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Abstract. It is known that the factor that determines success in sports is the morphological features of the
structure of the human body. In order to establish the anatomical characteristics of the thigh parameters of students of
Bukovyna who play football and handball, followed by modeling for sports selection, a study was conducted of students
of higher educational institutions of Bukovyna (n=129), of which young boys - n=69 and young girls - n=60. The subjects
were divided into a main group - 89 students who improved by playing football and handball and a control group - 40
students who did not do the sports. Students of the main group, in addition to the physical activity that was included in
the program of their specialty during the year, additionally attended sports sections in football and handball during the
year. Medium-intensity training took place under the control of a trainer, the frequency of training was 3.43 + 1.26
days/week (90 minutes each). Students of the control group did not do the sports. The initial survey was conducted in
2021 year, and the same students were resurveyed in 2022 year. All subjects were subjected to an anthropometric study,
according to the method of P.P. Shaparenka (thigh circumference in the upper third, in the middle third and in the lower
third, body weight, height). So, it was found that when comparing the first and second measurement, the thigh
circumference indicators at the second measurement (in dynamics after one year) were slightly higher in students who
play football (young boys and young girls) in the upper, middle and lower thirds than in students who play handball (for
students who play football £3.43 cm, for students who play handball £2.12 cm). The model for predicting the
circumference of the thigh in the upper third on the right: Cpr=p1 + 2 + 0.493w — 0.135h, where Cpr is the circumference
of the thigh in the upper third (right), w is body weight, h is height, f1=(49.735 for girls and 44.489 for young men), 2=
(=1.391 for the soccer group; —2.321 for the handball group), on the left: Cpl=p1 + B2 + 0.465w, where Cpl is the
circumference of the thigh in the upper third (left), w is body weight, 1= ( 25.736 for girls and 20.147 for boys), 2= (—
1.333 for the football group; —0.515 for the handball group).

The model for predicting the circumference of the thigh in the middle of the right: Cmr=p1 + B2 + 0.460w —
0.183h, where Cmr is the circumference of the thigh in the middle of the right, w is body weight, h is height; B1=(52.567
for young girls and 48.930 for young boys), 2= (—2.235 for the football group; —1.968 for the handball group); on the
left: CmI=p1 + B2 + 0.449w, where Cml is the thigh circumference in the middle of the left, w is body weight; B1=
(20.716 for young girls and 20.943 for young boys), p2= (— 0.254 for the football group; —1.405 for the handball group).
The model for predicting the circumference of the thigh in the lower third of the right: Cdr=p1 + 2 + 0.418w, where Cdr
is the circumference of the thigh in the lower third of the right, w is body weight, f1=(25.560 for young girls and 20.165
for young boys), p2= (- 0.039 for the football group; 0.061 for the handball group); on the left: Cdl=p1 + 2 + 0.387w,
where Cdl is the thigh circumference in the lower third on the left, w is body weight; B1= (24.638 for young girls and
18.523 for young boys), B2= (- 0.379 for the football group; —0.261 for the handball group). So, it is established that for
significant predictors for predicting thigh circumference on the right in the upper and middle third are gender, sport,
height and body weight, in the lower third are gender, sport and body weight, on the left are gender, sport and body
weight.
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Introduction. As you know, youthful age is
characterized by completion of growth processes and the
final formation of morpho - functional components of the
main life support systems. Actually, this period of
ontogenesis is considered the most significant in the study
of specific morphological criteria for the diagnosis of
normality and pathology, as a period of social and physical
formation in the profession and a period of primary
prevention of the predicted pathology [1-9].

The direction of management and control of
training of athletes, their selection and orientation,
modeling and forecasting unite the field of knowledge that
has been intensively developed in the last two decades.
This is due to the manifestation of the general trend and
objectification of the system of training athletes, the
implementation of achievements of scientific and
technical progress, the use of opportunities of general
scientific disciplines, such as cybernetics, morphometry,

56 1 (29) ciuenn-6epesenn, 2024

system approach, operations research, etc., and the search
for reserves for improving the system of training athletes.
In this regard, the formation of a complete system of
knowledge requires consideration of management and
control, selection and orientation, modeling and
forecasting, as one of the key directions in the process of
studying the theory of training athletes [10-14]. So, in our
opinion, the study of anatomical parameters of the femoral
area for the purpose of sports selection of promising
athletes to achieve high results is extremely relevant and
requires further research.

Research rationale. The studies that
characterized the anatomical features of students who play
football and handball and comparing them with peers who
do not do sports, in order to establish parameters, are
relevant and require further research.

Purpose: to establish the anatomical
characteristics of thigh parameters of students of




Bukovyna who play football and handball, followed by
modeling for sports selection.

Material and methods. The sample consisted of
n=129 students, among them young boys - n=69 (53.5%)
and young girls - n=60 (46.5%), who attended sections of
team sports (football and handball) in Bukovyna. The
initial survey was conducted in 2021 year, and the same
students were re-surveyed in 2022 year. The subjects were
divided into the main - 89 (69.0%), of them 48 (53.9%) —
young boys and 41 (46.1%) — young girls, and control 40
(31.0%), of them 21 (52 .5% young boys and 19 (47.5%)
young girls. The main group I consists of students who
improved themselves by playing football - 46 (35.7%), the
II main group consists of students who improved
themselves in handball - 44 (33.3%), the III control group
consists of ordinary students who did not do the sports - 40
(31.0 %). Among students who play football, 25 (54.3%)
are young boys and 21 (45.7%) are young girls. Among
the students who play handball are 24 (53.5%) young boys
and 20 (46.5%) young girls. The age of the students was
17.45£1.15 years. The body weight of students engaged in
handball is 68.88+3.02 kg, of which the body weight of
young boys is 71.46+3.02 kg and the body weight of young
girls is 65.55+3.02 kg, football is 70.58 £3.02 kg, with of
them, 72.20+3.02 kg of young boys and 68.56+3.02 kg of
young girls. The height of students playing handball is
176.78+2.03 cm, of which 178.62+2.03 cm for young boys
and 174.56£2.03 cm for young girls; in football
177.9442.03 cm, of which 179.32+2.03 cm for young boys
and 175.22+2.03 cm for young girls.

Students of the main group, in addition to the
physical activity that was included in the program of their
specialty during the year, additionally attended sports
sections in football and handball during the year. Medium-
intensity training took place under the control of a trainer,
the frequency of training was 3.43 + 1.26 days/week (90
minutes each). The subjects of the main group have sports
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divisions, and some of them are candidates for masters of
sports. Sports experience - 4.38+2.15 years. Students of
the control group did not play sports. All subjects were
subjected to an anthropometric study, according to the
method of P.P. Shaparenka (thigh circumference in the
upper third, in the middle third and in the lower third, body
weight, height) [15]. Welch's test was used to distribute the
established parameters in both groups by gender. A paired
t-test (paired-samples t-test) was performed to compare the
respondents’ indicators during the first measurement and
the second one a year later. Statistical analysis of the
obtained data was carried out using the licensed program
RStudio.

Results. According to the comparison of the thigh
circumference in the upper third in the initial study
between football players and handball players of the main
group, the indicators on the right almost do not differ, since
the thigh circumference in the upper third only on the left
in girls who play handball is greater by +2.80 cm than in
girls who play football (Table 1, 2, 3).

According to the comparison of the
circumference of the thigh in the middle third in the initial
study, there is a difference between the boys who play
football and handball, because the boys who play football
have values greater on the right by £2.81 cm, and the
young girls of the same group by £1, 64 cm, on the left,
young boys who play football have groups larger by £8.67
cm, young girls by £6.0 c¢cm, than students who play
handball (Tables 1, 2, 3). According to the comparison of
the circumference of the thigh in the lower third during the
initial study, there is no difference between the young boys
who play football and handball on the right, but the young
girls who play handball on the right have values greater by
+2.52 cm, on the left the young boys who play handball
have larger by £7.33 c¢m, in young girls of the same group
it is larger by £8.0 cm, from the subjects who play football
(Tables 1, 2, 3).

Table 1

The dynamics comparison of thigh circumference of students who playing football

Thigh circumference (cm)

Year In the upper third In the middle third In the lower third

right left right left right left

b g b g b g b g b g b g
2021 54,29 51,26 50,09 47,063 | 43,83+4 | 40,764 | 53,92 50,87 50,64 45,61+ | 43,92 | 40,88
+4,40 +4,40 +3,50 ,50 13 13 +427 +427 321 3,21 £3,.89 | +3,89
p<0,05 | p<0,05 | p<0,05 | p<0,05 | p<0,05 | p<0,05 | p<0,05 | p<0,05 | p<0,05 | p<0,05 | p<0,0 | p<0,0

5 5
2022 55,86 52,83 54,46 51,41 48,65 45,62 57,90 54,87+1 | 51,92+1 | 48,87+ | 47,50 | 44,46
+1,23 +1,23 £1,17 £1,17 £1,22 £1,22 £1,31 31 46 1,46 +1,53 | £1,53
p<0.001 | p<0.001 | p<0.001 | p<0.001 | p<0.001 | p<0.001 | p<0.001 | p<0.001 | p<0.001 | p<0.00 | p<0.0 | p<0.0

1 01 01
Note: «b» — young boys; «g» — young girls
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Table 2

The dynamics comparison of thigh circumference of students who playing handball

Thigh circumference (cm)
Year In the upper third In the middle third In the lower third
right left right left right left
b g b g b g b g b g b g
2021 | 53,12 52,45 51,50 49,86 41,02 39,12 4525 44,87 50,02 | 48,13+4 | 51,25 | 48,88
+4.93 +4.93 +447 | +447 | £380 | 380 | 546 | 546 | =477 | .77 4392 | £3,92
p<0,05 | p<0,05 | p<0,05 | p<0,05 | p<0,05 | p<0,05 | p<0,05 | p<0,05 | p<0,05 | p<0,05 | p<0,0 | p<0,0
5 5
2022 53,88 52,78 52,41 52,00 49,06 48,15 53,65 52,78+1 | 51,50+ | 49,80+1 | 53,05 52,08
£1,41 £1,41 +1,38 +1,38 +1,39 +1,39 +1,56 ,56 1,74 J4p<0. | +1,82 | £1,82
p<0.001 | p<0.001 | p<0.001 | p<0.001 | p<0.001 | p<0.001 | p<0.001 | p<0.001 | p<0.00 | 001 p<0.0 | p<0.0
. 1 01 01
Note: «b» — young boys; «g» — young girls
Table 3

The dynamics comparison of thigh circumference of students who did not do the sports

Thigh circumference (cm)
Year In the upper third In the middle third In the lower third
right left right left right left
b g b g b g b g b g b g
2021 44,27 42,20 52,67 49,50 44,26 42,20 52,66 50,45 48,51 44,50 | 49,666 | 47,75
+6,70 +6,70 +5,50 +5,50 +6,07 +6,07 +6,53 +6,53 +5,7 +5,7 2 +6,2
p<0,05 p<0,05 p<0,05 p<0,05 p<0,05 p<0,05 p<0,05 p<0,05 p<0,05 | p<0,0 | p<0,05 p<0,0
5 5
2022 44,90 42,30 53,47 51,15 45,00 43,00 52,83 50,751 | 48,72+ | 46,65 | 49,771 | 47,75
+1,24p< | £1,24 +1,14 +1,14 +1,23 +1,23p< | £1,29 ,29 1,43 +1,43 | ,50 +1,50
0.001 p<0.001 | p<0.001 | p<0.001 | p<0.001 | 0.001 p<0.001 | p<0.001 | p<0.00 | p<0.0 | p<0.001 | p<0.0
1 01 01

Note: «b» — young boys; «g» — young girls

By comparing the thigh circumference in the
upper third in the re-examination between students who
play football and handball, the difference is insignificant,
because in the upper third on the right and on the left, the
figures of young boys who play football are +£2.0 cm
greater than those of young boys who play in handball, for
young girls, the indicators on the right and on the left
almost do not differ (in contrast to the results of the initial
study) (Tables 1, 2, 3). By comparing the thigh
circumference in the middle third in the dynamics between
the studied students who play football and handball, there
is also an obvious difference, as the young girls who play
handball on the right have values greater by +2.53 cm than
the young girls who play football, and on the left, on the
contrary, the young girls who play football have a
circumference larger by £2.09 cm, but the young boys on
the right have almost no difference, on the left, the young
boys who play football have values larger than the young
boys who play handball by +4.25 cm (in contrast to the
results of the primary study) (Tables 1, 2, 3).

According to the comparison of the thigh
circumference in the lower third, there is almost no
difference in the dynamics between the studied students
who play football and handball on the right, but on the left
the indicators are greater for young boys who play
handball by £5.55 cm, for young girls by £7.62 cm , from
the studied students who play football (Tables 1, 2, 3).

58

1 (29) ciuenp-6epesensp, 2024

So, there is a significant difference in the values
of the thigh circumference in the upper third on the right
between the first (M = 52.775, SD = 4.402) and the second
(M = 54.345, SD = 1.232) measurements in young boys
and young girls who play football, and also on the left
between the first (M = 48.575, SD = 3.452) and the second
(M =52.910, SD = 1.170), p < 0.001. It was established
that the circumference of the thigh in the upper third
increased more on the left (for young boys +4.37 c¢m, for
young girls #4.35 cm) than on the right £1.57 cm.

There is a significant difference in thigh
circumference parameters in the middle third on the right
between the first (M =42.295, SD =4.133) and the second
(M =47.135, SD = 1.222), and on the left between the first
(M =52.395, SD = 4.271) and the second ( M = 56.385,
SD = 1.318), p < 0.001. It was established that the
circumference of the thigh in the middle third increased
approximately equally in both genders on the right and on
the left +4.41 cm.

There is a significant difference in the values of
the thigh circumference in the lower third of the right
between the first (M = 48.125, SD = 3.216) and the second
(M =50.395, SD = 1.467) measurements; and also on the
left between the first (M = 42.400, SD = 3.894) and the
second (M = 45.980, SD = 1.536), p < 0.001. It was
established that the increase in the circumference of the
thigh in the lower third in young boys is greater on the left




+3.58 cm than on the right +1.28 cm, in young girls it is
approximately the same on the right and left £3.42 cm.

By comparing the dynamics of hip circumference
of students who play handball in the upper third on the
right between the first (M = 52.785, SD = 4.939) and the
second (M = 53.330, SD = 1.412) measurements in young
boys and young girls, there is almost no difference, on the
left there is a small the difference between the first (M =
50.68, SD = 4.473) and the second (M = 52.205, SD =
1.388), p < 0.001. It was established that the thigh
circumference in the upper third slightly increased only on
the left in young girls by £2.14 c¢cm. In the middle third,
there is a significant difference in thigh circumference
parameters on the right between the first (M = 40.070, SD
= 3.800) and the second (M = 48.605, SD = 1.399)
measurements, and on the left between the first (M =
45.060, SD = 5.460) and by the second (M = 53.215, SD =
1.564) measurements, p < 0.001. It was established that the
circumference of the thigh in the middle third increased on
the right and on the left in both genders, where young boys
+ 8.22 c¢m, and young girls + 8.47 cm.

There is also a small difference in the values of
the thigh circumference in the lower third on the right
between the first (M =49.075, SD =4.771) and the second
(M = 50.650, SD = 1.741) measurements, on the left
between the first (M = 50.065, SD = 3.921) and the second
(M = 52565, SD = 1.823) measurements. It was
established that there is almost no increase in thigh
circumference in the lower third of the right in young boys,
a small difference of £1.67 cm in young girls, as well as a
difference of £1.80 c¢m in the left in young boys, £3.20 cm
in young girls. When comparing the circumference of the
thigh in the upper, middle and lower thirds in the subjects
of the control group who did not do the sports, there is
almost no difference between the first and second
measurements. It was also found that when comparing the
first and second measurement, the thigh circumference
values at the second measurement (in dynamics after one
year) were slightly higher in students who play football
(young boys and young girls) in the upper, middle and
lower thirds than in students , who play handball (for
students who play football £3.43 cm, for students who play
handball £2.12 cm.

Discussion of research results. So, for the
purpose of selecting promising students to play football
and handball, mathematical models for predicting
parameters (thigh circumference in the upper third, in the
middle and in the lower third) were derived.

Model for predicting thigh circumference in the
upper third on the right:

Cpr=p1 + B2 + 0.493w — 0.135h, where Cpr —
thigh circumference in the upper third of the right, w —
body weight, h — height, B1= (49.735 for young girls and
44.489 for young boys), 2= (-5.215 for the control group;
—1.391 for the football group; —2.321 for the handball
group), on the left: Cpl=p1 + B2 + 0.465w, where Cpl is
the thigh circumference in the upper third (left), w is body
weight, B1=(25.736 for young girls and 20.147 for young
boys), p2= (—4.239 for the control group; —1.333 for the
football group; —0.515 for the handball group). The model
for predicting the circumference of the thigh in the middle
right: Cmr=p1 + 2 + 0.460w — 0.183h, where Cmr is the
circumference of the thigh in the middle third of the right,
w is body weight, h is height; B1= (52.567 for young girls
and 48.930 for young boys), f2= (—3.944 for the control
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group; —2.235 for the football group; —2.235 for the
football group; —1.968 for the handball group); on the left:
Cml=pl + B2 + 0.449w, where Cml is the thigh
circumference in the middle of the left, w is body weight;
B1=(20.716 for young girls and 20.943 for young boys),
B2= (—4.977 for the control group; 0.254 for the football
group; —1.405 for the handball group). The model for
predicting the circumference of the thigh in the lower third
of the right: Cdr=p1 + B2 + 0.418w, where Cdr is the
circumference of the thigh in the lower third of the right,
w is body weight, B1= (25.560 for young girls and 20.165
for young boys,) 2= (—4.497 for the control group; 0.039
for the football group; 0.061 for the handball group); on
the left: CdI=p1 + B2 + 0.387w, where Cdl is the thigh
circumference in the lower third on the left, w is body
weight; B1=(24.638 for young girls and 18.523 for young
boys), p2= (-0.051 for the control group; 0.379 for the
football group; —0.261 for the handball group). The
coefficient of determination is 99.7%. Significant
predictors for predicting hip circumference on the right in
the upper and middle third are gender, sport, height and
body weight, in the lower third are gender, sport and body
weight, on the left are gender, sport and body weight.

Conclusions: 1. It established that when compar-
ing the first and second measurement, the thigh circumfer-
ence values at the second measurement (in dynamics after
one year) were slightly higher in students who play foot-
ball (young boys and young girls) in the upper, middle and
lower thirds than in students who play handball (for stu-
dents who play football +3.43 cm, for students who play
handball £2.12 cm).

2. Model for predicting the circumference of the
thigh in the upper third on the right: Cpr=p1 + 2 + 0.493w
— 0.135h, where Cpr is the circumference of the thigh in
the upper third (right), w is body weight, h is height, 1=
(49.735 for young girls and 44.489 for young boys), 2=
(-1.391 for the football group; —2.321 for the handball
group), on the left: Cpl=p1 + B2 + 0.465w, where Cpl is
the circumference of the thigh in the upper third (left), w
is body weight, B1 = (25.736 for young girls and 20.147
for young boys), p2= (—1.333 for the football group; —
0.515 for the handball group).

3. Model for predicting the circumference of the
thigh in the middle of the right: Cmr=1 + 2 + 0.460w —
0.183h, where Cmr is the circumference of the thigh in the
middle of the right, w is body weight, h is height; B1=
(52.567 for young girls and 48.930 for young boys), 2=
(-2.235 for the football group; —1.968 for the handball
group); on the left: Cml=B1 + B2 + 0.449w, where Cml is
the thigh circumference in the middle of the left, w is body
weight; B1=(20.716 for young girls and 20.943 for young
boys), 2= (- 0.254 for the football group; —1.405 for the
handball group).

4. Model for predicting the circumference of the
thigh in the lower third on the right: Cdr=p1 + B2 +
0.418w, where Cdr is the circumference of the thigh in the
lower third on the right, w is body weight, B1= (25.560 for
young girls and 20.165 for young boys), 2= ( —0.039 for
the football group; 0.061 for the handball group); on the
left: CdlI=p1 + B2 + 0.387w, where Cdl is the thigh circum-
ference in the lower third on the left, w is body weight;
B1= (24.638 for young girls and 18.523 for young boys),
B2= (- 0.379 for the football group; —0.261 for the hand-
ball group).
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5. Significant predictors for predicting hip cir-
cumference on the right in the upper and middle third are
gender, sport, height and body weight, in the lower third
are gender, sport and body weight, on the left are gender,
sport and body weight.

Prospects for further research. Further study of
anatomical parameters of students to solve problems of
selection and sports orientation.
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Pe3ome. 3 METOI0 BCTaHOBJIEHHS aHATOMIYHOI
XapaKTePUCTHKH MMapaMeTpiB CTErHa CTyAeHTiB Byko-
BUHH, SIKi TPatoTh y GpyTOOI Ta ranad0I 3 HACTYITHUM MO-
JIEJTFOBAHHSM JUIsI CHOPTUBHOTO Bif0OPY MPOBEACHO JIOC-
JiKEHHS CTYJCHTIB BUIIMX HABYAIBHUX 3aKIafiB Byko-
BuHM (n=129), 3 HUX rOHaKiB — n=69 Ta AiBuat — n=60.
YciM pgocmimKyBaHuM OyJio TPOBEJEHO aHTPOIIOMETpPH-
yHe JociipkeHHs, 3a Metomukoro ILII Illamapenka
(OKpY>XHICTh CTeTHa B BEPXHIW TPETHHI, B CEpEeHINA Tpe-
TUHI Ta B HWXKHIN TpeTHHi, Macy Tina, 3pict). OTke, Mo-
JIeTb [T TPOTHO3YBaHHS OKPYKHOCTI CTETHA B BEPXHiit
tpetuHi cpasa: Cp=P; + P + 0,493w — 0,135h, ne Cp—
OKPYKHICTh CTETHA B BEpXHiil TpeTuHi (cripaBa), w— Bara,
h— pict, 1= (49,735 nns niBuar Ta 44,489 nns 0HaKiB),
Bo= (1,391 mnsa rpymu ¢yroom; —2,321 ans rpynu ras-
6om), 3miBa: Cp=P; + P2 + 0,465w, 1e Cpi — OKPYKHICTB
CTerHa B BepXHill TpeTuHi (31iBa), W — Bara, Bi= (25,736
qutst niBvat ta 20,147 s ronakis), B,= (—1,333 s rpynu
¢byt60; —0,515 mist rpynu ranabon). Monens it mpo-
THO3YBaHHS OKPYXXHOCTI CTETHa B CEpeluHI CIpaBa:
Cm/=f; + B2 + 0,460w — 0,183h, ge Cm,; — OKPYXHICTh
CTETHA B Cepe/IuHi cripaBa, w — Bara, h— pict; fi= (52,567
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qutst niBvat ta 48,930 mst roHakiB), Br= (2,235 s rpynu
¢byTt601; —1,968 s rpynu ranaoon); 3aia: Cm=f; + B,
+ 0,449w, ne Cm;— OKPYXHICTh CTETHA B CEPE/IHHI 3JIiBa,
w — Bara; 1= (20,716 mus niuar Ta 20,943 mis oHaKiB),
Bo= (= 0,254 mns rpynu Gpyr60m; —1,405 m1st rpynu raH-
6011). Moiens Il MPOTHO3YBaHHSI OKPY>KHOCTI CTETHA B
HWKHI#M TpetuHi cnpasa: Cd=f; + B2 + 0,418w, ne Cd—
OKpYKHICTh CTETHa B HIDKHIH TPETHHI ClIpaBa, W — Bara,
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Bi= (25,560 mnsa misyar Ta 20,165 misg roHakiB), Br= (—
0,039 mis rpymu ¢ytoor; 0,061 mis rpynu raHaoon);
snmiBa: Cd=P; + B2 + 0,387w, ne Cd— OKkpy>KHICTh cTerHa
B HIDKHIN TPETHHI 311iBa, W — Bara; 1= (24,638 s qiBuat
Ta 18,523 mus ronakiB), = (— 0,379 mns rpynu byTooI; —
0,261 myst rpymu rasaoo).

KirouoBi caoBa: anatowmis, cryneHTd, ¢yroon,
raHa0o0II, CTETHO, MATeMATHYHA MOJIEITb.
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