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Abstract

The article presents research materials relating to the study of the individual characteristics of the 2D:4D finger
index in young athletes in pair female acrobatics and gymnastics.

The aim of the study is to study and comparatively analyze the features of the 2D: 4D finger proportions in the
"upper" and "lower" female partners in paired female acrobatics and among the female athletes involved in artistic
gymnastics, referred to adolescence; confirmation of the influence of the 2D:4D finger ratio on the athletic
capabilities of athletes and the formation of their sexual somatotype.

It has been proved that the presence in these groups of female athletes with certain values of the inverse,
andromorphic sexual somatotype indicates an increased level of testosterone in the body of these athletes and
inverse adaptive changes with the formation of masculinization phenomena in them.

Research methods and organization. To conduct research on the features of the 2D:4D finger proportions in the
"upper" and "lower" female partner athletes in paired female acrobatics and in athletes engaged in artistic
gymnastics, the following methods were used: anthropometric method to determine: IPD) and somatotyping
according to the classification of J. Tanner and W. Marshall; 2) measurement and comparison of II and IV fingers
of the hands of athletes using the finger ratio method according to J.T. Menning - 2D:4D Digit Ratio; 3) as well
as the method of literary analysis, using available sources of information; 4) method of mathematical statistics.
Organization of the study. This study was conducted in 2019-2020 with the involvement of 31 pairs of acrobats
and 59 athletes involved in artistic gymnastics in Ukraine (Nikolaev and Poltava). "Lower" acrobats and gymnasts
(n=90) - adolescent - 19.35+1.07 years; "Upper" acrobats (n=31) - pubertal age - 14.68+1.14 years (p<0,01).
Their experience in these sports ranged from 2.5 to 10 years. The level of sportsmanship - from I-III sports
category to a candidate for master of sports, master of sports.

Research results. After carrying out the study of the necessary anthropometric measurements for each participant
(indicators of the width of the shoulders and pelvis, the length of the II and IV fingers of both hands) and
processing the obtained anthropometric values, the values of the sexual dimorphism index (SDI) in each study
group were determined by mathematical recalculation.
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Introduction endocrinologists and, among many coaching teams,

actively working with women's sports teams.
The study of medical and biological characteristics of y 9 P
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close attention to the study of biomedical
characteristics in modern women's sports of the
highest achievements, and the object of these
studies is a priority direction of scientific research
(Willis, 2006).

These studies should be based on understanding the
clear mechanism of adaptive processes occurring in
the body of female athletes of different age groups,
as well as the results and reasons that cause these
changes. All this requires researchers to use reliable,
adequate, and easy-to-use algorithms and markers
in their work to determine the processes of
masculinization and adaptive restructuring of the
female body, its organs, and systems (Dolomatov et
al., 2018; Sataieva et al., 2018; Sataieva et al.,
2019).

Recently, scientists in many countries have been
conducting numerous studies in various types of
modern women's sports, concerning the
identification of the effectiveness of the existing
markers of masculinization in female athletes during
their intense physical exertion (Gozhenko et al.,
2018a; Gozhenko et al., 2018b).

Methods

In this study, along with the generally accepted and
widely used methods in biomedical and anatomical
and morphological studies in the field of modern
women's sports and the problems of adaptation of
the body of athletes, the following methods were
used in a complex - determination of the finger
proportion 2D: 4D Digit Ratio, determination of
morphofunctional index values , such as the index of
sexual dimorphism according to the classification of
J. Tanner and W. Marshall, andromorphy index and
masculinization index.

The results obtained, of course, would be even more
informative, with the additional conduct of the
necessary laboratory studies, with the quantitative
determination of the concentration in the body of
athletes of the level of sex steroids, both testosterone
and its fractions, and estrogens, as well as a
comparative analysis of the results obtained
(Zidtkowska-tajp et al.,, 2012; Zaitsev, Ivonina,
2013; Mandrikov et al., 2015; Sarafinyuk et al.,
2018; Tatarczuk et al., 2018; Tkachuk et al., 2019).

When conducting research in the conditions of
mobility of athletes and considering the high cost of
laboratory tests, we plan to rely on express methods
with the determination of the necessary laboratory
parameters in the saliva of athletes who will be
involved in this study.

Modern women's sports are relevant among young
people. It attracts more and more supporters to its
ranks, becoming in demand in any age category, incl.
and in athletes of puberty and adolescence. In order
to achieve success and victories in their chosen sport,

young athletes need intensive and regular training,
which will contribute to improving their sports skills,
the formation of perseverance and character, which
is achieved through intense physical and psycho-
emotional stress (Bugaevsky, 2018; Oleynik,
Lebedeva, 2019). Finger index and psychological
characteristics in women in shooting sports. Modern
trends and topical issues in the development of
shooting sports: Sat. materials of the III All-Russian
with international participation scientific and practical
conference dedicated to the 40th anniversary of the
Federal State Budgetary Educational Institution of
Higher Education "VGIFK", June 5, 2019. Voronezh:
Elist Publishing House, 38-42. The study of
anthropometric and morphofunctional characteristics
in female athletes-acrobats was addressed by such
authors as: Taboada-Iglesias et al.,, 2015;
Shukevich, 2016; Bachynska, 2018; Bereslavskaya
et al., 2019; Vilyansky, 2019 and in women's artistic
gymnastics: Massidda et al., 2013.

For many modern sports, incl. and for paired female
acrobatics, artistic gymnastics, it is characteristic
that young athletes are selected. This is done by the
coach, who initially takes into account the initial
natural data of the athlete associated with her
anatomical and morphological indicators. So, the
specificity of these sports suggests its own
requirements for the age of athletes, their length and
body weight, shoulder and pelvic width, as an
anthropometric component of the sexual dimorphism
index and the corresponding sexual somatotype
(Almeida et al., 2013; Davydov et al., 2013;
Kochetkova, Oparina, 2014; Gjonbalaj et al., 2018;
Bugaevsky, 2018; Oleynik, Lebedeva, 2019;
Borysova et al., 2020; Eksterowicz, Napierata, 2020).

The study of anthropometric and morphofunctional
indicators in athletes of different age groups, in
different types of women's sports, were addressed by
such authors as: Nadeina et al., 2011; Nenenko et
al., 2014; Burdukiewicz et al., 2016; Alonso-
Ferndndez et al., 2017; Cosmin et al., 2017;
Bakhareva et al., 2018; Konstantinos et al., 2019;
Bugaevsky, 2021a; Bugaevsky, 2021b).

For example, for the selection of "lower" acrobats,
girls of an older, youthful age, strong constitution,
with strong upper and lower limbs are selected,
capable of holding the "upper" partner while
performing all elements of the performance program.
They, most often, will have either a mesomorphic, or,
in some cases, an andromorphic sexual somatotype.
And for the "upper" acrobat, who is younger than her
partner, the important criteria will be lower body
length and weight, length and strength of the upper
limbs - the initial gynecomorphic sexual somatotype.
Both partners must have a perfect vestibular
apparatus and psychological compatibility (Muse,
Sherin, 2012). Model anthropometric parameters of
the body of athletes in sports acrobatics. Physical
culture, health care and education: materials of the
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IV All-Russian scientific-practical conference with the
international. participation dedicated to the memory
of V.S. Pirusky. Tomsk, 113-117.

In recent years, the method of determining the finger
proportion 2D:4D according to the methodology and
criteria of J.T. Menning, which allows, even at an
early age, to select promising athletes and female
athletes (Bugaevsky, 2018; Oleynik, Lebedeva,
2019; Muse, Sherin, 2012; Manning, 2002; Voracek,
2010; Kniga, Trotskaya, 2015; Oleynik, 2009;
Perepelkin et al., 2018; Rybalko et al., 2020;
Butovskaya, Burkova, 2020).

The aim of the study is to study and comparatively
analyze the features of the 2D: 4D finger proportions
in the "upper" and "lower" female partners in paired
female acrobatics and among the female athletes
involved in artistic gymnastics, referred to
adolescence; confirmation of the influence of the
2D:4D finger ratio on the athletic capabilities of
athletes and the formation of their sexual
somatotype.

Research methods and organization. To conduct
research on the features of the 2D:4D finger
proportions in the "upper" and "lower" female partner
athletes in paired female acrobatics and in athletes
engaged in artistic gymnastics, the following
methods were used: anthropometric method to
determine: IPD) and somatotyping according to the
classification of J. Tanner and W. Marshall; 2)
measurement and comparison of II and IV fingers of

the hands of athletes using the finger ratio method
according to J.T. Menning - 2D:4D Digit Ratio; 3) as
well as the method of literary analysis, using
available sources of information; 4) method of
mathematical statistics.

Organization of the study. This study was conducted
in 2019-2020 with the involvement of 31 pairs of
acrobats and 59 athletes involved in artistic
gymnastics in Ukraine (Nikolaev and Poltava).
"Lower" acrobats and gymnasts (n=90) - adolescent
- 19.35+1.07 years; "Upper" acrobats (n=31) -
pubertal age - 14.68+1.14 years (p<0,01). Their
experience in these sports ranged from 2.5 to 10
years. The level of sportsmanship - from I-III sports
category to a candidate for master of sports, master
of sports.

Results

After carrying out the study of the necessary
anthropometric measurements for each participant
(indicators of the width of the shoulders and pelvis,
the length of the II and IV fingers of both hands) and
processing the obtained anthropometric values, the
values of the sexual dimorphism index (SDI) in each
study group were determined by mathematical
recalculation. The subsequent somatotyping made it
possible to determine the belonging of each of the
athletes to a certain sexual somatotype. The data of
certain values of the width of the shoulders and the
pelvis in the studied groups of athletes with values
(p=0.05) are presented in table 1.

Table 1. Values of the width of the shoulders and pelvis in the studied groups of acrobats and athletes involved in

artistic gymnastics

Indicator name

Shoulder width (cm)

Pelvis width (cm)

"Upper" acrobats (n=31) 25,21+0,43 26,14+0,53
"Lower" acrobats (n = 31) 33,76%x0,64 27,03+0,19
Female Artistic Gymnastics (n=59) 32,86%0,89 27,95+1,12

Analysis of the obtained studies of measuring the width
of the shoulders and pelvis in all athletes indicates that
they all have an anatomically narrow pelvis (ANP), as
evidenced by a decrease in the transverse size of the
pelvis (inter-crestal) and does not correspond to its
existing anatomical norm in 28-29 cm.

In the "lower" gymnasts, and in girls doing artistic
gymnastics, the shoulder width exceeds the size of the
pelvic width, which is not typical for the feminine body
type (Bugaevsky, 2018).

All athletes of pubertal age ("upper" acrobats), the
shoulder width was less than the size of the pelvis,
which corresponds to the female type of figure. After
carrying out a mathematical calculation of the values

of the width of the shoulders and the width of the pelvis
according to the formula proposed by J. Tanner and W.
Marshall (1968), according to their classification,
somatotyping of all athletes was carried out, the
results of which are presented in table 2.

Analysis of the obtained studies of measuring the width
of the shoulders and pelvis in all athletes indicates that
they all have an anatomically narrow pelvis (ANP), as
evidenced by a decrease in the transverse size of the
pelvis (inter-crestal) and does not correspond to its
existing anatomical norm in 28-29 cm.

In the "lower" gymnasts, and in girls doing artistic
gymnastics, the shoulder width exceeds the size of the
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pelvic width, which is not typical for the feminine body

type (Bugaevsky, 2018).

All athletes of pubertal age ("upper" acrobats), the
shoulder width was less than the size of the pelvis,
which corresponds to the female type of figure. After

carrying out a mathematical calculation of the values
of the width of the shoulders and the width of the pelvis
according to the formula proposed by J. Tanner and W.
Marshall (1968), according to their classification,
somatotyping of all athletes was carried out, the
results of which are presented in table

Table 2. Revealed sex somatotypes in the studied groups

Indicator name

Gynecomorphic
sexual somatotype

Mesomorphic
sexual somatotype

Andromorphic
sexual somatotype

"Upper" acrobats (n=31) 27 (87.10%) female | 4 (12.90%) female | __
athletes athletes
"Lower" acrobats (n = 31) _ 26 (83.87%) female | 5 (16.13%) female
athletes athletes
Female Artistic Gymnastics (n=59) 2 (3.39%) female | 54 (91.53%) female | 3 (5.08%) female
athletes athletes athletes

It was determined that the value of SPD in the group of female athletes with more than 5 years of experience, the
indices are different: in the "upper" acrobats it is 84.27+0.69% (gynecomorphic sexual somatotype), in the "lower"
acrobats - 81, 33 £1.07 % (mesomorphic sexual somatotype), female gymnasts — 80.74%+1.17% (mesomorphic

sexual somatotype) (table 3, fig. 1).

Table 3. Revealed sex somatotypes in the studied groups of female athletes who have been involved in professional

sports for more than 5 years

Gynecomorphic Mesomorphic sexual | Andromorphic
sexual somatotype | somatotype (MSS) sexual somatotype
Indicator name (GSS) (ASS)
"Upper" acrobats (n=31) 26 (84.27%) female | 4 (12.9%) 1 (3.2%)
athletes
female athletes female athletes
"Lower" acrobats (n=31) _ 25 (81.33%) female | 6 (16.13%) female
athletes athletes
Female Artistic Gymnastics (n=59) 2 (3.39%) female | 48 (80.74%) female | 9 (15.25%) female
athletes athletes athletes

Revealed sex somatypes in the studied groups of
female athletes who have been involved in
professional sports for more than 5 years

Figure. 1. Dynamics of changes in sex somatotypes in the studied groups of female athletes
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It has been established that the overwhelming
majority of adolescent acrobats, specially selected for
the role of "upper" in paired sports acrobatics, after 5
years of professional sports have a physiological
gynecomorphic sexual somatotype, and only 5 athletes
already have a transitional mesomorphic sexual
somatotype, which, in our opinion, due to factors such
as age (growing up) and loss of fat mass due to intense
physical activity. In turn, among young acrobats and
gymnasts, athletes with a mesomorphic sexual
somatotype prevail - 25 (81.33%) and 48 (80.74%)
female athletes, respectively. For them, athletes were
identified - 6 (16.13%) and 9 (15.25%) with an
inverse, that is, andromorphic sexual somatotype,
which is due, as we believe, to the duration, frequency
and intensity of sports and competitions, sometimes,
in our opinion, excessive.

Also, all female athletes had II and IV fingers of both
hands measured in strict accordance with the
methodology according to J.T. Manning (2D:4D Digit
Ratio), 1998 (Voracek, 2010; Kniga, Trotskaya, 2015;
Oleynik, 2009; Rybalko et al., 2020).

The initial criterion, according to the author, was the
derivative of the sizes of these fingers. For women,

normally, the value of the ratio of 2 toes to 4 is 0.96-
0.99 or the proportion 2D>4D (Voracek, 2010; Kniga,
Trotskaya, 2015).

It is believed that 2D: 4D indicators are below 0.99,
corresponds to the male type, and is interpreted as a
sign of masculinization in female athletes (Voracek,
2010; Kniga, Trotskaya, 2015; Oleynik, 2009; Rybalko
et al., 2020).

In turn, the proportion 2D>4D, with a value ranging
from 0.96 to 1.1, is considered to be a sign of
femininity — femininity. The proportion 2D=4D, at
which the length of the index and ring fingers is equal,
is interpreted as a sign of mesomorphism. 2D: 4D
proportions in female athletes greater than 0.99 are
considered not only a sign of masculinization, but also
a sign of an increase in the level of testosterone in the
body - the male steroid sex hormone (Voracek, 2010;
Kniga, Trotskaya, 2015; Oleynik, 2009; Rybalko et al.,
2020).

The obtained results of the finger ratio in each of the
studied groups of athletes are presented in table. 4,
fig. 2 at (p<0.05).

Table 4. Revealed proportions of 2D: 4D Digit Ratio in the study groups

2D>4D 2D=4D 2D<4D
Indicator name Digit Ratio (=0,96) | Digit Ratio Digit Ratio (<0,99)
"Upper" acrobats (n=31) 28 (90.32%) female | 3 (9.68%) female | __
athletes athletes
"Lower" acrobats (n=31) _ 25 (80.65%) female | 6 (19.35%) female
athletes athletes
Female Artistic Gymnastics (n=59) 2 (3.39%) female | 55 (93.22%) female | 2 (3.39%) female
athletes athletes athletes
Revealed proportions of 2D:4D
Digit ratio in the study groups

Figure. 2. Revealed proportions of 2D:4D Digit Ratio in the study groups
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The analysis of the results obtained indicates that in
adolescent acrobats, the data on the 2D: 4D finger
ratio, which indicates the femininity of this group of
acrobats, is confirmed by the determination of
practically the same number of representatives of the
gynecomorphic sexual somatotype in them. The
number of athletes with a mesomorphic sex
somatotype and digital proportions - 2D=4D - also
coincides. The same coincidence of sex somatotypes
and digital proportions was found in the "lower"
acrobats and gymnasts of adolescence.

Discussion

The fact that the digital proportions of athletes
involved in sports is a marker of morphological
masculinization, according to scientists (Oleynik,
2009; Oleinik, Lebedeva 2019; Musa M., Sherin,
2012; Bugaevsky et al., 2019), researching martial
arts, sports acrobatics, sambo. This was confirmed
by studies of the features of the finger proportions
2D:4D in "upper" and "lower" female partner athletes
in paired female acrobatics and in athletes involved
in artistic gymnastics. Indicators of finger indexing
2D: 4D of most female athletes corresponds to the
male type, which is explained as a sign of
masculinization in female athletes or a sign of
femininity, as indicated by the sign of
mesomorphism. There are many examples when
girls-athletes and women-athletes, as a result of
systematic and regular professional sports, show
signs of masculism, hormonal imbalances, which
leads to a change in the sexual somatotype,
menstrual irregularities, etc. This confirms the
impact of professional sports on the health of many
female athletes (Goranovic et al., 2021; Okun et al.,
2020; Andrieieva et al., 2020; Bojanic et al., 2020;

Eckardt et al., 2017; Eksterowicz et al., 2017; Szary
et al., 2015; Kandel et al., 2014).

Conclusions

It has been established that the use of IPD values
and the determination of sex somatotypes by the
method of J. Tanner and W. Marshall, together with
the determination of the finger ratio 2D: 4D Digit
Ratio by the method of J.T. Manning is an effective
method for determining morphological
masculinization and inversions of sexual dimorphism
in female athletes in such sports as pair acrobatics
and gymnastics.

2. It was determined that in 25 (81.33%) "lower"
acrobats, and in 55 (80.74%) girls involved in artistic
gymnastics, the mesomorphic sexual somatotype
prevails, as a result of adaptation to intense physical
and psycho-emotional stress in training and
competitive period.

3. The presence in the groups of athletes with certain
values of an inverse, andromorphic sexual
somatotype, confirmed by the revealed proportions
2D:4D, indicates an increased level of testosterone
in the body of these athletes and inverse adaptive
changes with the formation of masculinization
phenomena in them.

4. Research confirms the influence of sports activity
on the sexual somatotype and hormonal
transformations in female athletes as a result of an
increase in testosterone levels in the body as a result
of adaptation to intense physical and psycho-
emotional stress during the training-competitive
period, which led to the formation of morphological
masculinization.

Kutac et al., 2017; Szark-Eckardt et al., 2019; Szark-
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