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1 | INTRODUCTION

Sexual dimorphism is a fundamental element of intraspecific biological
diversity observed in both modern and fossil hominins. (Frayer &
Wolpoff, 1985). In current human populations, it has been extensively

| Diego Garate®! | Daniel Garcia Martinez?>*

Abstract

Obijectives: This study aims to conduct a thorough characterization of hand morphol-
ogy. Employing a 2D geometric morphometric approach, we scrutinize individual fin-
gers and the palm, delineating the ontogenetic trajectories for each biological sex and
investigating the alterations that take place at various stages of human development.
Materials and methods: A set of thirty-two 2D anatomical landmarks were assessed
in a sex-balanced sample of human hands (F =275, M =250 males), spanning all
stages of human development. Following Procrustes registration, the data on size
and shape for individual fingers and the palm were examined for each biological sex
and age group. Regression analysis was utilized to quantify ontogenetic trajectories
for each biological sex.

Results: The findings suggest a gradual escalation in sexual dimorphism throughout
human development, with statistically noteworthy distinctions becoming apparent in
size starting at the age of 3, and in shape from the age of 7 onwards. Additionally,
our analyses uncover a distinctive sigmoid pattern between sexes, indicating that bio-
logical male hands exhibit a sturdier build compared to biological female hands from
early childhood onward.

Conclusions: In conclusion, this study enriches our insights into sexual dimorphism in
human hands, stressing the importance of considering both size and shape across dif-
ferent ontogenetic stages. These findings not only expand our understanding of
human biological variation but also lay the foundation for future interdisciplinary

research in diverse scientific domains.

KEYWORDS
form variability, hands, morphometry, ontogeny, sexual dimorphism

examined at craniofacial (Rosas & Bastir, 2002; Bastir et al., 2011) and
postcranial levels (Bastir et al.,, 2014; Garcia-Martinez et al., 2016,
2019; Karakostis et al., 2013, 2015; Rosas et al., 2015). Certain mor-
phological changes might be attributed to allometry (shape differences
explained by size variations), considering the general trend of
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biological males being larger than biological females (Agnihotri
et al., 2005; Jowaheer & Agnihotri, 2011; Kanchan & Krishan, 2011).

Regarding the human hand, the meticulous morphological charac-

terization, incorporating both shape and size, has been a focal point of
interest across diverse realms within biological anthropology, notably
in paleoanthropological studies (Berger et al, 2015; Karakostis
et al, 2017, 2018; Kivell et al., 2011, 2015, 2022), functional anatomy
and ergonomics (Bolstad et al., 2018; Karakostis et al., 2018; Manda-
hawi et al., 2008), archeological sciences applied to rock art (Groenen,
1988; Fernandez-Navarro et al., 2022; Gunn, 2006; Snow, 2006,
2013), or even medicine or forensic sciences (Kulaksiz & Gozil, 2002;
Standring et al., 2005).

In the case of sexual dimorphism in Homo sapiens, prior research
has primarily focused on size variation between biological females and
males. These studies utilized linear measurements as the principal
parameters for hand characterization and sexual determination
(Agnihotri et al., 2005; Kanchan & Krishan, 2011; Karakostis et al.
2019, Gupta et al, 2022). Employing conventional morphometry,
these studies drew conclusions from maximum linear measurements
and indices that account for various digital lengths, notably incorpo-
rating the “Manning Index.”

This index, initially proposed in the 19th century (Baker, 1888;
Ecker, 1875) and subsequently generalized and adopted by Professor
J.T. Manning (Manning et al., 1998), suggests that the 2D/4D ratio, indi-
cating the length ratio of the index and ring fingers, exhibits sexual
dimorphism due to variations in prenatal exposure to androgens. This
results in a lower value of this ratio in biological males. This dimorphism
is proposed to be observable as early as 2 years old (Ernsten et al., 2021,
2023; Manning, 2012; Manning et al., 1998) and forms the foundation of
numerous studies focused on sexual dimorphism in hands. This approach
has been employed in biological anthropology studies (Cooke, 2014;
Hoénekopp & Watson, 2010; lbrahim et al., 2016) as well as in archeologi-
cal sciences such as rock art hand representations (Chazine &
Noury, 2006; Mackie, 2015; Rabazo-Rodriguez et al., 2017). These inves-
tigations have shown that adult biological males typically exhibit greater
hand size compared with biological females, with a 5%-10% disparity in
maximum hand length and a 10%-15% difference in maximum hand
width (Aboul-Hagag et al, 2011; Agnihotri et al., 2005; Kanchan &
Krishan, 2011; Kralik et al., 2014; Mandahawi et al., 2008).

It is crucial to highlight that, apart from the 2D/4D digit index,
sexual variation in size and shape has not been extensively explored
in subadult populations (Mclntyre et al., 2006; Ernsten et al., 2021,
2023). Additionally, the samples in the mentioned studies have pri-
marily focused on very specific age groups, often limited to children
or adults. These investigations fail to capture the changes in hand
morphology throughout human development, that is, ontogeny.
Therefore, while morphological differences related to biological sex
have been recognized for specific static age groups, especially in the
adult population, the comprehensive impact of human development
has not been adequately addressed (see Kivell et al., 2013).

Lastly, a final challenge in examining the development of sexual
dimorphism in the human hand concerns the methodological approach
of classical studies. When the morphometric characterization of the
hand depends solely on maximum linear dimensions, the shape of

the structure under analysis (i.e., the spatial configuration of the fin-
gers and the palm) is not adequately captured (Mitteroecker &
Gunz, 2009). Consequently, it has not been thoroughly explored
whether there is a sex-related difference in the fingers and/or the
palm during development and the potential morphological changes.
The goal of this study is to comprehensively investigate morpho-
logical changes throughout ontogeny in both sexes, employing a geo-
metric morphometrics (GM) approach. GM enables the separate
analysis of size and shape variables, allowing for the examination of
individual elements of the hand and providing a visually intuitive rep-
resentation of shape variation. Through this research, we aim to
enhance understanding of sexual dimorphism in the hand at each
stage of human life, also presenting, for the first time, morphological
data on the actual growth of this extremity during ontogenetic devel-
opment. As such, we will test the null hypothesis that individual fin-
gers and the palm exhibit sexual dimorphism in both size and shape,
with sexual dimorphism becoming more and more pronounced during

hand development with age (HO).

2 | MATERIALS AND METHODS

2.1 | Materials

To explore differences in sexual dimorphism during ontogeny in
hands, we gathered a diverse sample of scans through organized
workshops in kindergartens, schools, and colleges. This experimental
program involved various groups, categorized by age and biological
sex, and focused on the European populations to determine the
parameters for the morphometric study.

In total, the sample is sex-balanced, consisting of 546 individuals
encompassing all age groups of human development (Female = 278,
Male = 268) (Table 1). After capturing and anonymizing the scans in
accordance with the Helsinki Declaration (Goodyear et al., 2007), we
categorized individuals based on the classification proposed by Bogin
and Smith (1996). Each participant provided information about their
biological sex and age for subsequent classification.

This study addressed sexual dimorphism and ontogenetical devel-
opment in human hands by collecting data from modern living
humans. An intrinsic limitation of biometric data collection under
these conditions is the difficulty in obtaining a high participation rate
of children and infants. Consequently, we are aware of the scarcity of

data in these age groups.

22 | Methods

221 | Sample acquisition: Hands

This experiment received approval from the Ethics Committee of Can-
tabria University (Cod. CE Tesis 03/2021) and adhered to all values
and regulations for data protection and anonymity (Goodyear
et al., 2007). It confirms that all steps of the experimental process
were conducted following relevant guidelines and regulations.
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TABLE 1  Age stages by Bogin and

. . X Stage
Smith (1996) and the individuals studied
belonging to each of the groups. Infancy
Childhood
Juvenile

Adolescence

Adulthood

Old age and senescence

I 1L Ey L

Duration Scanned hands (n) Biological sex (M/F)
2-36 months 7 Female: 4
Male: 3
3.0-6.9 years 76 Female: 37
Male: 39
Female: 7.0-10.9 117 Female: 42
Male: 7.0-12.9 Male: 75
Female: 11.0-17.9 199 Female: 114
Male: 13-20.9 Male: 85
Female: 18.0/20.0-45.9 119 Female: 66
Male: 21.0/25.0-55.9 Male: 53
Female: +46 28 Female: 15
Male: +56 Male: 13

2Exact age of the individuals: 365.M, 471.F, 472.F, 581.F—2 years old and 501.M,636-M—22 months old.

FIGURE 1

Landmarks system applied in the study.

Additionally, informed consent was obtained from all subjects and/or
their legal guardian(s) for the collection, processing, and publication of
the data. No personal information beyond what is strictly necessary
for the study (biological sex and age) was collected.

The scans were obtained using a contact image scanner with an
added scale, ensuring real and proportional measurements, concretely
an Epson Workforce WF-C5790 scan, which provides a
1.200 ppp x 2.400 ppp image resolution. Participants were instructed
to place their hand on the scanner in a relaxed posture (corresponding
to position 2 in [Fernandez Navarro et al., 2024]). They were guided
on the force and position required to place their hand to homogenize
the parameters as much as possible. To mitigate potential noise arising
from laterality differences between left and right hands, only left

hands were digitized and analyzed (Swami et al., 2015).

222 |

Data collection: Landmark system

We utilized a template comprising 32 type | homologous 2D land-
marks (Zelditch et al., 2012) for each hand, as illustrated in Figure 1.
These landmarks were positioned on the primary anatomical refer-
ence points, providing a comprehensive representation of the hand's
shape by capturing all the distinctive “markers” that precisely indicate
the measurement locations (Table 2).

Each scan was imported into TPSdig2® (Rohlf, 2006) and the cor-
responding landmarks were applied to each hand scan. All GM soft-
ware utilized in this study, tpsDig, tpsRelw, and Morphol
(Klingenberg, 2011), is readily accessible on the SUNY Stony Brook
Morphometrics website (http://life.bio.sunysb.edu/morph/). We
opted for the 2D landmark system due to its capacity to demonstrate
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TABLE 2 Corresponding landmark system formed by 32
conventional landmarks and their biological definition.

Landmark
number

0 N o0 U1 hWN

10
11

12

13
14

15

16
17

18

19
20

21

22
23

24

25
26

27

28
29

30

31
32

Landmark definition

Wrist and thumb junction point

Fold of the thumb joint on the medial side

Point of the distal palmar crease on the medial side
The central point of the fingertip (thumb f.)

Point of the distal palmar crease on the lateral side
The central point of the thumb joint corner
Digital-palmar crease on the medial side

The proximal digital crease of the index finger on the
medial side

The distal digital crease of the index finger on the
medial side

The central point of the fingertip (index f.)

The distal digital crease of the index finger on the
lateral side

The proximal digital fold of the index finger on the
lateral side

The central point of the second finger joint corner

The proximal digital crease of the middle finger on
the medial side

The distal digital crease of the middle finger on the
medial side

The central point of the fingertip (middle f.)

The distal digital crease of the middle finger on the
lateral side

The proximal digital crease of the middle finger on
the medial side

The central point of the third finger joint corner

The proximal digital crease of the ring finger on the
medial side

The distal digital crease of the ring finger on the
medial side

The central point of the fingertip (ring f.)

The distal digital crease of the ring finger on the
lateral side

The proximal digital crease of the ring finger on the
lateral side

The central point of the fourth finger joint corner

The proximal digital crease of the little finger on the
medial side

The digital crease of the little finger on the medial
side

The central point of the fingertip (little f.)

The digital crease of the little finger on the lateral
side

The proximal digital crease of the little finger on the
lateral side

Digital-palmar crease on the lateral side

Point of attachment between the little finger and
the wrist

sufficiently strong differentiation, facilitating the testing of the
hypotheses posited.

223 | Geometric morphometric statistical analysis
First, it is imperative to highlight that variation in finger positioning
can obscure the assessment of real morphological differences
between individuals when utilizing GM (Ferndndez Navarro
et al,, 2024). Given the impossibility of standardizing hand postures
across various disciplines, such as archeological hand representations
on rock walls, we have opted to analyze each element of the human
hand separately: the palm, thumb (F1), index finger (F2), middle finger
(F3), ring finger (F4), and little finger (F5). This approach enables a
meticulous evaluation of each element and facilitates their integration
into a comprehensive assessment of the entire hand. Thus, this meth-
odology allows for potential future analysis of the data both individu-
ally and jointly.

The primary aim of this investigation was to meticulously delin-
eate the morphology of the hand and its individual elements concern-
ing both shape and size throughout the entire spectrum of human
development, spanning from early infancy to old age. To achieve this
objective, we utilized MorphoJ® software, a comprehensive program
package for GM analysis (Klingenberg, 2011), along with the statistical
software PAST® for data analysis (Hammer et al., 2001). Size and
shape data were derived through generalized Procrustes analysis
(GPA) of the landmark dataset (Mitteroecker et al., 2013; Zelditch
et al., 2012). Following GPA, we isolated the landmarks corresponding
to the individual elements of the hand, including fingers and palm, for
further analysis. The size of the individual hand elements was quanti-
fied using centroid size, defined as the square root of the sum of
squared distances of a set of landmarks from their centroid—the cen-
ter of gravity (Mitteroecker & Gunz, 2009; O'Higgins, 2000; Zelditch
et al., 2012).

We scrutinized the distribution of centroid size separately for
each finger and the palm, conducting a mean size analysis for every
ontogenetic stage, discerning disparities between biological males
and females. Additionally, we investigated the ontogenetic trajec-
tory of both sexes by plotting the centroid size distribution against
the ontogenetic stages proposed by Bogin (1999). To delve into
sexual dimorphism in shape, a mean shape analysis with a permuta-
tion test (p = 1000) was conducted by age group. This methodol-
ogy, following the outlined approach by Bogin (1999), was applied
to each individual element of the hand. The analysis facilitated the
exploration of the average shape of each group and assessed signif-
icant differences between biological males and females through a
nonparametric two-sample test. This test computed the average
Procrustes distance difference between the two sexes (Zelditch
etal., 2012).

Lastly, the potential difference in ontogenetic trajectories or
trends by biological sex was approached by plotting the shape scores
obtained through a multivariate regression analysis in Morphol)

(Klingenberg, 2011) against the age groups according to Bogin (1999).
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FIGURE 2 Thumb (F1), index (F2), middle finger (F3), ring finger (F4), little finger (F5), and palm growth. Boxplot of the growth trajectories of
all hand components differentiated by sex, showing male (clear red) and female (clear blue) values from infancy (left) to old age (right).

This procedure was carried out for each finger and the palm individu-
ally. The graphical representation utilized JMP Pro 14® (Jones, 2011)
(LOESS)
regression (Jacoby, 2000), enabling the exploration of ontogenetic

employing a locally estimated scatterplot smoothing
trends within each biological sex.

GM data collection and analyses in this study were performed in
tpsDig, tpsRelw, and Morphol, which are freely available at the SUNY
Stony Brook Morphometrics website (http://life.bio.sunysb.edu/
morph/). Statistical testing was undertaken in MorphoJ and Past
(Hammer et al., 2001).

3 | RESULTS

3.1 | Sizeresults

The size analysis was executed through a boxplot of the centroid size,
computed for each age group stratified by biological sex, as illustrated
in Figure 2 (detailed values provided in Tables S1-S3). This approach
allows a visual exploration of ontogenetic trajectories for each biologi-
cal sex across individual elements of the hand, encompassing fingers
and the palm. The growth trend of each hand element is depicted

from childhood to old age, progressing from left to right. Both curves,
representing biological males and females, hibitex a slightly divergent
sigmoidal growth pattern characterized by a growth spurt between
juveniles and adolescents, followed by a stabilization of size around
adulthood. This consistent pattern is observable across every studied
element, including fingers and the palm. Furthermore, it is worth not-
ing that biological males consistently exhibit larger sizes than biologi-
cal females in every age group and for every hand part examined,
except for infants, where biological females surpass males in size in
nearly all cases.

Considering these overarching differences, we performed statisti-
cal tests to assess the significance of distinctions between biological
sexes in each part of the hand and age group. A Mann-Whitney test
was employed, considering the nonparametric nature of the data, and
the significance level was established at p < 0.05 (Table 3).

The Mann-Whitney test was utilized to evaluate the statistical dif-
ferences in size between biological males and females. The findings
reveal that all hand elements, including individual fingers and the palm,
exhibit statistically significant sexual dimorphism in size from adoles-
cence onwards (11 years for biological females and 13 years for biologi-
cal males, following Bogin and Smith [1996]). Additionally, finger
1, finger 5, and the palm display statistically significant dimorphism in
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Infant Child Juvenile Adolescent
F1 M 3.35 4.43* 5.07* 6.11*
F 3.54 4.20* 4.76* 5.52*
F2 M 3.78 4.85 5.57 6.84*
F 4.07 471 543 6.32*
F3 M 4.19 5.28 6.16 7.50*
F 4.53 517 5.93 6.91*
F4 M 4.06 4.97 5.75 6.99*
F 4.30 4.86 5.55 6.45*
F5 M 345 4.13* 4.65* 5.67*
F 341 3.97* 4.42* 5.14*
Palm M 8.26 10.47* 11.74* 13.67*
F 8.49 10.00* 11.01* 12.57*

TABLE 3 The average centroid size

Adult Old age . )
for biological males and females for each
6.44" 6.47" hand part is presented below.
5.86* 5.85*
7.18* 7.17*
6.65* 6.67*
7.82% 7.84*
7.21* 7.19*
7.32* 7.27*
6.72* 6.65*
5.98* 5.96*
547* 5.41*
14.81* 15.26*
13.29* 13.45*

Note: Values marked with * are significantly different between males and females (p-value <0.05).

Complete summary statistics are available in Tables S1 and S2.

TABLE 4 Average Procrustes distance between biological males and females at each age group and on each part of the hand.

Infant Child Juvenile
F1 0.034 0.028 0.027
F2 0.066 0.015 0.023*
F3 0.068 0.011 0.017*
F4 0.052 0.019 0.021*
F5 0.033 0.018 0.025*
Palm 0.043 0.019 0.018*

Adolescent Adult Old age
0.011 0.022 0.048
0.018* 0.021* 0.025
0.010* 0.018* 0.019
0.013* 0.017* 0.028
0.017* 0.022* 0.045*
0.020* 0.027* 0.030

Note: Bold values marked with * are significantly different between biological males and females (p-value <0.05).

size even earlier, specifically from childhood (3 years old onwards). The
overarching trend suggests that males consistently manifest larger sizes

than females at every developmental stage except for infants.

3.2 | Shape results

Shape analysis was conducted on each group, and sexually dimorphic
features on individual fingers and the palm were examined through a
Procrustes distance analysis and a permutation test using MorphoJ
software (Klingenberg, 2011), as detailed in Table 4.

Our findings reveal distinct general trends depending on the fin-
ger and age group. Specifically, the shape of the individual fingers and
the palm lacks dimorphism in both infants and children. However, in
juveniles, adolescents, and adults, the shape of the fingers and the
palm demonstrates statistically significant sexual dimorphism, except
for the thumb, which does not exhibit dimorphism at any age group.
In old age, there is an overall absence of dimorphism in the individual
fingers and the palm, with the exception of finger 4. For a visual rep-
resentation of the average shape of each finger at every ontogenetic

stage, please refer to Figure 3.

3.3 | Allometric changes in the human hand
studied through their individual elements

We conducted a multivariate regression analysis of shape scores on
centroid size (Tables S10-512). Subsequently, we explored allometry
by plotting the regression scores against the age group (Figure 4).
Essentially, we observe closely parallel trajectories between biologi-
cal males and females, reflecting a sigmoidal growth pattern. The
overarching trend indicates that fingers undergo a process of becom-
ing slenderer throughout ontogeny until adolescence or adulthood,
after which they tend to become slightly stockier, characterized by
being shorter and wider until old age. Notably, the palm deviates
from the strict sigmoidal growth observed in other parts, consis-
tently becoming slenderer with the effects of ontogeny, extending
into old age. While this general developmental trend is shared by
both biological sexes, biological females consistently exhibit more
positive scores overall than males at every finger and palm, spanning
nearly every ontogenetic stage. These more positive regression
scores align with slender fingers and palms, maintaining a consistent
pattern across each part and developmental stage, implying a poten-

tial dimorphic feature.
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FIGURE 3 Average shape of each age group and hand parts divided by sex. Thumb (F1), index (F2), middle finger (F3), ring finger (F4), little

finger (F5), and palm.

4 | DISCUSSION AND CONCLUSION

The comprehensive morphological analysis presented in this study
offers profound insights into the nuanced aspects of sexual dimor-
phism across diverse ontogenetic stages. By integrating size and
shape parameters through GM, we advance our understanding of the
intricate developmental trajectories and distinctive features character-
izing biological male and female hands. Traditionally, research has pre-
dominantly focused on size variation, utilizing linear measurements as
principal parameters for hand characterization and sexual determina-
tion (Agnihotri et al, 2005; Gupta et al, 2022; Kanchan &
Krishan, 2011; Napier, 1993).

QOur findings affirm the observed sexual dimorphism in hand size,
with biological males consistently exhibiting larger hands than biological
females from childhood onwards, aligning with previous studies primarily
focused on linear measures (Agnihotri et al, 2005; Mandahawi
et al., 2008; Kanchan & Rastogi, 2009; Jowaheer & Agnihotri, 2011; Kan-
chan & Krishan, 2011; Ibrahim et al., 2016) or GM (Krélik et al., 2014;
Nelson et al., 2017). Notably, differences identified from adolescence
onwards, supported by Mann-Whitney tests, underscore size as a robust
indicator of sexual dimorphism. Early emergence of dimorphism in ele-
ments such as finger 1, finger 5, and the palm from childhood suggest a
pivotal role for size differences in sexual dimorphism even in early devel-
opment. In this sense, we find important to align these results with the
previously mentioned Manning Index, which relates fingers 2 and

4, which do not show a significant difference in size until adolescence.

Additionally, the efficacy of the palm has been discussed in the
scientific literature, indicating that it is the most appropriate element
for the evaluation of sex through human hands (Kanchan &
Rastogi, 2009; Sanfilippo et al., 2013), especially since it is not as
exposed to changes in hand posture as are the fingers (Nelson
et al., 2017). In our results we observed an early sexual dimorphism in
the palm, at the same time as the thumb and the little finger. In form,
all the elements of the hand except the thumb seem to show sexual
dimorphism from youth onwards, without observing a particularly pre-
cocious behavior in the palm.

Remarkably, the examination of shape unveils a more nuanced
pattern of sexual dimorphism. While certain age groups, particularly
juveniles, adolescents, and adults, exhibit significant dimorphism in
shape, and others, like infants and children, do not (see Medialdea
et al., 2019). This underscores the importance of considering both size
and shape for a comprehensive understanding of sexual dimorphism
(see Nelson et al., 2017). The exception of the thumb from shape
dimorphism suggests potential functional or adaptive differences in
this digit (see Karakostis et al., 2021).

The identified sigmoidal growth pattern through ontogenetic tra-
jectories indicates shared developmental trends in both biological
sexes (see Kleisner et al., 2021). Divergence in size and shape during
adolescence is particularly noteworthy, signifying critical morphologi-
cal changes associated with sexual maturation. The consistent trend
of becoming slightly stockier in adulthood implies a convergence in

hand morphology post-growth spurt.
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smoothing) regression of multivariate regression score on age group (from infancy (left) to old age (right) and 2D warps illustrating the regression

score variation.

Multivariate regression analysis and subsequent examination of
allometric changes reveal intriguing patterns. Parallel trajectories
between biological males and females underscore shared ontogenetic
processes, with both biological sexes experiencing slenderization of
fingers and palm. Indeed, the level of fat in the hands of infants is sig-
nificantly higher compared with adults as it serves several essential
functions such as protection, thermal regulation, or energy reserve
(Kremer & Gilsanz, 2016; Rokoff et al., 2019). As individuals age, from
infancy through adulthood fingers tend to adopt a stockier shape,
characterized by being shorter and wider. Aging can lead to changes
in bone and ligaments density and structure. Thus, the bones and ten-
dons of the hands can undergo changes that might contribute to a
wider appearance Additionally, the physical stress accumulated over
so many years becomes evident through the widening of the elements
of the hand, which can also be influenced by fluid retention
(Gregson, 2010; Loeser, 2010). Common age-related diseases, such as

arthritis, atrophy, hypertension, and osteoarthritis, further contribute

to these morphological changes (Loeser, 2010; Walston, 2023;
Zhang & Jordan, 2010). Lastly, the consistently more positive scores
in biological females, associated with slender fingers and palms,
prompt further exploration into potential functional or evolutionary
implications (Touraille & Gouyon, 2008).

In conclusion, the use of GM proves to be a powerful methodo-
logical advancement, enabling a detailed analysis of shape and size
independently. Incorporating ontogenetic stages provides a dynamic
perspective on sexual dimorphism, significantly contributing to our
understanding of how hand morphology evolves across the lifespan.
The study's implications span various fields, including forensic anthro-
pology, archaeology, and paleoanthropology, where precise morpho-
logical characterization is crucial for accurate interpretations. In fact,
the results obtained in this paper constitute the comparative frame of
reference for a work focused on the bioanthropological characteriza-
tion to assess the biological sex and age of Upper Paleolithic artists

through blown and printed hand representations. (see Fernandez-
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Navarro et al, 2022). Lastly, future research should re-evaluate
whether/how their results reflect in the underlying bone morphology
(Kivell et al., 2013; Karakostis et al., 2017, 2013, 2015).
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