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Method of rehabilitation for children with cerebral palsy using sledge
hockey

Alexander G. Kapustin

Vyatka State University, Ministry of Science and Higher Education of the Russian Federation, Kirov, Russia

ABSTRACT

Purpose of the study: to scientifically substantiate, develop and test the effectiveness of sledge hockey as rehabilitation method for children with
cerebral palsy (CP).

Methods: the study involved 12 boys aged 8-14 years with a diagnosis of CP, spastic diplegia, II and III levels of large motor functions development
(according to Gross Motor Function Classification System).

The pedagogical experiment was conducted on the basis of the charitable foundation “Eto chudo” in Kirov. Tests to determine the level of physical
fitness and the development of fine motor skills were carried out. In addition, a questionnaire among parents, which is aimed at assessing the condition
of a child with CP, was conducted.

Results: a comparison of the results of initial and final testing shows that the data is reliable. This indicates that the developed experimental method
of rehabilitation of children with CP using sledge hockey is effective. Also, according to the results of the survey of parents, it was concluded that the
child’s working capacity has increased; the child has become more balanced, and has fewer colds.

Conclusion: when using sledge hockey in the rehabilitation of children with CP, the level of physical fitness and development of fine motor skills
increased, as well as the quality of life of children with CP improved.
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MeTtoauka peabunurauum geten ¢ AeTCKMM LepedpanbHbIM napanu4om
C UCNoNb30BaHWeM CPeACTB CreaX-XOKKes

A.I. Kanycmun

®rb0OY BO «Bsamckuli 2ocydapcmseHHbill yHusepcumem» MuHUCmMepcmsa HayKu U B8biclie2o 06pa3osaHus
Poccutickoli ®edepayuu, Kupos, Poccus

PE3IOME

Iens MccIeg0BaHMsA: HAYIHO 060CHOBATH, Pa3paboTaTh 1 IPOBepUTh 3¢ HEKTUBHOCTD METORMKY peabINTALN feTeil C AeTCKMM LiepebanbHbIM
napanndoM (JIIT) c moMOIIbIO CPELCTB CIIEIK-XOKKesL.

Matepuarbl M METOMbI: B VICCTIeTOBAHNY IIPUHA/IN yIacTye 12 MalbdnKOB 8—14 JIeT ¢ AMarHo3oM e TCKUIT Iiepe6paIbHbIIil ITapaminy, CIacTIHYecKas
mumnnerus, IT u IIT ypoBeHb pa3BuTHs 60IBIINX MOTOPHBIX QYHKINIT (COI/TACHO CHCTeMe KIacCUUKAIMM GOMBLUINX MOTOPHBIX QYHKIMIL).

ITegarormyecknit SKCIIepUMEHT IIPOBOAMIICA Ha 6as3e 01aroTBOpuUTeIbHOro GoHAa «IT0 uyno» I. Kuposa. Beuiu IpoBefieHbI TeCTbI, HAIIPaB/ICHHbIE
Ha OIIpefie/IeHNe YPOBH (PU3MIECKOIT IOATOTOBIEHHOCTH U PasBUTIS METKOI MOTOpUKN. KpoMe Toro, 661710 IPOBEeHO aHKETYPOBAHIE CPe POM-
Testel, KOTOpOe HallpaB/IeHO Ha OLIeHKY coCcTOosiHMsA pebenka ¢ JIIIL

Pe3ynbraThl: CpaBHEHME Pe3y/IbTaTOB Ha4a/JbHOTO ¥ KOHEYHOTO TeCTMPOBAHMA IIOKA3bIBaeT, UTO JAHHbBIE ABJIAIOTCA JOCTOBEPHLIMU. DTO CBU-
IeTe/NbCTBYET O TOM, YTO paspaboTaHHas SKCIIepYMeHTaNbHas MeToAuKa peabumuranyn fgeteir ¢ JIIIT ¢ MCronbp3oBaHNEM CPELCTB CIIEMK-XOKKest
apsercs 3¢ dexTusHoIL. TakKe IO pe3yIbTaTaM OIPOCA POANTENEN GBIV CLeTaHbl BBIBOABI, YTO MIOBBICHIACH PabOTOCIIOCOOHOCTD pebeHKa, OH CTasl
60/1ee ypaBHOBEIIEHHDBIM U MeHbIlle 607IeeT IPOCTYAHBIMM 3a00/IeBaHIAMIL.

3akmoueHme: 1P VICIIONb30BaHUY CPEICTB C/IeK-XOKKeA B peabmiranuy fereii ¢ JLIIT ypoBeHb G13ndecKoli IIOATOTOBIEHHOCTY U Pa3BUTUA
MEIKOJ MOTOPMKM YBEINYMIICH, TAKXKe YIYYIINIOCh KadecTBO XusHu gereit ¢ T

MEEP>HERESO P> EHS
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1. Introduction

At present there is a need to improve the organization of
psychological and pedagogical assistance to children with
musculoskeletal disorders, since this pathology is extremely
common and tends to grow.

Disability due to cerebral palsy (CP) ranks first in the
structure of disability in children according to the neuro-
logical profile, and its severity is due to motor, mental and
language disorders. The main clinical symptom of CP is a im-
pairment of motor function associated with developmental
delay and abnormal development of statokinetic reflexes, ab-
normal tone and paresis. The degree of disability in 20-35 %
of patients is so severe that they are unable to self-care, move
independently, or engage in learning activities [1].

The problem of CP has been of concern to scientists for a
long time. For several years now, children with CP have been
under the close attention of special educators. Most children
with CP were considered hopeless for treatment and recov-
ery, and therefore few specialized institutions were created
for their treatment, and few qualified specialists were trained.
Children with CP were sent to social welfare institutions
without sufficient treatment [2].

The attitude towards these children has changed over the
past 10-15 years after the development of effective treatment
methods. Statistics on children with CP show that it is impos-
sible to completely cure the disease. Medicine can only allevi-
ate the patient’s condition — minimize pain, gradually build
muscle tissue, and prevent the progression of the disease.

According to the federal register of disabled people,
the number of disabled children in the Kirov region as of
01.04.2023 is 4883 people, and 49.56 % of them are children
at the age of 8-14 [3].

Adaptive sports, including sports for people with intel-
lectual disabilities, provide an opportunity for people with
disabilities to assert themselves, increase their activity, self-
confidence, improve the quality of life and acquire new
social roles, functions, statuses. Game sports that involve
collective interaction in the process of training competitive
activities (football, hockey, etc.) have a particularly strong
impact on the mental aspect of participants, their social
characteristics, skills and abilities of social and everyday
orientation, which is very important for people with intel-
lectual disabilities.

The impact of sledge hockey on people with disabilities
is currently characterized not only by special needs as by
increased attention from society to these people. In recent
years, the society has started to actively involve people with

health problems in social life, but in addition to exclusive
training and socialization, these children need rehabilitation
of the body.

Sledge hockey is one of the technologies that contribute
to improving health. Sledge hockey is a team sport on ice, an
analogue of ice hockey for people with disabilities.

The use of various means of physical rehabilitation plays
crucial role in the process of restoring the impaired functions
of patients with CP, taking into account the individual char-
acteristics of each patient [4-8].

Physical rehabilitation of disabled children with muscu-
loskeletal disorders based on the selection of effective means
of health and correctional orientation in physical education
classes contributes to the targeted correction and formation
of motor skills of disabled children [9, 5, 10-12].

Since adaptive physical education (APE) is a broad area of
activities aimed at strengthening health, active comprehen-
sive and harmonious development of personality, improve-
ment of natural inclinations and abilities genetically embed-
ded in each person, it allows to effectively solve the problem
of integrating people with disabilities into society.

In the field of development of youth sledge hockey and
the prospects for the rehabilitation of adolescents using this
adaptive sport, the studies of D.A. Astakhov (2021), K.A.
Badrak (2015), A.A. Gaiduk (2020, 2022) [13-16] were
studied.

At the same time, the relevance of the problem is deter-
mined by the insufficient study of the rehabilitation effect
when using means, methods, and methodological techniques
of sledge hockey at the initial stage of sports training of chil-
dren diagnosed with CP, taking into account their psycho-
physical and psychomotor characteristics.

After analyzing scientific and methodological literature,
it was possible to identify a contradiction between the need
for rehabilitation of children with CP and insufficient study
of the rehabilitation effect of sledge hockey. There are many
methods of rehabilitation for children with this condition,
but they are not always able to motivate such children to ex-
ercise; sledge hockey has a competitive element, so, there is
an interest of children in the best result of a team.

The revealed contradiction served to formulate the scien-
tific problem of the research: if sledge hockey classes can im-
prove the level of physical fitness, development of fine motor
skills and, in general, the quality of life of children with CP.

The purpose of the research is to scientifically substan-
tiate, develop and test the effectiveness of sledge hockey as
rehabilitation method for children with CP.
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2. Methods

The study involved 12 boys aged 8-14 years with a diag-
nosis of CP, spastic diplegia, IT and III levels of large motor
functions development (according to Gross Motor Function
Classification System).

The pedagogical experiment was conducted on the basis
of the charitable foundation “Eto chudo” in Kirov. The study
involved 12 children who study at this school. The study was
conducted in three stages.

Disorders of the musculoskeletal system in the form of sco-
liosis, contractures in the joints, and chronic diseases of the re-
spiratory system were distinguished from concomitant diseases.

The selection of children was carried out on the basis of
medical reports and with the written consent of the parents.
The previous experience of physical activity in all children
included mainly massage and therapeutic gymnastics.

To achieve this goal, the following tasks were solved:

1. To conduct a theoretical analysis of the means, forms
and methods of adaptive physical education, identify the
possibility of their use in sledge hockey for children with CP.

2. To study features of physical development and physical
fitness of children diagnosed with CP.

3. To develop methods for the rehabilitation of children
with CP using sledge hockey.

4. To substantiate the effectiveness of the rehabilitation
method for children with CP using sledge hockey in the
course of the pedagogical experiment.

To study the possibility of correcting motor disorders in
children with CP in accordance with the set tasks, both theo-
retical and empirical research methods were used: analysis
and generalization of scientific and methodological litera-
ture, observation, questionnaire, testing, experiment, and the
method of mathematical statistics.

To assess the motor capabilities of children with CP, tests
that are described in the physical training standards, taking

into account the age of children undergoing sports training
in sledge hockey, were used.

The standards of sports training and their correlation at
the stages of sports training in groups involved in this sport
are given in Table 1.

To determine the level of development of fine motor skills
in children with CP, the following tests were used:

1) Test to identify the switch ability of finger movements [17].

Consists of two tests: “Fist — edge — palm”, “Playing the
piano”.

2) Test to determine the full range of finger movements [18].

3) Test to determine the level of development of the abili-
ty to maintain a given position of the fingers of the hand [18].

4) Test to determine the level of accuracy of movement of
the fingers of the dominant hand [18].

5) “Lowering the stick — reaction” [19].

6) To assess the degree of development of skeletal mus-
cles, wrist dynamometry (maximum wrist strength) of the
right and left hands was assessed using child’s hand dyna-
mometer.

In the end of the experiment, the survey of parents on
improving the condition of children involved in sledge hock-
ey according to the developed methodology was conducted.
The questionnaire includes 9 questions-statements and 5 an-
swer options:

1) Has the child become less likely to get colds after he/
she started playing sledge hockey?

2) Has the child’s coordination improved?

3) Has the child’s ability to work improved?

4) Has the child become more sociable and goal-oriented?

5) Has the child become more self-confident?

6) Has his/her academic performance at school im-
proved?

7) Has the child become more balanced?

8) Has the family microclimate improved?

Table 1

Standards of general physical and special physical fitness for enrollment in groups at the initial training stage

Tabnuma 1

HopmatuBbl 061eii ¢pu3mdeckoii 1 cienuanbHoil pu3NecKoii MOATOTOBKY J/Is 3a4MCTIeHN B TPYIIIbI Ha 9Tale HaYaIbHOI
MOATOTOBKHU

Physical quality to be developed

Control exercises (tests)*

Running on special sleds on ice for 10 m

Speed . S .
pee (without taking into account the time)
- “Snake” on special sleds around 5 poles

Coordination . C .
(without taking into account the time)
Running on special sleds around the perimeter of the court

Endurance . o .
(without taking into account the time)

Strength Lifting a medicine ball (1 kg), lying on a bench up with straight arms from the chest (at least 5 times)

Strength endurance .
J v (at least 3 times)

Lifting the body from a lying position on a bench to a sitting position

Speed-strength abilities

Throwing a medicine ball (1 kg) with hands from behind the head forward while sitting on a bench
(without taking into account the result)

MEEP>HERESO P> EHS
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The study weas conducted with the approval of the physician
and under the supervision of the exercise therapy instructor. The
parents also monitored the course of the study. The pedagogical
experiment was conducted with their written consent.

This study was approved by the Ethics Committee of
Vyatka State University (Protocol No 5 from 11.01 2024).

The mathematical statistics method was used to process
the results using a computer. Statistical processing of the re-
search results was carried out using methods of variation sta-
tistics. The following statistical indicators were determined:
the arithmetic mean of the variation series (M), the mean
square (standard) deviation (o), the average error of the arith-
metic mean (m) and the parametric t-Student criterion (¢).

3. Results

After carrying out control measurements in the begin-
ning of the experiment, the physical fitness data of children
with CP between 8-14 years of age participating in the ex-
periment was obtained. Table 2 presents the average group
indicators of the level of physical fitness of children aged 8-14
with CP in the experimental group in the beginning of the
pedagogical experiment.

Sports

Medicine:
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To assess the level of fine motor skills development in
children with CP, the control tests described above were
used. The results are presented in Table 3.

Based on the analyzed scientific and methodological lit-
erature, the conducted ascertaining experiment, the experi-
mental methodology was developed aimed at developing the
physical fitness of children with CP between 8-14 years of
age by means of sledge hockey.

The methodological and theoretical basis of the experi-
mental methodology for developing physical fitness and fine
motor skills of children with CP between 8-14 years of age
was the works of domestic and foreign authors:

The experimental methodology was based on general
methodological principles and principles of sports training.

The goal of the developed methodology: to increase the lev-
el of physical fitness, fine motor skills using specially developed
sets of exercises at the initial stage of training young sledge
hockey players and, as a result, to improve the quality of life.

The structural model of sports training for sledge hockey
players between 8-14 years of age is shown in Figure 1.

Nine months after the start of classes, the final stage of the
study was conducted to assess the effectiveness of using the

Table 2

Average group indicators of the level of physical fitness of children at the age of 8-14 with CP in the experimental group in
the beginning of the pedagogical experiment (n = 12)

Tabnuma 2

CpenHerpynnosble HoKa3areny YpoBHs ¢Gpu3mdecKoil MOATrOTOBIEHHOCTH yJauuxcs 8—-14 et ¢ e TckuM nepedpanbHbIM
MApaNYOM B IKCIIEPMMEHTAIbHOJ TPYIIle HA HAYAIO NEearOrNIeCKOro sKcrepnmenTa (n = 12)

Ne Test Experimental group Mexp tm
1 Running on special sleds on ice for 10 m, seconds 6.15+0.29

2 “Snake” on special sleds around 5 poles, seconds 11.9 +0.56

3 Running on special sleds around the perimeter of the court (endurance), seconds 93.6+7.1

4 Lifting a medicine ball (1 kg), points 2.83+0.4

5 Lifting the body from a lying position on a bench to a sitting position, points 2.42+0.32

Throwing a medicine ball (1 kg) with hands from behind the head forward while sit-
6 ting on a bench, points 2.52£0.13

Table 3

Results of the ascertaining pedagogical experiment to assess the level of fine motor skills development in children CP between 8-14
years of age, who play sledge hockey, in the beginning of the pedagogical experiment

Tabnuma 3

Pe3ynpraThl KOHCTATHPYIOLIETO MEFATOTMYECKOT0 IKCIIEPMMEHTA 110 OLleHKe YPOBHA Pa3BUTHA MENIKOI MOTOpuKHM Y peteii ¢ JTIITI
8-14 net, 3aHNMAIOINXCA CIEIK-XOKKeeM, B Ha4ajIe eJarorm4ecKoro sKCnepuMenTa

Experimental group

Ne Test M_tm

Test to identify the switch ability of finger movements, points 2.56 +0.16
2 Test to determe the full range of motion of the fingers, points 2.89+0.21

Test to determine the level of development of the ability to maintain a given position
3 . 3.14+0.17

of the fingers of the hand, points
4 “Lowering the stick — reaction’, points 3.25+0.17
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Fig. 1. The structural model of sports training for sledge hockey players between 8—-14 years of age
Puc. 1. CTpykTypHasi MoAenb COPTUBHOWM NOATOTOBKM CNEeOX-XOKKencToB 8—14 neT ¢ AvarHo3oM AeTckuii LepebpanbHbivi napanuy

experimental methodology of classes to develop coordina-
tion skills in children with CP between 8-14 years of age by
means of playing sledge hockey. For this purpose, repeated
testing was conducted.

The comparative results of physical fitness testing at the ini-
tial and final stages of the experiment are presented in Table 4.

The comparative results of testing the level of physical fit-
ness of children with CP between 8-14 years of age in the
beginning and end of the pedagogical experiment show that
there was a reliable increase in the level of development of
speed, coordination, endurance, and strength.

The comparative results of testing the level of development
of fine motor skills of children with CP between 8-14 years of
age in the beginning and end of the pedagogical experiment
show that there was a significant increase in the results.

Based on the obtained results, it can be judged that
adaptive physical education classes according to the devel-
oped methodology had a positive effect on the test results.
Assessing the obtained data on the level of physical fitness
of 8-14 years old with CP in the end of the experiment, an
improvement in the results was observed for all indicators.

Figure 6 graphically presents the results of the survey af-
ter the pedagogical experiment (n = 12).

According to the figure, it is evident that the experi-
mental method of sports training of sledge hockey play-
ers using corrective and developmental exercises had a
positive effect on the condition of children with CP. The
parents noted that the quality of life of their children with
developmental disabilities improved after the classes. It
was emphasized that the child’s academic performance
improved, he became calmer and was less likely to suffer
from colds.

A positive increase in communication skills and deter-
mination of children was noted; children started to feel more
self-confident. Many parents noted an improvement in the
microclimate in the family due to the fact that children were
engaged in adaptive sports training.

Thus, as a result of the formative pedagogical experi-
ment, it was revealed that the level of indicators increased,
which proves the effectiveness of the developed methodol-
ogy. Consequently, the methodology can be recommended
for using when developing coordination, speed, strength
abilities in children with CP 8-14 years of age by means of
sledge hockey, as an additional means of developing physi-
cal qualities in the implementation of a complex of adaptive
physical education.
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Table 4

Comparative results of physical fitness testing of children with CP between 8-14 years of age at the initial and final stages
of the pedagogical experiment (n =12)

Tabnuua 4

CpaBHMTeIbHbIE Pe3YIbTAThI TECTUPOBAHA YPOBHA (PU3MYECKOIT HOATOTOBIEHHOCTH YYaluXxcs 8—14 neT ¢ JeTcKuM
Iepe6parbHBIM MAPATIYOM Ha HAYa/I0 M KOHeIl IelarOrM4ecKoro skcnepuMenTa (n = 12)

Results of the experimental group
tests
Test in the beginning in the end t(2.07) | p(0.05)
M _tm Mx+m
Running on special sleds on ice for 10 m, seconds 6.15+0.29 4.24 £ 0.26 4.90 p<0.05
“Snake” on special sleds around 5 poles, seconds 11.9 £ 0.56 9.87 + 0.45 2.83 p<0.05
Running on special sleds around the perimeter of the court (endurance), 936471 7391 6.10 218 <005
seconds
Lifting a medicine ball (1 kg), points 2.83 £0.40 4.17 £0.39 2.40 p<0.05
Lifting the body from a lying position on a bench to a sitting position, points 242 +0.32 3.67 +0.38 2.42 p<0.05
Thr.ow1.ng. a medicine ball ( 1 kg) with hands from behind the head forward 2524013 291 +0.12 220 <005
while sitting on a bench, points
Table 5

Comparative results of testing the level of development of fine motor skills of children a with CP between 8-14 years of age
in the beginning and end of the pedagogical experiment (n = 12)

Tab6bnuua 5

CpaBHUTeTbHbIE Pe3yIbTAaThl TECTUPOBAHNSA YPOBH:A Pa3BUTH MeIKOI MOTOPUKH yJaluxca 8—-14 feT ¢ JeTcKum
1epeOparbHbIM MapaTNIoOM Ha HAYAIO U KOHeI] Iearorn4eckoro sKcepumenTa (n = 12)

Results of the experimental group
tests
Test in the beginning in the end £(2.07) P (0.05)
Md+m Mx+m

Test to identify the switch ability of finger movements, points 2.56 +0.16 3.11+0.18 2.28 p<0.05
Test to determine the full range of motion of the fingers, points 2.89£0.21 3.58 £0.23 2.22 p<0.05
T.est to def[e;rmine the level of developmentlof the ability to maintain a 314+ 017 3.68 4 0.19 212 <005
given position of the fingers of the hand, points
“Lowering the stick — reaction’, points 3.25+0.17 3.83+0.21 2.15 p<0.05

4. Discussion

As aresult of the analysis of scientific and methodological
literature, it was revealed that many authors dealt with the
problem of physical rehabilitation of children with disabili-
ties in general. Physical rehabilitation of disabled children
with musculoskeletal disorders based on the selection of ef-
fective means in physical education classes contributes to the
targeted correction and formation of motor skills of disabled
children, which is confirmed in research [5, 4, 9, 10].

In the process of reviewing literary sources, almost no
use of Paralympic sports for the purpose of physical rehabili-
tation of disabled children was found. Nowadays, there are
a huge number of different sports and only 22 of them are
adapted for people with disabilities.

According to the scientific and methodological literature,
the authors did not identify specific results of rehabilitation
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of children with CP using sports games. The exception was
the article by V.O. Osipov and A.S. Chubukov, related to the
use of only badminton elements. The authors have developed
a comprehensive program of extracurricular badminton
classes to correct motor disorders of high school students
with the consequences of CP in the late residual stage with
the I level of development of large motor functions (indepen-
dent walking without restrictions) [8]. However, we have not
identified studies of children with CP with IT and III levels of
large motor functions development in team sports, such as
sledge hockey.

In addition, our attention should be paid to a study related
to the effectiveness of the technology of medical rehabilita-
tion of Paralympians involved in playing sports, in particular
wheelchair basketball [20]. The authors proved that active-
passive electrical stimulation and active mechanotherapy in
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Has the family microclimate improved
Has the child become more balanced

Has his academic performance improved at school
Has the child become more confident in himself
Has the child become more sociable, purposeful
Has the child's performance improved
Has the coordination of movements improved

Did the child get colds less after
he started playing sledge hockey

M Probably not. M Probably not.

0%

I find it difficult to answer.

20% 40% 60% 80% 100%

Iguessso. M Absolutely, yes.

Fig. 2. Results of the survey after the pedagogical experiment

Puc. 2. MNoka3artenu aHKeTHOro onpoca nocrie NpoBeAeHNs Negarornyeckoro aKCnepnuMeHTa

Paralympians with traumatic spinal cord disease at the lum-
bar level of injury can significantly increase the indicators of
free movement, respectively, the effectiveness of rehabilita-
tion and quality of life of patients.

Thus, when studying the scientific literature, the relevance
of the problem was revealed. It is determined by the insufficient
study of the rehabilitation effect of the use of means, methods,
and methodological techniques of sledge hockey at the initial
stage of sports training of children diagnosed with CP, taking into
account their psychophysical and psychomotor characteristics.

The presented data of the ascertaining experiment in the
beginning of using the method indicate a low level of physi-
cal development and physical fitness of children diagnosed
with CP, which were improved during the course of the study.

Based on the results of the ascertaining experiment and
the identified characteristics of children with disabilities, the
experimental methodology for the sports training of sledge
hockey players was developed and a set of corrective and de-
velopmental exercises was introduced to improve the muscles
using own weight and specialized modern equipment (expand-
ers, medicine balls, sliders, fitness rubber), as well as with the
addition of a final exercises set aimed at stretching and relaxing
muscles, breathing exercises, exercises for verticalization and
strengthening the muscles to increase vitality. These sets of ex-
ercises contribute to the active development of postural mus-
cles, correction of ataxia and improvement of proprioception.

The main differences between the experimental method
of physical rehabilitation of children with CP and the cur-
rently existing methods of rehabilitation of such patients
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with this disease is the combination of innovative methods
of sports rehabilitation using sledge hockey tools and sets
of corrective and developmental exercises, which will allow
maximum involvement of children of this category in train-
ing and competitive activities.

The effectiveness of the developed methodology was test-
ed during the pedagogical experiment and confirmed by the
following results:

- in the test “Running on special sleds on ice for 10 m” the
results improved by 68.9 %;

— in the test “Snake” on special sleds around 5 poles” the
results improved by 82.9 %

- in the test “Running on special sleds around the perim-
eter of the court” the result increased by 78.2 %

- in the test “Lifting a medicine ball (1 kg)”, the results
improved by 47.3 %;

- in the test “Lifting the body from a lying position on a
bench to a sitting position” the results improved by 51.6 %;

- in the test “Throwing a medicine ball (1 kg) with hands
from behind the head forward while sitting on a bench” the
results improved by 15.5 %.

These data indicate a positive impact of exercises accord-
ing to the developed method in the training process of chil-
dren between 8-14 years of age diagnosed with CP.

Consequently, the used method can be recommended
for a wide use in work on the development of coordination,
speed, strength abilities, fine motor skills and, as a result, in
general, improving the quality of life of children with CP be-
tween 8-14 years of age by means of playing sledge hockey.
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Limitations. The small sample size of the subjects is
explained by the specifics of sledge hockey training ses-
sions under the guidance of one coach. Possible bias in the
selection of participants in the experiment is excluded,
since almost all children who received medical admission
and parental consent participated in it. The limitations in
the duration of the study (9 months) are explained by the
seasonality and structure of the training process in sledge
hockey.

Author contribution:

Alexander G. Kapustin — conceptualization and design of re-
search, data collection, analysis and interpretation, preparation of the
article and its review from the point of view of significant intellectual
content.
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5. Conclusions

Thus, as a result of the formative pedagogical experiment,
it was revealed that the level of indicators has increased, which
indicates the effectiveness of the methodology developed by
authors. Therefore, the sledge hockey can be recommended for
wide application in the development of coordination, speed,
and strength abilities in children aged 8-14 years with CP as an
additional means of developing physical qualities in the imple-
mentation of an adaptive physical culture complex.
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PE3IOME

Ilenp MccneTOBaHMS: M3YUIeHNe CTATUCTUYECKUX AAHHBIX O CTPYKType 3a60/IeBaHMil CIOPTCMEHOB BBICLIETO MACTEPCTBA U BBISB/IEHIE HOBBIX
3aKOHOMEPHOCTEI MX PACIpOCTPaHEHN.

Matepuaibl ¥ METORBL: aHA/IN3 00e3MNYeHHbIX MEIUIMHCKIX JAHHBIX 15464 wieHOB cOOpHBIX KoMaH[ Poccuy, MpoXOomMBIIMX yIIyOlIeHHOe
MeVILIMHCKOe 06cIefoBanne B KIMHNKax PefepanbHOr0 MeRVKO-OGMOIOTMIecKOro areHTCTBa 3a mepuon 2021-2023 rogos. [JaHHbIe BKIIOYA/INA Pas-
JIMYHBIE aHTPOIIOMETPUYECKIe, (PUMOIOTNIeCKIe U KINHIYIECKIe IapaMeTpbl CIOPTCMEHOB.

PesynpraThl: OnpefieieHbl 6 KIacCU(pUKaLMOHHBIX KJIACTePOB BUJOB CIIOPTa, OCHOBAHHBIX Ha aHa/lIN3e OCHOBHBIX I'PYIII 3a00/meBaHMIi, Hanb6o-
JTee 4acTO BCTPEYAIOIIMXCS Y CIIOPTCMEHOB BBICLIETO MAaCTEPCTBA. B KaXK/JOM KTacTepe BBICOKAs YacTOTAa BCTpeYaeMOCTH 3ab0eBaHmil criennduaHa
T/1s OTIpeJie/IeHHBIX BUJIOB CIIOPTa.

3akmoueHne: IpoaHaIM3MPOBaHa CTPYKTypa 3a00/1eBaeMOCTY CIOPTCMEHOB BBICIIETO MacTePCTBA M paspaboTaHa KIaccuMKalysa BUIOB CIIOP-
Ta HA OCHOBAHMM PACHPOCTPAHEHHOCTI M CXOXKECTI MATONIOIMYECKNX COCTOSHMII B Pas/IMIHBIX BUAAX CIIOPTa. ITOT KIACCUPUKALMOHHBIN ITOXOL
MO>XeT ObITh OCHOBOII /IS CO3AHNS MHANBIAYATN3MPOBAHHBIX IPOrPaMM IPOGIMIAKTUKY U PeabIINTALINY, YIUTHIBAIOLINX CIIeu(puIecKite pucKu
IUIA 3[I0POBbSI, CBSI3aHHbIE C Pa3/IMYHBIMY BUAMU CIIOPTA.
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Rational classification of top-level athletes based on morbidity patterns
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ABSTRACT

Purpose of the study: to study statistical data on the structure of diseases in participants of Russian national sports teams and to create a classifica-
tion based on the prevalence of diseases in different sports.

Materials and methods: analysis of anonymized medical data of 15,464 participants of Russian national teams who underwent in-depth medical ex-
amination in the clinics of the Federal Medical and Biological Agency for the period 2021-2023. The data included various anthropometric, physiologic,
and clinical characteristics of the athletes. Statistical processing and data visualization were performed using the R programming language.

Results: 6 classification clusters of sports were identified based on the analysis of the main groups of diseases most frequently encountered in top
skill athletes. In each cluster, high incidence of diseases is specific to certain sports.

Conclusion: a classification of sports based on the prevalence of diseases in athletes of the national teams of the Russian Federation was developed.
This classification approach can be the basis for the creation of individualized prevention and rehabilitation programs that take into account specific
health risks associated with different sports.
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1. BBengenne [4]. Opyroit mogxon — xmaccudpukanus Mitchel n co-

CoxpaHeHMe 3[J0pOBbsI CIIOPTCMEHOB BBICOKOJ KBaM- aBT., KOTOpas pasfesieT BUABI CIIOPTA HA TMHAMUYECKIE
¢uKannm ocTaeTcs KpaifHe aKTyaJIbHbIM B KOHTEKCTE MX n crarmdeckue [5]. Tpetuit cnocob6 — kmaccuduranms
CIIOPTUBHOTO HOJITONeTVs. VIHTEHCUBHBIE U PeTy/IspHbIE lenpenbcmana 1 CMMpPHOBA, OCHOBaHHAas Ha CXOXECTU
¢usndeckme HArpysKy CIOCOOCTBYIOT PasBUTUIO psifia ¢u3MOIOrNY CIOPTUBHBIX YIPOKHEHUIT U CIelMaTbHBIX
(GYHKIMOHATBHBIX ¥ MOP(OIOIMIeCKUX U3MEHEHMIT B OP- HaBBIKOB CIIOPTCMEHOB [6]. UeTBepThIli IOAXON — KIacCh-
rauusMe [1]. IIpu cppiBe afjalTallIOHHBIX POLIECCOB 3TO ¢uxauns JI.II. MaTtBeeBa [7, 8], KOTOpast y4UTBIBAET OCO-
BefieT K IIMPOKOMY CIEKTPY M3MEHEHMIT PasIUuIHbIX Op- OeHHOCTH TIpefMeTa COCTSA3aHUsI U XapaKTep [JBUTATENb-
FaHOB U CHCTEM, KOTOpBbIE NPM OTCYTCTBUU KOPPEKLMMK HOJM aKTUBHOCTHU. Takke BO3MOXKHO KIAacCMPUIMPOBATDH
TPEHMPOBOYHBIX U COPEBHOBATENbHBIX HATPY30K MOTYT BUABI CIOpTa O IPEUMYILIeCTBEHHOMY 9Heproobecie-
CIOCOOCTBOBATh PA3BUTHUIO MMATOMOTMYECKUX COCTOSHMUIA. YEHUIO MBILIEYHON [esITeNbHOCTI: adpOOHBIl, aHAPO6-
ITonnmaHMe CTPYKTYphI 3a60/I€BAEMOCTI B TAKOI CIIELIN- HBIIl JIAKTATHBIN, aHA9pOOHBIT KpearnHbocdaTHbIit [9].
¢uaeckoit rpye, KaK CIIOPTCMEHBI BBICIIETO MACTEPCTBA, OpnHako HU OfHA U3 ITUX KIacCuPUKALNIL He TPYIINPYET
MMeeT K/ITIUeBOe 3HadeHMe M paspaboTku addexTns- BUIBI CIOPTAa IO PUCKaM BO3HMKHOBEHUS IaTONIOTMYeE-
HBIX CTpaTeruil MpO(GUIAKTUKY U YIPABIEHNS UX 3[OPO- CKUX COCTOSHMIA. VIMEIOTCSI MOMBITKY K/IACCUPUIMPOBATD
BbeM [2, 3]. CIIOPTUBHBIE FUCLUIUINHBL II0 PUCKY BOSHUKHOBEHUS pe-

Cy1iecTByeT HECKO/IBKO IIOAXOAOB K K/IacCH(pUKALIY MOJ[e/TMPOBAHNS MIUOKApAa U [0 XapaKTepy BO3AeNCTBUS
CIOPTUBHBIX AUCUUIIIVH, OCHOBAHHBIX Ha 0COOEHHOCTAX HArpy3oK Ha OHOpHO-ABMraTenpHsi anmapar (OJA) [10,
TPEHNPOBOYHBIX HArPy30K, HAIPABIEHHOCTU TPEHUPO- 11]. 9™ kmaccupurauuy CBA3BIBAIOT TOIBKO OJHO Ma-
BOYHOIO IIPOIlecca, IPeUMYLIeCTBEHHOM BUie Harpy3Ku TOJIOTMYECKOe COCTOSIHUE C PeTy/LIPHBIMU (PU3UIECKUMMU
(craruueckoit u guHaMmudeckoit). CyliecTBYIOT pas3anaHble HAarpy3KaMyl ¥ He OLIEHMBAIOT CTPYKTYpPy 3abojeBaeMo-
crioco6sl kmaccuukanuy Bugos cnopra. OfuH U3 HUX — CTM [0 MHOTMM HO30JIOTMYECKUM €eIVHUIAM B pPas3ind-
Onumnuitckas Kmaccupukanysi, KOTOpash OCHOBbBIBAeT- HBIX BUJIaX CIOPTA. [pyNIupyst CIOpTUBHbIE AVCLNIUINHBL
Cs1 Ha MeX/[YHApOLHBIX NPAaBUIaX UM BKIHOYaeT B cebs o HamboIee YaCTO BCTPEYAOIIMMCS TATOMOTUYECKUM CO-
BUIBI CIIOPTA, MpeAcTaBieHHble Ha OMUMMINIICKUX UTPax CTOSIHMSAM, BO3MOXXHO paspaboTarh Ipefylpexiaioliie
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IpOrpaMMbl BOSHMKHOBEHNS 9TUX COCTOSIHUI Ha JOK/IN-
HIYECKOI cTafuy u paspaborats addexkTuBHbIe Ipodu-
JIAKTUYeCKMe CTPATETUN 10 YIPaBIeHUI0 He6GIaronpusT-
HBIMJ MICXOAMIA.

ITensb nccnegoBanmst — M3ydeHNe CTATUCTUIECKIX JaH-
HBIX O CTPYKTYpe 3a60/1eBaHIil YIaCTHUKOB HAIIMOHAIBHBIX
CIIOPTUBHBIX KOMaHf Poccun u BbIsIB/IeHIE HOBBIX 3aKOHO-
MEpPHOCTeI VX pacpOCTpaHeHNsL.

2. Matepuanpl 1 METOJbI

YyacTHUKaMU McclefoBaHMA cramm 15464 crnoprcme-
Ha cOOpHBIX KoMaHZ Poccuu, mpoxopuBLIMX YITyOIeHHOE
MemunuHckoe obcnegosanme (YMO) B 2021-2023 rogax
B KnHMKax QerepanbHOr0 MeANKO-OMOMOTMIECKOTO areHT-
crBa (PMBA Poccun). ITo pesyabraram YMO 6p110 orge-
HEHO pacIpefie/ieHne TaKuX MPU3HAKOB, KaK II0J, BO3PacT,
nHpgekc maccol Tema (VIMT), Bug criopra n 3aborneBaHmit,
3amnQpOBaHHBIX [0 MeXAyHapOZHO! K1accupuUKarum
6onesneit 10-ro mepecmorpa (MKB-10), mepeuncieHHBIX
B CBOIHOM 3aK/Ii0ueHun. Bcero B aHanm3 BK/IOYEeHO 85 3a-
6orneBanuit, HanbosIee YACTO YCTAHOB/IEHHBIX B XOfie IPO-
Bezienust YMO (npunoxxenne 1).

Jns KaXmoro Bupa CHOPTa pPAacCUMTAHBl YaCTOTBI
BCTpeYaeMOCTH 3a00MeBaHMil U CTAHAAPTU3UPOBAHBI OT-
HOCUTENDPHO HYNMCIIEHHOCTN CIIOPTCMEHOB. BI/IJII)I cropTa
C YMCTIEHHOCTBIO YYacTHUKOB MeHee 30 (n < 30), a Takxe
3abojieBaHMs1, BCTpedamomyecss MeHee deM v 30 (n < 30)
CIIOPTCMEHOB UCK/IIOYEHBI M3 aHaan3a. JTOT MOpor 060-
CHOBAH LIEHTPAJIbHOI NIpeeIbHON TEOPEMOII U SMIUpUYe-
CKUM IIPaBUJIOM, COITIACHO KOTOPBIM BBIOOPKA pasMepoM
30 n Gomee obecredmBaeT CTATUCTUYECKYIO 3HAUYMMOCTb
" HaOge>XHOCTb peSyHI)TaTOB, MI/[HI/IMI/I3I/IPYH BapunaTuB-
HOCTb U IOBBIIIAS TOYHOCTb CTATUCTUYECKUX OLIeHOK [12].
JanHble 10 3a60/1€BAEMOCTH arperMpPOBAHBL I HOPMATN30-
BaHbI I10 YNCJIEHHOCTU CIIOPTCMEHOB B KK OM BII€ CIIOP-
Ta. 3aTeM JJaHHbIE CTAHAPTU3MPOBAHBI C MICIIONb30BAHMEM
¢yuxuny scale. KiracTepHblit aHa/us BBIITIOTHEH C UCIOIB30-
BaHMeM paccrosaHuA [ayspa u meTona Bappma s BoiABeHNA
[IATTEPHOB PacIpOCTpaHeHMs 3abojeBaHmil. PesymbraTel
BI/I3yaIII/I3I/IpOBaHI>I B BUO€ TEIUVIOBBIX KapT C HOEHIOPO-
rpaMMaMH, ITOCTPOEHHBIX C MOMOIIbI0 HakeTa pheatmap.
AHanus BBHIIONIHEH C Mcrnonb3oBanmeMm R (v. 4.3.3) u ma-
KeToB: readxl (v. 1.4.3, https://github.com/tidyverse/readxl),
dplyr (v. 1.1.4, https://github.com/tidyverse/dplyr), tidyr
(1.3.1, https://github.com/tidyverse/tidyr), cluster (v. 2.1.6,
https://svn.r-project.org/R-packages/trunk/cluster/), factoex-
tra (v. 1.0.7,), dendextend (v. 1.17.1, https://www.r-statistics.
com/tag/dendextend/), pheatmap (v. 1.0.12), RColorBrewer
(v. 1.1-3).

VccnenoBaHye BBIIIOTHEHO B COOTBETCTBUM C ITHUYe-
CKMMM TIPMHIUIIAMMU, M3JIOKEHHBIMU B Xe/IbCUHKCKON
mexmapauyy, u onobpeno IruueckuMm komureromM PIBY
«DefepanbHblil HAYYHO-KIMHUYECKUI LEHTP CIIOPTUBHOM
memuuuably @MBA Poccun (Boimucka Ne 2 or 24.10.22 1.).
[Tapamerpst YMO, BbITpy>KeHHBIE U3 37€KTPOHHBIX 6as,
ObLIN fenepCOHN(UIVPOBAHHBIMIL.
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3. PesynbTarsl

CrpyKkTypa BIOOPKHI

MepuaHHBII BO3pacT CIOPTCMEHOB, BK/IIOYEHHBIX
B CTAaTUCTUYECKMIT aHanmms, coctasysr 21 rog (Q1-Q3: 19-
27 nert), poct — 174 cm (Q1-Q3: 166,5-182,0 cm). Taxoke
B BBIOOpKe MMeach IOI0Bas FUCIPOIOPLMS C mpeobrasa-
HIIeM MY>KCKOTO IT071a (JKeHIVH — 6627; My»4unH — 8837).

Obmas cTpykTypa 3a60/1€BaeMOCTH 110 BceM 85 HO30/I0-
IMYECKUM eIVMHULAM TIpefcTaBieHa B Tabn. 1. Hanbonee va-
CTO BCTPEYAOLINMUCS 3a60/IeBaHISIMU SIB/LUIUCH «O1OMexa-
HIMYeCKOe HapylleHue HeyTOYHEeHHOe» (HapylIeHue OCaHKI
II0 CKOMMOTHYeCcKOMY Tuiry) — 11,8 %, «1ockas croma [per
planus] nprobpeterHast» (IBycCTOpOHHee KOMOMHUPOBAHHOE
mwrockocromnue 1-2-it ¢r.) —11,6%, «CMellleHHas HOCOBas
HeperoposKa» (MCKpMBIIeHIe HOCOBOII IIePErOPOAKIL C yMe-
peHHBbIM HapylIeHneM gbixanuss) — 10,1 %. Takum o6pasom,
JMAUPYIOLIe TOSUIIUM [0 BCTPEYaeMOCTI 3aHIMAU COCTO-
AHUA, CBA3AaHHBIC C ,E[I/ICHII&3I/I€I7[ COCIH/IHI/ITC}II)HOI‘/‘I TKaHN.

Hamnbonee pacrmpocTpaHeHHBIMM 3a00TI€BAHUAMU Op-
TAaHOB CUCTEMBI KpOBOO6paH.[eHI/IH ABIANNCD «OTKJIOHE-
HYA OT HOPMbI, BbIAB/JIEHHbIE IIPU IIPOBEAEHUN (I)YHK].U/IO-
HA/IbHBIX MCCIIE[JOBAHUII CEPHEYHO-COCYANCTON CUCTEMbI»
(6,6%), «mpyrme yTOYHEHHble HapYIIEHUA CepHedHOro
purMa» (3,7 %), «mponaic [mpomabuposanne] MUTPaIbHO-
ro knamaHa» (2,8%). Co CTOPOHBI 3HJOKPUHHON CHUCTEMbI
U MeTabonM3Ma CaMbIMIU YacTO BCTPEYAIOLIVIMUCS OTKIIO-
HeHMsAMY ObUIM «Apyrue Hecrenuduueckue OTKIOHEHUS
OT HOPMBI COfiep)XaHust (epMeHTOB B CHIBOPOTKe» (7,1 %),
«HELOCTATOYHOCTb JKene3a» (5,1%), «HapyureHme obme-
Ha 6wmpybuHa HeyTouHeHHOe» (2,3 %), «gpyrue 60/me3HN
IIMTOBUIHON >Keje3bl, CBsI3aHHbIE C IOTHOM HENOCTATOYHO-
CTBIO, ¥ CXOIHbIE cOCTOHUS» (2,0 %).

Krnacrepusaums BMAOB CHOPTa Ha OCHOBE YaCTOThI

BCTpeYaeMoCTH 3a60neBaHmii

Henpporpamma u TermoBasi KapTa (puc.) OTOOpaXXamoT
CTPYKTYpY 3a00/1€Ba€MOCTI Y CIIOPTCMEHOB PasHbIX BUJOB
CIIOPTa, COOTHECEHHBIX IO KOJINYECTBY AaT/IETOB, UMEI0-
IIMX pas3nuyHble 3a00/IeBaHNs, COIIACHO MeXIyHapOgHOII
kmaccudukanun  6onesneit  (MKB-10).  Jenpgporpamma
I/HUIIOCTPI/IPYCT prHHI/IpOBKy Pas3/IiNMYHbIX BUAOB CIIOpTa
Ha OCHOBE CXOXKECTI 10 YHCITY CTydaeB 3a00/IeBaHMII CPeR
CIIOPTCMEHOB. 3a00/IeBaHNUs BK/IIOUEHbl B KIACTEPBL HA OC-
HOBE CTaH}IapTI/IIiOBaHHOI?I YacTOTbhl MX BCTPEYAEMOCTN
B pa3nMYHbBbIX BUAX CIIOpTa. IlaTonmormueckne COCTOAHNUA,
pacronoxxeHHsle 61M3KO APYT K APYry Ha TEIUIOBOI Kap-
Te, IeMOHCTPUPYIOT CXOXKMe MATTEPHBI PaCIPOCTPAHEHNSL.
Kiacrepsl monmyueHs! Ha 0CHOBe paccrosHusi [ayspa n Me-
Toja Bappma miA BbIAB/IEHMA NMATTEPHOB PacIpOCTPaHEHMA
3abojeBaHuIt. B Ka)XXIOM KIacTepe BBICOKAsi YaCTOTA BCTpe-
4aeMOCTH 3a00/IeBaHNIT SB/IAETCS CELUUIHOI /IS OIIpe-
Ie/leHHbIX BUOB cropTa (Tabm. 2).

4. O6¢cyxneHne
VccnenoBaHne  CTPYyKTypbl — 3ab0/meBaeMOCTH — WiIe-
HOB cbopHbIX KOoMaHp Poccwmitckoit Qemepanuy BbIABUIO
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Tabnuma 1

Hau6omnee yactbie 3a60meBaHNsA, BCTPEYAIOLINECS Y CIOPTCMEHOB, npoxogusummx YMO B 2021-2023 rr.
B MeUIMHCKUX yupexaennsax ®MbA Poccun

Table 1

The most frequent diseases occurring in athletes who underwent in-depth medical examination in 2021-2023 in medical
institutions of FMBA of Russia

Himxuaa Bepxuasa
MKB-10 3a6oneBanue Tons (%) | rpanmna rpanuma 95 %
95 % N N
M99.9 BromexaHndyeckoe HapyLIeHIe HeyTOYHEHHOE (HapyIleHe OCAaHKI 11.83 11,52 12,15
10 CKO/IMOTIYECKOMY THITY)
M24.1 ITnockas croma [peruplanus] npuobpeTeHHas (ABYCTOpOHHEe KOMOMHMPOBaHHOE 1162 1131 11,93
mockocromnue 1-2-1 cT.)
1342 CMellleHHasA HOCOBAs Ieperopopka (MCKpuB/IeHe HOCOBOI EPETrOPOSKY C YMEPEHHBIM 10,10 9.81 10,39
HapyIIeHNeM JIbIXaHVA)
R74_R74.8 llpyrue HecrenmduyecKyie OTKIOHEHNUS OT HOPMBI COfiep>KaHums pepMEeHTOB 7.10 6,85 735
B CHIBOPOTKE
RO4.3 OTknoHeHns OT HOPMBI, BbIAB/IEHHbIE IPY NPOBE/IEHII YHKIMOHATBHBIX 6,61 6,37 6.85
VICCTIEOBAHNI CEPIIeYHO-COCYANCTOl CUCTEMBI
E61.1 HepmocTraroyHoCTb XXenesa 5,08 4,86 5,29
149.8 JIpyrye yTouHEHHbIE HAPYIIEHNs CEPIEYHOTO PUTMA 3,69 3,50 3,87
M41.5 IIpoune BropuyHbIE CKOMMO3bI 3,24 3,07 3,41
134.1 ITponarc [mpomabupoBaHie] MUTPaTbHOTO K/IanaHa 2,84 2,68 3,01
E80.7 HapymureHne o6MeHa 6mmpy61Ha Hey TOUHEHHOE 2,26 2,12 2,41
EOLS JIpyrue 60/1e3HY WMTOBUFHON >KeJle3bl, CBA3aHHbIE C JIOJHOI HEIOCTATOYHOCTBHIO, 201 1.87 2,14
U CXOJIHbIE COCTOAHMA
186.1 BapukosHoe paciipeHye BeH MOUIOHKI 1,75 1,62 1,88
G90.9 PaccTpoIiCcTBO BereTaTMBHOI [aBTOHOMHOIT] HEPBHOI CICTEMBbI HEYTOYHEHHOE 1,74 1,62 1,87
M42.1 OCTeOoXOHZPO3 MTO3BOHOYHMKA Y B3POCTIBIX 1,60 1,48 1,72
Ko7 YemCTHO-TN1eBble AaHOMA/INH [BK/TII0Yast aHOMa NN IIPMKyca] 1,59 1,47 1,72
N28_N28.8 JIpyrue yTouHeHHbIe 60/I€3HN ITOYEK M MOYETOYHMKA 1,59 1,47 1,71

3HAYNUTE/IbHbIE PA3MNYMS B YaCTOTE M TUIAX 3a00/IeBaHUI
B 3aBMCUMMOCTH OT BUJia CIIOpTa. ITU JJaHHbIE TOAYEepPKIBa-
10T HeOOXOAMMOCTb MHAMBUAYAIM3MPOBAHHOIO IOAXOAA
K TPOQWIAKTUKE U YIPABIEHNIO PUCKaMu 3abomeBaHUil
y crnoprcMeHoB. Hanmudne nepecekarommxcss HO3O0TOIMYe-
ckyx (OpM B PasHBIX BUJAX CIIOPTA MO3BOIIIIO CTPYIIIUPO-
BaTh JaHHBIE B IIIECTD KJIACTEPOB.

[/ iepBoIt TPYMNIIBI XapaKTePHBIMU AB/IANCH IIATOJIO-
IUYeCKye COCTOSTHMS, YKasbIBAIOLINe HA Hamu4due 3abo/eBa-
HUI COENVHUTENIBbHON TKaHU, @ UMEHHO TaKle OTKJIOHEHMUs
B COCTOSIHMM 3[OpPOBbs, Kak «(pmbpo3 mpoctarsi» (N42),
«BaJIbIyCHas fedopMarysi, He KIacCUPUIPOBAHHAL B APY-
rux pybpuxax» (M21.0), «BaprKO3HOe pacUIMpeHVe BeH
HIDKHUX KOHEYHOCTel 6e3 A3Bbl mau Bocmanenus» (183.9).
Heob6xopuMo MOfUepKHYTh, YTO IEPEUMCICHHBIE IIATONO-
IUMYECKIe COCTOSIHMSL ABJISIIOTCA Mpu3Hakamu Hennddepen-
LIMPOBAHHOM AMCIIa3UM COEMHUTENbHO TKaHU, KOTOPBIE,
COITIACHO JIUTepaTypHBIM JaHHBIM, 4Yallle BCTPEYarTcA
y CHOPTCMeHOB (0COOEHHO B [IeTCKO-IOHOLIECKOM CIIOpTe),
yeM B obwjeit momysiuyu [13, 14]. B MKB-10 otcyTcTBY-
eT Takoe 3aboneBanue, ofHako B MKB-11 nmeercs mudp
LD28.Z — «CMHApPOMBI C BOBJIEUEHUEM COEAVHUTETbHON
TKaHM B KadyeCTBe OCHOBHOTO IIPM3HAKa, HEYTOYHEHHBIE»,
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OTIMCBHIBAIOLINIT IUCIIIACTIYECKMIT (PEHOTUII, KOTOPBII MO-
XKeT JaTh IPEUMYIIeCTBO B TeX BUAAX CIIOPTA, Ihe Tpeby-
€TCs1 ACTEHMYECKOe TENOCIOXKeHe, TIOBbIIIEHHAsT TMOKOCTD
VUIY TUIIEPMOOMIBHOCTD CYCTaBOB, HAIIPUMEP B TAHIIEBA/Ib-
HOM CIIOpTe, (PUIYPHOM KaTaHUU, IMMHACTHKe, IUIaBaHUA
[15]. B mepByto IpyIIy BOLUUIM BUAbI CIIOPTA, Iie TUOKOCTD
ABNIACTCSA BaKHBIM TPEHUPYEMBIM KadeCTBOM, BKJIIOYAsd
aKpoOaTHIeCKuil POK-H-POJII, a/IbIMHUSM, CIOPTUBHYIO
akpobaruky. OZHAKO B 3Ty )Ke IPYIIIY BOLUUIN ¥ CIIOPTCMe-
HbI, CIIeLUaIN3UPYIOIINecss Ha eANHOOO0PCTBAX, Y KOTOPBIX
PacIpOCTpaHEHHOCTh MpU3HAKOB HemuddepeHUMpoBaH-
HBIX JIUCIUIa3Mil COEAVHNUTEIbHO TKAaHY HIDKE, YeM B UTPO-
BBIX BMJaX CIIOPTA U IUIaBaHuu. Tak, cpefy IJIOBLOB JIOMS
CIIOPTCMEHOB ¢ Ipu3HaKamu HexuddepeHIpoBaHHOI AVC-
IUIasuM cocraBuia 66,7 %, cpenu Ppyrbéomicro — 55,3 %,
a y aT/IeToB, CHENMANTN3UPYIOLINXCS Ha efUHOO0PCTBAX, —
Bcero 20,7 % [16]. Taxoke 1A 3TOro Kjmacrepa XapakrepHa
BBICOKAs YaCTOTa BCTPEYaeMOCTH ABYX ITATOJIOTMYECKIUX CO-
CTOSHMI CepAEYHO-COCYANUCTON CUCTEMBL: «HApYILIEHIE Cep-
Ie4HOTO pUTMa HeyTo4HeHHoe» (149.9) u «runepreH3uBHasA
[rumepToHNYecKas] 60/1e3Hb C IPEUMYIECTBEHHBIM TI0pa-
JKeHUeM ceppna 6e3 (3acTONHOI) CepLevIHOIl HETOCTATOY-
HOCTM». BbICOKas NIpencTaBIeHHOCTb 3TUX 3ab0/meBaHMIL,
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Ta6bnuma 2

Bups! cnopTa, crpynnupoBaHHbIe B KIacTePbl, 0CHOBaHHbIE Ha CXOXKeil CTPYKType 3ab0neBaeMoCTH

Table 2

Sports grouped into clusters based on similar morbidity patterns

Knacrep

Bupgsi cnopta

3a6oneBaHNA ¢ BHICOKOIT YaCTOTOI BCTPEYaeMOCTHI

AKpO6GaTUIeCKil POK-H-PO/UI, aIbIMHM3M, aMe-
puKkaHCKuit (yT6O, APMPECTINHI, OUIbIPEHbIIL
CIIOPT, 6OY/IVHI, IKNY-IKNUTCY, KapaTa, KMOKYCHH-
Kail, HOJBOMHBIN CIOPT, PYKOHAIIHBIA 0O, cMe-
manHoe 60eBoe exnHOG0pcTBO (MMA), criopTus-
Hasg aKpoOaTMKa, TaVCKUil GOKC, TaHI[eBaIbHbII
CIOPT, XOKKel C MA4OM

Jpyrue 6ome3Hn mpepcratenbHo xemesbl (¢pubpos mpocrarer) (N42),
BasbrycHas fedopMarys, He KIaccupuuupoBaHHAs B APYTUX pyOpukax
(M21.0), runepTeH3uBHas [TUNIepTOHNYECKasA] 60NIE3HDb C IPEUMYIIECTBEH-
HBIM NTOpaKeHMeM ceplja 6e3 (3acTOIHOM) CepHevHOl HeOCTaTOYHOCTI
(I11.9_110), HapyiieHue ceppe4HOro putMa HeyrouyHeHHoe (149.9), Bapu-
KO3HO¢€ pacmr/lpeHI/Ie BE€H HVDKHUX KOHe‘IHOCTeIZ 663 SA3BbBI VIV BOCIIAJIEHU A

(183.9)

BagmuHTOH, 606CTeil, BORHOMBDKHBIN  CIIOPT,
ro/b(, KOHHBII CIIOPT, KEP/IMHT, HACTONMbHBII TeH-
HIC, ITy/leBas CTpenbba, CaHHBI CIOPT, CHOYOOpH,
CIIOPTMBHAA TMIMHACTUKA, CHOPTYBHOE OPUEHTUPO-
BaHMe, CTEH[[0Basl CTpenbOa, TeHHNC, (exToBaHe,
¢dpucraiin

BroMexaHndyeckoe HapylleH1e HeyTOYHEHHOe (HapyILeHye OCAHKI IO CKO-
nunoTudeckomy tumy) (M99.9), mnockas croma [per planus] mprobpereHnas
(mBycTOpOHHEE KOMOMHIPOBAHHOE IIOCKOCTOMmIE 2-11 €T.) (M21.4), npyrue
60J1e3HM IUTOBUIHOI >KeJle3bl, CBA3AHHBIE C OHO HEJOCTATOYHOCTbHIO,
n cxopuble coctosHusa (E01.8), mpoune BropmuHble ckomnossel (M41.5),
cuuppoM Kunbsbepa (E80.4)

Backer6or1, 60kc, 60ppba Ha mosicax, BOLHOE OO,
BOJIENI607, raHnbor, rpedis Ha GaigapKax 1 KaHos,
rpeGHOII CHOPT, A3I0[0, KUKOOKCHHT, maysprud-
TVHI, IUIABAHME, IIPBDKKU B BOJY, IIPbDKKU Ha Oa-
TyTe, perbiu, camb0, cnopTuBHasz 60pbba, cTpenbba
U3 JIYKa, CYMO, TX3KBOH/IO, TsDKeJIast aT/IeTUKA, YIIY,
byT6071, XOKKeIl, XOKKeIl Ha TpaBe

Jpyrue Hecreunduueckue OTKIOHEHNS OT HOPMbI COfiep)KaHms QepmeH-
TOB B CbIBOpPOTKe (R74_R74.8), HapyuieHne 06MeHa BelljeCTB Hey TOYHEHHOE
(E88_E88.9), npyrue BpoX/ileHHbIe aHOMa/IJ CEPAIeYHbIX KaMep 1 COelyHe-
Huit (Q20.8), kapAuoMuoIaTus Ipy MeTabonmndecknx Hapyuenmsx (143.1),
HpeX/ieBpeMeHHas Iefo/ApU3aIi sKenynodkos (149.3)

Beitcbon, rpeGHO CramoM, MPbDKKYM Ha JIbDKAx
C TpaMIUIMHA, POJUIEp-CIIOPT, CUHXPOHHOE IUIa-
BaHIe, CKajonasaHue, codprbon, XymoxeCcTBEHHast
IMMHACTMKA

Hepocratounocts skenmesa (E61.1), pammaranMoHHas KapAMOMMONATHA
(I42), mpyrue yTouHeHHble HapylleHMs ceppedHoro putma (I49.8), mpe-
XKJeBpeMeHHas Jeno/usIpu3anms sxenygoukos (149.3), onnukynspras ku-
cra auyHuka (N83.0)

ByaT/IOH, TOPHONBDKHBIN CIIOPT, KOHBKOOEXHBII
CIIOPT, JIETKas aT/I€TUKA, IbIKHbIE TOHKI

CuHapoM npexjpeBpeMeHHOro Bo36yxpuenns (I45.6), ocTeoxOHHpoO3 II0O-
3BOHOYHMKA Y B3pocibix (M42.1), npyras yTouYHeHHas JjereHepariui Mex-
H03BOHOYHOTrO Aucka (M51.3), nponamnc [mponabupoBaHye] MUTPanbHOTO
knanana (134.1), apyrue BpoXxeHHble aHOMA/INY CEPHEYHBIX KaMep U CO-
equuenuit (Q20.8)

BenocunenHblii CIIOpT, MBDKHOE ABOeOOpbe, Mapyc-
HBI/l CIIOPT, COBPEMEHHOe NATUOOpbe, TPUATIOH,
¢burypHoe KaTaHMe Ha KOHbKAX, 9CTeTHYeCKas IMM-
HACTMKA

Brokaja npaBoit HOXKY nyuka (145.0), apyrue, HeyTOYHEHHbIE KapAMOMMU-
omarvn (I142.8_142.9), HefocTaToynocTh Maraus (E61.2), cunapom cnabo-
cTy cuHycoBoro ysna (I49.5), HeperynapHble MEHCTpyalluyi Hey TOYHEHHBIE
(N92.6)

BEPOATHO, CBA3HA C T€HMIEPHON NMCIPONOPLMEN B CaMOM
Kknactepe (My>xurH — 1318, sxeHumH — 785): cpeHenomny-
JIAIVIOHHO OHM Yallle BCTPEYAITCA Y MY)KUMH, YeM Y JKeH-
s [17-21].

Jly1s1 BTOpOro KjacTepa XapaKTepHBbI pasindHbie 3ab6oe-
Bauusa OJIA, B ToM uimcrie «61OMexaHMYeCKOe HapylLIeHue
HEeyTOYHEHHOe» (HapyIIeHMe OCAaHKY 110 CKOMMOTHNYECKOMY
Ty, M99.9), «mpodme BTOpUYHBIE CKOMMO3bD» (M41.5),
«mmockast croma [per planus] mpmo6pereHHas» (mByCTO-
pOHHee KOMOMHUpPOBAaHHOE IUIOCKOCTOmMe 1-2-I CT.)
(M21.4). CregyeT OTMETUTD, YTO NIPEUMYILIECTBEHHO B 3Ty
IPYIIy BXOAAT BMJABI CIIOPTa C aCMMMETPMYHOI Harpys-
koit Ha OJJA, Takme Kak GaIMUHTOH, TEHHUC, (PeXTOBaHIE.
Cunraercs, 4TO Takye BMABI CIIOPTA OKA3bIBAIOT Hambo-
nee HeGmaronpuaTHoe BoszerictBue Ha OJJA, Tak Kak Temo
MIOJBEPraeTcsl ANUTeIbHOE BPeMsA acUMMETPUYHOI OTHO-
HAIIPaB/IeHHOI (U3MYECKOIl HArpysKe, YTO CIOCOOCTBYeT
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(GbOpMUPOBAHMIO IATONOIMYECKMX U3MeHeHmit [22, 23].
Tak)xe BO BTOPOJ KJIacTep BOLUIM [Ba MeTabOMIMYECKUX
HapyIlIeHus, Hanbomee YacTo BCTPEYAIOLINXCs CPENN Tepe-
YMCTIEHHBIX BUJOB CIIOPTA: «pyrue 60/Ie3HN IVTOBUSHOI
JKeJIe3bl, CBSI3aHHBIE C IOZHOI HEeZOCTATOYHOCTBIO, I CXOJ-
uble cocrosuus» (E01.8), «cunppom >KunbGepa» (E80.4).
PacmipocrpanenHocTs cuapgpoMa JKunbbepa y cmoprcMeHOB
He IIpeBbIIIaeT CPeJHEIONY/LNMOHHY0 [24, 25], omHako
obpaliaeT BHIMAHNUe, YTO MMEHHO B OIPENeIEHHBIX BUaX
CIIOpTA OH IIpefiCTaB/IeH Hanboee 4acTo. Bo3MOXXHO, B 9THX
BIJIaX CIIOPTa HanbojIee BBIpaXKeHA afalITaliyist K OBBILIEH-
HOMY OKUC/TUTE/IBHOMY CTPeCcCy, TaK Kak 6ummpy6uH obma-
[aeT CY/IbHBIMY aHTMOKCU/JAHTHBIMY CBOJICTBAMIU, KOTOPBIE
[IOMOTAIOT YHA/IATh CBOOONHBIE pafUKaIbl ¥ MHIMOMPOBATD
OKMC/IEHIIEe IUIIO0B [26].

Iyt TpeTbero KjacTepa XapaKTepHBI OTKIOHEHWsI, OT-
paxkarole MeTabONIMYeCKYI0 peakuMio Ha MHTEHCUBHYIO
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Fig. Heat map with clustering. 6 clusters of sports with similar structure and incidence rates are identified
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bM3MYeCcKy0 HarpysKy, B TOM 4NC/Ie «pyrue Hecrenudu-
YecKye OTKJIOHEHUS OT HOPMBI cofiep)KaHMsi (epMeHTOB
B cpiBopoTKe» (R74_R74.8), «HapyureHnne ob6MeHa BelecTB
HeyTouHeHHOoe» (E88_EB88.9), «kappmoMuomarust mpu Me-
tabomyeckux HapyureHmsx» (I43.1). Tumepdepmenrtemus
NP MBIIIEYHOJ aKTUBHOCTM MOXKET CBUJETEIbCTBOBATH
06 sHepreTIyecKOM AucHaNIAHCe U CIY>KUTh MapKepOM Iepe-
TPEeHMPOBAaHHOCTH CIIOpTcMeHa [27]. Tpetnit Kmactep ABA-
eTCsl CaMbIM MHOTOYNC/ICHHBIM II0 KOJIMYECTBY BOLIEHIINX
B HETO CHOPTUBHBIX JUCHUIUIMH U BKIKOYaeT caMble IIOMY-
JIIpHBIE UTPOBBIE BUABL CIOPTA, TaKue KaK XOKKeil 1 QyT-
60711, u ¢puKcupyemble n3MeHeHus 1Mo gaHHBIM YMO MoryT
OTpaXkaTh OTBET OPraHM3Ma Ha IIPeALIeCTBYIOL[YI0 00CIeno0-
BaHUIO HTEHCUBHYIO Harpysky. OfHaKo II0OKa3aHo, 4TO T'H-
nepdepMeHTEMIUS TIOKOSI y CIIOPTCMEHOB — ORMH M3 IIep-
BBIX IPU3HAKOB HapyLIeHMA KIeTOYHON IIPOHUIAEMOCTH
M TOBPEXIEHMS KIETOYHBIX MeMOpPaH M KapHMOMUOIATI
Ipy MeTabo/IMIeCKUX HapyIIeHIsIX, — BXOASIIASA B 9TOT XKe
K/IacTep KaK 4acTo BCTpevaloiee 3a00/IeBaHme, MOXKET ObITh
CTIefCTBYIEM JIUTENbHO runepdepmenTemMuu [28].

BoiieieHHBIN  4eTBEPTHIN KJIAcTep XapaKTepU3yeTcs
LIMPOKOI PACIIPOCTPAHEHHOCTHIO TAKMX 3a00/IEBaHMIT Cep-
Ie4HO-COCYANCTON CUCTEMBI, KaK «Kapauommonarusa» (142),
«pyrue yTOYHEHHble HApYLIEHNS CEpHeYHOTO pPUTMa»
(149.8) m «mpexxneBpeMeHHasA MEIONAPU3ALNA SKETyHOY-
koB» (149.3). CrefyeT OTMETUTD, YTO BUABI CIIOPTA, BOIIEH-
1Ive B JAHHBII K/IACTEP, OOBIYHO HE CYUTAIOTCS PUCKOBBIMU
C TOYKM 3peHUs (POPMUPOBAHUSA AJANTALVIOHHOTO «CIIOP-
TUBHOTO CepAlla» WIM KapauoMuomnatuit. TpaaunyoHHO
K TaKUM BIJaM CIIOPTa OTHOCSTCS XOKKell, I1aBaHue, GpyT-
6071, BeTocutenHbIit criopT u rpebdmst [29, 30]. BoisiBneHHbIe
HOBble 3aKOHOMEPHOCTY, BO3MOXXHO, TOBOPST O HeROOLie-
HEHHOCTM PacIpOCTPAaHEHHOCTH 3a60TeBaHMIl MMOKapHa
B HEKOTOPBIX BUIaX CIOPTA.

s mAToro KiaacTepa XapaKTepHO Halu4yye BoO3pac-
T3aBUCHMBIX 3a00/IeBaHNMIL, TAKMX KaK «OCTEOXOHPO3 II0-
3BOHOYHNKA y B3pOCHbix» (M42.1), «gpyrasg yTOuHeHHas
HeTeHepalysa MeXII03BOHOYHOro fAucka» (M51.3). Cinenyet
OTMETHUTb, YTO MefiMiaHa BO3pacTa B 3TOM K/IaCTepe COCTaBU-
na 17 net (Q1: 16; Q3: 18), 1 BhIAB/IEHHbIE ITATOIOIMYECKIE
U3MEHEHNsI CBUJETENbCTBYIOT O IINTEIbHON OO/IbIION Ha-
rpyske Ha OJTA. Takske B 3TOI1 IpyTIIie pacCIIPOCTPAHEH «IIPO-
manc [mponmabupoBanme] MmTpanbHOro Kiamana» (134.1),
OIJHAKO BBICOKasl PaCIPOCTPAaHEHHOCTD JaHHOTO COCTOSHUSA
MOXKET OBITh CBsI3aHa C €r0 IMITePAMAarHOCTUKOM [31].

Bknag aBTOpOB:

Kommuckmit Auppeit BragumMupoBd — KOHIENINA U [U3aitH
myOmMKanuy, HaluCaHUe IepPBOJl BEepCUM TEKCTa, pefaKTUpOBaHMe
TEKCTa, OKOHYATeNbHOe Of00peHIte BapuaHTa CTaTby /IS OIyO/INKO-
BaHMA, 00Iast OpraHM3alusA U KOOPAMHAIA PabOThL.

Inappinres Hukura Cepreesmd — c60p ZaHHBIX, aHAIN3 VL MHTEP-
IpeTalisA JaHHBIX, HAllMCaHMe TeKCTa Iy 6Kl

KapbikoBa AHacracus ViropeBHa — cOOp HaHHBIX, aHA/IN3 U UH-
TepIIpeTALVs JAHHBIX, HAIIVCAHNUE TeKCTa Ty /IMKaL i,

ees Poman BagumoBMY — pefjakTMpOBaHME TEKCTA, OKOHYA-
Te/bHOe Of0OpeHNe BapMaHTa CTAaThI A/Is OIyOIMKOBAHM.

20

Sports

Medicine:
| research and practice [ ][]}

IIecTol BBIJIENEHHDIN KIACTEDP ABIAETCA CaAMbIM Pa3HO-
06pasHbIM I BK/IIOYaeT KaK HapYIIeHWsI CO CTOPOHBI Ceped-
HO-COCYIUCTOI CUCTeMBI («OI0oKaza IpaBoy HOXKY ITydKa»
(145.0), «npyrue, HeyTOYHeHHBIe KapauomMuonaTyn» (142.8),
«CMHAIpOM C71aboCT CHMHYCOBOrO y3ma» (I49.5)) u sHpo-
KPUHHBIE OTKJIOHEHUs («Hepery/IsApHBII MEHCTPya/lbHBII
nukI» (N92.6)), Tak 1 MeTabOMMYeCKyI0 HelOCTaATOYHOCTD
(«mepuunr marums (E61.2)). Ina curypHoro xaraHus
Ha KOHbKAX M 9CTETMYECKOI TMMHACTUKY XapaKTepHO Ha-
M4ne CUHAPOMA <«OTHOCHUTEIBHOrO HAeduIjuTa SHEprium
B criopre» (aHrI. Relative energydeficiency in sport, RED-S)
[32]. Merabonudeckye 1 PeNPOLYKTNBHbIE HAPYLIEHNT —
OfIHU VI3 IMVIPYIOINX IPOABICHU 9TOTO COCTOSAHMA [33].
YuC/IeHHOCTD 9TOTO K/IacTepa HaMMEHbIIasi, 1 B HETO BXO-
AAT Bcero 7,8 % CIIOPTCMEHOB U3 BCell BBIOOPKIL.

BsijesieHHbIe TPYIIIIBI CHOPTA XaPAKTEPU3YIOTCS YETKIMU
CpyIIaMy [IATONOTMYECKNX M3MEHEHMI, TakK, [/Is [epPBOrO
K/IacTepa JMAVPYIOINMY [ATOMOTUIECKIMY M3MEeHEHUSIMI
SIBJISAIOTCSL 3a00/I€BAHMsI COENVHUTENTBHON TKaHU, KOTOpbIE
MOXXHO OXapaKTepM30BaThb KaK IIPM3HAKM [AVCIUIA3UYU CO-
eIMHUTENbHOI TKAHMU, a [/Is1 TPETbero — MeTabomnIecKue
HapYLIEHNs, BEPOSITHO, CBUIETE/NIbCTBYIOLIIE O ITUTEIBHOM
HepeHanpsDKeHN) KakK (DYHKIMOHATBHOIO, TaK M HedyHK-
L[IOHAIbHOTO XapakTepa. Pe3y/IbTaTbl MCCIENOBAHNS IIOKa-
3aJ1H, YTO B OFHY TPYIIIIY MOIYT BOMTY COBEPIIEHHO pasHble
BUbI CIOPTAa IO HANPABIEHHOCTY TPEHVPOBOYHO-COPEB-
HOBAaTE/IbHOI HArpys3Ky, OFHAKO MMEIOLMX HEOYEeBUIHYIO
CXOXXeCTb B PACIPOCTPAHEHHOCTI Pas3/INIHbIX 3a60IeBaHMIL.
I[Tony4eHHbIE Pe3y/IbTATHI IIO3BOJISAIOT paspaboTaTh MHANBY-
Aya/M3MpOBaHHbIE TIPOrPaMMBbI IPOUIAKTUKY U peabumn-
TAIUM, YIUTBIBAIOLINE CIIELV(pIIeCcKIte PUCKI IS 3[OPOBBS,
CBsI3aHHbIE C Pa3/IMYHBIMI BUAMIU CIIOPTA.

5. 3akmoueHie

ITpoBenen aHamu3 CTPYKTYphbI 3a00/1€BaeMOCTU Cpefu
CIIOPTCMEHOB BBICILIETO MACTEPCTBA, B XOfie KOTOPOTO BbIAB-
JIEHBI 3aKOHOMEPHOCTHU B PACIIPOCTPAaHEHHOCTY Pa3INYHbIX
3a60eBaHuIL.

OmnucaHHBIN KIACCUPUKALVOHHBIN OXON MOXET 5B-
JIATBHCSI ONHUM U3 METOROB YIIPaB/IEHNs pucKaMu 3abo/eBa-
HUI CIIOPTCMEHOB BBICILIETO MACTEPCTBA U MO3BOJIAET CBO-
€BPEMEHHO JMAarHOCTUPOBATh NATOIOIMYECK/E U3MEHEHNS,
XapaKTepHble [/IA KaXIO0l I'PYIIIbL. ITO IIOMOXKET B paspa-
60TKe 11e/IeBbIX IPODIIAKTHIECKIUX Mep U YIyULIEHNN 310~
POBbs CIIOPTCMEHOB.
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Annex

Diseases included in the analysis, included in the summary report of the last in-depth medical examination

Kog MKB 10 3aboneBanue
Q25.0 OTKpBITHIN apTepUaIbHBIA IPOTOK
125.8 Jlpyrue GpopMbl XpOHHYECKOH MIIEMUYECKOi Ooe3HH cepua
170.0_170.1_170.2_170.8 _170.9 Artepockiepo3
Q20.8 Jlpyrue BpO>kIeHHBIE aHOMAJIMU CEPACYHBIX KaMep U COeUHEHU I
Q21.8 Jlpyrue BpoxJeHHbIC aHOMAIUH CEPAEUHON ePEeropoaKu
Q21.1 Jledext npencepaHoi eperopoxKu
134.1 IIpomnaric [mponabupoBaHKe] MUTPAIBHOTO KiIamaHa
135.1 AopranbHas (KanaHHas) HeI0CTaTOYHOCTh
G90.9 PaccTpoiicTBO BereTaTuBHOI! [aBTOHOMHOM | HEPBHOM CUCTEMBI HEYTOUHECHHOE
R94.3 OTKIIOHEHHS OT HOPMBI, BBISIBIICHHBIC IIPH IIPOBEICHUH (DYHKIMOHAIBHBIX HCCIESIOBAHUH CEPACTHO-COCYUCTOI CHCTEMBI
142.0 JlunaranmoHHas KapAUOMHONATUS
142.8 142.9 Jlpyrue, Hey TOUHEHHbIE KapANOMUOIIATHH
142 Kapauomuonarus
142.2 Jlpyras runeprpodudeckas KapIuOMHONATHS
171.0 Paccrnoenune aoptsl (J11000§i 4acTH)
171.9 AHEBpH3Ma a0pPTHI HEYTOYHEHHOIT JIOKATH3AIHH 0€3 YITOMUHAHHUS O Pa3phIBe
142.1 OO6CTpYKTHBHAS THIEPTPOGHUICCKast KapAHOMHOIATHS
143 143.8 Kapnaromuonarust npu 601e3HsIX, KIIacCHGHUIMPOBAHHBIX B IPYTUX pyOpHKax
143.1 Kapnuomuonarus mpu MeTaboIMIeCKUX HapyIICHUIX
142.7 Kapnauomuonarusi, 00yclioBIeHHas BO3ACHCTBHEM JIEKapPCTBEHHBIX CPECTB U APYTHX BHEIIHUX (HaKTOPOB
144.4 Bbroxana nepeaneit BeTBU JIeBOH HOXKKH ITydKa
145.8 Jlpyrue yTouHeHHbIe HapyIICHNUs IIPOBOIUMOCTH
145.2 JIByxIy4koBas Giokazia
145.0 Brnokasia npaBoit HOXKH IyyKa
144.0 TIpencepaHo-xemy0uKoBas OJI0Kaaa MEepBOH CTENEHH
144.1 TIpencepaHo-KenyJ0uKOBas OJI0Kaaa BTOPOM CTEHICHH
Q25.7 Jlpyrue BpoXk/ieHHbIE AaHOMAJIMU JIETOYHON apTepun
148 OuOpHILIALKS U TPENIETAHUE TIPEACEPANI
R00.0 CHHyCOBasi TaXHKapIHs
147.9 TTapokcu3manbHast TaXHUKapA¥st HEYyTOUHEHHAs!
149.8 Jlpyrue yro4HeHHbIE HapyIIEHHs CEPJEYHOr0 PUTMA
149.9 Hapymienue cepaedHoro puTMa HEyTOYHEHHOE
149.5 CunzapoM cnaboCTu CHHYCOBOTO y371Ia
149.3 TIpesxxeBpeMeHHas IeTIONSPH3AIIHS KEIYJOUKOB
149.1 IIpexaeBpeMeHHas AenoNsApU3aLus Mpeacepauit
149.4 Jlpyras ¥ HEeyTOUHEHHas IPEXIeBPEMEHHAsH AN PU3aLUs
145.6 CHHIPOM MPEXKIEBPEMEHHOTO BO30YKICHUS
145.9 HapymieHue npoBoIMMOCTH HEYTOUHEHHOE

T'uneprensuBHas [runeproHuyeckas] 00JIE3Hb C MPEUMYIIECTBEHHBIM MOPAXKEHUEM cepiiia 0e3 (3aCTONHHOI) cepaeuHoit

111.9 110 HEIO0CTAaTOYHOCTH
M21.4 Ilnockas crona [per planus] npro6perennas (/IBycTopoHHEee KOMOMHUPOBAHHOE IJIOCKOCTOIHNE Aa-2 CT.)
M99.9 buomexanndeckoe HapymeHre HeyrouneHHoe (HapymeHne ocankn o CKOJMOTHYECKOMY THITY)
J34.2 CwMelneHHas HocoBas neperopojika (MckprBieHre HOCOBOM EPEropojIKU ¢ YMEPEHHbBIM HAPYIIEHUEM JIbIXaHHs )
M51.3 Jlpyras yTouHeHHas AereHepali MEKI03BOHOUYHOTO IUCKa
M41.5 IIpoyne BTOpUYHBIE CKOIHO3BI
M42.1 OCTeOXOH/[PO3 O3BOHOYHUKA Y B3POCIBIX
K42 ITynounast rpbbka
K40 TTaxoBas rpboKa
M92 Jlpyrue 10HOIIECKHE OCTEOXOHIPO3bI
M92.5 IOHomeckuii ocTeoxoHP0o3 OONIBIIOH 1 Maoi 6eproBbIx Koctel (Ocryna-Illnarrepa)
M17 TonapTpo3 [apTpo3 KoJIEHHOro cycTaBa]
S83.5 TloBpexnenue cBs30k koaenHoro cycrasa (ITKC)
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Annex. Continued

Kom MKB 10

3a6oneBanue

M23.5

XpOHPI‘{eCKaS{ HECTaOMIIBHOCTD KOJIEHHOTO CcyCTaBa

M 84.4, M 84.1, M 84.3, S40-
549, S30-S39, S80-S89 S90-S99

TpaBMbI 1 TIEPETOMBI

S83.7 TpaBMa HECKOJIBKUX CTPYKTYpP KOJIEHHOTO CyCTaBa

K07 YenroCTHO-TMIEBbIE AHOMAJIMHU [BKJIIOUAs aHOMAJIMH MIPUKYca]

183.9 Bapuko3Hoe pacmupeHre BeH HIKHUX KOHEUHOCTEH 0e3 A3Bbl JIM BOCIAJICHUS
186.1 BapukosHoe pacmupeHne BeH MOIIOHKU

M21.0 Banberycnas nedopmarys, He KiacCH()UIMPOBaHHAS B IPYTUX pyOpHKax
N42 Jlpyrue Gone3Hu NpeacTarTesbHoi xene3bl (Pudpo3 npocrarsl)

N28 N28.8 Jlpyrue yTouHeHHbIe OOTE3HH MOYEK U MOYETOYHUKA

E06.3 AyTOMMMYHHBIH TUPEOUTUT

E01.0 Juddy3Hblit s3HIEMUYECKHi 300, CBSI3aHHBIN € HOIHOW HEJTOCTATOYHOCTHIO
E03.9 CyOKIMHUYECKUH THIIOTUPE03

EO01.8 Jpyrue 6osie3HH IUTOBUIAHOM JKeJIe3bl, CBA3aHHbIE C HOIHOM HEJOCTATOYHOCTBIO, U CXOHBIE COCTOSHUS
E04.2 Heroxcuueckuii MHOTOY3710BOH 300

E04.1 Herokcuueckuii 0HOY3110BOM 300

N92.6 HeperynsapHble MEHCTpyallul HEYTOUHEHHBIE

N91.0-N91.5 OTCyTCTBHE MEHCTPYaLUii, CKyAHBIC U PEKHE MEHCTPYallu1

N60 JloOpokadyecTBeHHas TUCIUIA3HsI MOJIOYHOM JKeJIe3bl

N83.0 DouKynspHas KHCTa SHIHAKA

N28.1_Q61_Q61.0 Kucra nouku

E28.2 CuUHIPOM MOJIMKUCTO3a IMYHUKOB

E22.1 T'unepnponakruHemMus

E80.4 Cunzppom XKunsbepa

E80.7 Hapymenne obmena 6unmpyOornHa HEyTOUHEHHOE

E61.1 HenocrarouHocTs xele3a

D50 _D50.8_D50.9 KenezoneduuurHas aHemust

E61.2 HenocrarounocTs Maruust

E78.0 Yucras runepxonecTepHHEMHs

R79.8 Jlpyrue yro4HeHHbIE OTKIOHEHHS OT HOPMbI XMMHUYECKOIO COCTaBa KPOBU
R74 R74.8 Jlpyrue HecrienupuuecKre OTKIOHEHHUS OT HOPMBI CofiepkaHusi HEPMEHTOB B CHIBOPOTKE
E88 ES88.9 Hapynienue o6MeHa BeecTB HEYTOUHEHHOE

S06.0 CoTpsiceHne ToJIOBHOIO MO3ra

E22.9 Tunepdynkuns runodusza HeyTOUHEHHAS

U07.1 Koponasnpyc
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Effects of chocolate consumption on the health and performance
of football players: A systematic review

Mohammad Mehdi Khaleghi", Fatemeh Ahmadi', Martin Hofmeister’
"' Persian Gulf University, Bushehr, Iran

2Consumer Centre of the German Federal State of Bavaria, Munich, Germany

ABSTRACT

Purpose of the study: Chocolate, renowned for its abundance of bioactive flavonoid compounds, is recognized as a delectable food option with pur-
ported benefits for both athletes and general population. Nevertheless, there is no consolidated overview detailing the effects of chocolate consumption
specifically among football players. This review aims to elucidate the diverse impacts of chocolate consumption on football players.

Methods: A systematic search adhering to the Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA) guidelines studies
that met the inclusion criteria was conducted in the databases of Google Scholar, PubMed (MEDLINE), Scopus, Embase, and Web of Science to April
01, 2024. Forthy-eight articles were retrieved, of which nine studies met the inclusion criteria.

Results: The findings of these studies indicate that chocolate consumption is associated with a decrease in diastolic blood pressure, mean blood
pressure, plasma cholesterol, Low-density lipoprotein cholesterol, malondialdehyde, urate, platelet count, mean platelet volume, and platelet distribution
width. It was found to reduce intestinal permeability as well as muscle damage biomarkers such as creatine kinase, lactate dehydrogenase. Furthermore,
chocolate consumption was associated with an increase in vitamin E/cholesterol ratio, antioxidant power, mean daily exercise time, heart rate, time to
fatigue, physical performance, and improvement in redox status.

Conclusion: Despite the limited number of studies in this area, small sample sizes, and the presence of limitations in each study, chocolate consump-
tion has demonstrated the potential to enhance athletic performance and recovery in football players. However, further research is essential to fully
understand the scope of these effects.

Keywords: chocolate, cocoa, cocoa powder, football, soccer
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BnusHue notpebneHuns Wwokonaga Ha 340poBbe U Pe3ynLTaTUBHOCTb
dyTOONUCTOB: CUCTEMATMUYECKUN 0630p

M.M. Xanezu"', ®. Axmaou’, M. Xogmeiicmep?

" YHusepcumem [lepcudcKozo 3aausa, bywep, NpaH

2lleHmp 3auwjumsl npag nompebumenel edepansbHol 3emnau basapus, MioHxeH, FfepmaHus

PE3IOME

Iens uccnenoBanus: [llokomnay, n3BeCTHBI CBOMM 00M/IMeM 610AKTVBHBIX (DIaBOHOMSHBIX COENVIHEHNIT, 00/IafaeT IpefIoIaraeMoil I0Ib30it
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* ABTOp, OTBETCTBEHHBII 3a MEPENNCKY

1. Introduction [11], as well as decreased muscle soreness and intestinal per-

Football (soccer) is the most globally renowned sport, meability [12]. Pieterse et al [13] discovered that Ironman ath-
characterized by athletes executing rapid mouvements, such letes experienced reductions in heart rate (HR), systolic blood
as high-speed sprints, quick directional shifts, leaps, and nu- pressure, and pH after consuming low-fat chocolate-flavored
merous tackles [1]. Furthermore, players main focus is main- milk. highlighting its potential as an oral recovery solution for
taining possession of the ball while strategically positioning extreme endurance athletes. Similarly, Kocakulak et al dem-
it on the field to secure victories [2, 3]. After engaging in onstrated that consuming dark chocolate mitigated oxidative
these activities, football players require active recovery peri- stress markers among high-intensity kickboxing athletes [14].
ods or passive rest to restore energy during competitive peri- Furthermore, several studies conducted on non-have
ods [4]. One crucial aspect of athletes’ training and recovery also revealed favorable effects of chocolate consumption.
periods, particularly for football players, involves adhering These effects include improvements in mitochondrial COX
to a suitable diet and consuming appropriate foods. Proper activity (cytochrome c oxidase), capillary density, leg muscle
nutrition enhances physical performance and supports the perfusion, central nucleus [15], cognitive performance and
achievement of athletic goals [5, 6, 7]. endurance in hypoxic conduitions [16], body mass, waist-to-

Chocolate is widely regarded as a popular dietary choice hip ratio, fat mass, high-sensitivity C-reactive protein (hs-
among athletes, including football players due to its favorable CRP), Tumor necrosis factor-alpha (TNF-a), Interleukin-6
taste and perceived benefits. These benefits include improv- (IL-6), leptin, resistin, Retinol-binding protein-4 (RBP-4),
ing the recovery process, enhancing aerobic, anaerobic, and Monocyte chemoattractant protein-1 (MCP-1), irisin, adi-
strength metrics [8-10] with improving follistatin/myostatin ponectin concentrations [17], and total antioxidant capacity
ratio, leptin level, body fat percentage, body fat composition (TAC) [18].
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Despite numerous studies elucidating the diverse ef-
fects of chocolate intake among athletes and general popu-
lation, a comprehensive synthesis of its specific influence
on football players remains lacking. Thus, the objective of
this systematic review is to analyze the existing evidence on
the varied effects of chocolate consumption among football
players.

2. Materials and methods

2.1. Protocol and registration

The systematic review adhered to the guidelines outlined
in the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) [19, 20] and ethical guidelines in
sports and exercise science research [21]. Furthermore, the
systematic review was registered in the international pro-
spective systematic review database under the registration
number CRD42024539612.

2.2. Data Sources and Search Strategies

This research was conducted on April 1, 2024, by
searching international databases, including Google
Scholar, PubMed (MEDLINE), Scopus, Embase, and Web
of Science. Following the use of the keywords (“Football”
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OR “soccer” OR “American Football”) and (“Chocolate*”
OR “Cocoa Powder*”), without applying language and
publication year restrictions, finally, 48 articles were ob-
tained for review. For example, the Scopus search strategy
is presented in Table 1.

2.3. Study selection

Initially, all retrieved titles and abstracts were evalu-
ated. Duplicates were identified and manually removed.
Subsequently, the remaining articles were screened based on
their titles and abstracts, and relevant articles were selected.
The search for published studies was then independently
conducted by two authors (MMK and FA), and any discrep-
ancies were resolved through discussion among the remain-
ing researchers.

2.4. Data extraction and quality assessment

Following the screening process, relevant data were ex-
tracted from eligible studies using a predefined extraction
template. This template included information such as author
names, titles, publication years, participant demographics,
intervention details, study design, and research findings. The
quality of the study was evaluated for potential biases related

Table 1

Scopus search strategy

Tab6bnuma 1

Crpaterus noucka B Scopus

Database Search strategy
Scopus (TITLE-ABS (“football” OR “American Football” OR “soccer”)) AND (TITLE-ABS (“Chocolate*” OR “Cocoa Powder*”)).
[ Identification of studies via databases and registers ]
Records identified from: Records removed before
Databases (n = 5; screening:
_§ Pubmed = 11, Duplicate records removed
® Embase = 11, (n=20)
2 Scopus = 14,
= Web of Science = 12)
)
o >
= Registers (n = 48)
Records screened Records excluded
o (n=28) (n=17)
'c
8
g A4 Reports excluded:
Reports assessed for eligibility Review article (n = 1)
(n=11) > Book text (n = 1)
° \4
)
= Studies included in review
E (n=9)

Fig. 1. Study Selection Flowchart for Inclusion in Systematic Review
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to randomization, blinding, and outcome assessment, utiliz-
ing the NIH Study Quality Assessment Tool for Controlled
Intervention Studies [22].

3. Results

3.1. Search Selection and Inclusion of Publications

A total of 48 articles were identified through searches
across five electronic databases. Upon transfer to the bibli-
ography management software (Endnote), duplicates were
automatically removed, resulting in 20 articles being elimi-
nated. Subsequently, the titles, abstracts, and full texts of the
remaining 28 articles were evaluated, leading to the exclusion
of 19 articles that did not align with the research objectives,
were review articles, or were part of a book. Finally, the re-
maining nine articles underwent comprehensive analysis and
were included in this study (fig. 1). The process of article se-
lection from the databases is illustrated in a flowchart follow-
ing the PRISMA diagram.

3.2. Characterization of Studies

A total of 160 football players (8 women and 152 men)
were included in this study. Eight studies only included men
[12,23-29], and one study [30] included both men and wom-
en. Three studies were conducted across European countries:
Italy [12, 27] and Spain [26]; Five studies were conducted in
the Americas: USA [24, 28, 30], Argentina [23], and Brazil
[29]; and one article was also conducted in Asia (Iran) [25]
(Table 2).

The articles were published in various academic jour-
nals, including the Journal of the International Society of
Sports Nutrition (2 articles) [24, 29], Journal of Immunology
Research [23], The Journal of Strength and Conditioning
Research [30], British Journal of Sports Medicine [25],
The Journal of Sports Medicine and Physical Fitness [26],
Oxidative Medicine and Cellular Longevity [27], Nutrition
[28], and Nutrients [12] (one article each).

Chocolate was consumed in different forms: chocolate
milk [23, 24, 28-30], chocolate butter [23], chocolate solu-
tion [25, 26], and dark chocolate [12, 27] (Table 2).

3.3. Outcome Measurement

Studies have examined the impact of chocolate consump-
tion on various factors associated with the risk of vascular
disease, oxidative stress, and physical activity (including
systolic, diastolic, mean blood pressure, plasma cholesterol
levels, Low-density lipoprotein cholesterol (LDL-C) levels,
malondialdehyde levels, urate activity, lactate dehydrogenase
(LDH) levels and the ratio of vitamin E to cholesterol) [23].
Other parameters studied include serum creatine kinase
(CK) levels, myoglobin (Mb) levels, muscle pain, fatigue rat-
ing, and isometric quadriceps strength, Maximal Voluntary
Contraction (MVC) [24]. In addition, research has explored
the effects on body recovery level [28, 30]; Platelet factors
(platelet count (Plt), mean platelet volume (MPV), and plate-
let distribution width (PDW)) [25]; markers of muscle dam-
age, oxidative stress and, physical fitness [26-28]; Sensory
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acceptance and digestive complaints [29]; and the rate of in-
testinal permeability and use [12].

4. Discussion

This review aimed to systematically evaluate studies ex-
amining the impact of chocolate consumption on oxidative
stress, muscle damage, hemostatic, biochemical, hematologi-
cal, and physiological changes in football players. Research
indicates that the consumption of various forms of chocolate,
such as chocolate milk, chocolate butter, chocolate drinks,
and dark chocolate, can positively influence the physiologi-
cal conditions of football players. Despite methodological
differences among the studies, the results from all nine stud-
ies that met the inclusion criteria for this systematic review
consistently showed that consuming chocolate in various
doses can enhance muscle recovery, reduce oxidative stress,
and improve athletic performance in football players.

Football is a demanding sport characterized by intense
physical exercises and movements that engage various mus-
cle groups, inevitably leading to oxidative stress and muscle
damage [31]. Increased training or competition volume,
when not paired with adequate recovery, can results in non-
functional overreaching (NFOR). This condition is associ-
ated with reduced performance and a higher incidence of in-
juries, often accompanied by elevated inflammatory markers
[32]. To mitigate these effects, appropriate nutritional strate-
gies should be implemented to reduce the levels of these in-
flammatory markers.

Chocolate, which is rich in flavonoids and polyphenols,
can effectively reduce oxidative stress and muscle damage
induced by exercise because of its potent antioxidant prop-
erties [33, 34]. In this regard, studies conducted by Fraga
et al. [23], Gilson et al. [24], Gonzalez-Garrido et al. [26],
and Cavarretta et al. [27] on football players have confirmed
that chocolate consumption can enhance antioxidant capac-
ity, thereby reducing muscle damage biomarkers such as CK
and LDH, which subsequently leads to improved athletic
performance. Increased endurance and heart rate observed
in football players [24, 30] are additional effects of choco-
late consumption. These effects are likely due to the role of
antioxidants in preventing and accelerating recovery from
exercise-induced fatigue [35].

Furthermore, it has been observed that following a
match/training session, football athletes experience altera-
tions in homeostatic, biochemical, and hematological pa-
rameters, which may arise from the intensity, duration,
and stress associated with the exercise or competition [36,
37]. Consumption of various foods can also lead to similar
changes in individuals. Studies have shown that chocolate
consumption by football athletes can reduce diastolic blood
pressure, mean blood pressure, plasma cholesterol, LDL cho-
lesterol, malondialdehyde, urate activity, and LDH, as well as
increase vitamin E/cholesterol [23, 25].

Milk and chocolate milk, which contain carbohydrates,
protein, and other beneficial nutrients simultaneously, are
popular among adults [30, 38] and adolescent athletes [40]
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Summary of the included studies
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Table 2

Ta6bnuma 2

Population

A(uthors (ageand | Region Stu.dy Supplementation protf)col Type. Main results
year) sex) design (type, dose, and duration) of exercise
Consumption of FCMC:
Trained at decrease in diastolic blood pressure,
Jeast twice a mean blood pressure, plasma cholesterol,
A flavanol-containing milk week. at least LDL-cholesterol, malondialdehyde,
28 voun chocolate (FCMC); 105 g for th)e ast urate, and lactate dehydrogenase (LDH)
ma}l’e socgcer Random- (168 mg of flavanols)/day two earl)‘s (be- activity, and an increase in vitamin
Fraga et al. lavers Argen- ized cross. OR cocoa butter chocolate fore Zn d dur- E/cholesterol.
(2005) [23] | P2 tina (CBC); 105 g (< 5 mg of :
(18-20 over study ing the study . .
cars) flavanols)/day period, played No relevant changes in these variables
¥ p » PRAYEC | (Vere associated with CBC consumption.
14 davs in at least one
4 90-min-match .
er week) No changes in the plasma levels of
p (-)-epicatechin were observed following
the analysis of fasting blood samples
Increases in mean daily exercise time and
One week of . .
13 male normal 'base- heart rate (HR) between baseline exercise
soccer Isocaloric chocolate milk (CM) line' trainin and ITD, with no difference between
Gilson et al. | plavers United Random- | (504 kcal; 84 g CHO; 28 g Pro; followed b 8 treatments.
(2010) [2 4]' ?MZan ace | States ized cross- |7 g Fat), after each ITD four davs g’f No treatment*time effects were observed
~195 +gb 3 over study increasz d for myoglobin (Mb), muscle soreness,
ST 4 days . fatigue rating, and Maximal Voluntary
years) training dura- .
tion (ITD) Contraction (MVC).
Decreased serum creatine kinase (CK)
Low-fat chocolate milk
13 athletes 1 g carbohydrate per kg or No significant differences in run time
Spaccaro- | (8 women, mean volume of 615 + 101 ml | Preseason were reported for either grou
P Random- b group
tella and 5 men) United ized cross- practice For men only, there was a trend of
Andzel (mean age | States On both days, the beverages sessions for increased time to fatigue with chocolate
J over stud Y & )
(2011) [30] |=19.5%1.1 Y | were consumed immediately | soccer milk compared with carbohydrate-elec-
years) after the first practice and trolyte beverage
again 2 hours later
20 healthy
Soleimani rr;ale soccer Semi-ex- | One dose of cocoa solution Desp itel\/tl}ll)e\751gnéﬁpcgr‘1/tvlnfctreatsi 1r}13 platelet
etal. (2013) players Iran erimental |(18.75 g cocoa powder in Bruse Test count, > an . atter the bruse
(Mean age P & P test, cocoa consumption 2 h before the
[25] 8 study 300 ml 4 % sucrose solution) ? P ..
=22+1 test decreased these values significantly
years)
Trained five
days a week
(before and .
15 profes- Interven- Jurine the Decreased muscle damage biomarkers of
Gonzéilez- |sional male tion Cocoa (0.375 g/kg body mass stud )g and CK and LDH.
Garrido et | soccer Spain | studv with in 300 mL water for 7 days a Z d at least Modified redox status by decreasing
al. (2017) | players P Y [average, 25.1 g of cocoa per bray . oxidative damage and increasing the total
pre/post- one 90-min s . L
[26] (15-18 . day]) antioxidant capacity and GSH-Px activity.
ears old) design match per Increase in physical performance
Y week in the 4
Mexican Foot-
ball Federation
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Table 2. Continuation

Tabnuua 2. I[IpopgomxeHue

Population .
Authors (ageand | Region Stu.dy Supplementation protf)col Type. Main results
(year) sex) design (type, dose, and duration) of exercise
24 male Random-
Cavarretta elite foot- ized Dark Chocolate/day (40 g; 208 Intensive Increased antioxidant power
ball players Controlled |every 12h) . Lo
etal. (2018) (mean age Italy Study; physical Reduction in muscle damage markers
(271 =17.240.7 double- |30 days exercise (CK and LDH)
years) blind
No changes were observed between the
groups over time for isometric torque,
Chocolate milk (CHOC) or vertical jump performance, and yo-yo
13 male Random- | chocolate milk with additional cotng betweeh fria’s. .
. . . No interaction was found in Urinary
collegiate ized cocoa flavanols (CocoaCHOC) | Drop jump o .
de Carv- . ) markers of oxidative stress (isoprostanes)
Iho et al rugby United | Controlled | (1 g/carbohydrate/kg/day; im- | protocol on levels between the trials
a o1 | players States | Study, mediately post- and 2-h after | day 5 of the . ) .
(2019) [28] . ) . No main effect (treatment x time) was
(18-26 double- rugby practice) intervention - .
cars) blind observed for Urinary markers of oxida-
Y 7 davs tive stress (isoprostanes).
24 Although not significant, the Cocoa-
CHOC group ran 97 m further than the
CHOC group in the yo-yo test
Low-fat, lactose-free, and
leucine-enriched chocolate
10 male cow milk prototype (CML) A 90-min
da Silva et football Random- football match
al, (2021) players Brazil ized (~630mL) in aliquots at three simulation Improvement in Product Acceptability
) (mean age Controlled |separate moments: 50% at Index and sensorial acceptability
[29] . . protocol
=23+2 Study time 0, 30% at 45 min, and (EMP)
years) 20% at 75 min.
(drink the entire offered vol-
ume quota in 5min)
24 young
elite male Random-
Nocella et | football ized Dark chocolate Intensive Decreased intestinal permeability.
al. (2023) | players Italy Controlled (40 g; 20 g every 12 h) physical Levels of LPS, zonulin, and occludin did
[12] (Mean age Study 30 days exercise not change
=172+0.7
years)

Abbreviations: FCMC: A flavanol-containing milk chocolate; CBC: Cocoa butter chocolate; m: meter; min: minute; h: hour; g: Gram;

mg: Milligram; ml: milliliter; kg: Kilogram; LDL: Low-density lipoprotein; LDH: Lactate dehydrogenase; CM: Chocolate milk;

ITD: Increased training duration; HR: Heart rate; Mb: Myoglobin; MVC: Maximal Voluntary Contraction; CK: Creatine kinase;

MPYV: Mean platelet volume; PDW: Platelet distribution width; CHOC: Chocolate milk; CocoaCHOC: Chocolate milk with additional cocoa
flavanols; CML: Leucine-enriched chocolate cow milk prototype; FMP: Football match simulation protocol; LPS: Lipopolysaccharide.

are likely due to their combination of taste and convenience.
However, lactose intolerance, gastrointestinal discomfort,
and reduced appetite resulting from high-intensity training
can prevent some athletes from benefiting from these valu-
able beverages [29, 39]. In their study, da Silva et, al. [29]
found that football players who consumed chocolate as a
sports drink exhibited improved product acceptance and fa-
vorable sensory acceptance. This outcome appears to be at-
tributed to the variety of chocolate flavors [40] and the mini-
mal occurrence of gastrointestinal discomfort reported with
this supplement [41].

31

Although proper nutrition and dietary supplements
can help prevent cell damage and increased intestinal per-
meability caused by exercise, the consumption of various
supplements, such as antioxidants, has demonstrated am-
biguous findings [42-44]. Furthermore, few studies have
reported the effects of polyphenol supplements on exer-
cise-induced intestinal dysfunction [45, 46]. Therefore, ad-
ditional research is necessary to justify the incorporation
of any supplement into an athlete’s nutrition program. For
instance, Nocella et al. demonstrated that chocolate con-
sumption by soccer players reduced intestinal permeability
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[12]. This effect is likely due to the polyphenols in choco-
late, which can modulate the intestinal microbiota, reduce
oxidative stress, improve inflammatory status, and enhance
intestinal barrier function [47].

Hence, it appears that various chocolate formats can en-
hance the physical fitness of football players by mitigating
and averting muscle damage. Consequently, there is a need
to underscore the significance of incorporating chocolate
into prevailing sports supplement regimens to augment the
performance caliber of football athletes. By enhancing play-
ers’ physiological states, chocolate can amplify their athletic
prowess and overall well-being during both training sessions
and competitive events.

This study has certain limitations, including small sample
sizes and variations in participant characteristics such as age
and gender, as well as differences in the type, dosage, and

Abbreviations

PRISMA: Preferred Reporting Items for Systematic
Review and Meta-Analyses; LDL-C: Low-density lipoprotein
cholesterol; MPV: Mean platelet volume; PDW: Platelet dis-
tribution width; CK: Creatine kinase; LDH: Lactate dehydro-
genase; HR: Heart rate; hs-CRP: High-sensitivity C-reactive
protein; TNF-a: Tumor necrosis factor-alpha; IL-6:
Interleukin-6; RBP-4: Retinol-binding protein-4; MCP-1:
Monocyte chemoattractant protein-1; TAC: Total antioxi-
dant capacity; Mb: Myoglobin; MVC: Maximal Voluntary
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Based on the available evidence, this systematic review
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PE3IOME

Ienp uccnegoBaHMA: U3YYUTD BIMAHNE OFHOKPATHOTO NMPVIMEHEHVs BBICOKOJ JJ03bI Ko(erHa Ha BpeMs 3puTenbHoi peakuuu (B3P) y oHbx
SMUTHBIX QYTOOMMCTOB B IIOKOE, a Takke Ha poHe PU3MIECKOIT HATPY3KIU Pa3HON MHTEHCUBHOCTI.

Marepuaibl ¥ MeTORbL: B IBOITHOM crenoM mIane60-KOHTPOITMPYeMO PaHIOMIU3NPOBAHHOM UCCIE[OBAHNN CO COaTaHCUPOBAHHBIM JU3aITHOM
npuHAmmM ydactvie 54 ¢yTbomncTa OfHOI U3 Bemylell poCCUitcKoil GyTOONbHOI akajeMun B Bodpacte oT 15 o 17 et (n = 54, Bospact — 15,9
0,8 roza, poct — 180 + 8,3 cm, macca — 69,5 + 8,8 ki, VIMT — 21,4 + 1,4 xr/m?). Bee YYaCTHUKY ITOC/IE CTAHAAPTU3MPOBAHHOM Pa3MMHKM BBITIOTHIIN
6aTapero TeCTOB, BK/IIOYAIOLIYIO CIPUHT 30 METPOB, MPBDKOK C MPOTUBOABIDKEHMEM, Oer cO CMeHOI HanpaBsieHns, T-TecT, APMOMMHI, a TaKXKe TeCT
Ha CIIOCOOHOCTD K TIOBTOPHBIM CIIPMHTaM.

3a 60 MunyT 0 M3Mepenus B3P Bce yuyacTHUKM nomyunny KodenH B ose 400 MT, IpeCTaB/IeHHbI KaK koderH i miane6o, m6o mnnamebo,
IpeficTaB/IeHHOe Kak IUare6o mam KodenH. B3P 6bi1a nsMepeHa deThipe pasa: 4O IpMMeHeHMs KodenHa, depe3 60 MUHYT MOC/Ie ero IpUMeHeHNs
(mepey; pasMMHKOI), IOC/Ie Pa3MUHKY ¥ TTOC/Ie OKOHYAHMsA MOC/IEfHErO TeCTa.

PesynbraThr: He 66110 06Hapy)keHO 3HaUMMOro BIuAHMA Kodenna Ha B3P mocre ero npumeneHns Hu B ofHolt u3 rpym (p > 0,05). Ilpu ananuse
M3MEHEHNII BpeMeHM 3PUTE/IbHOI PeaKlMyu B TeUeHNe BCETO MIPOIlecca TECTUPOBAHNS, HAUMHASA C U3MEPEHMA Nepef] Pa3MUHKOM 3aKaHUMBas U3Mepe-
HJeM II0C/Ie €T0 OKOHYAHNA, 3HAUMMOIl PasHMUIIBI HY B OJIHOI M3 IPYIN 06Hapy>keHo He 651710 (p > 0,01).

3akmouenne: OHOKpaTHOE epOpajbHOe YIOTpebeHre Kodenna B o3e 400 Mr 1 yoexx/IeH1e B TOM, 4TO OH YIIOTPeO/IAeTCs, He BIMAIT Ha Bpe-
M 3PUTEIbHOI PeaKI[iM Y IOHBIX MUTHBIX (yTOOMMCTOB HU B IIOKOE, HU MOC/Ie OKOHYAHNUS (UIIIECKOIT HArPY3KI MaKCUMa/IbHOI MHTEHCUBHOCTIL.

KmoueBble cnoBa: KoenH, BpeMs 3pUTeNbHON PeaKIuy, I0HbIe aT/IeThl, PyTO0m

KoH(}IUKT MHTepeCcoB: aBTOPbI 3asIB/IAI0T 06 OTCYTCTBUM KOH(IMKTA HTEPECOB.
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The effect of a single high dose of caffeine on the visual reaction time
of young elite soccer players at rest and during varying intensities
of physical activity

Timur M. Vakhidov'*, Elizaveta S. Kapralova®, Georgiy I. Malyakin', Egana D. Koroleva',
Daria S. Baranova®, Eduard N. Bezuglov'

"High Performance Sports Laboratory, Sechenov First Moscow State Medical University, Moscow, Russia

ZSklifosovskiy Institute of Clinical Medicine Sechenov First Moscow State Medical University, Moscow, Russia

ABSTRACT

Aim: To examine the effect of a single high dose of caffeine on visual reaction time (VRT) in young elite soccer players at rest and under different
intensity physical exercise conditions.

Materials and methods: In a double-blind, placebo-controlled randomized study with a balanced design, 54 soccer players from one of the leading
Russian soccer academies, aged 15 to 17 years (1 = 54, age — 15.9 + 0.8 years, height — 180 + 8.3 cm, weight — 69.5 + 8.8 kg, BMI — 21.4 + 1.4 kg/m?),
participated. After a standardized warm-up, all participants completed a battery of tests, including a 30-meter sprint, countermovement jump, change-
of-direction running, T-test, dribbling, and repeated sprint ability test.

Sixty minutes before VRT measurement, all participants received either 400 mg of caffeine, presented as caffeine or placebo, or placebo, presented
as placebo or caffeine. VRT was measured four times: before caffeine intake, 60 minutes after intake (before warm-up), after the warm-up, and after
completing the last test.

Results: No significant effect of caffeine on VRT was found after its administration in any of the groups (p > 0.05). When analyzing the changes in
VRT throughout the testing process, from measurements taken before the warm-up to those taken after its completion, no significant differences were
observed in any of the groups (p > 0.01).

Conclusion: A single oral intake of 400 mg of caffeine, and the belief that it was consumed, does not affect visual reaction time in young elite soccer
players either at rest or after maximal intensity physical exercise.
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1. Beenenue 3HAYMTENbHOE BIMAHME HA YCIIENTHOCTD B 3JIMTHOM CIIOP-

Kodeun siBimsiercss sproreHHoit cyOcTaHumeif, B OTHO- te [9, 10]. Haubonee BaxHOI AJIs1 CIIOPTCMEHOB PA3HBIX
IIeHNY TIPYMEHEHNsI KOTOPOro ObUIO MPOBEEHO OOJIblIoe BIJOB CIIOpTa ABJIAETCA MHGOPMAIVA, BOCIPUHIMAaeMasd
KO/IMYECTBO MCCIENOBAHNI, TIOATBEPXKAAOMINX 3P PEeKTUB- MOCPEJCTBOM 3PUTEIbHOTO aHANIN3aTOPa, B CBA3YU C YeM
HOCTb ¥ 6€30IIaCHOCTD €r0 MUCIIOIb30BAHNsI B PeKOMEHIye- B IIOC/IeHee BpeMsi HAOIIOffaeTCsi 3HAUYMTETbHBIN MHTe-
MBIX Jjo3ax [1]. B cBA3M ¢ neraybHBIM CTaTyCOM U JOKa3aH- pec K U3y4YeHMIO Pa3IMYHBIM acHeKTaM ero (QyHKLUO-
HOI1 3 (PEeKTUBHOCTBIO €T0 IPUMEHEHNE B HACTOSIIee BPeMsI HIUPOBAaHNUA B YCIOBMUAX TPEHUPOBOK M COPEBHOBAHMIA,
IproOpeIo MMPOKYI PAaCIpPOCTPAHEHHOCTb B Pas/IMYHbIX B TOM 4YMcC/lIe K cnopTuBHOMY Bufiemio [11]. K ocHos-
BIJjaX CIIOPTA, BKIIOYasi (yTOOI, NTErKylo aTIeTHKY, Belo- HBIM 3JIEMEHTaM CHOPTUBHOTO BMJIE€HUA MOXXHO OTHECTU
criopt u ¢exroBanue [2, 3]. Oprorenusie 3¢ pexTs Kode- LleHTpa/bHOe ¥ IlepudepudecKkoe 3peHue, CTepeoICHuc,
MHA, Ba)XHbIE I CIIOPTCMEHOB CaMOI0 PAasHOIO YPOBHA, a taxoke B3P [11-14]. Panee 6bU10 IPOXEMOHCTPUPOBAHO,
MPOABNAKTCA €ro JOKa3aHHBIM IIO3UTUBHBIM BIVAHMEM 410 B3P cOpTCMEHOB 3HAUMTENIbHO JIyYllle IO CPAaBHEHUIO
Ha [I€PEHOCHMOCTb Harpy3Ky, MbIIIEYHYIO CUTY, BEIHOC/IN- C YYaCTHMKAaMH, He MMEIOIYMI CIIOPTUBHOTO OIbITa [15,
BOCTb, METaOOIMYeCKIEe MPOLECCHI U TIEPLENTUBHO-KOTHI- 16]. Tlo mauubM Sillero u coaBT., BpeMsI 3pUTENBHOI pe-
TUBHbIE HABBIKM [4-9]. akuuy (B3P) y Moopbix anuTHBIX 6acKeTOOMNCTOB B BO3-

[TeprienTuBHbBIE HABBIKU, TO €CTb CHOCOOHOCTDH K MC- pacre 11-13 yeT conmocTaBuMa C TAKOBBIMU IIOKa3aTeTAMU
II0Ib30BAHMIO BOCIIPMHNMAeMOi1 (HallpuMep, BU3yaIbHOIA, IIs1 B3POC/BIX IpefcTaBuTeseil obueit nonymsinun [17].
CIIyXOBOI) U KOHTEKCTHOM (TeHAEHIMS K IepeIBIDKEeHIIO ITokasatenu B3P Taxke HeMOHCTPUPYIOT 3HAUMMble pas3-
U HeVICTBUSAM COIEpHMKa) MHopMaumm Aast GbICTPOro MYV TPV CPABHEHNH 3JIUTHBIX U CYOIMUTHBIX CIIOPTCMe-
OCYLIECTB/IEHMA ONTMMANbHOTO [EeNCTBUA, OKa3bIBAIOT HOB, HaIIpuUMep B aMepuKaHCKoM ¢yTbome n 6agMUHTOHE
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[18, 19]. IIpu aToM BK/IIOYEHVE B TPEHMPOBOUYHYIO IIPO-
rpaMMy yIOpaXHEHW, CIOCOOCTBYIOIINX Pa3BUTHUIO
U YIy4YlIeHWI0 IepLeNTUBHBIX HAaBHIKOB CIOPTCMEHA,
CIIOCOOHO IONOXUTEIPHO MOBIUATh HA IIOKasaTenu ¢u-
3MYECKMX KauyeCTB U CIOPTCHeUM(pUYHBIX HaBBIKOB [20].
Taxoke B psifie MCCIIEROBAHNUII OBIIO IIPOAEMOHCTPUPOBAHO,
YTO yXyAIIeH)e HelIpOKOTHUTUBHBIX ITOKa3aTenell (B TOM
unciie B3P) MoxxeT o6ycnmaBnmMBaTh MOTEpPI0 HENPOMBI-
LIEYHOTO KOHTPOJIA, YBeIUYeHNe KOIMYecTBa KOOPHU-
HAI[MOHHBIX OMMOOK U, KaK CIefCTBUE, HMOBBIATD PUCK
TpaBMaTU3Ma Cpefy CIOpTcMeHoB [21, 22]. IIpu aToM faH-
Hble 06 nsMeHeHun B3P Bo BpeMst ¢usndeckoit HarpysKu
PasHOil MHTEHCUBHOCTU IIPOTMBOPEYUBHL. Tak, B McClle-
moBauuu Pavelka m coaBT. 6bUIO IPOZEMOHCTPUPOBAHO
3HaunMoe CHikeH1e B3P y 60ii1[0B CMeIIaHHBIX eANHO-
6opcTB Ha (OHE OCTPOrO HEPBHO-MBILIEYHOIO YTOMIIE-
HIA, BBI3BAHHOTO TPUALIATMCEKYHIHBIM TecTOM BuHreiiTa
[23]. B To ke Bpemst B uccnegoanum Davranche u coaBr.
Ob110 OOHApyXKEHO 3HAYMMOEe YIy4YlIeHMe IIOKasaTeseit
B3P y cnopTcMeHOB pa3HBIX BUJOB CIIOPTA OCIE CyOMaK-
CMMaJIbHOII Harpy3Ky Ha Benoapromerpun (90 % oT BeH-
TUIAUMOHHOTO mopora) [24]. Ilpm atom Tsorbatzoudis
U COAaBT. He OOHAPYXXMIM 3HAYMMOTrO M3MeHeHUs: B3P
Y BBICOKOTPEHVMPOBAHHbBIX BEIOCUIEANCTOB U CTY[ECHTOB
KOJ/UIe[PKa IIOC/Ie BBHINOJMHEHMA IATUMUHYTHOTO TecTa
Ha BeJI0O9PTOMeTpe BHE 3aBUCYMOCTHU OT MOIIHOCTH U Tpe-
HMPOBOYHOTO CTAaTyCa yIaCTHMKOB [25].

OcHoBHBIMU MeTOflaMu u3ydeHus B3P ApnAoTCcA Heil-
POKOTHUTUBHBIe KOMIIBIOTEPHbIE TECTUPOBAHNUA, BO Bpe-
Ms1 TIPOBENEHNS] KOTOPbIX HEOOXOAMMO COBEPUINTD KUK
II0 KOMIIBIOTEPHON MBI (I>KOMCTUKY WU UHOMY Cpel-
CTBY Ilepefauy CUTHAIa) KaK MOXXHO ObICTpee mocCiie mo-
SIBUBILIETOCS Ha 9KpaHe curHaia [26]. Takxe BO3MOXXHO
UCIIOIb30BaHMe O0JIee IPOCTHIX METOAOB, HATIPUME] JIOB-
JIs MsT9Q VT JIMHEKY, OPOIIEHHBIX B BEPTUKAIbHOII II/I0-
CKOCTH, WIN CIIeL[a/JIbHBIX MHTEPAaKTVBHBIX YCTaHOBOK,
B OCHOBE KOTOPBIX HaXOAMTCA OBICTpOe KacaHMe OIlpe-
TeleHHON YacThl0 Te/la IPOMAapKUPOBAHHON 30HBI IIO-
cjle mosiBUBIIerocs curHana (Hampumep, Fitlight system)
[27, 28].

B macrosiijee Bpems cyliecTByeT mepUINT MCCIEOBa-
HIT, B KOTOPBIX OL[eHNBAJIOCh BIIMAHNE OHOKPATHOTO M-
MeHeHMsI KoderHa Ha BpeMsI 3pUTEIbHON PeaKI[UM /I THBIX
¢GyT60/MIICTOB pasINIHOro BO3pacTa. B cBsi3u ¢ aTum nsyde-
H1e BausiHys Ha B3P ymorpebnenns xodenna n addexra
OXUIAHUA OT ero IIPYMEHeHMA IpefCTaBlIAeT IpaKTIde-
CKUII MHTEPEC /A CHOPTUBHBIX Bpayeli, TPEHEPOB U CIOP-
TCMEHOB.

2. Matepuanpl 1 METOJbI

YuacTaukn

B panpmoMusupoBaHHOM IUIarie60-KOHTPOINPYEMOM
UCCTIEfOBAHNY C WCIOIb30BAHMEM [u3aitHa cOaTaHCHUpO-
BAaHHOrO IUIane6o HpuHsIM ydactue 60 IOHBIX 3IMTHBIX
¢byT60mICTOB Tpex KoMaHy cTapinx Bosdpactos (U15-U17)
Benyuieit ¢gyroonbHOM akagemun Poccun. 54 ¢yrbomucra
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((Mean + SD) Bospact — 15,93 + 0,8 roga, poct — 180 *
8,3 cM, Macca — 69,5 + 8,8 kr, IMT — 21,4 + 1,4 kr/m?, cTe-
IleHb COMaTU4YecKoro cospeBanus — 98,1 + 1,9%) 3asep-
NN MCCIefOBaHNe COITIACHO IPOTOKONY. Bce ydacTHMKM
yﬂOB}IeTBOpHHI/I KpUTEPpUAM BK/IIOYEHNA, I CpEAN HUX 6bUIO
48 moneBBIX UTPOKOB 1 6 BpaTapeil.

Kpurepun BKI0YeHNA U MICK/TIOYeHM

KpI/ITepI/IHMI/I BK/IIOYCHUA 61)1)1]/[ ydJacTue B peryIsIpHbIX
TPEHMPOBKaxX M0 GyTOOIY B TedeHIe He MeHee 6 JIeT, TOCTO-
SAHHO€ YJIEHCTBO B OPTraHM30BaHHbIX q)yT60}IbHI)IX KOMaH-
[1aX BPICOKOT'O YPOBHA I OIIBIT YIaCTUA B TECTAX, VICIIO/Ib3Y-
€MbIX B MICCIEOOBAaHUMN.

Kpurepnnu nckmodeHnst 651 CIeRyOMVMIA:

- Ha/lM4Me TpaBM M 3aboJeBaHMil, 006YCIaBIMBAIOLINX
mpomyck 6ojee TpeX TPEeHMPOBOUYHBIX 3AHITUII B TeUYeHUe
Tpex MeCALEB O MOMEHTA IIPOBENEHNA ICCTIEJOBAHNS;

- 0TKa3 OT y4acTusl B MCCIAETOBAHUM Ha II060M U3 €ro
3TaIloB;

- OLleHKa YPOBHsI TPeBOXHOCTK Bbiire 10 6ammoB (co-
I7IACHO ONPOCHUKY TeHepann30BaHHOIO TPEBOXXHOTO pac-
cTpoiictBa — 7);

- HO/IlyYeHMe TPaBMbl, He II03BOJIANOIIEN IOTHOLIEHHO
3aKOHYNTD Y4acCTHE B MICCIIENOBAHNI;

- a/J7IlepruyecKue peaklnu, CBsA3aHHbIe C MCIIOb30BAHM -
eM KodenHa Kak B aHaMHe3e, TaK U BO BpeMsI UCCTIeOBAHILS;

- yHOTpe6HeHI/Ie JIEKapCTBEHHBIX cy6CTaHLU/H71, TOTEeHIU-
QJIbHO BIMAIOIINX HA (PapMaKOKMHETUKY/IUHAMUKY KOen-
Ha, B Te4eHle 24 4acoB [0 Hayajia UCC/IeIOBaHNA;

- IpMeM UHBIX 9PrOTeHHBIX CcybcraHimit 3a 48 wacos
IO Havasia MCC/IeJOBaHM;

- KypeHne 1 IpUMEHEHNE IICMXOAKTUBHBIX BEIIECTB
B TeueHle 72 4acoB [0 Havajia MCCIelOBaHIS;

- HapylieHne NBETOBOCHPUATIA U MHbIE Bepmqmumpo-
BaHHbIC HAPYIIEHNA 3pEHNA.

Pacnipepnenenne y4aCTHIMKOB Ha IPYIIIbI

ITpu oMoty 6710KOBOI paHZOMHU3ALUY CO CTpaTUdu-
KaIyell 110 BO3pacTy ¥ MO3MIVM Ha Ioje (II0eBOI UIPOK
VIV BpaTapb) y4aCTHUKMU ObUIM pasfie/ieHbl Ha 4 IPYIIIbL:

- rpynmna 1 (n = 14) — caf/caf: roBopwnnn, 4T0 faeTcst Ko-
(benH — yJacTHUKM mOTydanu Kodens;

- rpynmna 2 (n = 12) — caf/pla: roBopunu, 94T0 faeTCs KO-
(benH — yJaCcTHUKM IOTyYany mwiarebo;

-rpynma 3 (n = 15) — pla/pla: roBopunu, 4ro maercs
mwiane6o — y4acCTHMUKY HOMy4Ya/In IIane6o;

- rpynmna 4 (n=13) — pla/caf: roBopmn, uTo faeTcs mwia-
11660 — YYaCTHUKY IOTy4anu KOQenH.

HecmoTpsa Ha TO, 4TO paH/IOMM3ALIOHHDBIN IUIAH HOJ-
pasymeBan pacmpegenerre 60 cy6beKTOB B 4 TpYIIBI
(o 15 B KaX[011), Ha 9Talle CKPUHIHTA BBIOBIIO 6 CYOBeK-
TOB. PaH}IOMI/IBaLH/IH IIpoOBOANIIACH BHyTpI/I CTpart, HOE)TOMy
MTOTOBOE KONMYECTBO CyO'bEKTOB B IPYIIIaX OKA3a/IoCh pas-
JINYHBIM, a 3aM€Ha 11y6}1epaMI/[ HE Hpe}lyCManI/IBaHaCb BBI-
Iy crenn¢uKy OrpaHNYEHHOI MOMYIALUY (BBICOKOTPEHN-
pOBaHHbIE CIIOPTCMEHBI — WIEHBI OZHOTO KIy6a).
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IKcnepuMeHTATbHBIN AU3aliH

Yenosus nposedenus mecmuposanus

3a HefeNmo [0 Hayajga MCCIENOBAHMA BCe YYaCTHU-
Ky OBUIM O3HAKOMJ/IEHBI C IIPaBM/IAMM BBILOJTHEHUS TeCTa
Ha B3P u nposenyu npo6Hoe TecTNpOBaHue.

B neHb mccnenoBaHMA KaXKAbIM YYaCTHUK ITONTyYas KO-
(enH, mpeacTaBIeHHbIT KaK KodeuH wim mianebo, mbo
mwrane6o, MpencTaBIeHHOe Kak Iurame6o mwim KogenH.
Co BceMM TecTamy, BXOIAIIUX B COCTaB IPOTOKOJIA BBICO-
KOMHTEHCUBHOI HAarPy3KM, MUCIBITyeMble ObUIM 3HAKOMBI
1 BBITIOJIHATIY MX He MeHee IBYX pa3 B TeUeHMe IeCTH Mecs-
1IeB [0 MCCIefOBAHNA.

Bce Tecto! BpmonmaAmich ¢ 11:00 1o 14:00 B 3aKpbITOM IIO-
MeteHuy (Temrreparypa 21-23 °C, BTaXHOCTb BO3[yxa — 45—
50%) Ha MICKYCCTBEHHOM (pyTOO/IBHOM TIOKPBITUY, IIPVBBITHOM
CIIOPTCMeHAM. YYaCTHMKY ObUIM OfeTHl B CBOIO IIPUBBIYHYIO
TPEHMPOBOYHYIO OfieXKAY (TPychl, PpyTOO/IKa 11 OYTCHI).

3a 48 4acoB 0 TECTUPOBAHNSA Y yIACTHUKOB He OBLIO UH-
TEHCUBHBIX TPEHUPOBOK (OBUIO {Ba [HsI OTABIXA WM OFUH
IeHb OTAbIXa V1 OOVH JeHb JIETKOJ TPEHMPOBKIM) U UX IPO-
CIWIM BO3[Iep>KaTbCs OT NPMMeHeHNA KOpenHCOomepKallyx
IIPOAYKTOB I JTIOOBIX 9PTOTEHHBIX CPeAcTB. BceM ydacTHU-
KaM OBIIO PEKOMEHIO0BAHO IIPUAEP>KUBATHCS CBOETO 0OBIY-
HOTO peXMMa NUTaHUA, KOTOPBI BK/I0YaA CTaHJapPTHBIN
3aBTpaK He MeHee 4eM 3a 3 yaca 10 Havyaja TeCTMPOBAHUA.
HMKTO 13 y4aCTHUKOB He YIIOTPeO/IAT B TeueHMe 48 4acoB
IO WCCNIeNOBaHNUA HUKOTHMH, ICHXOTPOIHbIE IIpernapaTbl
VWM VHBIE JIEKAPCTBA, CIIOCOOHBIE MOBNMMATH Ha (apMakKo-
KIHETVKY U (papMaKOAMHAMUKY KO(enHa.

ITo mpubbiTHM BCe YYACTHUKM 3AIOMHWIA OMPOCHUK
Ha BbIAIB/IEHJE T€HEPATM30BAHHOIO TPEBOXXHOTO PacCTpoii-
crBa (I'TP-7) u aHKeTy IpUBBIYHOrO MOTpebneHns koden-
Ha (caffeine consumption questionnaire-revised, CCQ-r).
ITepen 3amonHeHNeM OIPOCHUKOB BCEM YYacTHUKAM OBLI
MIpOBEfleH MHCTPYKTaX O IpaBWIaX 3allOJTHEHNA aHKeT,
a BO BpeM: 3aIlO/IHEeHMsI PANOM C YIaCTHUKOM HAXOOM/ICA
KOOPJAVHATOP, KOTOPBIl KOHTPOIMPOBAT KOPPEKTHOCTD 3a-
nonHeHuA. [Toce yero BceM yuyacTHMKAM BBIIIOTTHUIN M3Me-
PEHNA aHTPOIOMeTPUIECKIX ITapaMeTPOB (POCTa M MacChI).

Beinonnenne nepsoro Tecta Ha B3P (mo ymorpe6nenus
Ko(erHa) MPOUCXOANIO B MOPSIAKe OdYepeny IO IPyNIaMm
13 9eThIpeX Ye/IOBeK C MepuoanMyHoCThIo 20 MuHyT. Cpasy
II0C/Ie BBIIIOTTHEHMS IepBoro TecTa Ha B3P rpymma yvacr-
HIIKOB IIOJTy4aJIa IBe KaIICYJ/Ibl, CofiepKalye KodelH B jo3e
400 mr wn mrane6o. Croycrst 60 MUHYT mOCTIe yoTpebite-
HIA KaICy/I IPYIIIAa YIaCTHUKOB BBIIIONHs/IA BTOPOE TeCTH-
posanue Ha B3P u mpucTymnana K BbIIIOTHEHUIO Pa3MUHKML.
ITocne okOHYaHMA PasMMHKM TPYIIIA yYaCTHMKOB IIOBTOP-
HO BBINIONHAMA TecT Ha B3P u mepexopnia K BHIIIOTHEHNUIO
Garaper TeCTUPOBAHUs, Yepes ISITh MUHYT MOCIE OKOHYA-
HIA KOTOPOIT CHOBA BBINIOMHAM TecT Ha B3P.

MSMepeHI/Ie aHTponomeTquecxnx MAHHBIX U OILICHKA

CTEIeH! COMATIYeCKOr0 CO3peBaHNsA

Ina wmsMepeHMA POCTa YYaCTHUKOB JCIIONb30BAJICA
TIepeHOCHOI CTagnoMeTp Mopeny Seca-217 (pousBOACTBA
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koMnaHuyu Seca, IepmaHns), pacIONOXeHHBII Ha TBeEp-
moit 1mIockoil moBepxHOCTH. OIleHKa pOCTa y4YaCTHUKOB
IIPOM3BOAMIACL B CTPOTOM COOTBETCTBUM C IIPaBIIaMU
MexpyHapogHOro 00IjecTBa KMHAHAHTPOIOMETPUM CIle-
LIMaJIICTOM, IPOIIEAIINM CIIelianbHOe 00ydeHMe.

,HTIF{ M3MEPEHNA MAaCChI MICIIONIb30BA/IVICh HAIIO/IbHbIE BECHI
mopernu Seca-813 (mpomsBojcTBa KommaHuu Seca, [epmanus).
MBMCpeHI/Ie MacCcCpl Y4aCTHMKOB IPOM3BOAMIOCHh B IIOPTax
u pyTO0onKe 6€3 06yBU B OfHO I TO e BPEMsI CYTOK.

Poct 6uornornyeckmx popuTeeit i MOCIEAYOLIEro uc-
o/1b30BaHMA ero B popmyie Xamuca — Pomre 6511 onperne-
JIeH 3apaHee IyTeM TeleOHHOTO OIIPOCa VI IIPY JINYHOM
BCTpede.

IIpoToxon pasMuUHKMI

B kavecTBe pasMMHKM MCIIO/Ib30BaIach mporpamma FIFA
114, KOTOpast BBIIOIHAIACH Ha (GYTOOIBHOM II0JIE TIOJ KOH-
TpoJieM TpeHepa. [JInTeIbHOCTb pa3sMUHKI COCTaB/IAIa 12—
15 MunyT. JI14 MUHMMU3aLMM PUCKA COXPAaHEHNUA OCTPOTrO
MBIIIEYHOTO YTOMJIEHMA MEXJy OKOHYaHMEM Pa3MUHKU
Y Ha4ajIOM BBIITOJTHEHMA NPOTOKONA BBHICOKOMHTEHCUBHOM
HarpysKu IPOXOM/IO He MeHee 3 MUHYT.

barapes rectupoBanus

ITpOTOKO/ BBICOKOMHTEHCUBHOM (PUBMUIECKON HATPY3KU
cocTosi1 13 6aTapen TeCTOB PM3NIECKUX KA4eCTB U CIIOPTCITe-
[I(PMIHBIX HABBIKOB U BKIIOYAT CIIPUHT 30 METPOB, IIPBIKOK
C IIPOTUBOJBIDKEHNEM, Her o CMeHOIT HarpasieHus, T-TecT,
APUOIMHI, TECT Ha CIIOCOOHOCTD K IOBTOPHBIM CIIPHHTAM.

OTapIXx MeXAy MCIONb3yeMbIMM TeCTaMM COCTABIAN
180 cexyHp. JIMHEHDI CIPUHT ¥ CKOPOCTHON APUOIMHT
BBIIIOJTHANNCDH IBaXK/bI, OT/BIX MEX/Y MOAXONAMM COCTaB-
nan 120 cexyHp. BepTuKanbHBI IPBDKOK C IPOTUBOJBU-
JKeHVeM ObUI MHpeACTaBIeH TpeMs IOCTIeS0BATeIbHBIMI
mpeDKKamy. [Ipy IpOBeleHMN TeCTMPOBAHMS HA CIIOCO6-
HOCTb K IOBTOPHBIM YCKOPEHMAM YIaCTHUKM BBIIIOTHAIN
6 yckopeHmit 1o 40 MEeTpoOB ¢ MaKCUMAaJIbHBIM yCHveM (IBa
JIMHENHBIX O0Tpe3Ka 1o 20 MeTPOB, MEX/y KOTOPBIMU OCY-
miecTB/IAeTCA pa3BopoT Ha 180 rpagycos). ITocie okoHua-
HIA KOXIOTO U3 YCKOPEHUI YYaCTHUKM MEMIJIEHHBIM IIaroM
BO3BPAIJaICh K CTAPTOBON JIMHUM ¥ TOTOBUINCH K CIIENy-
I0ILEMY YCKOPEHMIO — BpeMs BOCCTAHOBJIEHUA COCTAB/IATIO
20 cexynp. VIMeHHO [laHHasA PasSHOBMJHOCTb 3TUX TECTOB
SIB/SIETCS. MAKCUMA/IbHO IPUOMIDKEHHON K IapaMerpam
COpPEBHOBATE/IbHON WUTPbI, BK/IIOYasA M3MEHEHME HallpaBjie-
HUA IBVDKEHUA, YPOBEHD JIAKTaTa, BpeMA BOCCTAaHOBJIEHNA
Y IMCTaHLIMIO CIIpuHTa [29].

YuacTHUKM ObUIM HPOMHCTPYKTMPOBAHBI O HeOOXO-
AMMOCTY BBIITOHEHMSI BCEX TECTOB Ha (PyTOONBPHOM MOJIe
C MaKCMMAa/bHBIM YCUIVIEM, ¥ BO BpeMs 3TUX TECTOB Bep-
6a/IBHOTO COIIPOBOXK/IEHNISI CO CTOPOHBI KOOPAMHATOPOB VC-
C/IEJOBAaHNA Y TPEHEPOB He OCYLeCTBIAIOCE.

Onpenenelme CTE€NIEHN COMATNYIECKOTI'0 CO3pEBAHMA
,H}Iﬂ OIIpeneneHns CTEIEHN COMATUYIECKOIO CO3peBa-
HIs VICIIONIb30BAJICA NMPOLIEHT OT IIPOrHO3MPYEMOro pocCTa



CriopTviBHaS

MeaAnlnHa:
| uayxa unpaxmuxa | [[]]

B3pOCTIOro 4esoBeka 1o ¢opmyne Xamuca — Poure, koTo-
PBIil YaCTO MCIIONB3YeTCs B IIPAKTUKE PabOTHI BEFYLIUX
CIIOPTVBHBIX opraHusanui [30].

OneHKa ypOBH:A TPEBOKHOCTI

JIna OIeHKM YpOBHA TPEBOXHOCTM MCIIONB30BAJICA
onpocHUK «['TP-7», Banmuau3npoBaHHbIil /1 PUMEHEHUA
Ha Teppuropuu Poccun [31].

OneHKa IPUBBIYHOTO NOTPebIeHNsA KodenHa

JIJis1 OLleHKM NPUBBIYHOTO yrmoTpebmeHust KodenHa uc-
nonb3oBanach ankera CCQ-R [32], panee mcronb3yemas
B JICC/IENOBAHMN C YYacTMeM CTY/IeHTOB, BeIyIINX aKTVB-
HbliT 06pas xusHu [33]. OnpocHuK 6bUT IepeBefeH Ha pyc-
CKMII S3BIK MPOQECCHOHATBHBIM IEPEBOSUMKOM U afjalTH-
POBaH I MCIIONb30OBAaHMA YYAaCTHUKAMU MCCIIEOBAHUA,
IIOCTOSHHO IpOXKMBaoIMy B Poccym.

3MepeHMe BpeMeHM 3pUTETbHON peaKIyu

Jna OLeHKM BpEeMEHM 3PUTEIbHONM PeaKUuyu MCIONb-
30Banca Reaction time test (ZOCTYIHBIM Ha OHJIANH IIIAT-
¢dopme  https://humanbenchmark.com/tests/reactiontime).
Bo BpeMs mpoBefeHMs TecTa YYaCTHUK HO/DKEH ObLT Mak-
CUMANbHO OBICTPO HaXaTb (KIMKHYTb) KOMIIBIOTEPHYIO
MBIIIb IIOCTIe VM3MEHEHMA ILiBeTa Ha [AVCIUIee MOHUTOPA.
JaHHBIIT CIOCOO OLIEHKVM BPEMEHM 3PUTENbHON peaKiuu
paHHee UCIO/Nb30BAJICA B MCCIENOBAHNAX C ydacTueM QyT-
6omuctos [34]. TecTupoBaHme IPOU3BOJUIOCH Ha HOYTOYKe
¢ 14-p10/iMOBBIM 3KpaHOM M paspemenueM 1920 x 1080p
«Swift SF314-57» (xkomnanuu Acer, TaiiBaHb).

B meHp mcceoBaHus BCeM YYACTHUKAM ObLT IIOBTOPHO
IIpOBefieH MHCTPYKTaXK M JjaHA BO3MOXXHOCTb OCYILeCTBUTD
TPU IMpPOOHBIX IIOMBITKU IIEpef, IIEPBbIM TECTUPOBAHMEM.
Y4acTHMK 3aHMMAaJI IOJIOKEHME CUJS 32 CTOJIOM IIepeli pac-
KPBITBIM HOYTOYKOM, Ha KOTOPOM OBUIO 3aIIyIIeHO HAaYasIb-
HOe OKHO TeCTHPOBaHN, paboyast pyKa yJacTHUKA HAXOfU-
7ach Ha KOMIIbIOTEPHOI MBIILN, 2 YKa3aTe/IbHbII IIajiel] 3TN
PYKM JIe>KaJl Ha KHOIIKe MbIIN. [To TOTOBHOCTY YYaCTHUK CO-
BepllasI HaKaTye MaJIblleM Ha KHOIIKY MBIIIY, TeM CaMbIM 3a-
ITycKaJl TecTupoBaHue. IToc/e Hava/la TeCTMPOBaHUA Ha MO-
HUTOpE TIOABJANCA KPACHBIA IPAMOYTONBHUK, KOTOPBIN
Yyepe3 Heollpefe/leHHOe BpeM:A MEHAJICA Ha 3e/IeHBIIl, IMEHHO
IIOCTIe 3TOTO KaK MOXKHO CKOpee HeoOXORMMO ObUIO COBep-
IIUTHh IIOBTOPHOE HaXKaTMe Ha KHOIKY MBIIIY, IIOCIe Yero
Ha 5KpaHe NOABILA/ICA Pe3y/IbTaT JaHHOU MOIBITKI, U3MepsA-
eMas B MIUIMCeKYHTaX. B TeueHne Bcero BpeMeHM TeCTUPO-
BaHIMS YYACTHUK He YOUpaa PyKy C KOMIIbIOTEPHO! MBI,
a Iajien] 9TOM PyKM HaXOAWICA Ha KHOIIKM MbIIN. Bo Bpemsa
BBIIIO/IHEHVI HOIBITOK, KOTOpbIe LI B 3adeT, 32 CTOJIOM
C YYaCTHUKOM CHJIe/I KOOPAMHATOP, KOTOPBII CIeOVI 3a IIpa-
BIJIOM BBIIIOJIHEHMA TeCTUPOBAHNA U 3aIlUCBIBAJl Pe3y/IbTa-
TBHL. Bpems, depe3 KOTOpoe MeHS/ICA L[BeT NPSAMOYTOIbHU-
Ka, He OBUIO CTaHZAPTU3MPOBAHO, IIOITOMY OBITH TOTOBBIM
K JAHHOMY M3MEHeHMI0 ObII0 HeBO3MOXKHO. ITokasarens B3P
paccumMThIBajICA KaK CpefjHee BpeMs YeThIpeX IOIbITOK.

Bpems 3puTenpHOI peakiiuy n3Mepsach Mo IpuObITUM
ygactaukos (B3P ), cirycTs 60 MUHYT moCTe ynoTpebnenus
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KodenHa (mepeq BHIMOTHEHNEM PA3MUHKI) (B3P,), mocne
BbinonHenus pasmubku (B3P,) u cmycta 5 MuHyT mocre
OKOHYaHMs nocneanero tecta (B3P,).

BmemarenbcTBO

Vcnonb3oBanuch KaICyasl OeI0ro IjBeTa IPOfOIroBa-
TOM (OPMBI, KaXKIasd U3 KOTOPBIX cofiepskana win 200 Mr
ko(enHa mu miane6o (Kpaxmai), IpefoCTaBIeHHble dap-
ManeBTideckuM npepnpuarueM 3A0 «Ipamap». Kamcymbl
BBIIJIAZIENN UAEHTUYHO ¥ He OT/IMYA/INCDh L[BETOM, (HOpMOIi
wim BKycoM. KadecTBeHHBINI M KOMMYECTBEHHBINI COCTaB
KaIlCyZ ObUI IIPOBEpEH METOHZOM BBICOKOI(HEKTUBHOI
XUJIKOCTHOI XpoMaTorpaduim ¢ yabTpaduoneToBoll JeTek-
rueit (HPLC-UV) B He3aBUCUMOIT Ta60OpATOPUIL.

Ileper  mpepocTaBleHMeM  KaIlCya  Y4acCTHUKaM,
OHU COITIACHO IUIAaHY OCHEIUIEHWsI ObIIM IepechIIaHbl
U3 GAHOK IPOM3BOLUTENSI B UeTBIPE OMHAKOBbIE OAHKI,
U3 KOTOPBIX ABe ObUIM IIPOHYMEpOBAaHBI M IOAIVICAHBI,
KaK «KOo(enH», 1 jBe KaK «I1ae6bo» B COOTBETCTBUMU C TEM,
YTO TOBOPM/IOCH TPYIIIIE B MOMEHT [jaul, YTO ObIIO He06x0-
AUMO [yIsi YIPOLIEHUS MPOLEAYPsl 0OOMaHA UCIBITYEMBIX.
/3 faHHBIX 6aHOK KOOPANHATOP, He 3Hast O TOM, YTO BbIJAET,
OPMEHTHPYSCh TOJIBKO Ha HOMep GAHKU, BBIJABa/I KATICYIIBL
B COOTBETCTBUM CO CIVMCKOM PaH[OMHU3AIUM, B KOTOPOM
ObUIN yKasaHbl MAEHTU(UKALMOHHBIE JAHHbIE YIaCTHUKI
1 HoMep GaHKM, U3 KOTOPOII OH IoTy4aeT. MOMEHT BbIa4n
KaIICy/I COIPOBOX/AAICA (pasaMu OT KOOpAMHATOpPA: «BbI
Homy4aere KoerH» wm «Bbl monmyyaere mane6o» B cooT-
BETCTBUU C TeM, ITO OBUIO HAIMCAHO Ha OaHKe, U3 KOTOPOIl
OH BbIfIaJI MICCTIEyeMblii ITpemnapat. IIpuHIMaeMble KaICy/ibl
3anmBaanch 150 MJT YMCTOV BOJBI.

KaxoMy y4acTHVKY ObIT BBIFAHO 110 2 KAIICY/IBl — BCe-
ro 400 mr, 9yTO cocTaBmio 5,77 + 0,79 (min-max: 4,24-8,64)
MI/KT MacChl Te/la YYaCTHMKOB. SHAUMMBIX MEXIPYIIIOBBIX
pasmMumii B OTHOLIEHNN JaHHOTO [IOKa3aTe/is 0OHAPY>KeHO
He ObLIIO.

CrarucTidecKkuii aHanus

CraTucTudecknit aHaau3 IMPOBOAWICA B IporpaMme
Jamovi 2.2.5, a Takxe mpu nomoiu makera Microsoft Excel.
Jn oLleHKM HOPMAa/lbHOCTH pacIpefiefieHns IepeMeHHbIX
ucnonb3opanca Kpurepuii Hlanupo — Yunka. Bce sHaueHus
MMe/IV HOpMa/IbHOE paclpefieieHne 1 ObUIN OMUCAHBI C I10-
MOIIBIO CPEIHETO 3HAYEHNA M CTAHIAPTHOTO OTK/IOHEHM L.

Il aHanM3a pacmpefeneHnsa UTPOKOB IO BO3PACTY, 11O-
3MIUY HA II0JIe, CTeIIeHN OJO0JIOTMYeCKOro CO3peBaHms, I10-
TpebeHnst KoenHa, BIPRXKEHHOCTY TPEBOXKHOCTH B 4€ThI-
Ppex n3y4aeMbIX IpyIIIaX IpUMEHAICA YaCTOTHBIN aHa/IN3.

11 cpaBHeHMs IIOKasaTesnell 0 M IIOC/Ie IpueMa Ko-
¢denna/mnane60 MeXAy YeTHIPbMs TPYIIAMM IPUMEHSII-
ca aHamus ANOVA B crrydae HOpManbHO pacIipefie/leHHbIX
nepeMeHHbIX 1 Kputepuit Kpyckana — Yomnneca — mpu pac-
nIpefeneHnm, OTIMIHOM OT HOPMaIbHOTI'O.

JIna cpaBHeHMA IOKasaTesieil BHYTPM KaXXIOM T'PYIIIIbI
IO U HOC/Ie IpyeMa KodenHa/iane60 MCIoNb30BaIca Of-
HOBbIOOpOuHbliT T-KpuTepuit CTpiofeHTa.
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Tabnuma 1
AuTponomerpuyeckme nanuble u B3P, yuacTHukos uccnenopanus (Mean + SD)
Table 1
Anthropometric data and VRT, of study participants (Mean + SD)
Ioxasarens Bce y‘la.C'I:HI/IKI/I Ipynna 1 Ipynna 2 Ipynna 3 Ipynna 4
Parameter All participants Group 1 Group 2 Group 3 Group 4 P
(n=54) (n=14) (n=12) (n=15) (n=13)
Bospacr (ret), Age (years) 1593+0,8 15,9+ 0,829 15,9+ 0,793 15,9 £ 0,834 16,0 £ 0,816 0,981
V)
Creneiy cospeparna (%), 98+ 1,9 98,2 +2,0 97 2,5 98,5+ 1,5 98,1+ 1,6 0,818
Maturation degree (%)
Pocr (cm), Height (cm) 180 + 8,3 181 £ 6,7 181 + 13,6 179 + 5,5 179 + 6,5 0,846
Macca (kr), Weight(kg) 69,5 + 8,8 70,2 £ 7,4 71,5 £ 14,0 68,7 £ 6,7 66,7 £ 6,6 0,554
VIMT (xr/m?), BMI (kg/m?) 19,2+ 1,7 21,5+ 1,4 21,6 £ 1,6 21,4+ 14 20,8+ 1,2 0,450
B3P, (mc), VRT, (ms) 248,7 + 20,7 251 £21,0 253 £26,3 243 +£17,8 249 + 18,8 0,620

[IpumeuaHue: B Tabmuiie mpefcTaBIeHbl pe3yIbTaTbl MEXIPYIIIIOBOrO CPAaBHEHNS € UCHOIb3oBaHMeM aHami3a ANOVA. Pesynbrarsl cunra-

JUCh 3HaYMMbIMU IIpu p < 0,05.

Note: The table shows the results of the intergroup comparison using ANOVA analysis. Results were considered significant at (p < 0,05).

COOTBCTCTBI/IC lIPI/lHI.H/lIlaM I3TUKU

JlaHHOe MCCIefoBaHNe IPOBOAUIOCH B COOTBETCTBUM
¢ XeNbCUMHKCKOI JeKaapanyeil BceMupHO MeAMIIHCKON
accomauuy 00 3TUYECKUX NpUHIMIIAX MPOBENeHN 610-
MeIMLVIHCKUX UcclefoBanmii. JViccnemosanue mposefie-
HO B COOTBETCTBMU C paspemieHueM JIOKajabHOTO 3THYe-
ckoro komureTa CedeHOBCKOro yHmBepcurera (Ne 05-2,
or 10.03.2021 r.). Bce y4acTHUKM, BKITIOYEHHBIE B MICCTIENO-
BaHIeE, I UX Hpe]ICTaBI/ITeIII/I oany NMMCbMEHHO€E I/IH(I)OPMI/I-
pOBaHHOE COr/IacKe Ha yJacTue B paboTe.

3. PesynbTarsl

Y4acTHUKY BCex YeThIpeX TPYIII He MMeN CTaTUCTIde-
CKM 3HAYVMMBIX pasInduii 0 BO3PacTy, Macce Tela, POCTY,
VIMT u cremeHM cOMAaTM4ecKoro cospeBanms (tabm. 1),
a TakKXe IO YPOBHIO IIPMBBIYHOTO MOTpebIeHNs KodenHa
(p = 0,108) u yposuio TpepoxkHOCTH (p = 0,875). [Ipn atom
noTtpebeHe KopenHa 1 ypoBeHb TPEBOXXHOCTH CPEY BCEX
y4yacTHUKOB cocTaBwim (Mediana; IQR; min—max) — 53,5;
42,5; 0-339 Mr B cyTKku u 1; 2; 0-8 6a/ioB (COOTBETCTBEH-
HO). CpenHue sHaueHUuss B3P yuacTHUKOB 1o mpuObITHN

(B3P,) Takxe He MMeNM CTATUCTUYECKM 3HAYMMBIX Pa3/iu-
ymit MexXAy rpynmamu (p = 0,620).

Brnusane ogHoKpaTHOrO npumMeHenns 400 mr

KodenHa Ha BpeM: 3pUTETbHOIN peaKknum

IIpn ananmse mokasaresiell BpeMeHM 3PUTEIbHON pe-
aKLUy JI0 U IIOC/Ie TIpUMeHeHus KodenHa (BSP1 — B3P2)
HJ B OJJHOJ 3 TPYIII He 6bII0 0OHAPY>KeHO CTaTUCTUYECKN
3HAYMMBbIX M3MeHeHumi1 (Tabm. 2).

ITpn aHanmu3se M3MeHEHUI BPEMEHN 3PUTENIbHON PeaKIn
B Te4YeHNe BCETo Ipoliecca TeCTUPOBAHNA, HAYMHAS C M3Mepe-
Hus niepent, pasmunkoit (B3P,) u 3akan4mBas nsMepeHiueM I1o-
cnie ero oxkonyanus (B3P,), ¢ ucnonbsosaHmem 3HaunMoit pas-
HMIIBI HY B OfHOU 13 TPYIII O6HApy»KeHo He 6bU10 (Tabr. 3-6).

4. O6¢cyxneHne

B pesynbraTe mpoOBeIeHHOrO MCCIEROBAHMs OBUIO MPO-
IeMOHCTPUPOBAHO, YTO OFHOKpATHOe yIoTpebnenne Koge-
VHa B fo3upoBKe 400 MI He BIMAET HA 3HAYEeHUA IOKa3a-
ters1 B3P Hu B mokoe, Hu Ha (oHe PU3MUECKON HATPY3KM
pasHolt MHTEHCUBHOCTH. He06X0MMMO OTMETUTD, UTO CPEIU

Tabnuma 2
3smenenne B3P nocre ogHokparHoro npumenenus 400 mr kodenna (Mean + SD)
Table 2
Change in VRT after a single 400 mg caffeine ingestion (Mean + SD)
Hokasarenn Ipynma 1 Ipynma 2 Ipynma 3 Ipynma 4
Parameter Group 1 Group 2 Group 3 Group 4
(n=14) (n=12) (n=15) (n=13)
B3P, (mc), VRT, (ms) 251 21,0 253 + 26,3 243 £17,8 249 + 18,8
B3P, (mc), VRT, (ms) 242 + 19,4 240 + 15,6 244 £17,3 242 + 14,7
p 0,280 0,181 0,829 0,271

ITpumeyanue: PesynbTaThl cumTanmch 3HaYMMbIMY 1Ipy p < 0,05.

Note: Results were considered significant at (p < 0.05).
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CnopTvBHas C
MeanuvHa: =
| __nayxaunpaxmuxa | [/] 0]
P
) T
YYaCTHMKOB TpYIIIbI, KOTOpble YyHOTpeOmsiin miarebo, B KaueCTBe 9ProreHHOI CyOCTaHI[UM [epef] TPEeHNPOBKaMM
IIpeficTaBlIeHHOe KaK KOQenH, TakxKe He ObII0 0OHAPY>KEHO U UTPaMM, @ 3TOT (PaKTOpP MOXeT UIPaTb KIIOUEeBYIO POJIb u
CTATUCTUYECKN 3HaYMMBIX u3MeHeHui1 B3P. ITpu sToM Baxk- B pasButun sddekra wrane6o [35, 36]. Takke crout or- [N
HO TIOHMMATB, YTO ITOfABJIsII0IIee OOTIBIINHCTBO YIACTHIKOB MEeTUTD, YTO BCE YIACTHUKM UCCTENOBAHNSA MMENU HUKUI [MyS|
He MMeIU MO3UTMBHOTO OIBITA MCITONb30BaHMS KOQenHa YPOBEHb TPEBOXHOCTH, a CHOPMUPOBAHHBIE TPYIIIBI OBLIN o
E
Tabnuua 3
Nsmenenne B3P B nponecce rectupoBanus B rpyniue 1 II
Table 3 WW¥1
Change of VRT during testing in group 1 T
Tpymna 1/ Group 1 B3P, VRT B3P, VRT B3P, VRT &
(n = 14) 2 2 3 3 4 4 H
B3P, VRT, - 0,62 0,32 "
B3P., VRT - 0,75
B3P, VRT, - E
Tabnuua 4
Nsmenenne B3P B mponecce TecTupoBaHus B rpymnime 2
Table 4
Change of VRT during testing in group 2
Ipynma 2 / Group 2
(n—12) B3P, VRT, B3P, VRT, B3P, VRT,
B3P, VRT, - 0,37 0,95
B3P, VRT, - 0,34
B3P, VRT, ]
Tabnuma 5
N3menenue B3P B mponecce TecTupoBaHus B rpymnime 3
Table 5
Change of VRT during testing in group 3
Ipynna 3 / Group 3
n = 15) B3P, VRT, B3P, VRT, B3P,, VRT,
B3P, VRT, - 0,11 0,18
B3P, VRT, - 0,89
B3P, VRT, -
Tabnuua 6
3menenue B3P B nponecce recTupoBaHus B rpynine 4
Table 6
Change of VRT during testing in group 4
Ipynmna 4/ Group 4
(n=13) B3P, VRT, B3P, VRT, B3P,, VRT,
B3P, VRT, - 0,87 0,39
B3P, VRT - 0,55
B3P, VRT, -
ITpumeyanue: B Tabnuiie ykasaHsl pe3ynbraThl OfHOBbIOOpOoYHOTO T-KpuTepus CTblofeHTa. Pesy/braTsl c4mMTanmuch 3Ha4MMbIMY TIpH p < 0,01
BBUJY IIpUMeHeHus mompasku bordepponn.
Note: The table shows the results of the one-sample Student’s ¢-test. Results were considered significant at p < 0.01 due to the application of the
Bonferroni correction.
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COIIOCTaBYMBI II0 JaHHOMY IIOKa3aTelllo, TaK KaK YpPOBEeHb
TPEBOXXHOCTM MOXKeT OKa3bIBaTh 3HAUMMOe BIuAHMe Ha B3P
y 1oHBIX pyT6OomIcTOB [37].

Y4uTbIBas, 4YTO JaHHOE MCCIEIOBaHNE, BEpPOATHee BCETO,
SIBJISIETCSL TIEPBBIM C y4ACTHEM IOHBIX 9/INTHBIX (yTOOMUCTOB,
CPaBHUTb €r0 pe3ylbTaTbl C APYTMMU He IIpefCTaB/AeTCA
BO3MOXHBIM. OJHAKO CYIIECTBYIOT MCCIEOBaHUA, B KO-
TOPBIX OLICHMBAJIOCh BIUAHME KOQEeMHCOLEepXKAINX KOM-
IeKcoB Ha B3P y BOeHHOCTyXKalluX, 97IMTHBIX GOKCEPOB
U Kpoccdurepos nobutensckoro yposus [8, 38, 39]. B uc-
crepoBanuy Lieberman u coaBT. ¢ y9acTueM MOJIOABIX COMAT
OBUIO IIPOIEMOHCTPUPOBAHO, YTO OFHOKPATHOE PMMEHEHNe
200 1 300 mMr koenHa 3a Yac K0 HaYa/Ia TECTUPOBAHMS 3HAUN-
MO yIy4IIIaeT BpeMs 3pUTeIbHOM peakuuy Ha Beioop. [Tpudem
HaHHbI 9¢eKT HAOMIOAICA U Yepe3 BOCeMb YacoB HOCIIe
ynotpebnenns [8]. Ho Heo6X0AyMO OTMETUTh, YTO B 3TOM
nccnenoBanun 3¢ ekt KodernHa oLeHNBanCcs Ha poHe 72-9a-
COBOJT JeTIpPMBAlMI CHA, YTO ABJIAETCA IPAKTNIECKN HEBO3-
MO>XHBIM B criopTe [8]. IIpu sToMm B mccnenoBanuy Ozan u co-
aBT. O[HOKPATHOE IIpVIMeHeH e Ko(erHa B TO3UPOBKe 6 MI/KT
3a 60 MUHYT 10 HaYajIa Pa3MUHKIY C IOCTIERYIOLIUM aHadpO6-
HbIM TeCTOM BuHreiiTa, TecToM Ha 6a/IaHC 1 TOBKOCTb He OKa-
3aJI0 3HAYMMOTO BIMAHNA Ha B3P y anuTHBIX MOTOAbIX GOK-
CepoB MOC/Ie OKOHYaHUs PU3N4IecKoro tecTrpoBanus [38].
OnHako IpU COBMECTHOM YIOTpebIeHnn KodenHa ¢ Tpemst
rpaMMaMM TaypyHA HAOMIOfANIOCh CTATUCTUYECKM 3HAUM-
Moe ynyuuenre B3P [38]. B To >xe BpeMa B MccefoBaHNN
Gléwka u coasr. ¢ yuactuem kpocchurepos B Bospacte 35,4
+ 6,5 roga OFHOKpATHOe IpUMeHeHe KoderHa B JO3UPOB-
Ke 6 MI/KT 3a 65 MUHYT [J0 Ha4ya/la TeCTYPOBaHUA 3HAUMMO
ynyuwnno B3P [39]. TIpudem panHblit addexT Habmonancs
TOJIBKO IIepeli Haya/IoM TeCTUPOBAHUA — IIOC/IE er0 OKOH-
JaHus BsiHMe KodenHa Ha B3P o6HapyxeHo He 6b10, TaK
e Kak 1 He ObIIO 0OHApY>KeHO 3HAYMMBIX M3MeHeHmit B3P
Ipy yroTpetneHnu KogenHa B f03MpoBKax 3 1 9 mr/xr [39].

Kodenn oxaspiBaer BmsAHMe Ha B3P npenmyliiecTBeHHO
3a CYeT B/IMAHMA Ha aKTMBHOCTb KOTHUTVMBHBIX IIPOIIECCOB
[40], a ¢pusudIecKkme HArpy3KM CIOCOOHBI BBI3BATb COCTOSI-
Hye rurokceMun [41], 4TO MOXKeT HETaTMBHO OTPasUTh-
Cs Ha KOTHUTUMBHBIX (yHKIUAX, B TOM uncie Ha B3P [42].
IIpu aToM mOCTOsIHHBIE (PUSMYECKMEe HATPY3KU CIIOCOOHBI
MIOBBICUTD AJIAIITAlIVII0 TOJIOBHOTO MO3Ta K TMIIOKCHYECKIM
crumynam [43, 44]. Hanpumep, y anutHbix QyT60nMCcTOB
HaO/MIOa/Iach MOBBILIEHHAs JOCTYIHOCTb OKCMAA a30Ta
BO BpeMst (pM3UIECKUX HATPY30K BBICOKOI MHTEHCUBHOCTH,
KOTOpas IIOJIOKUTEIbHO KOPpPeIMpOBaIa ¢ MaKCUMaIbHbIM
moTpebeHreM KMUCTIOPOGa M CIOCOOCTBOBAMA AfAITALIN
OpraHm3Ma K BO3HUKAIOLIEMY OKJCIUTETIBHOMY CTPeccy
[45]. BO3MOXXHO, OTCYTCTBME CKOJIb-TUO0 3HAUMMOIO BIIN-
stHus KogenHa Ha B3P, o6Hapy>keHHO€e B IPOBEEHHOM JIC-
CIefoBaHNM, OOYC/IOB/IEHO [JINTENbHBIM TPEHUPOBOYHBIM
CTa)keM yYaCTHMKOB U BBICOKMM YPOBHEM ajalITallii, O 4eM
CBUJIETE/IbCTBYET OTCYTCTBME 3HAYMMOTO CHIDKeHUs B3P
U B IPYIIIIAX, He HOMyYaBUINX KODenH.

Eme ogHMM Ba)KHBIM pe3y/IbTaTOM VICCTIeOBAHN ABJLA-
€TCst OTCYTCTBUE KaKOro-1ubo 3Ha4nMoro BausiHus Ha B3P
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HAarpy3Ku pasHOll MHTEHCUBHOCTH: HU IIOC/IC Pa3MUHKW,
HJ II0CIe OKOHYAHUA BCeX BUJOB TeCTMPOBAHMA JaHHDIN
napaMeTp He usMeHwiIcA. OHAKO B paHee IIPOBeJeHHbIX JC-
C/IeOBAHNSIX OBUIM ITOTyIeHbl KaK COMIACYIOLMECs C IOTY-
YeHHBIMIU pe3y/IbTaTaMU JaHHble, TaK U IPOTHBOpeYalIne
uM (24, 25]. ITpu 3TOM CTOUT OTMETUTD, YTO B IIPOBEJIEHHBIX
paHee MCCIefOBaHMAX IPYHMUMAINM Y4acTHe CHOPTCMEHBI
VHAVBYMIYaIbHBIX BUJIOB CIIOPTA C OTPAaHMYEHHBIM KOJII4e-
CTBOM aT/IETOB BBICOKOI'O YPOBHA IIOATOTOBKI.

[IpoBeneHHOE MCCIIENOBAaHNE MIMeeT HEKOTOPbIe OTPaHM-
4yeHMA. Bo-niepBhIX, MCIIONb3YEMBIN TECT IJIA ONpeNie/IeHNs
B3P 6bL1 OTHOCUTEIBHO HOBBIM HCIIBITAaHVMEM MJIsi YIacT-
HJKOB MCC/IeOBaHMA U, HECMOTPS Ha TO YTO 3a HeMle/Iio
IO MCIBITAaHMA BCe YYACTHMKM IPOLUIM O3HAKOMUTEIbHOE
TeCTMPOBaHIe, Heb3s IHOMTHOCTBIO VCKIIOUUTH BIIVISAHUE
craryca 06ydeHs Ha MOy YeHHble Pe3y/IbTaThl. Bo-BTOPBIX,
UCIO/Ib30BaHMe I aHaAM3a CPEJHETO0 3HAYEHNS YeThbl-
PeX IOIBITOK TaKXe MOXKET HeCTV HeKOTOpbIe CTIOKHOCTU
IIpM MHTEPIIpETAlMM KOMIIbIOTEPHOTO TecTa Ha B3P; Tak,
MCIO/Ib30BaHUe OOJIbIIEro KOMMYeCTBA MOMBITOK U IpYMe-
HeHMe Pas/IMIHBIX CTATHCTMYIECKUX METONOB mMeeT 6Goree
HaJe)XHble pe3ynbraThl [46]. B-TpeTbux, B mccnenoBaHMu
He ObUIM y4ITeHBI ApyIVie GaKTOPbI, KOTOPbIE MOI/IU OKa3aTh
pmusAHNe Ha B3P, Hampumep KomMuecTBO BpeMeHM, IpO-
BOJVMOIO YYacTHMKAMM JICCIEOBAaHMA 3a BUJICOMIPaMIUL.
ITpu sTOM, HECMOTPS Ha HOKa3aTeNbCTBA IOTIOXKUTEIBHOTO
BJIVAHUA BUICOUTP Ha IIePLeNITUBHO-KOTHUTYBHbIE HABBIKI
[47], Klasnja u coaBT. He 06HAPY>XI/IM 3HAYMMBbIX Pa3ININil
B B3P Mexpy mopgpocTKaMi, 3aHMMAIOLIVIMMCA CIIOPTOM,
Y TIOPOCTKaMM, KOTOPbIe 3aHMMAIOTCA CHOPTOM U UTPAIOT
B Bupieourpsl [48]. K ToMy e ycnonp3oBaHue IpegBapy-
TEIbHOTO OIIPOCa O BUICOUTPOBOM OIIbITE YIaCTHMKOB MO-
JKeT MOB/IMATD Ha Pe3y/IbTaThl TecTupoBanys B3P [49].

[Tony4eHHBle  pe3ynbTaTbl MO/DKHBL  YYUTHIBATHCA
IPaKTUKYOMMUMY CIELMaTNCTaMI TIPY BBIOOpE CPENCTB
I YAy4lIeHWA IIepLeNTHBHO-KOTHUTYBHBIX HAaBBIKOB
IOHBIX CHOPTCMEHOB, TaK KaK M3JIMIIHee ¥ HeollpaBaHHOe
MCIO/Ib30BaHNUe Pas/INIHbIX OOABOK B IOHOM BO3PACTe MO-
JKeT OKa3aTh HeraTMBHOe BIMAHME Ha OpraHusM. bypymue
MCCIeTOBAaHNsI O/DKHBL ObITh HAIIPaB/IeHHBI HA U3YYeHUE
BIMSAHMS KO(erHa Ha BpeMsi peakiyu BbI6Opa, YTO Hpex-
cTaB/sieTcss 60/Iee SKOJIOTMYHBIM Ji/Isl UTPOBBIX BUJOB CIIOP-
Ta, @ TaKKe M3ydYeHUe BIMAHUA KoerHa ¥ OXUJAHNA
OT €ro yrnoTpebrIeHus y anLy, MMeOLINX TIO3UTUBHBII OIIBIT
[IPUMEHEeHNs JAHHOI CYOCTaHL[UM B Ka4eCTBe 9PrOreHHOTo
cpenctBa. IIpencTapisgeTca MHTEPECHBIM M3YyYeHUe BIIMA-
HIA KoderHa Ha B3P Ha ¢oHe BbIpaKEHHOTO yTOMJICHNUA
LIEHTPAJIbHOTO TeHe3a, YTO, KaK IeMOHCTPUPYIOT IPOBeeH-
Hble uccnenoBaumsa [8, 50], MOXKeT MMeTh MOTEHI[MATbHOE
IIPeUMYIIeCTBO.

5. 3akmoueHie

Kodenn B 103e 400 Mr 1 y6exxieH1e, B TOM, UTO OH YIIOTpe-
671s1eTCs, He BAVAIOT Ha BPeMst 3PUTEIbHON PeaKLuM y FOHBIX
SMUTHBIX Py TOOMICTOB HU B IOKOE, HM TTOC/IE OKOHYAHsE PIt-
3MYECKOI HaTrPy3Ky MaKCHMa/IbHOM MHTEHCUBHOCTH.
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Bxknap aBTOpOB:

Baxupos Tumyp MapaTroBud — KOHIENIMA M AV3alH MCCIEH0-
BaHNA, aHA/IM3 IOMYYEHHBIX NAaHHbIX, HANlMCaHME IepBOHAYa/IbHO
BEpCHM TEKCTA.

Kamnpanosa EnusaBera CepreeBHa — COOp JJaHHBIX MCC/IEOBa-
HIA, HAalVICAaHVe 1 PelaKTUPOBaHMe TeKCTa.

Mansikus Teoprimit Vinema — c60p HaHHBIX MCCIE[OBAHNS, HAIN-
caHMe U peflaKTMpOBaHMe TEeKCTa.

Koponesa Erana [[)xaxaHrnpoBHa — cO0p U aHA/IN3 TUTEPATyp-
HBIX JaHHBIX, HallMCaHME U PeAKTVPOBaHME TEKCTa.

BapanoBa [Jappa CepreeBHa — c6Op HaHHBIX JCCIELOBaHNA,
aHa/IM3 IUTepaTyPHbIX JAHHBIX.

Besyrnos Omyapn HukomaeBuy — KOHLENIMSA M AM3aiH UCCIIe-
TOBaHUsA, aHA/N3 MONTYYEHHBIX JJAHHBIX, HAaNMCAaHMe OKOHYATENTbHOTO
BEpCUM TEKCTA.
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OuHamuka mapKkepa noBpexaeHust MMokapaa TponoHuHa T
y 6MaTNoHUCTOB BbICOKOrO KNnacca Ha aTanax noaroToBUTENIbHOIo
nepuoga

M.A. Tuxyneu, E.B. ®edomosa, I.A. [Iyoxo*, 3./1. Buproc

®rby «®edepasnbHbili Hay4HbIU yeHmp ¢usuyveckol Kyibmypsl U cnopma», Mocksa, Poccus

PE3IOME

Iens MccTenoBaHNA: 3ydeHNe NUHAMUKI MapKepa IIOBPe>XAeHNs MuoKapaa TporonyHa T (cardiac troponin T, cTnT) y 61aT/IOHUCTOB BHICOKOTO
KJIacca 107 BO3/IeiICTBIeM LMK/INYECKNX CPeICTB IIOAATOTOBKY, MCIIO/Ib3yeMBbIX Ha 9Talax IIOATOTOBHUTENILHOTO ePHO/ia TOAMIHOTO TPEHNPOBOYHOIO
LMKTA.

MeTopsl: B MCCTIeTOBaHMN IPYHAMU yYacTUe OMATIOHUCTBI, IPOXOJAILYE LIeHTPaTN30BaHHYIO IIOATOTOBKY B COCTaBe COOpHOI KOMaHABI Poc-
cmitckoit Pepeparyn (n = 23). KomrgectseHHOe nsMepeHye cInT B chIBOpOTKe OCYIIECTBIIANN METOLOM 3IeKTPOXEMIITIOMIHECIIEHTHOTO aHa/IN3a.

Pesynbrarhl: cpefHerpymnmnosoe cofepxanne cTnT B KpOBM 6MATIOHNCTOB He MPEBBILIANIO BePXHell TPaHNIIbI peepPeHTHOTO MHTEPBAIA, YCTAaHOB-
JICHHOTO J111 3TOPOBbIX MY>X4nH (< 14 nir/mi). Konnenrparmsa ¢TnT Ha 0611eIOATOTOBUTENBHOM 3Talle Obl/Ia JOCTOBEPHO BBIIIIE, YeM Ha CIELMaTbHO-
MOATOTOBUTENBHOM (p < 0,05), CTAaTMCTUYECKN 3HAUVMMBIX Pas/IM4Mil MeXHY CIelMaabHO-IIOATOTOBUTEIbHBIM U IPEeICOPEBHOBATEIbHBIM 3TallaMiI
He o6HapyxeHo (p > 0,05). MakcumanpHble ypoBHu cInT B rpyIme ciopTcMeHOB ObIIy 3apUKCHPOBAHbL B Mae I MIOHE, B MIOJIE €T0 KOHI[eHTPaIjis
CHIDKAJIACh Ha ypoBHe TeHAeHLu (p > 0,05), a ¢ aBrycTa 10 OKTAOPb 3aUKCUPOBAHO [JOCTOBepHOE CHIDKeHMe (p < 0,05).

3axmroyeHne: HusKas TKaHeBas crenuduaHocts AJIT u ACT He mO3BOJSIET JOCTOBEPHO BBIABUTH (YHKIMOHATBHYIO IIEPETPY3Ky MUOKapAa
B oTBeT Ha dusnyeckne Harpysku. CIIOpTCMeHaM C aHOMATbHBIMU KOHIL[eHTpaumsaMu ¢InT B KpoBu ¢ Lje/bio cTpatudMKaLuy pucka peKOMeHyeTcst
IMArHOCTUKA CepAeYHO-COCYAUCTO CUCTEMBl B PaMKaX YIIyO/IeHHOTO MeIMKO-6MONOrNYecKoro obecredeHns, IIOCKOIbKY Helb3sl UCKII0YaTh TOT
(axT, 9TO pery/sipHble IOBTOPHbIE HATPY3KY, HAIIPAB/ICHHbIE HA Pa3BUTIE BBIHOCTMBOCTY, KaXK/Iast 13 KOTOPBIX BBI3bIBAET CyOKIMHIIecKIe 3 dek-
TbI, MOTYT MMETb KyMY/IATUBHbIIT 3G deKT Ha CTPYKTYpy mmyt QyHKIMIO CepAlia.

Kniouesvie cnosa: tpononnn T, HoBpexxaeHue MIOKapAia, OMaT/IOH, pusndeckas Harpyska, 61oMapkep

KoH(}IUKT MHTepeCcoB: aBTOPbI 3asIB/ISIIOT 06 OTCYTCTBUM KOHQIVKTA IHTEPECOB.

IOnsa muruposanmsa: [uxynen M.A., ®enorosa E.B., [lyaxo IA., Buproc 3.JI. JluHamMmka Mapkepa NMOBpeXJeHNMA MUOKapfia TpomoHuHa T
y 6MATIOHNCTOB BBICOKOTO K/Iacca Ha 3TAIaX IIOATOTOBUTENIbHOTO nepuopa. CnopmusHas meduyuna: Hayka u npakmuxa. 2024;14(3):46-54. https://
doi.org/10.47529/2223-2524.2024.3.4
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Dynamics of the myocardial damage marker troponin T in elite biathlonists
at the stages of the early season

Marina A. Dikunets, Elena V. Fedotova, Grigory A. Dudko*, Edward D. Virus

Federal Science Center of Physical Culture and Sport, Moscow, Russia

ABSTRACT

Aim of the study: To study the quantitative dynamics of the myocardial damage marker troponin T (cTnT) in elite biathlonists as a response to the
cyclic training aids used at the stages of the early season during the annual training cycle.

Methods: The study involved 23 biathlonists undergoing centralized training as members of the national team of the Russian Federation. Serum
¢TnT quantitation was performed by means of electrochemiluminescent assay using Elecsys Troponin T hs reagent kit (Roche Diagnostics, Germany).

Results: The mean group c¢TnT blood level in biathlonists did not exceed the upper limit of cardiac marker reference range established for healthy
men (< 14 pg/ml). cTnT concentration of at the general preliminary stage was significantly higher than at the special preliminary stage (p < 0.05), where-
as statistically significant differences between the special preliminary and precompetition stages were not found (p > 0.05). The maximum cTnT levels
in the group of athletes were recorded in May and June, in July its concentration decreased at the trend level (p > 0.05), then from August to October a
significant decrease was documented (p < 0.05).

Conclusion: The low ALT and AST tissue specificity does nor reliably reveal functional myocardial overload as the response to physical exertion. In
order to stratify the risk athletes with abnormal blood cTnT levels are recommended to diagnose the cardiovascular system within the in-depth biomedi-
cal observation, since it cannot be excluded that repeated bouts of endurance exercise, each causing subclinical effects, may have a cumulative effect on
cardiac structure or function.

Keywords: troponin T, myocardial damage, biathlon, exercise, biomarker
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1. BBenenue MHTEHCUBHOCTb M IIPOJO/DKUTEIBHOCTD HArpy3KH, BO3PacT

YMepeHHas pery/sipHaa ¢u3sndeckas aKTUBHOCTb CUUTA- Y IIOJI CIIOPTCMEHa, ero (PYHKIVIOHA/IbHASA IIOfTOTOB/ICHHOCTD,
€TCsI TIOJIE3HON IS 3[TOPOBBS U OKA3bIBAET O/IArONpUsATHOE YCIOBYSA OKpY>Kalolell cpefbl (TeMIlepaTypa OKPY KaloIIero
BO3JIe/ICTBIIe Ha BCe CMCTEMbI OpraHu3Ma M, B 4aCTHOCTI, BO37yXa, BBICOTA HAJ| yPOBHEM MOPA), @ TAK)Ke BBICOKAs YacTo-
Ha COCTOsAHME cephedHo-cocypaucToit cuctembl (CCC) [1]. Ta CeprevHbIX cokpartenuit [10-12]. Ognako Hanbonee 3HAYN-
JlaHHBIe KPYITHBIX OMY/LALMOHHBIX IPOJOIbHBIX MCCIIEIOBA- Moe BIVIsIHIE Ha BbICBOO ok eHye ¢ InT MMeIoT MHTEHCUBHOCTD
HMII TI0Ka3a/Ii, YTO MOAJepKaHNue WK yaydlleHne pusnde- ¥ IIPOJOJDKUTEIBHOCTD HArpy3kit. [IoBbIIIeHHbIe KOHIIEHTpa-
CKOJ1 IIOZITOTOBKM CBSI3aHO € 60J1e€ HU3KMM PUCKOM CEPHeIHO- UM CepHevHbIX TPOMOHMHOB, KaK IPABWIO, HAOTIONAIOTCA
COCYAMCTBIX cOOBITUI [2, 3]. B TO BpeMst KaK COKpaTUTeNbHAs Y CHOPTCMEHOB IIMK/INYECKUX BUIOB CIIOPTa Ha BHIHOCIMBOCTD,
GYHKIMA CepAlia yIydlIaeTcsl MOf, BIVSIHUEM Pery/LIPHBIX YTO CBSI3AHO C HUCTpOdurdecKyMu MOPPOPYHKIVOHAIbHBIMIA
YIIpaXKHEHUI yMepeHHOI MHTeHCUBHOCTU [4], B 1964 romy M3MEHEHVAMU CEPAEYHOI MBbIIIIbI, IPOTEKAIOLUIVIMI 10T, BO3-
BIEpBBIe OBUIO MPOAEMOHCTPUPOBAHO CHIDKeHME (PYHKIMN eViCTBIEM CBEPXVMHTEHCUBHBIX (PM3MUYECKIX HATPY30K, XapakK-
JIEBOTO XKeTyHo4YKa II0C/Ie IIPONO/DKUTEIbHBIX IHTEHCHBHBIX TEPHBIX JUIA1 CIIOPTa BBICHINX JOCTVDKeHM [13].
Harpysok [5]. ITofo6Hble HarpysKu MOIyT CIOCOGCTBOBATH BonpmMHCTBO MCCIeOBaHNIT IOBBIILEHNA ypoBHelt ¢ Tn
Pa3BUTUIO «CEPAEYHON YCTANTOCTH» [6], XapaKTepusyIomeiics B OTBET Ha (PM3UYECKYI0 HATPY3KY MPOBOGUTCA C YIaCTU-
BpPEMEHHBIM CHIDKeHMeM (PYHKIMN JIeBOTO >Kelyfiodka [7, 8], eM Henpo(ecCHOHANTbHBIX CIOPTCMEHOB MM CIIOPTCMEHOB
CBSI3aHHBIM C IOBPEX/eHEM KapANOMIOLIUTOB, CHIDKEHVEM CpenHelt M HU3KOI KBanmuKAauum, KakK MPaBUIO, MOCIe
YyBCTBUTEIBHOCTY K KaTeXOJIAMIHAM WIN IIepepacIperiere- IIUTEIbHBIX (GU3NIECKUX yIpaXHeHu (TonymapadoH, Ma-
HieM o6bema Kposu [9]. IToBpexpeHre KapAMOMMOLUTOB padon u pasnuuHble yaprpagucTaniuy) [8, 10, 14], Torma
IIPUBOAUT K BBIOPOCY B CMCTeMy KPOBOOOpAIeHNUsT MapKe- KaK KOMMYECTBO MCCIENOBAHWUII O 3aKOHOMEPHOCTSIX BbI-
POB HOBPEX[EHNS K/IETOK CepHieYHOl MBIIIIBI, K KOTOPBIM cBoboxenns cInT y CIOPTCMEHOB BBICOKOJ KBammuka-
OTHOCSTCS JIOKa/T/M30BaHHBIE B KapIMOMUOLUTAX CepeuHble LY, CIeNAIN3MPYOIVXCA B 3UMHIX LIMKINYeCKIUX BUAX
tponioyHbl — TporoHnH T u I (¢TnT u cTnl) [7]. CIIOpTa, OTPAaHUYEHO.

OCHOBHBIMM ~ TIpMYMHAMM ~ IOBBILIEHNS  COREpP>KaHMsA B crarpe Wuestenfeld u coaBT. ¢ ydyacTueMm 9MUTHBIX
c¢InT B KpoBU IIOCTe BBINOJHEHMA YIPKHEHWI ABJIAIOTCA crioprcMeHoB (n = 219) pasniM4HbBIX BUJIOB criopra (n =
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36) moBbIeHHbIT YpoBeHb ¢TnT HabmOfancs B rpymmax,
TPEHMPYIOIUXCS B BUAX CIOPTa Ha BBIHOCAMBOCTD (O1-
aT/IoH, Oer Ha CpefHIe NUCTAHIVMN, TbDKHbIE TOHKH, TPUAT-
noH) [15]. OfHaKO B 9TOM MCC/IENOBAaHUM He IPOBOAMIACH
00beKTUBU3ALMS MHTEHCUBHOCTH (DM3UYECKOI HATPY3KU
B ©XKEeJHEBHOM pexume. B npyrom mccnemoBanmm ¢ yda-
cTueM 36 MUTHBIX JIBDKHUKOB (WIEHOB COOPHOI KOMaH/IBI
Tepmannu) 6bUI0 MPOJEMOHCTPUPOBAHO, UTO MOC/IE CTaH-
HapTU3UPOBAHHON COPeBHOBATENIbLHOI HATPY3KM (JIBe BBICO-
KOMHTEHCUBHbIe TPEHUPOBKY) 04T Y 10 % cropTcMeHOB
HAO/MIONA/IICh ITIOBBINIEHHBIE CHIBOPOTOYHBIE KOHI|EHTpa-
muu cTn [16].

Bmecte ¢ TeM B Hay4HOJ MUTEpaType OTCYTCTBYET MH-
¢dbopmanus o U3ydeHNN TUHAMUKY MapPKepPOB IIOBPEXIEHNS
MIOKapfa y SNMUTHBIX CHOPTCMEHOB B paMKaX IPOJOJDKM-
TE/IBHOTO TPEHUPOBOYHOTO IIPOLIECCA M KYMY/IATUBHOM 3¢-
(eKTe BBIMOTHEHHBIX HATPY30K HA CEPHEYHO-COCYAUCTYIO
cucremy. Takum 06pasoM, LeNbI0 UCCIeTOBAHUS SB/ITIOCH
M3y4eHMe NVHAMMKYN MapKepa IOBPEXJEHMA KIEeTOK cep-
me4Holt Mbimnbl ¢InT B rpymnme cIOpTCMEHOB BBICOKOTO
KJ1acca, ClleliaIn3upyonxca B BUJie CIIOPTa C IpeuMylle-
CTBEHHBIM IIPOsIBJIEHMEM BBIHOCTMBOCTY, B OTBET Ha aJjall-
TalMIo K QU3NIeCKMM HarpyskaM, BBHIIIOJTHEHHBIM Ha pas-
JIMYHBIX 3TalaX MOATOTOBUTEILHOTO TIEPHUOJIA.

2. Matepuanpl 1 METOJbI

B uccnenoBanuy IpuHAIM yyacTye 23 CHOPTCMEHa, IPo-
XOogAImmnx HeHTpaHI/ISOBaHHyIO HO]II‘OTOBKY B COCTaBeE My)K-
cKolt cOopHOIT koMaH/bl Poccnu o 6uatnony. Bee ysacThu-
K1 611N 3[JOPOBBI ¥ MUHMMYM 3a 24 4aca [0 NIPOBeeHNA
00CIenoBaHNsI MM 3aIpellanoch BBHIIIOTHEHNE Pa3BUBAIO-
MIMX HarPy30K LIMK/INYECKOTO U CH/IOBOTO XapaKTepa.

Komnyectsennoe ompepenenne cInT ocymectsns-
JIOCh Ha 9Talax MOATOTOBUTEILHOTO Iepuoja Ha IMpo-
TSDKEHUM TIOCTIeOBaTeNbHbIX Tpex neT (2021-2023 rr.).
AHTpOIOMeTpUYeCcKe XapaKTepPUCTUKN CIIOPTCMEHOB BBI-
IIAfeNN CIeRyoLImM 06pasoM: cpegHuit Bodpact — 25,3
3,2 roma; Macca Tena — 76,1 £ 7,6 Kr; mymHa Tena — 179,5 +
6,7 CM; MHIIEKC Macchl Tena — 23,6 + 1,4 Kr/M? MaKCUMab-
HOe ToTpebieHne Kucmopopa — 69,6 + 6,7 M1/ MUH/KL.

O6pasiisl BEeHO3HOIT KPOBU OTOMPAINCh B BaKyyMHbIe
npobupku ¢ SiO, ¢ remem-cemapatropom VACUETTE®
(Greiner Bio-One, ABctpus). KonnuectBeHHOe ompene-
neHre cInT B CHIBOPOTKE OCYIIECTB/AIM METOAOM Te-
TEPOT€HHOI'0 IJIEKTPOXEMUITIOMMHECLHEHTHOTO I/IMMyHO-
bepMeHTHOTO aHaIM3a THUMA «COHABUY» C TEXHONOTHEI
MarHUTHOM cemapanyuy PeakLMOHHON CMeCU Ha aBTOMa-
THYeckoM aHanmsarope cobas e411 (Roche Diagnostics,
repMaHI/IH) C UCIIO/Ib3OBAaHMEM BbICOKO‘IYBCTBVITeIIbHOFO
tecta Elecsys Troponin T hs STAT (Roche Diagnostics,
TepmaHusa). MeTponorndeckue XxapaKTepUCTUKI METOIU-
ku onpegenenns cInT BuIMIAgenn CaeRyoIuM o06pasom:
Ipefen M3MepeHus X0I0CTol mpober — 1,58 mr/mi, mpe-
men obHapyxeHus: — 2,54 Ir/MI, BepXHssd TPaHUIA Jua-
na3oHa pedepeHTHBIX 3Ha4eHMIt (99-71 NMPOLeHTUNIb) —
14 nir/mot.
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AxTtuBHOCTh  acmapraramuHorpancdepassl  (ACT)
u amaHuHamMuHoTpaHcdepasst (AJIT) B cbIBOPOTKe M3Me-
psUIM Ha aBTOMATMYECKOM OMOXMMMYECKOM aHaIM3aTope
cobas ¢ 311 (Roche Diagnostics, [epmanms).

[TapameTpbl LUKINYECKON Harpysku (06beM u MH-
TEHCUBHOCTD) OLICHMBAINMCh IIO pe3y/IbTaTaM eXeJHeB-
HOTO MOHUTOPMHIA C WCIIONb30BaHMEM ITy/IbCOMETPUNL.
VIHTE€HCMBHOCTD TPEHMPOBOYHONM HAIPy3KM OIpeJenanach
Ha OCHOBe IporpammHoro ajaropurma Polar Flow ¢ ompere-
NeHVeM BpeMeHM (aOCOMIOTHOTO — B MUHYTaX M CeKYHHaxX
Y OTHOCUTEJIBHOTO — B IIPOLICHTAX) HaXOXAEHMA CIOPT-
CMeHa B KaXJOW 13 VMHAMUBUYaIbHBIX IyIbCOBBIX Tpe-
HIPOBOYHBIX 30H, 3apaHee YCTAaHOBJICHHBIX I KaKZOTO
U3 YIaCTHMKOB MCCIEAOBAHNS IIPY IIPOXOXKAEHUN (QYHKIIN-
OHAJIBHOT'O TeCTUPOBAHUA.

Harpysxkoit Huskoit maTeHCMBHOCTH cunTanu I-I1 3oHbI
10 9acToTe cepaeuHbix cokpainennit (YCC) Hike aapobHO-
ro nopora (ganee — Asll): KOHIIeHTpaIVs JTaKTaTa B Kpo-
BM < 2 MM/1; HarpysKoil cpefHell MHTEHCHBHOCTU CUNTAIN
III 30ny o YCC (ot AsIl fo mopora aHaspo6HOro obMeHa
(AHII): xoHLeHTpaLua MaKkTaTa 2-4 MM/J; Harpy3Koll BBI-
cokoit mateHcuBHOCTU cuntanu IV-V 3ousr mo YCC (Bbiie
AHnII): KOHLleHTpa1us makTara > 4 MM/

VlccnenoBanne 65U10 OFOOPEHO ITUYECKUM KOMUTETOM
OI'bY OHI] BHUMOK (npoTtokon Ne 2 ot 01 anpensi 2021 1.)
U BBIIIOJTHEHO B paMKaX rocyfapcTBeHHoro 3afanua OI'BY
@®HI] BHUMOK Ne 777-00001-24 (Ne 001-22/3). Cnopt-
CMeHBl TOOPOBOJIBHO MOAMUCHIBAIM WHGPOPMUPOBAHHOE
CoITIacle Ha y4yacTue B VICCTIeOBAaHUM, MEIUIIVIHCKOE BMe-
IIaTeIbCTBO, MCIO/Ib30BaHNe NHPOPMALMM B HAYYHBIX Iie-
JIAX ¥ IIyOIMKALMIO Pe3Y/IbTaTOB IPY YCIOBUM COOMIOReHMs
aHOHMMHOCTIL.

CraTucTN4YecKUii aHaIM3 HpPOBOAWICA C MCIIONb30Ba-
HIeM IpPOrpaMMHOro obecmedenusi Statistica, Bepcust 10
(StatSoft, USA). Ilpu mpoBemeHUM CTATUCTUYECKOTO aHa-
NM3a TapaMeTpbl ObUIM IPOBEPEHBI HA HOPMAIbHOCTD Pac-
Ipefie/leHNsl C WCIONb30BaHMeM TecTa Konmoroposa —
CmupHoBa. [locToBepHOCTb pasmmumit copepxanms cInT
MeX[y 3TallaMil HOJTOTOBUTEILHOTO IepyOfa OLeHUBAIIN
C TOMOIIBI0 OZHO(AKTOPHOIO AUCIEPCHOHHOTO aHaIM3a
(ANOVA) npn ypoBHe 3HauMMoCTH, paBHOM 0,05. [l BBI-
SIBJIEHMS 3aBUCUMOCTM MeXAY KoHIeHTpanueit cInT u mo-
Kas3aTe/lsAMY, XapaKTepUIYIOLUMI MOPQOIOTMIecKMit CTa-
TYC U 4acTOTy ceppieuHbIx cokpamenuit (YCC), u oueHkn
ee TeCHOTBI JCIIO/Ib30BA/ICSI KOPPEIALMOHHBIN aHAaIU3 —
KOIMYECTBEHHOI MepOil B3aMMOCBA3MU ABJLA/NACH BEIMYMHA
Koa¢duimenta panrosoit Koppemsanuy Craupmena. Ouenka
JTOCTOBEPHOCTY PACCUMTAHHBIX K03 PuLMeHTOB MPOBOAM-
JIach 1O t-KpUTEpUIO Ha ypoBHe 3HaunMocT 0,05.

3. PesynbTarsl

Haub6ornee Beicokoe copepxanne cInT B rpyrme 6uatio-
HIICTOB 3a(pUKCHPOBAHO B Mae U MIOHE, B MIOJIC er0 KOHIICH-
TpalyA CHIDKAJIACh Ha ypoBHe TeHaeHIun (p > 0,05), a ¢ aB-
rycra 1o oKTs16pb — goctoBepHO (p < 0,05). Konnentpanus
cTnT Ha 06I1eTOATOTOBUTEIBHOM 3Tare OblIa JOCTOBEPHO
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Puc. 1. OnHaMmuka koHUeHTpauumn cTnT, M3MepeHHoM B KPOBM BMATNOHNCTOB BbICOKOrO knacca (n = 23) B NoAroTOBUTENBHOM Nepuoae rognyHoro

makpouukna (X * g)

Fig. 1. Dynamics of cTnT blood levels in elite biathlonists (n = 23) during the early season of the annual macrocycle (X + o)

BBIIIIe, YeM Ha CHeIVaIbHO-IOATOTOBUTENbHOM (p < 0,05),
CTAaTMCTUYECKN 3HAYMMBIX PA3INUMil MEXAY CIEeLMaNTbHO-
TIOATOTOBUTE/IBHBIM U IpPeNCOPEBHOBATENbHBIM 3TallaMU
He o6HapyxeHo (p > 0,05).

CpenHerpynmosble  CHIBOPOTOYHBIE  KOHI[EHTpalyM
cTnT, nsmepenHsIe Ha OOIIETIOATOTOBUTEIBHOM, CIIELAIb-
HO-TIO[ITOTOBUTE/ILHOM M IIPefCOPeBHOBATEIbHOM 3Tallax,
coctaBuu 8,91 + 2,94, 6,79 + 2,72 u 6,51 + 2,42 nr/mn co-
oTBeTcTBeHHO. CpepgHerpynmnosble ypoBHN cInT B KpoBu
CIIOPTCMEHOB He HPEBBIIIAMN BEPXHEN IPaHMIBI O6Ierno-
IY/IALVOHHOIO pedepeHTHOro MHTepBaaa A 3[O0POBBIX
MyxunH (< 14 ir/mn) (puc. 1).

[Ipn mpoBemeHUM WCCIENOBaHNA OBUIM BBIABIEHDI
U IPOAaHAIM3MPOBAHbI CIy4Yall INPEBbIIEHNs COREPKaHMA
cInT BepxHeif TpaHMI[BI OOLIEOMY/LILVOHHON HOPMBI,
CBUJIETENILCTBYIOLIIE O IIOBPEX/EHNH KJIETOUHBIX MeMOpaH
KapAMOMMOIIUTOB U BBICOKOM cTeneHu HampspkeHns CCC
B OTBET Ha (pu3MuecKyue HATPY3KM. AHaIM3 MOTYYEHHBIX
JAHHBIX TI0Ka3as, 4yTo B 80% ciydYaeB NpeBbIIIEHNME KOH-
nenTpauun cTnT BepxHeit rpaHUIBI pedepEeHTHOTO MHTEP-
Bana (> 14 nr/mn) 6n110 He3HaunTenbHBIM (20-50 %), Torma
Kak B 20% mnosbimenne pocturano 200-300%. Hambornee
YacTO Cy4ay 3HAYNTETbHOTO IOBBILUIEHNA KOHLIEHTPALUN
cTnT 6bUtM 3adUKCHMPOBAaHBI Ha CIEL[MATBHO-IIOATOTOBM-
TeJIbHOM 3Talle, MaKCUMaslbHasA KoHIeHTpanuA cInT cocTa-
BuIa 42 /M.

Heob6xopuMo OTMETUTD, 4TO akTuBHOCTH AJIT u ACT,
M3MepeHHble B KPOBU OMATIOHMCTOB C IIOBBIIIEHHBIM, OT-
HOCUTE/IBHO OOIIeNONy/IAIMOHHON HOpMBIL, ypoBHeM cTnT,
He [IPEBBIIIATN BEPXHNX TPAHNI] pedepeHTHBIX JUAaa30HOB
akTuBHOCTeNl epmenToB — 41 u 40 En/n coorBeTcTBEH-
Ho. Cpepnsaa xe aktTuBHOCTb AJIT m ACT cpemm ydact-
HUKOB MCC/IeOBaHMUSA HaXOOUINCh B AuamasoHe 24,87 +
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7,43 u 31,80 + 7,15 En/n, a xoadduunent ge Putnca, pac-
CYNTAHHBI Ha OCHOBAaHVM MH[VBYYaIbHBIX aKTUBHOCTE
amuHOTpaHc(epas, coctasysin 1,62 + 0,28.

BolABNIeHNe TeCHOTBHI M HAIIPAaBICHHOCTYM B3aMMOCBA-
3eit Mexpy ypoBHeM cTInT u MopdodyHKIVMOHATBHBIMI
nokasatenamu crnoprcMera (UYCC u Macca Tema) ocyect-
BJIAJIOCH € VCIO/Nb30BaHMEM KOPPEIALMOHHOTO aHa/IN3a.
[Tony4eHHBIe HaHHbBIE CBUAETENBCTBYIOT O HAIMYMUM IOJIO-
JKUTEIBHOI, B Psifie CITy4aeB JOCTOBEPHOIT, HO CIaboit Kop-
PeALNY MeXTY IIepeMeHHBIMMY, B CBA3M C YeM Pe3y/IbTaTbl
Ta/IbHENIIero M3y4eHUA 9TOrO BOIIPOCa B CTaThe He IIPUBO-
HATCA U He PacCMATpPUBAIOTCA.

B Tabnmuie mpepcTaBieHo pacrpeeie e IUKINIeCKIuX
CPeACTB IOATOTOBKM II0 MHTEHCUBHOCTU Ha KaXKIOM 3Ta-
Ile IOATOTOBUTEIBHOIO IIepHofia TOAUYHOIO MAaKpOLMKIIA.
JaHHbBIe, IOTy4YeHHbIE C VICIIOIb30BaHNEM IIOLXOfia «BpeMsd
B 30He», IIPUBEJEHbI KaK B A0COIIOTHOM BbIpaXXeHNN (B Ya-
cax U MUHYTaX), TaK I B BIfie IIapLaTIbHOro 06beMa ot 06-
IIeTO BpeMeHM LIMKIMYeCKOll Harpy3KIL.

O61uit 06eM HArPy30K LUKIMIECKOTO XapaKTepa, Bbl-
[IO/THEHHBII GMAT/IOHNCTAMH B IOTOTOBUTEIbHOM IIEPUOJE,
cocTaBua 361:30 + 45:18 4: MuH, U3 HUX [0/ HATPY30K HU3-
KOl MHTEHCUBHOCTM cocTaBmiaa 94,4%, cpegneit — 3,7 %,
BBICOKOIT — 1,9%. Ha 061enoqroToBUTeIbHOM 3Talle
B TPEHMPOBOYHOM IIPOLleCCe OMAT/IOHMCTOB MPAKTUYECKN
OTCYTCTBYIOT LMK/IMYECKIe HATPy3KV BBICOKOI VHTEHCHB-
HOCTH, COOTBETCTByIOLe YPOBHIO IV-V IynbcOBBIX 30H.
Haubonbmuit 06beM paboThl cpefHelt U BHICOKON MHTEH-
CMBHOCTM JIOKQ/IM30BaH Ha CIelaJbHO-IIOATOTOBNUTENIb-
HOM oTtarne — 4,4 u 2,7 % COOTBETCTBEHHO. VIsMeHeHue 10-
KasaTeslell CyMMapHOIO BpeMeHM LUK/INYeCKO} Harpysku
U BpeMeHU paboThl B 30HAX MHTEHCUBHOCTH B XOfie IIOArO-
TOBUTE/ILHOTO IIepyOfia IIPeACTaBIeHO Ha PUCYHKe 2.
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Puc. 2. Pacnpe,qeneume LMKNN4eCKnUX cpencTs NoArotoBkM No MHTEHCUBHOCTWU B NOArOTOBUTENIbHOM nepuoae roouyHoro Mmakpoumkna onaTtnoHu-
CTOB BbICOKOrO knacca (n = 23)
Fig. 2. Distribution of cyclic training aids by intensity during the early season of the annual macrocycle of elite biathlonists (n = 23)
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JuHaMuka o61ero o6peMa UKINIECKNUX YIPaXKHEHMI
(pmc. 2 a) uMena BOMHOOOPAsHBIL XapaKTep: ¢ MaKCUMY-
MOM B UIOHE, ITOC/IE{OBATENbHBIM CHIDKEHIEM K CEHTIOpI0
(Ha 18 YacoB OTHOCUTENBHO VMIOHA) U YBEMYeHNeM B OKT-
6pe. O6'beM HUBKOMHTEHCUBHOIL a9pOOHOI HATPY3KM TaKXKe
UMeJI [BYXIUKOBYIO NUHAMUKY C IpeobIafaHMeM IepBOil
BonHbl (puc. 2 6). InHaAMMKa IUKINIECKUX CPENCTB IIOf-
TOTOBKM CpefHell MHTEHCUBHOCTH 110 MeCAIaM IIOATOTOBM-
TE/IbHOTO IIepPMOfia TOANYHOTO MAKPOLMKIA OMATIOHNCTOB
(puc. 2 B) MMerna aHaIOTMYHBII BIJI, OFHAKO MaKCUMa IbHBII
06beM 6b11 3apuKcHpoBaH B nione. O6beMbI HUSKO- 1 CPeli-
HEMHTEHCUBHOI a9pOOHOI HArPY3KY MOBBIIIAINCH IOCTeE-
IIeHHO, HaYMHasA C KOPOTKOTO BTATMBAIOIIErO 9TAaIla B Mae
U [OCTUTass MaKCMMAaJIbHBIX 3HAaYeHMII B MIOHE — MIOTIE.
XapakTep AMHaMUKN 06'beMa BLICOKOMHTEHCUBHOI Harpys-
KI IVIK/INYECKOJl HAIpaBIeHHOCTM OTINYAJICA OT BBILIe-
PaccCMOTpPeHHbIX Ha/IMYMeM OfHOTO MKa. Tak, HUK/IN4ecKue
HArpy3KJM BBICOKOII MHTEHCHBHOCTHU OMATIOHMCTBI HAdMHA-
0T JCIIO/Ib30BATh TO/BKO B KOHI[E OOIIEIIOTOTOBUTEIBHO-
ro srana (MIOHB), UX JOIA OT 00IEro o6beMa COCTABIAET
Bcero 0,7 %. B utore n aBrycre 06beM BHICOKOMHTEHCUBHBIX
HArpPy30K YBEeIMYMBAJICSA, MAKCUMyM ObUI 3aduKCHpOBaH
B ceHT6pe — 4,1 %, a B OKTsI6pe HarpysKa CHIDKA/IACh IPU-
6mm3nTenpHO B iBa pasa (1,8 %).

4. O6¢cyX/ieHe IIOTyYeHHBIX Pe3yIbTaToOB

[ToxaszaHo, 4TO (USMYECKME YIPAKHEHNs CIOCOOHBI
IIPOBOLMPOBATh IOBBbILIEHNMe ypoBHeit cIn [10, 17, 18],
IIpY 9TOM y CIIOPTCMEHOB IO CPAaBHEHMIO ¢ 06Iueil momy-
JALVeN U TaIVeHTaMU ¢ CepheYHO-COCYAUCTBIMU 3a60-
JIeBaHUAMY, KaK IIPAaBIIO, HAGMIONAETCS OTHOCUTETIBHO
HEBDBICOKOE yBennueHme cofepxanns cInT mo oTHoueHuo
K BepxHeil rpaHuie pedepeHCHbIX 3HadeHuit. Ilpu stom
TOYHbIE MEXAHU3MbI M KIIMHNYECKOe 3HaUeHIe BBICBOOOX-
merysa cTh, BBISBaHHOIO QU3MYECKUMM YIpaKHEHMAMIU,
OCTAIOTCA HEACHBIMM. AHalu3 COBPeMEHHBIX JIUTEPATyp-
HBIX JJAaHHBIX II03BOJIACT BBIJEIUTH C/IeAYIOIIVie OCHOBHbIE
MeXaHU3Mbl BbICBOOOXKeHMst cTn mox BospeiicTBreM ¢u-
31MYeCKOJI HaTPy3KI: HEKPO3 U aIlONTO3 KIeTOK, KIIeTOYHOe
BBICBOOOX/IEHME TMPOAYKTOB pachmafa cIn, MOBBIIIEHHAs
[IPOHNUIIAEMOCTh KJIETOYHOM MeMOpaHBbI KapAMOMMOLVITOB
3a CYeT IPOM3BOACTBA aKTUBHBIX (POPM KUCIOPOfa, U3Me-
HeHMs1 MOHHOro obMmeHa Kambiust, pH, merabomuama xu-
POB, YITIEBOZIOB U CBSI3M MEXJY MHTEIPATUBHBIMIU GenKamMu
K/IEeTOYHOII MeMOpaHbl, 0oOpasoBaHUe O/1e6MHT-BE3UKYI
(ITy3BIPbKOB) Ha IIOBEPXHOCTY KI€TOYHOI MeMOpPaHbI U I10-
CTIe[YIOLIETO UX pa3pblBa Ha MIOBEPXHOCTU KapAMOMMOLM-
T0B [19]. OHaKO B CBA3M CO CHELUPUIHOCTHIO aHAN3A Be-
POATHOCTD IIepeKPeCTHON PeaKTUBHOCTY OT IIOBPEXKACHNA
MBIIIL, CIIOCOOCTBYIOIETO IOBBIIIEHNIO KOHIIEHTPALMIL
¢Tn, MmunnumasnsHa [19, 20].

HecmoTps Ha To 4TO IOBBIIIEHHBIe YpOBHU cTh B Kpo-
BJ CIIOPTCMEHOB, CIeIUaMU3UPYIOIIUXCA B BUJAX CIOp-
Ta Ha BBIHOCIMBOCTb, HEe CUUTAIOTCA IATOIOTMYIECKUM
SIBJICH)eM, IOBBIIIeHNe KOHIeHTpaumu cIn, BbI3BaHHOe
¢uUsMYeCKMMM HATPy3KaMy, MOXeT CUTHAIU3UPOBATh
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O TOBBIIIEHHOM pPUCKe BO3HUKHOBEHUA CEPHEYHO-COCY-
mucThix cobprtuit [19]. Psag mccnemoBareneit npenmonara-
10T, YTO CIIOPTCMEHBI, pearnpyolye Ha TPEHNPOBOYHbIN
cTpecc BBICBOOOXHAeHMeM cTn, MOABEp)KEHBI IMOBBIIIEH-
HOMY JIONTOCPOYHOMY CepiedHO-COCYAMCTOMY PUCKy [14,
21]. B uccnegoBanun Tesema U COaBT. OBIIO IOKa3aHO,
YTO B OTBET Ha 12-HeNeNnbHYI0 TPEHMPOBKY, HallpaBJIeH-
HYyI0 Ha pa3BUTNE BBIHOCAMBOCTH, Yy MOJIOABIX CIIOPT-
CMEHOB-/TIO0ONTeNIeNl, 3aHUMAIOIINXCSA BUAAMU  CIOPTa
Ha BBIHOCIIMIBOCTDb, YPOBHUI cTn AOCTOBEPHO U IIOIOXMU-
TEIbHO CBA3aHBI C MI3MEHEeHMeM LIeJIOTO psAja IoKasaTesel
IesATeNbHOCTYM CepAevYHOoi MbImubl [22]. AHajornyHble
Pe3yIbTaThI 6I)UH/I OIIMICaHbI B MICCTIENOBAHMN TPUAT/IIOHM-
CTOB-II0OUTENEN, HABMIOTABIIMXCS Ha IPOTsDKeHNN 11 Me-
CsilieB MOATOTOBUTENIBHOTO TTepuopa [23].

B mpoBemeHHOM MCC/IeNOBaHUYU CPeJHEIPYIIIOBOE CO-
mep>xanne ¢InT B KpoBM OMATIOHMCTOB BBICOKOTO KjIacca
He IIPeBBIIIAJI0 BepXHell IPaHUIbl peepeHTHOIO MHTEepBa-
71a, YCTAaHOBJIEHHOTO JI/ISl 3[TOPOBBIX MY>K4MH (< 14 mir/mm).
B T0 Xe BpeMsi fOCTOBEPHO 60JIee BHICOKAsi KOHIIEHTPALIs
cTInT B rpynme y4acTHMKOB MCCIelOBaHMA 3adUKCHPOBaHa
Ha OOIIENOATOTOBUTE/IBHOM ITalle, SIB/LIOIIEMCS IEePBOIL
¢asoit a¢p¢exTuBHOM aganTanUM K (HYHKLUOHNPOBAHUIO
cepaedHo-cocyauctoit cuctemsl (CCC) B ycIoBUAX COpeB-
HOBATE/IbHOM JIeATeNbHOCTH. VIcIonp3oBaHme TPEeHNPOBOK
Ha BBIHOCIMBOCTb HANIPaB/IeHO Ha obecredeHue Mopgo-
(YHKI[MOHATIBHOTO PEMOJETUPOBAHNS CEPEIHOI MBIIIITB,
a MIMEHHO [UIATAL[UY eT0 KaMep C L{e/IbI0 OBbILIeHNs PYHK-
nroHaMbHBIX Bo3MoxkHOCTelt CCC. Takoll BeKTOop afamTa-
1y cepana (rumeprpodust L-tnma) cioco6cTByet Hesomac-
HOMY IIepeXOfy K BBIIOTHEHMIO OYaTIOHUCTaMM OOMIbIIero
o6beMa pabOThI CpelHelt M BBICOKOI MHTEHCUBHOCTH, BbI-
3pIBaIero 3HaumrtenpbHoe HampspkeHne CCC u obmapa-
IOIIErO OIpeNe/IeHHBIMY PUCKAMM IHepPeHAPSDKEHMS MIO-
Kapza. HecMoTpst Ha TO 4TO OOIIEMOATOTOBUTEIBHBIN TAIl
y 6MaT/IIOHNMCTOB BBICOKOTO K/Iacca B IIEPBYI0 Odepelb Xa-
PpaKTepu3yeTCsA BHICOKOI [O/Ie HUSKOMHTEHCUBHBIX U ITPO-
JOJIKUTEIbHBIX anO6HbIX TPEHNPOBOK, Ha NTAaHHOM 3TaIle
IIOATOTOBKN HEPENKO MCIIONIb3YIOTCA BbICOKOMHTEHCUBHDbIE
TPEeHNPOBOYHBIe VIMITY/IbCHL. CiIef0BaTe/IbHO, OJHO3HAYHO
YTBEPXAATh BbI3BAHDI IV JOCTOBEPHO BBICOKME KOHLIEHTpPaA~
myu ¢ITnT Ha 061EnOArOTOBUTENBHOM STaIle JIUTENbHBIMU
HUB3KOMHTEHCUBHBIMI TPEHMPOBKaMI M/IM BbICOKOMHTEH-
CUBHBIMU MHTEPBATbHBIMI TPEHNPOBKAMI HE NIPENCTABIA-
€TCsT BO3MOXKHBIM.

Jna yMeHbIIEHUA PUCKA IEPEHANPSXEHMA MMIOKap-
ma Ha ¢oHe OOMBIION AWIATALIUM KaMep CepALia C MIOHs
B IIpOorpaMMy HOATOTOBKI 6I/IaTHOHI/ICTOB BK/TIOYAaKTCA
yYHOpa’XHEHMA cpenHeﬁ ¥ BBICOKOM MHTCHCUBHOCTH, BbBI3bI-
BaIOLyIe TUIEPTPOPUIO 3aJHENl CTEHKY JIEBOTO JKeTyR0UKa
(runeprpodus D-Tuma), 9TO IPUBOAUT K yBEINIEHNIO BBI-
TAJIKMBAIOIEI CUJIbI CepAlla 1 obecmednBaer Oojee MON-
HOe OIIOpOXKHEHMe KaMep cepfua B ¢ase cUCTONBL. Takum
06pasoM, (PpUSMOIOrMIEeCKNM OTBETOM CEpALia CIOPTCMEHA
Ha BBICOKOMHTCHCUBHBIC (1)]/[3]/I‘ICCKI/IC Harpy3km sBIAETCA
ero Moppo(dyHKIVIOHATIbHOE PEMOJeTMPOBaHNe C IIe/IbI0
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MOfiiep>KaHNsT BBICOKOTO CEpAIeYHOro BeIOpoca m obecrie-
YeHMsI JOCTATOYHON HOCTABKM KUCIOPOAA K PabOTAIOIIM
MBIIIIAM, YTO IOATBEPXKHAETCs HAOMIOaeMbIM C aBIyCTa
TOCTOBEPHBIM CHIKEHMEM ChIBOPOTOYHON KOHLIEHTPAILUN
cTnT y y4aCTHUKOB MCClIefoBaHus. Takum 06pasoM, BbI-
OpaHHasi Ha BCeM IPOTSDKEHUH IOTOTOBUTENBHOIO IIe-
puofa TpeHepaMy CTpaTrerys B LIe/IOM paljiOHaIbHA, TaK
KaK XapaKTepU3yeTCs BBICOKON IIPeeMCTBEHHOCTbIO Tpe-
HMPOBOYHBIX 9(P(PEKTOB LMKINIECKNX CPECTB IOATOTOB-
KI Pas/lN4HO}M MHTEHCMBHOCTM, MO3BOJIAIOLINX IOBBICUTD
¢yuxiuonanpusie BosMokHocTH CCC u yBemmduurth ee
aflalITallMOHHBII TTOTEHIMAIL.

Kunernka c¢Tn mocme octporo mubapkra Mmokapma
XOPOILIO M3y4deHa — IMUKOBble KoHIeHTpauun cInl u ¢TnT
B CBIBOPOTKe (pUKCHMPYIOTCA depe3 10-12 4acoB mocie uH-
dapkTa 1 OCTAIOTCS NOBBIIIEHHBIMI B TeueHre 4-10 gHel.
OpHako XapakTep U BelM4MHA MOBbIIIeHNA cIn y mannen-
TOB PA3/IMYHBI ¥ 3aBUCAT OT pasMepa MOPaXKeHUA U AMHA-
MUKM anuMuHanuy ¢Tn mop BausHueM penepdysun [12].
Kunernka BpicBOOOKAeHMs1 cTh B OTBeT Ha (puamueckue
HarpysKiu MeHee fICHa, HO, KaK I B CIy4ae OCTpOro MHpapK-
Ta MMOKAap/a, 3aBUCUT OT BPeMeHU OTOOpa KpOBU IIOCIIE
OKOHYaHM:A Harpysku. Ilocie mpekpaleHMsa BbIIOTHEHUA
ynpakHeHuit KoHueHTpanyy c¢InT u cTnl B cpiBOpoTke
IIOCTENIEHHO YBENMYMBAIOTCS, OJHAKO IlepBas JOCTUTa-
eT MaKCUMyMa CITycTA 3 4aca [24], a BTopad — B TedeHue
4-64acos [12]. B ommune oT ocTporo nHpapKTa MUOKapAa,
yposHM cInT mocie TpeHMPOBKM MOBBINIAIOTCA YMEPEHHO
1, KaK IIPaBUJIO, BO3BPAIIAIOTCA K XapaKTePHBIM JI/I1 COCTO-
SIHUSA TIOKOsI 3HAaYeHUAM B TedeHue 24 4acos [25].

C offHOJI CTOPOHBI, 110 3TOI IPUYMHE B paMKaX HACTOA-
et paboThl BO3MOXKHA HeLOOLeHKa KoHueHTparym ¢ TnT,
MIOCKOJIbKY M3MepeHM: IPOBOANINCD CITYCTA He MEHee 4eM
24 yaca mocne OKOHYaHUA TPEHMPOBOYHBIX MEPOIPUH-
tuit. C Apyroil CTOPOHBI, pacCMaTpUBaeMBblil (aKT MOX-
HO CYMTaTh M IPEUMYIIECTBOM JaHHOTO MCC/IENOBaHMS,

Bknag aBTOpOB:

Iukynen, MapuHa AnekcaHZpoBHa — pa3paboTKa KOHIIEII[IN
U Au3aliHa MCC/IeOBAH, HAIIMCAHe IEPBOTO BAPUAHTA PYKOIIICIL.

®enoroBa Enena BukropoBHa — pa3paboTKa KOHIENIINH U [{¥-
3alfHa MCCIIeIOBAHIS, IIPOBEMieHNIe CTATUCTUYECKOTO aHa/lIn3a pe3yiib-
TaToB.

Iynxo Ipuropmit AnexceeBmd — c60p 1 06paboTKa JaHHBIX, pe-
JAKTHPOBaHME TEKCTA.

Buproc Inyapp Janusmesud — c60p n 06paboTKa FAHHBIX, YT-
Bep>KJIeHNEe OKOHYATE/IbHOTO BapMaHTa PYKOICIL.
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[IOCKONIBKY OMOXMMUYECKNUIT MOHUTOPVHT CIOPTCMEHOB
IIPOBOAM/ICA B CTaH[APTU3MPOBAHHBIX YCIOBUAX (Hepern
obcreoBaHmMeM OMATIOHUCTaM 3aIpELaioch BbIMOTIHE-
HI€ Ppa3sBMBAKOIINX HArpy30K LUKINYECKOM ¥ CUTIOBOM
HAIPaBJIeHHOCTM), a C Le/IbI0 MCK/IIOYEHNUsI TeH/IePHO
Y BO3PACTHOI M3MEHYMBOCTH CEPHEYHBIX 3(h(PeKTOB B KO-
TOPTY BK/IIOYEHBI TOJIBKO B3POC/Ible OMATIOHMCTBI BBICO-
koro kmacca. OfHMM M3 OrpaHMYEHNUIT HAHHOI PabOTHI
ABJIAETCA Y4acTUEe B SKCIEPVMMEHTE TOJbKO CIIOPTCMEHOB
My»xckoro morna. ITocnenyromue nccmiefoBaHus MOTyT OBITH
HaIpaBJIeHbl Ha U3ydeHue auHaMuky ¢ InT y IOHBIX CIOPT-
CMeHOB 14-18 71eT, MOCKO/IbKY UX CePAeYHasa MbIIILA BBUAY
HecpopMMPOBAHHON KapMOpeCIMpPaTOPHON CUCTEMbI UC-
MBITBIBaeT IOBBINICHHOE HAIpsDKEHNUE IIPY BBINOTHEHUU
BBICOKOMHTEHCUBHBIX HaIPy30K.

5. 3akmoueHue

JnurenbHble MHTEHCUBHBIE TPEHMPOBOYHbIE HATPY3KM
y CIIOPTCMEHOB BBICOKOTO KJacca B BUIAX CIIOPTa Ha BBI-
HOC/IMBOCTb MOTYT BBI3bIBATh IOBBILIEHNE CBIBOPOTOYHOM
koHUeHTparuu ¢TnT Bblllle BEPXHUX TPAaHUL] OOIEIPIHS-
THIX pepepeHCHBIX 3HAYEHUIT, YTO MOXET SIB/LIThCS TIPObiTe-
MOJI TIpY MHTEPIIPETALMY MOTy4YeHHBIX JAHHBIX C Y4E€TOM
IIMPOKOTO CIIEKTPa COCTOAHMIA, KOTOPble MOTYT BbICTYIIATh
B KauecTBe ITPUYNHBL.

HecmoTps Ha TO 4TO MHOTHE y4€Hble He CUMTAIOT IOBbI-
meHne c¢InT, BoI3BaHHOE PU3NIECKOIT HArPY3KOIL, IATOMO-
ruell, He/b3sl MCKIIIYaTh, YTO 9Ta AaHOMAJIMS MOXKeET OBITH
MIPEIMKTOPOM Pas3BUTHUA PA3MIUYHBIX MATOIOTUYECKUX M3-
menennit CC B ponrocpounoit mepcrextrBe. OcobeHHO
aKTya/JIbHbIM 3TO YTBEPXK/IEHIE MOXeT OBITb B OTHOLIEHNN
MOJIOABIX CHOPTCMeHOB. Ilo 3TONM mpu4YMHE CIIOPTCMEHaM
C aHOMa/IbHbIMM 3HadYeHMAMM cInT pekoMeHnayeTcs B pam-
Kax YIIyO/IeHHOrO MeRUKO-OMOIOrniecKoro obecredeHns
MIPOBOJUTD IIOTHOLIEHHYIO AMATHOCTUKY cocTosiHusa CCC
Wit cTpaTUUKALNY PUCKA.
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PE3IOME

Ienpb MccIeTOBaHMA: VI3yYNTD TIATOTEHETIYECKIe M3MeHEeH)s TOMeOCTasa Ipy ANCIUIA3UM COeAMHUTENbHON TKaHM /1A 000CHOBAHMA ee PONK
B q)opMMpOBaHI/II/I MIPERPACIIONOKEHHOCTN K BOSHVKHOBEHNIO TPAaBM OIIOPHO-ABUTATE/IPHOIO allltapara.

Marepuaibl ¥ MeTOMbI: 6a30i1 JTAHHOTO HayYHO-aHAIMTUYECKOTO 0630pa ABMINCDH JaHHBIE JeKTPOHHBIX opTanoB PubMed-NCBI, Akagemus
Google 1 Hayunas snexrponHas 6u6mmorexa eLIBRARY.RU.

Pesynb'ra'rm: Hpe}:[CTaBHeHHbe;[ 0630p JIATEPATYPbI CBUAETENBCTBYET O TOM, YTO AVCIIA3NA COeJZ[I/IHI/ITe]'II)HOIZ TKaHU, B OCHOBE KOTOpOﬁI JIeXKaT
TEHETUYIECCKN NETEPMIMHNPOBAHHDIE /Uy BO3HUKIIIME 1107, BANAHNEM CPENOBBIX (baKTOpOB He(beKTI)I CUHTE3a WM pEMOAETMPOBaHA KOMIIOHEHTOB
MEXKJIETOYHOTO MaTPMKCA, MPOABIAETCA GOPMUPOBAHIEM HENOTHOLIEHHON COeNVHNTENbHOI TKaHY ¥ M3MeHEeHNeM ee 61IOMeXaHNIeCKIX CBOVICTB.
3TO B IIepBYI0 OYePeAb OTPAXKAETCS HA CTPYKTYPe 1 GYHKINM OLIOPHO-ABUTATeIbHOTO alnapara. B 3aBMCHMOCTY OT HapyLIEHHOTO 3Tara MeTabo/m3-
Ma JuCriasmsa COeJII/IHI/ITe]'II)HOIZ TKaHU MaHI/Iq)eCTI/[pyeT pa3HOO6paSHI)IM]/I KIMHNYECKUMMI IIPpU3HaKaMM, CBUIETEIbCTBYIOIMMI O ITATOIOTUN KoCTe
CKeJleTa, X COEMVHEHNIT, HeCOCTOATENbHOCTY COEVHUTETbHOTKAHHBIX ME&XMBIIIEYHBIX IIPOCIOEK ¥ CYXOXKMUIbHO-(PaCIMaTbHbIX KOMIIEKCOB.

3akmroyeHne: n3MeHeHEe CTPYKTYPBI 1 CI)yHKI_U/II/I OIIOPHO-IABUTATE/IPHOTO allIlapaTa IpOoABIAETCA MICXOAHO CHVDKEHHBIMH €T0 aJallTallVIOHHBIMI
BO3MOXXHOCTAMI ¥ YCTOYMBOCTDIO K PU3MIECKOIT HArpy3Ke, ONpefieNiaAsA MPepacoNoKeHHOCTb K BOSHUKHOBEHMIO TpaBM. IlepcoHanm3npoBaHHbIN
TIOAIXOJ] K BBIOOPY BUJA CIIOPTUBHOJ JIeATEeNbHOCTY U IIPOrPaMMBbl TPEHMPOBOK IIPY AUCIIIA3UY COENVHNUTENbHOI TKaH! OyaeT Coco6CTBOBATD CO-
XpaHEHMIO 3TOPOBbA MOIOJAEXKM, l'IpO(b]/I}'IaKTI/IKe peTpaBMaTu3Ma 1 paHHeﬁ[ VHBA/INAN3 AN,

Kniouesvie cnosa: yicninasus COeAMHUTENbHON TKaHY, OOPHO-BUTATENbHBII allllapaT, IaTOTeHeTHYeCKIie MeXaHN3MBbI, ie3aflanTanmus K pusu-
YecKoif HarpyskKe, CopT, TpoQUIaKTHKa TPaBM

KoH(]IUKT MHTepecoB: aBTOPbI 3asIB/IAI0T 06 OTCYTCTBUM KOHQIVMKTA MHTEPECOB.

s puruposanmsa: CanpkoBa M.B., Huxonenko B.H., Ipugun JI.A. VI3MeHeHme ajamraunmy ONOPHO-ABUIATEIBHOTO almapara K ¢usnde-
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Changes in musculoskeletal adaptation to physical activity in connective
tissue dysplasia: analyzing some triggering factors

Maria V. Sankova®, Vladimir N. Nikolenko"?, Leonid A. Gridin®
'Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russia
2Lomonosov Moscow State University, Moscow, Russia

3Moscow Center for Health Problems under the Moscow Government, Moscow, Russia

ABSTRACT

Objective: to study pathogenetic homeostasis changes in connective tissue dysplasia to substantiate its role in the predisposition to musculoskeletal
injuries.

Materials and methods: the basis of this scientific-analytical review was the analysis of data from the electronic portals PubMed-NCBI, Google
Academy, and Scientific electronic e-Library.ru.

Results: the presented literature review indicates that connective tissue dysplasia, based on polygenically determined and/or environmental factors-
induced defects in the synthesis or remodeling of intercellular matrix components, manifested by the formation of deficient connective tissue and
significant changes in its biomechanical properties. This is primarily affects the musculoskeletal structure and functions. Depending on the impaired
metabolism stage, connective tissue dysplasia is manifested by a variety of clinical signs indicating pathology of skeletal bones and their joints, failure of
connective tissue intermuscular layers and tendon-fascial complexes.

Conclusions: changes in the musculoskeletal structure and functions are manifested by its initially reduced adaptive capabilities and resistance to
physical load, determining the predisposition to injury. A personalized approach to the choice of sports activity and training program in connective tis-
sue dysplasia will help to preserve youth health, prevent re-traumatism and early disability.

Keywords: connective tissue dysplasia, musculoskeletal system, pathogenetic mechanisms, maladaptation to physical activity, sports, injury preven-
tion, youth health preservation

Conflict of interests: the authors declare no conflict of interest.

For citation: Changes in musculoskeletal adaptation to physical activity in connective tissue dysplasia: analyzing some triggering factors. Sport-
ivnaya meditsina: nauka i praktika (Sports medicine: research and practice). 2024;14(3):55-64. (In Russ.). https://doi.org/10.47529/2223-2524.2024.3.6

Received: 03 November 2024
Accepted: 13 February 2025
Online first: 04 March 2025
Published: 04 March 2025

*Corresponding author

1. BBenenne

Pa3BuTme MacCOBBIX 3aHATHUIT (HUBNIECKONI KYIbTYpOIl
U CHOPTOM COIIPOBOXKIAETCS CYIIECTBEHHBIM POCTOM 00-
pallaeMOCTV MOJIOAbBIX JIIOfiENl 3a MEIULMHCKON IIOMOLIbIO
B CBA3U C TPaBMaMM OIIOPHO-IBUTATE/ILHOTO alllapara, BO3-
HUKAIOIIVX BO BpeMsA TPEeHMPOBOK ¥ COpeBHOBaHmMIt [1-3].
®oHOM, ONpENeNAIIMM MCXOLHYI0 HECOCTOATENbHOCTD
TKaHell Me3eHXJIMa/IbHOTO IIPOUCXOXKIEHNA 1 CYIeCTBEHHO
HapyIIAoMNUM B MOJTIOLOM BO3pacTe MOP(POPYHKIMOHAIb-
HYIO afIallTAl{MI0 OIIOPHO-/[BUIATEIbHOTO aIlapara K (usu-
YeCKMM HarpysKaM, CUMTAeTCs AUCIIIA3MA COeNUHNTETbHON
tkaHu (JCT) [4, 5]. 3a nocenHMe rofpl CyLIeCTBEHHO yBe-
IMYNMIACh PACIPOCTPAHEHHOCTh HECHHAPOMHOI (Hemud-
¢depennupoBanuoit) ¢opmer ICT, KoTopas, Mo HAaHHBIM
Hay4YHbIX MCCIEOBAaHMIL, CTajla HOCTUTATb B pAfe IIONYy-
At 85,4% [4, 6]. CormacHo MOCHeNHUM KIMHUYECKUM
pexoMenpanuaM POCCUIICKOTO Hay9HOrO MEAMLIMHCKOTO
obliecTBa TepaneBTOB, 9Ta IATOIOTHS MMeeT IOINIeHHYIO,

MYIBTU(AKTOPHYIO IIPUPOAY U XapaKTepU3yeTCA BO3HIKHO-
BEHJEM OT/IeIbHBIX ITPOSIBIEHNI AcMOpdOreHe3a CoenMHN-
TeHbHOI?I TKaHWU, KOTOpre HE yKIIa,E[bIBaIOTCH B K}II/IHI/I‘IQCKYIO
KapTuHy Kraccudeckux cyuHppoMHbIX [ICT (HecosepeH-
HBIII OCTeoreHes, CMHAPOMbl MapdaHa, Imnepca — [lanio,
InpuuTieHa — lonppbepra, Cruxiepa u gpyrue) [6]. B Ha-
crodllee BpeM:A HecuHApoMHasA popma [JCT He paccmarpn-
BaeTCs Kak 3a60/IeBaHue, 1 IO9TOMY OHA He BXOIUT B IIOCTIeN-
HIOI0 BEepCUI0 MEXYHAPOJHON Kimaccudukaiyy 6omesHeit
(MKB-11) [4, 6]. B cBs3M ¢ 9TUM B IporpamMMe IepBUYHOTO
MEIUIIHCKOTO 00C/IeN0BaHus MOIOMIbIX JIIONEN, JKeTaloluX
3aHMMATbCA (QU3MIECKON KYIbTYypoOll M CIIOPTOM, OTCYT-
CTByeT O65{33T€HI)HI)H7[ CKpI/IHI/IHF COCTOAHMA COCOVHUTE/Ib-
HoII TkaHN'. [I03TOMY Iie/IbI0 IPOBENEHHOTO MCCIeNOBaHNA
ABIANOCH I/ISY‘IQHI/Ie IIaTOT€HETNYECKNX ]/I3MeHeHI/II7[ ToMeo-
CTa3a MpU AUCIUTA3UY COENVHUTENBHON TKaHU /11 060CHO-
BaHUA ee poy B (OPMMPOBAHUM IPENPACIONOKEHHOCTI
K BO3HUKHOBEHUIO TPaBM OIIOPHO-/IBUTATE/IbHOTO aIllapara.

! TIpuxa3s ot 23 okTa6psa 2020 r. Ne 11441 MunucrepcTBa 3gpaBooxpaHenns Poccuiickoit @egepaunu (B pen. Ilpukasos Muusgpasa PO

oT 22.02.2022 Ne 106H ot 26.09.2023 Ne 497H).
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2. MaTepuanbl 1 METOJbI MCCIEJOBAHN

Basoit maHHOrO HayYHO-aHATUTUYECKOTO 0630pa sBU-
NCh [aHHBIE 3MEKTPOHHBIX moprtanmoB PubMed-NCBI,
Axapemnsa Google n HayuHas snexkTpoHHas 6ubmmorexa
eLIBRARY.RU B niepnop ¢ 2016 o 2025 rog. VimeHHO B 1O-
cneguue rogpl mpobnema JCT cTaHOBUTCA IPEIMETOM aK-
TUBHBIX Hay‘{HbIX I/ICCIIe]IOBaHI/Iﬁ yqube B CBA3M C pOCTOM
ee pacIpOCTPaHEHHOCTH B HONY/SLIN, TTO/ICHCTEMHOCTBIO
OUCITTACTUYCCKUX HPOHBHCHI/H‘/‘I I HEraTMBHBIM BJINAHN-
€M [JAHHOII NaTOJIOTMI He TONIbKO Ha COCTOSIHME 3[JOPOBbS
OpraHmsMa, HO U Ha XapaKTep TeUeHVsI IPAKTIIeCKN BCeX
CONYTCTBYIOIIMX 3aboneBaHMil. [l IIOMCKa MCHOIb30-
Ba/JIMICh KOMOMHAIMM CJIOB: «JUCIUIA3UsA COENVHUTETbHOM
TKaHI», «OIIOPHO-[{BUTATEIbHBIIT alllIapaT», «MeTabOIN3M»,
«KOJIIATE€H», «INIACTHUH», «[POTEOITIMKAHBI», «TUIbBI COEMN-
HUTENIBHON TKaHI» «CBHSO‘IHO-KaHCy}IHPHbIe CprKTypI)I»,
«CYXOXUINA», «(I)aCLU/II/[», «KOCTW», «XpAIWN», «CUMHOBU-
aIbHAsT KUEKOCTb», «(pU3NYecKass HarpysKa», «TpaBMa»,
a TaKXXe€ UX II€pE€BOJHDBIE ISKBMBAJIEHTBI Ha AHT/INIICKOM
s3bIKe: ‘connective tissue dysplasia’, “musculoskeletal
system’, “metabolism”, “collagen”, “elastin’, “proteoglycans’, “
connective tissue types” “ligamentous-capsular structures’,
“tendons”, “fascia’, “bone”, “cartilage’, “synovial fluid’,
“physical activity”, 'injury’. Ha ¢punamproM 3Tane 06061meHbt
naHHble 40 MICTOYHMKOB JINTEPATYPBHI.

3. MonexynsipHo-reHeTn4YecKre pakTopbl HAPyIIeHNs

dopMuUpOBaHMS COENMHNTETHHONM TKAHM

B cpaBHeHMM C APYIMMMU TKAaHAMU apXUTEKTOHUKY CO-
eNUHUTENbHOM TKAHM OTAMYAET 3HAYUTENbHBII 00beM
MEXKK/IETOYHOTO BEIECTBA ¥ OTHOCUTENHHO HEOOIbILOE KO-
JINYECTBO KIETOK, [/IABHAsE (PYHKIIVsI KOTOPBIX 3aK/II0YAETCs
BIIPOAYKIIMI U PEry/IALIUY PEMOJeTNPOBaHN KOMIIOHEHTOB
OKPY>KAIOLIETO X MAaTPMKCa: BOIOKOH 1 OCHOBHOTO aMOp-
HOTO BEI[eCTBa, COCTOSAIIErO M3 YIIEBOXHO-OENTKOBBIX KOM-
IUIEKCOB U CTPYKTYPHBIX ITIMKOGenkoB. JIro6oil aucbamanc
B 3TOIf CUCTeMe, MMEIOIIVII OTUTEHHYIO /MU MyIbTU(AK-
TOPHYIO CPEfIOBYIO IIPMPOAY, MO>KeT IIPUBOAUTD K Hapyllle-
HYAIM CTPYKTYPBI MeKK/IETOYHOT'O MaTPUKCa Y I3MEHeHNAM
6110MeXaHNYeCKUX CBOVICTB COEIVHNUTENbHOIN TKaHu [6, 7].
[IpoYHOCTD U YIPYTOCTb COOMHUTENIbHON TKaHN MIPUAAIOT
KOJUIareHOBBIE BOJIOKHA, KOTOPbIE COCTOST 13 MHOTOUMC/ICH-
HBIX IOJIMIIENITUIHBIX Lielell Ko/lareHa. B onopHo-gsura-
TeJIbHOM allllapaTe BCTPEYAIOTCs IPEeXX/ie BCETO KOMIareHsl,
ob6pasyrole mpouHble GUOPUIIIBL, KOTOPbIE CLIOCOOHDI BbI-
Iep>KMBaTh BEICOKYIO MEXaHNYeCKYI0 HarpysKy. Peanmsanns
MyTallMil B reHaX, KOAMPYOIIVX 3TU KOJUIATeHbI, MaJIO 3a-
BUCKT OT BHEIIHMX YC/IOBUI U IIPOSIB/IACTCA CUHAPOMHBIMU
¢dopmamu [ICT. Coéou Ha mH060M 13 MOCTERYIOLIUX ITAIOB
MOAMUKALNY WIN PEMOLETUPOBAHNS KO/UIATEHOBBIX BO-
JIOKOH, BBI3BaHHBIX MYTallMAAMU B F€HaX COOTBETCTBYIOLINX
(bepMeHTOB WV HEOCTATKOM BaKHBIX /ISl 9TUX IPOLIECCOB
KO(aKTOpPOB (MOHOB META/IOB U1V BUTAMIHOB), TAKXKe CO-
IIPOBOXK[AIOTCS TI0SIBJIeHMEM Ie(eKTHBIX BOTIOKOH U HEIloI-
HOLIEHHOCTBIO CO€IMHUTEIbHON TKaHY Pa3HOi CTENIEHN BbI-
PaKeHHOCTH [5, 6]. DTOT CIIO>KHBIIT MHOTO3TAIIHBII ITPOL[ECC
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HAUMHAETCs BHYTPM KJIETOK Ha prbOOCOMAx TpaHyIAPHOIN
9HIOIUIA3MATUYECKOI! CETH C TPAHC/IILNY TTONIEITHSHOI
[[en MpeKojUIareHa, BKIovaroieir 6omee 1000 aMuHOKMC-
JIOTHBIX OCTaTKOB [8-11]. PeMozmenupoBaHye KOMIareHoBbIX
BOJIOKOH OCYILECTB/IETCSI MATPUKCHBIMY METa/IONpOTe-
MHAa3aMl, aKTMBHOCTb KOTOPBIX perymupyercs creungu-
YeCKMMM WHIMOUTOPaMM TKaHEBBIX MeTa/UIONPOTENHA3
(TIMP-6enku) ¥ 3aBUCUT OT IPUCYTCTBMsI MOHOB IIMHKA
U Ka/iblysl. MHOTOYMC/IEHHBIMI 9KCIIEPUMEHTAMI JOKasa-
HO, 4TO M30BITOYHAsE aKTMBHOCTb MATPMKCHBIX METAIIO-
[IpOTeNHA3 YCUINBAET Aerpajariio GOIbLUIMHCTBA CTPYK-
TYPHBIX 6€/IKOBBIX KOMIIOHEHTOB MEXXK/IETOYHOTO MAaTPUKCa
U CYyIeCTBEHHO M3MeHsIeT O1OMeXaHNIecKue CBOMCTBA CO-
eNVHUTEIbHON TKaHu 7, 10, 12-14].

Croco6HOCTD K PACTSIKEHMIO M 3TIACTUYHOCTD COENN-
HUTE/IbHOJ TKaHM OOYC/IOB/IeHBl Ha/M4MeM B Heil 971acTy-
4eCKUX BOJIOKOH, KOTOpbIe, B OT/INYME OT KOJIATEHOBBIX,
06bIYHO 6GOJlee TOHKMe, Pa3BeTBICHHbIE U 0OPasyloT APYT
C JPyroM MHOTOYVC/IEHHBIE aHACTOMO3bl. OCHOBHBIM KOM-
TIOHEHTOM 9TUX BOJIOKOH sAB/sieTcs omacTu (ren ELN) —
ITIMKONIPOTENH, KOTOPBIN cofep>XUT 0Kono 800 aMMHOKMC-
JIOTHBIX OCTaTKOB U MMeeT XapaKTePHYI MIOOY/IApHYIO
¢opmy. B onopHO-ABUTraTeNbHOM aIapaTe MaCcTUH COfep-
JKUTCS MPEVMYIIECTBEHHO B CBSI3KaX U CBSI30YHO-KAICY-
JIIPHBIX CTPYKTypax. MyTarium B reHe JaHHOTO OeIKa 11 BbI-
3BaHHbIE VMM M3MEHEHNUS er0 CTPYKTYPBI MaHN(eCTUPYIOT
HapylleHeM IPOYHOCTU IACTUYHBIX TKAHE Ha pasphiB
U YTPAaTOll UX IVIACTMYHBIX CBOMCTB [7, 15].

Oco6y10 3Ha4MMOCTh B (POPMUPOBAHUM KapKaca d/a-
CTUYECKUX BOJIOKOH MIMEIOT CUHTe3UPyeMble KJIeTKaMI T/~
kob6ernku ¢ubprwtnnst (reust FBN1, FBN3), koTopsie 06-
PasyloT aacTudecKue MUKpOQpuOPUIIbL, B TOMILY KOTOPBIX
OTK/IafbIBAIOTCSI MOJIEKY/Ibl 37acTuHa. CBSSBIBAsCh B Iie-
IIOYKM B BUJIE 9MACTVHOBBIX IPOTOGUOPIII, OHYI 06pasyioT
VIIPYTYIO CeTb, KOTOpas HAXORUTCS BO BHYTPEHHEN YacTu
3peIoro 3NMAacTUYeCKOro BoaoKHa. OHa BOCIHPUHMMAETCA
KaK €ro rOMOT€HHBIJI KOMIIOHEHT, Ha KOTOPbIA IIPUXONT-
cs1 okono 90 % 6enkos [7, 16-18]. C6ou Ha 3Tamax cuHTE3a
¥ pacIaia 91acTIIeCcKUX BOIOKOH OIIPEee/AI0TCS He TOIBKO
MYTaIMsIMU B TeHAX, KOLUPYIOL[UX BXOAIIIE B HIX Oe/Ky,
HO 1 My TaL[VsIMU B TeHaX (pepPMEHTOB, y4aCTBYIOLINX B TOCT-
TPAHC/LILMOHHBIX MOAU(MUKALMAX 9TUX O€IKOB, a TaKXKe
HEOCTATKOM Ba)XHBIX /I 9TUX IPOLECCOB KO(AKTOPOB.
Tak, MIUTENIBHO CYIECTBYIOI[asi TUIIOMAarHe3VeMusi Bbl-
3bIBAET CHIDKEHME aKTVBHOCTH 971aCTa3 ¥ yBEIMYEHUE CO-
Iep>KaHMs MACTUIECKUX BOTIOKOH, YTO KIMHNYIECKU MOXKET
IIPOSIB/IAITBCS TUIIEPPACTSDKUMOCTBIO CBS30K VM CYXOXIINIA,
006yCaBIMBaOMINX HeCTabMIBHOCTD CYCTaBoB [7, 14, 19].

OpHuM U3 B@KHBIX 9/IEMEHTOB MEXK/IETOYHOIO Ma-
TPUKCA COETUHUTEIHON TKAHU, OIPENEISIIOLINX €0 CTPYK-
TYPHO-(YHKI[MOHA/IbHbIE CBOJCTBA, SB/SIOTCSA IIMKO3a-
MIHOIIMKAHBI, HanbojIee KPYIHBIM U3 KOTOPBIX SBJISIETCS
rUaaypoHaH (IMaaypOHOBast KUCTOTA). VIMEHHO OH cOCTaB-
nsteT 6a30BYI0 CTPYKTYPY A/Is1 OpraHM3aLuy reneobpasHo-
rO KOMIIOHEHTa U OIpefesieT (pU3NKO-XMMIIeCcK1e CBOIi-
CTBa ME@XK/IETOYHOTO MAaTPUKCA, O3BOJISIONINE CBSI3BIBATh
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6071bI1I0€ KOTMYECTBO BOIBI ¥ 00€CIeUBaTh ONTUMAa/IbHbBII
ypoBeHb TUApaTanuy TkaHeil [7, 20, 21]. Bonbme Bcero
I'MaTypOHaHa COIEPXKUTCA B PHIXJION BOTOKHMCTON COENM-
HUTE/TbHOII TKaHU, BBICOKNE €T0 KOHIJEHTPAaly HaXOHATCA
B XPsAILIEBOJ TKaHY ¥ CMHOBUAIBHON Xujgkoctu [7, 9]. Haxke
He3HaulUTe/IbHble MOAU(NKALUY B CTPYKTYpe IMalypoHa-
Ha HapylIaloT €Tro IIPaBWIbHYI0 KOH(OPMALMIO ¥ COIPO-
BOX/JAIOTCSI VM3MEHeHNeM TMOKOCTM 3TOI MaKpOMOJEKY-
JIBI, OIIpefieNsiIollell Takue MaKpOCKONIMYeCKMe CBOJICTBA,
KaK YIPYTOCTb COEVMHUTEIbHOM TKaHU Y BA3KOCTb CUHO-
BMa/IbHON >xmpxoctu [9, 21, 22]. Kpome toro, rmanyponan
SIB/ISIETCS. BOKHENIIINM 3IeMEHTOM, CIIOCOOCTBYIOIIUM pe-
MapaTUBHBIM IIPOLIeCCaM OIOPHO-IBUTATe/IbHOTO aImnapa-
Ta, KOTOpble HEOOXOMMMBL IjIs1 (PM3MOIOTMYECKOI afanTa-
muu [9, 20].

JIpyrve IMMKO3aMMHOITIMKAHBI MAaTPUKCAa B CPaBHEHNU
C TMAIypOHAHOM UMEIOT FOpaso 60/ee HUSKYIO MOJIEKYILP-
HYIO MacCy ¥ UTPAIOT BCIIOMOTaTe/IbHYIO POJIb B MHTEIPalin
aMOp(HOTO BelIeCTBa ¥ BOTOKOH COEMHUTEIHON TKaHM.
B MaTpuKce oHM BCerfja COeqMHEeHbI C HETKOM, BXOMAT B CO-
CTaB MPOTEOITIMKAHOB U CIIOCOOCTBYIOT [OIOTHUTEIbHOI
TUfpaTalMy MaTpuKca ¥ OOpasOBAHUIO YIIEBOXHO-IIO-
JIMCaXapUIHOTO Tefisl, KOTOPBIl CIIOCOOEH NPOTUBOCTO-
ATb 3HAYUTE/IbHBIM MEXaHMYECKUMM HarpyskaM Ha CKaTue
u pacTsKeHue. Kpome Toro, ImmKo3aMMHOITMKAaHBI MOTYT
cBA3bIBaTh KaTnoHbl Ca,+, Na+, K+ u Takum o6pasom Biu-
SITh Ha IVIOTHOCTD XPSIIEBOIT ¥ KOCTHO TKaHu [7].

ITpoTeornukaHbl ¥ KOFUPYIOIINe UX TeHbI Kraccuduum-
PYIOTCA B COOTBETCTBUY C BKJIIOYEHHBIMY B HVX IJIMKO3aMU-
HOIVIMKAHHBIMU LIETISIMY, OCHOBHBIE U3 KOTOPBIX COfiep>KaT
XOH/JPOUTHUHCY/Ib(ATHI, [iePMATAHCYIb(ATBI, KePaTAHCY/Ib-
¢arsl 1 remapancymbdarsl. MyTaryu B 9TuX reHaxX U FeHax
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(epMeHTOB, yIaCTBYIOLIVX B OMOXMMUYECKIX MOAMU(UKALN-
SIX T/IKO3aMIHOITIVKAHOB U VX IIPUCOENVHEHNN K O€lKOBOIL
MOJIEKYJIe, MOTY T 3HAUUTEIbHO B/IVSITh Ha CTPYKTYPY MEXKJIe-
TOYHOTO MaTpPUKCa. Tak, M3MEeHEHNsI CTPYKTYPbI XOHAPOUTUH-
Cy/b(aTOB IIPEUMYIIECTBEHHO BIIIOT Ha OMOMeXaHIYeCKIe
CBOJVICTBA XPAIIEBOI I KOCTHOM TKaHEN, a TaKXXe CYXOXKMJIb-
HO-(acL1a/bHOTO KOMIUTEKCa I CBA30K. [lepMaraHCymbdarst
OIPENe/SIIOT COCTOSIHME MEXKIETOYHOIO BellecTBa KOCTell
U XpALLelt, KepaTaHCY/IbgaTbl COfePXKaTcs B 60/mbIIoM (arpe-
KaHe) 1 HeKOTOPBIX Ma/IbIX IIPOTEOIIMKAHAX XPSIEBOTO Ma-
TPUKCA, FeapaHCy/IbdaThl BXOMAT B COCTAB IIPOTEOITMKAHOB
6asanbHBIX MeMOpPaH 1 SB/LIIOTCS MOCTOSIHHBIM KOMIIOHEH-
TOM KJIETOYHOJ OBepXHOCTH [7, 9, 23].

BasxHas MHTErpupyIoLas pob B OpraHU3aIu MeXKIIe-
TOYHOTO MATPUKCA COENMHNUTENTBHOI TKAHV MPUHATTIEKUT
MHOTOJOMEHHBIM ITIMKOGEIKaM, KOTOpbIe COFEPXKAT OfFHO-
pOZHBIE CTPYKTYpHBIe MOAYIM (ZOMEHBI), IO3BOJLAIOIINE
CBA3BIBATb pas/MYHble MOJEKYIBI U KIeTKM. Tak, Hampu-
Mep, QUOPOHEKTUH Y4acTBYeT B 0ObeyHeHUN KOJUIareHa,
[IPOTEOITINKAHOB, THATypOHAHa, YITIEBOOB U (DepMEHTOB,
a TakkKe B (UKCALUM KIETOK B MAaTPUKCE, MX MUTPALNU
u obecredeHNy pereHepaTuBHBIX mporeccoB. Ocobymo porb
¢UOPOHEKTUH MTpaeT B MEXaHOTPAHCAYKUMM U afjanTa-
1y K pusmdeckoit Harpyske [7, 24]. JlaMMHUHBL M HUFOTeH
OIpeRe/sIIOT CTPYKTYPHYIO OPTraHN3aL[MI0 KOMIIOHEHTOB ba-
3a/IbHOI MeMOpaHbI U CIOCOOCTBYIOT KJIETOYHOI afresun
u guddepeHIpOBKe B 3TOI 06/1aCTH, TeHACIMHBI POPMU-
PYIOT KOMIUIEKCHI C IPOTEOIIMKAHAMY Y MOLYIUPYIOT UX
afresuBHble CBOCTBA. [eHeTnyecKue fedeKThl 6MOCHTe3a
9TUX CTPYKTYPHBIX [IMKOIPOTENHOB IIPUBOMAT K Hapyllle-
HIIO POPMIPOBAHUS COETUHUTEIBHON TKaHU U 3MEHEHNIO
ee 610MexaHMYeCKIX CBOVICTB [6, 25].
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Takum o6pasom, ICT, B 0OCHOBe KOTOPOII JIeXAT TIO/N-
FeHHO AeTePMUHUPOBAHHBIE /WM BO3HUKIINE IIOJ BIIN-
SIHMEM CPefoBbIX (paKTOpOB HedeKThl CHMHTe3a WIM PeMO-
HeNVpPOBAHNUs KOMIIOHEHTOB MEXK/IETOYHOTO MAaTpPUKCa,
IPOSIB/IIIOTCS POPMUPOBAHMEM HETIOMTHOLIEHHON COeVNHI-
Te/IbHOII TKAHU U CYLIeCTBEHHbIM U3MeHEHVeM ee 6roMexa-
HIYECKMX CBOJCTB (puc.).

4. Mopdodyukumonanbubie paKTOpPbI Kak

TIPUYVHA VICXOJHO CHVDKEHHBIX aflalTaljIOHHBIX

BO3MOKHOCTel OIIOPHO-IBUTATEIHHOTO aNIIapaTa

SBnsisick  CBOEOOPAsHBIM  CTPYKTYPHBIM  KapKacoM
WIS BCeX OPraHOB U CHUCTEM OpraHM3Ma 4YelIoBeKa, COey-
HUTe/TbHAs TKaHb UTPAET IIEPBOCTENEHHYI0 PO/Ib B pOpMU-
POBaHMM OIIOPHO-IBUTATE/IbHOTO anIapara. B cBsa3m ¢ atum
HapyIeHue QOPMUPOBAHNsI COETUHUTENIBHON TKAaHU 1 13-
MeHeHMe ee GMOMEXaHMYECKUX CBOJCTB BMSET IIPEX[e
BCEro0 Ha CTPYKTYPY U (YHKLUMOHMPOBAHNE OMOPHO-ABU-
raTefIipHOro ammaparta [9, 26]. KimmHudeckne nposBienns
U BBIPOKEHHOCTb ISTUX M3MEHeHMit OyAYT CYLeCTBEHHO
3aBUCETh OT HAPYLIEHHOrO 3Tama MeTabosm3Ma, Ompene-
JIAIOIIEr0 IMpeuMYIIeCTBeHHOe IIOpakeHNe OIpefie/IeHHbIX
BUJIOB COEIVMHUTENBHON TKaHU. TaK, ppIXyias BOMOKHMUCTAs
COeMHUTEIbHASL TKaHb, XapaKTepUIyIOLascs mpeobnaga-
HIMEM II0 3aHMMaeMOMy 00beMy aMOpP(HOro KOMIIOHEHTa
HaJ| BOJIOKHAaMU, pPacliofio)KeHa B BMJe MHOTOYMCIIEHHBIX
COeVMHNUTEIbHOTKAHHBIX IPOCTIOEK MEX[Y MBIIIeYHbIMU
BOJIOKHAMU, COfIep>KaIlNX KPOBEHOCHBIE COCYHbI ¥ HEPBBI
[9]. ITartomormueckme M3MeHEHMs] ITOTO BUA TKaHU CO-
MIPOBOXK[AIOTCS TIPeXK/ie BCETO NMpU3HAKAMM HEZOCTATOYHO
a[IeKBaTHOTO KPOBOCHAO()KEHMsI MBIIIL] ¥ PACCTPONCTBA-
MU UX MHHEpBalUM, KOTOpPble CYLIeCTBEHHO YXYAIIAIOTCA
npu GU3NYecKoil aKTUBHOCTI. KnMHMYecKu 9TO MpOsBIIs-
eTCst 6O/ISIMU B MBIIIIIAX KOHEYHOCTEN U OBICTPOIL UX YTOM-
JIIEMOCTBIO, 356KOCTBIO PYK U HOT, OLIYILIEHNEM OHEMEHMs
U mapecTe3nsMu, 60/Ie3HEHHBIMI MbILIEIHBIMYU CIA3MaMU
u cygoporamn [4, 5,9, 27, 28].

B m10THOI BOJTOKHUCTON COENVHUTE/IBHON TKAaHU IIpe-
0671a/jal0T BOJIOKHA, 00'beiMHEHHbIE B MOIIHbIe ITy4uKy. Ecin
ITYYKY BOJIOKOH He MEIOT KaKOli- 160 eIHOI OpMeHTaLIN,
TO 3TO IJIOTHasE BOJIOKHMCTasi HeopOpMJIEHHAs COeNMHU-
TeJIbHAasl TKaHb, KOTOPasi B OIIOPHO-JBUTATe/IbHOTO aIllapa-
Te YYaCTBYeT B 0Opa3sOBaHMY HAJKOCTHNIIBI ¥ HALXPAIIHN-
LIl U OIpefie/isieT MUTaHMe KOCTEeN U Xpsllell, a TaKKe UX
MOJIeNMpOBaHue B Ipolecce pocta [9, 26]. [Tatonornyeckne
M3MEHEHUs 9TOTO BUJIa COENVIHUTEIbHON TKaHM COIPOBO-
JKIAIOTCSI HECOBEPIIEHHBIM XOHIPO- U1 OCTEOTeHe30M M, CO-
OTBETCTBEHHO, CTPYKTYPHBIMM W3MEHEHNAMM CKeIeTHON
TKaHY, KOTOPbIe MIPOSBIAIOTCS MIPEXKJe BCETO IOKAIbHBIMU
medopMaIsIMU KOHEYHOCTEN I OCEBOTO CKe/leTa pasynd-
HOII CTeTIeHN BBIPXXEHHOCTH. JTO, HarpuMep, fepopmannn
Tel TO3BOHKOB, MMKPOTHATHS, TOTMYECKOe HEGO, medop-
Maly KOCTeil depera, MCKpUBJIEHNE HEePeropoiKy HOCa,
X- unu O-obpasuble fepopMary HIDKHUX KOHEYHOCTEN
U T. 3. [6, 29]. Ocoby10 ponb HAZKOCTHUIIA U HAAXPSIIHALIA
WUTPAlOT B PeNapaTMBHONM pereHepauuy KOCTeN M XpAllen
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IIpM UX NOBpeXfeHMAX. HecocToATeNbHOCTh KOCTHBIX pe-
reHepaToB (KOCTHBIX MO307Ieif) 00yc/lIaBluBaeT BO3HUKHO-
BeHIe peLUINBUPYIOMINX IIePE/IOMOB, JaJKe B YCIOBUAX OT-
CYTCTBUA TpaBMUPYIOIIUX (akTopos [5, 9, 26]. Kpome Toro,
HEIIO/IHOLIEHHOCTb KOJIAT€HOBBIX BOJIOKOH Ha[JKOCTHMIIBI
CTY>KUT IIPUYVHOI MepBUYHBIX SHTE30MaTUIi, KOTOpbIe Ma-
HI(ECTUPYIOT IIOCTOSHHON MUKPOTpaBMAaTH3ALMel ITUX
CTPYKTYp Ipu Ppu3N9IecKol aKTUBHOCT BIUIOTD IO UX IIONI-
HOTO OTpBIBa OT KocTeii [6, 9, 30, 31].

B mnoTHOI BOMOKHMCTOI O(QOPMIEHHON COERNHNTEb-
HOJI TKaHM ITy4KM BOJIOKOH VMAYT JIMIIb B OffHOM HaIIpaBlle-
Hym. Takoit BuJi TKaHM B OIIOPHO-JABUTATENIbHOTO allIlapaTe
IIPUCYTCTBYeT B CBA3KAX U CBA30YHO-KAICY/IAPHBIX CTPYK-
Typax, KOTOpble YKPeIUIAI0T COYWIeHEHN KOCTell, oIpefie-
0T B HUX KOPPEKTHBII 00BbeM [ABIDKEHMIT ¥ HAIPaBIsi-
10T OBIDKeHUA KocTeil. KpoMe Toro, mnoTHas BONMOKHMCTAA
oopmIeHHass COeAVHUTENbHAs TKaHb (OPMUPYET CyXO-
KWV U allOHeBPO3Bl, ITOCPENCTBOM KOTOPBIX IIOIeped-
HOIIOJIOCAThle MBIIIIBI IPUKPEIUIATCA K KOCTAM CKeJleTa,
a TaxKe o6pasyeT acuyy U MEPETOPOAKIM, pasfiesLiole
OT/e/IbHbIe MBIIIIBI MIM TPYIIBI MBILIL ¥ obecrednBa-
olMe UX CBOOOJHOE CKONb)XeHUe M Iepefady ABVDKEHMs
K KocTsM [9, 26].

VsmeHeHue yIpyrux CBOVICTB CBA30K ¥ CBA30YHO-KaIl-
CYISPHBIX CTPYKTYP CYCTaBOB 3aKOHOMEPHO IIPUBOJUT
K IOABJIEHMI0 He(U3MONIOTMYHOTO /A NAaHHBIX COUYIEHe-
HMiT 06beMa aKTUBHBIX U ITACCVBHBIX [ABVKEHMII, BBI3bIBAs
HeCTaOMIbHOCTD COENUHEHNIT, KITMHIYECKY TIPOSIBIISIONEN -
sl CHHAPOMOM TUIIEPMOOIIBHOCT CYCTaBOB. VX 136bITOU-
Hasg HOJIBIDKHOCTDb CO3JaeT YCIOBMA I BO3HMKHOBEHNA
BO BpeMA QM3MUYECKON aKTMBHOCTY HEOTHOKPATHO IIOBTO-
PAOIIMXCA PACTAKEHMI CBA3OK, MOABOPAYMBAHMUI CTOII,
IIO/IBBIBMXOB M BBIBUXOB B CycTaBax [5, 6, 32]. CmabocTb
CBA30YHOIO allllapaTta, COeAVMHAILIETO OTAe/IbHbIe II03BOH-
KU, TIPUBOAUT K HECTAOMIBHOCTY ITO3BOHOYHO-[BUIATE/Ib-
HBIX CErMEHTOB ¥ (hOPMMPOBAHMIO TaKuX AedopMarmit
ITO3BOHOYHOTO CTOMOA, KaK CKOMMo3, Kno3 1 KugoCKomm-
03. BpIpa)KeHHOCTb KIMHMYECKOM CUMIITOMATUKU B 3TOM
CIy4ae 3aBMCHUT IIPeXJie BCETO OT CTeIeHM KOMIIpeccun
HeBPAJIbHBIX CTPYKTYP, KOTOpas MPOAB/IAETCA apecTe3nsa-
M1, 60/IEBBIM CHHAPOMOM, CEHCOPHBIMM U BUTATeIbHBIMI
paccrporictBamMn. K TspKelIbIM HeBPOJIOIMYECKMM Hapyllle-
HMSIM MOXKET IIPUBOAUTD BO3HUKAOI[NUIT HA (POHE M3OBITOU-
HOJI IIOJIBVDKHOCTY IIO3BOHKOB CIOHAW/IONNCTE3, IIPU KO-
TOPOM IIPOMCXOAUT CMellleHVe BbIIIe/TeXKallero M03BOHKa
OTHOCUTENIbHO HIDKenexauero [6, 33-36]. Hecnoco6HocTh
CBA30K BBIJICP>KMBATb BeCOBble (CTaTU4YeCKUe) Harpysku
BefET K «PACIUIACTBIBAHMIO» CTON ¥ (HOPMUPOBAHMIO II/IO-
CKOCTOIINA U BaJIbTYCHOTO IIOIOXKEHNS IIATOYHBIX KOCTEIL.
Takue maLMeHTbl OTMEYAIOT OBICTPOE HOSIBIEHIE YCTATOCTI
U gyickoM¢opTa B CTOIAX IPY XOAbOE I [INTEIbHOM CTOSI-
Hym. ITaToorns mo3sBOHOYHNMKA M HelTpaBMU/IbHAS YCTAHOB-
Ka HOT IIPUBOZJAT K HAPYIIEHNUIO ABUTATE/IbHOTO CTepeoTHUIIa
¥ IIOBBIIIAIOT BEPOSATHOCTD IOTyYeHNS TPAaBM OIIOPHO-IBM-
raTe/IbHOro anmaparta [5, 6, 37]. O6pasoBaHime HEIIOMTHOLIEH-
HOI1 IVTOTHOI1 BOJIOKHMCTOI 0pOPM/IEHHOI COEUHUTETBHOI
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TKaHU OIpefeNsieT CYIeCTBEHHOe CHIDKEHME IIPOYHOCTDb
CYXOXXWIbHO-(acUMaIbHOTO KOMIUIEKCA 1 SIB/SIETCA (ak-
TOpPOM, TIPefpACIO/araloliMM K BOSHMKHOBEHMIO TIOBPEX-
TEHUIT U PaspbIBOB CYXOXKWU/IN, yoep>KUBaTeNel ¥ MblIlIey-
HBIX BOJIOKOH B YCTIOBMAX UX HATSDKEHMs IPU (PU3NIECKOI
Harpyske. Tak, JJCT sABnderca ofHMM U3 IPEIUKTOPOB
paspbiBa axwioBa cyxoxwmsa [31]. HecocroarenbHocTb
aIlOHeBPO30B MBI MaHU(ECTNPYeT UX AMacTa3oM (pac-
XOX[ieHIeM) U 00pasoBaHMEM IPbDKEBBIX BBIILTYMBAHUIL
IIpY MTOBBILIEHNI BHYTPUOPIONIHOTO IaB/IeHuA [5, 6].

CoenyHuTeNbHAA TKaHDb CO CIEIMaTbHBIMU CBOVICTBAMMU
COCTaB/IsI€T B OIIOPHO-ABUTATeIbHOM alllapaTe OCHOBY CH-
HOBMA/IbHBIX 000/I04€eK, KOTOPbIe BBICTI/IAIOT BCIO IIOBEPX-
HOCTb TIOJIOCTM CMHOBMA/IbHBIX CYCTaBOB, CMHOBMA/TbHBIX
CYMOK M CYXOXWIbHBIX Byaramui. OCHOBHON (yHKIuei
9THX 00PAa30BaAHMIT SIB/IAETCS CMHTE3 BSA3KOI SKUAKOCTH, KO-
Topas obecrednBaeT CBOOOLHOE CKOMb)XXEHNE COMPUKACAIO-
MIMXCs TIOBEPXHOCTEN, T03BO/IAeT paBHOMEPHO pacIipefie-
JATH BaBJIeHNe U IpefoTBpalaeT TpeHne. Kpome Toro, oHa
UrpaeT pojib aMOPTU3ATOpa M NMUTAET OKPy Kaloliye TKaHH,
Ipexae BCero cycraBHble xpamm [9, 26]. CTpykTypHO-
(GYHKIMOHAIPHbIE HApYIIEHWs 3TOrO BUAA TKaHU CO-
MIPOBOXKIAIOTCA IPEXJe BCEro M3MEHEHMEM KOIM4ecTBa
/MM Ka4eCTBEHHOTO COCTaBa CMHOBMAIbHON XKUAKOCTH,
4TO HarbosIee 3HAYNMO OTPAKAETCS B PYHKI[MOHUPOBAHIN
KPYIIHBIX CYCTAaBOB, Ha KOTOpbIE, IPUXOAMUTCS BO3ElICTBIE
HanbOMBIINX HATPY30K [5, 6, 38, 39].

OCHOBHYIO YacTb ONOPHO-IBUIATEIBHOTO AIapaTa Co-
CTaBJIAIOT CKE/IeTHBIC COENVHNUTENbHBIE (XpAIleBble U KOCT-
Hble) TKAHU, OTINIUTEIBHON 0COOEHHOCTBIO KOTOPBIX 5IB-
JSIeTCA HalmM4ye B MeXXKIeTOYHOM BellleCTBe MUHEePaTbHbIX
coenyHeHmIt: OT 4-7 % B XpsAleBoll, 10 — 70% B KOCTHOI
TKaHU. KomMuecTBO 3TUX BellecTB OmIpefernsieT KOHCUCTEH-
I[MI0 MEXK/IETOYHOrO MAaTPUKCA ITUX TKaHell (remeobpas-
Hasg WIM TBepfiasl) ¥ MO3BOJIAET BBIIOMHATD COOTBETCTBEH-
HO TPEUMYILECTBEHHO aMOPTU3UPYIOIYI0 UM OHNOPHYIO
¢yuxuun. Cpenyu XpsilieBbIX TKaHeil Hambosee LIMPOKO
B OpraHu3Me IIpefcTaB/leHa TMAaINHOBasA XpAllleBass TKaHb,
K/II0Y€BONl OCOOEHHOCTBIO KOTODOIl SIB/SIETCS Ha/IM4Me
B Heil 6omee TUAPODWIBHBIX KO/UIAT€HOBBIX BOJIOKOH
7 6OJIBIIOrO KOMMYECTBA IPOTEOIIMKAHOBBIX arperaToB —
CTPYKTYP, CBA3BIBAOIINX OO/IbIIOE KOTNIECTBO BOAHI [7, 9,
26]. Hapyuienne cuHTesa Uy peMOfENNPOBAHNS STUX Oe-
KOBO-YIJIEBOTHBIX KOMIIIEKCOB MEXKK/IETOYHOIO MaTpPUKCa
XpsAIIeBO TKaHM IPUBOAUT K PAaHHEMY Pa3sBUTHIO JereHe-
PaTMBHO-ANCTPOGUIECKNX V3MEHEHMIT CYCTaBHBIX Xps-
11eli, KOTOpble CONMPOBOXK/AIOTCS CHMKEHMEM UX YIPYTOCTHI
U YCTOMYMBOCTY K OOBIYHON (PU3MOIOTMYECKOIl HATpysKe,
IIPOrPeCcCUPYIOLIEMy MX PaspyLIEHUIO M paHHEMY pPas3BU-
THUIO OCTE0apTPO30B [5, 6, 35, 36, 40]. Takue ckeneronaTny,
KaK aCMMeTpPUA B I7IIHEe KOHEYHOCTEI, JOIMXOCTEHOMENNA
U apaXHOJAKTWINA, BbI3BaHHbIE [VCIIPONOPIIVOHATbHBIM
POCTOM [/IMHHBIX TPyOUaThIX KOCTEl B 06/macTyt ux MeTadu-
30B, OOBIHO BBISB/ISIOTCS YKe B [IEPBbIe TObI KU3HM fleTeil
U € BO3pacToM 6bIcTpo mporpeccupyior. ITaTonorndeckue
U3MEHEHMsI XPsIIIeBON TKaHW, oOpasywoliell IepegHue
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otaensl pebep, MaHUDeCTUPYIOT HOPMUPOBAHIEM BOPOH-
KOOOpasHOM MM KWIEBUAHON [AepopManMsaMyu TPYAHON
KJIeTKH [5, 6].

Bropoll 1o pacnpocTpaHEHHOCTM B OIOPHO-[BUTA-
TeJIbHOM allllapaTe sB/SAEeTCA BOJOKHUCTAA XpAlleBas
TKaHb, KOTOpas COCTABJIAET IepUPepUIecKYI0 YacThb MeX-
IT0O3BOHOYHBIX IMCKOB, & TaKXXe HAXOAUTCA B MeCTaX Ipu-
KpeIJIeHNsA CyXOXKM/INI ¥ CBA30K K I'MATMHOBOMY XpAILY.
OTnnunTeNnbHONM 4epTOif BOMOKHUCTOTO XpAllja ABJAETCA
Hajm4ue 60/IbIIOr0 KOMMYeCTBA TONCTHIX KO/UIAT€HOBBIX BO-
JIOKOH, IPUJAIOIUX VM CIIOCOOHOCTD IPOTUBOCTOATD GO/Ib-
VM HAIpsKeHUAM U Harpyskam [7, 9, 26]. CTpykrypHble
HapyIIeHN: 9TOTO BU/A XPAILEBOIl TKAHU COITPOBOXKIAIOTCA
IoTepeil BIarM ¥ YMEHbIIEHMEM BBICOTHI MEKIIO3BOHKO-
BBIX /IMCKOB, YTO CYLIECTBEHHO YXyZILIaeT aMOPTU3ALMIO
U 6IOMeXaHMKY BCEro IIO3BOHOYHOTO CTOIOA M CO3faeT yc-
JIOBUA Ji1s1 BOSHUKHOBEHMA NPOTPY3Mit M I'PBDK BO BpeMs
¢u3NMIecKoil aKTMBHOCTH 13-32 HEPABHOMEPHOI HATPy3Ku
Ha MEXII03BOHOYHBII cK. HecocToATeNbHOCTD IManmHo-
BBIX XpAILEN B MeCTaX NPUKPEIUIEHNUA CYXOXUINI U CBA30K
CTAQHOBUTCS TIPUYMHOI MX OTPBIBA AaXke P 0OBIYHOM (1-
31M4ecKoll Harpyske [5, 6, 31, 35, 36, 41].

[maBHast 0COGEHHOCTb KOCTHOII TKaHM, B CPaBHEHUU
C IPYTMMM BUAAMU COEIVHUTENIbHO TKAHU, CBsA3aHA C BbI-
COKOIl MHUHepanmsalyeli, KOTopas NpUAAET eil 0cobyio
Npo4YHOCTD. IIo cpaBHEHMIO € XPsAIIEBON TKAHBIO B KOCTAX
COMePXKIUTCSI OTHOCUTENBHO HeGOMIbIII0e KOTUIECTBO BObI,
HO MHOTO PAa3/NMYHBIX KUCIOT, 00pasyII[NX KOMIUIEKCHI
C Ka/bLiMeM, UMIPETHUPYIOIMM OPTaHNYECKYI0 MATPUIy
kocTu. IIpucyTcTBME B KOCTHM PsAfia HEKOJ/UIaT€HOBBIX Ma-
KPOMOJIEKY/ISIPHBIX CO€UHEHMII yBEeIMYMBAET ee MUHe-
PaIbHYIO IVIOTHOCTS. [leeKThl CHHTE3a WM PeMOAEINPO-
BaHISI 9TUX CTPYKTYPHBIX GENKOB U GENKOBO-YI/IEBOLHBIX
KOMIITIEKCOB CONPOBOXKIAIOTCS IPOTPECCUPYIOIMM CHU-
JKeHJeM KOCTHOI MacChl ¥ HapylIeHMeM MUKPOapXUTeEK-
TOHMKM KOCTeil, YTO MaHM(eCTUPYeT UX IIOBbILIEHHO
XPYNKOCTBIO M yBeIM4eHMEeM pUCKa IIepelOMOB BO Bpe-
Ms1 pusndIecKoit akTUBHOCTH [5, 6, 9, 42-45]. Takum 06-
pasoM, nuIa, OTIMYAIOLMECS LPYr OT Jpyra IO CBOUM
MopdonorndeckuM 1 ¢GyHKIMOHATIBHBIM 0COOEHHOCTSIM,
[10-pa3HOMY aflallTUPYIOTCA K YC/IOBUAM CIIOPTMBHOI fie-
ATeIbHOCTH [46].

5. 3akmroueHne

Hucnasusa coefMHUTENbHON TKaHU, B OCHOBE KOTOPOII
7e)XaT TOJNUTeHHO [eTepMUHUPOBAHHbIE /WM BO3HUK-
IIe TIOf] BIVSHIEM CPEOBBIX (PaKTOPOB HeeKThI CHHTE3a
VIV pEMOJENMPOBaHM KOMIIOHEHTOB MEXXK/IETOYHOTO Ma-
TPUKCA, MPOABJAITCA (GOPMUPOBAHNEM HEMOTHOLIEHHON
COEIMHUTENIbHOV TKaHM U CYIIeCTBEHHBIM M3MEHEHMEM ee
OroMexaHI4YeCKMX CBOJICTB. B mepBym ouepenp 9T0 OTpa-
JKAeTCsl Ha CTPYKType U (QYHKLUY OMOPHO-ABUIATeIBHOTO
almapaTa ¥ IpOsB/IAETCA UCXONHO CHVDKEHHBIMMI €0 afal-
TAIYIOHHBIMM BO3MOXXHOCTAMM U YCTOIYMBOCTBIO K (U3N-
YECKOJ Harpyske, YTO ONpefieNiAeT €ro INpefpaclonoXKeH-
HOCTb K BOSHMKHOBEHUIO TPABM.
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Bxknap aBTOpOB:

CanpkoBa Mapus BsgecnmaBoBHa — cOOp 1 aHaMM3 MaTepuana,
HaIlMCaHNe TeKCTa CTaTbU.

Huxonenko Bmapumup HuxomaeBud — pemakTupoBaHme, yT-
BepKfieHNe QMHAIbHON BEPCUM CTAaTbU.

Ipupun Jleonups AnexcaHapoBuy — peflaKTMpOBaHMe CTaTbH.
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Does the lack of monitoring put elite swimmers at danger of overuse
injuries?

Muthu Kumar Sridhar*, Ramesh Chandrasekarapandyan, Arvind Shanmugam, Harish Narayanan,
Deepak Ram Thulasi Raman

Chettinad Hospital and Research Institute, Chettinad Academy of Research and Education, Kelambakkam, Tamil Nadu, India

Purpose of the study: Extreme volumes of swim training are endured by competitive swimmers, which can potentially cause overuse injury by
overloading soft tissue structures. The aim of the study is to determine whether overuse injuries are more common during the training phase or compe-
tition phase among competitive swimmers.

Methods: This study used a prospective longitudinal design with training history and self-reported measures of overuse questionnaire once each
fortnight for nine months, from March 2023 to November 2023. The study included the participation of 54 competitive swimmers ranging from various
swimming clubs in India. The Oslo Sports Trauma Research Centre Overuse Injury Questionnaire was utilised to collect data on prevalence of substan-
tial overuse injuries.

Results: The median (IQR) prevalence of shoulder substantial overuse injuries during training is 27.5 (16-38) and in competition is 0 (0-14) with
a p value of 0.001. The mean (SD) of recovery session during training is 4.1 (0.3) and during competition is 4.5 (0.5). The mean (SD) of strength sessions
during training period is 4.7 (0.6) and during competition is 2.7 (0.4).

Conclusion: Implementing an effective athlete monitoring system for load management can play a crucial role in reducing these injuries. It is critical
to treat the root causes of an overuse injury after a diagnosis as it is important for the swimmer, their parents, coaches, team doctor and physiotherapist
to work together to identify potential risk factors and formulate a plan to prevent injuries.

Keywords: swimming, overuse injury, surveillance, load management, recovery
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flBnsieTcA NN OTCYTCTBUE KOHTPONS Harpy3ku y 3MUTHbLIX NSIOBLIOB
thakTopom pucka nonyyeHusi neperpy3odHbIX TpaBM?

Mymxy Kymap Illpuoxap*, Pamews Yanopacexapnanoan, Apeuno Illanmyzam, Xapuw Hapasnan,
Hunax Pam Tynacu Paman

bosbHuya u Hay4YHo-uccaedosamebCcKuli uHcmumym Yemmu+Hada, YemmuHadckas akademus uccaedosaHul
u obpa3sosaHus, Keanambakkam, TamunHad, MHOuA

Ienp uccnemosanusA: I10BLbI COPEBHOBATEIbHOIO YPOBHA IOJBEPraloTCSA BLICOKMM HArpy3kaM BO BpeMs TPEHMPOBOK, UTO MOXKET IPUBECTU
K TpaBMaM 13-3a IIePerpy3Ky MATKOTKAHHBIX CTPYKTYP. B CBA3K C 9TUM Lie/b MCCIeOBAHNA — CPAaBHUTD YaCTOTY TPABM, CBA3AHHBIX C IIEPETPy3KOit,
BO BpeM: TPEHMPOBOYHOTO I COPEBHOBATEILHOTO MEPMOJIOB.

Marepuabl 1 METOABI: B 5TOM IPOCIEKTMBHOM ITPOJO/IBHOM MCCIIEI0OBAHNM IIPUHAIO yYacTye 54 I/IOBLIa COPEBHOBATE/IbHOIO YPOBHA 13 II/IaBa-
TenbHbIX Kmy6oB VMHpnn. C60p AaHHBIX 110 rpadyKy TPEeHMPOBOK 1 CyObEKTVBHBIM OTYETaM II0 IleperpysKe IMPOBOAVICS Pa3 B iBe HEfle/N B TeIeHIe
IeBSTH MeCsilleB — C MapTa 1o Hosi6pb 2023 ropa. st c6opa JaHHBIX O pacIpOCTPAHEHHOCTH TPABM, CBA3aHHBIX C IIEPerpysKoit, nconb3osacsa Oslo
Sports Trauma Research Centre Overuse Injury Questionnaire.

PesynpraTer: Mennana (IQR) pacrpocTpaHeHHOCTH 3HAYNTENbHBIX IIPOG/IEM C I/IEIOM U3-3a [ePEerpy3Ky B TPEHMPOBOYHBII TEPUOJ COCTABUIIA
27,5 (16,0-38), B copeBHOBaTenbHbI epuog — 0 (0-14) (p = 0,001). Cpexntee (SD) Ko/m14ecTBO BOCCTAHOBUTEIbHBIX CECCUII B TPEHVPOBOYHBIIL ITe-
puox cocrasuo 4,07 (0,26), B copeBHOBaTenbHbIi Hepuop — 4,46 (0,50). CpenHee (SD) KOMmuecTBO CUIOBBIX TPEHMPOBOK B TPEHMPOBOYHBIIT ITEPUOT,
cocTaBuno 4,70 (0,57), B copeBHOBaTeNbHbIN Iepuon — 2,74 (0,44).

3akmoueHne: Buegpenne s pexTBHOI CHCTEMBI MOHUTOPIHTA CIIOPTCMEHOB [/Is1 KOHTPOJIS [IOZTy4aeMOlt HATPY3KU MOXKET ChIIPATh K/IIOUEBYIO
POJIb B CHMDKEHUM TPaBM, BBI3BaHHBIX Ileperpyskoit. Takxke KpaiiHe BaXKHO YCTPAHATb IEePBONPUYMHBI TAKUX TPaBM II0C/Ie IIOCTAaHOBKY JMArHO3a.
Ba)xHO, 4TOGBI IIOBELL, €T0 POFUTENN, TPEHePbl, KOMAaH/HbII Bpad 1 (M3NOTepareBT COBMECTHO BBIAB/IIN MOTEHIMATbHbIE (AKTOPBI PUCKA I pas-
pabarbIBamy IWIaH IPOGUIAKTUKY TPABM.

Kniouesvie cnosa: nnapanue, Ieperpy3ouHble TPaBMbl, OIIPOC, KOHTPOJIb HArPY3KM, BOCCTAaHOBJIEHVE

Onsa uuruposannsa: Kymap MU, Yannpacexapnaungsan P, lllanmyram A., Hapaaunan X., Pam [I. fIBnsaeTcs nu oTCyTCTBME KOHTPOJIA HArPy3Kn
Y 9/UTHBIX IVIOBLIOB (PaKTOPOM pYICKA NIOMTYYeH S IIeperpy30uHbIX TpaBM? CropmusHas meduyuna: Hayka u npakmuxa. 2024;14(3):65-72. https://doi.
org/10.47529/2223-2524.2024.3.5

Ilocrynuna B pegakuuio: 27.10.2024
IIpunaTa x my6mxamy: 20.01.2025
Online first: 26.02.2025
Ony6nmkosaHa: 04.03.2025

* ABTOp, OTBETCTBEHHDII 32 ePEeNNCKY

1. Introduction as front crawl, for over 50 % of their swim session, regard-

In India, there are approximately 10,000 to 20,000 regis- less of their primary stroke performed in competition. Elite
tered competitive swimmers at various levels, including sub- swimmers may experience musculoskeletal injuries in their
junior, junior, and senior teams. Over the years, swimming in shoulders, knees, and lower backs as a result of the continu-
India has experienced substantial growth and development. ous, repetitive motion of their upper and lower limbs during
Historically, swimming was not as prominent in India as swimming [1]. Success in this sport requires not only physical
cricket or field hockey as a competitive sport. Indian swim- strength and technique but also strategic planning and mental
ming has the potential to achieve new heights and produce resilience. From early morning practices to intensive strength
world-class athletes by continuing to invest in infrastructure, conditioning, professional swimmers embody the pursuit
coaching, and grassroots development, as well as incorporat- of excellence, often aiming for competing in prestigious
ing scientific approach. Elite swimmers are those who possess events like the World Championships and the Olympics.
exceptional aptitude and are able to adapt to a high volume of Musculoskeletal injuries affecting the shoulder, knee, and ver-
training with unwavering dedication. Swimming is an sport tebrae may be more likely to affect elite swimmers due to the
that necessitates the exercise of both the upper and lower ex- repetitive nature of the normal swimming stroke. Repetitive
tremities, as well as a significant demand on the cardiopul- strain and microtrauma are the primary causes of injuries
monary system. The regulating organization for swimming in competitive swimming [2]. The practice of prescribing an
and other water sports, such as diving, water polo, open wa- extensive amount of low-intensity swim training to improve
ter swimming, artistic swimming, and high diving, is World performance is well-known among coaches in competitive
Aquatics. Backstroke, breaststroke, freestyle, butterfly, and swimming [3]. Swimmers initiate their rigorous training regi-
a combination of all four strokes are collectively referred to men at a young age, typically between the ages of eight and
as individual medley, World Aquatics acknowledges these as eleven, and the volume of work involved can be excessive.
distinct swimming styles that are appropriate for competing Between 0.5 to 1 million arm cycles per arm per year are typi-
in prestigious events such as the Olympics and the World cally executed by an elite swimmer who is over the age of 13
Championship. Swimming athletes train freestyle, also known [4, 5]. For this reason, overtraining has been associated with
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excessive swimming exposure [6, 7] and increases the likeli-
hood of pain, soft tissue injury and dissatisfaction [8, 9-11].
The prevalence of shoulder pain is particularly high, with
rates as high as 91 % [11] and is a major cause of missed prac-
tice [5]. The arm strokes of female swimmers are, on average,
shorter than those of their male counterparts. This puts them
at a higher risk of developing an overuse injury from a biome-
chanical standpoint, as they perform more arm revolutions
per lap [4]. Various factors, including physical development,
fitness level, biomechanics, and the specific conditions of the
sport, are likely to influence the optimal equilibrium between
training intensity and recovery to facilitate adaptation in ath-
letes while minimizing the risk of injury.

Elite Indian swimmers engage in ten two-hour workouts
per week, a high-volume and less-recovery training phase
from March to May and competition phase from June to
November, During the competitive phase, which consists of
an average of five to six competitions ranging from state level
to national level, Swimmers undergo a distinctive taper period
that lasts for 2 to 6 weeks prior to each championship meet,
during which they reduce their volume by 50 % to 90 % and
significantly reduce the intensity of their workouts. This de-
manding schedule is maintained, often without interruption.
Furthermore, all of these athletes engage in weight training,
which typically involves four to five (30 to 50 minutes) sessions
per week during the training period and two to three (30 to
40 minutes) sessions per week during the competition period.

Developing nations like India, there is a dearth of re-
search on the prevalence and prevention of acute and overuse
sports injuries. The aim of the study is to determine whether
overuse injuries are more common during the training phase
or competition phase among competitive swimmers.

2. Methodology

Study design

For nine months, from March to November 2023, this
study utilized a prospective longitudinal design with training
history and self-reported measures of overuse questionnaires
every two weeks to ascertain whether overuse issues are more
prevalent among competitive swimmers during the training
phase (March — May 23) or competition phase (June —
November 23).

Participants

The team coaches of the 6 different Indian swimming
club were contacted to inquire if they would be interested
in participating in the study. Each athlete on the squad and
their team physiotherapist were informed about the study in
a group online session if they showed interest. Initially, 69
swimmers from the 6 different clubs who were contacted
were found to be eligible to participate. Of these, 7 swimmers
who were originally included in the study made the decision
to cease participating, 3 swimmers suffered an acute injury
during the competition phase,4 swimmers were removed due
to insufficient data, and 1 swimmer withdrew due to illness.
Finally, 54 swimmers participated in the study.
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Inclusion criteria:

1) five years or more of training experience;

2) age between 15-25 years;

3) should achieve eight or more swim workouts a week
and planned to adhere to this level of training;

4) should participate a minimum of 3 (State or National
or international level) competition per season.

Exclusion criteria:

1) past medical history of shoulder dislocation or sur-
gery, lower back or knee surgery;

2) a musculoskeletal injury should not have prevented
them from competing or missing more than three weeks of
training in the past. Additionally, they must not have any in-
juries diagnosed during the initial musculoskeletal screening
performed by a sports medicine Physician;

3) any traumatic injury within the 3 months of the study
or during the study period.

Data Description

The study began with a questionnaire that covered in-
formed consent and participant demographics. Following
this, the team physiotherapist walked swimmers through the
process of completing Google forms. These forms included
the Oslo Sports Trauma Research Centre Overuse Injury
questionnaire (OSTRC-0O) and questions about their recent
training, such as the average distance and duration of each
session, as well as the number of strength training done and
recovery sessions taken in the past week once each fortnight
on Sunday mornings, which was the week’s final training
session. The survey took approximately five minutes to com-
plete. Those who failed to respond automatically received
a reminder. If necessary, a second reminder was given one
day after the first request. If a participant did not respond
after two reminders, the first author contacted them indi-
vidually to encourage them to continue participating in the
survey. Throughout the data collecting period, participants
were asked to report any new traumatic injuries that required
medical attention and to note the amount of time lost when
the swimmer was unable to train or compete.

OSTRC-O questionary

Three anatomical areas: the shoulder, knee, and lower
back would be the focus of 12 questions with four questions
dedicated to each site.

Severity score

Each of the four questions is assigned a numerical value
between 0 and 25, and the sum of these values is used to de-
termine a severity score for each overuse injury ranging from
0 to 100. For every question, the response values were as-
signed in the following manner: 0 denotes no issues, while 25
represents the highest level. The intermediate response val-
ues were selected to ensure that the distribution from 0 to 25
was as even as feasible while continuing to use whole num-
bers. Consequently, questions 1 and 4 are rated 0-8-17-25,
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while questions 2 and 3 are rated 0-6-13-19-25 respectively
[12] athletes who reported injuries leading to moderate or
severe reductions in training volume, or moderate or severe
reductions in sports performance or complete inability to
participate in sport (ie, athletes who selected option 3, 4 or 5
in either Question 2 or Question 3). This is referred to as the
prevalence of substantial overuse injuries [12].

Statistical analysis

Data was collected using questionnaire from the study
participants using google form. It was then exported to
Microsoft excel and analysed using SPSS Version 21. Data
analysis was performed using descriptive and inferential
statistics. The demographic variables, including age, height,
weight, and body mass index (BMI, were summarized using
mean, standard deviation (SD), and frequencies where ap-
propriate.

1. Descriptive Statistics: The participants’ characteristics
such as age, height, weight, and BMI were analysed using
mean and standard deviation. The distribution of categori-
cal variables, such as gender, was expressed as frequency and
percentage.

2. Paired t-tests: Paired t-tests were conducted to com-
pare mean scores for continuous variables measured in both
training and competition phases. This test was used to anal-
yse variables like:

a. Strength: Mean (SD) for training phase and competi-
tion phase.

b. Recovery: Mean (SD) for training phase and competi-
tion phase.

¢. OSTRC-O score for training and competition phases.

Significant differences between training and competition
phases for variables like strength and recovery were evalu-
ated at a significance level of p < 0.05. The shoulder and low
back overuse scores during training and competition were
also compared using a paired t-test, showing significant dif-
ferences.

3. Wilcoxon Signed-Rank Test: For variables that were
not normally distributed, such as knee overuse scores, the
Wilcoxon signed-rank test was employed to evaluate dif-
ferences between the training and competition phases. This
non-parametric test was appropriate for these data due to
their skewed distribution.

4. Significance Level: A p-value of < 0.05 was considered
statistically significant for all tests conducted. All analyses
were performed using standard statistical software.

3. Results

The swimmers in this study had an average age of 18.8
years and a mean BMI of 25.7, 35 % of the elite swimmers
were female, and 65 % were male. There were 33 swimmers
who competed in freestyle, 9 in butterfly, and just 6 in back-
stroke and breaststroke (Table 1). The sample size for this
study was not pre-calculated. Instead, all elite swimmers who
were available, feasible, and met the inclusion criteria during
the study period were included. This approach was necessary
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due to the limited number of elite-level swimmers in India,
making the population inherently small and specialized.

The average training distance per session was doubled
during the training phase 9225.9 + 1049.6 meters as com-
pared with the competition phase 4750 + 373 meters
(Table 2), and the average total OSTRC-O scores were higher
during the training phase 31 + 18 than during the competi-
tion phase 14.3 + 19.1. Furthermore, there were also more
strength sessions during the training phase with a mean of
4.7 + 0.6 per week than during competition phase 2.7 + 0.4
per week. The training phase showed a reduction in weekly
recovery sessions, with a mean of 4.1 + 0.26 compared to
the competitive phase 4.5 + 0.5. (Table 3). The median dif-
ference in the OSTRC-O shoulder score between the train-
ing and competition phases was statistically significant using
Wilcoxon signed-rank test with a p value of 0.001({Median
(IQR) — During training — 27.5 (16-38) & competition is
0 (0-14)}). Similarly, the median (IQR) for overuse in the
lower back during training was 0 (0-2.3) & competition is
0 (0-3) with a p value of 0.03, and the knee {Median (IQR)-
during training & competition is 0 (0-0)} with a p value of
0.719 (Table 4).

Study’s findings demonstrate that overuse injuries are
more severe during the training phase than during the com-
petition phase. Higher volume of swimming was observed
during the training phase compared to the competition
phase (Figures 1 and 2).

4. Discussion

To date, no research has concurrently assessed overuse
injury in elite Indian swimmers. This prospective longitudi-
nal research was conducted with 54 participants and is in-
tended to address the gap in the literature.

The higher incidence of overuse injuries observed during
the training phase could potentially be attributed to the sig-
nificantly greater swim distance covered in each session com-
pared to the competition phase. Increased training volume
places greater stress on musculoskeletal structures, leading to
repetitive microtrauma that, progresses to overuse injuries.
Additionally, the training phase was characterized by fewer
recuperation sessions, further compounding the risk of over-
use injuries. This result is consistent with the findings of Sein
ML et al., who concluded that supraspinatus tendinopathy is
a common cause of shoulder discomfort in elite swimmers
and is caused by a large amount of swim training [11]. In
addition, Chandran et al. reported that the majority of swim-
ming-related injuries (51.3 %) were caused by overuse, with
shoulder injuries accounting for the largest proportion of
these injuries [13].

Of the three joints in our study, the overuse of the lower
back was shown to be the second most common issue among
swimmers, prompting greater concern. which is corrobo-
rated by Capaci et al,, lower back overuse injuries ranked
second to shoulder pain with an incidence of 18.4 % [14].
37 % of swimmers reported having low back pain, according
to Mutoh et al in his study [15].



CnopTvBHas
MeAnunHa:

| __nayxaunpaxmuxa | [/]

Table 1

The number of swimmers competing in each stroke, their anthropometric parameters, and years of training their primary stroke

Ta6bnnuma 1

KonuyectBo IUTOBIIOB, BBICTYNMAIOMINX B KAK/IOM CTU/IE ITABAHNA, IX aHTPONMOMETPINYIECKIIE TAPAMETPBI I TpeHI/IpOBO‘IHbe/I CTax
B OCHOBHOM CTU/IC IIVIABAHUA

Parameter Freestyle Backstroke Breaststroke Butterfly
No of swimmers 33 6 6 9
Height (cm) 169.9 + 5.2 169.3 + 3.2 169.3 + 6.5 173.6 + 5.3
Weight (Kg) 733 +5.1 68 £2.9 75.3 £ 6.9 72 +4.6
BMI 255+2.5 23.8+1.3 263 +2.2 239+24
Years of training their primary stroke 11+24 9.25+2.5 123+34 8.6+15
Table 2
Comparison of the Training Phase and the Competition Phase
Tabnuma 2
CpaBHeHle TPeHUPOBOYHOTO 11 COPEBHOBATEIbHOTO IEPUOOB
. - Effect size
Training phase Competition phase (Cohens d value) p value
Average swimming distance per session 9225.9 + 1049 6 4750 + 373 57 0.001
(meters)
Average swimming hours per session 2.6+02 2.1+0.2 2.5 0.001
Average OSTRC-O over All score 3118 143 +19.1 0.9 0.001
o Small Effect: d = 0.2, Indicates a small but noticeable difference between groups.
+ Medium Effect: d = 0.5, Suggests a moderate difference
o Large Effect: d = 0.8, Reflects a large and significant difference between groups.
Table 3
Average Number of strength session done and recovery session taken per week
Tabnuua 3
Cpepnnee KOTMYECTBO CUIOBBIX M BOCCTAHOBUTETbHBIX TPEHUPOBOK B HeleTI0
. . Effect size
Training phase Competition phase (Coher’s d value) pvalue
Average Strength Sessions Per Week 4.7+0.6 2.7+0.4 3.9 0.001
Average Recovery Sessions Per Week 4.1+0.3 4.5+0.5 1 0.001
Paired T test
o Small Effect: d = 0.2, Indicates a small but noticeable difference between groups.
o Medium Effect: d = 0.5, Suggests a moderate difference
o Large Effect: d = 0.8, Reflects a large and significant difference between groups.
Table 4
Three joints median (IQR) OSTRC-O scores during the training and competition phase
Tabnuma 4
Mennana (IQR) omerkn OSTRC-O B TpeHHPOBOYHOM ¥ COPEBHOBATENHHOM ITEPHOAX
Training Phase Competition Phase .
Median (IQR) Median (IQR) p Value (Paired £ test)
Shoulder 27.5 (16-38) 0 (0-14) 0.001
Lower Back 0(0-2.3) 0(0-3) 0.03
Knee 0 (0-0) 0 (0-0) 0.719

69

B
P
A
4
E
B
H
bI
)71

>0 "R A I 0 R




Sports

Medicine:
| research and practice [ ][]}

Training phase

E OSTRC-OVER ALL SCORE
TRAIMING

AVERAC

Average Distance covered per session ( Meters)

12000

AVERAGE OSTRC-OVER ALL SCORE-

Competetion Phase

L

v = 0.0018x + 5.8045

@
b
® | ] 8 ®

Q 1000 2000 3000 4000 5000

Average Distance covered per session { Meters)

6000

Fig. 1. Average training distance covered and Average OSTRC-O
score during training phase

Puc. 1. CpeaHsia npovigeHHas AnucTaHums 3a TPEHUPOBKY U CPeaHUI
6ann OSTRC-O B TpeHNPOBOYHOM Mnepuoae

The swimmers in our study who chose the breast stroke
as their competition stroke experienced knee pain, which is
corroborated by Keskinen et al. study, which concluded that
swimmers who swim breaststroke had more knee pain than
other swimming strokes [16]. Swimming-related knee pain
is most frequently caused by patellar compression. The sec-
ond most common reason is damage to the medial collateral
ligament, also known as swimmer’s or breaststroker’s knee,
which is caused by the knee’s excessive valgus and rotatory
stress during breaststroke kicking, which stretches the liga-
ment [17].

This study is in line with previous research that has shown
that elite swimmers are susceptible to overuse injuries due
to amount of swimming they do. It underscores the signifi-
cance of training load management in an approach to reduce
training-related injuries, as supported by Tim J Gabbett. In
his study, he emphasizes the importance of monitoring train-
ing load, including the load that athletes are prepared for, as
a best practice approach to the long-term reduction of train-
ing-related injuries [18].

Particularly at the elite level, athletes’ natural tendency to
push through training and competition in spite of physical
symptoms or functional restrictions, highlights the impor-
tance it is to utilize appropriate injury monitoring methods.

The primary limitations of the study are absence of elabo-
rate clinical examinations and imaging techniques, such as
ultrasonography or MRI, to identify the specific structures
that are involved during overuse injury reporting. This level
of specificity not only improves diagnostic accuracy but also
enables the development of personalized treatment plans and
more profound insights into injury mechanisms, rehabilita-
tion strategies, and preventative measures, thereby enhanc-
ing the outcomes of individuals who have been impacted.

Future research should focus on psychological monitor-
ing as athletes are far more vulnerable to injury when they
experience psychological load (stressors) such as negative life
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Fig. 2. Average training distance and Average OSTRC-O score dur-
ing competition phase

Puc. 2. CpegHsia guctaHumsa TpeHnpoBku 1 cpegHuin 6ann OSTRC-
O Ha aTane copeBHOBaHWUI

events and everyday hassles. Clinical practical recommen-
dations include the following; they focus on proactive stress
management education for athletes, coaches, and support
personnel, as well as the reduction of state-level stresses [19].
Athletes’ training and/or competition loads can be adjusted
by implementing regular stress assessments (such as the has-
sle and uplift scale [20] or the life events survey for collegiate
athletes [21]). To avoid potential tiredness, injuries, or burn-
out, an athlete who reports high levels of daily hassle or stress
may benefit from a training load reduction during a specific
time frame of time [19].

5. Conclusion

In comparison to acute injuries, overuse injuries fre-
quently remain undiagnosed due to their gradual develop-
ment, which is not precipitated by a specific traumatic event.
Overuse injuries are the consequence of repetitive stress on
tissues, which results in microtrauma over time. Swimmers
may ignore early symptoms, which can exacerbate the condi-
tion.

1) It is advised to track an athlete’s swim training year-
round in order to maintain a well-balanced program.

2) Recognizing and avoiding a sudden and significant
increase in swimming volume is important for developing
athletes.

3) Implementing an effective athlete monitoring system
for load management can play a crucial role in reducing these
injuries.

4) As part of any injury evaluation, make note of any pre-
vious injuries, as they are known to increase the likelihood of
overuse injuries.

5) It is critical to treat the root causes of an overuse in-
jury after a diagnosis as it is important for the swimmer,
their parents, coaches, team doctor and physiotherapist to
work together to identify potential risk factors and formulate
a plan to prevent injuries.
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Bknap aBTOpOB:

My1xy Kymap Illpupxap — KoHIeNTyanmsanys MCCIeNOBaHMS,
paspaboTKa MeTOJOIOINY, MHTEPIIPeTaLs Pe3y/IbTaToB, aHa/IN3 JaH-
HBIX, COCTaBJIeHNE U PEAKTIPOBAHIE PYKOIVICIL.

Pamem YaHpgpaceKkapmaHAAH — KOHTPOJIb cOOpa JaHHBIX U KPU-
THYECKNIT 0630 PYKOIICHL.
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\‘, KANHUKA 1Y KHUKUAU

CMNOPTMBHAs MeaMLIMHA

KAMHUMKQ CNOPTUBHOW MEeAULLUHBI GAY>XKHUKU) —
70-A€THUIK ONbIT B MEAULLUHCKOM o6ecnevyeHum
npodeCcCUOHAABHOIO CMOPTA BbICLUUX AOCTUXXEHMU

-

KAMHUKA (AYXXHUKM) BEAET HAOYHHO-NMPAKTUYECKYIO AEAT
Hawu cneunaAmcTbl NPUHUMAIOT YHACTUE B KPYNHEMH
peHUuMsAX, OOMEeHUBAIOTCS OMNbITOM C BEAYLLUMMU
yHuBepcutetamu. Ha 6ase KAMHMKU PYyHKLLMOHMU
KAMHHM4Yeckoe otaeAeHue Kacdeapbl CNOPTUBHOM

U MEAULMHCKOMN peabuantaumumn Ce4eHOBCKOro YHuBe

OCHOBHbIE HANpPAaBA€HUA AeATeAbHOCTMU.
yrAysAeHHble MeAULMHCKHME OO6CAeAOBAHMS, CbYHKLI.MOHCIAbHGiI
ANATHOCTUKA, KOPAUOAOTHNUA, BOCCTAHOBUTEAbHOE A€e4YEeHUe.

(KAMHWMKA CrnopTMBHOM MeAMLLMHbBI)
VA. AY>KHUKK, 24, CTP. ]
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