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ABSTRACT

The objective of the investigation was to test a technique
originating in the United States to verify the accuracy of the
ancestry estimate in a sample of Brazilian skulls. The sample
consisted of 120 skulls of Brazilian adults from the collection
of the Institute of Education and Research in Forensic
Sciences (IEPCF), Guarulhos-SP, Brazil, with ancestry
determined by routine examination. In the skull, the following
structures were analyzed: anterior nasal spine (ANS), inferior
nasal aperture (INA), interorbital breadth (IOB) nasal
aperture width (NAW), nasal bone structure (NBS), and post
bregmatic depression (PBD). The Hefner and Ousley
technique was applied to classify ancestry. Data were
registered and correctness percentage was obtained. To
improve ancestry prediction, Machine Learning techniques
were used. Regarding the error of the studied method and the
correctness of the complete sample, the study presented a
percentage above 50%, with values such as 56.33% for whites
and 53.07% for non-whites. The most frequent ANS parameter
was marked (37.5%), INA straight (31.7%), IOB wide (38.3%),
NAW medium (32.5%) NBS triangular (29.2%), and PBD
present (78.3%). The application of the method in the sample
of the study showed a limitation to estimate ancestry,
suggesting a need for adaptation for its applicability in the
Brazilian population.

INTRODUCTION

The existence of sexual, ancestral, and age dimorphism in
human skeletons, and its importance in medical legal
investigations is well established. According to contemporary
literature, the biological profile is outlined through the analysis
of bone structures, in turn, this analysis can be performed
through numerous methods that are classified into two main
groups: qualitative also known as morphological
methodologies, and quantitative also known as morphometric
methodologies. Qualitative or morphological methods have as
main objective to obtain biological parameters through
subjective analysis of anatomical characters. On the other
hand, quantitative or morphometric methods recommend the
use of linear measures, projections, angles, and indices to
outline the demographic characteristics of the remains under
analysis .

In human identification, one of the main characteristics in the
design of the biological profile is the estimation of sex, age,



JFOS - Journal of Forensic Odonto-Stomatology

height, and ancestry. In the latter case, the
geographic origin is of fundamental importance
in establishing the identification of a forensic
case.

In addition, the determination of ancestry has
been little explored, though skulls can provide
substantial information in this regard. After the
pelvis, the skull remains one of the parts of the
human skeleton that has the most information on
this subject.s These characters can be estimated
through a visual comparative analysis by the
correspondents of known origin called the
qualitative method or through measurements of
the cranial anatomical structures called the
quantitative method. The quantitative
methodology applied to the skull is called
craniometry, which can be defined as being a
technique, or conventional system, which
determines the measurement of the skull in a
universally systematized way, which allows the
comparative evaluation between studies carried
out by different researchers.+

Within forensic anthropology, there are several
discussions regarding the terminologies used in
the studies, such as the concept of ethnicity,
ancestry, and race.5 On one hand, the word
ethnicity, derived from the Greek ethnos, has a
slight differentiation with the term ancestry.
Ethnicity means a multi-purpose concept, which
builds the identity of an individual summarized in
kinship, religion, language, shared territory, and
nationality, in addition to physical appearance,
while the term ancestry encompasses similar
genetic characteristics within a given population,
but distinct when comparing two groups. These
genetic patterns have a great influence on
physical traits and are constant throughout
human life.¢ Considering the miscegenation
processes of the human population of the 21st
century, in the present study we adopted the term
ancestry, considering the geographical origin 7 as
a parameter that has the potential to assist in the
identification of a skeleton in the area of forensic
anthropology.

Klales & Kenyhercz7 applied the Hefner
technique 8 to an American collection of whites
and blacks (Hamann-Todd Collection) and
concluded that the technique could be applied
among this population group, since the success
rate found was high, and the agreement between
the exams was adequate. Considering that
techniques based on a reference population may
not be suitable for application in other groups,
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the study’s objective was to test a technique
originating in the United States to verify the
accuracy of the ancestry estimate in a sample of
Brazilian skulls.

MATERIALAND METHODS

This study followed the recommendations of the
Declaration of Helsinki for research involving
human subjects and was approved by the Ethics
and Research Committee of the Faculty of
Dentistry of the University of Sio Paulo (FOUSP)
(reference number 71476817.4.0000.0075).

The sample consisted of 120 skulls of Brazilian
adults (supplementary table) from the collection
of the Institute of Education and Research in
Forensic Sciences (IEPCF), Guarulhos-SP, Brazil,
with ancestry determined by routine
examination.

The Hefner and Ousley technique was applied to
classify ancestry. The result of the analysis was
compared with the examination carried out by an
identification specialist, who determined ancestry
in the service routine. The rate of correct answers
has been described.

In the skull, the following structures were
analyzed 8: anterior nasal spine (ANS), inferior
nasal aperture (INA), interorbital breadth (IOB)
nasal aperture width (NAW), nasal bone
structure (NBS), and post bregmatic depression
(PBD). These structures, analyzed according to
the author, were then automatically reclassified
according to the index called Optimized Summed
Scoring Attributes (OSSA), which considers the 6
structures mentioned in a dichotomous way and
integrates them in a decision tree, to estimate
ancentrality 9 (Chart 1).

The classification of each skull was made
according to the parameters described above, and
the results were included in a program provided
by the author of the technique, which
automatically classifies ancestry. These results
were compared to the routine examination (prior
registration), given to each skull by traditional
methods, by the Service's routine.

To carry out the research, an examiner (JCM) was
properly trained by an experienced professional
(TTLC), who was the gold standard for
calibration. Both performed a re-analysis in 10%
of the sample.

To improve ancestry prediction, Machine
Learning techniques were used. Figure 1 shows
the flowchart of the analysis of this technique.
The data were worked in the R language and
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Python. The steps were: check the best weight of
the studied variables and check the accuracy of the
algorithms.

All measurements were performed without any
prior knowledge of the ancestors of the skulls by
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the examiners. The statistical test to be
performed was the linear regression model. The
STATA 13.0 program was used to enter and
process the data.

Chart 1. Hefner's classification (8) dichotomized by Hefner & Ousley (9)

Hefner’s classif. Hefner & Ousley's
€)] classification (9)
ANS - Anterior I Slight o
nasal spine 2 Intermediate I
3 Marked I
Missing - Missing
INA - Inferior nasal I Pronounced slope o
apertura 2 Moderate slope o
3 Straight o
4 Partial Sill I
5 Sill I
Missing - Missing
IOB - Interorbital I Narrow I
breadth 2 Intermediate I
3 Wide o
Missing - Missing
NAW - Nasal I Narrow I
aperture width 2 Medium I
3 Broad o
Missing - Missing
NBS - Nasal bone o Low/Round o
structure I Oval o
2 Marked Plateau I
3 Narrow PLateaw I
4 Triangular I
Missing - Missing
PBD - o Absent I
Postbregmatic I Present ¢
depression Missing - Missing
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Figure 1. Flowchart of the machine learning technique used to predict ancestry
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RESULTS

To assess the reproducibility of the ancestry
estimation method, the intra-examiner, and
inter-examiner concordance tests were
performed and the results indicate that the
method is reproducible, as they presented
an agreement that varied between moderate
to perfect in both inter (0.467-1.0) and intra
(0.529-1.0) analyses. (Table 1).

When checking the results, it was possible
to understand that both in the inter-
examiner and intra-examiner analysis, the

variable that showed the best performance
was the anterior nasal spine (ANS) showing
1.0 and 0.874, respectively, and the one that
had the least agreement was the width of
the nasal opening (NAW) showing 0.467 and
0.529.

Regarding the error of the studied method
and the correctness of the complete sample,
the study presented a percentage above
50%, with values such as §6.33% for whites
and 53.07% for non-whites (Table 2).

Table 1. Results regarding intra-examiner and inter-examiner agreement for the ancestry estimation
method applied in the study

Variable N(x10%) Intraobserver Interobserver
Kappa p-valor Kappa p-value
ANS 12 0.874 <0.00I 1.00O <0.001
INA 12 0.579 <0.001 0.657 <0.001
I0B 12 0.609 <0.002 0.625 <0.002
NAW 12 0.529 <0.002 0.467 <0.024
NBS 12 0.529 <0.002 0.750 <0.001
PBD 12 1.000 <0.00I 0.833 <0.00I
Ancestry 12 1.00O <0.00I 1.00O <0.001
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Hefner’s method (2009) recommends the
qualitative analysis of some structures of the
skull that were analyzed and classified as the one
proposed, thus generating a number called
frequency that expresses the number of skulls
that were classified within each specific
characteristic. Since some skulls were not
eligible for classification of some of the
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structures proposed by the technique, the
method occurred in a small number of the
sample without altering the continuity and
proposals of the study (Table 3). The most
frequent ANS parameter was marked (37.5%),
INA straight (31.7%), IOB wide (38.3%), NAW
medium (32.5%) NBS triangular (29.2%), and
PBD present (78.3%).

Table 2. Results regarding intra-examiner and inter-examiner agreement for the ancestry estimation
method applied in the study

% correctness % error
‘White 56.33 43.67
Black §3.07 46.93

Table 3. Results for each analyzed sample structure in frequency and percentage for the ancestry
estimation method applied in the study

N Freq %
ANS
I 120 30 25.0
2 120 39 32.5
3 120 45 37:5
INA
I 120 12 10
2 120 22 18.3
3 120 38 317
4 120 24 20.0
5 120 21 17.5
I0B
I 120 32 26.7
2 120 41 34.2
3 120 46 383
NAW
I 120 54 45.0
2 120 39 32.5
3 120 2§ 20.8
NBS
o 120 13 10.8
I 120 14 1.7
2 120 14 11.7
3 120 33 275
4 120 35 29.2
PBD
) 120 24 20.0
I 120 94 78.3
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DISCUSSION

New methods of data analysis are emerging with
the increasing complexity of statistical analysis.
Techniques for estimating ancestry tend to
perform better, when the subjects

under analysis comes from a population that
already has a cataloged database.” In the case of
the Brazilian sample, there is no international
database that has samples of this population, so it
is to be expected that the performance of
techniques created in other groups will not be
tully satisfactory:.

Navega et al. 1 created a database (AncesTrees)
where 23 craniometric variables can be inserted
and compared with the original database, which
has data from some population groups: African,
Austro-Melanesian, East Asian, European, Native
American, and Polynesian. Thus, when trying to
solve a specific case, the expert can select some
geographic origins that are more likely or not to
select any, and let the program estimate the
possibilities of geographic origin.

One possibility to remedy this limitation could
be to adopt parameters established for other
population groups from Latin America. However,
this strategy is not effective either, as it does not
historically consider the cultural and historical
processes of each group that inhabits the region.™
When using the support vector machine as a
predictor model to differentiate American White,
American Black, Guatemalan, and southwest
Hispanic (Amerindian ancestry) skulls, Hefner et
al.3 observed that the rate of success was 72% for
Guatemalans and 94% for American Black; when
associating the Guatemalan and southwest
Hispanic groups, an increase in this rate was
observed, with results of 96% for American
Black, 77% American White and 91% for
Hispanics.3 A similar algorithm correctly
classified 60% of a Colombian sample.

When analyzing skulls from the historical
collection of Hispanics in the United States, and
comparing them with a recent sample of migrants
from Mexico, significant differences were found
in the morphology of these skulls; thus, the
authors state that if the term << Hispanic >> is
used within a research context, it should be
clearly defined regarding the origin and the time
period of the group”.’s
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It is known that there is human variation, and
therefore, analyses of the skulls and jaws should
be performed and the results presented in a
probabilistic way. 9 Concerning machine learning,
there are many possibilities for analysis ¢; thus,
before the data analysis, we performed a model to
verify the performance of the various
possibilities, allowing an accuracy increase.™

In a study with a Brazilian sample using a semi-
automatic tool, Jurda & Urbanova 17 analyzed sex
and ancestry using mesh to mesh processing
(distances of reference anatomical landmarks).
In the skull, there is a need to manually
establish the reference points, which could
hinder the use of fully automated models.”7 Also,
examiners must be thoroughly trained to
perform the technique.

When using the 3D-ID software to verify the
correct classification of sex and ancestry in a
sample from Greece, it was observed that the
program presented moderate reliability, with a
correct classification at 70.9% when comparing
individuals to the European population.’ In a
study to verify the intra-examiner error in the
analysis of macromorphoscopic characteristics
in the identification of skeletal remains, the
observer's experience was analyzed, new
technologies and inherent error of the method
were also analyzed; it was concluded that the
possible analysis errors can be predicted and
that they do not limit the use of techniques in
forensic anthropology.’ Other studies have
shown that, depending on the anatomical
characteristic under analysis, there may be wide
variations.>°

CONCLUSIONS

The application of the method described in the
sample of the present study showed a limitation
to estimate ancestry, suggesting a need for
adaptation for its applicability in the Brazilian
population.
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