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ABSTRACT

Through osteometric analysis, forensic anthropology has become capable of identifying biological
profiles during legal investigation and succeeded in the post-mortem period. The main purpose of
this study is to measure the nasal index of male and female skulls from southern Minas Gerais and
to compare these measurements between the sexes to characterize the biological profile of
individuals from a population that has been little studied. We used 84 human skulls, 23 female and
61 male, which were obtained from the osteological collection of the Anatomy Department (Unifal-
MG), based on law number 8.501 of 1992 and the agreement established between the University
and the Civil Police of Minas Gerais. Skulls involving fractures or extensive trauma in the region to
be analyzed were excluded from this study. Two observers obtained the parameters at three different
times with a 10-day interval between measurements. A digital pachymeter was used, with
measurements in millimeters (mm). The area, perimeter, and nasal index were not significant
between the analyzed sexes, being the mean of each parameter in (mm) of male skulls respectively
568+79.19, 104.07+7.68 and 49.92+5.07 and female skulls 539+79, 101.18+7.71 and 48.87+6.27.
We also compared the shape of the nasal cavity, and the data showed that 36,1% of male skulls are
camerrines while 39,1% of female skulls are leptorrhine. Thus, it can be inferred that the nasal
parameters are not statistically different; however, the shape of the nasal cavities differs between
the sexes.

Keywords: Piriform cavity; Forensic anthropology; Human identification; Sexual dimorphism.
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RESUMO

A antropologia forense vem se tornando capaz de, através de analises osteométricas, identificar
perfis bioldégicos durante a investigacao legal, sucedida no periodo post mortem. Este estudo possui
como objetivo principal mensurar o indice nasal de cranios masculinos e femininos provenientes do
sul de Minas Gerais, e comparar tais medidas entre 0s sexos, de forma a caracterizar o perfil
biol6gico de individuos de uma populagéo pouco estudada. Foram utilizados 84 cranios humanos,
sendo 23 femininos e 61 masculinos, que foram obtidos do acervo osteolégico do Departamento de
Anatomia (Unifal-MG), a partir da lei n° 8.501 de 1992 e do convénio estabelecido entre a
Universidade e a Policia Civil de Minas Gerais. Para este estudo foram excluidos cranios
envolvendo fraturas ou traumas extensos na regido a ser analisada. Os parametros foram obtidos
por dois observadores e em trés momentos diferentes com intervalo de 10 (dez) dias entre uma
mensuracdo e outra. Para mensuracdo foi utilizado um paquimetro digital com medidas em
milimetros (mm). A é&rea, perimetro e indice nasal ndo foram significativas entre os sexos
analisados, sendo a média de cada parametro em (mm) dos cranios masculinos respectivamente
568+79,19, 104,07+7,68 e 49,92+5,07 e femininos 539+79, 101,18+7,71 e 48,87+6,27. Também
comparou-se a forma da cavidade nasal e os dados mostraram que 36,1% dos cranios masculinos
sao camerrinos enquanto que 39,1% dos cranios femininos sao leptorrinos. Desta forma, é possivel
inferir que os par@metros nasais ndo sao estatisticamente diferentes, porém, a forma das cavidades
nasais difere entre os sexos.

Descritores: Cavidade piriforme; Antropologia forense; ldentificagdo humana; Dimorfismo sexual.

INTRODUCTION

According to the renowned French anthropologist Francois Laplantine, there are five main
areas of anthropology, one of them being biological/physical anthropology, which studies the
variations of man's biological characters in space and time?.

Since Brazil has a high violence rate, forensic anthropology has become a great ally in legal
investigations, considering that most suspicion is created in the identification of the individual2.

Forensic anthropology, a well-known branch of biological anthropology, is necessary for
post-mortem legal investigation, where an individual and accurate biological profile is created to
develop reliable and valid population-specific patterns, including a social identification2.

Forensic anthropology is highly relevant in returning the identity of human remains, making
bodies in an advanced state of decomposition, bones, bone fragments, complete skeletons, and
burned bodies significant materials in forensic investigations®.

The forensic analysis had great importance in proving crimes against humanity that
occurred in Brazilian territory, especially in the 60s, 70s, and 80s, the period of dictatorship in Brazil,
when there was a more remarkable development in the area®. Forensic evaluation begins when
anthropologists in the area recover human remains, and the evaluation considers generic factors of
the individual's age. Its biological profile considers four parameters significantly: ancestry, age at

death, i.e., age group, sex, and the stature of the individual®.
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The Brazilian miscegenation process started in the 15th century due to colonizing
experiences, established the beginning of a great clash between peoples in a territory, and until then,
Portuguese and indigenous. This issue has been discussed since the beginning, including the great
ethnic and cultural characteristics and differences between Blacks, Whites, and Indians and their
mixtures developed in Brazilian soil” (VAINFAS, 1999). Even if Brazilians generally share their
genes, the greater or lesser amount they appear distributed determines the difference between
inhabitants of a specific region or differences between populations®.

Therefore, this work intends to help in the development of forensic anthropology nationwide,
aiming to measure the nasal index of male and female skulls from Southern Minas Gerais using
craniometry techniques previously available in the literature and to determine mean values for these

anatomical structures as well as to compare them between the sexes.

MATERIALS AND METHODS

This study used a sample of 84 human skulls suggestive of 61 males and 23 females. The
technique used to determine the sex of the skulls was cranioscopy, which involves visualizing some
anatomical landmarks that aid in the sex diagnosis of skulls®.

The skulls were obtained per law n°® 8501 of 1992, which deals with using unclaimed
corpses for teaching and research purposes, and through an agreement between the Federal
University of Alfenas and the Civil Police of Minas Gerais process Sei n® 1510.01.0159252/2021-93.

Two observers obtained the parameters at three different times with a 10-day interval
between measurements. A digital pachymeter (Marberg®) with measurements in millimeters (mm)
was used for measurement.

The craniometric analyses of the nasal index, as well as the area and perimeter of the
piriform cavity, will be based on the study by Pereira and Mello, and Alvim (2015) and the formulas
as well as the classification of the type of piriform cavity (Table 1) are described below. The linear

parameters for estimating the nasal index and area are outlined respectively in Figures 1, 2, and 3.

Nasal Index

To determine the nasal index, the following formula was used:

maximum nasal width (LNM) x 100+nasal height (AN)
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Table 1. Type of piriform cavity according to values obtained from the nasal index.

Piriform Cavity Type Values
Leptorrino (strait) X-46,9
Mesorrino (medium) 47,0 -50,9
Camerrino (long) 51,0-57,9
Hyperamerino (very wide) 58 - X

Fig. 1. Anterior view of a human skull from the didactic collection of the Anatomy Department (DAnat - Unifal-
MG) identifying the measurements that will be made to obtain the nasal index. Where: AN = nasal height and

LNM = maximum nasal width.

Fig. 2. Anterior view of a human skull from the didactic collection of the Anatomy Department (DAnat - Unifal-
MG) identifying the measurements that will be made to obtain the area of the piriform cavity. Where: b = smaller

base; B = larger base, and h = height.
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Area

To determine the area of the piriform cavity, it was used the formula:

A=(b+B)/2 x h

Fig. 3. Anterior view of a human skull from the didactic collection of the Anatomy Department (DAnat - Unifal-
MG) identifying the measurements that will be made to obtain the area of the piriform cavity. Where: b = smaller
base; B = larger base, and h = height.

Perimeter

Whereas, to determine the perimeter of the cavity it was used the formula:

P=B+b+LD+LE

Where: B = greater base; b = smaller base; LD = height of the right side piriform cavity edge, and LE
= height of the left side piriform cavity edge.

Statistical Analysis
For all analyses, a p-value of less than 5% (p <0.05) will be considered significant. The

confidence level for this research was set at 95%. The analyses were performed in GraphPad Prism
8 software (GraphPad, San Diego, USA).
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RESULTS

The data obtained, intra and inter-observer, as well as the parameters measured comparing
nasal height and width, area, perimeter, and nasal index of male and female skulls, are presented
in the form of graphs and tables for better visualization of the data obtained.

The chart that follows below presents data from the comparison of nasal height (AN) and
width (LnN) expressed in millimeters (mm) within and between observers.

As can be seen in graph 1, the mean nasal height for the three measurements of observer 1
(O1) was 49.18 + 4.18, while the mean nasal width was 24.04 + 2.13. The values for observer 2 (02)
nasal height were 48.69 + 4.76, and nasal width was 24.29 + 2.21 (table 2).

According to the results of the three measurements (M1, M2, and M3) obtained by each
observer (O1 and O2), both nasal height and nasal width, as well as the results comparing O1 and
02, did not show to be statistically different.

Nasal height (AN) and nasal width (LnN)
intra and inter observers.
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Graph 1. Comparison of data for nasal height (AN) and nasal width (LnN) intra and inter observers.
O1 - observer 1; O2 - observer 2; M1, M2 and M3 - three measurements obtained by each observer.
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Table 2. Statistical description of the parameters analyzed interobserver (Observer 1 - O1 and Observer 2 -
02) of male and female skulls. M1, M2, and M3 were measurements obtained by observers at 15-day intervals.

Mean+SD
M1 M2 M3 SD 95%ClI P-value
Ol |49.16+x4.06 | 49.15+4.27 | 49.22+4.22 | 0.003529 | -1.7821t0 1.789 | >0.9999
AN
02 | 48.49+6.16 | 48.69+4.06 | 48.90+4.05 | -0.2029 -1.9891t0 1.583 | >0.9999
Ol |24.01+2.16 | 24.12+2.10 | 23.99+2.13 | -0.1105 -1.896t0 1.675 | >0.9999
LaM

02 | 24.37x2.27 | 24.27£2.19 | 24.22+2.17 | 0.09965 | -1.6861t0 1.885 | >0.9999
Note: Test: ANOVA (Two-Way ANOVA) followed by Tukey averages comparison test.

Graphic 2 presents data from the comparison of area (A), perimeter (P), and nasal index (IN)
expressed in millimeters (mm) between male and female skulls. As noted in graph 1, the mean nasal
area of male skulls (MA) was 568 * 79.19, while that of female skulls (FH) was 539.60 + 79.02. The
values for the nasal circumference of male skulls (MP) was 104.07 + 7.68, and female (FP) was
101.18 + 7.71. While the nasal index of male skulls (MHI) was 49.92 + 5.07, and that of female skulls
(FHI) was 48.87 + 6.27 (Table 3).

According to the results obtained, both the area (A), perimeter (P), and nasal index (IN)

between the male and female skulls did not show to be statistically different.

Table 3. Statistical description of the parameters analyzed of male and female skulls.

Mean+SD 95% ClI P value
? S
539.60+79.02 568.00+79.19 -3.450-60.24 0.1110m
101.18+7.71 104.07+7.68 -28.96-34.73 0.9998"
48.8746.27 49.92+5.07 -30.80-32.89 >0.9990"

Note: Test: ANOVA (Two-Way ANOVA) followed by Tukey averages comparison test.
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Comparison of area (A), perimeter (P) and nasal index (IN)
data between biological sex.
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Graph 2. Comparison of area (A), perimeter (P), and nasal index (IN) data between male and female skulls.

M - male skulls; F - female skulls.

The shape of the nasal cavity between male and female skulls was compared, and the data

showed that 36% of the male skulls were camerrhine, 30% leptorrhine, 26% mesorrhine, and 8%

hyperamerrhine (Figure 7), whereas the female skulls 38% were leptorrhine, 29% mesorrhine, 29%

camerrhine, and 4% hyperamerrhine (Figure 8).

Fig. 4. Types of the piriform cavity according to the values obtained in the nasal index of analyzed male skulls.
A - Leptorrhine (29.5%); B - Hyperchamerrhine (8.2%); C - Mesorrhine (26.2%) and D - camerrhine (36.1%).
Male skulls belong to the Anatomy Department's osteological collection, ICB, Unifal-MG.
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Fig. 5. Types of the pyriform cavity according to the values obtained in the nasal index of female skulls
analyzed. A - Leptorrhine (39.1%), B - Camerrhine (30.4%), and C - Mesorrhine (30.4%). Hypercamerrino
skulls were not found in the sample analyzed. Female skulls belong to the Anatomy Department's osteological
collection, ICB, Unifal-MG.

DISCUSSION

Forensic science is the most important area for elucidating crimes with violence in criminal
investigation, which uses several strands such as chemistry, physics, and biology, among other
sciences. Among the main objectives of the forensic investigator, it is of utmost relevance to report:
solve the cause of death, confirm authorship and rule out potential suspects. One of the so-called
frontier sciences used in a crime scene is forensic anthropology, which aims at identifying bones
using knowledge of anatomy, mainly osteology and physical anthropology, with the performance of
examinations on bones by forensic anthropologists, odontologists, and coronerst?,

Gardner, Gray, and O'Rahill (1971) point out that variations in human bones are influenced
by sex, admixture, age, and individuality2. Thus, the sexual estimation must be conclusive in bodies
and bones by medico-legal investigation, as it is proven to be one of the most important definition

forms.
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Ofodile'® measured the pyriform cavities of several ethnic groups, six skulls from the Ashanti
tribe in West Africa, five skulls from Black Americans, five from Austria in Northern Europe, and four
skulls from American Indians®3. The height and width of these cavities were measured, and they
concluded that Ashanti had pyriform cavities with a height of 25.80 mm and width of 23.60 mm, as
for Australian skulls, the height was 31.40 mm and width of 18.00 mm, Indian skulls were 28.60 mm
and 22.80 mm, while American was 28.20 mm and 21.00 mm height and width, respectively.
Compared to the data analyzed by Ofodile (1994), there is a relevant discrepancy between the data
obtained. This present study showed that the nasal height of the South Minas skulls has an average
of 49.0 mm, with a width of 24 mm.

Fernandes' analyzed the nasal index of 173 Brazilian skulls to estimate sex, age, and
ancestry in the national population, using a high-precision digital caliper to measure nasal height and
maximum nasal width. Males have higher nasal height and width values than females, with
statistically significant differences in all measurements. This recent work observed no significant
differences between the sexes in the skulls studied.

Moreddu et al.> morphometrically measured the pyriform cavity of 91 male and 79 female
French skulls, and the average width of the pyriform aperture was 24.00 mm in female skulls and
25.32 mm in male skulls, and the average height was 32.54 mm in female skulls and 36.35 mm in
male skulls. In the present study, it was observed that the mean nasal height of the Southern Minas
skulls is higher than that of the French, the mean in female skulls being 48.75 mm and in male skulls
49.01 mm15. The nasal width in the South Minas skulls was similar to that of the French, with the
average for female skulls being 23.65 mm, and for male skulls 24.36 mm.

In Brazil, the settlement was and still is made by several groups with cultural and ethnic
varieties, which due to migrations and colonization, have not obtained an equal distribution in its vast
territory. Thus, it is challenging to determine the osteometric parameters of the Brazilian ethnic group
since its population has significant physical variations, which clearly indicates its miscegenation?®.

Therefore, comparing the referenced authors with the present study, it is essential to mention
that Brazilian miscegenation is the main factor to be considered, given the craniometric analyses
performed and the differences observed. Thus, the morphological difference between the

populations mentioned here is apparent.

CONCLUSION

Thus, it can be inferred that the parameters referring to the nasal index, area, and perimeter
of the piriform cavities are not statistically different between the biological sexes; however, when the
shape of such structures is analyzed, they differ between the male and female skulls analyzed. The
findings regarding the shape of the piriform cavities show the importance of future studies to confirm

the data and thus be another auxiliary method in human identification.
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