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ABSTRACT

Objetive: To determine the percentage of correctness of the Orbital Index (Ol) for estimation of sex, ancestry and age in Brazilian
skulls. Methods: Cross-sectional study of 183 human dry skulls from the southeastern Brazil. A total of 100 skeletons were males and
83 females; of which 36 were aged up to 39 years, 60 aged between 40 and 59 years, and 87 aged 60 years or older. As for ancestry,
103 were from white, 51 mixed race, and 29 black individuals. The Ol was calculate by the formula = height/width x 100. The data
were submitted to Student’s t test, F (ANOVA), Tukey and Kruskal Wallis tests as well as to discriminant analysis, with a 5% significance
level. Results: The sample was characterized as mesoseme, with a mean age of 56.62 (£19.97) years. No significant difference was
observed (p=0.511) between the Ol in females (right: 86.43 = 6.58 and left: 86.70 + 5.93) and males (right: 85.78 + 6.69 and left:
86.37 + 6.20). There were no significant differences between age, ancestry and the variables analyzed (p>0.05). The right and left
orbital widths were significantly dimorphic between sexes (p<0.001). The percentage of correctness of the method for estimation of
sex, age and ancestry was found to be 65.6%, 43.7%, and 43.6%, respectively. Conclusion: The Ol is not an appropriate method for
estimation of sex, ancestry and estimation of age in this Brazilian sample. The methodology should be expanded to other population
groups so that it can be improved.

Indexing terms: Age groups. Ethnic groups. Forensic anthropology. Orbit. Sexual dimorphism. Skull.
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RESUMO

Objetivo: Determinar a porcentagem de correlagdo do Indice Orbitério (I0) na estimativa do sexo, da ancestralidade e da idade em
cranios brasileiros. Métodos: Estudo de corte transversal de 183 crdnios secos humanos do sudeste brasileiro. No total, 100 esqueletos
eram homens e 83 mulheres, dos quais 36 tinham até 39 anos, 60 tinham entre 40 e 59 anos e 87 tinham 60 anos ou mais. Quanto
a ascendéncia, 103 eram brancos, 51 pardos e 29 negros. O IO foi calculado pela férmula = altura / largura x 100. Os dados foram
submetidos aos testes t de Student, F (ANOVA), Tukey e Kruskal Wallis, bem como a analise discriminante, com nivel de significancia
de 5%. Resultados: A amostra foi caracterizada como mesoseme, com média de idade de 56,62 (+ 19,97) anos. Ndo houve diferenca
significativa (p = 0,511) entre o 10 no sexo feminino (direita: 86,43 + 6,58 e esquerda: 86,70 + 5,93) e do sexo masculino (direita:
85,78 + 6,69 e esquerda: 86,37 + 6,20). Nao houve diferencas significativas entre idade, ancestralidade e as variaveis analisadas (p>
0,05). As larguras orbitais direita e esquerda foram significativamente dimaorficas entre os sexos (p <0,001). A porcentagem de acerto
do método para estimativa de sexo, idade e ancestralidade foi de 65,6%, 43,7% e 43,6%, respectivamente. Conclusdo: O /O ndo é
um método apropriado para estimativa de sexo, ancestralidade e estimativa de idade nesta amostra brasileira. A metodologia deve ser

expandida para outros grupos populacionais para que possa ser aperfeicoada.

Termos de indexacao: Grupos etérios. Grupos étnicos. Antropologia forense. Dimorfismo sexual. Orbita. Cranio.

INTRODUCTION

Cranial reference measures have been essential to
distinguish between normal variability and abnormalities
in the diagnostic assessment of neurological diseases [1,2].
Likewise, the morphometric analysis of the bone skeleton
has also been useful for the forensic anthropologist to
determine the ancestry of a set of bone remains [3]. By
using visual and metric comparison of unknown bones with
those of known origin [4], the study of human dry skulls can
provide important information to support the anthropological
characterization (sex, age, ancestry and height) [5]. These
approaches may aid in the human identification process with
up to 90% precision when analyzed separately [5,6].

Orbits are conical cavities of the facial skeleton
located at both sides of the sagittal plane and composed of
the maxillary, zygomatic, lacrimal, palatine, frontal, ethmoidal
and sphenoidal bones[2,5,7]. The orbital architecture has been
used for estimation of human ancestry and sex for over 100
years [5,8,9]. Men usually have squared, small orbital cavities,
while women are frequently found with round, thin orbital
cavities [5,10]. As for ancestry, Africans have rectangular
orbits, northern and southern Europeans present angular
orbits, while central Europeans and Asians have orbits with
a round shape [10].

The orbital cavity has width greater than height in
most cases, and such a relationship is given by the Orbital
Index (Ol). This index was developed in 1875 by Paul Broca
with the purpose of performing a quantitative assessment
of the orbital size and symmetry. The index is based on the
ration of height over width multiplied by 100 [2,5,10].

It has been known that identification is a paramount
need of forensic experts [5] and that variations in the
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morphometric features of the head and neck — and
consequently of the orbits — may occur when different
populations are compared. Thus, the present study aimed
to determine the percentage of correctness of the Orbital
Index for estimation of sex and estimation of age and
ancestry in a Brazilian population by performing direct
measurements in human skulls.

METHODS

This study is in accordance with the 466/12
Resolution of the National Health Council, Ministry of
Health, Brazil. The project was previously submitted to and
approved by the Research Ethics Committee of the Center
for Health Sciences, Federal University of Paraiba, under
protocol 1.157.688 and CAAE 45781415.0.1001.5188.

This was a cross-sectional study with a universe
of 192 skeletons previously cataloged with regard to sex,
ancestry and age at death (according to death certificate,
an official document required for burial in Brazil). The
samples were obtained from the Professor Eduardo Daruge
Laboratory of Forensic Physical Anthropology at Piracicaba
Dental School, University of Campinas (FOP/UNICAMP).
After thorough analysis, we excluded from the sample the
skulls with malformations, severe abnormalities, apparent
trauma and/or serious bone pathologies, which could
compromise the right and/or left orbital cavities. The final
sample was composed of 183 human dry skulls.

For this sample, the confidence level is 95%, with
a margin of error of 7%, which means that we have 95%
confidence that the difference between a given estimated
proportion and an actual ratio is less than or equal to



7%. In numerical terms, the value of n=192, satisfies the
condition: P(|p— p|<0.07)=0.95, where n appears as the
denominator of the variance of the proportion estimator,
ie: Var(ﬁ )=(p(1-p), where 1.96 is the upper quantile of the

standard nomnwal distribution, the probability of which the
modulus of a variable with that distribution does not exceed
this quantile is 95%, numerically if Z has a standard normal
distribution, we have: P (| Z | <1.96) = 0.95. Recalling that
doing Z=|p-p|, Z has approximately standard normal

\(Var(p)
distribution.

The study variables included sex (male and female);
ancestry (white, mixed race and black); age range (up to 39
years; between 40 and 59 years; and 60 years or older);
orbital height (OH = supraorbital foramen to infraorbital
foramen); orbital width (OW = maxillofrontal to orbital
frontomalar) in both sides (right and left); and orbital index
(microseme, mesoseme, and megaseme).

In each orbital cavity (right and left) we analyzed
the anatomical points corresponding to the supraorbital

foramen (SOF), infraorbital foramen (IOF) and the
maxillofrontal (MF) and orbital frontomalar (OFM)
points.

Adigital caliper (Stainless-Hardened®- 150 mm, Mau3,
Sao Paulo, Brazil) was used to perform linear measurements
of the right and left orbital cavities, as follows: orbital height
(OH) = supraorbital foramen (SOF) « infraorbital foramen
(IOF) (Figure 2); and orbital width (OW) = maxillofrontal (MF)
point < orbital frontomalar (OFM).

The Orbital Index was calculated based on the
formula: Ol = orbital height/ orbital width, multiplied
by 100 [11]. After the Ol was obtained, the corresponding
sample was categorized into one of the three patterns of
orbital cavities reported in the literature [12-14]: a) microseme
(small), OI < 83 and ancestry characteristic of black races
(orbital opening is rectangular); b) mesoseme (intermediate),
Ol between 83-89 and ancestry characteristic of white races —
Europeans and English have values of 87 and 88.4, respectively;
and ¢) megaseme (big), Ol > 89 and ancestry characteristic of
yellow races, except for the Esquimaux (Eskimos) whose
orbital opening is round.

Due to the high sensibility of the digital caliper, its
tips were approximated after each measurement and the
caliper was zeroed, in order to avoid possible variations of
the equipment that could interfere with the results.

Craniometric study of the Orbital Index in brazilian skulls

A pilot study was previously performed to calibrate
the examiner following the same criteria adopted for the
full length study. A total of 25 dry skulls were selected from
the Bone Collection and then analyzed. Two assessments
were carried out within a seven-day interval to check for
examiner's agreement. The Kappa statistics was found
to be >0.92, which indicated rigorous agreement. No
adjustments were necessary based on the pilot study,
therefore all skulls analyzed at this stage were also included
in the final sample, totaling 183 samples.

The data were treated descriptively and inferentially
by Student’s t test with equal variances, Mann-Whitney, F
(ANOVA) and Kruskal Wallis, with a 5% significance level
(p< 0.05). All analyses were performed using the Statistical
Package for Social Sciences, version 23.0 (SPSS Inc,,
Chicago, IL, USA). Discriminant analysis was applied to
determine the percentage of correctness of the method for
estimation of sex, age and ancestry. This type of analysis
provides a pondering function according to the value of
each metric and variable.

RESULTS

A total of 183 skulls were analyzed, of which 100
(54.6%) were from males and 83 (45.4%) from females,
with a mean and median age of 56.26+19,97 and 58.00,
respectively. The standard deviation was found to be 19.97
years, which indicated a mild variability as the deviation
was lower than half the value of the corresponding mean.
As for age, most skulls corresponded to individuals aged
60 years (47.5%) or older at death, followed by those aged
40 to 59 years (32.8%) and up to 39 years (19.7%). The
majority derived from the white ancestry (56.3%), followed
by mixed race (27.9%) and black (15.8%).

The following measurements (mean + standard
deviation) were obtained: right orbital height (33.87 = 2.61);
left orbital height (33.98 + 2.32); right orbital width
(39.47 £ 1.94); left orbital width (39.32 + 1.90); right
Ol (86.08 + 6.63); left Ol (86.52 + 6.06). The sample was
characterized as mesomeme (Ol between 83 and 89).

With regard to sex, significant differences were
observed only between sex and the right and left orbital
width (p<0.05). These variables were found to have means
correspondingly higher in males than females (Table 1).
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Table 1. Distribution of the sample by sex according to the right and left orbital height and width and the Orbital Index.

Sex

n=183 Male

Female p-value

Mean + SD (Median)

Mean + SD (Median)

Right Orbital Height
Left Orbital Height
Right Orbital Width
Left Orbital Width
Right Orbital Index
Left Orbital Index

34.17 + 2.56 (34.27)
34.28 +2.15(34.31)
40.02 + 1.86 (40.07)
39.75 £ 1.79 (39.89)
85.78 + 6.69 (84.99)
86.37 +6.20 (85.99)

33.51 +2.64(33.62)
33.61+2.48(33.77)
38.79 + 1.83(38.75)

pM=0.123
p™ = 0.092
p™M < 0.001*

38.79 = 1.91 (38.60) p™ =0.001"
86.43 = 6.58 (87.67) pM=0511
86.70 + 5.93 (87.79) pM=0713

Note: ©: Signficant difference at 5.0%. : Student’s t test with equal variances.

None of the variables analyzed showed significant
difference (P>0.05) in relation to age range and ancestry,
as shown in Tables 2 and 3.

The percentage of correctness of the orbital
measurements for estimation of sex, age and ancestry is
given in tables 4, 5 and 6. The method properly determined

sex in 65 (65%) out of the 100 male skulls and failed to
do so in 35 (35%) of them by mistaking female with male
sex. Furthermore, the method properly determined sex in
55 (66.3%) out of the 83 female skulls, failing in 28 cases
(33.7%). Therefore, this method presented a percentage
of correctness of 65.6% for sex estimation.

Table 2. Distribution of the sample by age range according to the right and left orbital height and width and the Orbital Index.

Age range
n=183 Up to 39 years 40 to 59 years 60 years or older
Mean + SD (Median) Mean + SD (Median) Mean + SD (Median) prvalue
Right Orbital Height 33.53 +2.25(33.26) 33.64 +2.77 (33.73) 34.17 £ 2.63 (34.44) pM=0.338
Left Orbital Height 33.75 £ 2.28 (33.67) 33.76 + 2.34 (33.99) 34.22 £ 2.33 (34.41) p™M = 0.404
Right Orbital Width 39.24 + 1.98 (39.29) 39.81 +2.05 (39.63) 39.33 + 1.84 (39.50) p“) =0.252
Left Orbital Width 39.02 £2.11(39.11) 39.61 + 1.93 (39.65) 39.23 £ 1.78 (39.54) p™M=0.288
Right Orbital Index 86.40 £ 6.15 (86.55) 84.64 = 6.80 (84.27) 86.94 £ 6.61(87.12) p™M=0.113
Left Orbital Index 86.62 + 6.23 (86.89) 85.30 + 5.58 (84.94) 87.33 £ 6.24 (87.82) pM=0.137
Note: ™: F test (ANOVA).
Table 3. Distribution of the sample by ancestry according to the right and left orbital height and width and the Orbital Index.
Ancestry
n=183 White Black Mixed Race
Mean + SD (Median) Mean + SD (Median) Mean + SD (Median) prvalue
Right Orbital Height 33.63 + 2.55(33.78) 34.64 + 2.67 (34.64) 33.92 + 2.66 (34.64) pM=0.155
Left Orbital Height 33.70 £ 2.39(33.79) 34.53 +2.24 (34.60) 34.22 +2.19 (33.80) p™M=10.109
Right Orbital Width 39.39 +£2.02 (39.56) 39.95 + 1.92 (39.95) 39.35 + 1.80 (39.15) p™M =0.289
Left Orbital Width 39.12 + 1.88 (39.30) 39.94 + 1.96 (40.02) 39.36 + 1.88 (39.51) p@=0.118
Right Orbital Index 85.49 + 6.65 (85.02) 87.81 + 5.64 (87.64) 86.29 + 7.03 (85.90) p@=0.243
Left Orbital Index 86.26 + 6.46 (85.71) 86.54 + 5.38 (86.64) 87.05 + 5.67 (87.00) p@ =0.747

Note: ™: F test (ANOVA) with Tukey’s pairwise comparisons. @: Kruskal Wallis with pairwise comparisons.
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Table 4. Percentage of correctness of the right and left orbital height and width and the Orbital Index for determination of sex.

Predicted Group Membership

Sex Male Female ota!

n (%) (%) n (%)
Male 65 (65.0) (35.0) 100 (100.0)
Female 28 (33.7) (66.3) 83 (100.0)

Note: 65.6% of original grouped cases correctly classified.

Table 5 shows the percentage of correctness of the
study variables for age estimation. Our findings revealed
that 17 (47.2%) out of the 36 previously cataloged
skeletons aged up to 39 years were properly estimated. On
the other hand, a total of 9 (25.0%) skulls were mistakenly
estimated as being aged 40 to 59 years and 10 of them
(27.8%) as 60 years or older. A total of 28 (46.7%) and
35 (40.2%) skulls previously cataloged as 40 and 59 years,
and 60 years or older, were properly estimated based on
the orbital measurements presented herein. Hence, this
method presented a percentage of correctness of 43.7%
for age estimation.

Table 6 shows the percent percentage of
correctness of the orbital variables for estimation of
ancestry in the Brazilian population. Of the 103 dry skulls
previously cataloged into the white ancestry, 58 (56.3%)
were correctly classified as such, whereas 17 (16.5%) and

28 (27.2%) were mistakenly categorized as black and
mixed race, respectively. A total of 16 (55.2%) and 24
(47.1%) skulls were properly classified into the black and
mixed race ancestry, respectively. Therefore, this method
was able to correctly determine ancestry in this Brazilian
population with a percentage of correctness of 43.6%.

No significant differences between the right and
left sides were observed for any of the variables analyzed.

DISCUSSION

Since 1993 scientific tests have been considered a
forensic technical requirement in the courts of justice. Only
the tests undergoing thorough peer review and validation,
as well as acceptance by the scientific community as a
reliable method for human individualization, should be

Table 5. Percentage of correctness of the right and left orbital height and width and the Orbital Index for estimation of age.

Predicted Group Membership

Age range Up to 39 years 40 to 59 years 60 years or older otal
n (%) n (%) n (%) n (%)
Up to 39 yrs 17 (47.2) 9 (25.0) 10 (27.8) 36 (100.0)
40 to 59 yrs 16 (26.7) 28 (46.7) 16 (26.7) 60 (100.0)
60 yrs or older 30 (34.5) 22 (25.3) 35 (40.2) 87 (100.0)
Note: 43.7% of original grouped cases correctly classified.
Table 6. Percentage of correctness of the right and left orbital height and width and the Orbital Index for determination of ancestry.
Predicted Group Membership
Ancestry White Black Mixed Race foral
n (%) n (%) n (%) n (%)
White 58 (56.3) 17 (16.5) 28 (27.2) 103 (100.0)
Black 5 (17.2) 16 (55.2) 8 (27.6) 29 (100.0)
Mixed Race 11 (21.6) 16 (31.4) 24 (47.1) 51 (100.0)

Note: 43.6% of original grouped cases correctly classified.
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employed [10]. When human identification approaches
are based on population parameters the study of each
specific group becomes necessary, given that interethnic
crosses generate individuals with metric and morphological
peculiarities.

Brazil is the largest and most populous country in
Latin America. With more than 200 million inhabitants,
it is considered as one of the classic models of the
outcome of mixtures among human populations [15,16].
This is the result of half a century of interethnic crosses
among the native Brazilian population (Brazilian Indians),
Amerindians (native Americans), Europeans, and Africans
[17]. The matter of miscegenation in Brazil is remarkable
in such a way that regionalized subpopulations can be
found. These subgroups are marked by greater or lesser
ancestral contribution of the above listed peoples, making
phenotypic distinction not always a possible task.

The skeletons used in our study were obtained
from a cemetery in the state of Sdo Paulo, Brazil, which is the
richest and most developed state in the nation. A high influx
of people is attracted to Sao Paulo from other territorial areas
as well as from abroad, in particular, Japan [16].

The orbital measurements of an individual may
vary based on sex and ancestry [10,18-21]. In 2014, Indian
researchers [18] investigated the orbital measurements of
200 human dry skulls (130 males and 70 females) from
southern India, one of the most mixed population in the
world. The authors found that the mean Ol of males (81.13)
was lower than that of females (82.32). These findings are
in agreement with those reported herein for males (right
and left Ol of 85.78 and 86.37, respectively) and females
(right and left Ol of 86.43 and 86.70, respectively).

In addition to assisting in anthropological
characterization and human identification, the study of
the Orbital Index has also been useful for the clinical and
surgical treatment of orbital diseases [22]. This highlights
a clear need for further regional studies to support better
therapies based on the knowledge of peculiar features of
each single population from across the globe.

The orbital cavity usually has height greater than
width and can be classified into three types [12-14,21]:
microseme, mesoseme, and megaseme. The Brazilian
population in this study was characterized as mesoseme.
Other researchers have found different results with other
populations. Suzuki [23] showed that the predominant
orbital type in eastern Asia was the microseme, while

6 RGO, Rev Gauch Odontol. 2021;69:e2021013

Ukoha and collaborators [22] characterized the orbits of
Nigerians as megaseme.

Morphologically, the female orbit is larger,
rounder, upwardly positioned and with sharper margins
compared to the male orbit, which is smaller, more
squared, downwardly positioned and with round margins
[6,8]. Husmann and Samson [10] evaluated the Orbital
Index proposed by Broca among the American population.
The authors observed significant differences based on
sex. However, a more in-depth analysis revealed that such
differences did not have much practical usefulness and
therefore should not be considered for estimation of sex
and ancestry. These results corroborate those found in our
study with Brazilians, in which the orbital height and width
and the Ol showed reasonable percentage of correctness
for sex estimation (65.6%) but were not effective for
estimation of age (43.7%) and ancestry (43.6%).

Forensic literature does not have reference tables
that relate orbital measurements, including the orbital
index, to sex estimation and age estimation. In the attempt
to establish such parameters for the Brazilian population,
the present study verified the applicability of such variables
as auxiliary methods in the identification of Brazilian bone
remains. Although the percentage of correctness was not
satisfactory in this Brazilian sample, it may be in other
populations, since the metric parameters are distinct.

Anthropometric studies using direct sizing in dry
skulls minimize the possibility of altered measurements, since
bones are evaluated under a more natural perspective [24]. The
morphological variability expressed by different populations
worldwide creates an obstacle to the identification practice
by Forensic Sciences. Regression tables and formulas of a
population group should not be used in allusion to others.
Ideally, anthropometric surveys should be developed in
each region.

Currently, only a few studies have been published
in the field of Forensic Anthropology focusing on the
Brazilian population [25]. The present study brings a
perspective of the metric reality of the orbit of the Brazilian
population and confirms that this group harbors unique
features. Nevertheless, such morphological pattern should
not be applied to human bone remains for estimation of
sex, ancestry and age.

CONCLUSIONS

The study sample was characterized as mesoseme,
with males having greater orbital width than females.



The Orbital Index is an auxiliary method in the
forensic identification process. Nevertheless, it should not
be used for estimation of sex, ancestry and age in the
Brazilian population due to unsatisfactory percentage of
correctness.

This methodology must be tested in other Brazilian
population groups to evaluate its applicability in other
samples.
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