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APRESENTACAO

A colecéo “Saude Coletiva: Uma abordagem multidisciplinar” € uma obra composta
por trés volumes organizados por areas tematicas. O volume 1 traz estudos que tratam do
tema Saude Coletiva no contexto da Vigilancia epidemiol6gica na Atenc¢éo basica. O volume
2 apresenta uma diversidade de trabalhos interdisciplinares aplicados ou relacionados
com a Atencéo bésica; e por fim, o volume 3 contempla os estudos realizados em uma
perspectiva de Ensino e Formagédo em Saude para todos os profissionais da area.

A Saude Coletiva € um campo de estudo da salde publica, cujo objetivo é investigar
as principais causas das doencas e encontrar meios de planejar e organizar 0s servicos
de saude. Neste sentido, a proposta do livro traz a abordagem multidisciplinar associada
a inovacao, tecnologia e ensino da salde coletiva aplicada as diversas areas da saude.

Renata Mendes de Freitas
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ABSTRACT: Human identification  from
dismembered body parts is one of the targets
of forensic studies. The anthropometric hand
dimensions have been provided a reliable source
for sex determination when an isolated hand is
detected in crime scenes or natural disasters. The
study aimed to evaluate the accuracy of the use
of hand measurements to determine the gender
of individuals from a Southeast Brazilian region.
The database contains hand measurements
from 475 volunteers (210 men and 265 women).
The lengths of the second (2D) and fourth (4D)
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finger, the digit ratio (2D:4D), the hand breadth
(HB) and the length of the palm (HPL) of both
hands. This dataset was divided into two parts:
one part with 380 data (classification set), and
another part with 95 data (test set). A descriptive
analysis was applied and the Student’s t test
was used to assess the significance of sexual
dimorphism in the measurements. The test
data set was used to verify the accurate sex
classification quantitatively. The results obtained
indicate that all finger length measurements
have significant differences between the sexes
(p-value <0.05). The cutoff points for all variables
were obtained from their means by sex. In the
case of overlapping areas, two cutoff points
were established. The digit ratio (2D:4D) did not
distinguish the sex of the population. However,
the hand breadth was proved to be the most
accurate measure for determining sex, reaching
89% of the correction tax. Therefore, the use of
anthropometric hand measurements proved to be
adequate to accurately determine the sex of the
study population.

KEYWORDS: Cutoff point; Digit Ratio (2D:4D);
Hand measurement; Percentage of classification;
Sex determination, Sexual dimorphism.

USO DE MEDIDAS DE DEDOS DAS
MAOS PARA DETERMINACAO DO SEXO
DE INDIVIDUOS DO SUDESTE DO
BRASIL

RESUMO: A identificacdo humana a partir
de partes do corpo desmembradas € um dos
alvos dos estudos forenses. As dimensdes
antropométricas da méo tém sido uma fonte
confiavel para a determinagéo do sexo, quando
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uma mao isolada € detectada em cenas de crime ou desastres naturais. O estudo teve
como objetivo avaliar a acuracia do uso de medidas das méaos para determinar o sexo de
individuos da regido sudeste do Brasil. O banco de dados contém medig¢es das méaos de 475
voluntéarios (210 homens e 265 mulheres). Os comprimentos do segundo (2D) e do quarto
(4D) dedo, a relagéo entre os dedos (2D:4D), a largura da mao (HB) e o comprimento da
palma da méao (HPL), de ambas as méos. Esse conjunto de dados foi dividido em duas
partes: uma parte com 380 dados (conjunto de classificagéo), e outra com 95 dados (conjunto
de teste). Foi aplicada uma analise descritiva e o teste t de Student foi usado para avaliar a
significancia do dimorfismo sexual nas medidas. O conjunto de dados de teste foi usado para
verificar quantitativamente a classificacdo exata do sexo. Os resultados obtidos indicam que
todas as medidas do comprimento dos dedos apresentam diferencgas significativas entre os
sexos (p-valor <0,05). Os pontos de corte de todas as variaveis foram obtidos a partir de suas
médias por sexo. Nos casos de areas sobrepostas, foram estabelecidos dois pontos de corte.
A proporcéo de digitos (2D:4D) néo distinguiu o sexo da populagéo. No entanto, a largura da
mé&o revelou-se a medida mais precisa para determinacdo do sexo, chegando a 89% da taxa
de correcéo. Portanto, o uso de medidas antropométricas das méaos mostrou-se adequado
para determinar com precisé@o o sexo da popula¢cdo em estudo.

PALAVRAS - CHAVE: Ponto de corte; Razdo dos digitos (2D:4D); Medicdo da maéo;
Porcentagem de classificagdo; Determinacao do sexo, Dimorfismo sexual

11 INTRODUCTION

Several studies were conducted using features such as sex, age, and anthropometric
measurements (stature, hands, long bones, etc.) to determine the biological profile and
sex of an individual (Sue, 1755; Orfila, 1823; Topinard, 1888; Gupta et al., 2017). These
studies can be used to assist the forensic investigation area and other law enforcement
agencies since human identification has always been their major challenge (Krogman and
Iscan, 1986). This kind of identification has become essential when mutilated body remains
are found, as in cases of war or natural calamities, in the bomb blast, in accidents, etc. In
such situations, considering the recovered peripheral parts of the body is fundamental,
being hands one of them. In general, the process of human identification focuses mainly
on establishing the biological profile by estimating the sex, age, and stature (Krogman and
Iscan, 1986; Francisco et al., 2011).

In the forensic area, some measures, as anthropometric hand measurements, have
been used to determine the sex of different populations. Some of the hand measurements
represent a likely variable of sexual difference related to prenatal exposure to gonadal
hormone, as in the case of the Index Finger Length (IFL) divided by the Ring Finger Length
(RFL) (so-called digit ratio 2D:4D) (Manning, 2002; Okten et al., 2002; Lutchmaya et al.,
2004). Thus, studies have determined a cutoff point based on male and female digit ratio
values, which is used as a human identification parameter. Figure 1 shows how the index
and ring finger lengths are measured.
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Figure 1. Hand anthropometric measurements: second (2°) and fourth (4°) finger, hand breadth
(HB) and hand palm length (HPL).

In several studies, on average, men have 2D:4D measurement lower than women
(Manning, 2002; Manning et al., 2007; Agnihotri et al., 2015) and among animals (Brown et
al., 2002), making it an important indicator of sexual dimorphism. Also, Weinberg et al. (2015)
stated that a lower digit ratio indicates high levels of testosterone hormone and low levels
of estrogen hormone in the prenatal period. Another study considering fetuses showed that,
on average, these proportions of digits (2D:4D) do not change with gestational age (Malas
et al., 2006). Galis et al. (2010) and Malas et al. (2006) mentioned these proportions are,
probably, established during the 10-week gestation.

Recent researches were carried out to determine sex from the digit ratio (2D:4D),
presenting statistically significant results. Ibrahim et al. (2016) reached a high precision in
determining the sex of an individual through hand dimensions among the North Saudi Arabia
population, concluding that the anthropometric measurements of hands can be important
variables for human forensic identification. Aboul-Hagaga et al. (2011) also concluded that
2D:4D can be used in sex determination for the Upper Egypt population, from an isolated
hand when submitted to a medico-legal examination.

Another approach found in the literature is the comparison between the use of
phalanges or metacarpals lengths. Case and Ross (2007) observed that the use of phalanges
measurements is better for sex determination than the metacarpals lengths uses. However,
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when Khanpetch et al. (2012) sought to better understand sexual dimorphism in human
metacarpals, they concluded that the use of two or more metacarpal lengths combined
ensures a higher level of accuracy in determining sex.

Kanchan and Rastogi (2009) also investigated sexual dimorphism from the men
and women’s hands’ dimensions from Northern and Southern India. They found that hand
dimensions (hand length, hand breadth, and hand palm length) show greater precision in
determining sex when compared to hand (hand breadth/hand palm length x 100) and palm
(hand breadth/hand palm length x 100) indexes. Moreover, the breadth of the hands was
the one that obtained the greatest accuracy in determining sex.

As depicted, the forensic identification from anthropometric hand data may vary
across nations due to specific ethnic groups’ characteristics. However, the sex determination
from anthropometric measurements of hands has not yet been done with data from a
Brazilian population. Therefore, this paper aimed to investigate whether the use of the digit
ratio (2D:4D) or other hand measurements could identify the sex of Brazilian personals.

21 METHODS

2.1 Data source

The database used in this study was previously created and cataloged by a
forensic group of the Federal University of the ABC Region in S&o Paulo (UFABC), which
was described by Souza (2016). The database included a total of 475 observations of
anthropometric measurements of hands evaluated in research carried out in Brazil in 2016.
All of the data were of Southeast Brazilian citizens composed of university students and
servants from UNIFESP. The ages ranged from 18 to 55 years, which the average was
23.6 and 23.7 years for women and men, respectively. Volunteers who had any deformity
or disease, any injury, fractures or amputations, or history of any surgical procedure in
their hands were excluded from the database. The database was approved by the Ethical
Committee in Research of the Federal University of Sdo Paulo under No 1,334,138.

Although the database contains hand measurements obtained by the direct
(with a caliper) and the indirect (with a flatbed scanner) method, only the handprints
measurements using the ruler in the ImagedJ software were considered in this study. The
total of 475 observations corresponds to 210 and 265 sample lines of men and women hand
anthropometric measurements. Five measurements (second finger length - 2D, fourth finger
length - 4D, the ratio of the lengths of the second and fourth fingers - 2D:4D, hand breadth -
HB, and hand palm length - HPL) were taken for both hands from each participant.

2.2 Data analysis and statistics

The software R (R Core Team, 2020) was used to perform all statistical analyses.
Firstly, a descriptive analysis of the finger length measurement data was made to analyze the
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behavior of each variable (2D, 4D, and 2D:4D). Specifically, the mean, standard deviation,
and the mean standard error were calculated. Then, the Shapiro-Wilk test (Shapiro and Wilk,
1965) was performed to verify the normality of the variables quantitatively. The significance
of sexual dimorphism from the finger measurements was evaluated from the independent
Student’s t-test, which was, therefore, verified from the statistical significance of differences
between male and female means of all variables in both hands. Consequently, Fisher’s F
test, also known as the F-test of equality of variances, had to be used to check the equality
of variance for the different groups (female and male), also for both hands. More details
about these tests can be found in Snedecor and Cochran (1980). Statistical significance
was defined as p-value < 0.05.

Besides, the use of other anthropometric hand measurements was analyzed in search
of greater accuracy in sexual classification. This step included analyzing the measurement
of hand palm length and hand breadth separately, as found in studies (Varu et al., 2016;
Jowaheer and Agnihotri, 2011; Krishan et al., 2011) available in the literature.

The considered dataset was randomly partitioned into two separate subsets: one,
comprising 80% (380 observations) of the data, was used as a classification dataset in
setting up sex classifying points; the second one, comprising 20% (95 observations) of
the data, was used as the test set. With a classification dataset, it was established some
points to classify the male and female groups. The testing data should be used as new
observations to verify the accuracy of the proposed methodology.

For each variable, the empirical distributions for males and females were obtained
from the classification dataset observations. A cutoff point to distinguish individuals’ sex
was habitually defined as the average of the means by sex. However, the desired sex
identification is impaired in cases of overlapping areas of female and male measurements.
Thus, in these overlapping cases, this work proposes the establishment of two cutoff
points. These two dividing lines are, respectively, the lower (LL) and upper limits (UL) of
the area of the most considerable overlap. This area will be mentioned only as an overlap
area throughout this paper, which consists of the area of similar hand female and male
measurements. Therefore, each variable was analyzed, and their respective cutoff points
were established.

The established cutoff points’ classification ability was verified, computing the
percentage of correct sex classification of future unknown observations Fraley and Raftery
(2002) from the test dataset. This percentage is obtained considering the frequency of the
values in the test dataset that were correctly classified. It is important to emphasize that the
percentage of correct sex classification was computed with the extremes values out of the

overlap area when this area is identified.
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31 RESULTS

Descriptive statistics and comparisons of male and female means for considered
variables (2D, 4D, and 2D:4D) for both hands are shown in Table 1. The Shapiro-Wilk
test showed a normal distribution for all variables. Thus, except for 2D left hand, Fisher’s
F-test values indicate that no differences were observed between the variances for women
and men measurements of considered variables (p-value > 0.05). However, the means of
the 2D:4D indices were different for men and women, both for right and left-hand values
(p-value < 0.05). Statistically significant differences were also found between the 2D and 4D
measurements for women and men by the t-test (p-value < 0.05) at a 5% level of significance.
Therefore, for males, the 2D and 4D finger lengths are significantly larger than for females.

Hand Side
Right Left
Male Measurement
2D 4D 2D/4D 2D 4D 2D/4D
(n =210)
Mean 73.924 76.794 0.963 73.896 76.637 0.965
s.d. 4.529 4,732 0.033 4.627 4.849 0.033
Female Measurement
2D 4D 2D/aD 2D 4D 2D/4D
(n = 265)
Mean 68.105 €69.832 0.976 67.738 69.392 0.977
s.d. 4.100 4.392 0.032 3.989 4.304 0.033
F-test comparison of variances
F - statistic 0.819 0.861 0.916 0.743 0.788 1.038
p-value 0.126 0.252 0.499 0.023 0.067 0.780
Independent Student’s t-Test
t - statistic -14.663 -7.788 4.209 -15.302 -17.224 3894
p-value <0.001 <0.001 < 0.001 <0.001 <0.001 <0.001

2D: second finger of the hand, 4D: fourth finger of the hand, 2D/4D: division of the second finger
of hand for the fourth finger of the hand, s.d.: standard deviation.

Table 1. Descriptive statistics and comparisons of mean hand measurements (in mm) for both
hands.

Figure 2 shows the sex distribution of the 2D:4D ratio for the right and left hands
of the classification dataset used in this study. In both graphics, there is a lighter tone
region corresponding to the digit ratio (2D:4D) of the male individuals, and a darker region
corresponding to the female 2D:4D observations. The middle-gray tone area corresponds to
the overlap of the ratio between index and ring finger length. Thus, the histograms for both
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men and women largely overlap. Therefore, it is not possible to determine any cutoff point
over 2D:4D to be used as a sex classification limit. This behavior was seen for both right and

left hands for the digit ratio (2D:4D) values.
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Figure 2- Distribution of the 2D:4D digit ratio in the (a) right and (b) left hands from the

classification dataset.

In this study, considering the average of the means by sex, as proposed by Dey
and Kapoor (2016), cutoff points of 0.970 for the right and 0.971 for the left hands were
established. However, the use of these points was not satisfactory due to the low accuracy
of hits obtained for both hands, which vary from 54% to a maximum of 60% between men

and women classifications. Thus, as the male and female digit ratio from the population

of the Southeast region of Brazil presents a large overlap area of values, the use of the
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2D:4D variable cannot discriminate the sex of the study population. This result reflects the
fact that the 2D:4D ratio values of both men and women are similar in the study population.
Therefore, it was not possible to recommend a cutoff point for this variable that would
differentiate human sex.

Based on the 2D:4D variable’s findings, it was considered the analyses of 2D and
4D variable separately to obtain the sex determination of individuals of the considered
population. The distributions of the 2D and 4D measures of men and women are presented in
Figures 3 and 4. The 2D and 4D variables distributions for both hands were considered from
the classification dataset. These graphics showed a considerable frequency of overlapping
male and female measurements. These overlap areas indicate similar men and women
values, delimited by dotted lines.
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Figure 3- Distribution of the 2D variable in the (a) right and (b) left hands from the classification
dataset.
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The mentioned dotted lines were considered cutoff points in the 2D and 4D

measurements to discriminate individuals’ sex, based on these variables. These cutoff

points were established as the averages by sex in the considered variable, respectively,

from left to right, for women and men. These averages were considered as limit points

because the region between them presented plenty of overlap points. So, the women’s and

men’s averages are that respective sought LL and UL values. The observations between

these limit points were not considered for the percentage of correct determination calculus,

since the empirical distributions for both sexes largely overlap in this area because of the

similarity of their values (see Figures 3 and 4). This overlap area can be considered as an
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indecision area.

Therefore, measurement values equal or less the LL value is suggestive of female
sex and, values equal or greater than LS value is indicative of male origin. In other words,
the classification criteria were determined as FEMALE for 2D values less than the average
women (=68.11) and MALE for 2D values higher than the average men values (=73.92), for
the right hand. Similarly, the classification criteria can be replicated to the 2D measure of the
left hand, and for the 4D measure of both hands.

From the observations of the variables breadth hand and hand palm length, the
analyzes for the right and left hands were considered separately. The distribution of the
hand breadth and hand palm length measures, from the set of classification data, are shown
in Figures 5 and 6, respectively. These graphs showed a reduction in the frequency of

overlapping male and female measurements (in medium gray).
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Figure 6- Distribution of the hand palm length variable in the (a) right and (b) left hands from the
classification dataset.

The red dotted lines in the graphs of Figures 5 and 6 are the cutoff points applied to
discriminate the sex of the individuals, based on the HB and HPL variables. These cutoff
points were established as the average of the female and male means. Therefore, for these
two variables, values lower than the cutoff point were classified as a FEMALE, otherwise
(values greater or equal than the cutoff point) as MALE. For these variables, the small
overlapping area existent was not highlighted, being all values of both datasets considered
to obtain their respective percentage of correct classification.

Table 2 presents the percentages of correct sex determination for all variables. The
cutoff points for 2D and 4D are the respective means of women’s and men’s values. For
hand breadth (HB) and hand palm length (HPL), the only cutoff point is the average of the
means by sex, as indicated in the literature.
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Overlap

Variabl  Hand Cutoff points Classificatio Classification Set Test Set Overlap Test Set

e Side (mm) n Set (%) ) (%) (n)
Right 68.11e73.92 0.86 119 0.84 34

2D
Left 67.74 e 73.90 0.89 130 0.88 29
Right 69.83 e 76.79 0.90 146 091 33

4D
Left 69.39 e 76.64 0.91 148 0.87 37
Right 83.18 0.74 - 0.89 -

HB
Left 78.59 0.74 - 0.81 -
Right 104.85 0.84 - 0.87 -

HPL
Left 104.85 0.85 - 0.87 _

2D: second finger of the hand, 4D: fourth finger of the hand, HB: hand breadth , HPL: hand palm length.

Table 2. Percentage of correct classification of females and males, considering cutoff points for
each variable.

For the classification and test data sets, a total of 420 and 106 observations were
randomly selected, respectively. From the classification set, the 2 cutoff points were obtained
for the variables 2D and 4D, so the observations that belonged to the data overlap area
were excluded from the calculation to reach the percentage of correct answers. Therefore,
for these variables the total number of observations for the classification was 420 minus the

number of overlapping observations and 106 minus the number of overlapping data.

4| DISCUSSION

In this study, the female 2D:4D ratios were significantly higher than males for both
hands, as presented in Table 1. These findings are in accord with previous results obtained
in the literature (Bailey and Hurd, 2005; Kanchan et al., 2008; Aboul-Hagaga et al., 2011;
Ibrahim et al., 2016). Furthermore, Brown et al. (2002) tested whether another mammalian
species, in which the process of sexual differentiation is dependent on the androgen
hormones presence, may also show a sex difference from digit proportions. In his study, the
(2D:4D) ratio for the left and right hind paws of non-brown adult mice was calculated, being
observed sex differences in the ratios measurements of the right hind paw. This finding
supports the fact that sexual dimorphism is related to this index, and this relation may be a
common feature of mammals.

Dey and Kapoor (2016) also concluded that the proportion of male digits (2D:4D)
differed statistically from the female, considering a population in North India. However,
a small overlap area was found from the sexes empirical distributions of ratio (2D:4D)

Saude Coletiva: Uma Abordagem Multidisciplinar 2 Capitulo 23 m



variable. With this, they determined a cutoff point that provided a percentage of correct
sexual determination of 93% males and 90% females for the right hand and 87% males and
84% females for the left hand. The considered cutoff point was established as the average
of the means by sex, of the variable considered by them. Thus, the data before the cutoff
point of the 2D:4D variable would probably be men, and above the cutoff would probably
be women. Similar results can be seen in (Aboul-Hagaga et al., 2011; Ibrahim et al., 2016;
Gupta et al., 2017).

From the digit ratio (2D:4D) for the right hand, Ibrahim et al. (2016) obtained a
percentage of correct classification of 93.6% for men and 91.3% for women, and for the left
hand, the precision of 92.8% for men and 89.8% for women. They also analyzed the ROC
curve of the 2D:4D and found that it discriminates sex in 98% for the right hand, and in tax
varying from 94% to 96% for the left hand. Aboul-Hagaga et al. (2011) reported a precision
in sex classification in 90.4% of males and 85.6% of females for the right hand, and 88.8%
of males and 80.4% of females for the left hand, considering the digit ratio (2D:4D).

One finding of this paper is that there is no sense to use the digit ratio for sex
determination with the population in the study. Although males show a lower 2D:4D than
females, the distribution of 2D:4D is overlapping in males and females because the 2D:4D
ratio varies in both sexes. For example, it was possible to find a low 2D:4D in females
as well and a high 2D:4D among males. This fact can be explained due to the Brazilian
population descends from different ethnic groups.

The results expressed in Table 2 indicate percentages of correct sex determination
for both classification and test datasets of the 2D, 4D, breadth hand, and hand palm length
variables. In general, there was a similar sex classification rate for both datasets.

The analysis of the 4D variable of the right hand (4D Right) showed the highest
rate value (91%) for the test dataset. This variable showed the higher sex classification; it
correctly classified from the test dataset 91% of individuals who were outside the overlap
area. However, it is important to highlight that individuals whose measures were inside this
indecision area (69.83 < 4D Right value < 76.79) were not considered in this classification
rate. The same interpretation can be extended to the other variables, considering their
respective cutoff points.

For the analysis of the variables hand breadth and hand palm length of the hand,
a cutoff point was drawn, through the average of the female and male averages. In this
case, the verification of the correct classification quantity considered all the dataset values,
because there was not a significant overlap area to be removed on the calculus. In this
context, the hand breadth variable of the right hand (HB Right) presented the highest
percentage (= 89%) of correct classification compared with other variables.

Therefore, according to the number of observations contained in the percentages
calculus, the percentages found for HB and HPL are proportionally higher than those obtained
in the other variables. And since the highest percentage obtained was the breadth of the
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hand, it can be confirmed that this variable hand breadth guarantees greater precision than
the others; although, the length of the palm has also obtained high and similar accuracies.
This data set of Brazilians from the Southeast region also confirms that the percentage of
correct answers for the variable hand width is greater than 80%, as found in the literature
(Varu et al., 2016; Jowaheer and Agnihotri, 2011; Agnihotri et al., 2015).

In general, anthropometric measurements enable a person’s sex determination.
With precision among 82.6% and 96.5% with a 5% sexual bias, shak et al. (2012) used
the breadth and length of the hand as variables to determine the sex of the individuals
in Western Australia. Besides that, other studies showed that the sex determination of
individuals could also be given from measures of bones such as metacarpus (Manolis et al.,
2009; Khanpetch et al., 2012), calcaneus Kim et al. (2013) long bones, especially the femur
and tibia (| scan and Miller-Shaivitz, 1984; | scan et al., 1994; | scan and Shihai, 1995; Steyn
and; |, scan, 1997).Thus, all these findings result support the use of other types of variables
for sex determination in the forensic area since remaining members of any part of the body
can appear in crime scenes and natural disasters. Similarly, the use of other variables may
improve the accuracy of sex determination in the population database of this study.

4.1 Limitations and future perspectives

The dataset used in this study refers to volunteers from a region in Southeast Brazil,
and in Brazil, there is very high miscegenation (Krogman and Is¢an, 1986). Thus, it can be
hypothesized that the determination of sex from the digit ratio (2D:4D) was not defined in
overlap areas of this study, since the Brazilian population presents characteristics of other
folks, such as Native Americans, Europeans and sub-Saharan Africans (Bonini-Domingos,
2009). Then, the limitations of this study were: the fact of the existence of miscegenation of
the Brazilian population and the small sample limited to students and servants of UNIFESP.
Although the sample used had a considerable amount of data compared to other studies
(Kanchan et al., 2008; Manoliset al., 2009; Khanpetch et al., 2012; Kim et al., 2013; Ibrahim
et al.,, 2016). Therefore, in further works, a more careful and controlled investigation is
needed in these indecision areas, mentioned here as overlap areas.

This work is the first study using Brazilian data to determine the individual’s sex from
anthropometric hand measurements. Although the considered dataset contains only data
from a Southeast Brazil region, the obtained results could be tested in individuals from other
Brazil’'s areas. However, the dataset will be updated in future studies, including sample
observations from different Brazilian regions. The aim will be to improve the accuracy of
sexual classification using other statistical techniques (for example, discriminant analysis,
logistic regression, and cluster analysis) to optimize the sex classification.
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51 CONCLUSION

The present study was the first to evaluate the accuracy of using anthropometric
measurements of the hands to determine the sex of individuals from a Southeast Brazilian
region. Research with this approach had not yet been conducted in Brazil.

The digit ratio (2D:4D) was significantly lower in men, although this variable did
not provide good accuracy to discriminate the sex of the analysed population. The use of
2D and 4D variable separately revealed a promising approach for accurately determining
individuals’ sex. However, there is an area containing overlapping values for both sexes.
This area was delimited by two established cutoff points being the means of males and
females in each variable. This overlap area was considered as an indecision area, thereby
impairing the sex determination of individuals who fit into this range of values. Thus, this
area’s values were not considered in the percentage of correct sex determination, reaching
a tax of 84% and 91% for the right hand, and 88% and 87% for the left hand, respectively,
for 2D and 4D variables.

Besides, it was possible to observe a significant improvement in accuracy of
determination of sex with the use of the hand palm length and hand breadth variables,
confirming that these anthropometric hand measurements could be used in the forensic
area to accurately determine the sex of population in the study. The highest percentage
was obtained from measurement hand breadth in the right hand, which reached 89% of
correctness.
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