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ABOUT THE ACCURACY OF IDENTIFYING ENERGY EXPENDITURE WITH THE 

WEARABLE ACTIVITY TRACKER POLAR 
A.G. Antonov1, V.D. Vybornov1, P.D. Rybakova1,2, A.B. Miroshnikov2 
1Moscow State Public Institution "Center for Sports Innovative Technologies and Training of National 

Teams" of the Department of Sports of Moscow, Moscow, Russia 
2Russian State University of Physical Culture, Sports, Youth and Tourism, Moscow, Russia 

 

Annotation. An important factor in the training of an athlete is the preparation of a diet. Many 

athletes use chest straps to measure heart rate for the calculation of energy expenditure. The aim 

of the study was to compare exercise energy expenditure calculated using a Polar chest heart rate 

monitor with energy expenditure calculated by a metabolograph. On average, energy expenditure 

during exercise, according to the Polar chest strap, was 120±20 kcal. The average energy expendi-

ture during exercise, according to the data of the metabolograph, was 108±20 kcal. The average 

difference was 12%, the difference ranged from 6% to 33%.  

Keywords: sports, heart rate monitoring, wearable activity trackers, indirect calorimetry, nutri-

tion. 

 

Introduction Worldwide, lack of physical 

activity is a pressing public health problem. A 

recent World Health Organization (WHO) re-

port showed that about 23% of adults and 81% 

of schoolchildren do not follow recommenda-

tions for physical activity [1].  

Wearables hold great promise, especially 

as data collection tools for cutting-edge 

healthcare research, and demand has grown sig-

nificantly over the past few years [2]. Con-

sumer-grade non-invasive wearable devices are 

typically less expensive than gold standard re-

search devices, comfortable to wear, and af-

fordable for consumers [3-4]. In recent years, 

the quality and accuracy of wearable devices 

have improved, resulting in more clinically ap-

proved certifications [5]. 

In a recent review, Bunn et al noted the ten-

dency of wearable devices to underestimate en-

ergy expenditure (EE), heart rate (HR), and step 

count [6]. Fitbit wearables were highly corre-

lated with step count criteria during lab evalua-

tion and had consistently high inter-device reli-

ability for both step counting and EE [7]. How-

ever, some devices tend to underestimate EE, 

which is consistent with a separate Fitbit accu-

racy review [8] indicating that Fitbit wearables 

only provide accurate measurements in limited 

circumstances. 

Calculating EE from heart rate is quite 

common among chest straps such as Polar, Gar-

min, etc. Athletes and fitness enthusiasts often 

use this method to calculate EE for a workout 

to adjust their diet. 

Commercial wearable devices could allow 

populations to measure physical activity and 

large-scale behavioral changes. However, ques-

tions remain regarding their reliability and va-

lidity. 

The aim of the study: to compare EE cal-

culated with a chest heart rate sensor with indi-

rect calorimetry. 

Methods and organization. The study in-

volved 6 men (average age 23±3), training ex-

perience – at least 2 years. All participants were 

instructed to abstain from exercise for 48 hours 

prior to the study, and for 12 hours to avoid tak-

ing any stimulants (caffeine, taurine, etc.). All 

participants also received dietary recommenda-

tions for food intake 3 hours before the start of 

the study. The subjects performed a stepwise 

test on a bicycle ergometer (the first stage was 

80 W, the load increased by 15 W every mi-

nute), the criterion for stopping the test was the 

Borg scale: level 19. The subjects of the study 

recorded calorie consumption using the Polar 

H7 chest sensor (Finland) and the Polar beat 

app (Polar electro, Finland) every minute of the 
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test, and real expenditure was identified with 

the COSMED-QWARK metabolograph (Italy). 

Results and discussion. All study partici-

pants successfully completed the loading proto-

col. The average EE during exercise, according 

to the Polar chest strap, was 120±20 kcal. The 

average EE during exercise, according to the 

data of the metabolograph, was 108±20 kcal. 

The average difference was 12%, the difference 

ranged from 6% to 33%.  

As a result of the study, the Polar chest 

heart rate monitor increased EE from the actual 

by an average of 12%, ranging from 6% to 33%. 

We assume that this depends, on the one hand, 

on the training of the subject, and on the other 

hand, on the pulse cost of the session, which has 

yet to be determined in future works. Such dis-

crepancies can mislead users of these devices 

and lead to inaccurate calculation of the daily 

EE for both athletes and other physically active 

people. Further research should be aimed at de-

veloping predictive equations in order to avoid 

the error of determining the consumption of EE 

and the error of calculating the caloric content 

of the diet. 

Conclusion. In this work, we have deter-

mined that users who use a Polar chest heart 

rate monitor to measure energy expenditure 

may significantly overestimate their diet in 

terms of kilocalories, which can adversely af-

fect body composition. In the future, more re-

search is required on the influence of various 

devices, the purpose of which is to calculate en-

ergy expenditure. 
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PHYSICAL ACTIVITY AND SOMATOTROPIC HORMONE 
L.A. Botvineva, Yu.V. Koryagina 

FSBI "North Caucasian Federal Research and Clinical Center of the Federal Medical and Biological 

Agency", Essentuki, Russia 

 

Annotation. Growth hormone or somatotropic hormone attracts researchers who study its ana-

bolic activity in terms of increasing muscle strength and mass. First of all, this is of interest to 

coaches, athletes and scientists who are trying to explain the anabolic effect of somatotropin in 

various variants of the training process. The theoretical analysis carried out demonstrated that at 

present there is still no logical large-scale picture of the relationships and effects of somatotropic 

hormone on various functions of the body of athletes, or simply people engaged in physical exer-

cises. There are practically no studies of the relationship and interdependence of the volume and 

nature of human motor activity and the production of somatotropic hormone. These studies are of 

fundamental and practical interest, as they will reveal deeper mechanisms of adaptation to motor 

activity, as well as its influence on the patterns of growth and development of the human body. 

Key words: pituitary hormones, somatotropic hormone, physical exercises, motor activity.

 

Introduction. The endocrine system has a 

complex co-subordinate organization. This can 

be seen in any hormonal relationship. All sys-

tems are regulated with the help of negative and 

positive feedbacks [1]. At the same time, each 

of them (thyroid, hypothalamic-pituitary, etc.) 

are interconnected with each other. In addition, 

there are many mechanisms of interaction be-

tween the hormonal, nervous and immune sys-

tems. There is even a field of knowledge – neu-

roimmunoendocrinology, which shows the re-

lationship of these three regulatory systems, 

which accompany the action of their hormones, 

neurohormones, peptides, any body function 

(digestion, growth, pregnancy, motor activity, 

etc.) [2-3]. Intense muscle activity increases the 

activity of body functions, primarily their 

neuro-humoral regulation. In this connection, 

the influence of intense physical activity on the 

characteristics of hormone production, which 

determines the growth and development of the 

body, is of interest. 

The aim of the work: theoretical analysis of 

the mechanisms of influence of physical activ-

ity on the production of somatotropic hormone. 

Methods and organization. The research 

work presents the results of a content analysis  

of research papers by domestic and foreign au-

thors, presented in peer-reviewed scientific  

 

publications, on the problem of the influence of 

physical activity on the production of somato-

tropic hormone. The mechanisms of hormone 

production and factors influencing this process 

were analyzed. 

Results and discussion. Nervous regula-

tion of endocrine functions is carried out by 

several mechanisms. One of them is neurose-

cretion, i.e. release of hormones from the neu-

ron into the blood. Another mechanism is the 

direct autonomous innervation of endocrine tis-

sues, which couples nerve signals from the cen-

tral nervous system with the secretion of hor-

mones, and hormones, in turn, affect the nerv-

ous system. Switching of nerve signals to endo-

crine ones occurs mainly in the functional hy-

pothalamic-pituitary system, which regulates 

the functional activity of peripheral endocrine 

glands and other body functions [4-6]. 

Hypothalamic hormones entering the ante-

rior pituitary gland regulate the secretion of pi-

tuitary hormones. Those hormones that stimu-

late this process are hypothalamic hormones – 

releasing hormones (RH) or liberins, these in-

clude thyrotropin-releasing hormone, gonado-

tropin-releasing hormone, corticotropin-releas-

ing hormone, somatoliberin (somatotropin-re-

leasing hormone) and others, inhibitory hor-

mones or statins – somatostatin and dopamine 
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In addition to specialized hormones, the hypo-

thalamus produces neurotransmitters (biologi-

cally active amines – dopamine, adrenaline, 

norepinephrine, serotonin, acetylcholine, 

gamma-aminobutyric acid (GABA), hista-

mine), neuropeptides (vasoactive intestinal 

peptide (VIP), neurotensin, components of the 

renin-angiotensin system (RAS), cholecysto-

kinin (CCK), endothelin, neuropeptide Y). All 

these substances have a diverse effect on the an-

terior and posterior lobes of the pituitary gland 

and the central nervous system (CNS) [7-10].  

The secretion of pituitary hormones, in ad-

dition to hypothalamic and peripheral hor-

mones that come with the blood, is influenced 

by external factors such as stress, nutrition, dis-

ease, etc. Stress stimulates the secretion of adre-

nocorticotropic hormone (ACTH), growth hor-

mone (GH), and prolactin (PRL). The secretion 

of PRL and GH differs from others: it is not reg-

ulated by classical feedback. The main regula-

tors of these hormones are hypothalamic li-

berins and statins. In the regulation of PRL se-

cretion, inhibitory influences play the main 

role, while stimulating ones have an impact on 

the growth hormone secretion [11-12]. 

GH is a protein hormone consisting of 191 

amino acid residues with a molecular weight of 

21,500 kDa. It is synthesized and secreted by 

the somatotrophs of the anterior pituitary gland. 

The main function of GH is to stimulate the lin-

ear growth of a person. This stimulation is me-

diated by insulin-like growth factor-1 (IGF-1) 

[13-14]. GH affects all types of metabolism: 

carbohydrate – reduces the absorption of glu-

cose by extrahepatic tissues, increases the pro-

duction of glucose by the liver, together with 

glucocorticoids and insulin – glycogen stores in 

the liver, the level of glucose and ketone bodies 

in blood plasma; lipid – increases lipolysis in 

adipocytes, the level of ketone bodies in 

plasma; protein metabolism – increases the ab-

sorption of amino acids and protein synthesis 

through the action of IGF-1 [15].    

The half-life of GH in plasma fluctuates 

between 20-50 minutes. In the early morning 

hours, the concentration of growth hormone 

does not reach 2 ng/ml (90 pmol/mL). The level 

of IGF-1 in plasma is identified mainly by the 

radioimmunological method, the determination 

of its concentration as a mediator of the action 

of growth hormone allows a more accurate as-

sessment of the biological activity of the latter 

[16]. 

The secretion of GH is regulated by two 

hypothalamic hormones – somatotropin-releas-

ing hormone and somatostatin. Physiological 

factors that stimulate the secretion of GH are 

the following: sleep, physical activity, physical 

or psychological stress, hypoglycemia; patho-

logical – reduced protein levels and starvation, 

anorexia nervosa, chronic renal failure, acro-

megaly, obesity, hypothyroidism, hyperthy-

roidism, etc., there are many pharmacological 

stimulants. Nervous factors also affect the se-

cretion of GH, for example, increased impulse 

secretion of GH during sleep is due to nerve im-

pulses. The maximum level of GH is found 1-4 

hours after falling asleep in children and de-

creases with age. Pulsed episodic secretion is 

typical for all studied pituitary hormones [15].  

Disturbances in the secretion and synthesis 

of growth hormone have a severe effect on the 

development of the child, manifesting as pitui-

tary dwarfism or vice versa gigantism. But HG 

is also necessary for adults, because it regulates 

metabolism, influences mental health and pre-

serves youth, activates the synthesis of RNA 

and DNA nucleic acids, accelerates wound 

healing, counteracts aging of the body and the 

development of obesity [17-21]. 

Due to the anabolic effect of growth hor-

mone, i.e. its ability to stimulate the formation 

of proteins, muscle mass is increased, the skel-

eton of the body is strengthened. STH improves 

the absorption of calcium and phosphorus by 

bone tissue, maintaining its density, and pro-

motes fat burning. GH activates vitamin D in 

the kidneys, which affects the absorption of cal-

cium and phosphorus, prevents their loss in the 

urine and helps strengthen bones [22-23]. 

With age, the level of GH decreases, and 

this is one of the causes of senile sarcopenia 

(decrease in muscle mass). To improve the sit-

uation, it is necessary to create conditions in 

your body so that GH is produced in the body 

as long as possible in a natural way. To do this, 

you need to sleep better, as it helps to stimulate 
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the production of GH, exercise, eat healthy 

foods with enough protein, limit simple carbo-

hydrates and foods containing a large amount 

of cholesterol, since they do not contribute to 

the synthesis of GH. The importance of physi-

cal activity is indicated by the fact that under 

strict bed rest, bone resorption prevails over 

bone formation and a negative calcium balance 

develops rapidly in healthy people. 

Skeletal muscles account for about 50% of 

body mass. They are able to change their energy 

needs by 20 or more times. During physical ac-

tivity, a person increases the functional activity 

of not only skeletal muscles, but also the heart 

and respiratory muscles, which ensures the de-

livery of the required amount of oxygenated 

blood to meet the increased needs of working 

muscles. Different types of physical activity af-

fect muscle tissue in different ways, in terms of 

stimulating anabolic processes by changing the 

concentration of GH. 

The influence of strength exercises on the 

change in the GH concentration was studied. In 

strength training, a variety of training programs 

are used in which the choice of programming 

elements occurs and their interaction can play 

an important role in identifying the magnitude 

of the change in the GH level [24-25]. It has 

been proven that among the external factors that 

play a certain role in the ability to stimulate an 

increase in GH are the volume of muscles in-

volved, the magnitude of the load during exer-

cise, its volume and the duration of the rest in-

tervals between the stages of exercise. Despite 

the large number of combinations of these fac-

tors, studies conducted by W.J. Kraemer et al. 

(1990, 1993) revealed that when comparing 

training programs, three factors can be distin-

guished that have the greatest stimulating effect 

on GH in men and women: this a combination 

of a large amount of work performed, a short 

duration of rest intervals (1 minute) and the use 

of an average weight of 10 RM [25-27]. Further 

studies have shown that the revealed depend-

ences of the effect of strength exercises on GH 

stimulation depend on changes in the acid-base 

balance (increased lactate response) under the 

influence of these exercises [28]. Blood sam-

ples taken from people who performed strength 

exercises at night showed that the GH concen-

tration in the first half of the night was lower 

compared to the control group, and in the sec-

ond half it was higher than in the control sam-

ples. The researchers suggested that the ob-

served changes could be the result of the influ-

ence of somatostatin or other metabolic or hor-

monal signals, such as somatoliberin or ghrelin 

[29-30]. These assumptions are waiting for 

their researchers. 

Experimental data obtained on animals in-

dicate the importance of the influence of physi-

cal activity for the GH secretion, which in turn 

stimulates somatic growth and muscle hyper-

trophy. Under the influence of an increased 

wave-like basal level of GH during exercise, an 

increase in the length of skeletal elements in an-

imals, an increase in body mass and a decrease 

in adipose tissue were observed compared to 

control animals in a passive state [31]. 

When doing aerobic exercises, acute and 

chronic changes in GH are noted. Stimulation 

of GH secretion is observed as early as 15 

minutes after the start of aerobic exercise. There 

is a linear dose relationship between the inten-

sity of exercise and the level of GH secretion. 

In women of all ages, the GH level is noted to 

be higher than in men of comparable age, and 

they have a less pronounced undulating nature 

of secretion. The increase in GH secretion in re-

sponse to physical activity in young people is 

higher than in older people. Aging in men leads 

to a weakening of the effectiveness of physical 

activity in terms of increased secretion of 

growth hormone by 3.9 times [32]. It is sug-

gested that possible reasons for the decrease in 

GH secretion in older people may be an imbal-

ance in the secretion of hormones that regulate 

the level of GH (somatostatin and somatoli-

berin or ghrelin) 

The intensity and duration of aerobic exer-

cise, the level of physical fitness, gender and 

age affect the degree of changes in GH in re-

sponse to physical exercise. Age and obesity 

lead to a noticeable decrease in the secretory re-

sponse due to changes in metabolic signals in 

the regulatory system and the effects of its main 

components [32]. The gender of a person deter-

mines the features of GH secretion in response 
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to physical activity, regardless of age. Circa-

dian rhythms practically do not affect the effect 

of physical activity. No dependence of GH 

changes on the time of workout sessions during 

the day was found. A decrease in the physiolog-

ical level of GH secretion in people leading a 

sedentary lifestyle, obese, elderly people is one 

of the reasons for the increase in fat deposits in 

the abdominal region, the occurrence of 

dyslipidemia, relative insulin insensitivity (in-

sulin resistance), reduction in the mass of mus-

cle and bone tissue (sarcopenia) and a decrease 

in the quality of life. 

 

 

Conclusion. Thus, physical activity stimu-

lates the secretion of growth hormone. GH pro-

duction also depends on factors such as gender, 

age, lifestyle, obesity, etc. The presented data 

do not provide a logical large-scale picture of 

the relationships and effects of GH on various 

functions of the body of athletes, or simply peo-

ple engaged in physical exercises. There are 

practically no studies of interrelations and inter-

dependencies of the volume and nature of hu-

man motor activity and GH production. These 

studies are of fundamental and practical inter-

est, as they will reveal deeper mechanisms of 

adaptation to motor activity, as well as patterns 

of growth and development of the human body. 
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Annotation. We have studied the reactive ability of athletes in the sensorimotor tests of various 

difficulty in connection with the main rhythms of the brain, examined interaction between the 

regulating and executing parts of the neuromuscular system of athletes. This interaction was rated 

by the strength and direction of the connections identified with the Spearman correlation analysis. 

The results are presented in positive connections of the average strength between the main 

rhythms of the brain (alpha, beta, theta rhythms, and the theta/beta rhythms ratio), the mimic 

muscle electromyography with the results of sensorimotor tests of various difficulty, showing 

different structural and functional levels of the brain engaged in the motor response support. De-

veloping fatigue of the regulating and executing parts greatly correlates with a number of errone-

ous motor responses and an absence of motor responses with beta and theta rhythms, stress of the 

mimic muscles, decrease in strength of interaction with alpha rhythm of an athlete’s brain. 

Keywords: brain rhythms, neuromuscular system, reactive ability, athletes.

 

Introduction. The regulation of the pur-

poseful motor activity of a person that contrib-

utes the adaptation of an athlete’s body to the 

professional activity depends on the functional 

state of the motor system [1-4] and the ability 

to adapt morphofunctional changes of all level 

of body function to the specifics of sports activ-

ity. The reactive ability of the neuromuscular 

system in the form of motor response reflects 

plasticity and functionality of the muscular ap-

paratus as the executive part. The state of the 

regulating part of the reactive ability demon-

strates the functional state of neuron structures 

that support movement. The conclusion on the 

functional state of the neuromuscular system 

and the adaptive changes occurred during the 

professional activity would allow us to study 

the consistency of the interaction between the 

regulatory and executive parts| of athletes in the 

study of the reactive ability [5]. 

Methods and organization. The state of 

the neuromuscular system’s regulatory part in 

athletes was assessed by the main rhythms of 

the brain (alpha, beta, theta rhythms, the 

theta/beta rhythms ratio, Hz, %) on the 

“BOSLAB” software and hardware complex 

(the BI-2 version, made in Novosibirsk). We 

have made the 10-minute recording with the 

subject’s eyes open, in the Cz-Fz lead (accord-

ing to the “10-20” International Classification, 

the indifferent electrode was placed on the ear-

lobe). The electromyographic (EMG) stress of 

the mimic muscles was registered with the sen-

sors placed on the forehead. 

According to the reactive ability of the 

muscle and motor response of athletes, we have 

also examined the function of the executive part 

of the neuromuscular system on for stimuli of 

various difficulty using computer software [6]. 

We have studied the simple sensorimotor reac-

tion (SSR), complex sensorimotor reaction 

(CSSR), average response time (ms) (SSR, 

CSSR), erroneous responses of the CSSR (total, 

number), and response absence of the CSSR 

(total, number).  

The study of the registered indicators’ in-

terrelation with the Spearman correlation anal-

ysis has allowed us to identify the interaction 

between the regulatory and executive parts of 

the neuromuscular system (we considered val-

ues of the average correlation coefficient 

(r=±0.3 to ±0.699) and high interaction strength 
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(r=±0.7 to ±1≥0.99)).    

Interaction between the regulatory and ex-

ecutive parts in the sensorimotor tests of vari-

ous difficulty demonstrate the total level of the 

central nervous system’s function, its perfor-

mance and activity, the dynamics of nervous 

processes, the speed of athletes switching to dif-

ferent types of activities [7]. 

Results and discussion. When analyzing 

the SSR’s average time, correlated with macro 

movements and provided by the pyramidal 

level of movement organization [7], we have 

found the average degree of interaction with the 

studied brain rhythms (Hz): with alpha rhythm 

(r=0.4), beta rhythm (r=0.51), theta rhythm 

(r=0.44), and beta rhythm (%) (r=0.45). 

The analysis of the CSSR’s average time 

that reflects the CNS’s selective activity with 

the distinction of the presented signals and the 

choice of behavioral response methods [8], 

which is regulated exclusively by the cortical 

level of the CNS [10], has demonstrated an in-

crease in the strength of interaction with the 

brain rhythms: with alpha rhythm (r=0.5), beta 

rhythm (r=0.65), theta rhythm (r=0.5), as well 

as decreased interaction with EMG (r=0.38). 

These dynamics may reflect the redistribution 

of excitation processes, the shift of stress from 

the executive (motor) part to the regulatory 

(CNS) part of the neuromuscular system of ath-

letes when providing a more complex motor re-

sponse. 

The occurrence of fatigue processes shows 

the occurrence of erroneous responses and the 

motor response absence in the CSSR, which 

was demonstrated in the interaction of the num-

ber of erroneous responses with the brain 

rhythms: with alpha rhythm (r=0.4), beta 

rhythm (r=0.4), theta rhythm (r=0.52) and the 

stress of the mimic muscles (EMG, r=0.4). The 

absence of responses to the signal significantly 

interacts with the beta (r=0.75) and theta 

rhythms (r=0.8), as well as with EMG (r=0.8), 

decreasing in the alpha rhythm (r=0.5). This, in 

whole, shows the occurrence of overstrain and 

fatigue in the neuromuscular system of athletes 

of both the regulatory (CNS) and the executive 

(muscular) parts, depending on the nature of lo-

cal or generalized fatigue. 

Conclusion. The analysis of the neuromus-

cular system’s function based on the study of 

the interaction between the regulatory and ex-

ecutive parts during the examination of the re-

active ability of athletes makes it possible to di-

agnose, control and predict the likely onset of 

negative psychophysiological processes, in-

cluding fatigue associated with professional ac-

tivity, affecting its efficiency [5, 6, 10-14]. 

Identifying the degree of interrelation between 

the regulatory and executive parts allows a rea-

sonable approach to the choice of preventive 

and restorative means of the neuromuscular 

system of athletes during their professional ac-

tivity.
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ADOLESCENT ATHLETES IN RHYTHMIC GYMNASTICS: A LITERATURE RE-
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Annotation. The article deals with the problem of structural and functional changes in the spine 

in the form of scoliosis in athletes involved in rhythmic gymnastics. The results of a theoretical 

analysis of literary sources revealed that adolescence of 12-14 years among athletes specializing 

in rhythmic gymnastics, on the one hand, is the most vulnerable in terms of imbalance in various 

body systems under the influence of specific loads, considering morpho-anatomical and physio-

logical parameters. On the other hand, it is extremely important when building the training pro-

cess, since it is at this time that the development and improvement of physical qualities, artistic 

and aesthetic abilities and the formation of sportsmanship takes place. The data obtained made it 

possible to form a theoretical basis in identifying the risk factors of scoliosis’s development in 

adolescent athletes specializing in rhythmic gymnastics. 

Keywords: scoliosis, rhythmic gymnastics, sports, health, musculoskeletal system, asymmetric 

loads.

 

Introduction. Since 1984, rhythmic gym-

nastics are an Olympic sport [1]. It is a complex 

coordination, aesthetic sport, which is con-

stantly developing and increasing requirements 

to the technical complexity of performed ele-

ments. Despite this fact, it is one of the most 

popular sports among girls.  

Frequently, young athletes have to endure 

extreme loads in order to achieve mastery in 

this field. However, the training method is not 

always constructed taking into account the age, 

anatomical and physiological features of a 

growing body. This also applies to the early 

specialization in gymnastics, which implies a 

large monotonous asymmetric physical load on 

the spine and ligamentous muscular apparatus 

of young athletes. 

The training process in rhythmic gymnas-

tics involves the implementation of complex 

coordinated elements that require athletes to 

have increased flexibility in the joints. Mean-

while, performance of asymmetric movements 

leads to the uneven work of the muscles and lig-

aments around the spine, which consequentially 

leads to disorders of statnamic characteristics in 

the spine of functional nature, then – to patho-

logically locked torsion changes of the spine in 

form of scoliosis. An increased injury rate in 

rhythmic gymnastics, developmental, anatomi-

cal and physiological features of a child’s body 

that are a priority in sports selection are addi-

tional risk factors for the development and pro-

gression of scoliosis in young athletes. 

The purpose of the study – theoretical anal-

ysis of risk factors for the development and pro-

gression of scoliosis in adolescent athletes in 

rhythmic gymnastics. 

Methods and organization. We have used 

the content analysis of domestic and foreign 

scientific works, presented in peer-reviewed 

scientific publications, Russian and foreign da-

tabases. Total of examined references – 32, we 

have selected 20 among them. 

Results and discussion. Scoliosis is an or-

thopedic disease characterized by a complex 

three-plane deformation of the spine [2] accom-

panied by a disorder in organ and system func-

tion which is a reason for severe physical and 

mental suffering among children [3].  
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Most frequently, the problem of scoliosis is 

registered among 7-12 years old girls (in 75%) 

[4-5]. Occurrence and progression of scoliosis 

is most frequently seen in childhood and ado-

lescence, and it’s related with an active stage of 

children’s growth [6] and the fact that during 

this exact period the spine is the most flexible 

and, accordingly, subject to deformation.  

The highest peak of physical loads in 

rhythmic gymnastics is noted at the stage of 

sports specialization at the age of 11-14 years 

and at the stage of sports improvement and high 

sportsmanship from 14 years [7]. This age is 

considered as “critical”: puberty occurs, devel-

opment of the endocrine system functions con-

tinues, the neurohumoral regulation forms and 

rearranges [6]. During this period, intense phys-

ical loads that are put on the growing body can 

be a cause of disorders in the reproductive sys-

tem accompanied by hormonal shifts that con-

tribute to the development of changes in the 

bone system [8].  

Specificity of rhythmic gymnastics as 

asymmetric sport, the sessions of which are car-

ried out without considering developmental, 

anatomical and physiological features of a 

child’s body and following methodological 

guidelines and recovery measures, is attributed 

to high risks of asymmetric disorders of the 

musculoskeletal systems [9]. For example, the 

structure of the competitive program mainly 

consists of asymmetric exercises: most of the 

elements are performed with the “dominating 

leg”, performance of tossing elements and work 

with objects (jumping rope, hoop, ball, Indian 

clubs, ribbon) are most frequently done with 

one hand. In addition, in order to master the 

program, the gymnast also performs correction 

of mistakes independently between practice 

runs, which in terms of repeating asymmetric 

movements leads to changes and redistribution 

of the muscle tone. There is also a unilateral 

predominance of the strength of the back mus-

cles in the lumbar region and an opposite 

strengthening of the muscles in the thoracic 

spine. 

Other important factors of occurrence and 

development of scoliosis in gymnasts are the  

excessive mobility in joints and asymmetric 

loads on the spine [10-12].  

It must be kept in mind that development 

of scoliosis and posture disorders in young ath-

letes occurs due to asymmetric loads during the 

most intense body growth period, which also 

aggravates the pathogenic profile.  

A great number of asymmetric elements 

connected to the spine bend to one side is 

deemed as the most dangerous. This is the rea-

son why researchers [8, 10] recommend to in-

crease a set of symmetrical physical exercises 

during training or to use a set of correcting ex-

ercises after training in order to level the nega-

tive impact of asymmetric loads on the muscu-

loskeletal system.    

Moreover, the repetitive impact, as well as 

extreme spinal extensions performed for a long 

period of time, lead to the development of spon-

dylolytic stress reaction, fatigue injuries and 

different diseases of the musculoskeletal sys-

tem (scoliosis, osteoporosis, spondylosis, spon-

dylolisthesis et al) [8, 13]. 

When achieving high sportsmanship, 

rhythmic gymnasts already have typical patho-

logical processes [14-18], such as the degener-

ative processes in intervertebral cartilages and 

joints [8]. Meanwhile, the incidence of spondy-

lolisthesis is 4 times higher in gymnasts than in 

total population.  

Another number of factors can influence 

the development and progression of scoliosis, 

such as deceleration of skeletal maturity and 

bone mineralization compared to peers, later 

closure of bone growth zones [19]. Early en-

gagement in sports and rigid diets, occurrence 

of pain sensations, disorders in the state of the 

musculoskeletal system also lead to a decreased 

density of bone tissue [20]. The aforementioned 

fact also proves a need for careful sports selec-

tion [21-22], ongoing and stage-by-stage con-

trol in order to preserve the health of gymnasts 

and timely inclusion of preventive measures to 

correct emerging deviations.  

Conclusion.  On the one hand, adolescent 

age of 12-14 years among rhythmic gymnasts is 

the most vulnerable according to morphologi-

cal, anatomical and physiological parameters in 

terms of balance disturbance in different sys-
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tems of the body influenced by specific activi-

ties. On the other hand, it is extremely im-

portant when building the training process, be-

cause it is at this time that the development and 

improvement of physical qualities, artistic and 

aesthetic abilities and the formation of sports-

manship takes place. The literary data analysis 

has formed a theoretical basis in identifying the 

risk factors of scoliosis in adolescent rhythmic 

gymnasts. It will serve as a base for developing 

methodological guidelines and implementing 

recovery measures in order to level the negative 

influence of intense specific loads mainly of the 

asymmetric nature in the training process of ad-

olescent rhythmic gymnasts.
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IMPACT OF THE RECOVERY PROCEDURES COURSE ON THE FUNCTIONAL 

STATE OF THE MUSCULOSKELETAL SYSTEM OF LOWER LIMBS OF FIELD 

HOCKEY ATHLETES DURING TRAINING IN MIDDLE ALTITUDE 
Yu.V. Kushnareva, S.M. Abutalimova, O.N. Akimkina 

FSBI “North-Caucasian Federal Research and Clinical Center of the Federal Medical and Biological 

Agency”, Essentuki, Russia 

 

Annotation. The purpose of this study was to evaluate impact of a set of physical therapy proce-

dures on the functional state of the neuromuscular system and hemodynamics of lower limbs in 

female athletes in middle altitude conditions during training. The study involved 19 female field 

hockey players with the Candidate for Master of Sports and Master of Sports titles.  They were 

randomly divided into two groups: the treatment group (had a set of physical therapy procedures, 

including magnet therapy, hydrotherapy and lymphatic drainage massage (pressure therapy)) and 

the control group (had no procedures). The analysis of the neuromuscular transmission parameters 

in the treatment group after the course has revealed an increased amplitude on the left in two 

stimulation points: head of fibula and popliteal fossa. When analyzing hemodynamic indicators, 

the treatment group has also demonstrated a significant decrease in the asymmetry coefficient in 

the “foot” segment of the left and right leg. When analyzing the microcirculation indicators, we 

have found a decrease in the diastolic index and the left ventricle filling pressure in the “calf” 

segment of the right leg. Considering the data obtained, we can conclude a positive impact of a 

set of procedures on the blood flow and the neuromuscular system of female field hockey players 

during training in middle altitude.  

Keywords: field hockey, recovery, middle altitude, training activity, neuromuscular system, he-

modynamics, magnet therapy, hydrotherapy, lymphatic drainage massage (pressure therapy). 

 

Introduction. Field hockey is a contact 

and dynamic situational sport that is actively 

developing recently in Russia. It requires not 

only tactical skills, but also great physical im-

pact and good overall endurance from players, 

since practicing this sport involves mainly aer-

obic loads. High intensity of physical activity in 

professional sports, along with the body adap-

tation to middle altitude conditions, can cause 

almost an almost marginal level of the body 

function of athletes and, as a result, create pre-

requisites for faster fatigue, overstrain and 

overtraining, thereby reducing the efficiency of 

training activity [1-4]. That is the reason why 

the use of effective recovery methods while 

training elite female athletes in middle altitude 

conditions is extremely important. During re-

covery of athletes, experts apply different 

measures of physical therapy, such as magnet 

therapy and lymphatic drainage massage (pres-

sure therapy) [5-6]. However, there is no re-

search dedicated to studying efficiency of a 

comprehensive implementation of physical 

therapy procedures that include magnet ther-

apy, hydrotherapy and pressure therapy in case 

of recovering athletes in middle altitude condi-

tions [7]. 

The purpose of the study was to rate the im-

pact of magnet therapy, hydrotherapy and lym-

phatic drainage massage on the neuromuscular 

system and hemodynamics of the lower limbs 

of female field hockey players during training 

in middle altitude conditions.  

Methods and organization. The study 

was conducted in the Center of biomedical 

technologies, FSBI “North-Caucasian Federal 

Research and Clinical Center of the Federal 

Medical and Biological Agency”, at an altitude 

of 1240 m (Maloe Sedlo Mountain, Kis-

lovodsk) during training camps in the FSUE 

“Yug sport”. It involved 19 female field hockey 

players aged 16-31 years (Candidate for Master 

of Sports, Master of Sports titles), members of 

the Russian national team.  All athletes had di-

agnosis of the functional state of the neuromus-

cular system and hemodynamics of the lower 
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limbs. The lower limb hemodynamics were 

studied with the rheograph (Rheograph 

Valenta, made by “Kompania Neo” LLC in 

Saint Petersburg). The Neuro-MVP 4-channel 

hardware and software complex was used for 

stimulation electroneuromyography (“Neuro-

soft”, Ivanovo). We have also examined regis-

tration of motor responses (M-responses) from 

the extensor digitorum brevis muscle inner-

vated by the peroneus nerve. 

The athletes were divided into two groups 

– the treatment group and the control group, the 

divide was randomized. In the course of 7 days, 

the treatment group received a set of physical 

therapy procedures, including magnet therapy, 

hydrotherapy and lymphatic drainage massage 

(pressure therapy). The control group did not 

receive any procedures.  

Magnet therapy was made with the Physi-

omed Mag-Expert device, 60 cm coil, impact 

area – knee and ankle joints, impact time – 15 

minutes, magnetic flux density – 0.006 T, fre-

quency – 25 Hz. Beka hospitec, the contrast  

4-chamber bath for hands and feet, was used for 

hydrotherapy, time – 10 minutes, hot water 

temperature – 38 °C, cold water temperature –  

14 °C,  cyclicity – 45 s, flow – 220 l/min, pres-

sure – 1 atm. For pressure therapy, we have 

used the BTL-6000 LYMPHASTIM 12 4-chan-

nel device in Physiological mode (physical 

therapy), procedure area – lower limbs, time – 

30 minutes, cuff pressure – 60 mm of Hg.  

After the course, both groups had diagnosis 

of the functional state of the neuromuscular sys-

tem and hemodynamics of the lower limbs.  

The statistical data processing was made 

with the Wilcoxon matched pair test and the 

Mann-Whitney U-test on the Statistica 6.0 soft-

ware. The difference between values deemed 

significant if р<0.05. 

Results and discussion. The results ob-

tained from the analysis of the neuromuscular 

transmission at the beginning did not demon-

strate statistically significant differences be-

tween groups. The similar data was received af-

ter the hemodynamic indicators analysis.  

According to the results obtained after the 

physical therapy course, we can note the fol-

lowing. Analysis of the neuromuscular trans-

mission in the treatment group has revealed an 

increase amplitude of M-response on the left in 

two stimulation points:  head of fibula (before: 

6.05±0.57 мV and after: 6.92±0.72 мV, р≤0.03) 

and popliteal fossa (before: 6.09±0.51 mV, af-

ter: 6.99±0.70 mV, р≤0.03). It allows us to 

make a conclusion about an increase amount of 

motor units engaged in contraction when stim-

ulating motor nerve fibers with electric current 

(fig. 1). 

 

 

 
Fig. 1. Indicators of the M-response amplitude in the “head of fibula” and “popliteal fossa” stim-

ulation points on the left in athletes before and after the procedures
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The study has not revealed any other sig-

nificant changes in the neuromuscular trans-

mission in the treatment group. However, we 

can see that there is a tendency in all stimula-

tion points of the right and left legs to increase 

following indicators: surface area and ampli-

tude of M-response and nerve conduction ve-

locity (NCV). There was also a decrease in  

M-response duration and residual latency  

(table 1).

Table 1 

Comparative analysis of motor responses registered from the extensor digitorum brevis muscle, 

innervated by the peroneus nerve, in field hockey players of the treatment group before and after 

the procedures 

Indicators 
Treatment group 

p Standard 
Before  After  

Right tarsus 

Latency, ms 3.33±0.19 3.24±0.14 - - 

Amplitude, mV 6.12±0,51 6.35±0.53 - ≥3.5 mV 

Surface area, mV×ms 19.1±1.55 20.6±1.71 - - 

Residual latency, ms 2.31±0.19 2.19±0.14 - ≤3 ms 

Right head of fibula 

Latency, ms 10.1±0.34 9.97±0.31 - - 

Right popliteal fossa 

Surface area, mV×ms 19.7±1.70 20.3±1.38 - - 

Left tarsus 

Amplitude, mV 6.52±0.58 7.10±0.64 - ≥3.5 mV 

Duration, ms 6.32±0.25 6.25±0.28 - - 

Surface area, mV×ms 20.8±1.43 22.6±1.72 - - 

Left  head of fibula 

Surface area, mV×ms 20.3±1.62 23.0±1.92 - - 

Left popliteal fossa 

Duration, ms 6.59±0.30 6.55±0.31 - - 

Surface area, mV×ms 20.6±1.46 23,1±1,89 - - 

NCV, m/s 59.5±2.29 62.9±2.28 - ≥40 m/s 

 

We can conclude that using physical ther-

apy procedures on athletes of the treatment 

group has contributed to a higher engagement 

of motor units during the  nerve stimulation, 

consequently – to an increase in muscle con-

traction surface area, as well to an increase of 

nerve conduction velocity, which is important 

for effective performance of movements requir-

ing maximum muscle activation in a short pe-

riod of time and for muscle coordination im-

provement.  

When analyzing hemodynamic indicators 

of the treatment group, we have revealed a sig-

nificant decrease in the asymmetry coefficient 

in the “foot” segment on the left (before: 

47.9±5.79%, after: 23.0±4.52%, р≤0.003) and 

right (before: 47.9±5.79%, after: 30.4±8.90%, 

р≤0.04) (fig. 2).According to the microcircula-

tion indicators, we have found decreased pa-

rameters of the diastolic index (before: 

0.50±0.02 c.u., after: 0.41±0.03 c.u., р≤0.03) in 

the “calf” segment on the right. In the same seg-

ment on the left the aforementioned indicator 

has a tendency to decrease (before: 0.48±0.04 

c.u., after: 0.44±0.03 c.u.) (fig. 3). 

The “calf” segment has also demonstrated 

a significant decrease in the left ventricle filling 

pressure on the right (before: 24.3±0.52 mm of 

Hg, after: 21.8±0.76 mm of Hg, р≤0.02). There 

were no changes on the right, but there was a 

tendency for its decrease (before: 24.2±0.79 

mm of Hg, after: 22.7±0.94 mm of Hg) (fig. 4). 

In general, for hemodynamics of the lower 

limbs, a tendency to decrease in such indicators 
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as elastic modulus, diastolic index, left ventri-

cle filling pressure was revealed. The indicators 

of venous outflow and the asymmetry coeffi-

cient decreased, which brought them closer to 

the standard values. However, no significant 

changes were detected for the listed indicators 

in the treatment group before and after the pro-

cedures (table 2). 

Therefore, athletes of the treatment group 

have higher artery elasticity and normalized ve-

nous outflow, which indicates improved micro-

circulation.  

 

 
Fig. 2.  The blood flow asymmetry coefficient indicators in the “foot” segment of the left and 

right legs in athletes before and after the procedures  

 

 
Fig. 3. The blood flow diastolic index indicators in the “calf” segment of the right and left legs 

in athletes before and after the procedures 
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Fig. 4. Left ventricle filling pressure indicators in blood flow of the “calf” segment of the right 

and left legs in athletes before and after the procedures 

 

Table 2 

Comparative analysis of the lower limb rheovasography of female field hockey players before 

and after the procedures 

Indicators Treatment group p Standard 

Before  After 

Left foot 

Elastic modulus, % 15.6±1.71 13.9±1.09 - 11-16% 

Diastolic index, c.u. 0.45±0.03 0.41±0.04 - 0.30-0.55 

Left ventricle filling pressure,  

mm of Hg 
23.0±0.89 21.7±0.98 - - 

Right foot 

Venous outflow, % 38.5±10.4 22.5±2.83 - 0-20% 

Diastolic index, c.u. 0.43±0.03 0.39±0.02 - 0.30-0.55 

Left ventricle filling pressure,  

mm of Hg 
22.5±0.93 21.4±0.68 - - 

Left calf 

Diastolic index, c.u. 0.48±0.04 0.44±0.03 - 0.45-0.75 

Asymmetry coefficient, % 22.2±4.25 14.8±2.97 - 0-20% 

Left ventricle filling pressure,  

mm of Hg 
24.2±0.79 22.7±0.94 - - 

Right calf 

Venous outflow, % 26.3±3.20 23.2±2.54 - 0-20% 

Asymmetry coefficient, % 22.5±4.23 14.8±2.97 - 0-20% 

Considering the fact that athletes of the 

main group have received the 7-day physical 

therapy procedure set, a tendency to normalize 

the peripheral blood flow indicators and im-

prove the neuromuscular transmission parame-

ters without any statistically significant changes 

can be explained by a need to receive a course 

cycle of physical therapy procedures during  
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training in middle altitude conditions. Thus, 

further studies are needed with subsequent ob-

servation of the functional state of the neuro-

muscular system and hemodynamics of the 

lower limbs of athletes. 

Conclusion. The analysis of the data re-

ceived has shown that using the physical ther-

apy set that includes magnet therapy, hydro-

therapy and lymphatic drainage massage (pres-

sure therapy)) in the course of 7 days gave a 

positive effect on the blood flow and the neuro-

muscular system of female field hockey players 

during training in middle altitude. Indicators of 

the peripheral blood flow have returned to nor-

mal and the neuromuscular transmission pa-

rameters have improved. 
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Annotation. This article presents the results of using hydrokinesiotherapy for infant children with 

muscle hypotension syndrome. The 6-month study was carried out in the “Eveksia” Medical Re-

habilitation Center (Moscow). With parents’ informed permission, it included children aged 1-2 

years with muscle hypotension, who, according to the preliminary medical report, did not have 

any contraindications to hydrokinesiotherapy. The results have revealed the efficacy of hy-

drokinesiotherapy, which is demonstrated through the improvement of global motor and manual 

functions indicators: the babies under 2 years began to form walking skills, develop speed and 

volume of manual functions.     

Keywords: hydrokinesiotherapy, muscular hypotension syndrome, young children, global mus-

cle functions, manual functions.

 

Introduction. Muscle hypotension is a de-

crease in skeletal muscle tone (residual stress 

and muscle resistance to passive muscle pull) 

with the contractile function deterioration. This 

state is a symptom of a whole number of inher-

ent and acquired pathologies that are attributed 

to neuromuscular disorders [1]. 

Total statistics of muscle hypotension syn-

drome in Russia is insufficiently represented. 

The world statistics, however, show that the in-

cidence of the most common inherent neuro-

muscular disease – the Charcot-Marie-Tooth 

disease – is 1-3 cases per 10 thousand popula-

tion [2]. According to some studies [3-4], one 

case of this pathology occurs per 9 thousand 

population in Japan, in Iceland – per 8.3 thou-

sand, in Italy – per 5.7 thousand, in Spain – per 

3.3 thousand. In addition, incidence of the in-

herent myasthenic syndrome is one case per 

200 thousand of 1-year children, incidence of 

myofibrillar myopathy – one case per 50 thou-

sand of newborns [5]. 

In the etiopathology of the hypotension oc-

currence and development, there are factors of 

damage to the nervous system occurring at any 

of its levels (brain and spinal cord, peripheral 

nerves, local neuromuscular connections) 

caused by dysfunctions of muscle or connective 

tissues and dependent on pathologies of metab-

olism or synthesis of individual enzymes [6]. 

The muscle tone decrease in children can be 

caused by anomalies of the neuromuscular 

junction, primary muscle diseases, endocrine 

pathologies et al. Infant muscle hypotension – 

congenital hypotension (P94.2 in ICD-10) – is 

mainly seen in prematurely-born babies (who 

were born under 37th week of pregnancy) with 

signs of general underdevelopment of organs 

and systems diagnosed at birth. Moreover, de-

crease in muscle tone in mature infants may in-

dicate damage of functional or organic nature to 

the central nervous system (CNS), muscle or 

genetic disorders.  

  According to the literary data [7-8], mus-

cle hypotension syndrome is registered in 12-

17% of newborns during the residual period af-

ter any diseases.  The progressive muscle dys-

trophy is a group of diseases, the main symp-

toms of which are weakness, skeletal muscle at-

rophy, disorders of the support movement func-

tion, muscle contractures. Muscle dystrophy 

progression entails a lag in the child's psycho-

motor development, which determines the 

search for methods to start rehabilitation 

measures adequate to the age, anatomical and 

physiological characteristics of young children 

as soon as possible. 
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Hydrokinesiotherapy is an appropriate re-

habilitation measure for children with muscle 

hypotension syndrome. Exercises in water con-

tribute to an optimal toning and strengthening 

of weakened muscles and the capsular ligament 

apparatus, improvement of blood supply and 

metabolic-nutritional processes, support for-

mation of physiological volume of movement 

in joints. By decreasing static loads, the body 

water facilitates the verticalization of children 

with reduced muscle tone, promotes stimula-

tion, formation and improvement of the sup-

porting function, walking skills, performing 

manual movements [1, 2, 5]. In connection with 

the above, the use of hydrokinesiotherapy is rel-

evant in the rehabilitation of children with mus-

cular hypotension syndrome. 

The purpose of the study – evaluation of 

the efficacy of hydrokinesiotherapy in infant 

children with muscle hypotension.  

Methods and organization. Global motor 

functions of children with muscle hypotension 

was assessed with the GMFCS scale (Gross 

Motor Function Classification System), 5 

points total [9]. Evaluation of the manual disor-

ders was made with the MACS scale (Manual 

Ability Classification System for children with 

Cerebral Palsy), 5 points total [10]. 

The study was conducted in the “Eveksia” 

Medical Rehabilitation Center (Moscow), dura-

tion – 6 months. With parents’ informed con-

sent, the study involved children (n=8) aged 1-

2 years with muscle hypotension, who, accord-

ing to the preliminary medical report, did not 

have any contraindications to hydrokinesiother-

apy.       

The results obtained were processed with 

the mathematical statistics methods with calcu-

lation of average values and their standard de-

viation, the significance of differences was 

rated with the Wilcoxon T-test (p≤0.05). 

Results and discussion. The 7-week hy-

drokinesiotherapy course was divided into 3 pe-

riods: introductory, main and final.  During 

each one, we solved general and special tasks 

of health-improving and developmental nature. 

The tasks included the following: adaptation of 

a child’s body to physical loads and being in an 

aquatic environment; normalization of the CNS 

function, normalization of the blood circulation 

system function; strengthening and increasing 

muscle tone; improving and stabilizing the 

background emotions of a child; general 

strengthening of the body; increasing immun-

ity; coordination development; training and im-

provement of walking skills and manual func-

tions. 

Sessions were held in the presence of par-

ents, in a shallow pool with a water temperature 

of 32-34 °C that contributes to an increase in 

muscle tone. The session time varied from 20 

minutes at the beginning to 30 minutes at the 

course’s end. The session structure included ex-

ercises for the development of all muscle 

groups performed in horizontal and vertical po-

sition of the trunk and head with supporting 

equipment. These exercises are aimed at the in-

crease of muscle tone, activation of volitional 

movements of global and regional muscle 

groups of the higher and lower extremities, for-

mation and improvement of the head and trunk 

verticalization skills, manual and walking 

skills. We have used passive, passive-active 

and active exercises. The directed activation of 

a child’s volitional movements was made with 

the help of parents, using toys, equipment, word 

and visual-object accompaniment during each 

exercise. It supported its comprehensive devel-

opment, the formation of a positive emotional 

response to the session, which in turn contrib-

uted to an additional increase in the overall tone 

of children with muscular hypotension syn-

drome. 

The efficacy of hydrotherapy sessions was 

rated according to dynamics of the GMFCS (re-

sult – 1 to 5 points) and MACS (result – 1 to 5 

points) indicators (table). 

Values of global motor function according 

to the GMFCS scale improved by 50% and 

amounted to 1.25±0.04 points (Tcrit≤0.05), 

which corresponds to an approximation to the 

GMFCS I level, characterized by gait without 

restrictions. In children under 2 years of age, the 

formation of independent walking has also be-

gan.  
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Table 

Dynamics of global and manual functions of infant children with muscle hypotension syndrome 

during the hydrokinesiotherapy course  

Indicator M±m Dynamics Reliabilty  

(Tcrit) 

 
Before 

the 

course 

After the 

course  

Absolute values 

(point) 

Relative val-

ues (%) 

GMFCS, 

points 
2.5±0.05 1.25±0.04 1.25 50 ≤0.05 

MACS, 

points 
2.0±0.05 1.0±0.03 1.0 50 ≤0.05 

According to the manual function disorders 

evaluation in 1-2 years old children with muscle 

hypotension syndrome, we have noted im-

provement by 50% of the indicator, average 

values of which amounted to 1.0±0.03 points 

(Tcrit≤0.05). Changes were noted in a qualita-

tive improvement of manual function in terms 

of increased speed and improved handgrip of 

objects with different diameter.  

Conclusion. Significant differences of 

global and manual function indicators rated 

with the GMFCS and MACS scales prove the 

efficacy of using hydrokinesiotherapy in reha-

bilitation of children with muscle hypotension 

syndrome. 
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Annotation. The research is devoted to the review of technological solutions created at the level 

of inventions protected by domestic and foreign patents in the field of technology development 

and scientific substantiation of methods for diagnosing the condition of athletes, their perfor-

mance and recovery systems, rehabilitation after COVID-19 and other infections. The study made 

it possible to identify several subgroups of technical solutions and methods related to the predic-

tion of the infection occurrence, the consequences associated with COVID-19 and the restoration 

of physical performance. In earlier patented methods, immunological tests are used to assess the 

prognosis of athletes' health, and during the epidemic of a new coronavirus infection, technical 

methods are proposed that detect the onset of conditions such as COVID-19 or other respiratory 

infections by monitoring respiratory rate and heart rate with automatic data processing. The sec-

tion of recovery and rehabilitation of athletes is represented by documents in which several areas 

can be distinguished: physiotherapy, nutritional support for athletes, resort factors, hypoxic and 

cold loads, respiratory rehabilitation. 

Keywords: patent, athletes, COVID-19, post-covid period, diagnosis, prognosis, physical perfor-

mance, recovery, rehabilitation.

 

Introduction. Large-scale COVID-19 

vaccination, which began in 2021, and an emer-

gent tendency to decrease the incidence of a 

new coronavirus infection at the present time, 

confirmed by official data from the Rospo-

trebnadzor website [1], made it possible to re-

duce social restrictions and resume planned 

events, which is especially important for ath-

letes whose lives are regulated by training and 

competition periods throughout the year, in-

cluding those related to staying at the training 

camps in middle altitude [2-4]. However, the 3-

year period of the SARS-CoV-2 pandemic, 

which covered all categories of the population, 

affected the established rules for the training of 

athletes infected with this virus. All diagnostic, 

therapeutic and rehabilitation measures of peo-

ple infected with COVID-19 are regulated by 

international and domestic clinical recommen-

dations. In the field of sports medicine, criteria 

are additionally used that determine the gradual 

return of athletes to intense physical and profes-

sional activity after COVID-19 and other infec-

tions [5-7]. Nevertheless, the issues of the con-

dition of athletes who have returned to training 

remain insufficiently covered, and an analysis 

of methodological approaches for their recov-

ery after intensive physical activity exertion is 

also required. Therefore, it is relevant to evalu-

ate existing materials on methods and technical 

solutions for medical control of athletes who 

have resumed training and have a history of in-

fectious diseases, including COVID-19. 

The aim of the study is to analyze the tech-

nical level and results of patent-protected tech-

nologies for diagnosis, physical performance, 

recovery and rehabilitation of athletes who had 

COVID-19 and other infections. 

Methods and organization. The object of 

patent research was the problem of approaches 

to the diagnosis of conditions, recovery and re-

habilitation of athletes who had COVID-19 and 

train in the middle altitude conditions. Individ-

ual keywords: diagnosis and prediction of 

health after COVID-19 and infectious diseases; 

methods for recovering patients and athletes af-

ter inflammatory diseases and coronavirus; res-

piratory rehabilitation; recovery of athletes by 

oxygen administration, hypoxia, middle alti-

tude (in Russian and in English). 
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The patent information search was made in 

electronic patent databases of the Federal ser-

vice for intellectual property (Rospatent, 

www.fips.ru), Yandex Patents, Google patents, 

search for patents and inventions of the Russian 

Federation and the USSR (http://www.findpa-

tent.ru/), electronic databases of the European 

Patent Office (https://worlwide.espacenet. 

com), the United States Patent and Trademark 

Office, (https://globaldossier.uspto.gov/). The 

depth of the search was not limited, all the pro-

tection documents found for the search object 

under study were analyzed. 

Results and discussion. The patent search 

was conducted in accordance with GOST 

P.15.011-96 "System for the development and 

production of products. Patent research. The 

content and procedure". According to the re-

sults of the search for methods, medical tech-

nologies and technical solutions, created at the 

level of inventions and protected by domestic 

and foreign patents, 89 security documents 

were found that meet the specified criteria for 

the subject: diagnosis and prognosis of health 

after COVID-19 and infectious diseases (in 

Russian) – 18; diagnosis and prognosis of 

health after COVID-19 and infectious diseases 

(in English) – 4; rehabilitation, recovery, per-

formance of athletes after COVID-19 (in Rus-

sian) – 21; methods for recovering patients and 

athletes after inflammatory diseases and coro-

navirus (in English) – 8; respiratory rehabilita-

tion  (in Russian) – 11; respiratory rehabilita-

tion (in English) – 2; recovery of athletes by ox-

ygen administration, hypoxia, middle altitude 

(in Russian) – 13; recovery of athletes by oxy-

gen administration, hypoxia, middle altitude (in 

English) – 12 (fig. 1).

 

 
Fig. 1. Distribution of the number of patents by keywords (components) of the search object 

(keywords are shown in the figure on the Y axis) 

 

The number of patents found for the key-

words "rehabilitation", "recovery", "perfor-

mance of athletes after COVID-19 and other in-

fections", including the subsections "respira-

tory rehabilitation", "recovery of athletes by ox-

ygen administration, hypoxia, middle altitude" 

in Russian and English prevails over the num-

ber of documents, related to the diagnosis of the  

condition of athletes. However, the choice of 

methods and approaches for assessing the con-

dition of athletes who have resumed training, 
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their reactions to physical activity and perfor-

mance will depend on the direction of new tech-

nologies and methods being developed for the 

recovery of athletes after COVID-19. 

The documents found under the section 

“diagnosis and prognosis of health after 

COVID-19 and infectious diseases” (both in 

Russian and in English) (fig. 2) were distributed 

as follows, the earliest – 2, which occurred in 

1998 and 1999, then – 6, published during the 

next 20 years and 12 – in the last two years. 

 

 
Fig. 2. Distribution of the number of patents by year by keywords “diagnosis and prognosis of 

health after COVID-19 and infectious diseases” (both in Russian and in English) 

 

The greatest patent activity in this section 

was noted in 2021 and 2022 (12 patents out of 

22). The patent holders are mainly legal entities 

in the Russian Federation and natural people 

from the USA and Europe. 

An essential point in the diagnosis of ath-

letes' health is the prediction of their condition 

during training in an epidemiologically unfa-

vorable environment. Therefore, it is possible to 

distinguish several subgroups of technical solu-

tions and methods related to the prediction of 

the occurrence of infections, the consequences 

associated with COVID-19 and the restoration 

of physical performance. In earlier patented 

methods, immunological tests are used to assess 

the prognosis of athletes' health [8], and during 

the epidemic of a new coronavirus infection,  

technical methods are proposed to detect the 

onset of conditions such as COVID-19 or other 

respiratory infections by monitoring respiratory 

rate and heart rate with automatic data pro-

cessing [9]. In addition, there is a genetic 

screening, that includes the prognosis of the se-

verity of an infectious disease, COVID-19 in 

particular [10], as well as the the prognosis of 

the condition of patients who had COVID-19, 

for example, by the level of volatile metabolites 

in exhaled air [11], by the control of endothelial 

markers [12] or indicators of the coagulation 

system [13].  

Another subgroup of patent-protected doc-

uments includes load tests that determine the 

performance of athletes: according to the state 

of oxygen transport and oxygen-releasing sys-

tems with a given cyclic load of gradually in-

creasing intensity in the zone of aerobic-anaer-

obic transition [14]; the conjugacy of cardiohe-

modynamics and external respiration with the 
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level of oxygen consumption is evaluated [15]; 

the body's resistance to hypoxia and hypercap-

nia is identified [16]; by comparing the external 

respiration and the capacity of the work per-

formed during a bycicle ergometer test, the con-

tribution of anaerobic glycolysis to the energy 

supply of the work is determined based on the 

assessment of the effectiveness of the athlete's 

physical performance [17]. The performance of 

athletes is determined by the metabolic profile 

after physical activity [18] or when the maxi-

mum load is reached on the bicycle ergometer 

[19]. Analyzing the list of published inventions 

over the past 5 years, it can be noted that re-

search teams mainly offer automated non-inva-

sive methods for diagnosing the condition of 

athletes using functional parameters of various 

organizational systems, or high-tech genetic 

tests for gene polymorphism are carried out, de-

termining the functioning of systems both re-

sponsible for the immunological protection of 

the body, and related to the success of profiling 

sports activities. 

The largest number of patents were found 

for the following keywords (both in Russian 

and in English): “methods for recovering pa-

tients and athletes after inflammatory diseases 

and coronavirus” (fig. 3). The earliest document 

was issued in 1994, the patent holder for it is the 

Russian Scientific Center for Rehabilitation and 

Physical Therapy. 12 documents were found for 

the period from 1996 to 2017. The greatest pa-

tent activity was noted starting from 2018 to the 

current time (2018 – 3 documents, 2020 – 2, 

2021 – 6, 2022 – 5). Of the 29 patent holders, 

10 are Russian legal entities, 11 are Russian 

natural people and 8 are foreign natural people. 

Among Russian and foreign copyright holders, 

there has been an increase in patent activity 

over the past 3 years, which is associated with 

the need to search for new methods of rehabili-

tation of various population groups, including 

athletes, given the appearance of SARS-CoV-2 

in December 2019 and the following COVID-

19 pandemic. 

 

 
Fig. 3. Distribution of the number of patents by year according to the keywords “rehabilitation, 

recovery, performance of athletes after COVID-19”, “respiratory rehabilitation” (both in Russian 

and in English) 

 

According to the search keywords "meth-

ods for recovering patients and athletes after in-

flammatory diseases and coronavirus", 8 docu-

ments were found, one each in 2005, 2008, 

2017, in 2021 – 3 from the USA, 2018 – 1 in-

ternational and 2021 – 1 from Great Britain, the 

patent holders of which are natural people. Sep-

arately, a search was made for the rehabilitation 
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subsection "respiratory rehabilitation” (in Rus-

sian and in English), which included 11 docu-

ments, 9 of them Russian and 2 foreign (1 from 

the USA and 1 from China). 

This subsection is presented by documents, 

in which several directions can be identified 

that offer technical solutions for the recovery 

and rehabilitation of athletes. These are patents, 

where various methods of physical therapy are 

mainly used – 15, compositions for nutritional 

support of athletes – 6, resort factors – 2 and the 

effect of hypoxic and cold loads – 4, the latter 

are designed to increase physical performance 

and stress resistance. In the section of respira-

tory rehabilitation, the main ones are the meth-

ods with different techniques of respiratory 

gymnastics performed individually or in com-

bination with kinesiotherapy and physical ther-

apy. Over the past 3 years, the proposed meth-

ods of respiratory rehabilitation have been pro-

vided by automated control systems, for exam-

ple, hardware methods of influencing the chest 

with biological feedback, combined with a cer-

tain breathing rhythm, are intended for complex 

rehabilitation after COVID-19 [20], as well as 

the intelligent breathing training systems for 

athletes [21]. Other methods of training and re-

storing respiration include methods of physical 

therapy: electric myostimulation of diaphragal 

respiration [22], a method using electrostimula-

tion of areas of the vagus nerve [23]. 

 

 
Fig. 4. Distribution of the number of patents by year by keywords “recovery of athletes by oxy-

gen administration in middle altitude” (both in Russian and in English) 

 

Conducting trainings in the middle altitude 

conditions implies the allocation of a separate 

section in the patent search, for which the fol-

lowing keywords were used: oxygen admin-

istration, hypoxia, middle altitude (both in Rus-

sian and in English) (fig. 4). 13 Russian docu-

ments were found, 7 of them dated 1997,  

2000, 2002, 2004, 2008, 2011, 2012 years,  

2 documents – 2016 and 2017, and 4 documents 

– from 2019 to 2022. Foreign patents are repre-

sented by American, European and Chinese 

natural people in 6 documents dated 2005, 

2006, 2007, 2019, 2021 and 2022. The patent-

protected documents present methods of oxy-

gen therapy using various compositions of gas 

mixtures (xenon and oxygen, oxygen and  

helium, xenon with helium and oxygen), given 

in the proportions of normoxia or hyperoxia. 

Oxygen therapy is also carried out by the 

method of hyperbaric oxygenation. The feature 

of each of the methods is the control of physio-

logical parameters by which dosing is carried 

out, duration and effectiveness of oxygen ther-

apy is evaluated. [24]. Separately, it is possible 

to imagine the restorative effect of oxygen dis-

solved in water for oral administration [25] or 

in the form of water procedures [26].  
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Conclusion. The patent analysis demon-

strated that scientists and experts are actively 

engaged in studying the issues that are the ob-

ject of our research – the development of tech-

nologies for the recovery and rehabilitation of 

athletes after COVID-19. 

There are several subgroups of technical 

solutions and methods related to the prediction 

of the occurrence of infections, the conse-

quences associated with COVID-19 and the res-

toration of physical performance. In earlier pa-

tented methods, immunological tests are used to 

assess the prognosis of athletes' health, and dur-

ing the outbreak of a new coronavirus infection, 

technical methods are proposed that reveal the 

onset of conditions such as COVID-19 or other 

respiratory infections for monitoring respira-

tory rate and heart rate with automatic data pro-

cessing.  

The section of recovery and rehabilitation 

of athletes is represented by documents in 

which several areas can be distinguished: phys-

iotherapy, nutritional support for athletes, resort 

factors, hypoxic and cold loads. Respiratory re-

habilitation is represented by various tech-

niques of respiratory gymnastics, including in 

combination with kinesiotherapy and physical 

therapy.
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Annotation. Rhythmic gymnastics is one of the most spectacular and beautiful sports. Flexibility 

as one of the main physical qualities, which is very important to develop in young gymnasts. The 

development of flexibility has been studied by many authors, but the use of weights, strength 

exercises for the development of flexibility with children aged 7-8 years has not been given due 

attention. The purpose of the study is to experimentally substantiate the effectiveness of using the 

method of combined development of flexibility and strength, aimed at developing flexibility in 

children aged 7-8 years engaged in rhythmic gymnastics. The results obtained in the course of the 

pedagogical experiment on the use of specially designed sets of exercises for the development of 

flexibility allow us to conclude that the use of the method of combined development of flexibility 

and strength in the training process, in addition to generally accepted exercises, improves the 

development of mobility in the joints and flexibility of the spinal column in 7-8 years old rhythmic 

gymnasts. 

Keywords: training process, rhythmic gymnastics, flexibility, strength, the method of combined 

development of flexibility and strength.

 

Introduction. Rhythmic gymnastics is a 

popular sport among girls in Russia and the 

world. The competitive program includes more 

complex elements that require good physical 

and mental training of athletes. Success in 

rhythmic gymnastics in case of relatively equal 

level of physical, technical and psychological 

training of gymnasts will depend mainly on the 

development of flexibility. Flexibility must be 

developed continuously, gradually, in accord-

ance with age features, volume and intensity of 

loads must be appropriately distributed.  

Researchers, experts in physical culture 

and sports – Matveev L.P.  [1, P. 273], Platonov 

B.M., Stepina K.N., Voropaeva V.V., in rhyth-

mic gymnastics – Nazarova O.M., Kryuchek 

E.S., Medvedeva E.E., Suprun A.A., Viner-Us-

manova I.A., Terekhina R.N. [2] confirm sig-

nificance of developing flexibility as a neces-

sary condition to master the technique of motor 

movements in different sports. Verkhoshanskij 

Yu.V. [3] examines some regularities that de-

termine the qualitative development of physical 

qualities, flexibility in particular, in accordance 

with age and gender differences.  

 

This topic is deemed relevant, since today 

sport becomes “younger”, there are more re-

quirements to children, and coaches face a dif-

ficult task: they have to search for such methods 

and ways so that students can easily and with 

positive emotions master new, complex ele-

ments in gymnastics, and in order to study them 

and perform them in the future, it is necessary 

to develop flexibility. The development of flex-

ibility is comprehensive in the training process 

of rhythmic gymnastics classes with children 

aged 7-8 years. Proper, technically correct 

(“clear”) performance of gymnastic elements 

depends directly on a gymnast’s flexibility. It is 

important to know and apply appropriate meth-

ods to develop this quality [4-9]. 

For this study, we need to examine some 

features of flexibility. According to the  

L.P. Matveev’s definition [1, P. 273], “flexibil-

ity”, in terms of physical qualities of a human, 

is a property of elastic stretchability of bodily 

structures (mainly muscle and connective), 

which determines the limits of the amplitude of 

the body links’ movement [1]. 
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There are two types of flexibility – active 

and passive. Active flexibility is a maximum  

possible mobility in the joint, which a gymnast 

can demonstrate independently, using only 

their strength. Passive flexibility is a highest 

movement amplitude, which is usually 

achieved with the external help: with the help 

of a partner, a projectile or a weight. Active 

flexibility is more appreciated in gymnastics, 

since it supports natural freedom of movements 

and allows mastering correct technique of ele-

ments [1]. However, in order to achieve good 

joint mobility, you have to develop both types 

of flexibility.  

There are also general and specific flexibil-

ity. Maximum amplitude in major joints is typ-

ical for general flexibility, while specific flexi-

bility is connected to a performance of a certain 

motor action [1-2]. 

According to the analysis of special litera-

ture and author methods, we can present follow-

ing features of developing flexibility for rhyth-

mic gymnasts.  

Sequence of performing flexibility exer-

cises: 1) exercises for higher limb joints and 

shoulder girdle, 2) trunk, 3) lower limb joints.  

A training session starts with warm-up ex-

ercises [4], then, at the end, performance of 

stretching exercises is obligatory. The load in-

creases gradually by increasing the number of 

the exercise’s repetitions, intensity or number 

of sets. 

There is a great number of hard exercises, 

which must be studied for a very long time and 

carefully, for example, turns, cartwheels, bend-

ing back from various positions, etc. These 

complicated exercises require an individual ap-

proach to a child. When learning hard elements 

and exercises, a coach has to show mistakes, en-

sure safety and help to prevent injuries [2, 4, 9]. 

Success of developing physical qualities of 

young gymnasts is defined in many cases by 

some methodological techniques that are used 

by a coach during sessions: exercises with unu-

sual names, e.g. “froggy”, “little birch”, “little 

boat”, “kitty” – the task is perceived by ear very 

easily and raises the mood [4]. Sessions in form 

of games: various relay races, outdoor games 

and tasks cause gymnasts to feel the ease when 

performing gymnastic elements, and some ex-

ercises (combinations) are learned better if they 

are used in a game [1-2]. The girls are required 

to show initiative, courage, assertiveness, abil-

ity to work in a team – those are the features of 

the playing activity. It has a very positive im-

pact on the training process.  

L.P. Matveev [1] identifies such methods 

of flexibility development as the method of 

combined flexibility and strength development, 

the method of multiple stretching, the method 

of static stretching (static-active stretching, 

static-passive stretching, isometric stretching). 

The researcher also notes [1, P. 275] that 

“development of flexibility is tightly connected 

to the development of muscle strength”.  

Now, let’s look at the method of combined 

flexibility and strength development. In case of 

applying this method, one should pay attention 

to stretching muscles and ligaments, when 

strength exercises are performed, and consider 

possible negative effect on flexibility. To avoid 

this effect, one should use following methodo-

logical techniques: consistently use strength 

and flexibility exercises [1]: 

- direct sequence – “strength + flexibility”; 

- reverse sequence  – “flexibility + 

strength”. 

The reverse sequence is more convenient if 

one needs to perform strength exercises with 

the maximum movement amplitude. In this 

case, however, one needs to understand that 

strength capabilities will decrease [1].  

 In terms of the direct sequence, due to the 

fact that strength exercises are also present, the 

joint mobility will decrease approximately by 

18-25%. After a set of stretching exercises, 

flexibility will increase by 55-75%.  

With the method of alternate application of 

strength and flexibility exercises for, i.e. flexi-

bility + strength + flexibility + ... (during one 

training session), there is a step-shaped change 

in the mobility of the links of the body that are 

engaged. Flexibility begins to decrease each 

time after performing a strength exercise, but 

immediately after stretching, flexibility  

increases with a general tendency, and by the 

end of the training – to 30-35% of the initial 

level [1]. 
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Therefore, an appropriate result of fre-

quency development will be achieved if the 

work-up that includes static exercises for 

stretching is applied.  

The purpose of this study was to experi-

mentally substantiate the effectiveness of using 

the method of combined flexibility and strength 

development, aimed at developing flexibility in 

children aged 7-8 years engaged in rhythmic 

gymnastics. 

As a hypothesis, we have suggested that us-

ing the method of combined flexibility and 

strength development during training for 7-8 

years old gymnasts would have a positive effect 

on flexibility development. 

Methods and organization. We have used 

following methods: analysis of scientific and 

methodological literature, pedagogical experi-

ment, math-and-stats methods, pedagogical ob-

servation and control tests.  

The study included three stages (from Au-

gust 2021 to January 2022).  

The first stage (August-September 2021) 

included analysis of specific literature, defini-

tion of purpose, tasks, object and subject of re-

search, hypothesis, selection of diagnostic ma-

terial. We have defined exercises in the rhyth-

mic gymnastics program and constructed a set 

of exercises for developing flexibility, selected 

control exercises (tests) for identifying a level 

of flexibility in students: “Inlocation” (cm), 

“Mobility in knee joints” (cm), “Cross split” 

(cm), “Forward lean” (cm), “Bridge” (cm), 

“Arching” (cm) [2, P. 278]. In the “NEW 

STARTS” Sports Training Center, located in 

Petrozavodsk, we have selected two groups 10 

people each for the control (CG) and experi-

mental groups (EG) [7].  

 

 

The second stage (September-December 

2021) included first testing on both groups. The 

sessions were held three times a week for 90 

minutes according to the experiment program. 

Girls from the experimental group performed a 

set of exercises according to the method of 

combined flexibility and strength development. 

Sessions for the control group were based on a 

traditional method. During the study, based on 

methodological learning guides by Karpenko 

L.A. and Lisitskaya T.V. [4-5], we have created 

sets of exercises for classes with the experi-

mental group. This stage also included repeated 

(final) testing.  

The third stage (January 2022) included 

data processing, analysis and comparison of the 

obtained results, conclusions were made based 

on the results of the study, the effectiveness of 

using the method of combined flexibility and 

strength development in rhythmic gymnastics 

classes for children aged 7-8 years was identi-

fied; the results of the study were formalized. 

The data were processed using Excel ta-

bles. We have also calculated significance of 

differences between two groups of results with 

the Student test.  

Results and discussion. The training for 

girls of both groups used exercises for develop-

ing joint mobility and spine flexibility. On the 

same sessions, the EG had special sets of phys-

ical exercises.  

Table 1 presents sets of exercises accord-

ing to the method of combined flexibility and 

strength development, which were used for the 

EG. 

According to the experiment results, the in-

dicators have improved in all exercises (tests). 

Table 2 presents the indicators of flexibility de-

velopment in the control (CG) and experi-

mental groups in the course of the experiment.

Table 1 

Sets of exercises with weights (for the experimental group 

Set of exercises №1 

Dynamic exercises for devel-

oping flexibility with leg 

weights (to 100 g) 

Set of exercises №2 

Exercises on wall bars with 

special rubber bands on legs 

Set of exercises №3 

Exercises for developing flex-

ibility in knee and hip joints 

with leg weights (to 100 g) 

1. Demi-pointe walking, 

with inlocation 

1. Face the wall and alternate 

“releve” and “releve with 

plie”, repeat 4 times 

1. Demi-pointe walking  

2. Walking with forward 

swings 
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Table 1 (continued) 

2. Uphill walk, with inloca-

tion 

3. Walking on the outside on 

the foot 

4. Walking on the inside on 

the foot 

5. Walking with forward 

swings and grasps 

6. Walking with swings and 

grasps to the side  

7. Walking with swings and 

the position of body arched 

touching the head with one 

leg 

8. Bridge walks  

9. The “Devil fish” (“Kara-

katitsa”) run 

10. Alternation of stomach 

rolls and front handsprings 

with elbows on knees  

11. Alternation of cartwheels 

with hands, with elbows on 

knees, with chest on knees 

12. Demi-pointe walking, 

with inlocation 

13. Uphill walk, with inloca-

tion 

14. Splits: on the right, left 

leg, a cross split on gymnastic 

benches. 

Time for performance of the 

exercises – 3 minute for each 

split 

2. Face the wall: 1 – 

“releve”, 2 – bend knees, 3 – 

kneel down, heels are raised 

high, 4-5 – hold the position, 

press on the half-toes, 6-7 – 

get up from the floor, 8 – 

lower the heels down, repeat 

4 times. 

3.  Like the second exercise, 

but uphill 

4. Face the wall, legs apart, 

right hand on the rail, left 

raised. 1-3 – lean forward 

with touching the floor, 4 – 

rise up and change the hand, 

5-8 – repeat with right hand. 

5. Stand with one back to the 

wall, legs together, grab the 

rail near the hips, press the 

chest to the knees, repeat 8 

times  

6. Stand with your back to 

the wall, legs together, bent 

at the knees, hands hold the 

rail with a grip from above, 

1-2 – stretch your arms, stand 

in the bridge, with your 

hands as if walking down, 

stretch your knees, 3-4 – hold 

the bridge, 5-8 – go back up, 

repeat 6 times  

7. Face the wall, sit on the 

floor, legs apart, put your feet 

on 1 rail and hold 1 rail with 

hands, 1-4 – lean forward and 

touch the floor with your 

chest, 5-8 – return. Repeat 6 

times 

8. Stand with left side to the 

support, bend right leg at the 

knee and put it on the demi-

pointe in front, and shift the 

center of gravity to the right 

leg, raise right hand up 

1-4 – bend backwards, grasp 

the leg, 5-6 – keep this posi-

tion, 7-8 – return to the  

3. Walking with backward 

swings 

4. Walking with lunges 

5. Walking with bending for-

ward and backwards  

6. Bridge walks  

7. Walking with toe touch 

bending 

8. Handsprings sideways with 

elbows 

9. Turning on the side in a 

split 

10. Handsprints from the 

main position, then make a 

cross split, legs apart (spread 

straight legs in one line) and 

then return to the main posi-

tion 

11. Splits: on the right, left 

leg, a cross split on gymnastic 

benches. 

Time for performance of the 

exercises – 3 minute for each 
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Table 1 (continued) 

 initial position. Repeat 4 

times. Repeat with the left leg 

9. Swings forward, to the 

side, backwards and into the  

position of body arched 

touching the head with one 

leg –10 times each with the 

rubber band 

10. Face the wall, the left leg 

must be placed with the in-

side side close to the rail, the 

hands should be held on the 

wall. 1-4 – the right leg on 

the rail is stretched, fix in a 

split position, bend in the 

back and touch the head of 

the leg, 5-8 – return to the in-

itial position. Repeat with the 

left leg.  

11. Splits: on the right, left 

leg, a cross split on gymnas-

tic benches.  Time for perfor-

mance of the exercises – 3 

minute for each split 

 

 

 

Table 2  

Flexibility indicators in the CG and EG at the beginning and the end of the experiment (M±σ) 

Type of control ex-

ercises (test)  

Control group (n=10) Experimental group (n=10) 

beginning of 

the experiment 

end of the exper-

iment 

beginning of the 

experiment 

end of the ex-

periment 

“Inlocation” (cm) 41.8±3.52 36.1±3.84 39.8±2.51 33.9±2.64 

“Knee joint mobil-

ity” (cm) 

4.6±2.63 5.5±2.54 

 

4.3±2.66 6.4±1.95 

“Forward lean” 

(cm) 

8.1±3.41 10.8±2.89 8.0±5.39 12.5±4.08 

“Bridge” (cm) 9.5±3.50 7.6±2.31 9.5±3.95 4.2±1.13 

“Cross split” (cm) 10.2±6.21 7.8±6.79 10.2±6.62 4.6±4.52 

“Arching” (cm) 7.8±5.11 5.3±2.35 8.7±4.94 4.4±0.96 

Analysis of the results shows that before 

the experiments students of both groups had al-

most the same level of flexibility. The indica-

tors are the same in the “Bridge” and “Cross 

split” exercises. There is an insignificant lag in 

the “Knee joint mobility” and “Forward lean” 

exercises, by 0.3 cm and 0.1 cm respectively.  

Girls from the EG had better initial indicators 

in the exercises “Inlocation” – by 1 cm, and 

“Arching” – by 1.1 cm.  

At the end of the experiment, these is a pos-

itive dynamic in all indicators in both groups. 

At the age of 7-8, flexibility actively develops 

in children. Such exercises as the “Knee joint 

mobility”, “Forward lean”, “Cross split” have 

improved results. It must be kept in mind that at  
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the end of the experiment two girls from the 

control group sat in a split, the experimental 

group had much better results. This element is 

considered as one of the most complicated. The  

indicators have significantly increased in exer-

cises that reflect the flexibility of the spine: 

“Forward lean”, “Bridge”, “Arching”. How-

ever, not all students have improved their re-

sults in separate exercises. Five girls from the 

EG and six girls from the CG have demon-

strated the same results as those in the initial 

test.  

In total, the results obtained in both groups 

have significantly improved. In our opinion, the 

increase rate in the EG is connected to the pur-

poseful impact of physical exercises with 

weights on flexibility. The suggested sets of ex-

ercises, performed according to the method of 

combined flexibility and strength development, 

had a positive effect on developing flexibility in 

7-8 years old rhythmic gymnasts. 

Conclusion. Therefore, considering the re-

sults of the conducted study, we would like to 

note that flexibility is a one of the leading phys-

ical qualities for rhythmic gymnasts. It is the 

foundation for learning the technique of sepa-

rate and complicated gymnastic elements. The 

age of 7-8 years is a favorable period for devel-

oping flexibility, since it is advisable to include 

exercises with weights in addition to the gener-

ally accepted exercises for developing flexibil-

ity. It has been proven experimentally that in-

clusion of the exercises that are based on the 

method of combined strength and flexibility de-

velopment contributes to an increase in the 

movement amplitude, joint mobility and com-

prehensive development of flexibility. 
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