em milimetros (mm) do Tridngulo Mastoide Esquerdo (TME)
apresentados na coluna vertical e das distancias lineares mensuradas comparando cranios
masculinos (M) e femininos (F) Sendo: P1 (distancia linear AstPoE), P2 (distancia linear AstMsE) e
P3 (distancia linear POMsE). Os dados marcados com (** p=0,0047; **** p<0,0001) representam
valores que diferem significativamente.
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Conforme observado na Figura 8 a média das distancias lineares, em milimetros (mm), do
Tridngulo Opisthion — Bimastoidale (TOB) em cranios masculino foi: M1 (Op-MsE - P1) 60,18+2,87,
M2 (Op-MsD — P2) 60,11+3,17 e M3 (MsDMsE — P3) 104,67+4,65. Ja para cranios femininos, M1
(Op-MsE — P1) 53,38+2,40, M2 (Op-tMsD - P2) 55,61+4,26 e M3 (MSEMsD — P3) 97,37+6,60.

Triangulo Opisthion-Bimastoideale x sexo
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Figura 8. Valores das mensura¢cdes em milimetros (mm) do Tridngulo Opisthion - Bimastoidale
(TOB) apresentados na coluna vertical e das distancias lineares mensuradas comparando cranios
masculinos (M) e femininos (F) Sendo: P1 (distancia linear Op-MsE), P2 (distancia linear Op-MsD)
e P3 (distancia linear MsE-MsD). Os dados marcados com (*** p=0,0002; **** p<0,0001)
representam valores que diferem significativamente.

De acordo com os resultados obtidos comparando as distancias lineares, referente ao TMD,
TME e TOB, mostraram ser diferentes estatisticamente entre cranios femininos e masculinos

conforme valores de p expressos na Tabela 2.

Tabela 2. Descrigdo estatistica das distancias lineares obtidas do Triangulo Mastoide Direito (TMD), Triangulo
Mastoide Esquerdo (TME) e Tridngulo Opisthion - Bimastoidale (TOB) comparando o0s parametros
entrecranios masculinos e femininos.

MédiatDP
Valor de p
? 3
P1(AstPoD) 48,67+5,02 41,4942,24 <0,0001""
T™MD P2 (AstMsD)  50,21+5,55 42,9516,13. <0,0001""
P3 (PoMsD) 31,12+3,38 28,55+4,07 0,0105
P1(AstPOE) 48,27+3,02 41,81+4,71 <0,0001""
TME P2(AstMsE) 49,24+4,87 43,4847,74 <0,0001™"
P3(PoMsE) 31,50+3,34 27,47+3,74 0,0047"
P1(Op-MsE) 60,18+2,87 53,38+2,40 <0,0001™"
TOB P2 (Op-MsD) 60,1143,17 55,61+4,26 0,0002""
P3 (MsD-MsE)  104,67+4,65 97,37+6,60 <0,0001
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DISCUSSAO

Passey et al.® relatam que os parametros mensurados referentes a distancia porion-
mastoidale, mastoidale-asterion, asterion-porion e a area do tridngulo da mastoide mostraram ter
valores significantemente maiores em cranios masculinos o que corroboram os dados obtidos neste
recente trabalho.

Igualmente, por meio de um estudo realizado em uma populacdo iraniana através de
imagens de tomografia computadorizada de feixe conico (TCFC), Sobhani et al.’® relataram
diferencas sexuais morfolégicas da distancia intermastoidea. Cranios femininos tiveram esta
distancia menor do que cranios masculinos. Neste presente estudo também se observa uma
distancia maior entre MsD e MsE em crénios masculinos.

Kemkes e Gobel*! realizaram um estudo em amostras de individuos europeus (alemées e
portugueses), utilizando-se da técnica craniométrica do triangulo mastoide. Neste estudo os
resultados mostraram que portugueses apresentaram maior dimorfismo sexual do que a amostra
alema.

Um estudo semelhante foi realizado por Jaja et al.'? avaliando-se a area triangular do
mastoide para determinagdo do sexo a partir de 102 cefalogramas laterais de uma amostra
nigeriana. Os dados mostraram um dimorfismo sexual significativo. Assim a distancia asterion-
mastoideale, apresentou valores maiores em cranios masculinos (47.3 £ 10.4 mm) em relagéo aos
cranios femininos (42.8 £ 8.9 mm). Além disso, a andlise de funcao discriminante mostrou atribuigéo
correta do sexo em 80% dos casos femininos em comparacdo com 48% dos masculinos para a
area triangular do mastoide; e 86% dos femininos em comparacdo com 45% dos masculinos para
a distancia asterion-mastoideale. Toneva et al.'® realizaram um estudo em uma amostra de 148
cranios de tomografias computadorizadas de individuos adultos bulgaros. Tal estudo comprovou a
utilizacdo do triangulo mastoide para o dimorfismo sexual.

Tanto os resultados obtidos por Kemkes e Gobel*!; Jaja et al.'?2 e Toneva et al.®* mostram
dados semelhantes aos obtidos neste recente trabalho.

Paralelamente, Madadin et al.}* em um estudo em uma amostra de populacdo da Arabia
Saudita, através de imagens de tomografia computadorizada de individuos adultos, mostrou que o0s
trés lados do triangulo e sua area apresentam dimorfismo sexual. Nos homens, em média: 44,04 +
6,65 (distancia linear entre Asterion e Porion), 51,95 + 9,08 (distancia linear entre Asterion e
Mastoidale), 32,68 + 3,94 (distancia linear entre Porion e Mastoidale), 692,82 + 155,82 (area do
triangulo mastoide). Nas mulheres, em area: 41,50 + 6,43 (distancia linear entre Asterion e Porion),
48,42 + 6,81 (distancia linear entre Asterion e Mastoidale), 29,40 £ 4,72 (distancia linear entre Porion
e Mastoidale), 596,01 + 145,30 (area do triangulo mastoide). Dados este que corroboram aos

obtidos neste presente trabalho.
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Por fim, em um estudo de Yilmaz et al.’®, através de imagens de tomografia computadorizada
de uma amostra de pacientes do Departamento de Radiologia Da Faculdade de Medicina de
Meram, também tiveram diferencas estatisticas significativas entre os sexos dos parametros
analisados sendo que os pardmetros observados tiveram valores maiores em cranios masculinos
guando comparado a cranios femininos. Dados comparativos semelhantes também foram obtidos

neste recente trabalho.

CONCLUSAO

Conclui-se que, em relacdo aos parametros mensurados, € possivel inferir que existe
diferencgas significativas entre cranios do sexo masculino e femininos. Estes dados mostraram um
dimorfismo sexual significativo, o que pode corroborar com as demais técnicas antropométricas

para estimar o sexo biol6gico de amostras cranianas nao identificadas.

Conflito de interesse

Nao ha conflitos de interesse conhecidos associados a esta publicacdo e ndo houve apoio
financeiro significativo para este trabalho que possa ter influenciado seu resultado.
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ABSTRACT

Collecting and analyzing evidence found in human remains is crucial to help establish a biological
profile and understand the cause of death. The validation of reliable anthropological techniques in
diverse populations is essential for forensic anthropology services. Given this, this study aims to
measure dried human skulls from the triangle techniques: TMD, TME, and TOB and compare them
between biological sexes. This study includes 85 human skulls, 27 female and 58 male. Three
observers performed the measurements at 15-day intervals. The data for TMD, EMT, and TOB intra-
and interobserver did not show to be significant. When analyzing the data between genders, the
parameters in millimeters (mm) of the TMD in male skulls were, at the first measurement - M1
(AstPoD) 48.67 £+ 5.02; at the second measurement - M2 (AstMsD) 50.21 + 5.55; and at the third
measurement - M3 (PoMsD) 31.12 + 3.38. For female skulls, M1 (AstPoD) 41.49 + 2.24; M2
(AstMsD) 42.95 £ 6.13 and M3 (PoMsD) 28.55 + 4.07. The TME in male skulls was, in M1 (AstPoE)
48.27+3.02; M2 (AstMSE) 49.24+4 .87 and M3 (PoMsE) 31.50+3.34. For female skulls, M1 (AstPoE)
was 41.81+4.71; M2 (AstMsE) 44.48+7.74 and M3 (PoMsE) 27.47+3.74. Whereas the TOB
parameters for male skulls were, M1 (Op-MsE) 60.18+£2.87, M2 (Op-MsD) 60.11+3.17, and M3
(MsDMSE) 104.67+4.65. In female skulls, M1 (Op-MsE) was 53.38 + 2.40; M2 (Op-tMsD) 55.61 +
4.26 and M3 (MsEMsD) 97.37 = 6.60. It is concluded that, regarding the measured parameters, there
are significant differences between male and female skulls.

Keywords: Craniometry; Forensic anthropology; Sex; Human identification.
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RESUMO

A coleta e analise de evidéncias, encontrados em restos mortais humanos, sdo cruciais para ajudar
a estabelecer um perfil biolégico e compreender a causa da morte. A validagdo de técnicas
antropolégicas confiaveis nas mais diversas populagbes é essencial para os servigos de
antropologia forense. Diante disso, este estudo objetiva mensurar cranios humanos secos a partir
das técnicas dos triangulos: TMD, TME e TOB e compara-los entre os sexos bioldgicos. Este estudo
inclui 85 cranios humanos 27 femininos e 58 masculinos. As mensuracdes foram realizadas por trés
observadores em intervalo de 15 dias. Os dados referentes ao TMD, TME e TOB intra e inter
observadores ndo mostraram ser significativos. Quando analisados os dados entre 0s sexos 0s
parametros em milimetros (mm) do TMD em cranios masculinos foi de, na primeira mensuracao -
M1 (AstPoD) 48,67+5,02; na segunda mensuracdo - M2 (AstMsD) 50,21+5,55; na terceira
mensuracdo - M3 (PoMsD) 31,12+3,38. J& para cranios femininos, a M1 (AstPoD) 41,49+2,24; M2
(AstMsD) 42,95+6,13 e M3 (PoMsD) 28,55+4,07. J4 o TME em créanios masculinos foi, na M1
(AstPoOE) 48,27+3,02; M2 (AstMsE) 49,24+4,87 e M3 (POMsE) 31,50+3,34. Para cranios femininos,
a M1 (AstPoE) foi de 41,81+4,71; M2 (AstMsE) 44,48+7,74 e M3 (PoMsE) 27,47+3,74. Enquanto
que, os parametros do TOB para cranios masculinos foi de, M1 (Op-MsE) 60,18+2,87; M2 (Op-MsD)
60,11+3,17 e M3 (MsDMSsE) 104,67+4,65. J4 em cranios femininos M1 (Op-MsE) foi de 53,38+2,40;
M2 (Op-tMsD) 55,61+4,26 e M3 (MsEMsD) 97,37+6,60. Conclui-se que, em relagdo aos parametros
mensurados, ha diferencas significativas entre cranios do sexo masculino e feminino.

Descritores: Craniometria; Antropologia forense; Sexo; Identificagdo humana.
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INTRODUCTION

Thomas Hobbes, a great philosopher, asserts that each individual or thing has peculiarities
and distinct characteristics that set them apart from others. Identity is, by definition, a set of
characteristics that distinguish a person or thing and through which it is possible to individualize
them. Furthermore, identification is the act of recognizing the identity of someone or something, or
an individual who possesses a set of specific traits that characterize them?.

In this sense, Forensic Anthropology is a branch of General Anthropology that holds great
importance for Forensic Medicine. The collection and analysis of evidence found in human remains,
combined with knowledge of physical/biological anthropology and human anatomy, can be crucial in
establishing a biological profile (sex, stature, age, population affinity, anomalies, and individualizing
characteristics), reconstructing the post-mortem period, and understanding the cause of death?.

Among the metric methods for determining sex, craniometry is one of them. The skull has
various anatomical structures that vary from one individual to another, which can be common among
groups of individuals of the same age range, sex, or population affinity, for example. By analyzing
these elements, it is possible to determine which groups the analyzed remains are more likely to
belong to. Thus, entrenched on certain anatomical features of the skull, it is possible to analyze
various characteristic aspects that, although not providing a definitive identification of the individual,
can help establish a probable profile and, from there, assist in investigations?®.

Undoubtedly, Brazil is the country with the highest degree of miscegenation in the world,
which contributes to the formation of the Brazilian population®. As a result, many of the techniques
used for sex determination in Brazil, within the field of Forensic Anthropology, may not be highly
conclusive, necessitating further research to uncover methods that can more effectively encompass
Brazil's diversity.

As a way to assist in forensic investigations, given the increasing violence and natural
disasters throughout the country, where the study of skeletal remains becomes essential for victim
detection, anthropometry has gained prominence as a safe and cost-effective method. However, in
order to identify corpses/skeletal remains, it is necessary to have calculated, compared, and region-

specific independent standards.

Therefore, this study aims to perform craniometric techniques on the right and left mastoid
triangles and the opisthion-bimastoid triangle in human skulls from southern Minas Gerais, Brazil,

with the purpose of establishing sex-related data for this sample of the population.

MATERIALS AND METHODS
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For this study, a sample of 85 human skulls, suggestive of 58 males and 27 females, was
utilized. The technigue used to determine the sex of the skulls was cranioscopy, which involves the
visual analysis of specific anatomical features that aid in the sexual diagnosis of the skulls®.

The skulls were obtained in accordance with Law No. 8501 of 1992, which deals with the
use of unclaimed cadavers for educational and research purposes, and through the agreement
established between the Federal University of Alfenas and the Civil Police of Minas Gerais.

The skulls were obtained in accordance with Law No. 8501 of 1992, which deals with the
use of unclaimed cadavers for educational and research purposes, and through the agreement
established between the Federal University of Alfenas and the Civil Police of Minas Gerais.

The measurements were obtained blindly by three observers at three different time points,
with a 15-day interval between each measurement. A digital caliper (Marberg®) with measurements
in millimeters (mm) was used for the measurements. During the measurement process, the
observers did not have access to the data regarding the biological sex of the analyzed skulls, making
the analysis more unbiased and less suggestive.

The craniometric analyses for sex determination and the application of the mastoid triangle
and opisthion-bimastoid triangle method were based on the study by Sinhorini et al. ® and the
dissertation by Castro’. The linear parameters for estimating the three cranial triangles were based
on the craniometric points outlined in Table 1 by Pereira and Alvimé: the right and left mastoid
triangles (Figure 1) and the opisthion-bimastoid triangle (Figure 2).

Table 1. Linear parameters that were measured, craniometric points, and linear distances.

Linear Parameters Craniometric Points Linear Distances
Asterion (Ast) - Asterion-Porion (AstPoD);
Right Mastoid Triangle Parion (Po) - Asterion-Mastoideale
(RMT) (AstMsD);

Mastoideale (Ms)
- Porion-Mastoideale (PoMsD).

Asterion (Ast) - Asterion-Porion (AstPoE);
Left Matoid Triangle (LMT) [ Porion (Po) - Asterion-Mastoideale
(AstMsE);

Mastoideale (Ms)
- Porion-Mastoideale (PoMSE).

Opisthion (Op) - Op-MsE;
Opisthion-bimastoideale Mastoideal do (MsE Ob-MsD:
Triangle (TOB) astoideale esquerdo (MsE) - Op-Msb;

Mastoideale direito (MsD) - MsD-MsE.
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Figure 1. Right lateral view of a human skull showing the mastoid triangle. Linear distances to be measured:
AstPo - asterion-porion, AstMs - asterion-mastoidale, and PoMs - porion-mastoidale. Male skull belonging to
the osteological collection of the Department of Anatomy, ICB, Unifal-MG.

Figure 2. Base of a human skull showing the opisthion-bimastoid triangle. Linear distances to be measured:
OP-MsE; OP-MsD, and MsD-MsE. Male skull belonging to the osteological collection of the Department of
Anatomy, ICB, Unifal-MG.

The intraclass correlation coefficient (ICC) was calculated to determine the level of intra and
inter-observer agreement. Variance test and Tukey's test (Student's t-test) were conducted to

determine the distribution of data verified in the normality test.
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For all analyses, a p-value less than 5% (p < 0.05) was considered significant. The confidence
level for this research was set at 95%. The analyses were performed using GraphPad Prism 8
software (GraphPad, San Diego, USA).

RESULTS

The obtained data, both intra and inter-observer, as well as the measured parameters
comparing the biological sex of the dry skulls, are presented in the form of graphs for better
visualization of the results.

Figures 3, 4, and 5 present the comparison of the obtained linear distances, expressed in
graphs, regarding the Right and Left Mastoid Triangles and the Opisthion - Bimastoidale Triangle.

As observed in Figure 3, the mean of the linear distance in millimeters (mm) for the three
measurements of the Right Mastoid Triangle (D) by observer 1 (O1) were as follows: the first
measurement - M1 (AstPoD - P1) was 46.85+6.43, the second measurement - M2 (AstMsD - P2)
was 48.34+6.69, and the third measurement - M3 (PoMsD - P3) was 30.85+4.78. For observer 2
(02), the measurements were: the first measurement - M1 (AstPoD - P1) was 47.38+5.62, the
second measurement - M2 (AstMsD - P2) was 48.94+6.36, and the third measurement - M3 (PoMsD
- P3) was 30.29+3.68. Finally, for observer 3 (03), the measurements were: the first measurement
- M1 (AstPaoD - P1) was 47.03+5.99, the second measurement - M2 (AstMsD - P2) was 48.54+6.51,
and the third measurement - M3 (PoMsD - P3) was 30.51+5.49.
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Figure 3. The measurements in millimeters (mm) of the Right Mastoid Triangle are presented in the
vertical column, and the linear distances measured inter and intra-observers are presented in the
horizontal row. The abbreviations used are as follows: Observer 1 - O1; Observer 2 - O2; Observer
3 - 03; M1, M2, and M3 represent the quantity of measurements obtained, and P1 (linear distance
AstPoD), P2 (linear distance AstMsD), and P3 (linear distance PoMsD) represent the specific
measurements taken.

In Figure 4 and Table 1, it is possible to observe the mean of the linear distance, in millimeters
(mm), for the three measurements of the Left Mastoid Triangle (E) by observer 1 (O1). The first
measurement - M1 (AstPoE - P1) was 46.48+4.85, the second measurement - M2 (AStMSE - P2)
was 47.98+6.17, and the third measurement - M3 (PoMsE - P3) was 47.05+4.91. From observer 2
(02), the measurements were as follows: M1 (AstPoE - P1) was 48.03+6.30, M2 (AstMsE - P2) was
48.03+6.30, and M3 (PoMsE - P3) was 30.27+3.59. From observer 3 (03), the measurements were:
M1 (AstPoE - P1) was 47.00+£4.99, M2 (AstMsE - P2) was 47.90+6.21, and M3 (PoMsE - P3) was
30.44+4.10.
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Figure 4. The measurements in millimeters (mm) of the Left Mastoid Triangle are presented in the
vertical column, and the linear distances measured inter and intra-observers are presented in the
horizontal row. The abbreviations used are as follows: Observer 1 - O1; Observer 2 - O2; Observer
3 - 03; M1, M2, and M3 represent the quantity of measurements obtained, and P1 (linear distance
AstPoE), P2 (linear distance AstMsE), and P3 (linear distance PoMsE) represent the specific
measurements taken.
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Furthermore, in Figure 5, it is possible to observe the mean of the linear distances, in
millimeters (mm), for the three measurements of the Opisthion - Bimastoidale Triangle by observer
1 (O1). The first measurement - M1 (Op-MsE - P1) was 58.70+4.17, the second measurement - M2
(Op-MsD - P2) was 59.11+4.23, and the third measurement - M3 (MsD-MsE - P3) was 103.41+6.15.
From observer 2 (02), the measurements were as follows: M1 (Op-MsE - P1) was 58.40+4.27, M2
(Op-MsD - M2) was 49.09+4.67, and M3 (MsD-MsE - P3) was 102.33+8.10. From observer 3 (O3),
the measurements were: M1 (Op-MsE - M1) was 58.68+4.33, M2 (Op-MsD - P2) was 59.00+4.26,
and M3 (MsD-MsE - P3) was 103.15+6.14.

W W m

mT m

- X

Figure 5. The measurements in millimeters (mm) of the Opisthion - Bimastoidale Triangle are
presented in the vertical column, and the linear distances measured inter and intra-observers are
presented in the horizontal row. The abbreviations used are as follows: Observer 1 - O1; Observer
2 - 02; Observer 3 - 03; M1, M2, and M3 represent the quantity of measurements obtained, and P1
(linear distance Op-MsE), P2 (linear distance Op-MsD), and P3 (linear distance MsD-MsE) represent
the specific measurements taken.

Table 1. Statistical description of the analyzed parameters among the observers (Observer 1 — O1;
Observer 2 — O2; Observer 3 — O3) of analyzed skulls.

MeantSD P value
o1 02 03
P1(AstPoD) 46,85+6,43 47,3845,62 47,03+£5,99 >0,9999 "s
P2 (AstMsD) 48,34+6,69 48,941+6,36 48,54+6,51 >0,9999 ns

TMD
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MeanzSD P value
01 02 03
P3 (PoMsD) 30,85+4,78 30,29+3,68 30,51+5,49 >(0,9999 ns
P1 (AstPoE) 46,48+4,85 47,05+4,91 47,00+4,99 >(0,9999 s
TME P2 (AstMsE) 47,98+6,17 48,03+6,30 47,90+6,21 >0,9999 ns
P3 (POMsE) 31,1345,41 30,27+3,59 30,44+4,10 >(0,9999 ns
P1 (Op-MskE) 58,70+4,17 58,40+4,27 58,68+4,33 >(0,9999 s
TOB ns
P2 (Op-MsD) 59,11+4,23 59,09+4,67 59,00+4,26 >0,9999
- ns
l\P/I:’;gASD 103,41+6,15 102,33+8,10 103,15+6,14 >0,9999

Figures 6, 7, and 8 present the comparison of data related to the Right Mastoid Triangle
(TMD), Left Mastoid Triangle (TME), and Opisthion - Bimastoidale Triangle (TOB) between male and
female skulls.

As observed in Figure 6, the mean of the linear distances in millimeters (mm) for the Right
Mastoid Triangle (TMD) in male skulls were as follows: the first measurement - M1 (AstPoD - P1)
was 48.67+5.02, the second measurement - M2 (AstMsD - P2) was 50.21+5.55, and the third
measurement - M3 (PoMsD - P3) was 31.12+3.38. For female skulls, the measurements were as
follows: the first measurement - M1 (AstPoD - P1) was 41.49+2.24, the second measurement - M2
(AstMsD - P2) was 42.95+6.13, and the third measurement - M3 (PoMsD - P3) was 28.55+4.07.
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Right mastoid triangle vs. biological sex
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Figure 6. The measurements in millimeters (mm) of the Right Mastoid Triangle are presented in the
vertical column, and the linear distances are compared between male (M) and female (F) skulls. The
parameters measured are: P1 (linear distance AstPoD), P2 (linear distance AstMsD), and P3 (linear
distance PoMsD). The data marked with "*" (p=0.0105) and "****" (p<0.0001) represent values that
differ significantly.

In Figure 7, the mean of the linear distances in millimeters (mm) for the Left Mastoid Triangle
(TME) in male skulls were as follows: the first measurement - M1 (AstPoE - P1) was 48.27+3.02, the
second measurement - M2 (AstMsE - P2) was 49.24+4.87, and the third measurement - M3 (PoMsE
- P3) was 31.50+3.34. For female skulls, the measurements were as follows: the first measurement
- M1 (AstPoE - P1) was 41.81+4.71, the second measurement - M2 (AstMSE - P2) was 44.48+7.74,
and the third measurement - M3 (POMSE - P3) was 27.47+3.74.

Left mastoid triangle vs. biological sex
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Figure 7. The measurements in millimeters (mm) of the Left Mastoid Triangle (TME) are presented
in the vertical column, and the linear distances are compared between male (M) and female (F)
skulls. The parameters measured are: P1 (linear distance AstPoE), P2 (linear distance AstMsE), and
P3 (linear distance POMSE). The data marked with "(** p=0.0047; **** p<0.0001)" represent values
that differ significantly.

Opisthion - Bimastoid triangle vs. biological sex
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As observed in Figure 8, the mean of the linear distances in millimeters (mm) for the
Opisthion - Bimastoidale Triangle (TOB) in male skulls were as follows: the first measurement - M1
(Op-MsE - P1) was 60.18+2.87, the second measurement - M2 (Op-MsD - P2) was 60.11+£3.17, and
the third measurement - M3 (MsDMSE - P3) was 104.67+4.65. For female skulls, the measurements
were as follows: the first measurement - M1 (Op-MskE - P1l) was 53.38+2.40, the second
measurement - M2 (Op-tMsD - P2) was 55.61+4.26, and the third measurement - M3 (MSEMsD -
P3) was 97.37+6.60.

Figure 8. The measurements in millimeters (mm) of the Opisthion - Bimastoidale Triangle (TOB) are
presented in the vertical column, and the linear distances are compared between male (M) and
female (F) skulls. The parameters measured are: P1 (linear distance Op-MsE), P2 (linear distance
Op-MsD), and P3 (linear distance MsE-MsD). The data marked with "(*** p=0.0002; **** p<0,0001)"
represent values that differ significantly.

According to the results obtained, comparing the linear distances related to TMD, TME, and

TOB, they were found to be statistically different between female and male skulls, as indicated by

the p-values expressed in Table 2.
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Table 2. The statistical description of the linear distances obtained from the Right Mastoid Triangle (TMD),

Left Mastoid Triangle (TME), and Opisthion - Bimastoidale Triangle (TOB) was performed by comparing the
parameters between male and female skulls.

Mean+SD
P value
? 3

P1(AstPoD) 48,67+5,02 41,49+2 24 <0,0001"
T™D P2 (AstMsD)  50,21+5,55 42,95+6,13. <0,0001""

P3 (PoMsD) 31,12+3,38 28,55+4,07 0,0105

P1(AstPoE) 48,27+3,02 41,81+4,71 <0,0001"
TME P2(AstMsE) 49,24+4.87 43,48+7,74 <0,0001™

P3(PoMsE) 31,50+3,34 27,47+3,74 0,0047"

P1(Op-MsE) 60,18+2,87 53,38+2,40 <0,0001™"
TOB P2 (Op-MsD) ~ 60,1143,17 55,61+4,26 0,0002™

P3 (MsD-MsE)  104,67+4,65 97,37+6,60 <0,0001
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DISCUSSION

Passey et al.® report that the measured parameters, referring to the porion-mastoidale
distance, mastoidale-asterion distance, asterion-porion distance, and mastoid triangle area, showed
significantly larger values in male skulls, which corroborate the data obtained in this recent study.

Similarly, through a study conducted on an Iranian population using cone-beam computed
tomography (CBCT) images, Sobhani et al. 1° reported morphological sexual differences in the
intermastoid distance. Female skulls had a smaller intermastoid distance compared to male skulls.
In this present study, it is also observed that there is a greater distance between MsD and MsE in
male skulls.

Kemkes e Gobel'! conducted a study on samples of European individuals (Germans and
Portuguese), using the craniometric technique of the mastoid triangle. In this study, the results
showed that the Portuguese population exhibited greater sexual dimorphism compared to the
German sample.

A similar study was conducted by Jaja et al. '?, evaluating the triangular area of the mastoid
for sex determination from 102 lateral cephalograms of a Nigerian sample. The data showed
significant sexual dimorphism. The asterion-mastoideale distance exhibited higher values in male
skulls (47.3 £ 10.4 mm) compared to female skulls (42.8 £ 8.9 mm). Additionally, the discriminant
function analysis correctly assigned sex in 80% of female cases compared to 48% of male cases for
the triangular area of the mastoid, and 86% of female cases compared to 45% of male cases for the
asterion-mastoideale distance. Toneva et al. ** conducted a study on a sample of 148 adult Bulgarian
skull CT scans, which also confirmed the use of the mastoid triangle for sexual dimorphism
determination.

Both the resuts obtained by Kemkes e Gobel'!; Jaja et al.’? e Toneva et al.® exhibit similar
data do those obtained in this recent study.

Simultaneously, Madadin et al. *#, in a study on a population sample from Saudi Arabia using
computed tomography images of adult individuals, showed that the three sides of the triangle and
its area exhibit sexual dimorphism. In men, on average: 44.04 = 6.65 (linear distance between
Asterion and Porion), 51.95 £ 9.08 (linear distance between Asterion and Mastoidale), 32.68 + 3.94
(linear distance between Porion and Mastoidale), 692.82 + 155.82 (mastoid triangle area). In women,
the measurements were: 41.50 £ 6.43 (linear distance between Asterion and Porion), 48.42 + 6.81
(linear distance between Asterion and Mastoidale), 29.40 + 4.72 (linear distance between Porion
and Mastoidale), 596.01 + 145.30 (mastoid triangle area). These data corroborate the findings
obtained in this present study

Finally, in a study by Yilmaz et al.*®, through computed tomography images from a sample of
patients at the Department of Radiology, Faculty of Medicine, Meram, there were also significant

statistical differences between the sexes for the analyzed parameters, with the observed values
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being higher in male skulls when compared to female skulls. Similar comparative data were also

obtained in this recent study.

CONCLUSION

In conclusion, regarding the measured parameters, it can be inferred that there are significant
differences between male and female skulls. These data demonstrate significant sexual dimorphism,
which may support other anthropometric techniques for estimating the biological sex of unidentified

cranial samples.
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