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ІNTRODUCTION
In order for the assessing of the health status of female 
athletes and the prediction of their reproductive capacity, 
it is important to analyse the morpho-functional parame-
ters of female sex organs. Modern women’s sport is char-
acterized by a considerable intensity of physical activity, 
which have various effects on different organs and systems 
[1]. Sports acrobatics is marked by a whole set of exoge-
nous factors that have a complex effect on the female body. 
First of all, to general sports groups children come in 5-6 
years, in 7-8 year girls start their trainings in the groups of 
sports specialization. Secondly, trainings are as intensive 
physical activity, aimed at developing of flexibility, speed, 
and strength. Thirdly, girls have a special pecularities in 
diet with severe restrictions on food and water. Therefore, 
acrobats form a specific social-demographic group of the 

population, which requires constant medical control at 
pre-, pubertal and post-pubertal age [2]. The ontogenetic 
approach in studying of the features of the organism is 
based on the fact that within one calendar age there are 
individuals with different morpho-functional level of 
development [3]. This, first of all, is relevant for female 
athletes. Indicators of their biological age are the main 
criteria for assessing the condition of the whole organism 
[4, 5]. Among the large number of methods for assessing 
biological age, the most commonly used are the stages 
of development of secondary sexual characteristics [6].

It should be noted that there are few notes regarding 
the morphological evolution of female sex organs. We 
have found publications concerning changes in the uterus 
and ovaries under the influence of intense loads during 
different puberty periods [7, 8, 9, 10].
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ABSTRACT
Іntroduction: The absence of diagnostic of the female sex organs in time can lead to serious disoders of the female athletes’ reproductive system. There is few information in 
the literature about morphological evolution of the female sex organs, in particular, the uterus under the influence of sports.
The aim: To determine the peculiarities of linear sonographic dimensions of the uterus, its position and shape in the acrobats of the Ukrainian ethnic group of high level of 
sportsmanship in different periods of puberty.
Materials and methods: 122 acrobats of high level of sportsmanship and 126 girls who have not played sports were examined. The girls’ passport age was between 8 and 21 
years old. In order to determine belonging to the Ukrainian ethnic group, all surveyed girls were given questionnaires where they were required to indicate the nationality and 
place of birth of their parents and grandparents. All girls were devided into three groups according to their biological age: athletes of prepubertal period of ontogenesis, duting 
puberty and athletes of postpubertal period of ontogenesis. 
Internal sex organs of all girls were examined by ultrasound diagnostic system of expert class Voluson 730 Pro (ATL, Austria) using a convex sensor RAB2-5L. The uterus was 
examined by the following program: determined its position and shape and 3 linear dimensions (length, width and thickness). The analysis of the obtained results was carried 
out in the licensed package Statistica 5.5 using nonparametric methods of estimation of indicators.
Results: The monitoring of the growth and development of the uterus in different ontogenetic periods in acrobats and women who are not involved in sports was analysed. 
We found, that the length of the uterus at all stages of puberty in acrobats was significantly less than in the girls of the control group. The width of the uterus was statistically 
significantly smaller in female athletes in the pre- and post-pubertal periods, and in puberty. The thickness of the uterus under the influence of acrobatic sports activity does 
not undergo significant changes in all periods of ontogeny.
Conclusions: Features of competitive activity in sports acrobatics as well as the result of sports selection lead to the delay of sexual development and, as a consequence, to the 
retardation of development of the uterus in all periods of puberty.
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THE AIM
To determine the peculiarities of linear sonographic 
dimensions of the uterus, its position and shape in the 
acrobats of the Ukrainian ethnic group of high level of 
sportsmanship in different periods of puberty.

MATERIALS AND METHODS 
Based on the Research Center of the National Pirogov Me-
morial Medical University,we conducted an examination of 
122 acrobats of high level of sportsmanship, among them 
the first adult rank had 24 athletes, 38 girls were candidates 
for masters of sports, 46 – masters of sports, 14 – masters 
of international class sports. Experience in sports in all 
cases was more than three years. As a control group, 126 
girls were examined, who were not engaged in sports and 
studied in schools of Vinnytsia. The girls’ passport age 
was between 8 and 21 years old. The average calendar age 
had significant differences. In the prepubertal period of 
ontogenesis, acrobats had an average age (10.13 ± 0.24) 
years, and girls who have not played sports – (9,652 ± 
0,351) years; in puberty, acrobats had an average age (13.35 
± 0.32) years, control group – (11.51 ± 0.26) years; in the 
postpubertal period, acrobats had an average age (16.83 ± 
0.22) years, girls of the control group – (16.04 ± 0.38) years. 
In order to determine belonging to the Ukrainian ethnic 
group, all surveyed girls were given questionnaires where 
they were required to indicate the nationality and place of 
birth of their parents and grandparents.

To determine the biological age of the girls, we used the 
scheme [11], which is based on the determination of the 
stages of development of the hair in the axillae (Ax) and 
the pubic (P), the mammary glands (Ma) and the age of 
the onset of the first menstruation (Me). The subjects were 
divided according to the degree of biological maturity into 
three groups:

1 – the prepubertal period (the appearance of pubic fish-
ing), to it belonged 36 acrobats and 39 girls of the control 
group; 2 – pubertal period (puberty to the appearance of 
menarche), to it belonged to 31 acrobats and 35 girls of the 
control group; 3 – postpubertal period (fixed and ending 
puberty, the body reaches a definitive size), to it belonged 
55 acrobats and 59 girls of the control group.

Internal sex organs of all girls were examined by ultra-
sound diagnostic system of expert class Voluson 730 Pro 
(ATL, Austria) using a convex sensor RAB2-5L. The uterus 
was examined by the following program: determined its 
position and shape and 3 linear dimensions (length, width 
and thickness). Measurement of the length and thickness 
of the uterus was performed during its longitudinal scan. 
The length is measured from the farthest point of the 
bottom of the body of the uterus to the projection of the 
inner throat, located in the corner between the body of the 
uterus and the cervix. Measurement of anterior-posterior 
size (thickness) was performed in the middle part of the 
uterus between the most distant points of the posterior and 
anterior walls. The uterine width was determined on the 
transverse ultrasound at the level of the tube angles. This 

section is perpendicular to that at which the thickness 
measurement was made [12].

The analysis of the obtained results was carried out in 
the licensed package Statistica 5.5 using nonparametric 
methods of estimation of indicators.

RESULTS 
Using a method of non-invasive introscopy, such as ultra-
sound, we monitored the growth and development of the 
uterus during various ontogenetic periods in acrobats and 
women who are not involved in sports. We found that the 
athletes and girls of the control group in the prepubertal 
period of ontogenesis, the uterus is predominantly larger in 
size, however, it is already growing in width and thickness 
at this age. In some female athletes and girls in the control 
group, the cervix is not yet clearly visualized. However, in 
some cases it is possible to determine that it is about 2/3 
of the entire length of the uterus. The endometrium in 
girls of both comparison groups is poorly visualized or 
absent at all. In girls of this period, when analyzing the 
position and shape of the uterus did not reveal deviations 
of it norm, but it should be noted that in 18.3% of cases in 
acrobats the uterus has a cylindrical shape. The length of 
the uterus was 33.27 ± 1.92 cm in girls in the control group, 
29.67 ± 2.14 cm in acrobats, and the difference between 
the comparison groups was significant (p <0.05). We found 
that acrobats had a significantly smaller (p<0.05) uterine 
width (22.62±2.94 cm) compared to girls not involved in 
sports (25.54±1.74 cm). In the acrobatics group, the average 
value of uterine thickness (11.99±1.52 cm) is also smaller 
than the girls in the control group (12.39±2.68 cm), but 
the differences are not significant.

In puberty, uterine growth in length, thickness and 
width becomes more noticeable. At this age, girls clearly 
differentiate the cervix, begins to form an angle between 
the body of the uterus and the cervix. The ratio of the 
body of the uterus to the cervix is approximately 2: 1, that 
is, the cervix is almost half the length of the body of the 
uterus. In 96.8% of female athletes of this period the shape 
of the uterus was normal, only 3.2% of acrobats had some 
deviations (uterus with two horns and uterus with partial 
intrauterine septum). The position of the uterus in the 
pelvic cavity in acrobats of puberty at 94.4% was normal 
(anteversio-anteflexio), when the body of the uterus is tilted 
forward and the angle between the body of the uterus and 
the cervix is also open in the front. In 5.6% of female ath-
letes a retroversion was found when the body of the uterus 
was tilted back and the angle between its cervix and body 
also opened behind. There were no abnormalities in the 
uterine shape and position in the control group.

By comparing the macrometric size of the uterus be-
tween female athletes and non-athletic girls, we found 
significant differences in the pubertal period of onto-
genesis. Thus, the length of the uterus in female athletes 
(34.27±3.23  cm) is significantly smaller (p <0.01) than 
in the control (45.03±4.26 cm). The width of the uterus 
in female athletes (28.63±1.47  cm) also tends to delay 
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development (p = 0.057) compared to girls in the control 
group (30.92±1.22 cm). The thickness of the uterus makes 
no significant difference when comparing groups of acro-
bats (18.64±0.76 cm) and non-athletes (18.27±1,91 cm) 
of puberty.

Particularly rapid growth of the internal genitalia is 
observed with the onset of menarche. With the onset of 
menstrual function on the ultrasounds of acrobats and 
non-athletes, the uterus is predominantly pear-shaped. 
Analyzing the shape of the uterus, we found that 91.5% of 
female athletes did not have deviations, and in 8.5% of ac-
robats the shape of the uterus is not correct. In control girls 
in 94.6% of cases the shape of the uterus was correct and in 
5.4% it was not correct. We defined such abnormalities as 
a uterus with a partial intrauterine septum, saddle-shaped 
uterus and uterus with two horns. The normal position of 
the uterus was observed in 89.09% of female athletes and 
in 98.31% of non-athletes.

We found that in the post-pubertal period, the length 
of the uterus in acrobats (49.41±2.6 cm) was statistically 
significantly smaller (p <0.001) than in girls of the control 
group (56.97±3.19 cm). The same pattern was established 
for the width of the uterus (the difference between the com-
parison groups is significant, p <0.01): in acrobats its di-
mensions were 39.88±3.18 cm, in control - 43.97±2.59 cm. 
The thickness of the uterus, as in previous periods of 
biological development, has no significant differences. In 
acrobats its size was 28.48±3.63 cm, in girls who did not 
play sports – 28.95±2.52 cm.

DISCUSSION
Analyzing the features of prepubertal uterine development, 
we found that acrobats have significantly smaller uterine 
lengths and widths than non-sports girls. And this is de-
spite the fact that the passport age in the group of female 
athletes is much lower than in the control group. It should 
be noted that the linear sonographic dimensions of the 
uterus that we have established meet the age standards. 
In researches of other scientists it is also determined 
that in the prepubertal period the uterus has cylindrical 
shape, the anterior-posterior size of the neck is equal to 
the anterior-posterior size of the body of the uterus. The 
length of the uterus is 2.5-4 cm, the thickness is 1 cm. The 
endometrium is not always vissible and only using large 
magnification [13, 14, 15].

In our previous work, it was found that female athletes 
in the pubertal ontogenetic period had significantly lower 
(p <0.05) calendar age compared to non-female athletes, 
indicating a significant re-certification of puberty in acro-
batics, which, in our opinion, may be due to features sports 
selection and competitive sports activities [16]. Significant 
retardation in rates of puberty and biological maturity of 
female athletes has been found in other scientific studies 
[17, 18]. It was found [19] in female athletes 7-18 years old 
who practice group acrobatics that the majority (68%) of 
the surveyed belonged to the retardant type of develop-
ment. The lag of biological age from passport to acrobatics 

averaged 2 years. We found that in the pubertal period of 
biological development, sonographic dimensions of the 
uterus under the influence of acrobatic sports activity are 
inhibited in development. Although a significant difference 
when comparing groups of female athletes and girls not 
involved in sports was found only for uterine length, they 
were 31.4% smaller than controls. In addition, it should be 
noted that the length of the uterus in acrobats is signifi-
cantly smaller than the population norms characteristic 
of girls puberty. The authors note [13, 15] that in the pu-
bertal period the uterus takes on the shapes and sizes of 
the adult women. The cervix is smaller than its body (1: 
2-1: 3). The length of the uterus – 5-8 cm, width – 3 cm, 
thickness – 1.5 cm.

We found that the width of the uterus in acrobats is 
the same as in the age of standards, but at the same time 
7,99% less than the girls of the control group. In addition, 
in the acrobats of puberty period, we found deviations in 
the shape and position of the uterus, unlike the girls in 
the control group. In particular, in the group of female 
athletes was present cervix with two horns and uterus with 
a partial intrauterine septum and also uterus in position 
of the retroversio. The incidence of deviations in the shape 
and position of uterus in acrobats is in the norn of the 
intra-population variability, but the changes detected in 
female athletes require constant medical control.

In acrobats of the post-pubertal period of ontogenesis, we 
also found deviations in the shape of the uterus, the uterus 
with a partial intrauterine septum, saddle-shaped uterus 
and uterus with two horns. At 10,91% of acrobats and in 
1,69% of non-sports women deviations in the position of 
a uterus were revealed. In acrobat group of post-pubertal 
period, except for retroversion, lateral version was detected 
in 2.3% of cases when the uterine body was tilted to the 
lateral pelvic wall. Such a high frequency of deviation of 
the position of the uterus, which is found in the acrobats, 
from our point of view, can be explained by the great 
physical exertion suffered by pre-school girls. Scientists 
also associate a high percent of reproductive disorders in 
female athletes with physical activity, which causes the 
to increasing of the production of androgens by adrenal 
glands in female body [17].

In the scientific literature there are data on disorders of 
the internal sex organs in 68.7% of the gymnasts, among 
which the most frequently revealed ultrasonic signs of 
chronic anovulatory cycle, inconsistency of the age norm 
of ultrasound parameters of the uterus and ovaries, sexual 
infantilevilus the ovaries. In non-sports girls, the number of 
violations was 27%. Disorders of the reproductive system 
of female athletes are determined by a pathological condi-
tion called hyperandrogenia, which is caused by a change 
in androgen secretion and impaired metabolism [2, 20].

We found that in the post-pubertal period of ontogenesis, 
the length (by 15.3%) and width (by 10.3%) of the uterus in 
acrobats was statistically significantly smaller than in girls of 
the control group. L.V. Litisevich [2], studying the groups of 
elite sports gymnasts of different calendar age, also found that 
the length and width of the uterus in female athletes is much 
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lower than the normal control values, in some cases up to 70%, 
and an average of 50%. In the group of girls 12, 15 and 17 years 
she noted a slight decrease in uterine length relative to normal, 
and at the age of 14 and 16 years – an increase in uterine size 
relative to physiological parameters.

Summarizing the results of our study, it should be noted that, 
under the influence of acrobatic sports activities, the linear 
dimensions of the uterus (length and width) are not in the age 
standards, which can be a consequence of infantilism and retar-
dation of puberty. Scientists consider such retardation of puberty 
as a consequence of the effects of hereditary factors, which are 
exacerbated by intense training, deficiency of the total body 
weight, in particular, its fat component [19]. In previous studies, 
we also found in acrobats a statistically significant decrease in 
body fat, which is indicated by the size of the endomorphic 
component of the somatotype, in all periods of ontogenesis [16].

Specialists of Vinnytsia National Medical University have 
established the constitutional conditionality of the development 
of organs of the female sex system [21] and proved the possibility 
of pubertal uterine bleeding appearance in girls due to the pecu-
liriaties of the sonographic parameters of uterus and ovary [22].

Thus, the absence of diagnostic investigation of female 
sex organs organs in time, the absence of treatment of ab-
normalities in the future can lead to serious problems of 
the female athletes’ reproductive system. A high diagnostic 
value and safety of ultrasound make this metod as a main 
method in the research of female athletes’ sex organs.

CONCLUSIONS
1.  At the pre-pubertal age, acrobats had shorter (p <0.05) uter-

ine lengths and widths than non-sport girls. In girls of both 
groups the position and shape of the uterus were in norm.

2.  Acrobats at puberty had a smaller uterine length  
(p <0.01) and width (p = 0.057). In 3.2% of acrobats was 
indicated abnormalities in the shape of the uterus (with 
two horns and with a partial intrauterine septum) and 
in 5.6% of female athletes the uterus retroversio was de-
tected. There were no abnormalities in the control group.

3.  At the post-pubertal age, acrobats had significantly 
smaller uterine length (p <0.001) and width (p <0.01) 
than in girls of the control group. In 8.5% of acrobats and 
5.4% of girls in the control group was identife the uterus 
with a partial intrauterine septum, saddle-shaped uterus 
and uterus with two horns. In 10,91% of acrobats and in 
1,69% of non-sports women were revealed differences 
in the position of the uterus. In the group of acrobats, 
except for retroversion, in 2.3% of cases, lateral position 
was detected.

4.  The uterine thickness in all periods of ontogenesis did 
not differ significantly between the acrobats and girls of 
the control group.
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