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Abstract
The article presents the results and analysis of the study, concerning the study of the characteristics of sexual somatotypes 
and masculinization phenomena in adolescent athletes engaged in shot put. The study used a number of morph functional 
index values, the obtained indicators of which objectively testify to the inversions of sexual somatotypes in athletes and 
adaptive changes, with the phenomena of masculinization and hyperandrogenism.
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Aim of study 
The purpose of this study is: to study and analyze the iden-
tified individual characteristics of masculinization, in the 
identified sexual somatotypes, in adolescent female athletes 
involved in shot put.

1. Introduction
The study of medical and biological features of modern 
women’s elite sports is a very relevant topic among domes-
tic and foreign researchers of women’s elite sports. Issues of 
adaptive changes, the phenomena of masculinization, hyper-
androgenism, inversions of sexual somatotypes in athletes of 
different age groups are in great demand for study, and are 
an additional source of information about the problem of on-
togenetic changes in the population, under the influence of 
intense physical and psycho-emotional stress. Naturally, we 
took into account the selection criteria for girls and women 
in this type of athletics, such as shot put, taking into account 
their initial morphological, constitutional and functional 
characteristics. 

In recent years, women’s sports and its medical and biologi-
cal features have been the object of close study by specialists 
from various fields of medicine, psychology and biological 
sciences. A high level of workload, increased competition, the 
desire for victory and self-affirmation in life through sports 
success and achievements - this is not a complete list of mo-
tivations for female athletes of different age groups. Mass 
participation in sports, incl. and the desire of women to be 
on an equal footing with men, to “conquer” men’s sports and 
achieve success in them is characteristic of female athletes, 

both in our country and abroad [1-7]. At the same time, often 
both the athletes themselves and their coaching team do not 
take into account, and sometimes, clearly ignore, the chang-
es that occur in the athlete’s body as adaptive processes in 
response to intense demands, both in frequency and in their 
volume, physical and psychological stress in the training and 
competitive process of these athletes [2, 4, 8]. Depending on 
the age of the athlete and the time she started playing sports, 
as well as the specifics of this sport, somatic changes in 
many organs and systems of the female body are formed. As 
a result, negative changes in metabolism, hormonal changes, 
shifts in sexual somatotypes, disturbances in the functioning 
of the reproductive system and other processes occur [2, 4, 
8].

1.1. Abbreviation
• BMI - body mass index;
• SDI - sexual dimorphism index;
• MI - masculinization index;
• AI - andromorphy index;
• RPWI - relative pelvic width index);
• BPI - brachiopelvic index.

2. Material and methods
When conducting this study, we used methods such as: an-
thropometry, with determination of the length and body 
weight of female athletes, determination of their interacro-
mial diameter (shoulder width) and intercrestal size (pel-
vic width), as well as trochanteric size (distance between 
the greater trochanters of the femoral bones); index meth-
od, with determination of body mass index (BMI) of female 
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athletes, sexual dimorphism index (SDI), according to the J. 
Tanner formula, masculinization index (MI); (SDI andromor-
phy index (IA); method of literary analysis, using available 
domestic and foreign materials related to the problem under 
study; method of mathematical statistics of the obtained re-
search results.

3. Results and discussion
19 female youth athletes, actively involved in shot put, were 
recruited to participate in the study in a number of sports 
clubs in Nikolayev and Novaya Kahoka, Kherson region, 
Ukraine. The average age of the athletes was 22.47±1.03 
years. The age of practicing this sport is from 3 to 6 years. 
Level of sportsmanship – 1st sports category (15 young fe-
male athletes), candidate master of sports (4 young female 
athletes). Training frequency: 5-6 times a week, 1.5-2 hours 
per workout.

To obtain the necessary research data, we used: the anthro-
pometry method, with determination of the length and body 
weight of athletes, their biacromial size (shoulder width), the 
pelviometry method (measurement of the external dimen-
sions of the bone pelvis), with the determination of the inter-
spinous (d. spinarum), intercrestal ( d. cristarum), intertro-
chanteric (d. trochanterica) transverse external dimensions 
of the bony pelvis of female athletes; index method, with the 
determination of a number of morph functional index values, 
such as: body mass index (BMI), sexual dimorphism index 
(SDI) according to J. Tanner, andromorphy index (AI), mas-
culinization index (MI), relative pelvic width index (RPWI), 
or morphological index for women; method of literary crit-
ical analysis of available literature; method of mathematical 
statistics. The results obtained from anthropometric 
Studies are presented in table. 1:

Table 1: Anthropometric indicators in ypung female athletes engaging in shot put.

Indicator name Body length, cm Body weight, kg Shoulder width (bi-
acromial diameter), 
cm

Pelvic width (d. cris-
tarum), cm

Young female sports-
mens (n=19)

179,14±0,64 83,21±0,47 38,43±0,77 27,33±0,41

Additionally, when conducting pelviometry, we determined 
the values of the interspinous (d. spinarum) - 24.12 ± 0.67 
cm and intertrochanteric (d. trochanterica) - 30.07 ± 0.88 
cm of the transverse external dimensions of the bony pelvis 
of female athletes. These pelviometric indicators, like the in-
tercrestal size (d. cristarum), are smaller than the sizes gen-
erally accepted in morphology and anatomy, 25-26, 31-32 
cm, 28-29 cm, respectively [1, 7, 8]. These anthropometric 
measurements are a necessary component for determining 
a number of morph functional index values as a marker of 
masculinization and adaptive somatic inversions in female 
athletes.

After obtaining anthropometric and pelviometric indicators, 
a mathematical recalculation and analysis was carried out 
of such morph functional index values as: body mass index 
(BMI), sexual dimorphism index (SDI) according to J. Tanner, 
andromorphy index (IA), masculinization index (MI), rela-
tive pelvic width index (RPWI), or morphine index for wom-
en, brachiopelvic index (BPI).

When using them, we took into account that: - The value of 
the relative pelvic width index (RPI), or the morphine index 
for women, is determined by the formula: as a % ratio of the 
pelvic width (PW) d. cristarum, cm, divided by body length, 
cm of this morph functional index value: stenopyelia (nar-
row pelvis) – indicators less than 15.9; metropyelia (nor-
mal-average pelvic size indicators) – indicators from 16.0 
to 17.9; eurypyelia (wide pelvis) – indicators from 18.0 and 
above [2, 4-9].

The index of sexual dimorphism (SDI), according to the 
method of J. Tanner and W. Marshall, quite reliably allows 

one to determine the ratio of body proportions to the sex of 
the person being studied [2, 4-9]. Its value is calculated using 
the following formula proposed by these scientists: triple the 
acromial diameter (BD), minus the d value. Cristarum multi-
plied by 100 (%). For women, the following dimensions are 
accepted, in cu: values less than 73.1 – gynecomorphic sexu-
al somatotype; from 73.1 to 82.1 – transitional mesomorph 
sexual somatotype (sex dysplasia); indicators from 82.1 and 
above – pathological, inverse, andromorphy sexual somato-
type [2, 4-9].

The index of sexual dimorphism (SDI), according to the 
method of J. Tanner and W. Marshall, quite reliably allows 
one to determine the ratio of body proportions to the sex of 
the person being studied [2, 4-9]. Its value is calculated using 
the following formula proposed by these scientists: triple the 
acromial diameter (BD), minus the d value. Cristarum multi-
plied by 100 (%). For women, the following dimensions are 
accepted, in cu: values less than 73.1 – gynecomorphic sexu-
al somatotype; from 73.1 to 82.1 – transitional mesomorph 
sexual somatotype (sex dysplasia); indicators from 82.1 and 
above – pathological, inverse, andromorphy sexual somato-
type [2, 4-9]. 

Andromorphy Index (AI), defined as the difference between 
triple the shoulder width and double the d value. Trochan-
terica (intertrochanteric size). Values less than 67.5 are the 
hypergynoid type; from 67.5 to 73.5 – orthogynoid type; 
more than 73.5 – android type [2, 4-9]. 

Masculinization index (MI), one of the main markers occur-
ring in a woman’s body, incl. and female athletes, adaptive 
somatic changes, is calculated as the derivative of dividing 
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the biacromial size indicator (shoulder width), in cm, by the 
value d. trochanterica (intertrochanteric size), in cm [2, 4-9]. 
It is believed that in menstruating female athletes, the mas-
culinization index value is normally between 1.15 and 1.23. 
Values exceeding 1.23 indicate a high level of hyperandro-
genism and an imbalance of estrogen-androgen balance in a 
woman’s body [2, 4-9].

Shoulder-pelvic index (SPI), calculated according to the 
methodology proposed by E.N. Krysanova, 2002 [2, 4-9]. 

This indicator is defined as a mathematical percentage ob-
tained by dividing d. cristarum (SH), per shoulder width, in 
cm [2, 4-9]. This allows us to judge the shape of the body 
of the person being studied. The parameters of the obtained 
index values are as follows: values up to 69.9 units indicate a 
trapezoidal body shape, from 70.0 to 74.9 units, an average 
body shape, and values from 75.0 units. And more about the 
rectangular shape of the body [2, 4-9]. The values of these 
morph functional indices obtained as a result of the mathe-
matical recalculations are given in Table. 2, at р˂0.05:

Table 2: Morph functional values in young female athletes engaging in shot put.

Indicator name Young female sportsmens
Body mass index (kg/cm²), BMI 25,51±0,28
Relative pelvic width index (cm), RPWI 15,43±0,24
Sexual dimorphism index, SDI 89,86±0,31
Masculinization index, MI 1,27±0,11
Andromorphy Index, AI 57,10±0,32
Brachiopelvic index, BPI 70,77±0,62

Analysis of the obtained results of a number of markers of the 
process of adaptive masculinization of young female athletes 
convincingly indicates that female athletes have a masculine, 
hypergynoid body type - with manifestations of stenopyelia 
(narrow) pelvis and broad shoulders, with 100% presence 
in the study group, the opposite for women, pathological 
andromorphy sexual somatotype. The values of the mascu-
linization index (MI) indicate a high degree of hyperandro-
genism, with hypoestrogenism, i.e., a violation of the hor-
monal steroid balance between androgens and estrogens in 
the body of the studied athletes [1, 2, 4-9]. The value of body 
mass index (BMI) indicates that female athletes exceed the 
normative weight-height ratios, towards the predominance 
of fat mass [1, 2, 4-9].

4. Conclusions
In the studied group of female youth athletes engaged in shot 
put, there are completely no representatives of the physio-
logical for women, gynecomorphic sexual somatotype, with 
the presence of 100% of athletes with a pathological andro-
morphy sexual somatotype. Analysis of the results obtained 
using a number of morph functional index values as mark-
ers of masculinization in female athletes of this age group 
convincingly indicates that they have manifestations of 
masculinization and hyperandrogenism. We believe that the 
identified morph functional changes, with the phenomena of 
masculinization and hyperandrogenism identified in female 
athletes, are adaptive in response to intense physical activity 
in female athletes, both during their training and during their 
participation in competitions. The identified changes, in our 
opinion, became possible and led to a complete change in the 
somatotype, since when selecting athletes to engage in this 
sport, girls with initial masculine constitutional characteris-
tics were consciously selected. The research results we ob-
tained and the practical conclusions made coincide with the 
data of other researchers of this problem, and their views re-

garding the problems of masculinization, hyperandrogenism 
and adaptation in modern female athletes.
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