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Abstracts

One of the main conditions for the high efficiency of the athlete training system is strict consideration
of age and individual anatomical and physiological characteristics. Such an approach contributes not only
to the effective formation of a technical and tactical arsenal, but also lays a solid foundation for the fur-
ther qualitative growth of specific functional reserves of the body, in accordance with the requirements
of football specialization. Research objective — to establish the features of the physical development of
young football players and compare the obtained data with the criteria. Material and methods. The study
involved 32 young football players — 13 (n=18) and 14 years old (n=14). To achieve the stated goal, the
following methods of scientific research were used: theoretical analysis and generalization of data from
scientific and methodological literature, content from the Internet and documentary materials; pedagogi-
cal observation of the training and competitive activities of athletes; to determine physical development:
age determination, method of indices (body mass index), anthropometry, dynamometry, method of cen-
tile standards and standard deviations. Statistical methods were used to collect, process and analyze the
obtained data, in particular descriptive and analytical statistics using non-parametric methods. Results.
Analysis of variables related to body length and weight, chest circumference, and strength of the flexor
muscles of the right and left arms provided data for understanding the physical characteristics of this
category of athletes and developing future specific models of preparation for the training process. The
average values of the testing indicators are most characteristic of this age and gender. However, in 13-year-
old athletes, a deficit in body mass index was recorded in four (22.22%) football players; in 14-year-
olds — in three (21.43%). The average body mass index was 17.33 kg/m? in 13-year-old football players,
17.29 kg/m? in 14-year-olds; by median: in 13-year-olds — 17.20 kg/m?, in 14-year-olds — 17.25 kg/m?,
which corresponds to the normal value. Despite the spread of the range of values of length and body
weight, the general profile corresponds to the level of physical development and weight control. The aver-
age values of chest excursion and hand dynamometry correspond to age norms. However, within one age
group there is a large difference between the indicators according to these tests. The fluctuation of the mea-
surement results depending on the value of the coefficient of variation is more than 20%, which indicates
the heterochrony of the indicators of physical development of boys. Conclusions. The results of the study
are recommended to be used for the development of personalized training programs and game specializa-
tion of young athletes, emphasizing the importance of physical development according to age norms and
adequate physical training. Future studies can supplement the assessment of physical development by the
index method, determination of body composition (in particular, the percentage of muscle and fat mass),
somatotype, level of physical fitness.

Key words: football, athletes, reserve of sports of higher achievements, physical development, anthro-
pometric indicators.
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OxHa 3 OCHOBHHX YMOB BHCOKOI €(DEKTHBHOCTI CHCTEMH II/I'OTOBKH CIIOPTCMEHIB MOIIIa€ y CTPOroMy
BpaxyBaHHI BIKOBMX Ta 1HIMBIIyaJllbHUX aHATOMO-(i3i0n0ridyHux ocobnuBocteid. Takuil miaxin crnpuse
He Jinnie eGeKTUBHOMY (POPMYBAHHIO TE€XHIKO-TAaKTUYHOIO apceHally, a i 3aKiajae MiHUM (pyHIaMEHT
JUISL TIONATBIIOTO SKICHOTO 3pOCTaHHS crenu(iuHuX (YHKIIOHAIBHUX PE3epBIB OpraHi3My BiAMOBIIHO
10 BUMoOT (QyTOONIBHOI crienianizarii. MeTa — BCTAaHOBUTH 0COONUBOCTI (PI3UYHOTO PO3BUTKY IOHUX (YT-
O0miCTIB Ta 31CTABUTH OTPUMaHI AaHi 3 KPUTEPISIMHU. MaTepiaJI i MeToau mocaimkeHHs. Y IOCIIHKEHH]
B3sI1 y4yacTh 32 torux ¢yroonicrn 13 (n=18) ta 14 pokis (n=14). Jl1st HoCATHEHHS 3a3HAYCHOT MeTH Oyrno
BHKOPHCTAHO TaKi METOIM HAYKOBOTO JIOCIIKCHHS: TEOPETHYHHI aHaIi3 Ta y3aralbHeHHS JaHUX HayKo-
BOI Ta METOJMYHOI JIiTepaTypH, KOHTEHTY MePexi [HTepHET i JOKyMEHTAIbHIX MaTepialliB; [eAaroriyHe
CIIOCTEPEKEHHS 32 TPEHYBAIBHOIO Ta 3MAralbHOIO MiSIIBHICTIO CMIOPTCMEHIB. [l BUSHAYCHHS (i3HIHOTO
PO3BHUTKY: BCTAHOBJICHHS BIKY, METOX IHICKCIB (IH/CKC MACH Tijia), AHTPOIIOMETPIi, IMHAMOMETPIT, METOJ
LCHTUIBHUX CTaHJAPTIB Ta CTAHJAPTHHUX BIAXWICHb. [list 300py, 00poOKH Ta aHalli3y OTPUMAHUX JaHKX
BHKOPHCTOBYBAJIUCS CTATHCTHYHI METO/H, 30KpEeMa, OIICOBY Ta aHamTHqHy CTaTHCTUKY 3 BUKOPUCTaH-
HAM HEMapaMeTPUIHIX METOZIB. Pe3ym>TaTn. AHaJii3 3MIHHHX, [I0B’5I3aHHX 3 1OBKHHOI0 Ta Macoo TilIa,
00XBaTOM IPYIHOT KITITKH, CHIIOK M’A3iB-3rMHa4iB IIPaBOI Ta JiBOT PYK, 1aB JaHi 11s PO3yMiHH: (blSI/II{HI/IX
0COOIMBOCTEH L€l KaTeropii CIOPTCMEHIB Ta Po3poOKM MaOyTHIX CHCHU(IYHUX MOACIICH MiATOTOBKH
710 TpeHYBaIbHOTO mpotecy. CepenHi 3HaYCHH MOKA3HHMKIB TCTYBAHHSA HANOLTBII XapaKTepHi Ui TaKoi
BIKOBOI 1 cTaTeBoi HaexHOCTI. OnHaK y 13-piuHux criopreMeHiB OyB 3adikcoBanuil ae(iuut Macu Tila
32 II0Ka3HUKOM 1HAEKCY MacH Tilla y 40Tupbox (22,22%) dyrbomicti; y 14-piaanx —y Tppox (21,43%).
CepenHiil OKa3HUK IHCKCY MacH Tilla CTaHOBUB y 13-piunnx ¢yrdomictie — 17,33 kr/m?, y 14-piaHux —
17,29 kr/m?; 3a Meniatoro: y 13-piunnx — 17,20 kr/m?, y 14-piusux — 17,25 kr/m?, 1wo Bignosizae  HOpMaTb-
HOMY 3Ha4eHHI0. He3Baxatoun Ha po3KUJ Jiana3oHy 3HaYCHb JOBKMHU 1 MacH TiJI, 3arallbHuii POk
BIIMOBIJA€ PIBHIO (i3HIHOTO PO3BUTKY Ta KOHTPOIIIO Barn. CepeiHi 3HA4CHHs eKCKyPCii TPyAHOT KITITKH Ta
KACTBOBOT IMHAMOMETIT BIAMOBIAIOTH BIKOBHM HOpMaMm. [IpoTe B Meskax OHIET BIKOBOI IPYIIH € BelHKa
PI3HHULIS MK [IOKa3HAKAMH 3 LUMHU TecTaMu. KoMBaHHs! pe3ylIbTaTiB BUMIPHOBAHb 3aJIC)KHO BiJ| BEIINYH-
HU KoediuienTa Bapiauii Outbie 20%, o CBITYATH PO IETEPOXPOHHICTH NOKA3HKUKIB (I3UIHOTO PO3BH-
TKY XJI0MIIiB. BHCHOBKH. Pesynbrarn 10CITDKEHHS PEKOMEH/I0BAHO BUKOPHCTOBYBATH Il PO3POOKH mep-
COHAJII30BaHNX TPEHYBAIBHUX NPOrPaM Ta irpoBoIl Criewiaiizalii MOJOAUX CIIOPTCMEHIB, MiAKPECIIOYH
BaXJIMBICTH (DI3MYHOTO PO3BUTKY 32 BIKOBUMHM HOPMaMH Ta aIeKBaTHOI (i3u4HOI mixroroBku. MaiOyTHi
JIOCIIIKCHHS MOXKYTh JIOTIOBHHTH OLIHKY (i3HIHOTO PO3BUTKY METOJOM IHICKCIB, BUSHAYCHHAM CKIay
TiJa (30KpeMa, BiJJICOTKa M S130BO1 Ta )KUPOBOi MAacH), COMATOTHITY, piBHEM (PI3MUHOT MiITOTOBIEHOCTI.

Kurouogi ci10Ba: ¢pyt60i1, CioprcMeHH, pe3eps CIOpTY BULIUX AOCITHEHb, (pi3UUHUI pO3BUTOK, aHTPO-
MOMETPUYHI MOKa3HUKH.

Introduction. One of the main conditions
for the high efficiency of the system of
training athletes is strict consideration of age
and individual anatomical and physiological
characteristics. This allows us to correctly solve
the issues of sports selection and orientation, the
choice of means and methods of training, the
standardization of training and competitive loads,
and the prediction of possible achievements.
Each age period has its own characteristics in
the structure and functions of individual systems
that change in the process of sports activity [13].
Experts argue that in the process of training
young football players it is necessary to take into
account their physical development, functional,
psychological state, physical fitness, age,
qualification, role of the player, and the training
period [11, p. 16; 12; 21]. At the stage of initial
specialization in football, means are widely used
that allow increasing the functional potential of
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the athlete’s body without using a large amount
of work close to competitive [1, p. 14]. Planning
at this stage should be approached taking into
account the individual abilities of the football
player [1, p. 15; 3; 12, etc.]. Moreover, teenagers
attend training sessions within the same group
with a difference of several months, which
significantly complicates the work of the coach,
since at 13—14 years old they have significant
differences in both motor fitness and physical
development [5; 13; 21].

Thus, in adolescence, when there is active
biological development, the priority in the
training of young football players should
not be the achievement of maximum results,
but comprehensive and harmonious physical
development. Such an approach contributes not
only to the effective formation of the technical
and tactical arsenal, but also lays a solid
foundation for the further qualitative growth of
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the specific functional reserves of the body, in
accordance with the requirements of football
specialization [2; 3; 12]. Therefore, the training
of comprehensively developed young football
players is a priority of sports schools that prepare
the replenishment of the Olympic reserve groups
[1]. With the increase in sports skills, the training
process becomes more specialized [11, p. 16].
Since the level of physical readiness can only be
confirmed in relation to physical development,
we needed to study the physical development of
young football players.

In scientific and methodological literature,
physical development is considered as a
process of gradual changes in its quantitative
characteristics during ontogenesis, as well as a
result of this process, objectively determined at
a certain point in time. Physical development
of a person is a complex of morpho-functional
properties of the organism, which determines the
reserve of its physical strength and biological age
at the time of examination [4, p. 6; 14, p. 196].

Thus, the problem of assessing the physical
development of adolescents aged 13-14 is
relevant and determined the direction and
purpose of the study.

Research objective — to establish the features
of the physical development of young football
players and compare the obtained data with the
criteria.

Material and methods. The study involved
32 young football players — 13 (n=18 people)
and 14 (n=14 people) years old. All of them
live in the city of Rivne and, according to the
medical examination, were enrolled in the main
medical group. To achieve the outlined goal, the
following scientific research methods were used:
theoretical analysis and generalization of data
from scientific and methodological literature,
Internet content, and documentary materials;
comparison — to compare different views of sci-
entists on the problem under study; pedagogical
observation of the training and competitive activ-
ities of athletes, which was carried out through-
out the entire research period: to determine
physical development, widely known in research
practice methods were used [4; 9], which
allowed obtaining an objective characteristic

of the development of young football players
aged 13-14 years: age determination, index
method (body mass index), anthropometry,
dynamometry, centile standards and standard
deviations method. For this purpose, testing
was conducted, the results of which were used
to make a comparative analysis of individual
indicators of young football players with criteria
and establish age-related features of physical
development. Since the physical development
of a person is characterized by somatometric
values and physiometric indicators, during the
testing process, data on total body dimensions
(body length, body weight, chest circumference)
and hand dynamometry (strength of the flexor
muscles of the right and left hands) were
recorded.

Statistical methods, including descriptive
and analytical statistics using nonparametric
methods, were used to collect, process, and
analyze the obtained data.

Organization of the study. The algorithm for
measuring the length and body weight of young
football players was carried out in accordance
with Annexes 2, 3 of the Criteria for assessing the
physical development of children under 18 years
of age [7]. The assessment of the body length
of athletes was carried out in accordance with
the graphs (growth charts) of height standards
in cm according to Table 2 of Annex 2 [7, p. 2]
in standard deviations (SD). The calculation of
normal or deviant height was carried out with
the definition of SD according to the formula
[7, p. 14]:

SDheight= height (cm)—median(cm)
SD

Asnoted in the Criteria, body length indicators
within the range from 1SD to 2SD and from
minus 1SD to minus 2SD are not considered
pathological deviations, but such a teenager
requires monitoring of the dynamics (rate) of
growth [7, p. 2, Section III, item 4].

When measuring body weight with an
accuracy of 0.1 kg, the weighing algorithm given
inclause 1 of Appendix 3 to the Criteria[7, p. 1-2]
was followed. Body weight was assessed using
the body mass index (BMI) [7, p. 2], which was
calculated using the formula [7, p. 3]:
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_ bodyweight (kg)
height (m)’

Body weight for age was assessed according to
the indicators given in paragraph 2 of Appendix
3 to the Criteria [7, p. 3-5], as:

1) normal body weight — the determined
indicator is within the limits of > 15th and < 85th
percentile;

2) overweight — the determined indicator is
within the limits of > 85th and < 97th percentile;

3) underweight — the determined indicator is
within the limits of > 3rd and < 15th percentile.

The interpretation of the results of the above
studies was carried out in accordance with the
recommendations set out in sections III-IV of
the Order [7].

The normal BMI for 13-year-old boys is
between 16.3 and 21.0 kg/m? for 14-year-
olds, it is between 16.7 and 21.9 kg/m? If a
teenager’s BMI is within this range, their weight
is considered normal.

Measurements of the chest circumference
were performed with a rubberized centimeter
tape at rest. The centimeter tape passed along
the mid-sternal point in front, and under the
lower edges of the shoulder blades in the back.
Measurements were performed in a standing
position, with arms lowered along the torso.
First, the main anthropometric indicator was
measured — chest circumference during calm
breathing. Then the measurements continued
at maximum inhalation and then at maximum
exhalation. All measurements were performed
with one application of the tape. To assess the
degree of chest mobility, its excursion was
determined — this is the difference between
measurements during inhalation and exhalation.
The indicator was evaluated based on sigmal
deviations.

Hand dynamometry (measurement of the
strength of the flexor muscles of the right and
left hands) using a hand dynamometer was
carried out in the following sequence. The
football player rubbed his hands with magnesia
and took the dynamometer in his hand; it should
be in line with the forearm at the hips. Then
he took his hand to the side and squeezed the

BMI (kg /m*)

88

device vigorously, exerting maximum effort. The
force was recorded in kilograms. Two attempts
were allowed. It was not allowed to make sharp
swings or other sharp movements with the hands
that could artificially improve the result.

Next, for each variable (body height and
weight, BMI, chest circumference, right and left
arm flexor muscle strength) in each age group,
descriptive parameters were calculated, including
the mean value (X ), mode (Mo), median (Me),
standard deviation (o), value ranges (min;
max), coefficient of variation (V, %). These
values provided insight into the distribution
and variability of participants’ anthropometric
characteristics.

The Student #-test was used to compare the
mean values. This test allowed us to determine
whether there were statistically significant dif-
ferences between 13- and 14-year-old soccer
players with respect to each of the measured
variables. The null hypothesis (Ho) indicated
that there were no differences between the age
groups, while the alternative hypothesis (Hi)
stated that there were statistically significant dif-
ferences. After calculating the data for all par-
ticipants, the mean values were compared using
the #-test for independent samples. For each
indicator, the results obtained were interpreted
according to the level of significance (p-value).
A p value < 0.05 was considered statistically sig-
nificant, indicating that the differences between
the age groups were not random.

Correlation analysis was performed using
Spearman’s rank correlation coefficient (ryy).
The relationship was considered statistically
significant at p<0.05. The strength of the
correlation was assessed using the following
scale (V.M. Kostyukevich, 2001): strong
statistical relationship—0.7 <r,<0.99; medium —
0.5 <14 <0.69; weak—0.2 <r,,<0.49; very weak —
0.09 <1, <0.19.

All data were analyzed using the software
package “Statistica 10” and using the spreadsheet
editor “MS Excel 2010 (Fig. 1) for descriptive
data management and diagram construction.

The research findings. In the process of
processing the obtained data, certain age patterns
were revealed, which are inherent in this period.
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. chest circumference : _ Bln?
. age, Body weight . Sigma | Body length y . y .
Surname, | Year of searsimonth Body weight | T00Y Mss o I P tnt| mmhale | Eshale | Pause Evaluation | oy ot tour| E¥3O% | | 4 hand |Right hand| Systolic
name birth  |* index . length s criteria criteria

5 s criteria SD criteria
3 Guz-ch 21052011 |13 years6m 48,2 183 normal 162 Average normal 78 70 74 normal 8 normal 20 22 119

Vorosh-n | 10.11.2011 13 years 41 17,7 normal 152 Average normal 82 75 78 normal 7 normal 20 20 17
2 Vk 14.08.2011 [13vears3m 44,1 172 normal 160 Average normal 87 78 81 normal 9 increased 20 25 120
s Lab-v 30.07.2011 |13 years 3.5 51,1 174 normal 17 25D high 88 78 70 normal 10 increased 30 30 112
10| Kokh-vich | 22.06.2011 |13 years S m 31 16.3 normal 138 -35D low 70 65 67 reduced 5 reduced 15 15 107
1 Prek 27.07.2011 )13 years 3.3 45.9 18.43 normal 158 1sD normal 78 70 73 normal 8 normal 10 10 101
12| Kir-tch 13.07.2011 |13 years4m 51 18,9 normal 164 1sD normal 81 75 77 normal 6 normal 18 20 117
13 Rn 22.08.2011 |13 years 3 m 54 192 normal 167 1sD normal 93 86 88 increased 7 normal 25 30 131
14 Yak-t: 04072011 |13 years4m 46 183 normal 158 Average normal 87 82 84 normal 5 reduced 38 40 115 5|
15| Khu-ko 30.08.2011 |13 vears3m 44 18.1 normal 156 Average normal 75 69 71 normal 6 normal 15 15 111
16| Kry-ch | 20052011 |13 years6m 36,1 15,6 shortage 152 -15D normal 66 61 64 reduced 5 reduced 20 2 121
17 | Gon-vych | 06.08.2011 |13 years3 m 48 195 normal 157 Average normal 82 74 77 normal 8 normal » 29 138
12 Kirch 02.11.2011 13 years 41 151 shortage 165 1sD normal 70 64 67 reduced 6 normal 20 20 116
19 M-sik 05.08.2011 |13 years 3 m 44,4 17.19 normal 160 Average normal 76 69 71 normal 7 normal 23 25 119
20| EKork 12.11.2011 13 years 46,1 15,7 shortage 17 25D high 72 68 72 normal 4 reduced 20 25 118
21 Pavko 18.052011 [13 years 6 m 51,2 172 normal 172 28D high 76 68 72 normal 8 normal 25 28 119
22| Vab-ch | 20.07.2011 | 13 years 3.5 42 152 shortage 166 1sD normal 71 64 66 reduced 7 normal 16 16 119
23| Myz-ko | 18.07.2011 | 13 years 3.5 45 16,5 normal 165 1sD normal 87 77 78 normal 10 increased 35 40 114
24 ¥ = 45.01 17.33 160,78 78.83 71.83 74.38 7 21,78 24 117.83 1l
25 Mo 41 183 152 87 70 78 8 [ 2 20
26 Me 4545 172 161 78 70 73,5 7 [ 2 235
2 a X 13730087 8.31400544 7.5556757 | 6,7322752 [6,445500401 1,7149859 [ 69667746 | 8,065005
28 min 31 15,1 138 66 61 64 4 10 10 101
29 max 54 195 172 93 86 88 10 38 40 138
0 v 12,44 7.01 517 9,59 937 8.67 24,43 3 33,63
31| Kry-ch 14.08.2010 |14 years 3 m 46 17.1 normal 17 15D normal 77 72 74 normal 5 reduced 30 20 110
32 Svis-ch | 30.05.2010 |14 years 3.5 51,7 17.6 normal 170 1sD normal 80 74 76 normal 6 normal 25 28 114
33| Shep-ich | 07.06.2010 |14 yearsSm 442 16.56 shortage 163 Average normal 78 7L T4 normal 7 normal 24 25 122
34 Celin 06.08.2010 | 14 years 3 m 434 174 normal 157 -18D normal 77 62 70 reduced 8 normal 20 20 128
E 1ld-ko 08 08 2010 114 vears 3 m 418 17 normal 157 -1SD normal 80 Nk} 6 normal 7 normal 20 20 119
M4 M| finerl Cfucrz Ed 0 m B

Fig. 1. Screenshot of a fragment of the spreadsheet of the physical development

of young football players (Sheet 1)

The analysis concerned the main anthropometric
variables of young football players, which
allowed to draw a general conclusion about their
health status and physical development at the time
of the study. The distribution of 13—14-year-old
young football players by height (body length) in
percentages is shown in Fig. 2.

The largest proportion of athletes at both
13 and 14 years of age have a body length in
accordance with age norms. At the age of 14,
there is an increase in the proportion of football
players whose body length corresponds to the
normal value (from 77.78% to 100%). In 13-year-
old athletes, low body length was recorded

in only one (5.56%) football player, high — in
three (16.67%); in 14-year-olds, such was not
observed. This may indicate natural growth rates
at this age and selection for sports sections.

Due to pubertal processes in the body
of adolescents, individual advances or lags
behind average values occur. As for height, the
average body length indicator was 160.78 cm
and 162.82 cm, respectively; the median was
161.00 cm in 13-year-old and 163.50 cm in
14-year-old athletes (Table 1), which indicates
compliance with the physiological norms of this
age group. The scatter of the range of values — the
determination of the range between the minimum

120
& 100
=100
=
5* 80 77,78 Onormal
& 60 Bhigh
o
B Orecorded
recorde
E 40
=]
20 16,67
5,56
0
0

13 years old
age

14 years old

Fig. 2. Distribution of 13—14-year-old football players by body length (n=32; in %)
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Table 1
Statistical indicators of physical development of young athletes
. Statistical characteristics
Researched indicators e o Mo Me min max Vi%
13 years old
Body length, cm 160.78*%* | 831 152.10 161.00 138.00 172.00 5.17
Body weight, kg 45.01 5.60 41.00 45.45 31.00 54.00 12.44
BMI, kg/m? 17.33 1.37 18.30 17.20 15.10 19.50 791
Chest circumference, cm 74.38 6.45 78.00 73.50 64.00 88.00 8.67
Chest circumference during | ;¢ o4 7.56 87.00 78.00 66.00 93.00 9.59
inspiration, cm
Chest circumference on 71.83 6.73 70.00 70.00 61.00 86.00 9.37
exhalation, cm
Chest excursion, cm 7.00 1.71 8.00 7.00 4.00 10.00 24.43
Left arm flexor muscle 21.78 6.97 20.00 20.00 10.00 38.00 32.00
strength, kg
Right arm flexor muscle 24.00 8.07 20.00 23.50 10.00 40.00 33.63
strength, kg
14 years old
Body length, cm 162.85%* | 5.52 170.00 163.50 154.00 171.00 3.39
Body weight, kg 46.22 3.94 46.00 46.00 38.00 52.00 8.55
N not
BMI, kg/m 17.29 074 | . ohoge | 1725 15.80 18.59 428
Chest circumference, cm 76.36 5.40 74.00 76.00 65.00 84.00 7.07
Chest circumference during | ¢ |, 5.64 77.00 80.00 68.00 90.00 6.95
ispiration, cm
Chest circumference on 73.93 481 77.00 73.50 63.00 81.00 6.51
exhalation, cm
Chest excursion, cm 7.14 1.44 7.00 7.00 4.00 9.00 20.23
Left arm flexor muscle 23.57 5.59 20.00 22.00 17.00 35.00 23.76
strength, kg
Right arm flexor muscle 25.29 5.47 20.00 25.00 17.00 45.00 21.63
strength, kg

*— The result that occurs most frequently in this sample according to the specified statistical characteristic of

measurements has not been established.

**_ The threshold values of the Student t-test (reliability of the calculation: P = 0.95 (o= 0.05)) are 2.04. Statistically
significant differences between the anthropometric indicators of 13- and 14-year-old athletes have not been established,

p>0.05.

and maximum values in the data set — was
made using the MIN and MAX functions. The
range of values ranged from 138-172 cm in
13-year-old athletes, 154—171 cm in 14-year-
old athletes. Within one age group, the degree
of data dispersion around the mean value (V) for
13-year-olds is 5.17%, for 14-year-olds — 3.39%,
so the averages are considered representative.
The next stage of our study was the analysis of
body mass. Body mass was assessed, as indicated
above, by BMI [7, Appendix 3, p. 2]. BMI was
calculated for each participant according to the
indicated formula and interpreted according to
the Criteria for adolescents aged 13-14 years,
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referring to Fig. 6 “BMI (kg/m?) of boys aged
5-18 years (percentiles)” [7, Appendix 3, p. 5].
The results obtained are presented in Fig. 3.

The largest proportion of athletes at both 13
(77.78%) and 14 (78.57%) years have a body
weight in accordance with age norms. At the age
of 14, there is an increase in the proportion of
football players whose body weight corresponds
to the normal value (78.57%), that is, the value
in the interval from the 25th to the 75th centile.
Among 13-year-old athletes, a deficit of body
weight according to the BMI indicator was
recorded in four (22.22%) football players; in
14-year-olds — in three (21.43%). The obtained
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Fig. 3. Distribution of young football players by BMI (n=32; in %)

results are confirmed by scientific studies and
data indicating the prevalence of the problem
of body weight deficiency among adolescents
and its consequences [14]. At the same time, it
was found that the average BMI indicator was
17.33 kg/m? in 13-year-old football players,
17.29 kg/m? in 14-year-olds; by median: in
13-year-olds — 17.20 kg/m?, in 14-year-olds —
17.25 kg/m?, which corresponds to the normal
value in the interval from the 25th to the
75th centile. The minimum value in the group of
13-year-old athletes — 15.10 kg/m?, in 14-year-
olds — 15.80 kg/m? indicates a deficit of body
weight relative to length. However, the maximum
result corresponds to the age norm (19.50 kg/m?
in 13-year-olds and 18.59 kg/m? in 14-year-
olds). In the study of BMI of adolescents, the
fluctuation of the measurement results around
the mean value by the coefficient of variation is
considered small — 7.91% in 13-year-olds and
4.28% 1in 14-year-old football players, which
indicates the homogeneity of the group.

The results of length and BMI indicate
that, on average, young athletes demonstrate
anthropometric characteristics closer to the
reference model. Despite the range of values, the
overall profile appears to be consistent with the
level of physical fitness and weight control.

Chest girth and body length in adolescence
can be an important indicator of physical
development, as they depend on muscle mass.
Deviations in chest girth indicators can be

both in the direction of decrease and increase.
The causes of such violations are anomalies
of the development of the chest and lungs,
the degree of physical training and muscle
development, constitutional features, etc. The
scientific literature indicates the average value
of chest girth for boys 13—14 years old, which is
74—-84 cm. According to the formula [4, p. 13],
we determine the appropriate chest girth for
children 13-14 years old — 72 cm and 75 cm,
respectively, by age. We evaluate the indicator
based on sigmal approaches. The classification
of athletes according to the results of chest girth
in our testing is presented in Fig. 4.

The largest proportion of athletes at both 13
and 14 years of age have chest girth dimensions
that correspond to age norms. At the age of 14,
there is an increase in the proportion of football
players whose body girth corresponds to the
normal value (from 72.22% to 78.57%). In
13-year-old athletes, chest girth increased by age
norms was recorded in only one (5.56%) football
player, decreased — in four (22.22%); in 14-year-
olds, increased data from the norm were not
observed, decreased — in three (21.43%).

The results for the mean values were 74.38 cm
and 76.36 cm, respectively; for the median —
73.50 cm in 13-year-old and 76.00 cm in 14-year-
old athletes. The range of values varied within
64—-88 cm in 13-year-old athletes, 65-84 cm in
14-year-olds. The age groups of adolescents who
participated in this testing are quite homogeneous,
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Fig. 4. Classification of athletes according to the results of chest
circumference (n=32; in %)

since the coefficient of variation does not exceed
10% (V.M. Kostyukevich, 2001), namely: in
13-year-olds — 8.67%, in 14-year-olds — 7.07%.

According to age norms, the average chest
excursion for boys 13—14 years old is 6—8 cm.
In the majority of 13-year-old boys — 11 people
(61.11%) and 14-year-olds — 10 people (71.44%)
it coincides with the norms. According to the
average values — 7.00 cm in 13-year-olds and
7.14 cm in 14-year-old athletes; according to
the median in both groups — 7.00 cm. The data
range ranged from 4.00—10.00 cm in 13-year-old
athletes, 4.00-9.00 cm in 14-year-olds. Within
the same age group, there is a large difference
between the indicators of chest excursion, so
the coefficient of variation in 13-year-olds is
24.43%, in 14-year-olds it is 20.23%, which
indicates the heterochrony of the indicators of
physical development of boys.

Research by scientists (M.I. Mayevsky,
2018) has shown that the maximum hand
strength  increases unevenly with age.
Moreover, the increase in muscle strength
of the upper extremities occurs faster than
that of the lower extremities. The sensitive
period for the development of hand strength
in adolescents falls on the age of 10—14 years,
when there is a significant increase in muscle
strength, in particular of the hand and back. At
this time, adolescents are especially sensitive
to the influence of exercises that develop
strength, and can achieve significant success
in improving it [13].
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Considering the importance of strength
qualities in the physical development of
adolescents aged 13—14 and the possibility of
obtaining new data, testing of the strength of the
flexor muscles of the right and left hands was
carried out. According to research, the strength
of the flexor muscles in 13-year-old boys is on
average 24.00 kg for the right hand and 21.78 kg
for the left hand, in 14-year-olds — 25.29 kg for
the right hand and 23.57 kg for the left hand; the
median is 13 years (23.50 kg right, 20.00 kg left),
14 years (25.00 kg right, 22.00 kg left). The range
of values varied within 10.00—40.00 kg right
hand, 10.00-38.00 kg left hand in 13-year-old
athletes, 17.00-45.00 kg right, 17.00-35.00 kg
left hand in 14-year-olds. Within the same age
group, there is a large difference between the
obtained data, so the coefficient of variation
in 13-year-olds is 33.63% right hand, 32.00%
left hand; in 14-year-olds — 21.63% right hand,
23.76% left hand, which indicates heterochrony
of indicators of physical development of boys.
The results are consistent with data from studies
and literary sources on sensitive periods of
development of strength qualities in athletes
13—14 years old [13].

Thus, anthropometric measurements
confirmed that with age, the indicators of
the total body dimensions of young athletes
increase, which is associated with age-related
characteristics of physical development.

The t-test for equality of means for independent
samples did not reveal statistically significant
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differences between 13- and 14-year-old football
players in body length (t = 0.85), body weight
(t = 0.38), BMI (t = 0.13), chest circumference
(t = 0.576), chest circumference on inspiration
(t = 0.636), chest circumference on expiration
(t=0.619), chest excursion (t = 0.039), left arm
flexor muscle strength (t = 0.969), right arm
flexor muscle strength (t = 0.351).

In order to assess the nature, quantity, and level
of statistically significant relationships between
somatometric and physiometric indicators, a
correlation analysis was performed, which was
determined using the Spearman correlation
coefficient (Table 2).

In 13-year-old football players, very weak
correlations were established in 2 dimensions.
A weak statistically significant relationship was
established in 6 indicators. The relationships of
the results of the strength of the flexor muscles
of the left/right arm at the average level were
found between 6 results — chest circumference
(r=0.557; r=0.600); chest circumference on inspi-
ration (r=0.575; r=0.612); chest circumference on
expiration (r=0.579; r=0.616). A strong statistical
relationship between the anthropometric data of
13-year-old football players was not recorded.

Correlation analysis of anthropometric
characteristics of 14-year-old football players
revealed almost the same number of statistically
significant relationships as 13-year-olds, but
established an existing difference in their tight-
ness. Weak statistically significant correlation
interdependence was established in 6 indicators

(Table 2). Relationships at the average level were
recorded between 4 results — body weight and
strength of the flexor muscles of the left hand
(r=0.652); strength of the flexor muscles of the
right hand and the following data: chest circum-
ference (r=0.609); chest circumference on inspi-
ration (r=0.559); chest circumference on expi-
ration (r=0.606). High-level relationships were
established between 3 indicators: left/right arm
flexor muscle strength and body length (r=0.788;
r=0.837); right arm flexor muscle strength and
body weight (r=0.816).

Discussion. Adolescence is a period of com-
plex anatomical and physiological changes in the
human body. The physical development of ado-
lescents is characterized by a high intensity of
growth of all body sizes, unevenness and com-
plications associated with puberty. The authors
note that body length and weight increase signif-
icantly. The growth of body length exceeds the
growth of body weight (Rybalko, 2013). Signs of
uneven growth of body parts are clearly evident,
the growth of limbs prevails over the growth of
the trunk [13].

Scientists emphasize that determining physi-
cal development is an integral part of a compre-
hensive examination. In this regard, information
about the features of the physical development of
young athletes aged 13—14 has both theoretical
significance and the ability to use the obtained
data in the process of practical work [12; 19; 20].

L.Ya.-G. Shakhlina and co-authors indicate
that the socio-pedagogical effectiveness of the

Table 2
Correlation coefficients of anthropometric data of young athletes
= =1 8 8 '§ g g
) 5 5 SE|_S§5| %
g T = 25 |35E|[g5¢ Z
Researched indicators — = > = ez |25 = P>
> > [=a] @) = @) g .= @) = v
° = = = e E = ey
S S o ° = s 5 g
2 =2 k= =z s ° =
) - = @)
= o
13 years old
Left arm flexor muscle strength 0.336 0.339 0.101* 0.557 0.575 0.579 0.261
Right arm flexor muscle strength 0.370 0.406 0.168* 0.600 0.612 0.616 0.276
14 years old
Left arm flexor muscle strength 0.788 0.652 0.211 0.392 0.329 0.410 0.019*
Right arm flexor muscle strength 0.837 0.816 0.495 0.609 0.559 0.606 0.248

* There is no statistically significant relationship; p>0.05
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training process, ensuring the normal physical
development of young athletes, the formation of
their somatic and psychological health directly
depends on the degree of consideration of the
anatomical and physiological features of the
child’s body, which substantiate the medical and
biological foundations of the system of training
young athletes [23, p. 185]. In the practice of
sports training of adolescents, the effectiveness
of the training process in sensitive periods is
the highest, the development of physical quali-
ties is more pronounced, the processes of adap-
tation to physical exertion are characterized by
the optimal capabilities of the body, which leads
to an increase in the functional reserves of the
body [6; 23, p. 186]. Scientists emphasize that
the inconsistency of physical exertion with the
functional capabilities of the child’s body, the
adolescent-young man are the main reasons for
the development of chronic physical overstrain
of the functions of the body’s systems and sports
injuries, in particular [20; 23].

The works of scientists [6; 12; 18; 20, etc.]
substantiate the logic and appropriateness ofusing
modern scientific views on the individualization
of the training process in the educational and
training process of young football players. In
particular, they analyze and compare research
in children’s and youth sports, the possibilities
of interpreting them in relation to the specifics
of children’s football based on diagnostics of
individual characteristics of the ontogenesis of
the child’s organism, correcting the structure and
content of the training process, and normalizing
the volume, intensity and direction of training
influences both for young football players with
similar physical characteristics and for athletes
with different intensities of development [20].
The authors prove that the stage of specialized
basic training coincides with a period of
significant growth in body length and weight,
which will inevitably be accompanied by a
breakdown of established skills and abilities.
In this case, the versatile motor base laid at the
stages of initial training will contribute to the
further harmonious adaptation of young football
players to genetically determined changes in
their body [12, p. 105-106].
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Again, in the works of V.V. Nikolayenko and
co-authors [12, p. 108] it is emphasized that
morphological features, the integral represent-
ative of which is the body length, are only an
indicator of the potential fitness of an athlete.
Current performance is largely and mainly deter-
mined by the level of preparedness. In some
children, the same processes (stages of develop-
ment) proceed faster, in others — slower, some
recover faster after physical or emotional stress,
others — slower; for some, two-time (sometimes
three-time) training is acceptable, for others —
this is the path to overtraining, under-recovery,
etc. [12].

In addition to the above, experts argue that the
unreasonable regime of training and competitive
activities, imperfect criteria for assessing the
effectiveness of the work of the sports organi-
zation and coaching staff, and a number of other
reasons do not allow rationally building a sys-
tem of long-term training of the sports reserve
for professional football [2; 3; 16].

It has been proven that success in football
is associated with specific anthropometric and
physical characteristics of athletes of different
playing roles (forwards, midfielders, defenders
and goalkeepers) [5; 10; 11; 15; 22]. Studies
describing professional football players have
shown that each playing specialization in profes-
sional football is characterized by a representa-
tive profile [15]. Goalkeepers and central defend-
ers were reported to be the tallest and heaviest
players, while the average height and body mass
of defenders, midfielders, and forwards were
found to be similar, approximately 177+0.15 m
and 74.0+1.6 kg, respectively [15].

The relationship between playing positions
and anthropometric and physical performance
characteristics has also been studied in young
football players [3; 5; 17]. As in adult players,
studies have shown that goalkeepers and defend-
ers are usually the tallest and heaviest players
[17]. The scientific research of coaches is con-
sistent with the works of S.G. Lysenchuk and
co-authors [10]. As experts note, studies of the
level of physical development (length and body
weight) of young football players of different
playing roles indicate the presence of differences
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in morphological indicators. If these differences
are less pronounced in field players, then the
advantage of goalkeepers in terms of body length
is fully confirmed (p<0.05). Even greater differ-
ences are observed in terms of body weight. The
greatest weight is noted in goalkeepers (p<0.05)
[10, p. 69].

The results of our own research complement
the scientific developments of scientists on the
use of information and communication and fit-
ness technologies in the process of training ses-
sions, which allows for the differentiation and
individualization of personally-oriented training
based on the design features of innovative imple-
mentation of means and methods of physical
training, control, record and monitor the dynam-
ics of the physical and functional state, the level
of their physical fitness [8].

Conclusions. Analysis of sources has shown
that physical development control serves as the
basis for determining physical activity, inten-
sity of training and competition processes. Con-
trol allows you to manage physical culture and
sports activities so that they do not harm health,
but contribute to its strengthening, help to intel-
ligently build the training process and determine
the need for physical and mental rest of adoles-
cents.

The results obtained allow us to draw a general
conclusion about the physical development of
young football players at the time of the study.
The average values are most characteristic for
this age and gender. The body length indicator
by the average value was 160.78 cm in 13-year-
old and 162.85 cm in 14-year-old athletes; by
the median — 161.00 cm and 163.50 cm, which
indicates compliance with the physiological
norms of this age group. The largest proportion
of athletes at both 13 (77.78%) and 14 (78.57%)
years have a body weight in accordance with
age norms. At 14 years, there is an increase
in the proportion of football players whose
body weight corresponds to the normal value
(78.57%) in the interval from the 25th to the 75th
centile. In 13-year-old athletes, a deficit of body
weight by BMI was recorded in four (22.22%)
football players; in 14-year-olds — in three
(21.43%). The average BMI was in 13-year-old

football players — 17.33 kg/m?, in 14-year-olds —
17.29 kg/m?* by median: in 13-year-olds —
17.20 kg/m?, in 14-year-olds — 17.25 kg/m?
which corresponds to the normal value. Despite
the spread of the range of values of height and
body weight, the general profile corresponds to
the level of physical fitness and weight control.

The average values of chest excursion and
hand dynamometry correspond to age norms.
However, within the same age group there is a
large difference between the indicators accord-
ing to these tests. The fluctuation of the meas-
urement results depending on the value of the
coefficient of variation is more than 20%, which
indicates heterochrony of the indicators of phys-
ical development of boys.

The practical significance of the study is
determined in addition to the existing data on
the results of the physical development of young
football players for the development of person-
alized training trajectories and optimization of
adolescent development strategies. In addition,
sports schools and coaches themselves will be
able to have more objective tools for assessing
the suitability of athletes at the selection stage, as
well as for monitoring progress in the future and
targeted intervention in physical training. Future
studies may be aimed at assessing physical
development using the index method, determin-
ing body composition (in particular, the percent-
age of muscle and fat mass), somatotype, and the
level of physical fitness.
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