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INTRODUCTION

Topicality

At the present stage, the development and implementation of health
technologies in the training of specialists in various fields is becoming increasingly
important. (Lynall, R. C., et al. 2018; Martinez-de-Quel-Perez, O., et al., 2019;
McLoughlin, R. J., et al., 2019; Nonoyama, T., et al., 2016; O'Connor, K. L., et al.,
2017; Russell, K., et al., 2019; Sang, M. X., 2019; Slater, L. V., et al., 2019;
Sommerfield, L. M., et al., 2020; Stanley, L. E., et al., 2016; Street, E. J. and K. H.
Jacobsen, 2017; Wanke, E. M., et al., 2014). The process of training specialists in
physical education and sports, which has its own specifics, which is significantly
different from the process of training specialists in other specialties, is no exception.
(Goossens, L., et al., 2019). This specificity is that the future specialist in physical
education and sports must not only improve their skills in the chosen sport, but also
learn on a basic basis other sports (athletics, gymnastics, swimming, basketball,
volleyball, football, handball, music-rhythmic education, etc.).

The process of training specialists in physical education and sports is built in
such a way that students have a large number of practical disciplines in various sports
along with the chosen (Goossens, L., et al., 2019). In practical classes, students learn
technical skills, develop physical qualities, and learn to conduct classes not only in
the chosen sport, but also in others. Therefore, the schedule of students - future
specialists in physical education and sports is built in such a way that in one day there
can be 2-3 pairs of practical classes in different sports, and in the evening - training in
the chosen sport. This puts a heavy burden on the cardiovascular system, which
overtraining creates the conditions for injury.

In addition, each sport has its own characteristics (Kozina et. al, 2018). When
mastering the basics of a particular sport from childhood, the process of learning
motor skills is easier compared to adulthood, when the sensitive periods of natural
learning are over. And so the nervous system and musculoskeletal system of students
with mastery of skills in various sports receive a heavy load. It should be noted that
different movements in their biomechanical structure require the formation of
different connections in the nervous system, and this is quite a difficult task. And the
constant switching from one movement to another, which occurs when changing the
type of activity, chaotic activity of the nervous system, and, accordingly, the
musculoskeletal system. This creates the conditions for increased injuries. That is
why the question of developing such learning technologies that will provide reliable
prevention of injuries to students - future professionals in physical education and
sports.

To prevent injuries, it is necessary to form rational movements in the most
optimal way (Bahrani, S. M. N., et al., 2015; Chan, D. K. C,, et al., 2020; Liang, J. X.
and B. Zhang, 2014; Yin, J. X., et al., 2020). That is why the technology of
preserving the health of students - future specialists in physical education and sports
should contain universal approaches to the process of learning technical skills, which
will ensure the prevention of injuries and, consequently, the preservation of health.
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First, it is necessary to form in students the concept of biomechanically rational
movements in general (LaBella et al.,, 2011; Pasanen et al., 2008; Parkkari et al.,
2011; Steffen et al., 2013). Secondly, it is necessary to create conditions for students
to master modern means of self-analysis of movement techniques (LaBella et al.,,
2011; Pasanen et al., 2008). Third, it is necessary to introduce into the learning
process of students practical tools, ie, exercises that will promote the formation of
biomechanically rational movements in any sport, and thus prevent injuries (Lynall,
R. C., et al. 2018; Martinez-de-Quel-Perez, O., et al., 2019; Wanke, E. M., et al.,
2014).

These provisions determine the great importance of research on the prevention
of injuries of students - future professionals in physical education and sports, and
based on these provisions, we can conclude that this work is timely and relevant.

Connection of work with scientific programs, plans, themes

The study was conducted according to:

e research work funded by the state budget of the Ministry of Education and
Science of Ukraine for 2019-2020. "Theoretical and methodological
foundations of integrated technologies for self-improvement, harmonious
physical, intellectual and spiritual development and the formation of a healthy
lifestyle for people of all ages and social groups, including athletes and people
with special needs"(Ne state registration: 0119U100616);

e research work funded by the state budget of the Ministry of Education and
Science of Ukraine for 2019-2020. "Theoretical and methodological
foundations of technology development to restore the musculoskeletal system
and functional status and injury prevention of different age groups in physical
culture and sports" (Ne state registration: 0119U100634); on the topic of the
Department of Olympic and Professional Sports, Sports Games and Tourism of
Kharkiv National Pedagogical University named after GS Frying pans for
2012-2026 "Development and substantiation of technologies for health
promotion and harmonious development of people of different ages and social
groups (state registration number 0121U110053).

The aim of the study — to develop, substantiate and experimentally test the
biomechanical technology of injury prevention of future specialists in physical
education and sports in the process of professional training.

Objectives of the study:

1. To determine the current state of the world in terms of injury prevention for
students - future professionals in physical education and sports.

2. ldentify the main features of movement techniques (on the example of
certain sports) that affect the level of student injuries.

3. Develop and substantiate biomechanical technology for injury prevention of
future specialists in physical education and sports, which contains three
areas: theoretical and methodological (creating a basis for students to
understand the mechanisms of movement without risk of injury), analytical
(providing students with knowledge of modern means of self-analysis of

6



technical skills ), practical (students' mastery of practical means of injury
prevention).

4. Experimentally test the effectiveness of biomechanical technology for the
formation of rational movement techniques.

5. Experimentally test the effectiveness of the developed biomechanical
technology to reduce the risk of injury to students - future professionals in
physical education and sports in the training process.

Object of study — professional training of future specialists in physical

education and sports.

Subject of study — biomechanical technology of injury prevention of future

specialists in physical education and sports in the process of professional training.

Research methods: analysis of literature sources, method of biomechanical

analysis of sports equipment, method of expert evaluation of sports equipment,
method of injury registration, method of determining the risk of injury, methods of
mathematical statistics.

Scientific novelty of the research. In this work for the first time:

developed biomechanical technology for injury prevention in the
training of specialists in physical education and sports, which contains 3
areas: 1 - theoretical and methodological (creating a basis for students to
understand the mechanisms of movement without risk of injury, students'
notion of biomechanically rational movements in general); 2 - analytical
(providing students with knowledge about modern means of self-
analysis of the level of technical skills); 3 - practical (students' mastery
of practical means of injury prevention, ie, exercises that will promote
the formation of biomechanically rational movements in any sport, and
thus prevent injury);

the algorithm of revealing of the basic kinematic parameters of various
models of technics characteristic of students with various level of
possession of technics of sports movements is developed;

the principles of application of means for prevention of injuries are
defined: 1 - strengthening of the muscles participating in performance of
the movement; 2 - the formation of functional movement, ie coordinated
work of the muscles of the torso, upper and lower extremities;

developed and systematized tools to prevent injuries to students - future
professionals in physical education and sports. All means are
conditionally divided into two groups: means from a sport and means
specific to physical therapy, namely: Feldenkrais's methods, Redcord-
therapy, PNF-therapy. For the first time, physical therapy was used in a
non-traditional way: to improve movement technique and to prevent
injuries;

for the first time the effectiveness of biomechanical technology in the
use of neuromuscular training using exercises in a closed kinematic
circuit, exercises in eccentric mode in combination with strength
exercises for injury prevention and the formation of effective movement
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techniques for climbing students majoring in "Physical Culture and
sport";

- it was found that the application of the developed biomechanical
technology of injury prevention in the process of training specialists in
physical education and sports has a positive effect on the formation of
technical skills of students in the chosen sport and in non-core sports;

- it is shown that the application of the developed biomechanical
technology of injury prevention in the process of training specialists in
physical education and sports significantly reduces the risk of injury to
students;

- for the first time developed and demonstrated the effectiveness of the
technology of injury prevention in climbing, in particular - students
majoring in "Physical Education and Sports".

The paper confirms the data on the need for the formation of biomechanically
sound movement techniques for the prevention of injuries in sports, the theory of
movement control on the need for the formation of rational techniques for injury
prevention.

The paper expands and supplements the data on the use of neuromuscular
training to prevent injuries in various sports, including climbing.

The practical significance of the study. The application of the developed
biomechanical technology of injury prevention in the process of training specialists in
physical education and sports helped to improve movement techniques and reduce the
number and severity of injuries. The results of the research are introduced into the
educational process of training specialists in physical education and sports of Kharkiv
National Pedagogical University named after GS Frying pans, specialists in physical
therapy of Kharkiv Pharmacological University, seminars "Biomechanics of the
musculoskeletal system™, "Biomechanics of fitness”, "Biomechanics of physical
therapy" 18-19.07.2020, 10-11.10.2020, 7-8.11.2020.



CHAPTER 1. MODERN CONCEPTS OF INJURY PREVENTION OF
FUTURE SPECIALISTS IN PHYSICAL EDUCATION AND SPORT IN THE
PROCESS OF PROFESSIONAL TRAINING

1.1. The concept of injury prevention in physical culture and sports

Prevention (from the Greek IIpogOraktikdc "precautionary” (Prevention. Big
medical encyclopedia, 1983) - precautions to prevent something. Prevention - a set of
medical, sanitary, hygienic, pedagogical and socio-economic measures aimed at
preventing disease and injury and eliminating risk factors.

The word "prevention™ is used in various industries. Prevention in the technical
field - preventive measures to maintain the technical facility and equipment in good
or working order. Prevention in psychology - one of the types (areas) of work of a
psychologist. Social prevention - preventive activities carried out to implement the
principle of social justice.

Prevention (Greek IIpo@Olaxtikdg "precautionary" - in medicine, a set of
measures aimed at preventing the occurrence of diseases and injuries, eliminating risk
factors for their development.

As for the prevention of injuries of future specialists in physical education and
sports, it can be determined that in this case the term "prevention” combines medical
and psychological prevention.

Preventive measures are the most important component of the health care
system, aimed at the formation of medical and social activity and motivation for a
healthy lifestyle.

The preventive measures used seek to prolong a full healthy human life by
identifying changes in the body of an individual, which can lead to further disease
and take targeted measures to prevent disease.

Issues of disease prevention based on the rules of personal hygiene and rational
dietetics occupied a significant place in the medicine of the ancient world. However,
the development of scientific foundations of prevention began only in the XIX
century. due to the development of general biological sciences, medical science in
general and the emergence of its numerous disciplines dealing with private issues,
especially physiology, hygiene and epidemiology; the spread of social ideas in
clinical medicine played an important role. Leading physicians and medical scientists
(both in Russia and abroad) saw the future of medicine in the development of social
prevention and the connection between curative and preventive medicine.

The outstanding surgeon MI Pirogov defined: "The future belongs to
preventive medicine”.

The main areas of prevention

There are public, which includes a system of measures for the health of teams
and individual prevention, which involves compliance with the rules of personal
hygiene at home and at work.

Individual - includes measures to prevent disease, maintain and promote health,
carried out by the person himself, and is practically reduced to the observance of a
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healthy lifestyle, personal hygiene, hygiene of marital and family relations, clothing
hygiene, footwear, nutrition and drinking , hygienic education of the younger
generation, rational mode of work and rest, active physical culture, etc.

Group - includes preventive measures carried out with groups of people with
similar symptoms and risk factors (target groups).

Public - includes a system of social, economic, legislative, educational,
sanitary, sanitary, anti-epidemic and medical measures, systematically conducted by
state institutions and public organizations to ensure the full development of physical
and spiritual strength of citizens, eliminating factors that adversely affect public
health. Public prevention measures are aimed at ensuring a high level of public
health, eradicating the causes of disease, creating optimal conditions for collective
life, including working conditions, recreation, material security, housing, expanding
the range of food and consumer goods, and also the development of health, education
and culture, physical culture. The effectiveness of public prevention measures largely
depends on the conscious attitude of citizens to protect their health and the health of
others, on the active participation of the population in the implementation of
preventive measures, on how fully each citizen uses the opportunities provided by
society to strengthen and maintain health. 'l. The practical implementation of public
prevention requires legislative measures, constant and significant material costs, as
well as joint action of all parts of the state apparatus, medical institutions, industrial
enterprises, construction, transport, agro-industrial complex, etc.

Types of prevention

Depending on the state of health, the presence of risk factors for the disease or
severe pathology, three types of prevention can be considered.

Primary prevention - a system of measures to prevent the occurrence and
impact of risk factors for disease (disinsection, rodent control, vaccination, rational
work and rest, rational nutrition, physical activity, environmental protection, etc.). A
number of primary prevention measures can be implemented nationwide. Preventing
disease and creating good health prolongs our life. Health promotion measures are
not targeted at a specific disease or condition, but contribute to health promotion. On
the other hand, special protection is targeted at the type or group of diseases and
complements the goals of health promotion [6]. The main principles of primary
prevention: 1) continuity of preventive measures (throughout life, starting in the
antenatal nature); 2) differentiated nature of preventive measures; 3) mass prevention;
4) scientific prevention; 5) the complexity of preventive measures (participation in
the prevention of medical institutions, authorities, NGOs, the population).

Secondary prevention - a set of measures aimed at eliminating the pronounced
risk factors that under certain conditions (stress, weakened immunity, excessive stress
on any other functional systems of the body) can lead to the emergence, exacerbation
and recurrence of the disease. The most effective method of secondary prevention is
medical examination as a comprehensive method of early detection of diseases,
dynamic monitoring, targeted treatment, rational and consistent recovery.

Some experts (Pletaev, 1986) suggest the term tertiary prevention as a set of
measures for the rehabilitation of patients who have lost the opportunity for full life.
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Tertiary prevention aims at social (formation of confidence in one's own social
suitability), labor (possibility of restoring work skills), psychological (restoration of
behavioral activity) and medical (restoration of functions of organs and body
systems) rehabilitation.

1.2. Analysis of modern programs for the prevention of student injuries in
physical education and sports

Sports injuries of students now, according to databases Endnote, Web of
Science, Scopus, PubMed, are devoted to many studies. This indicates the high
urgency of this problem in the world. Scientific works on this topic can be divided
into 2 groups: 1 - articles on sports injuries of students in general (the largest number
of articles); 2 - articles on sports injuries of students studying in the programs
"Physical Education and Sports". This program provides training for physical
education teachers or coaches in a particular sport. Also, articles on student sports
injuries can be divided into groups as follows: 1 - articles on determining the number
of injuries received by students over a period of time (maximum number of articles)
(Lynall, RC, et al. 2018; Martinez-de-Quel -Perez, O., et al., 2019; McLoughlin, RJ,
et al., 2019; Nonoyama, T., et al., 2016; O'Connor, KL, et al. 2017; Russell, K., et al.,
2019; Sang, MX, 2019; Slater, LV, et al., 2019; Sommerfield, LM, et al., 2020;
Stanley, LE, et al., 2016; Street, EJ and KH Jacobsen 2017 Wanke, EM, et al., 2014
and others); 2 - articles on student injury prevention programs (Emery, CA, et al.,
2005; Emery, CA, et al., 2020; Goossens, L., et al., 2019; Hart, L., 2008; Lee, ASY,
et al., 2019; Pysny, L., et al., 2015; Richmond, SA, et al., 2020; Richmond, SA, et al.,
2016; Richmond, SA, et al., 2016 ; Shen, YQ, et al. 2017), including providing
quality information to students about sports injuries (Bahrani, SMN, et al., 2015;
Chan, DKC, et al., 2020; Liang, JX and B. Zhang, 2014; Yin, JX, et al., 2020 and
others); 3 - articles on rehabilitation after injury (Brewer, B. W., et al. (2002; Lee, Y.
S., etal., 2020).

1.2.1. The problem of student injuries in physical education and sports in
the modern world

Currently, the role of physical culture and sports as the most powerful means of
physical development, prevention of various diseases, recovery from illness. Sports
contribute to the increase of motor intelligence, the development of psychological
qualities that are necessary for building a career, the manifestation of individuality,
success in all spheres of activity. Of particular importance is the importance of sports
for students. However, sports are also accompanied by injuries of varying severity.
This often leads to a large amount of time spent recovering from injuries, skipping
classes, psychological problems (Brown, S. and EE Hall, 2018; Hao, FX, et al., 2011;
Heaney, CA, et al. 2017; Narvaez , WCM, et al. 2017).

In this regard, the problem of injuries to students in sports is widely covered in
modern literature. The authors mainly pay attention to the registration of injuries of
varying severity in different sports under different circumstances (Lynall, RC, et al.

11



2018; Martinez-de-Quel-Perez, O., et al., 2019; McLoughlin, RJ, et al. ., 2019;
Nonoyama, T., et al., 2016; O'Connor, KL, et al. 2017; Russell, K., et al., 2019; Sang,
MX, 2019; Slater, LV, et al. ., 2019; Sommerfield, LM, et al., 2020; Stanley, LE, et
al., 2016; Street, EJ and KH Jacobsen 2017; Wanke, EM, et al., 2014 and others).

For example, Asperti, A. M., et al. (2017) found that Brazilian students
engaged in amateur sports. traumatic impact was defined as the participation of one
amateur student in one workout or game, and was expressed as the impact on the
athlete (A-E). Injury rates are significantly higher in games (13.13 injuries per 1,000
student-athletes who participated in training or games (AE), 95% confidence interval
= 10.3-15) than in training (4.47 injuries per 1,000 , 95% confidence interval = 3.9-
5.1). The mechanisms that accounted for the most injuries in games and training were
contact (52.9%) and non-contact (54.5%). Ankle sprains were the most common
injury (18.2% of all reported injuries). There was also a relatively high incidence of
anterior cruciate ligament injuries (0.16 injuries per 1,000 student-athletes who
participated in training or games (A-E)). Asperti, A. M., et al. (2017) concluded that
Brazilian amateur students are at high risk for non-contact injuries such as ankle
sprains and anterior cruciate ligament injuries. Burchard, R., et al. Also indicate the
highest prevalence of injuries of the distal parts of the lower extremities (ankle joint
and knee) during sports. (2017), who studied the injuries of schoolchildren in
Germany. Their study found that most school-related injuries occur in school sports,
especially ball sports. The distal extremities were mainly injured.

In a study by Clifton, D. R., et al. (2018) describes the epidemiology of injuries
received in basketball by high school girls in the period from 2005-2006 to 2013-
2014 school years and student women's basketball in the period from 2004-2005 to
2013-2014 school years. Injuries were recorded through an online sports surveillance
program. The online high school reporting system documented 2,930 injuries with
loss of working time over 24 hours during 1,609,733 workouts and games; The
National University Sports Association's Injury Monitoring Program recorded 3,887
injuries with a loss of time of more than 24 hours during 783,600 workouts and
games. Injury rates were higher in college than in high school (4.96 vs. 1.82 / 1000
training and games; injuries (IRR) = 2.73; 95% confidence interval (Cl) = 2.60, 2.86)
. The level of injuries was higher in competitions than in training, both for high
school students (injury index (IRR) = 3.03; 95% confidence interval (Cl) = 2.82,
3.26) and for students (injury index) IRR) = 1.99; 95% confidence interval (Cl) =
1.86, 2.12). The most common injuries at both levels were sprains, concussions, and
sprains of muscles and tendons. Most of the injuries affected the knees, head and
face. These injuries were often caused by contact with another player or a non-
contact mechanism. Clifton, D. R., et al. (2018) concluded that the level of injuries
was higher in students than in high school students, higher in competitions than in
training.

In a study by Fraser, M.A., et al. (2017) described injuries from contact with
the ball in 11 sports (men's soccer, women's field hockey, women's volleyball, men's
baseball, women's softball, men's and women's basketball, men's and women's
lacrosse, men's and women's football) National Student Sports Association (NCAA)
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for the period 2009-2010 to 2014-2015 academic years. As a result of the study, 1123
injuries from contact with the ball were registered. The highest scores were women's
softball, women's field hockey (7.71 / 10,000 student-athletes who participated in
training or games (AE)) and men's baseball (7.20 / 10,000 student-athletes who
participated in training or games (AE)). The majority of ball-related injuries occurred
on the hand / wrist (32.7%) and head / face (27.0%) and were diagnosed as strokes
(30.5%), sprains (23.1 %) and concussion (16.1%). Among sexually comparable
sports (eg, baseball / softball, basketball, and soccer), women had a higher rate of
concussion diagnosed as concussion than men (ratio of injuries = 2.33; 95%).
confidence interval (Cl) = 1.63, 3.33). More than half (51.0%) of injuries from
contact with the ball were associated with loss of time (ie time of restriction of
participation, 24 hours), and 6.6% were severe (ie time of restriction of participation>
= 21 days). The most frequent severe injuries in contact with the ball were
concussions (n = 18) and fractures of the fingers (n = 10). Thus, the percentage of
injuries from contact with the ball was highest in women's softball, women's field
hockey and men's baseball. Although more than half were injuries without loss of
time, serious injuries such as concussions and fractures were reported.

Hurtubise, J. M., et al. (2015) conducted a study of gender differences in severe
injuries in different sports. It was found that men received 1155 injuries, of which
13.3% were severe, and women received only 502 injuries, 17.7% of which were
severe. The chances of severe injuries in women are 1.4 times higher than in men
(OR: 1.40, CI (confidence interval) = 1.05-1.86). Eleven percent of all injuries in
women were concussions - significantly more than in men (chi (2) = 11.03, p =
0.001). The probability of concussion in women is 1.9 times higher than in men (OR:
1.85, Cl 1.28-2.67). Thus, Hurtubise, J. M., et al. (2015) concluded that women are at
increased risk of severe injuries, especially concussions, and this should be taken into
account when planning preventive measures.

Jin, J. (2020) found a high number of injuries in college football students.
Similar results were obtained by Kahlenberg, C. A,, et al. (2016). It was found that
every student is an athlete. on average engaged in 1.6 different sports. The average
number of hours of sports per year was 504.3 and 371.6 hours, respectively. The
average total number of sports injuries received by athletes was 1.7 per participant.
80.8% of respondents reported having suffered at least one sports injury. Thus, the
number of injuries in students engaged in sports is high.

Kerr, Z. Y., et al. (2017) data on injuries and impacts collected on 27 sports
using the National Network for Sports Treatment, Injuries and Outcomes (NATION).
The results provided by certified sports coaches (AT) for the collection of data on
injuries of athletes (AE) in training and competitions in 27 sports in the period from
2011/2012 to 2013/2014 were analyzed. It was found that most of the 47,014 injuries
were injuries of the ankle and knee joints (82.8%). Among boys in sports, the injury
rate was highest in football (3.27 / 1000 AE) and wrestling (2.43 / 1000 AE); The
number of ankle and knee injuries was also highest in football (15.29 / 1000 AE) and
wrestling (11.62 / 1000 AE). Among women's sports, the injury rate was highest in
football (1.97 / 1000AE) and basketball (1.76 / 1000AE); The number of ankle and
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knee injuries was highest in field and lacrosse field hockey (both 11.32 / 1000 AE).

LeBrun, D. G., et al. (2018) found that more than 23 million African
adolescents receive sports injuries each year, which requires certain measures to
prevent injuries during sports.

High injuries of sports students are also evidenced by data from other authors
(Lynall, RC, et al. 2018; Martinez-de-Quel-Perez, O., et al., 2019; McLoughlin, RJ,
et al., 2019; Nonoyama, T., et al., 2016; O'Connor, KL, et al., 2017; Russell, K., et
al., 2019; Sang, MX, 2019; Slater, LV, et al., 2019; Sommerfield, LM, et al., 2020;
Stanley, LE, et al., 2016; Street, EJ and KH Jacobsen 2017; Wanke, EM, et al., 2014).
Thus, the authors note the high prevalence of injuries among students involved in
various sports. In most studies, traumatic impact was defined as the participation of
one amateur student in one workout or game, and was expressed as the impact on the
athlete (A-E). This value ranges from 1.82 to 15.29 per 1,000 student-athletes who
participated in training or games (A-E). At the same time, women have a higher
chance of injury than men. The most traumatic sports are team sports from the port
with the ball and wrestling.

It should be noted that no such sports as climbing have been analyzed, although
currently this sport is becoming increasingly popular among young people, including
students. Therefore, a promising area, in our opinion, will be the analysis of injuries
among students involved in climbing, and the development of injury prevention
programs.

A number of studies on the injuries of student-athletes are devoted to injury
prevention measures, including informing the possible causes of injuries (Bahrani,
SMN, et al., 2015; Chan, DKC, et al., 2020; Liang, JX and B. Zhang, 2014; Yin, JX,
et al., 2020).

Thus, Bahrani, S. M. N, et al. (2015) conducted a study of knowledge of male
and female students in the field of sports injury prevention. The results of this study
show that 94.6 percent of students (332 students) showed poor knowledge of sports
injury prevention, 4 percent (14 students) showed satisfactory knowledge, 1.4 percent
(5 students) showed good knowledge and none of the students received rating
"excellent". These inductive statistics show that there is no significant difference
between female and male students in terms of their knowledge. According to the
results of this study, insufficient knowledge of students in the field of prevention of
sports injuries proves the lack of practical and theoretical courses on sports pathology
and first aid in the curricula of schools and universities.

Chan, D. K. C., et al. (2020) reviewed the literature on risky behavior and
sports injuries in elite athletes in terms of occupational safety and health. This review
found that most elite athletes are unaware that sports injuries are occupational injuries
that require occupational safety behavior.

Liang, J. X. and B. Zhang (2014) point to the need to introduce online courses
in university student injury prevention programs. Minoughan, C., et al. (2018)
indicate the need to review training materials for patients who have received various
injuries during sports. The review should be aimed at compliance with the
recommended level of eighth grade.
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Thus, many authors note the low level of knowledge of students about injuries
in sports and suggest different ways to raise awareness of students on injury
prevention. Among such ways - the creation of online courses, the introduction of
special programs in the educational process of students, improving the quality of
information on injuries in sports.

1.2.2. Modern views on the problem of injury prevention of future
specialists in physical education and sports

Among the scientific works devoted to student injuries, a special place is
occupied by works devoted to the prevention of injuries of students studying in the
programs "Physical Education and Sports".

In a study by Goossens, L., et al. (2019) show that sports injuries received by
students enrolled in the programs "Physical Education and Sports” can cause serious
damage to the further career of a physical education teacher and coach. Goossens, L.,
et al. (2019) registered injuries in 128 first-year students of the Physical Education
and Sports program during one academic year. The authors also assessed the overall
risk factors for sports injuries according to the literature and found that the incidence
rate of students enrolled in the programs "Physical Education and Sports™ is 1.91, and
the risk of injury - 0.85, which is higher than usual among people who are actively
involved in sports. Most injuries affected the lower extremities and occurred in non-
contact situations. More than half of all injuries result in a period of inactivity of 1
week or more, and more than 80% of all injuries required medical attention. The
main part of these injuries occurred during classes in the specialty "Physical
Education and Sports". There were few differences between women and men. History
of injuries was a significant risk factor (p = 0.018) for future injuries. The use of
contrast baths was probably associated with a lower incidence of ankle injuries (p =
0.031). These data can be used in future sports injury prevention programs for
students enrolled in the programs "Physical Education and Sports".

Goossens, L., et al. (2019) also indicate that students enrolled in Physical
Education and Sports programs spend approximately 15-19 hours per week on the
theory and practice of sports. The content of the programs of students enrolled in the
programs "Physical Education and Sports" in different countries may be different. It
should be noted that in Ukraine the amount of time devoted to the practice of sports is
about 20-26 hours per week. The number of hours allotted for the chosen sport and
the number of hours allotted for the development of other sports varies. This is due to
the fact that in Ukraine, according to the training programs in the field of physical
education and sports at universities, for a career in this field you need to have not
only your own sport, but also other sports (gymnastics, athletics , swimming, sports
games, skiing and others) at the basic level. Thus the expert in the field of physical
culture and sports should not only possess an arsenal of movements, but also be able
to teach the basic movements of researched kinds of sports. In Ukraine, depending on
the sports qualifications of students and the peculiarities of the curriculum, from 6 to
18 hours per week is spent on classes in the chosen sport and from 6 to 20 hours per
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week is allocated to classes in other sports. Therefore, you can expect a high risk of
injury.

Goossens, L., et al. (2019) indicate that a relatively small number of studies are
devoted to the risk of injury in students enrolled in the programs "Physical Education
and Sports". However, the data available in the literature confirm that future
professionals in the field of physical education and sports have an increased risk of
injury. Lysens et al. (1989) found 1.7 injuries per student enrolled in the Physical
Education and Sports program during the first year of study in Belgium. In Austria,
Ehrendorfer (1998) reported more than three injuries per student enrolled in the
Physical Education and Sports program, averaging 2.35 years. Similarly, Flicinski
(2008) reported musculoskeletal pain in the previous year in almost half of the group
of Polish students enrolled in Physical Education and Sports. In addition, Twellaar et
al. (1996) found 525 sports injuries over a four-year period in 136 students who
completed the Physical Education and Sports program in the Netherlands. In a
prospective follow-up study over one academic year in Belgium, Goossens et al.
(2014) registered 109 injuries in 128 undergraduate students of the program "Physical
Education and Sports”. As shown by Goossens et al. (2014), the content of the
programs of students studying in the programs "Physical Education and Sports"
differs in the mentioned countries, which leads to a great variety of the mentioned
prevalence indicators. The main proportion of injuries are the lower extremities, with
the most common injuries to the legs, knees and ankles (Flicinski, 2008; Goossens et
al., 2014; Twellaar et al., 1996).

These injuries have different consequences. Injured students miss sports and
practice hours (Goossens et al., 2014), which can lead to re-exams or lower grades.
Some injuries even cause academic reorientation (Goossens et al., 2014). In school-
age children (Sorensen et al., 1998), sports injuries have a significant impact on the
functional and socio-economic status of students and their families.

Many students enrolled in the Physical Education and Sports program begin
their careers as physical education teachers after graduation. Because a history of
injury is an important predictor of future injury (Van Mechelen et al., 1996), physical
education teachers may suffer from the detrimental effects of injury throughout their
careers. Indeed, Makela and Hirvensalo (2015) found that musculoskeletal disorders
are the most common problem at work among physical education teachers. Lemoyne
et al. (2007) report that 37.6% of physical education teachers in Canada at three
school levels (primary and secondary school, college) suffer from injuries each year.
Pihl et al. (2002) showed that this figure increases to 51.2% among physical
education teachers aged 51-72. Compared to teachers of other specialties, teachers of
physical education and sports have significantly more injuries of the musculoskeletal
system. The hindquarters, knees, and ankles are most commonly affected (Goossens
et al., 2016b; Lemoyne et al., 2007; Makela and Hirvensalo, 2015). Such a high level
of injuries has far-reaching consequences. Physical education teachers are more often
absent from work and have to change jobs more often than the rest of the population.
In addition, some may not work as physical education teachers or trainers until
retirement mainly due to musculoskeletal dysfunction (Sandmark, 2000). Injuries can
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also affect the pedagogical practice of physical education teachers. Injuries can
prevent physical education teachers from demonstrating methods and skills, which in
the case of chronic injury will significantly reduce the effectiveness of the teacher
(Kovac et al., 2013).

It should be noted that the above-mentioned high prevalence of injuries and
related consequences strongly confirm the need to prevent injuries in training
programs for teachers (coaches) in the field of physical education and sports.

Regarding injury prevention in students enrolled in the programs "Physical
Education and Sports" Goossens, L., et al. (2019) also note that, according to the
multifactor model proposed by Meeuwisse et al. (2007), sports injuries are the result
of a combination of internal and external risk factors.

To date, many interventional studies have focused on modifying the factors
that are associated with the musculoskeletal load of the athletes themselves. These
preventive strategies are aimed at training the athlete, improving his skills. These are
the so-called “internal prevention strategies” (Schiff et al.,, 2010) and their
effectiveness has been proven in specific sports contexts. It is logical that internal
prevention strategies are suitable for the training of specialists in the field of physical
culture and sports, because they are closely related to the physically active aspect of
training a specialist in this field. In addition to the benefits for their own health of
students enrolled in the programs "Physical Education and Sports”, consistently used
and structured prevention. which will help prepare future students for a healthy and
active lifestyle (Vercruysse et al., 2016). Prevention of sports injuries helps to
achieve one of the main goals of training in the field of physical education and sports
(Hardman, 2008).

Thus, the need to prevent sports injuries of students enrolled in the programs
"Physical Education and Sports" is obvious.

Goossens, L., et al. (2019) analyzed the literature data on the existing effective
prevention programs for sports injuries and evaluated their applicability for students
enrolled in the courses "Physical Education and Sports"”. Goossens, L., et al. (2019)
according to the analyzed literature identified the following aspects of injury
prevention programs that can be used for students enrolled in the courses "Physical
Education and Sports": 1 - Functional strength training; 2 - Stretching; Warm-up
(WU) or warm-up (CD); 3 - Dynamic stability training for the lower extremities; 4 -
Stability of the cortex. For each analyzed program, Goossens, L., et al. (2019) give
the ratio of the chances of injury without the use and with the use of injury prevention
program (confidence interval - 95%). According to the data presented in the review
Goossens, L., et al. (2019), Petersen et al. (2011) in the proposed program of injury
prevention suggest the use of eccentric strengthening exercises (Scandinavian
exercises for the hamstrings). The effectiveness of these exercises in accordance with
the value of the odds ratio is 0.28 (0.15-0.50). Hartig and Henderson (1999) suggest
the use of exercises aimed at stretching the hamstrings. The effectiveness of these
exercises in accordance with the value of the odds ratio is 0.49 (0.28-0.85).
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Emery et al. (2007) developed special exercises on a wobbler to prevent
injuries. The effectiveness of these exercises in accordance with the value of the odds
ratio is 0.72 (0.55-0.96).

McGuine and Keene (2006) recommend increasing the gradual increase in
training load both in terms of coordination aspects and in relation to the development
of various physical qualities. The effectiveness of these exercises in accordance with
the value of the odds ratio is 0.60 (0.35-1.02). Verhagen et al. (2004), in addition to
gradually increasing the load, also recommend the use of variations of each exercise
during warm-up. The ratio of the chances of injury without the use and with the use
of this program is 0.58 (0.35-0.96).

Coppack et al. (2011) recommend for the prevention of injuries to perform
exercises for the kinetic chain of the quadriceps muscle and gluteal eccentric, as well
as static stretching of the quadriceps muscle, patella, calf muscle and iliac-tibial
ligament. The ratio of the chances of injury without the use and with the use of this
program is 0.26 (0.13-0.53).

Emery et al. (2005) propose to apply at home a program of gradual increase in
proprioception using a wobbler board in combination with isometric contraction of
the abdominal and gluteal muscles. The effectiveness of these exercises, according to
the value of the odds ratio is 0.15 (0.03-0.75).

The original injury prevention program proposed by LaBella et al. (2011).
These authors investigated the effectiveness of focusing on knee control, as well as
on bending the hips and knees during jumping exercises. Concentration is
recommended to be combined with strengthening of the specified muscles and
plyometricheskie uparzheniya in combination with dynamic exercises, exercises on
balance and dexterity. Plyometric exercises can be used as in the initial version,
developed by Yu.V. Verkhoshansky (Verkhoshansky, 1974). And in the modern
version (Chu, 1998).

Let's dwell on the plyometric method in more detail. Plyometric exercises use
explosive, rapid movements to develop muscle strength and speed. These exercises
help the muscles to develop the greatest effort in the shortest possible time. The name
"plyometrics” was coined in the 1980s by Fred Wilt (Wilt, 1984), a member of the
US long-distance team. Observing the warm-up of Soviet athletes, he noted that
while the Americans spent time on static stretching, the Soviet team performed
intense jumps. Later, Wilt was deeply convinced that these jumps were a key element
in the success of Soviet athletes.

After returning to the United States, Wilt learned about the work of Michael
Yessis (Yessis, 1984) on the study of the Soviet approach to training, namely the
"shock method™" developed by Professor Yu.V. Verkhoshansky. Through their joint
efforts, the term “plyometrics” has become widespread. However, with the
popularization of plyometrics, the meaning of the term has faded, and now they are
called any jumping exercises, regardless of intensity. There are even "plyometric”
push-ups or pull-ups.

Thus, we can distinguish two meanings of the term "plyometrics”: the shock
method and modern plyometrics.
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The idea of the percussion method is to stimulate the muscles with percussive
stretching, which precedes active effort.

The central exercise of the percussion method is a deep jump. A deep jump is a
jump down from a certain height (usually 50-70 cm) with an immediate jump up. It is
extremely important that the landing and jumping is very fast, in 0.1-0.2 seconds. The
mechanics of a deep jump are as follows: when an athlete falls from a height, he
gains kinetic energy, and when landing the muscles of the thigh and lower leg
perform an eccentric contraction in order to slow down the fall. The eccentric
contraction is momentarily replaced by an isometric one (without movement), which
is immediately replaced by a concentric contraction when the athlete jumps up.

The shock method was developed by Yu.V. Verkhoshansky (Verkhoshansky,
1974) for training the national team of the Soviet Union in the late 1960's - early 70's.
He was tasked with improving the performance of Soviet athletes in athletics.
Observing the mechanics of jumping and running, he found that these classes are
characterized by adding a very large force to the ground, and for a short period of
time (when jumping contact with the ground lasts 0.2 seconds, when running - 0.1
seconds). Based on this, it was concluded that to improve performance you need to
develop the ability of the athlete to make a great effort very quickly. The deep jump
was chosen by him as the exercise that best reproduces this short-term contact with
the ground.

In modern sources (Chu, 1998) plyometrics is called any jumping exercise,
regardless of the speed of the jump. Conventional jumping exercises are available to
all athletes, regardless of the level of training and the requirements for explosive
muscle strength.

The technique of ordinary jumping is no different from the technique of
explosive jumping. However, conventional jumps differ from explosives by
prolonged contact with the ground. Thus, a common mistake of beginners when
jumping into the depths is that the athlete squats too deeply when landing, and the
rapid transition from eccentric to concentric muscle contraction does not occur. Then
the exercise trains not an explosive force, but simply the ability to jump. The ratio of
the chances of injury without the use and with the use of the program proposed by
LaBella et al. (2011), is 0.55 (0.38-0.80).

Olsen et al. (2005) recommend enhanced technical preparation for landing after
a jump in combination with strength exercises for the lower extremities. In the
general warm-up, these authors recommend using exercises on a balancing mat or
wobbleboard. The ratio of the chances of injury without the use and with the use of
this program is 0.53 (0.37-0.78).

Parkkari et al. (2011) recommend preventive counseling for the purposes of
cognitive-behavioral learning. This means concentrating on proper posture exercises.
Also Parkkari et al. (2011) recommend the use of eccentric exercises for the popliteal
tendon, exercises for the joints of the lower extremities in combination with
stretching the flexors of the thighs and popliteal tendons, and the development of
mobility of the thoracic spine. In addition, Parkkari et al. (2011) suggest stance
exercises on one leg combined with the development of coordination and dexterity
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and transitional exercises. The ratio of the chances of injury without the use and with
the use of this program is 0.85 (0.63-1.14).

Pasanen et al. (2008) propose a program that includes a focus on proper
technique, plyometric exercises, the development of eccentric force of the patellar
tendon, variations of squats in combination with static stretching of the lower back,
patellar tendon and hip flexors. Pasanen et al. (2008) recommend jogging, jogging
exercises, board and balancing exercises in combination with conscious control of
body position in space. The effectiveness of these exercises, according to the value of
the odds ratio is (0.19 -0.60).

Thus, as noted by Goossens, L., et al. (2019), in a study by Parkkari et al.
(2011) applied all strategies except warm-up and hitch. Pasanen et al. (2008) also
applied all strategies except contrast baths. Three studies used only dynamic stability
of the lower extremities (Emery et al., 2007; McGuine and Keene, 2006; Verhagen et
al., 2004), one study used only patellar sprain (Hartig and Henderson, 1999) and one
study used only functional strengthening of the popliteal tendons (Petersen et al.,
2011).

Parkkari et al. (2011) and Pasanen et al. (2008) propose applications consisting
of a combination of all or most internal strategies. Their programs require almost no
equipment, and the programs consist of tasks that coincide with a wide range of
physical exercises used in the training of students - future professionals in the field of
physical education and sports. In addition, Parkkari et al. (2011) found the
effectiveness of their program among people involved in various sports, as well as in
the training of soldiers.

Thus, as summarized by Goossens, L., et al. (2019), these two programs can
serve as examples for the development of injury prevention programs among students
- future professionals in the field of physical education and sports.

To train the dynamic stability of the lower extremities Goossens, et al. (2019)
recommends a program developed by Emery et al. (2007), McGuine and Keene
(2006) and Verhagen et al. (2004). Their programs consisted of 3-5 sessions per week
with a gradual increase in exercises, starting with basic tasks without the use of any
equipment, followed by tasks using simple equipment such as balls and special
balance tools. To meet the need for differentiation in the context of training students -
future professionals in the field of physical education and sports, it is useful to
increase the curriculum very gradually. Moreover, given the limited financial
capacity of some educational institutions, it is very important to be able to implement
(part of) these programs without any equipment or with simple equipment. The use of
only functional strength training three times a week was effective in reducing
hamstring injuries in football players (Petersen et al., 2011).

Goossens, et al. (2019) also note that in the process of training students
enrolled in the program "Physical Education and Sports” can be useful exercises
aimed at preventing not only injuries of the hamstrings, but also other muscle groups.

Significant results of the stretching program in the reduction of injuries among
recruits (Hartig and Henderson, 1999) confirm the hypothesis that stretching may
work as a preventive measure in the context of training future professionals in the
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field of physical education and sports. Hartig and Henderson (1999) found a
significantly lower number of overload injuries to the lower extremities after knee
tendon stretching.

Goossens et al. (2019) found no effective studies with a low risk of systematic
error, which would use only the awareness of trauma, only the stability of the cortex,
or only warm-up and hitch. However, awareness was part of four effective programs
that provide an integrated approach. However, bark stabilization and warm-up were
included in three effective comprehensive programs.

Several researchers (Amako et al., 2003; Andrish et al., 1974; Brushoj et al.,
2008; Childs et al., 2010; Coppack et al., 2011; Goodall et al., 2013; Hartig and
Henderson , 1999); Hofstetter et al., 2012; Knapik et al., 2003, 2004, 2006; Parkkari
et al., 2011; Pope et al., 1998, 2000) implemented their program among conscripts.
Goossens, L., et al. (2019) indicates that in part these programs can be used in the
training of future professionals in the field of physical education and sports.

Given the contribution of theoretical training on injury prevention in several
effective programs (LaBella et al., 2011; Olsen et al., 2005; Parkkari et al., 2011;
Pasanen et al., 2008), Goossens, L., et al. (2019) conclude that the theoretical basis
can increase the effectiveness of injury prevention programs for students enrolled in
the program "Physical Education and Sports". Therefore, the authors note that for
future professionals in the field of physical education and sports more than in other
groups, the theoretical aspect of training is important. Their findings Goossens, et al.
(2019) is also based on the fact that students of this profile already have some
knowledge in the field of biomechanics and physiology of movements.

Consider in more detail some of these programs. Parkkari et al. (2011)
proposed a neuromuscular training program with injury prevention counseling to
reduce the risk of acute musculoskeletal injury. The authors conducted a randomized
controlled trial that included 968 recruits, including 501 recruits in the experimental
group and 467 recruits in the control group. The neuromuscular training program was
used to improve the motor skills and control of conscripts' bodies, and the injury
prevention educational program was used to raise awareness and awareness of acute
musculoskeletal injuries. The main criteria for evaluating the effectiveness of the
program was the number of acute injuries of the lower and upper extremities. For
neuromuscular training, the authors proposed 9 special exercises. The focus of each
of the nine exercises was on maintaining proper posture, maintaining the stability of
the body or position, thighs, knees and ankles.

The neuromuscular training program included the following exercises.

Exercise 1. Standing on one leg with a stick in straight arms behind his back,
raise your arms up, then lower your arms. Perform 20 repetitions of 10 on each leg.
This exercise aims to improve posture in the shoulders and neck and increase the
mobility of the shoulder joints combined with improved balance and overall
coordination.

Exercise 2. From a standing position and holding a stick behind your back with
one hand up, the other - down along the spine to perform squats. You can perform
squats on 2 legs and on one leg. When performing squats on one leg, the other leg is
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set back. Performed 16 repetitions on two legs and eight on one leg. This exercise is
aimed at increasing control of the lumbar spine, increasing muscle strength of the
lower extremities, improving balance.

Exercise 3. Starting position - emphasis in the lateral position on one arm bent
at the elbow. Stage 1 - knees bent, hold this position. Perform five repetitions with a
5-second static hold in turn on each side (5 + 5). Stage 2 - from the emphasis in the
lateral position on one arm bent at the elbow, the knees straight to make the transition
to the emphasis on the two arms bent at the elbows. The exercise is aimed at
strengthening the contractility of the muscles of the torso, improving the stability of
the lower back and torso, increasing the endurance of the muscles of the torso.

Exercise 4. Starting position - standing. Perform various jumps from side to
side. Rhythm: four slow jumps + eight fast jumps. Exercise time: 60 seconds. The
exercise is aimed at increasing coordination and agility, increasing control of the
lumbar spine, increasing the endurance of the muscles of the lower extremities.

Exercise 5. Push-ups from the floor. Perform as many repetitions as possible in
60 seconds. The exercise is aimed at improving the extensors of the upper
extremities, the development of strength, increasing the contractility of the muscles of
the torso, improving the stability of the lower back and torso.

Exercise 6. Stretching exercise for muscles - hip flexors. 10-second stretching,
five times alternately. The exercise is aimed at increasing the elasticity of the hip
flexors, increasing the muscular strength of the lower extremities

Exercise 7. Starting position - kneeling. The partner supports the shins. Lean
forward. Performed from 8 to 12 repetitions. The exercise is aimed at increasing the
eccentric ability of the patellar tendon, increasing motor control of the torso. The
exercise aims to strengthen and increase the elasticity of the hamstrings.

Exercise 8. Stretching exercise with a stick for the muscles of the patellar
tendon. Starting position - similar to exercise 2. Put one foot on the heel forward,
return to starting position. Performs 3 repetitions of 20-second stretches with
alternating legs. The exercise is aimed at increasing the extensibility of the patellar
tendon and leg muscles, increasing control of the lumbar spine.

Exercise 9. Rotation of the upper part of the body in a supine position;
"Stretching yoga". Duration - 60 seconds for each party. The exercise is aimed at
improving the rotational mobility of the thoracic spine, increasing the extensibility of
the pectoral muscles.

Educational counseling was used to increase knowledge and understanding of
the causes of musculoskeletal injuries during various training situations.

As a result of the application of this program for 6 months significantly
reduced the risk of acute ankle injury in the experimental groups compared with the
control groups (adjusted risk ratio (HR) = 0.34, 95%, confidence interval (95% CI) =
0.15 - 0.78, P = 0.011). This reduction in risk was observed in recruits with low as
well as moderate to high baseline levels of physical fitness. In the last group of
conscripts, the risk of injury to the upper extremities also decreased significantly
(adjusted HR = 0.37, 95% CI from 0.14 to 0.99, P = 0.047). In addition, intervention
groups tended to have less time loss due to injury (adjusted HR = 0.55, 95% CI from
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0.29 to 1.04). Based on the results obtained, Parkkari et al. (2011) conclude that the
proposed neuromuscular training program in combination with injury prevention
counseling has been shown to be effective in preventing acute injuries to the ankle
and upper extremities in young male recruits. These authors believe that such a
program can be useful to all young people who regularly play sports.

LaBella et al. (2011) suggested that team coaches in women's football and
basketball use a special warm-up. The warm-up combined progressive exercises to
strengthen the muscles of the lower extremities, plyometric exercises, exercises for
balance and agility. Athletes were advised to avoid dynamic knee valgus and land
after jumping on bent hips and knees. Trainers have learned to distinguish the correct
form of landing from the incorrect one and use verbal signals to encourage the correct
form (for example, "softly land” and "do not allow the knees to go inside™). The
trainers received a DVD with recorded videos of the exercises, a laminated card
indicating the order and frequency of exercises for use on the court or field, and
printed training materials on the risk factors for knee injuries with special
neuromuscular exercises. As a result of a study by LaBella et al. (2011) found that
neuromuscular warm-up under the guidance of a coach reduces the likelihood of non-
contact injuries of the lower extremities in schoolgirls and basketball players.

Pasanen et al. (2008) proposed a program that includes the following elements:
1 - focus on the correct technique of movement in football, 2 - plyometric exercises, 3
- the development of eccentric muscle strength - extensors of the thigh and hamstring,
4 - variations of squats in combination with static stretching lower back, popliteal
tendon and hip flexors; 5 - platform balancing exercises with specific movements
typical of football, as well as performed with stuffed balls. All the proposed exercises
Pasanen et al. (2008) recommend combining with conscious control of body position
in space. Pasanen et al. (2008) also recommend including jogging in the injury
prevention program to warm up the body during the warm-up process in combination
with acceleration, change of direction (zigzag running and others). In a study by
Pasanen et al. (2008) 457 players took part (average age 24 years); 256 (14 teams) -
in the experimental group and 201 (14 teams) - in the control group. The study was
conducted during one season of competition (six months). In this study, it was found
that during the season there were 72 acute non-contact leg injuries, 20 - in the
experimental group and 52 - in the control group. The frequency of injuries per 1000
hours of play and training in the experimental group was 0.65 (95% confidence
interval from 0.37 to 1.13), and in the control group - 2.08 (from 1.58 to 2.72). The
risk of non-contact leg injury was 66% lower (adjusted incidence rate of 0.34, 95%,
confidence interval 0.20-0.57) in the experimental group. Pasanen et al. (2008)
conclude that a neuromuscular training program is effective in preventing acute non-
contact leg injuries in soccer players, and neuromuscular training may be
recommended in weekly athlete training.

Thus, the central component in the most effective comprehensive injury
prevention programs are neuromuscular training. Neuromuscular communication is a
conscious ability to feel one's muscles and regulate their level of involvement during
exercise (Emery, 2020; Silvers-Granelli, et.al., 2018). It is the developed
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neuromuscular connection that distinguishes a beginner from a professional athlete.
The connection of muscles with the brain involves: the ability to consciously tense
the muscles and more technical performance of exercises. One of the elements of
neuromuscular training is the concentration on the technique of performing the
exercise.

The effectiveness of neuromuscular training has also been confirmed in later
studies (Dal, et.al., 2012; Emery, 2020; Faude et.al. 2017; Gatt, 2014; Javier Robles-
Palazon et.al. 2017; McCann , etal., 2011; Owoeye, et.al., 2018, 2020; Silvers-
Granelli, et.al., 2018; Steffen, et.al., 2013; Sugimoto, et.al., 2015).

Thus, in a review of Faude et.al. (2017) analyzed multimodal (comprehensive)
injury prevention programs for young athletes (under 20 years of age) that can reduce
injury by approximately 40%. The neuromuscular component was one of the criteria
for the effectiveness of the programs used. This indicates the high importance of the
neuromuscular component in the prevention of injuries during sports. Multimodal
injury prevention programs include, for example, exercises for balance, strength,
power and agility. Faude et.al. (2017) analyzed 14 works with the participation of
704 athletes. Selected works were (cluster) randomized controlled trials that studied
healthy participants under the age of 20 engaged in organized sports. In selected
studies, the intervention group using the multimodal program was compared with the
control group after the usual training regimen and evaluated the parameters of
neuromuscular activity (eg, balance, power, strength, sprinting) and the quality of
sports skills. Seventy-one percent of all studies studied football players, the rest -
basketball, field hockey, futsal, Gaelic football and curling. The average age of
participants ranged from 10 to 19 years, and the level of play - from entertainment to
professional. The duration of the intervention ranged from 4 weeks to 4.5 months, a
total of 12 to 57 workouts. As a result, there was a small overall effect in favor of the
applied injury prevention programs in terms of balance / stability (Hedges' g = 0.37;
95% C1 0.17, 0.58 ()), strength (g = 0.22; 95% CI 0.07, 0.38)) and isokinetic strength
popliteal tendon and quadriceps. and the ratio of popliteal tendons and quadriceps (g
= 0.38; 95% CI 0.21, 0.55). A large overall effect was also found for sprint abilities
(g = 0.80; 95% CI 0.50, 1.09) and sports skills (g = 0.83; 95% CI 0.34, 1.32).
Analysis of subgroups showed a greater effect in high-level athletes ((g = 0.34-1.18))
compared with low-level athletes ((g = 0.22-0.75 ()), boys (g = 0.27-1.02) compared
with girls ( (g = 0.09-0.38), in older (g = 0.32-1.16) compared with younger athletes
(g = 0.18-0.51) and in studies with large (g = 0.35-1.16) compared with low (g =
0.12-0.38) Faude et al. (2017) conclude that multimodal (complex) injury prevention
has a beneficial effect on neuromuscular activity.

Another important component of comprehensive injury prevention programs
are exercises with a closed kinematic chain. Thus, Coppack et.al. (2011) showed the
effectiveness of an injury prevention program for girls serving in the army, one of the
components of which were exercises with a closed kinematic chain for the quadriceps
muscle. Exercises were also aimed at strengthening the gluteal muscles. There was a
75% reduction in the risk of injury (uncorrected hazard ratio = 0.25; 95% ClI, 0.13-
0.52; P <0.001) and a conclusion was drawn on the benefits of an injury prevention
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program that includes closed-loop kinematic exercises for the four-headed muscle in
combination with strengthening the gluteal muscles.

Augustsson. et.al. (1998) showed a higher efficiency of closed kinematic chain
exercises compared to open kinematic chain exercises for gaining muscle mass and
increasing the jump up. Augustsson et.al. (1998) point out that weight training is
commonly used in sports for injury prevention and rehabilitation, and decided to
compare the effectiveness of strength training in closed and open kinematic circuits
for the development of leg muscle strength. Group 1 performed a program that
included exercises with an open kinematic chain: squats with a barbell, activation of
the quadriceps and thigh muscle. In group 2, exercises with open kinetic chain were
performed: extension of the knee on the simulator and exercises for bringing the
thigh, activating the quadriceps and the afferent muscle and thigh muscles separately.
Augustsson et.al. (1998) found a significant increase in the results of the jump up (by
5 c¢cm) and an increase in muscle mass in the group that performed exercises with a
closed kinematic chain.

Witvrouw et.al. (2004) showed that exercises in closed and open kinematic
circuits significantly increase the functionality of people who have just begun to
engage in physical culture and sports. However, these authors did not study the
impact of different programs on injuries.

In this regard, it is logical to conclude that research aimed at injury prevention
in physical culture and sports should be continued in the context of developing
effective injury prevention programs in various sports. In addition, the prevention of
injuries of students - future specialists in physical education and sports - is especially
important.

1.2.3. The problem of injuries of students engaged in climbing

Currently, climbing is becoming an increasingly popular sport among young
people (Kozin 2019; Kozin et.al, 2020; Lutter et.al. 2017). Therefore, climbing is
introduced in many higher education institutions that train specialists in the field of
physical culture as one of the main sports.

Climbing is now becoming an Olympic sport (Lutter et.al. 2017). This will
increase the volume and intensity of loads and the number of injuries. Hochholzer
et.al. (2005), Schoffl (2008), Schoffl et al. (2012) found a tendency to significantly
increase injuries of the upper extremity girdle in climbing. The most commonly
injured areas are the fingers, shoulder and forearm (Schoffl et.al., 2008; Jones et.al.,
2015; Jones et.al., 2016; Woollings, et.al., 2015).

Backe, Ericson, Janson, Timpka (2009) reported 4.2 injuries per 1,000 hours
of training in schaloazania, with injuries associated with overload of the upper
extremities, accounting for 93% of all injuries. Inflammatory lesions of the tissues of
the fingers and wrist were the most common types of injuries. Multivariate analysis
has shown that being overweight and bouldering increases the risk of primary injury.
The risk of re-injury was higher among male climbers and lower risk among older
climbers. The authors concluded that a high percentage of injuries come from
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excessive training loads. This suggests that the time of climbing and the intensity of
the load should be increased gradually and systematically. Climbers should regularly
check for signs and symptoms of overexertion. Further study of the relationship
between body mass index and injury during climbing is required.

Jones, Asghar, Llewellyn (2016) found that about 50% of climbers received
more or less 1 injury in the last 12 months, resulting in 275 different anatomical
injuries. 21 climbers (10%) received acute injuries when climbing as a result of a fall,
67 (33%) - chronic injuries caused by excessive overexertion, and 57 (28%) - acute
injuries caused by strenuous movements during climbing. Climbers who are involved
in various types of climbing are more prone to finger and shoulder injuries.

Durand-Bechu, Chaminade, Belleudy, Gasq (2014) described injuries during
climbing in France between 2004 and 2011. 1.49 injuries were detected per 1,000
hours of practice. Women climbers accounted for 0.35% of injuries per year, while
among men the percentage was lower (0.27%). Climbers aged 19 to 30 received the
highest rate of injuries - 0.37% per year. The most common injuries were fractures
and dislocations (39% and 25% for men and 30% and 34% for women, respectively).
The authors concluded that prevention should be strengthened to reduce the number
of serious accidental injuries.

Jones and Johnson (2015) showed that previous trauma is a significant risk
factor for re-trauma. Insufficient technical training in bouldering and sports bathing
were largely associated with repeated injuries. As the number of participants in the
competition increases, the probability increases that most climbers may be injured in
the upper extremity.

Merritt, 2011; Pozzi, 2016; Schoeffl, 2008, who studied injuries in climbing,
concluded that the upper limbs are most often injured. Shoulder injuries are common
injuries to climbers. Therefore, the development of injury prevention programs in
climbing is necessary.

Climbing injury prevention programs are currently just beginning to be
developed (Kozin, 2014). Therefore, there is currently insufficient literature on the
prevention of injuries in climbing. There are indirect assumptions about the positive
effect of strength exercises on the reduction of injuries in climbing, but no special
studies have been conducted. Aras et.al. (2020) investigated the effectiveness of the
use of electrical stimulation of muscles in combination with training on a special
device "fingerboard". The authors concluded that the use of electrical stimulation in
combination with exercises on the fingerboard significantly increases the strength of
the arm muscles. Based on the results, the authors conclude that the use of this
method can not only increase the strength of the hands, but prevent injuries. This is
due to the fact that muscle strength is a factor in injury prevention (Parkkari et.al.,
2011; Pasanen et.al., 2008; Woollings et.al., 2015).

Currently, there are also some contradictions in the use of various tools to
improve the quality of climbing and injury prevention. Cetinkaya, et.al. (2021) found
that modern tools used to improve the adhesion of fingers to rocks in rock climbing
on natural terrain (magnesia), worsen the condition of rocks. The authors recommend
conversations with climbers and motivate them to use other means.
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Thus, the literature data indicate a high predisposition to injury of the upper
extremities in climbing. This indicates the need to develop injury prevention
programs in climbing. However, currently we have not found research on injury
prevention programs in climbing. At the same time, there is a large body of research
on injury prevention programs in other sports popular with students (Muszkieta,
et.al., 2019; Parkkari et.al., 2011; Pasanen et.al., 2008).

(LaBella et.al., 2011; Parkkari et.al., 2011; Pasanen et.al., 2008) show that the
most effective injury prevention programs are comprehensive programs that include
neuromuscular training. These authors emphasize the need to combine
comprehensive programs with various educational programs to inform about the
causes of injuries and means of injury prevention

One of the important components of neuromuscular training programs for
injury prevention is closed Kkinematic chain exercises and eccentric exercises
(Coppack et.al., 2011; Parkkari et.al., 2011). Thus, Coppack et.al. (2011) showed the
effectiveness of an injury prevention program for girls serving in the army, one of the
components of which were exercises with a closed kinematic chain for the quadriceps
muscle. Exercises were also aimed at strengthening the gluteal muscles. There was a
75% reduction in the risk of injury (uncorrected hazard ratio = 0.25; 95% ClI, 0.13-
0.52; P <0.001) and a conclusion was drawn on the benefits of an injury prevention
program that includes closed-loop kinematic exercises for the four-headed muscles
combined with strengthening the gluteal muscles.

Augustsson et.al. (1998) mokaszamu OibII BUCOKY €(EKTHUBHICTH BIpaB 3
3aKpHUTUM KIHEMATUYHUM JJaHOIOTOM B HOpiBHSIHHi 3 BIIpaBaMu 3 BiI[KpI/ITI/IM
KiHEMaTHYHUM JIAHIIOTOM JUTII HA00pY M'130BOT MacH 1 301bIIICHHS CTPUOKA Bropy.

Currently, there are also a large number of techniques aimed at improving the
coordination skills of athletes in various sports (Al-Ravashdeh, et.al., 2015; Kartal
et.al., 2020; Kozina et.al., 2018). Coordination skills are a necessary component of
technical training of athletes and injury prevention (Kozin, 2019), and therefore their
development will be effective for these purposes. One of the components of
coordination is also the development of strength (Aras et.al., 2020, Parkkari et.al.,
2011) and the development of conscious self-control over the technique of
performing various movements (Kozina et.al., 2018).

Thus, among the programs aimed at injury prevention in various sports, there
are often exercises with a closed kinematic chain, exercises that are performed in an
eccentric mode and strength exercises. In our opinion, the combination of these
exercises for the prevention of shoulder injuries in climbing will be effective.

In this regard, it is logical to assume that: 1. To identify the causes of injuries
of students majoring in "Physical Education and Sports”, a qualitative analysis of the
technique of performing the basic elements of a particular sport; 2. For the prevention
of injuries of students majoring in "Physical Education and Sports" will be effective
neuromuscular training in combination with educational programs and an analytical
approach to the technique of performing the basic elements of a particular sport.
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1.3. Theoretical bases of the reasons of occurrence of injuries at occupations by
physical culture and sports

One of the most common prerequisites for injuries and diseases of the
musculoskeletal system is inadequate technique (biomechanical structure) of
movements (Lion, A., van der Zwaard, BC, Remillieux, PP, & Buatois, S., 2015;
Robertson, N., 2012 ; Scho ffl, VR, Ho ff mann, G., & Kiipper, T., 2013). This
applies to both sports and everyday life. The formation of biomechanically effective
motor stereotypes is required to prevent injuries and diseases of the musculoskeletal
system. With biomechanically rational functioning of the motion control system, the
musculoskeletal system can work without injuries and diseases.

Motor stereotype is a set of the whole mosaic of muscular tensions and
relaxations encoded in short-term and long-term memory (Stelzle, F. D., Gaulrapp,
H., & Pforringer, W., 2000). In the motor stereotype, a "biomechanically suboptimal”
ability to improve and automate is possible. Mastering the culture of movement
requires consistency and phasing in the improvement of motor stereotypes (Bernstein,
N.A., 1967).

The word "biomechanics™ means "movement of living things". "We watch with
amazement and admiration as seagulls flying behind the stern of the ship fall down
with a stone and snatch pieces of bread on the fly, which are thrown to them by
passengers. We are delighted by the light and at the same time powerful movement of
a galloping horse, by the graceful curves of the body of a creeping snake. But
compared to animals, man is a much more perfect unique creature in diversity,
complexity and accuracy of movement "(Bernstein, N.A., 1967).

Ancient thinkers tried to reveal the secret of the movement of the living. The
first works in this area were written by Aristotle (384-322 BC), who was interested in
the patterns of movement of terrestrial animals and humans. Problems of
biomechanics were occupied by the Roman physician Galen (131-201 AD), Leonardo
da Vinci (1452-1519), Giovanni Borelli (1608-1679), a student of Galileo and the
author of the first book on biomechanics "On the movements of animals”, which was
published in 1679. The nature of movements, the mechanism of their management
was occupied by many domestic scientists: IM Sechenov (1829-1905), IP Pavlov
(1849-1936), PF Lesgaft (1837-1930), AA Ukhtomsky. 1875-1942) (cited in
Bernstein, NA, 1967).

But the real revolution in biomechanics was made by MO Bernstein (Bernstein,
N.A., 1967). He not only created a theory of motor activity of animals and humans,
but also turned it into a tool for cognition of the brain.

And the human musculoskeletal system is a self-propelled mechanism
consisting of approximately 600 muscles, 200 bones and several hundred tendons.
This is not a centipede! Bernstein found a rigorous scientific answer to this seemingly
humorous but actually very serious question. He created a theory of coordination of
movements, the task of which he considered overcoming the excessive degrees of
freedom of the driving organ, in other words - to transform it into a controlled
system.
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The fact is that human bones, say, in the hands, are fastened together by joints
having two and shoulder even three axes of rotation (Gareth Jones, MSc and Mark 1.
Johnson, 2016; Wright, DM, Royle, TJ, & Marshall, T., 2001; Wright, DM, Royle,
TJ, & Marshall, T., 2001). Therefore, the brush has the ability to move on many
independent trajectories. And this is only one brush, and a person has two of them,
and on each of them five fingers, consisting of three phalanges. However, the parts of
the human body, given the mobility of the body, have the amount of possible
movements realized by a three-digit number. And how complex the movements of
the eyeball, which allow you to monitor moving objects and are provided with the
work of 24 eye muscles!

Each particular movement a person makes, overcoming excessive degrees of
freedom, and does so, according to NA Bernstein (Bernstein, N.A., 1967), through
coordinated control of the elements of the musculoskeletal system (Bernstein, N.A.,
1967).

Bernstein in his reasoning developed one of the assumptions of IM Sechenov
(1913) that the brain does not passively perceive information from the world around
it and not only responds to it with action, but itself actively influences the world. He
continuously creates a prognostic model of the future based on probability
calculation. Bernstein understood that the brain knows in advance the purpose of any
action. This goal causes the action to start, and it changes and adjusts in the process
of this action on the basis of feedback, ie constantly receiving messages "from the
ground” about the achieved result of the action. As in the above example of feeding
seagulls when a bird is seen. as a piece flies, it "calculates™ its possible trajectory,
compares it with the direction and speed of its flight, and then the brain commands
the muscles to direct the body to the point where the beak meets the piece of bread.
Man differs from the rest of the animal world only in that he has the principle of
activity, combat self-organization has become conscious and is formed, among other
things, articulate language, writing, and so on. The essence of the theory of activity
MO Bernstein expressed very precisely in the title of his article "From Reflex to
Model of the Future”, written by him in the last year of his life.

Movement coordination is carried out on a hierarchical ladder (Bernstein, NA,
1967; Woollings, KY, McKay, CD, Kang, J., Meeuwisse, WH, & Emery, CA, 2015;
Thompson, RN, Hanratty, B., & Corry, IS , 2011). This is about the same as during
military operations. The general does not monitor the actions of each soldier, he sets
a common task for unit commanders. They report it in detail to the unit commanders,
and the junior commanders lead the soldiers into battle, trying to occupy one or
another height, one or another settlement. The brain also has a group of neurons that
determine the overall movement strategy. Groups of second-level neurons organize
the order and sequence of activation of muscle groups, and groups of even lower
levels send impulses to the muscles.

According to MO Bernstein (Bernstein MO, 1967), there are five levels of
control of movements by the central nervous system.

Level A is the lowest and phylogenetically oldest (rubrospinal). At this level,
signals come from muscle proprioceptors (receptors located in the muscles of the
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body), which indicate the degree of muscle tension, as well as from the organs of
balance.

Level A participates in the organization of any movement together with other
levels and is almost never leading a person. There are movements that are regulated
by level A independently: involuntary trembling, gnashing of teeth from cold and
fear, trembling of the violinist's finger and so on.

Thus, Level A is the level of tone. The lowest and phylogenetically oldest (its
roots must be sought in the distant past, when living has only learned to move). In
humans, it is responsible for muscle tone. At this level, signals come from the muscle
proprioceptors, which thus inform about the degree of muscle tension. A typical
independent manifestation of this level is the trembling of the body from cold or fear.

Level B NA Bernstein (Bernstein, N.A., 1967) calls the level of synergies
(from the Greek. Together; synergists - muscles that act together to perform one
particular movement). By the name of the anatomical substrate it is called thalamo-
pallidar. At this level, signals from musculoskeletal receptors are processed, which
inform about the mutual position and movements of body parts. Insufficient
development of level A leads to a lack of balanced work of muscles that provide
dynamic stability, ie stability when performing certain movements, insufficient work
of muscles that provide posture support in the dynamics of movements. One of the
most important causes of injuries is the lack of functioning of level A.

Level B participates in the organization of movements of higher levels, taking
on the task of internal coordination, highly coordinated movements of the whole
body. He is responsible for the automation of various motor skills, expressive facial
expressions and pantomime movements, clearly colored. The own movements of this
level include those that do not require consideration of external space: free
gymnastics, pulling, facial expressions, etc.

Thus, level B is the level of synergies. Taking information from level A, as
well as "installations” from the upper levels, this level organizes the work of
"temporary ensembles" (synergies). That is, the main task of this level is to
coordinate the tension of individual muscles. Typical independent manifestation of
this level is sipping, involuntary facial expressions, simple reflexes (for example,
pulling the hand away from the hot). Level B dysfunction leads to insufficient
interaction of the muscles that provide basic movements, and this is one of the most
important causes of injuries in sports.

Level C NA Bernstein (Bernstein, NA, 1967; Woollings, KY, McKay, CD,
Kang, J., Meeuwisse, WH, & Emery, CA, 2015; Thompson, RN, Hanratty, B., &
Corry, IS, 2011) calls the level spatial field. According to the name of the anatomical
substrate - pyramidal-arrow. It receives signals from sight, hearing, touch, ie all the
information about outer space. These are all movement movements: walking,
climbing, running, jumping, various acrobatic movements, throwing a ball, playing
tennis, aiming movements (playing billiards, telescope aiming).

Level C is the level of the spatial field. Level C receives information from level
B, "installations" from the higher level, and - very importantly - collects all available
information from the senses about outer space. At this level, simple, pointless
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movements in space are built. Running, waving his arms - typical independent
manifestations. Insufficient development of level C leads to insufficient analysis of
the spatial field, which will lead to injuries.

Level D - level of objective action (Bernstein, NA, 1967; Woollings, KY,
McKay, CD, Kang, J., Meeuwisse, WH, & Emery, CA, 2015; Thompson, RN,
Hanratty, B., & Corry, IS , 2011). This is the cortical level. By the name of the
anatomical substrate - parieto-premotor. He is in charge of organizing actions with
objects and is specific to humans. It includes all household movements, work,
driving. Movements of this level agree with the logic of the subject. This is not so
much movement as action. They do not have a fixed rolling stock, but a given end
result. For this level indifferent way of performing an action, a set of motor
operations. For example, the bottle can be opened with a corkscrew, you can knock
out the cork by hitting the bottom, push the cork inside, etc. In all cases, the result is
the same.

Its localization is already in the cerebral cortex. He is responsible for
organizing the interaction with objects. Including at this level as a result of
experience ideas about the basic physical characteristics of surrounding objects are
postponed. Of great importance for the functioning of this level is the concept of
purpose, ie the desired position of objects as a result of action. Insufficient
functioning of level D leads to a lack of effective interaction with objects, which can
lead to injuries associated with interaction with objects.

Level E - the level of intellectual motor acts. The highest level. This level
includes movements such as language, writing, symbolic or coded language. In a
sense, this level could be called "pointless”, because in contrast to level D, here the
movements are determined not by the subject but by the abstract content. If, for
example, a person writes a note to an acquaintance, then physically he has contact
only with paper and pencil, but the line formed on paper is determined by a whole
galaxy of abstract meanings: the idea of the absence of man, his personal
characteristics, goals and objectives regarding this person, about the possibilities to
realize these goals and objectives through the letter, as well as other meanings.

Insufficient inclusion of level E leads to insufficient awareness of the technique
of movements, and, accordingly, - to the occurrence of injuries.

It is necessary to consider:

Several levels take part in the organization of complex actions. The one on
which the action is built is called the leader, and the others are called below.

Formally, one and the same action can be built on different levels. For
example, the circular motion of the hands can be obtained at level A or at level B, or
at level C, or at level D.

What determines the fact of building a movement at one level or another?

The leading level of traffic construction is determined by the content or task of
the movement. That is, physiology is determined by the purpose of human action.

Thus, N.A. Bernstein (Bernstein, N.A., 1967) introduced a targeted
determination of body behavior.
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Depending on the information carried by the feedback signals, afferent signals
come to different sensitive centers of the brain and accordingly switch to motor
pathways at different levels.

Each level has specific, unique motor manifestations; each level corresponds to
its own class of movements (Gareth Jones, MSc and Mark 1. Johnson, 2016; Wright,
DM, Royle, TJ, & Marshall, T., 2001; Wright, DM, Royle, TJ, & Marshall, T., 2001;

).

His research NA Bernstein (1896-1966) showed and proved that motor activity
is carried out not by means of a reflex arc (as Pavlov and his followers believed), but
by means of a so-called reflex ring (due to the presence of feedback). This allowed
NA Bernstein (Bernstein, N.A., 1967) to build a sound and proven theory of level
construction of movements.

Thus, according to the theory of motion control MO According to Bernstein,
the lack of functioning of any level of organization of movement management
(especially for levels A and B) leads to injury.

Based on the above, we can formulate definitions of “functional movement"
and "functional therapy", "functional training":

Functional movement is the most biomechanically rational movement,
economical in terms of energy consumption, as well as in terms of organization of
movements, with the required level of activation of levels of movement control.

Functional therapy is a method of physical therapy aimed at restoring the lost
or improving the pathological process

Functional training is a type of training aimed at increasing the adaptive
resource of mainly the musculoskeletal system, using natural for human and specific
to the athlete exercises, with increased motor control.

Preventive exercise is a movement that helps to increase a person's adaptive
resource and reduce the impact of pathological factors. This is achieved not only by
understanding the work of the body, but also by taking into account a large number of
individual characteristics.

Conclusion to the first chapter

When analyzing the literature, a search was made for relevant sources in the
databases Endnote, Web of Science, Scopus, PubMed. A total of 2456 sources
devoted to this problem were identified, among them 235 sources were selected for
our study. The search was conducted by keywords (sports, physical education,
training of teachers (coaches) in physical education and sports, injuries). Articles
were selected as follows: by rating of magazines: preference was given to magazines
1-3 quartile; among the review articles, preference was given to articles in which the
analysis of more than 40 sources was presented; among the research articles,
preference was given to articles that presented data on injury analysis in more than 1-
2 higher education institutions; Among the randomized control studies, preference
was given to articles that presented data using methods of statistical data analysis,
including comparisons of averages with parametric and nonparametric statistics,
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regression analysis, determination of injury risks, and others. In addition, the basic
concepts of motion control were analyzed, among which - the theory of level
organization of movements MO Bernstein (MO Bernstein, 1967).

Based on the analysis of modern scientific literature, it was found that many
studies are currently devoted to sports injuries of students. This indicates the high
urgency of this problem in the world. Scientific works on this topic can be divided
into 2 groups: 1 - articles on sports injuries of students in general (the largest number
of articles); 2 - articles on sports injuries of students studying in the program
"Physical Education and Sports”. This program provides training for physical
education teachers or coaches in a particular sport. The most traumatic and
researched sports in terms of injuries are team sports with the ball and wrestling.

A separate group consists of research aimed at injury prevention in physical
culture and sports. These studies are devoted to the development of effective injury
prevention programs in various sports. The prevention of injuries of students - future
specialists in physical education and sports - is especially important. At the same
time, many authors note the low level of knowledge of students about injuries in
sports and suggest different ways to raise awareness of students on injury prevention.
Among such ways are the creation of online courses, the introduction of special
programs in the educational process of students, improving the quality of information
on injuries in sports.

Among the most effective programs for the prevention of injuries of students in
sports, as well as students enrolled in the program "Physical Education and Sports",
there is a program of neuro-muscular training. This program involves training
muscles that are not characteristic of the main movement, but which provide support
for the athlete's posture in the dynamics of the main movements. The program of
neuro-muscular training also provides conscious concentration on various aspects of
movement technique and on specific elements of specially selected exercises for
injury prevention.

It should be noted that among the sources we have studied, such sports as
climbing have not been analyzed, although currently this sport is becoming
increasingly popular among young people, including students. Therefore, a promising
area, in our opinion, will be the analysis of injuries among students engaged in
climbing, and the development of injury prevention programs. Analysis of the
literature has revealed that the main cause of injuries are biomechanically suboptimal
movements, and the basis for injury prevention in everyday life, in sports in general
and in climbing in particular is the formation of functional movements - the most
biomechanically rational movements, economical in terms of energy consumption
and view of the organization of movements, with the required level of activation of
levels of movement control.

The analysis of literature sources also allowed to formulate the concepts of
"functional movement", "functional therapy", "functional training".

Based on the data of the analyzed literature, we formulated the hypothesis:
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1. To identify the causes of injuries of students majoring in "Physical
Education and Sports"”, a qualitative analysis of the technique of performing the basic
elements of a particular sport;

2. For the prevention of injuries of students majoring in "Physical Education
and Sports" will be effective neuromuscular training in combination with educational
programs and an analytical approach to the technique of performing the basic
elements of a particular sport.
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CHAPTER 2. METHODS AND ORGANIZATION OF RESEARCH
2.1. Research methods

The following research methods were used in the work:

1. Analysis of literature sources

2. Method of biomechanical analysis of one-arm hang technique in climbing

3. The method of expert evaluation of the technique of performing height on
one arm in climbing

4. Method of registration of injuries of the upper extremities in climbing

5. Statistical analysis

2.1.1. Analysis of literature sources

When analyzing the literature, a search was made for relevant sources in the
databases Endnote, Web of Science, Scopus, PubMed. A total of 2456 sources
devoted to this problem were identified, among them 235 sources were selected for
our study. The search was conducted by keywords (sports, physical education,
training of teachers (coaches) of physical education and sports, injuries). Articles
were selected as follows: according to the rating of magazines: preference was given
to magazines 1-3 quartiles; among the review articles, preference was given to
articles in which the analysis of more than 40 sources was presented; among the
research articles, preference was given to articles that presented data on injury
analysis in more than 1-2 higher education institutions; Among the randomized
control studies, preference was given to articles that presented data using methods of
statistical data analysis, including comparisons of averages with parametric and
nonparametric statistics, regression analysis, determination of injury risks, and others.
In addition, the basic concepts of motion control were analyzed, among which - the
theory of level organization of movements MO Bernstein (MO Bernstein, 1967).

Based on the analysis of modern scientific literature, it was found that many
studies are currently devoted to sports injuries of students. This indicates the high
urgency of this problem in the world. Scientific works on this topic can be divided
into 2 groups: 1 - articles on sports injuries of students in general (the largest number
of articles); 2 - articles on sports injuries of students studying in the program
"Physical Education and Sports”. This program provides training for physical
education teachers or coaches in a particular sport. The most traumatic and
researched sports in terms of injuries are team sports with the ball and wrestling.

A separate group consists of research aimed at injury prevention in physical
culture and sports. These studies are devoted to the development of effective injury
prevention programs in various sports. The prevention of injuries of students - future
specialists in physical education and sports - is especially important. At the same
time, many authors note the low level of knowledge of students about injuries in
sports and suggest different ways to raise awareness of students on injury prevention.
Among such ways are the creation of online courses, the introduction of special
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programs in the educational process of students, improving the quality of information
on injuries in sports.

Among the most effective programs for the prevention of injuries of students in
sports, as well as students enrolled in the program "Physical Education and Sports”,
there is a program of neuro-muscular training. This program involves training
muscles that are not characteristic of the main movement, but those that provide
support for the athlete's posture in the dynamics of the basic movements. The
program of neuromuscular training also involves a conscious concentration on
various aspects of movement techniques and on specific elements of specially
selected exercises for injury prevention.

It should be noted that among the sources we have studied, such sports as
climbing have not been analyzed, although currently this sport is becoming
increasingly popular among young people, including students. Therefore, a promising
area, in our opinion, will be the analysis of injuries among students engaged in
climbing, and the development of injury prevention programs.

Analysis of literature sources revealed that the main cause of injuries are
biomechanically suboptimal movements, and the basis for injury prevention in
everyday life, in sports in general and in climbing in particular is the formation of
functional movements - the most biomechanically rational movements, economical in
terms of energy consumption and view of the organization of movements, with the
required level of activation of levels of movement control.

The analysis of literature sources also allowed to formulate the concepts of
"functional movement", "functional therapy", "functional training".

Based on the data of the analyzed literature, we formulated the hypothesis: 1.
To identify the factors of injuries of students majoring in "physical education and
sports”, a qualitative analysis of the technique of performing the basic elements of a
particular sport; 2. For the prevention of injuries of students majoring in "physical
education and sports™ will be effective neuromuscular training in combination with
educational programs and an analytical approach to the technique of performing the
basic elements of a particular sport.

2.1.2. Method of biomechanical analysis of sports movements

Initially, the technique of performing height in climbing of 20 leading climbers
of the World and Ukraine and 20 athletes was analyzed. On the basis of the analysis
of the technique of performance by athletes of height, the main characteristics of the
correct technique of performance of height were made. In the future, the correct and
incorrect technique of performing height was demonstrated and recorded with the
help of the Sony FDR-X3000 camcorder. The demonstration was conducted by the
author - a qualified athlete, candidate for master of sports of Ukraine, winner and
prize-winner of all-Ukrainian competitions.

Using the computer program Kinovea 0.8.15, the kinematic characteristics of
two models of equipment (model 1 - typical for novice athletes, model 2 - typical for
qualified athletes) were analyzed based on determining the angles between the
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shoulder and clavicle, as well as between the spine from the middle thoracic to the
coccyx and the vertical axis. The analysis of angles was performed from the moment
of gripping the hook to a stable fixation of the height (t = 30 s, the number of
analyzed frames was 10, the frames were selected at equal intervals; the total number
of analyzed attempts was 20 for each model). A comparative characterization of the
values of the measured angles at the point of stable fixation of the height was
performed on the basis of 20 measurements for each model of equipment. At the
fourth stage, a biomechanical analysis of two models of technology based on the laws
of classical mechanics (the relationship of forces acting on the body during tension;
the interaction of forces in closed kinematic circuits). Based on biomechanical
analysis, the main biomechanical characteristics of the correct technique of climbing
were given.

The method of biomechanical analysis of one-arm hang technique in climbing
was also used in the analysis of one-arm hang technique of athletes of control (n =
22) and experimental (n = 20) groups to determine the effectiveness of the developed
technology of injury prevention.

2.1.3. Method of expert evaluation of sports movement technique

The technique of performing high jump on one arm was evaluated by four
experts - leading climbing coaches in Kharkiv. The evaluation was performed on a
12-point system. The sum of the scores given by all four experts was used as a
quantitative characteristic.

2.1.4. Injury registration method

Cases of injuries and diseases of the upper extremities were registered during
the year in the control and experimental groups. The following injuries were
registered: injuries and diseases of the fingers, injuries and diseases of the elbow
joint, injuries and diseases of the shoulder joint. Injuries were also registered by
severity: minor, moderate, severe. Minor injuries include those that heal in less than 1
month, moderate injuries that heal in 2-3 months, and complex injuries include those
that heal within 6-12 months and can last a lifetime. Cases of injuries and diseases of
the upper extremities were registered during the year in the control and experimental
groups. The following injuries were registered: injuries and diseases of the fingers,
injuries and diseases of the elbow joint, injuries and diseases of the shoulder joint.
Injuries were also registered by severity: minor, moderate, severe. Minor injuries
include those that heal in less than 1 month, moderate injuries that heal in 2-3
months, and complex injuries include those that heal within 6-12 months, and their
effects can last a lifetime.

2.1.5. Method of determining the risk of injury
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To determine the impact of the developed technology on the risk of injury, the
following indicators were determined: risk (incidence) of injury, chance of injury,
relative risk and odds ratio. Injury risk (incidence) was defined as the ratio of the
number of injuries to the total number of athletes in the analyzed group. The relative
risk was determined by the ratio of risk in the control group to the risk in the
experimental group (relative risk (control group / experimental group). The chance of
injury was defined as the ratio of the number of injuries to the number of uninjured
athletes in the analyzed group. group / control group) The odds ratio was defined as
the ratio of the chances of injury in the control group to the chances of injury in the
experimental group. (low, medium and severe), injuries and diseases of the shoulder
(low, medium and severe).

The influence of the prior art on the number of injuries was determined by the
method of Cochran and Mantel-Hansel. The state of the art is below average
according to the expert assessment (less than 25 points) in combination with the
values of the angle between the shoulder and the clavicle (more than 1200) was
conventionally denoted as 1; the state of the art above the expert average (more than
25 points) in combination with the values of the angle between the shoulder and
clavicle (less than 1200) was conventionally denoted as 2.

2.1.6. Statistical analysis

The values of the measured angles at the point of stable fixation of the height
were compared on the basis of 20 measurements for each model of technology using
the Student's method for odd samples.

When comparing the results of the technique of climbing height and the angle
between the shoulder and clavicle of the tested control and experimental groups, the
Student's method for odd samples was also used in combination with nonparametric
statistics (Mann Whitney, Kolmogorov-Smirnov, Wilcoxon, etc.). Data processing
was performed using computer programs - "EXCEL 2016" and "SPSS-17".

To determine the impact of the developed technology on the risk of injury, the
following indicators were determined: risk (incidence) of injury, chance of injury,
relative risk and odds ratio using the computer program SPSS-17, Crosstabs option.

For the entire sample, we used the exact Fisher test and the Pearson y-square
test to compare the injury rate between the intervention groups and the control group.
We calculated the number needed for training to prevent 1 injury as the inverse of the
difference between the percentages of injured players in the control and experimental
groups. We considered bilateral P <0.05 statistically significant.

We presented the Injury rate indicates as the number of injuries per 1000 NPPs,
and we defined the AE as the number of athletes multiplied by the number of all
training sessions and competitions in which they participated (AE = athlete *
exposure (training sessions, competitions)). In our case, the number of trainings and
competitions was the same in the control and experimental groups and was 75 before
the experiment and 150 during the experiment. The number of students - climbers in
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our case was 40 for the experimental group and 44 - for the control). The value of the
Injury rate was defined as - the number of injuries 1000 AEs.

Significance of differences in the number and risk of injuries between the
control and experimental groups was determined by the Fisher exact test and using
the Pearson y-square test.

Injury risk (incidence) was defined as the ratio of the number of injuries to the
total number of athletes in the analyzed group. Relative risk (control group /
experimental group) was determined by the ratio of risk in the control group to the
risk in the experimental group and vice versa (chances in the experimental group - to
chances in the control group). The chance of injury was defined as the ratio of the
number of injuries to the number of uninjured athletes in the analyzed group
(Knowles et.al., 2006; Lin et.al., 2016). The relative chance was defined as the ratio
of the chances of injury in the control group to the chances of injury in the
experimental group. These indicators were determined separately for all analyzed
types of injuries: finger injuries (low, medium and severe), injuries and diseases of
the elbow (low, medium and severe), injuries and diseases of the shoulder (low,
medium and severe).

The Pearson correlation coefficient between the expert assessment of the
technique and the value of the angle between the shoulder and the clavicle when
performing height in climbing was also determined.

The influence of the prior art on the number of injuries was determined by the
method of Cochran and Mantel-Hansel. The state of the art is below average
according to the expert assessment (less than 25 points) in combination with the
values of the angle between the shoulder and the clavicle (more than 1200) was
conventionally denoted as 1; the state of the art above the expert average (more than
25 points) in combination with the values of the angle between the shoulder and
clavicle (less than 1200) was conventionally denoted as 2.

2.2. Organization of the study

At the first stage of the study (September 2019 - November 2019) an analysis
of literature sources was conducted, the concepts of "Functional movement",
"Functional therapy", "Functional training" were formulated, the number of athletes
seeking medical help in connection with chronic diseases was analyzed.
musculoskeletal system. The study was conducted on the basis of the Aleph Clinic,
analyzed 78 cases of athletes seeking help in connection with chronic diseases (35
masters of sports, 11 masters of sports of international class, 32 - candidates for
masters of sports).

In the second stage of the study (November 2019 - December 2019) was
analyzed the technique of performing height in climbing 20 leading climbers of the
World and Ukraine and 20 novice male climbers. Athletes age - 22.4 + 3.2 years,
body length 178.5 + 12.5 cm, body weight 72.2 + 8.5 kg. The author - a qualified
athlete, candidate for master of sports of Ukraine, winner and prize-winner of all-
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Ukrainian competitions took part in the demonstration of different models of
performance.

In the third stage of the study (January 2020 - July 2020) were selected,
systematized (if necessary - modified) and applied means of prevention of injuries of
the upper extremities in climbing. The tools were exercises used in climbing and
other sports, as well as exercises used in physical therapy to form functional
movements. These tools were used in the experimental group (n = 40). In the control
group (n = 44) no special exercises were used to prevent injuries.

Participants and randomization

The participants of this study were 84 male students engaged in amateur
climbing in the cities of Ukraine (Kharkiv, Dnipropetrovsk, Lyuvov, Vinnytsia,
Kamyanets-Podilsk, Kyiv) from 2 to 4 years aged 18-19 years. All athletes were also
students of physical education faculties of Ukrainian universities. All athletes gave
written consent to participate in the experiment. The health of the athletes was
checked during the first 2 weeks of the study with the help of regular medical
examinations conducted by a doctor. Athletes were also observed for 6 months to
assess baseline injury rates and baseline techniques of one-arm hang on one arm.

An independent statistician performed a parallel randomization of athletes into
a control group and an intervention group using a random distribution method using
an online random number generator program. As a result of randomization, 40
athletes were in the experimental group and 44 - in the control.

The groups were compared with indicators of body length, body weight,
experience of rock climbing and the number of injuries during the observed period of
6 months before the experiment. For all these indicators, the groups did not differ
significantly from each other.

The body length of athletes in the control group was 172.5 + 8.5 cm, body
weight - 65.2 £ 6.5 kg; the body length of the athletes of the experimental group was
173.4 + 8.7 cm, body weight - 66.1 £ 6.6 kg (p> 0.05). The number of injuries to
fingers, elbows and shoulders of varying complexity, recorded during the 6 months
before the experiment, is presented in table 2.1. No significant differences in the
injury index in the control and experimental groups were found (p = 0.385-0.729).

Table 2.1
Comparison of the number of injuries of the upper extremities of climbers between
the control (n = 44) and experimental groups (n = 40) for six months before the
experiment

- Intervention grou
Type of injury Control group (ex erimen%al) P
- IRR (95% CI)™®;

Locali pd
zation| Injuries |Injuries,| AEs, | Injury |Injuries, Injury OLTIC
of the | severity | No |quantity. | Rate? No AEs, No Rate OR (35%C1)
injury
Finger 1.051 (0.859; d

s Easy 7 3300 2.12 8 3000 | 2.67 1.286)" 0.418
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0.795 (0.317;
1.995)

0.757 (0.247;
2.318)°

Medium

3300

1.82

3000

1.67

0.987 (0.836;
1.165)°

1.091 (0.361;
3.300)"

1.105 (0.310;
3.946)°

0.568¢

Heavy

3300

1.21

3000

0.67
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1.076)?

1.818 (0.352;
9.396)"

1.900 (0.329;
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0.385¢

Elbow

Easy

3300

1.82

3000

2.33

1.047 (0.870;
1.259)?
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2.124)®

0.744 (0.227; 2437)
C

0.425¢

Medium

3300

1.52

3000

2.00
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1.233)°
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0.726 (0.203;
2.594)°
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3300
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1.119)2

0.455 (0.043;
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Should
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3300
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0.727 (0.210;
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3300
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41




0.907
(0.055;14.997)

Notes:
Abbreviation:

AEs - athlete * exposure (training sessions, competitions);
Injury rate indicates the number of injuries per 1000

IRR - incidence rate ratio:

aIncidence rate ratio for cohort (injuries=no)

bIncidence rate ratio for cohort (injuries=yes)

°OR - Odds Ratio for group (control/intervention)

CI - confidence interval (Lower bound; Upper bound);
9By Fisher exact test.

Both control and experimental groups consisted of novice athletes (amateurs),
aged 18-19 years, males; body length of athletes of the control group was 172.5 + 8.5
cm, body weight - 65.2 + 6.5 kg; the body length of the athletes of the experimental
group was 173.4 £ 8.7 cm, body weight - 66.1 + 6.6 kg (p> 0.05). The groups trained
according to the generally accepted plan 3-4 times a week, the number of training
hours was the same in both groups. At the beginning and at the end of the
pedagogical experiment, an analysis of the technique of performing the height on one
arm was performed by experts in both groups. The number of injuries of the upper
extremities in both groups was also recorded.

At the fourth stage of the study (August 2020 - December 2020) the analysis of
the obtained data was carried out, the work was formalized.

2.3. Characteristics of the directions of biomechanical technology of injury
prevention in the process of training specialists in physical education and sports

As a result of analytical and creative work, a biomechanical technology for
injury prevention in the training of specialists in physical education and sports was
developed. The technology is developed, which contains 3 directions: 1 - theoretical
and methodical (creation of bases for understanding by students of mechanisms of
formation of movements without risk of injury, formation at students of concept of
biomechanically rational movements in general); 2 - analytical (providing students
with knowledge about modern means of self-analysis of the level of technical skills);
3 - practical (students' mastery of practical means of injury prevention, ie, exercises
that will promote the formation of biomechanically rational movements in any sport,
and thus prevent injuries).

Theoretical and methodological direction involved mastering the basic
knowledge of dynamic anatomy, which is the basis of biomechanics, the basic laws
of motion control, understanding the causes and means of injury prevention in
physical culture and sports.

In the analytical direction the algorithm of revealing of the basic kinematic
parameters of various models of technics characteristic of students with various level
of possession of technics of sports movements is developed.

In the practical direction the principles of application of means for prevention
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of traumatism are defined:
1 - strengthening of the muscles participating in performance of the movement;
2 - the formation of functional movement, ie coordinated work of the muscles
of the torso, upper and lower extremities. In this direction, developed and
systematized tools to prevent injuries to students - future professionals in physical
education and sports.

All means are conditionally divided into two groups: means from a sport and
means specific to physical therapy, namely: Feldenkrais's methods, Redcord-therapy,
PNF-therapy. Physical therapy is used in an unconventional way: to improve
movement technique and to prevent injuries.

2.3.1. Theoretical and methodological direction of biomechanical
technology of injury prevention in the process of training specialists in physical
education and sports

It is known that for the development and improvement of motor skills in
adulthood requires the most conscious approach, ie only when activating
consciousness and forming a detailed idea of the peculiarities of movements in
adulthood can learn and improve motor skills. Students are people over the age of 17,
ie the age when the sensitive periods of formation of most motor qualities, in
particular, coordination abilities, have already been completed. And the formation of
technical skills is associated with coordination skills. That is why sports that require
maximum coordination, recruit children at a relatively early age, ie 5-7 years and
even earlier. But the learning process of students - future specialists in physical
education and sports is built in such a way that they have 2 tasks, which are often
opposite in content: 1 - improving technical skills in the chosen sport; 2 - mastering
motor skills in other sports. That is why the development of a conscious
understanding of all the details of the studied motion technique becomes especially
important. This requires, first of all, the formation of an idea of the general
foundations of the formation of technical skills. The basis of knowledge of the
process of formation of technical skills is biomechanics.

First of all, students were explained in an interesting and understandable way
that biomechanics studies the movements of living beings. Movement is an
opportunity for cognition and an amazing manifestation of life. In order for the
movement to take place, it is necessary to have a certain structure of the
musculoskeletal system and the corresponding function of this structure. Previously,
it was believed that the restoration of the structure (pain relief, treatment of bone,
ligaments and other systems) will directly lead to the restoration of function
(movement). However, according to current research and clinical observations (both
physicians and patients), it has been found that there is no direct consequence
between successful treatment of the structure and restoration of movement. Function
is a complex, multicomponent process, the difficulties of which can be caused by
various problems not directly related to structural pathologies. The versatility of this
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natural process, and the task of restoring it, have created the need for a specialist in
movement.

To master biomechanical technology, students were provided with the
following author's theses for further analysis and discussion:

* As one teacher said, "If I have a scalpel, it doesn't mean I'm a surgeon."

* Some movements make us strong and healthy, while others can lead to injury.

* This rather thin limit is determined by how much a person is adaptable to his
activity.

* Preventive exercise is a movement that helps to increase a person's adaptive
resource and reduce the impact of pathological factors. This is achieved not only by
understanding the work of the body, but also by taking into account a large number of
individual characteristics.

* When the movement is "operated" by a specialist, he accurately assesses the
situation. He takes the movement that is necessary at this time and for a particular

situation. The "angle" of influence, intensity, amplitude is very important, even
where the attention is now - everything matters!

* Both the scalpel of the surgeon and the therapeutic movement of the physical
therapist are one of the tools to achieve the desired goal.

* To become a true specialist in the field of movement training, you must strive
to make your athletes not just winners of competitions, but also healthy. Coaches who
work with children should look for tools to help their pets avoid injury.

* The beauty of movements is the interaction with the Universe.

To master the biomechanical technology of injury prevention, the concepts of motor
stereotypes, the reasons for the formation of "ineffective” movement, the principles
of individual selection of methods of correction were also considered.

Thus, the whole process of training was built from understanding the basics of
biomechanics, the principle of sensory corrections and levels of movement
organization to model thinking in training.

As a result, students were tasked with learning to understand movement "from
within", to train / train according to the principles and laws of biomechanics (which
means - both effectively and without injury).

Since the concept of injury prevention closely intersects with physical therapy,
students were also explained that physical therapy is not just three rehabilitation
periods (immobilization, post-immobilization, rehabilitation). This is a process of
restoring movement, in which there are continuous corrections of therapeutic effects.
These corrections are based on functional, orthopedic, neurological diagnostic tools
and direct feedback from therapist and patient.

The concepts were also explained: "Mobility” - “stability” - "mobility on
stability”, which means a gradual transition from passive movement of the joint to
active movements of the injured limb with elements of instability.

It was also explained to the students that in order to become a real specialist in
motor activity, it is necessary to master a higher level of scientifically based
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competence in biomechanics and dynamic anatomy. And only then sports will be safe
and most effective.

In the theoretical and methodological direction of the classes the following
tasks were set:

* Knowledge of the laws of biomechanics of the musculoskeletal system and its
applied aspects in physical culture and sports.

» Fundamentals of preventive approach and understanding of the principles of
effective and injury-safe training.

* Knowledge of the laws of movement in the main synergistic patterns and
their practical application in the work of a coach and in independent sports.

* The relationship between functional human anatomy and the dynamics of
popular exercises.

* Possession of special sets of summarizing exercises that highlight the target
muscle group and form the optimal technique.

As a result of mastering this knowledge, skills and abilities, students were
given the opportunity to become a specialist in movement, and to reach a new
professional level.

The peculiarity of the theoretical and methodological direction was that classes
were held both in classrooms and in special rooms for fitness and physical therapy
using popular equipment for maximum application of the transmitted information)
(Fig. 2.1).

Fig. 2.1. lllustration of classes on mastering the theoretical and methodological
direction of biomechanical technology for injury prevention of students - future
professionals in the field of physical culture and sports

2.3.1.1. Characteristics of the author's video manual for the
implementation of the theoretical direction of biomechanical technology of
injury prevention in the process of training specialists in physical education and
sports

In order to form a theoretical foundation for students in the process of
formation and improvement of technical skills, an author's video manual on the
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basics of biomechanics of the musculoskeletal system was developed. The author's
video manual is an illustration with an explanation of the biomechanical patterns of
proper motor skills and injury prevention.

The author's video manual is entitled: "Biomechanics of the musculoskeletal
system" (A.C. NeNe 100612-100616 from 17.11.2020) and consists of 5 parts:

Part 1. Biomechanics of the musculoskeletal system. Basic concepts in
biomechanics (A.C. Ne 100612 from 17.11.2020).

Part 2. Biomechanics of the musculoskeletal system. Upper limb (A.C. Ne
100613 dated 17.11.2020).

Part 3. Biomechanics of the musculoskeletal system. Lower limb (A.C. Ne
100614 from 17.11.2020).

Part 4. Biomechanics of the musculoskeletal system. Torso and pelvis (A.C. Ne
100615 from 17.11.2020).

Part 5. Biomechanics of the musculoskeletal system. Head and neck (A.C. Ne
100616 from 17.11.2020).

Theoretical classes on sports and pedagogical improvement explained to
students the main tasks of studying the biomechanical foundations of the process of
mastering technical skills.

As a result, students were given the opportunity to get a lot of interesting,
relevant information and applied techniques for work and independent training.

The first part of "Biomechanics of the musculoskeletal system. Basic concepts
in biomechanics "contains information about the authors, the tasks of the manual,
which are as follows:

* Study of basic and clinically significant concepts of biomechanics.

* Study of functional anatomy in motion models.

* Mastering and practicing methods of manual and functional therapy

» Understanding the concept: “It is not optimal movement that is the cause, but
optimal therapy.

Next, students are invited to determine their goals in classes on sports and
pedagogical improvement. This is a necessary condition and the first step to create a
conscious attitude of students to their functional state and injury prevention in both
the chosen sport and other physical activities.

The next stage provides a definition of biomechanics as a science of the laws of
mechanical motion in living systems, which studies the features of movements in the
process of motor activity and exercise. The general task of biomechanics is to find
perfect ways of motor actions and to teach / learn to perform them more effectively.
The following are partial problems of biomechanics:

» Study and explanation of the human movements in a particular area of his
motor activity.

* Study of the results of the motor task.

* Study of the conditions in which they are carried out.

* Based on all this - the development of effective movements, through learning and
training.
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Pislya ts'go razkrivaetsya nutrition "How can I know the rational technology of
rukhovoy efficiency, with a glance at the specifics of the buildings installed?". In the
context of this nutrition, the thesis "The function of controlling the structure and the
structure of the controlling function™ is opened. For a full understanding of the
mechanics of myazovoi iyalnosti, about the "neutral zone" of slopes, about the
cinematic pair and cinematic lance, about the closed and open cinematic lancers (Fig.
2.2).

'

L VAV 33MKHYTaA KUHEMaTUUeCKan uens
feHuA Npu GUKCHPOBaHHDIX 06OMX KOHLLAX
ATMUECKOM Lenu, Hanpumep - ¢

[eMEHHOI ONOPOI pyKamu 1 Horamu)

Fig. 2.2. The butt to the slide of the first part of the author's navchany
booklet with illustrations of scrutinized and vidcritical lantsyugs

The main understanding of the theory of N.A. Bershteyn and Mechanism of
Mechanism of Keruvannya Rukha. To give the value of the steps of freedom of
rukhov, factors, to infuse rukiv on the way (reactive force, uninterrupted force,
callous force, outward camp of meat), to be able to understand about sensitivity,
about the receptor, how to forget It is necessary to explain the principle of
sensory corrections and to give an understanding of the rukhovoy stereotype
with the prompts of N.A. Bernstein and P.K. Anokhina:

“The ruffian stereotype is the essence of the whole mosaic of meat springs
and relaxation, encoded in a short-hour and pre-production memory.

A rooted stereotype is capable of "Biomechanical suboptimality”, building
up to thorough and automation.

The development of the culture of rukhiv vimag of the last and the stages
of the thoroughness of rukh stereotypes ”(Bernshtein N.A., 1954; Ivanichi G.A.,
2005; Anokhin P.K., 1935). The basis of the theory of N.A., Bernstein is the basis
of the theory of N.A., Bernstein - the roots of the central nervous system, which
are ruffled.

e Level "A" - the level of blind execution of movements (pure physiology)
provides adjustment of muscle tone (ie the ability of muscles to relax, the
relationship of muscle antagonists).

e Level "B" - the level of motor stamps. It provides an innate feature of
motility (agility, grace, plasticity), as well as rough technique of repetitive
movements (posture, posture, walking, running). Actually at this level the so-
called "habitual posture” is formed, ie the posture characteristic of the concrete

47



person. Level "B" is the level of unconscious posture, the level of reflexive
posture correction.

 Level "C" level of the spatial field, provides the entry of motor stamps in
real space: it is the ability to relax as a team, the ability to tense a single muscle,
repetition of movements on the display, grouping the body, maintaining posture.
Remote receptors (sight, hearing) are used for this purpose. In relation to
posture, this is the level of external correction: for example, correction of body
position by a teacher or coach, or correction "on display".

e Level "D" - Level D - level of objective action (Bernstein, NA, 1967;
Woollings, KY, McKay, CD, Kang, ], Meeuwisse, WH, & Emery, CA, 2015;
Thompson, RN, Hanratty, B ., & Corry, IS, 2011). This is the cortical level. He is in
charge of organizing actions with objects and is specific to humans. It includes
all household movements, work, driving. Movements of this level will agree with
the logic of the subject. It is no longer so much movement as action. They do not
have a fixed rolling stock, but a given end result.

e Level "E" - the level of intellectual and motor acts, especially speech
movements, written movements. symbolic language movements (deaf-mute
gestures) (Bernstein, NA, 1967; Woollings, KY, McKay, CD, Kang, ]., Meeuwisse,
WH, & Emery, CA, 2015; Thompson, RN, Hanratty, B., & Corry, IS, 2011). The
level of intellectual motor acts. The highest level. This level includes movements
such as language, writing, symbolic or coded language.

In the process of studying the levels of movement control, it is revealed
what role each of the levels of movement regulation plays in the prevention of
injuries.

. In the following, the concept of the pattern as part of the motor
stereotype is given (Fig. 2.3).

[laTTepH —YacTb ABUraTe/IbHOrO CTEPEeoTUNa

[BUraTeibHbINM CTEPEOTUN B HOPME COCTOMUT U3 MHOMOYUCAEHHBIX
NaTTepHOB (CUHEePreTUYecKmne MblledHbie KoMBuHaumK)
[ABWMXKEHMWA KOHeYHOoCTen 1 TynosuLua (Kabat, 1960)
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Fig. 2.3. Example of a slide of the first part of the author's textbook with an
illustration of the pattern as part of the motor stereotype

As a result of the first part of the video tutorial, the following
conclusions are identified:

1. Construction of movement is a process in which between a brain and
executive bodies there is not only direct, but also continuous feedback (the
principle of sensory corrections).

2. The movement is not stored ready in memory, and with the use of
instructions (models / patterns) is rebuilt in the process of the action

3. Models / patterns are used not on the basis of nonlinear reproduction,
but on the flexible mechanism of expedient adaptation

4. Most chronic orthopedic problems are associated with
biomechanically suboptimal motor stereotype.

The second part of the video tutorial is devoted to the structure, functions and
prevention of injuries of the upper extremity girdle. First, the degrees of freedom of
movement of the upper extremities are considered, the structure of joints and features
of movements in them are analyzed. Each muscle that provides movement to the
upper extremities is then examined in terms of anatomy and the function it performs.
At the end of the characteristics of each muscle, the main pathologies of the upper
extremity girdle provided by this muscle are considered. At the next stage, manual
and functional methods of physical therapy to prevent injuries and diseases, as well
as to restore the functions of the upper extremities are studied. The second part of the
manual contains a large number of dynamic illustrations, including the author's,
which accompany each explanation of the structure, function, pathologies and means
of restoring the girdle of the upper extremities (Fig. 2.4).

CycTaBHas urpa JIOKTeBOrO CycTasa

Fig. 2.4. Example of a slide of the second part of the author's textbook with an
illustration of manual therapy techniques for injury prevention and recovery from
injuries of the upper extremity belt

49



The third part of the video tutorial is devoted to the structure, functions and
prevention of lower extremity girdle injuries. First, the degrees of freedom of
movement of the lower extremities are considered, the structure of joints and features
of movements in them are analyzed. Each muscle that provides movement to the
lower extremities is then examined in terms of anatomy and the function it performs.
At the end of the characteristics of each muscle, the main pathologies of the lower
extremity girdle provided by this muscle are considered. At the next stage, manual
and functional methods of physical therapy to prevent injuries and diseases, as well
as to restore the functions of the lower extremities are studied. The third part of the
manual contains a large number of dynamic illustrations, including the author's,
which accompany each explanation of the structure, function, pathologies and means
of restoring the lower extremity girdle (Fig. 2.5).

NCIVEENVENZEl LISV OYHKLIMOHAIbHASA
COKpaweHnin (KoMOBUHNMPOBAHHO) TEPAMUSA

«Tepanua/TpeHUpPOoBKa NaTTepHa» «HUXHUIA cTapT»

Fig. 2.5. Example of a slide of the third part of the author's textbook with an
illustration of functional therapy techniques for injury prevention and recovery from
lower extremity girdle injuries

The fourth part of the video tutorial is devoted to the structure, functions and
prevention of torso and pelvic injuries. Similarly to the second and third parts, the
fourth part also first considers the degrees of freedom of movement of the torso and
pelvis, analyzes the structure of joints and features of movements in them. Each
muscle that provides torso and pelvic movements is then examined in terms of
anatomy and the function it performs. At the end of the characteristics of each
muscle, the main pathologies of the torso and pelvis provided by this muscle are
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considered. At the next stage, manual and functional methods of physical therapy to
prevent injuries and diseases, as well as to restore the functions of the torso and
pelvis are studied. The fourth part of the manual also contains a large number of
dynamic illustrations, including - author's, accompanying each explanation of the
structure, function, pathology and means of restoring the movements of the torso and
pelvis (Fig. 2.6).

Mobunusaunsa

Mobunuzauma crubanua no Mulligan (rpyaHoO# ¥ NOACHUYHBLINA)

Fig. 2.6. Example of a slide of the fourth part of the author's video tutorial with
an illustration of the techniques of manual therapy for injury prevention and recovery
after some injuries of the torso and pelvis

The fifth part of the video tutorial is dedicated to the structure, functions and
prevention of head and neck injuries. First, the degrees of freedom of movement of
the head and neck are considered, the structure of joints and features of movements in
them are analyzed. Each muscle that provides head and neck movements is then
examined in terms of anatomy and the function it performs. At the end of the
characteristics of each muscle, the main pathologies of the head and neck provided by
this muscle are considered. At the next stage, manual and functional methods of
physical therapy to prevent injuries and diseases, as well as to restore the functions of
the head and neck are studied. The fifth part, similar to the previous parts of the
manual, contains a large number of dynamic illustrations, including the author's,
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which accompany each explanation of the structure, function, pathologies and means
of restoring head and neck movements (2.7).

AnnHHenwan mbiwa wen AHATOMMUS

( M. longissimus cervicis)

Bua czagm
= e

gl
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-\

&% Bupg cnepeaun

Fig. 2.7. Example of a slide of the fifth part of the author's video tutorial with
an illustration of the anatomy of the longest neck muscle

2.3.2. Analytical direction of biomechanical technology of injury
prevention in the process of training specialists in physical education and sports

The analytical direction of biomechanical technology of injury prevention
provided for the introduction of modern means of analysis of the effectiveness of
mastering motor skills in the initial process of physical education and sports. In
particular, students were asked to learn a modern tool for video analysis of movement
techniques - the Kinovea program. The Kinovea sports video analysis program is now
an effective, informative, easy-to-learn tool for improving the efficiency of students'
acquisition of motor skills and injury prevention.

In the analytical classes, students were explained that for the prevention of
injuries it is necessary to have modern tools not only qualitative but also quantitative
analysis of movement technique. There are many different computer programs and
video tools for this. One of the most common features is the Kinovea program.

In the future, students were invited to master working with this program. To do
this, they were given the following instructions.

Instructions for working with the Kinovea program
Kinovea performs video analysis of movements, it is designed for athletes,
coaches and health professionals. The software can also be useful for professionals in
the field of ergonomics or animation. The main function of Kinovea is to view and
analyze sports videos.
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The main tools that involve users: "Line", "Chronometer”, "Tracking". The
"Line™ and "Chronometer" functions allow you to measure distance and time, and
with the help of the tool "Semi-automatic tracking™ you can track both the trajectory
and time.

Video upload

When working with Kinovea, you can use video from external sources:
camcorders, smartphones, etc. It is enough to save video files on the computer - the
program recognizes them independently.

Save video files to your computer

Open Kinovea Click the File button in the upper left corner Select the desired
file with the Open Video File command Right-click the video, and then click Open.
The selected files are automatically displayed in the application window. To start
working with one of the files, right-click on the file and select "Play video". After
that, the video file will expand to the entire workspace. Saving a video To select an
image area for analysis, use the "[]" tool ("Working Zone") on the bottom panel,
which should appear below the video. Use this tool to specify the start and end points
for analysis. Save the result with one of the keys on the bottom panel.

How to add in video graphics

To add key data images to the file, use the "Combine video and key images
data into the file" option. This option allows you to create videos with original
images: later you can play with another player video, which will be superimposed on
the time and trajectory. If necessary, it will not be difficult to open the file in Kinovea
and make changes to the schedule again.

How to add pictures to a video

To export a movie with pictures, timing or route recording, use the
"Permanently paint key images data on the video" option.

How to save only videos You can also save videos without additional data such
as routes, times and more. To do this, just use the "Save video only" key. This option
will come in handy when you need to cut a long video into small episodes for further
analysis.

With Kinovea you can measure time, distance and speed, and the program
tracks the movements of a person or individual joints of the body.

Tracking of objects or movements of joints

To track the movement of an object, follow these steps: Right-click on the
video and select the "Track Path™ option. To select a specific video frame for
processing, use the "Play" button. The program allows you to slow down the video
playback speed. to make it easier to work with frames Once you have determined the
area of the video to be used, right-click and select "End Path Edition".

Creating a trajectory

To track the movements of a specific part of the body or the whole torso, left-
click on the desired area of the image. Two rectangles will appear around the object:
small and large. The inner small rectangle is the function window A (“feature
window [A]"). External Large Rectangle - Feature Window B (“feature window [B"
") When you reach the last frame of the trajectory you want to track, select” End Path
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Edition "to complete the trajectory creation process. The rectangles will disappear,
but checkpoints will be visible when played back. In the process of tracking the
trajectory, you can change the objects of analysis. If you find that the tracking area is
selected incorrectly while working with the video, move the cursor to the desired area
of the image, right-click and click "Restart Path Edition".

Adjust display settings

To make adjustments to the video or highlight specific sections of the path, do
the following: Right-click on the motion record, select "Configuration™ - and you will
be able to change the trajectory. A dialog box with display modes will appear on the
screen. The trajectory can be recorded in one of the following modes: [Top photo] -
full trajectory that displays all movements for a full period of time. [Middle photo] -
the trajectory of a given area of the image. The program will track the movements of
only a specific object or body part selected by the user. [Bottom photo] is the
minimum trajectory. The program will track only a small point specified by the user.

Measurement

To calculate the distance from the beginning of the path and the end point, use
the tool "line drawing™ on the panel located directly below the video. It looks like a
single line: Specify the physical length of the workspace using the line tool, and then
right-click the selected area. In the dialog, select the Calibrate Measure tool. The
average on the last leg of the trajectory will be used to calculate the speed. To select
one of the measurement options, right-click and select the measurement type. The
program will display either distance or speed.

Time measurement

To activate this stopwatch function, click the "Stopwatch™ button on the
toolbar. Then click on any part of the image - a small icon will appear, which looks
like a symbolic image of a watch or sports stopwatch. The countdown will be
displayed on top of the main image so you can keep track of time. You can use the
dialog box to change the background colors and font size. You can also adjust the
size of the stopwatch by stretching its lower right corner

How to measure a certain period of time?

The stopwatch will show zero until you start it from a specific frame. You can
select the frames from which the countdown will begin and at which it will end. If
you want to remove the stopwatch from the screen, right-click and select the "Delete
Stopwatch” button in the dialog box. If you have multiple stopwatches installed to
track multiple actions, the application recognizes which stopwatch belongs to which
action. Use the Label function to mark the stopwatches in different colors.

Distance measurement

To measure both distance and speed, first draw a line and specify its actual
length. Using the tracking function, you can measure the total distance. To do this,
right-click on the video in the segment of the path and in the dialog box that appears,
select the function "Configuration™ ("Settings"). In the "Settings" set the "Distance"
function. The display will show the distance from the start of the movement to the
selected distance.
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Speed measurement

To track the speed of the object, right-click on the frame you are interested in,
select "Configuration” in the dialog box, and then "Speed". You will need to specify
the units. You can choose meters per second, kilometers per hour, feet per second or
miles per hour. The program will determine the speed based on user-defined start and
end points.

Source: https://spinet.ru/public/KINOVEA .php Spinet.ru ©

Features of Kinovea program application in the process of training specialists
in physical education and sports

Initially, the technique of performing height in rock climbing of 20 leading
climbers of the World and Ukraine and 20 student-athletes was analyzed. On the
basis of the analysis of the technique of performance by athletes of height, the main
characteristics of the correct technique of performance of height were made. In the
future, the correct and incorrect technique of performing height was demonstrated
and recorded with the Sony FDR-X3000 camcorder. The demonstration was
conducted by the author - a qualified athlete, candidate for master of sports of
Ukraine, winner and prize-winner of all-Ukrainian competitions.

Using the computer program Kinovea 0.8.15 analyzed the Kkinematic
characteristics of the two models of equipment (model 1 - typical for novice athletes,
model 2 - typical for qualified athletes) based on determining the angles between the
shoulder and clavicle, and between the spine from the middle thoracic to the coccyx
and the vertical axis. The analysis of angles was performed from the moment of
gripping the hook to a stable fixation of the height (t = 30 s), the number of analyzed
frames was 10, the frames were selected at equal intervals; the total number of
analyzed attempts was 20 for each model of equipment). A comparative
characterization of the measured angles at the point of stable height fixation was
performed on the basis of 20 measurements for each model of equipment. At the
fourth stage, a biomechanical analysis of two models of technology was performed
on the basis of the laws of classical mechanics (the relationship of forces acting on
the body during tension; the interaction of forces in closed kinematic circuits). Based
on biomechanical analysis, the main biomechanical characteristics of the correct
technique of climbing were given.

2.3.3. Practical direction of injury prevention technology in the
process of training specialists in physical education and sports

2.3.3.1. Means of practical exercises for injury prevention in the

process of training specialists in physical education and sports on the
example of climbing
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Biomechanical analysis allowed to determine the tasks for the use of means for
the prevention of injuries in climbing: 1 - strengthening the muscles involved in the
movement; 2 - formation of functional movement, ie for coordinated work of the
muscles of the torso, upper and lower extremities.

On the basis of biomechanical analysis of the technique of hanging in
climbing, means were selected and systematized to prevent injuries of the upper
extremities. The tools were physical exercises performed independently and with a
physical therapist. All means were conditionally divided into two groups: means of
sport (climbing) and means specific to physical therapy (Fig. 2.8).

Exercises in sports were presented by the following groups (Fig. 2.8):

1. Exercises aimed at improving the work of the fingers when performing a
grip in climbing, taking into account the fact that in climbing there are different types
of grips;

2. Exercises for the prevention of injuries and diseases of the elbow, in
particular, exercises for the prevention and treatment of epicondylitis;

3. Exercises for the prevention of injuries and diseases of the shoulder, in
particular, exercises to strengthen the muscles of the rotating cuff of the shoulder.

Exercises specific to physical therapy were aimed at the formation of
functional movements and were represented by the following groups (Fig. 2.8):

1. Feldenkrais method

2. Redcord therapy

3. PNF therapy
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Means for the prevention of injuries of the
upper extremities in climbing

_— i

Fig. 2.8. Means of practical exercises for injury prevention in the process of training

specialists in physical education and sports
Consider these tools separately.

Exercises in sports

Exercises aimed at improving the work of the fingers when performing a grip
in climbing

In the case of injury to the fingers in adults, the annular ligaments that press the
tendons of the flexor muscles to the bone are most often damaged.

This ippary occurs due to insufficient strength of the ligament in relation to the
geﬁgt’:c: tension of the flexor tendon (Fig. 2.9).

Distal phalanx -3

Figure 3: Injury to the flexo r pulleys
rrum Neumann DA. Kinesiol logy of the Musculoskeletal System. St.
Louis: Mosby, 2002.

Fig. 2.9. Biomechanical features of the fingers when performing a grip in climbing
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In children, due to open areas of growth, more than 50% of finger injuries are
fractures of the epiphyseal plate.

There are three main types of rock climbing: open, active and closed grips. The
latter is the most traumatic due to the very acute angle in the interphalangeal joint,
due to which the load is more concentrated on one annular ligament. Its use is not
recommended for children and novice athletes. We do not recommend its use on a
campus board simulator due to the very high risk of injury. For children, training on
campus and weight training should be prohibited until the finger growth zones are
closed. Also, to reduce the risk of injury, it is advisable to use tools and devices
aimed at strengthening the extensor muscles of the fingers (Fig. 2.10).

,.a) . L b) o ," 73 \ c) .. ?}.} 3

Fig. 2.10. Different grips in climbing
a - open; b - active; ¢ — closed

Exercises for the prevention of injuries and diseases of the elbow

Climbers in the elbow often have a chronic disease such as epicondylitis. This
is inflammation of the proximal attachment points of the flexor and extensor muscles
of the hand and fingers. Epicondylitis is of two types: lateral and medial. Climbers
are prone to both for various reasons.

According to modern authors, one of the most common causes of this disease is
muscle imbalance due to the predominance of flexion movements over extension in
the elbow joint in the training process of climbers. In this regard, we propose to
include in the training process exercises aimed at strengthening the extensor muscles,
such as various options for push-ups and training on TRH (Fig. 2.11).
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Fig. 2.11. Exercises for the prevention of injuries and diseases of the elbow (source:
photo by SV Kozin)

We also recommend the inclusion in the training process of pronation-
supination exercises with the exception of the concentric phase (Fig. 2.12).

In addition, a useful tool is stretching the flexors, extensors of the hand and
fingers, as well as massage the elbow. These recommendations are suitable for both
prevention and the phase of active rehabilitation after injury.
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Fig. 2.12. Exercises for the prevention and treatment of epicondylitis (source:

photo by SV Kozin)

Exercises for the prevention of injuries and diseases of the shoulder

The most common injuries and diseases of the shoulder in rock climbing
include impingement syndrome and tearing of the muscles of the rotating cuff of the
shoulder. Fractures of this area are statistically almost non-existent.

Due to the fact that in bathing, especially in competitive bouldering, the
shoulder joint is subjected to high dynamic loads in different positions, special
attention should be paid to strengthening the muscles of the rotating cuff of the
shoulder, namely - supraspinatus, subscapular, subscapular and small round. We offer
their strengthening by applying various exercises using gymnastic rubber (Figs. 2.13,
2.14).

Fig. 2.13. Exercises to strengthen the muscles of the rotating cuff of the shoulder
(source: photo by the author - SV Kozin)

Thus, to avoid injury it is necessary: to have a scientific approach to the
construction of the training process; conducting a proper warm-up; observance of the
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correct technique; adequate assessment of their capabilities; complete recovery after
old injuries and diseases; conducting medical and coaching control. Despite all the
above, according to medical statistics, climbing is a much less traumatic sport
compared to sports games, martial arts and some cyclic sports.

Fig. 2.14. Example of an exercise in a closed kinematic circuit
(source: photo by the author - Serhii Kozin)

Exercises specific to physical therapy

To master the basics of the formation of proper sports equipment, as well as the
principles of rehabilitation and physical therapy, it is necessary to deeply
understand the basics of the organization of movements of the central nervous
system. Based on this understanding, the coach, athlete, physical therapist will be
able to select the necessary tools for the formation of biomechanically appropriate
movements and recovery of movements in diseases and other disorders of the
musculoskeletal system. To do this, consider the basic modern methods of
physical therapy and some sports movements.

Feldenkrais method

The Feldenkrais method is a motor practice developed by Moshe Feldenkrais
and aims at human development through self-awareness in the process of working
on the movement of one's own body. The Feldenkrais method is also called the
somatic education method.

The peculiarity of the Feldenkrais method as a motor practice is the emphasis
on the awareness of changes that occur in man in the process of working on
movement, as opposed to the development and improvement of any specific forms
of movement. Classes according to the Feldenkrais method are extremely diverse
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in terms of forms of movement, dynamics, basic starting position, emphasis on the
movement of different parts of the body and the relationships in the body.

There are two forms of practice of the Feldenkrais method:

» Awareness Through Movement (ATM) - group sessions in which the
facilitator directs the actions of those involved in verbal instruction without
demonstrating movement. You can also practice individually, listening to lesson
recordings and independently perform the described movements.

* Functional Integration (FI) - individual non-verbal sessions in which the
movement of the practitioner is guided by the movement of the practitioner.
Functional integration sessions are usually held on a special couch (massage table
option) with the use of special pillows, rollers and other materials that are used to
maintain body position and movement, as well as a means of feedback for the
practitioner.

The recommended standards of practice of the International Federation of the
Feldenkrais Method state that the method is not a medical, massage or any other
therapeutic technique, nor a bodywork technique [1]. However, in Russia and
some other countries it is sometimes referred to as methods of body-oriented
psychotherapy, as well as methods of alternative and complementary medicine.

The main provisions of the Feldenkrais method

1 Smooth, slow, functional movements with increased awareness and attention
to the body (Training effect on level B);

1 Classes on mats with activation of different parts of the body and their

alternation as a support (Training effect at levels A and C).

Redcord therapy

Redcord therapy is a system of suspension therapy

At the beginning of the work, the instructor tests the patient: the patient
performs various movements, leaning on an unstable platform - the suspension, thus
involving all the muscles in a particular biomechanical chain. Thus, the therapist sees
the combined work of muscle groups and can track disorders in any particular muscle
group or link in the biomechanical chain. After testing and evaluation, the therapist
forms a diagnosis, on the basis of which a treatment plan is developed. The patient is
asked to perform the exercise at his level of difficulty. This triggers the work of deep
stabilizing muscles and eliminates disturbances. In the case of a weakened patient
after an injury or surgery, the Redcord system suspensions “unload" the body, which
allows you to perform complex exercises without pain and with ease. Exercises are
performed on a special therapy table or on a rubber mat, depending on the level of
difficulty. During repeated classes, the therapist reduces the auxiliary support of the
suspensions, thereby seeking to strengthen the stabilizer muscles. The end result of
treatment is the ability to perform exercises without the support of suspensions, at
this stage the daily load no longer causes any discomfort to the patient, allowing him
to return to an active lifestyle without pain.

The main provisions of the Redcord method
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1 Additional proprioceptive input due to instability and transmission of
vibration to the suspension (Training effect on level A);

1 Exercises in closed kinematic circuits with increased concentration on
muscle groups (Training effect on level B) (Fig. 2.15).

Puc. 2.15. Example of an exercise in a closed kinematic circuit for the
formation of functional movement using Neurac (Redcord)
(source: photo by the author - Serhii Kozin)

PNF therapy

Proprioceptive neuro-muscular facilitation (PNF) is one of the methods of
physical therapy based on the principles of functional anatomy and human
neurophysiology. The main purpose of the use of PNF is to achieve the highest
possible level of functioning of the patient or athlete.

Basically, all movements performed during the PNF procedure follow a certain
trajectory called "diagonal”. The spiral-diagonal nature of natural movements is due
to the structure of the musculoskeletal system. Most muscles are arranged in a spiral
around the bones, so when contracted, they usually make a spiral motion. The
primary movements of newborns are mainly spiral-diagonal in nature - the reflex of
sucking arms and legs, turning, crawling, and others. With the verticalization of man,
these movements in appearance become more linear, but at their core remain complex
(walking, running, swimming, etc.). The use of "diagonals” of PNF allows in the
most physiological mode to involve functional muscle chains and restore the
"programs" of primary movements, which contributes to a more effective restoration
of motor functions.

This method can be used in the earliest stages of neurorehabilitation, even in
patients with severe neurological disorders. In the presence of paresis and plegia PNF
can be performed on the healthy side in combination with passive movements
diagonally on the side of the lesion.
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In peripheral neurological disorders associated with impaired nerve conduction
or pain, there are certain areas of diagonal movements that are most effective for
restoring the function of a particular peripheral nerve (plexus or spinal cord).

All movements in the diagonals of the PNF is recommended to perform in a
certain sequence: before performing the movements involved in the work of muscles.
which are fixed and passively brought into position with the maximum stretching
thanks to what additional stimulation of muscular receptors that improves process of
"reflex reprogramming” is reached. After that the command on execution of diagonal
movement is carried out and its trajectory is controlled. To consolidate the
correctness of the movements, this sequence is performed a certain number of
repetitions.

The basis of the method was the position of the "proprioceptive nervous
system”. In all muscles, joints, ligaments there are proprioceptors that respond to
stretching or compression. Through certain manipulations, we affect these receptors
and can stimulate, initiate and facilitate the performance of any movement (the whole
body or limb, up to the movements of the eyelids and facial muscles). We can also
adjust the correct direction, strength and volume of movement.

This method allows you to perform movements that the patient for any reason
can not do on their own (which are not part of his spontaneous motility). Due to
stimulation, movement is formed and consolidated at higher levels of the CNS, which
means that new, correct static and dynamic stereotypes appear, and motor activity
increases.

The concept of PNF (proprioceptive neuromuscular facilitation). So
multifaceted, deceptively simple and at the same time infinitely incomprehensible,
just like the man himself ...

And in combination with other concepts and of course the correct selection of
therapeutic exercises, the target movement becomes painless and feasible, which is
the goal of physical therapy.

PNF is a rehabilitation method based on the idea that all people, including
children with cerebral palsy, have untapped motor potential. The key task of this
technique is to help the patient achieve the highest possible level of functioning for
him.

PNF - proprioceptive neuromuscular facilitation. PNF-therapy (P -
proprioceptive, N - neuromuscular, F - facilitation) is an effective restoration of
motor activity after stroke and injury.

PNF-therapy is one of the methods of treatment of movement, which allows to
restore the functional connections between the nervous system, which controls the
motor act and the muscles that directly perform the movement.

The whole method is based on "manual work", ie on the direct contact of the
doctor's hands with the patient's body.

It should be noted that this technique requires the active participation of the
patient in the treatment process: he must be aware of and follow the doctor's
instructions (for children it is usually older than 4 years). Due to the close interaction
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with the patient, the doctor always has the opportunity to adjust the amount of work
and the degree of load and choose the tasks that are most relevant at the moment.

The main provisions of the PNF method

1 Increase in pro-receptive input due to manual contact during exercise
(training effect on level A);

1 Physical therapy in models / patterns of movements (training effect on level
B);

1 Classes on mats, manipulations with visual control, exercises in a unique
environment (training effect on level C);

1 Integration of previous experience of specific exercises with subjects
(training effect on level D).

To activate the movements of physical therapy to ensure functional movements
without injury and recovery of movement, if it is disturbed due to injury, the
following therapeutic effects can be applied, which activate certain levels of
movement control:

- Stretching of the iliopsoas muscle and training the synergy of the anterior
pelvic lift using pnf pattern (level B) (Fig. 5.6);

- Synchronization of synergies of the scapula and pelvis using PNF pattern

- (Level B) (Fig. 2.16);

- Synchronization of scapula and pelvic patterns with torso patterns (with
flexion and extension synergy) (level B) (Fig. 5.8);

- Stabilization of the shoulder joint in combination with Redcord and PNF
therapy

- (C/D level) (Fig. 2.17-2.19).

Fig. 2.16. Stretching of the iliopsoas muscle and training the synergy of the
anterior pelvic lift with PNF pattern (level B) (source: photo by the author —
S.V. Kozin)

Fig. 2.17. Synchronization of synergies of the scapula and pelvis using PNF pattern
(Level B) (source: photo by S.V. Kozin)
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Fig. 2.18. Synchronization of scapula and pelvic patterns with torso patterns

(with flexion and extension synergy) (level B) (source: photo by the author
— \< Kozin)

and PNF therapy (Level C/ D) (source: photo by the author - SV Kozin)

Thus, as a biomechanical technology in climbing was used neuromuscular
training, which used means to prevent injuries of the upper extremities in climbing.
Neuro-muscular training involved the use of exercises specific to climbing. Neuro-
muscular training also involved concentration on the correct performance of the basic
elements of technology in combination with exercises with a closed kinematic chain
and with an educational program. Based on the biomechanical analysis of one-arm
hang techniques in climbing (Kozin, 2019, Kozin et.al., 2020), means were selected
and systematized to prevent injuries of the upper extremities. The means were
physical exercises that are performed independently, as well as with a trainer or
physical therapist.

According to modern authors (Jones, Llewellyn, Johnson, 2015), one of the
most common causes of injuries and diseases of the upper extremities is muscle
imbalance due to the predominance of flexion movements over extension of the
elbow joint in the training process of climbers. In this regard, we have included in the
training process exercises aimed at strengthening the extensor muscles, such as
various push-ups.

In addition, as our research (Kozin, 2019, Kozin et.al., 2020) has shown, the
correct technique of one-arm hang in climbing involves the inclusion of muscles not
only of the upper extremities, but also the muscles of the torso and legs. Improper
one-arm hang technique involves mainly the muscles of the upper limb. Therefore,
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with the right technique of height, the inclusion of the muscles of the torso and legs
creates additional links in the kinematic chain (Kozin, 2019, Kozin et.al., 2020). As a
result, the upper limb has less load than with the wrong technique of one-arm hang.
This ensures the achievement of sports results and prevents injuries. That is why
neuromuscular training involved conscious concentration on the correct technique of
performing high jump on one arm in climbing.

Based on our findings and based on the results of research Augustsson et.al.
(1998), Coppack et al. (2011), we have included in the injury prevention program
exercises performed in a closed kinematic circuit. This is because a closed kinematic
chain involves all the muscles that make up this kinematic chain. The biomechanical
program of neuromuscular training involved conscious concentration on the inclusion
of all the muscles of the closed kinematic chain in the process of performing each
movement.

Also included in the training process exercises for pronation-supination with
the exception of the concentric phase, which are performed in an eccentric mode. The
neuromuscular training program involved conscious concentration on slow pronation-
supination and on the smoothest involvement of muscles in the eccentric mode. In
addition, stretching of flexors, extensors of the hand and fingers, as well as massage
were used.

The educational program of injury prevention included: 1. Knowledge of
dynamic anatomy, 2. Knowledge of the laws of movement control, 3. Understanding
the causes and means of injury prevention. Theoretical classes revealed the basic and
clinically significant concepts of biomechanics, functional anatomy in motion
models. The degrees of freedom of movement of the upper and lower extremities,
torso, neck, pelvis were also considered, the structure of joints and features of
movements in them were analyzed. Each muscle that provides movement to the upper
extremities is then examined in terms of anatomy and the function it performs. At the
end of the characteristics of each muscle, the main pathologies provided by this
muscle are considered. At the next stage, manual and functional methods of physical
therapy to prevent injuries and diseases, as well as to restore function were studied.

The basic program, which trained control and experimental groups, was the
same for both groups. In the intervention group (experimental) athletes performed
additional exercises proposed by us. Exercises were performed at each training
session (3-4 times a week). The intervention program was given 15 minutes. at each
workout. Athletes and coaches recorded in their diaries the fact of using the
intervention program. Based on our biomechanical analysis of climbing techniques in
previous studies [13], [14]. exercises were selected and systematized to prevent
injuries of the upper extremities.

Biomechanical analysis [13], [14] allowed to determine that for injury
prevention it is necessary to form the correct technique of performing the basic
elements in climbing and to determine the tasks for the application of injury
prevention in climbing: 1 - strengthening the muscles involved in proper movement;
2 - formation of functional movement, ie to develop exercises for coordinated work
of the muscles of the torso, upper and lower extremities.
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Based on our findings and based on the results of research [5], [24], we
included in the program of injury prevention exercises performed in a closed
kinematic circuit (Fig. 2). This is because a closed kinematic chain involves all the
muscles that make up this kinematic chain. We used exercises in closed kinematic
circuits, with an emphasis on shoulder retraction to improve muscle coordination.

Examples of exercises in closed kinematic circuits:

1. Push-ups on the rings. Starting position: support with two straight hands on
gymnastic rings, feet rest on toes, spine straight. Flexion and extension of the arms in
focus on the rings. Keep the spine straight, do not take your feet off the floor.
Number of repetitions - 10-20 times depending on the level of preparedness of
students.

2. Pulling up in an emphasis. Starting position: hold the crossbar with your
hands straight with your feet on the floor. The spine is straight. Flexion and extension
of the arms. Keep the spine straight, do not take your feet off the floor. Number of
repetitions - 10-20 times depending on the level of preparedness of students.

3. Climbing on a climbing stand with support on 3 points (2 arms and 1 leg or
2 legs and 1 arm). When climbing, athletes must consciously control the involvement
of muscles not only in the arms, but also in the torso and legs.

Exercises in closed kinematic circuits act on the entire kinematic circuit
completely, more evenly distribute the load on all links of the chain. The program
also involved consciously concentrating on involving all the muscles of the closed
kinematic chain in the process of performing each movement. Autogenic training was
used to improve the ability to concentrate (Kozina, lermakov, Bartik, Yermakova,
Michal, 2018).

We conducted a seminar "Therapeutic biomechanics in climbing" for athletes,
coaches and teachers of climbing in universities 2 weeks before the experiment.
Athletes, coaches and climbing teachers of the universities who agreed to participate
in the study in the intervention group were participants in the seminar. At the
seminar, we provided theoretical information on the causes of injuries in climbing, as
well as information on the correct technique of one-arm hang in climbing. We also
taught the participants of the intervention program exercises in closed kinematic
circuits and exercises that are performed in eccentric mode.
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CHAPTER 3. RESULTS OF APPLICATION OF BIOMECHANICAL
TECHNOLOGY OF INJURY PREVENTION IN THE PROCESS OF
TRAINING SPECIALISTS IN PHYSICAL EDUCATION AND SPORTS

3.1. The state of injuries of students of different sports specializations before the
experiment

It is believed that highly qualified athletes have perfect technique, they have
movements, especially specific to their sport, effective and rational. But in this case,
athletes should not have diseases of the musculoskeletal system. But a statistical
analysis of athletes' appeals for musculoskeletal disorders shows the opposite. Thus,
in just 5 months, 78 athletes, whose sports qualifications are not lower than the
master of sports, applied to the Alefclinic physiotherapy clinic (Table 3.1). All these
appeals were not related to direct injuries, but to diseases of the musculoskeletal
system. This indicates a lack of effective movement techniques, even for highly
qualified athletes in their sport. That is why it is important to consider the issues of
biomechanics and physiology of functional movement, to determine its patterns,
ways of formation and means of recovery in disorders.

Table 3.1
Statistics of applications of athletes for help in "Alefclinic” for the period 01.06.19 -
01.11.19 (n = 78)

Kind of
P e | Footail | Adetics | mmi | Vo' | goxing | climbing
Traumati ng "
bath area
Shoulder 7 0 0 4 ° . -
Knee 4 3 2 0 . ° -
Back 1 4 4 ! 3 : :
Neck 1 0 0 ! 2 - -
Elbow 4 0 0 0 ! - .
Fingers 0 0 0 0 L - :
Thigh 0 1 ! 0 0 ° -

This requires theoretical and experimental research.

That is why we conducted a separate study with the participation of
representatives of a particular sport - climbing

The participants of this study were 84 male students engaged in amateur
climbing in the cities of Ukraine (Kharkiv, Dnipropetrovsk, Lviv, Vinnytsia,
Kamyanets-Podilsky, Kyiv) from 2 to 4 years aged 18-19 years. All athletes were
also students of physical education faculties of Ukrainian universities. All athletes
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gave written consent to participate in the experiment. The health of the athletes was
checked during the first 2 weeks of the study with the help of regular medical
examinations conducted by a doctor. Athletes were also observed for 6 months to
assess baseline injury rates and baseline techniques of one-arm hang.

An independent statistician performed a parallel randomization of athletes into
a control group and an intervention group using a random distribution method using
an online random number generator program. As a result of randomization, 40
athletes were in the experimental group and 44 - in the control.

The groups were compared in terms of body length, body weight, climbing
experience and the number of injuries during the period of 6 months observed before
the experiment. For all these indicators, the groups did not differ significantly from
each other.

The body length of athletes in the control group was 172.5 + 8.5 cm, body
weight - 65.2 £ 6.5 kg; the body length of the athletes of the experimental group was
173.4 £ 8.7 cm, body weight - 66.1 = 6.6 kg (p> 0.05).

Both control and experimental groups consisted of novice athletes (amateurs),
aged 18-19 years, males; body length of athletes of the control group was 172.5 + 8.5
cm, body weight - 65.2 + 6.5 kg; the body length of the athletes of the experimental
group was 173.4 £ 8.7 cm, body weight - 66.1 + 6.6 kg (p> 0.05). The groups trained
according to the generally accepted plan 3-4 times a week, the number of training
hours was the same in both groups. At the beginning and at the end of the
pedagogical experiment, an analysis of the technique of performing the height on one
arm was performed by experts in both groups. The number of injuries of the upper
extremities in both groups was also recorded.

We found that the baseline level of all finger injuries recorded within 6 months
before the start of the experiment was 17 injuries in the control group and 15 in the
experimental group. The number of AEs for 6 months before the experiment was
3300 in the control and 3000 in the experimental groups. Injury rate per 1000 AEs in
the control group was 5.667 (95% Ci, 0.989; 9.243), in the experimental group —
4.545 (95% Ci, 1.267; 7.236), P> 0.05 (Table 2.1).

We found that the baseline level of all elbow injuries recorded within 6 months
before the start of the experiment was 11 injuries in the control group and 15 in the
experimental group. The number of AEs for 6 months before the experiment was
3300 in the control and 3000 in the experimental groups. Injury rate per 1000 AEs in
the control group was 3.333 (95% Ci, 0.96; 6.578), in the experimental group — 4.545
(95% Ci, 0,589; 10.874), P> 0.05 (Table 2.1).

We found that the baseline level of all shoulder injuries recorded within 6
months before the experiment was 9 injuries in the control group and 10 in the
experimental group. The number of AEs for 6 months before the experiment was
3300 in the control and 3000 in the experimental groups. Injury rate per 1000 AES in
the control group was 2.727 (95% Ci, 0.89; 4.564), in the experimental group - 3.333
(95% Ci, 1.567; 5.099), P> 0.05 (Table 2.1).

The number of injuries to fingers, elbows and shoulders of varying
complexity, recorded during the 6 months before the experiment, is
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presented in table 2.1. No significant differences in the injury index in the
control and experimental groups were found (p = 0.385-0.729).

3.2. Biomechanical analysis of the technique of performing the basic elements in
the chosen sport (on the example of climbing) of students - athletes of different
qualifications

Analysis of the technique of one-arm hang in climbing by athletes of different
qualifications showed the presence of two models of techniques for performing this
movement, which differ significantly in basic parameters. Demonstration of these
models of equipment is presented in Fig. 3.1, 3.2. Figure 3.1 shows the first model of
the technique of climbing. It is characterized by minimal muscle tension of the
shoulder, back, a large angle between the shoulder and clavicle and almost vertical
position of the lower spine with curved in the upper part. This type of equipment is
typical for unqualified athletes. In fig. 3.2 shows the second model of the technique
of one-arm hang in climbing. This model is characterized by muscle tension of the
shoulder, back, a large angle between the shoulder and clavicle and a large angle
between the spine and the vertical axis. The first model of equipment is typical for
beginner amateur athletes, the second model of equipment is typical for qualified
athletes.

Fig. 3.1. Videogram of one-arm hang in climbing (bouldering), model 1
(source: photo by SV Kozin)
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Fig. 3.2. Videogram of climbing, model of equipment 2
(source: photo by SV Kozin)

Kinematic analysis of two models of one-arm hang technique in climbing
showed the presence of significant differences (p <0.001) in the magnitude of the
angles between the shoulder and clavicle, between the spine and the vertical axis in
the phase of fixing the height (Table 3.2, Fig. 3.3). Thus, the angle between the
shoulder and clavicle in the first model of technology was 1460 (Fig. 3.3, Table 3.2),
in the second model of technology this angle is 970 (Fig. 3.4, 3.5, Table 3.2). The
angle between the lower spine and the vertical axis was 110 in the first model (Fig.
3.3, Table 3.1), in the second model this angle was 280 (Fig. 3.4, Table 3.2).

Figure 3.5 shows the dynamics of the change of the angle between the shoulder
and the clavicle from the moment of capture of the hook to the phase of fixing the
height. At the moment of capture of a hook the size of an angle between a shoulder
and a clavicle is almost identical for both models of equipment. However, the main
interest is the situation in the phase of fixing the height. In this position there is a
significant difference (p <0.001) the value of the angle between the shoulder and
clavicle for the first and second models. In the second model of the technique, the
angle between the shoulder and the clavicle gradually decreases from the moment of
gripping the hook to the phase of fixing the hook, while in the first model this value
is kept at the same level (Fig. 3.5). These differences are due to the more pronounced
work of the muscles of the torso, legs, shoulder in the second model compared to the
first model (Fig. 3.3-3.5). Since the second model (qualified athletes) is characterized
by pronounced muscle work not only of the upper limb, but also the torso, legs, we
can conclude that the second model requires the development of these muscles, and
cannot be used by low-skilled athletes in connection with insufficient development of
the muscular apparatus. In the first model, the height is carried out mainly due to the
ligament of the joints of the shoulder girdle with minimal muscle involvement, which
is dangerous injury to the ligament of the shoulder joint. In the second model, the
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height also provides the inclusion of muscles, which reduces the load on the ligament
and reduces the likelihood of injury to the ligament of the shoulder joint.

Fig. 3.3. The phase of fixing the height in climbing, model 1
(frame Ne7 videogram in Fig. 3.1):
A - illustration of the frame fixing height; B - biomechanical analysis of the angles
between the shoulder and clavicle, between the lower spine and the vertical axis
(source: photo by the author - SV Kozin

Al

Fig. 3.4. Phase of fixing the height in climbing, model 2
(frame Nel4 videogram in Fig. 3.2):
A - illustration of the frame fixing height; B - biomechanical analysis of the angles
between the shoulder and clavicle, between the lower spine and the vertical axis
(source: photo by the author - SV Kozin)
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Fig. 3.5. The magnitude of the angles between the shoulder and clavicle when one-
arm hang in climbing:

1 - model of equipment 1

2 - model of equipment 2

*** _ differences are significant at p <0,001

(source: author's drawing - SV Kozin)

Table 3.2
Comparative characteristics of the values of the angles between the shoulder and
clavicle and between the spine and the vertical axis in different models of height in
climbing (Model 1, n = 20; Model 2, n = 20)

Model of Statistical indicators
Indexes . -
equipment x S m t p
g:tf/vaer;%'fhe Model 1 146 16 3.58
shoulder and the Model 2 97 9 2.01 11.94  <0.001
clavicle
vertical axis and Model 2 28 5 1.12

the spine

We analyzed both models of climbing technique in terms of the laws of physics
(Fig. 3.6) and the peculiarities of the interaction of forces in closed kinematic circuits
(Fig. 3.7). We have schematically presented the voltage distribution when performing
height in the form of interconnected elements. This "structure” is attached by one link
to the upper support (d), and is in a state of height (Fig. 3.6). Figure 6 (1) shows a
diagram of the first model of the technique of execution of height, Figure 3.6 (2)
shows a diagram of the second model of execution of height. The first model of the
technique of one-arm hang is characterized by minimal involvement of the muscles
of the shoulder girdle, torso, legs, in this regard, the area (b) of the connection links
(a, c) is relatively small. The second model of one-arm hang technique in climbing is
characterized by a larger area (b) of the connection of the links (a, ¢) with each other
due to the inclusion of more muscles of the shoulder girdle, torso, legs.

In terms of the balance of forces acting on the body (McCarthy, & Soh, 2010;
Uicker, Pennock, & Shigley, 2003), these models are the same: in both cases, the
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weight of the body, which is the product of body mass (m) to accelerate free fall (g),
held in the axis by the force of attachment to the support, which is equal to the
reaction force of the support Fp:

mg+F,=0 (D)

where:

m - is body weight,

g - is the acceleration of free fall,

Fp - the force of attachment to the support, equal to the reaction force of the
support

However, if we consider the data of the model from the point of view of the
laws that determine the preservation of the structure that is subject to stretching, then
these models have significant differences. These differences are due to the laws of
mechanics, in particular, the resistance of materials to tension or compression
(Roylance, 2008).

According to the basic law of the strength condition, when the tensile or
compressive deformation in the cross sections of the rod there are normal stresses o.
The longitudinal force N is associated with the normal stress ¢ by the following
dependence (formula 2):

o=7 @

where:

o - is the normal voltage;

N - is the longitudinal force in the cross section of the rod,;
A - is the cross-sectional area of the rod.

According to this formula, the stress that occurs when one-arm hang in
climbing (o) depends on the longitudinal force, ie the body weight (N), and the cross-
sectional area (A), ie the muscles and ligaments of the shoulder girdle, ensuring the
implementation of the height. Body weight (N) is the same in the first and second
models, but the cross-sectional area (A) in the second model is larger. Accordingly,
the voltage (o) is higher in the first model compared to the second, because according
to formula 2:

A1<A;, N1=Ny, oTxe 61> o3

75



No | DA N2 | b A

1 ma 2 ma

Fig. 3.6. Schemes of models of distribution of tension at performance of height
in climbing:

1 - model 1 (incorrect technique);

2 - model 2 (correct technique);

a - the upper part of the chain (arm);

b - connection of the upper and lower parts of the chain;

c is the lower part of the chain (torso);

d - support (climbing stand)

N is the longitudinal force in the cross section of the rod;

A - cross-sectional area of the rod (muscles and ligaments in the connection of

the shoulder and torso)

(source: author's drawing - SV Kozin)

The higher efficiency of model 2 can also be explained in terms of the addition
of forces in a closed kinematic circuit. Kinematic chain (KL) - a series connection of
a series of relatively moving kinematic pairs (arm, leg or whole body of the athlete).
Depending on the connections imposed on the body, there are three main types of
kinematic chain, important for understanding the technique of sports movement.
Open or open kinematic chain (with fixation of one of its ends in positions such as
racks on arms, legs, one-arm hang, as well as the movements of the free limb - swing
arm, leg, etc.). Closed or closed kinematic circuit (position at fixed both ends of the
kinematic circuit, for example - with simultaneous support of arms and legs)
(McCarthy, & Soh, 2010; Uicker, Pennock, & Shigley, 2003). In a closed circuit, or a
closed circuit, isolated movement is not possible, ie movement in a single joint. So,
bending and straightening the legs in the lunge, you can make sure that the movement
in any joint inevitably causes movement in others.

If we consider the set of individual parts of the body when performing height,
then this position can be described as an open kinematic chain. However, in modern
kinesiology (Shinkle, Nesser, Demchak, McMannus, 2012; Hides, Stanton, 2014,
Myer, Ford, Palumbo, Hewett, 2005) under the links of the kinematic chain
understand the bones connected by joints, as well as m attachments to the bones.
These muscles under tension form a single structure and become another link in the
kinematic chain, which makes this chain closed. In fig. 3.7 (1) shows a variant of a
closed kinematic circuit formed in the first model of the technique of performing
height. In this case, only two links of the kinematic circuit (Al and A2) take part in
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the support of the whole structure in the axis. Working muscles determine the forces
F1 and F2, form a connected structure, and form another link in the kinematic chain
A5. As a result, the total force that ensures the execution of the height is equal to the
sum of the forces F1 and F2.

Fo
|\
As =1\
F1
Fs A As LA
3 Az F K As
Fs A Fs A
Fa Fy,
A 1 A 2

Fig. 3.7. Scheme of a closed kinematic circuit in different models of height in
climbing:

1 - model 1 (incorrect technique);

2 - model 2 (correct technique);

Fp - the force of attachment to the support, equal to the reaction force of the
support;

FX - the force that holds the body on the support in the axis;

F1, F2, F3, F4 - forces arising from the tension of individual muscles;

Al, A2, A3, A4, A5 - links of the closed kinematic chain (A5 - the link arising
as a result of tension of mutually transitional muscles, closes a kinematic chain);

Model 1 - closed kinematic chain formed by a small number of links; the force
holding the body in the axis (FX) is due to the force F1 and F2:

FX=F1+F2

Model 2 - closed kinematic chain formed by a large number of links; the force
holding the body in the axis (F5) is due to the force of the links Al, A2 A3, A4:

FX=F1+F2+F3+F4

(source: author's drawing - SV Kozin)

Similarly, the addition of forces in the second model of the technique of one-
arm hang. However, in this case, the number of involved links in the chain is greater.
In this case, in support of the entire structure in the axis involved all the links of the
kinematic circuit (Al and A2). Working muscles cause the action of forces F1, F2,
F3, F4 and form a connected structure, as well as form another link in the kinematic
chain A5. As a result, the total force that ensures the execution of the height is equal
to the sum of the forces F1, F2, F3, F4.

In General, the addition of forces in the presented kinematic circuits can be
represented by the formula (formula 3):

FX =XFi (3)
where:
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FX - the force that keeps the body one-arm hang;
Fi - the force caused by inclusion of separate interconnected links of the closed
kinematic chain;

In the second model, the total force that provides the position of the height is
much greater than this force in the first model. This means that in the second model
in maintaining the position of the height involved not only the muscles of the upper
limb (as in the first model), but also the muscles of the torso, legs, creating additional
links in the kinematic chain. Accordingly, the upper extremity has less load compared
to the first model of technology. This determines the effectiveness of the second
model of equipment and provides a theoretical basis for the formation of the most
effective technique of movement in climbing, which ensures the achievement of
sports results and prevents injuries. However, experimental verification of these
provisions requires further research.

Thus, in this study, the main kinematic parameters of the height in climbing
were identified for different models of equipment, typical for athletes of different
qualifications. These provisions were theoretically substantiated in terms of the laws
of mechanics and the laws of interaction of forces in a closed kinematic circuit, which
are new data. The data of Shinkle, Nesser, Demchak, McMannus, (2012), Hides,
Stanton, (2014), Myer, Ford, Palumbo, Hewett, (2005) on the formation of closed
kinematic chains when involved in the work of interconnected muscles, forming an
additional link in the chain and closing it.

Biomechanical analysis allowed to determine the tasks for the use of means for
the prevention of injuries in climbing: 1 - strengthening the muscles involved in the
movement; 2 - formation of functional movement, ie for coordinated work of the
muscles of the torso, upper and lower extremities.

3.3. The results of expert evaluation and biomechanical analysis of the technique
of performing elements in climbing by students as a result of the application of
biomechanical technology of injury prevention

Prior to the experiment, the average expert assessment of the technique of
performing the technique of climbing in climbing athletes of the control group was
19.05 + 0.78, in the experimental group this value is equal to 19.5 + 0.87 (p> 0.05),
which indicates that that before the experiment, the groups did not differ significantly
in terms of one-arm hang technique. After the experiment, the average value of the
expert assessment of athletes in the control group was 26.8 + 0.83, and in the
experimental - 32.15 £ 1.18 (p <0.05) (Tables 3.3, 3.4, 3.5), which indicates on the
positive effect of the application of means of injury prevention in climbing on the
formation of biomechanically functional technigques of height.
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Table 3.3

The results of expert evaluation and biomechanical analysis of the technique of
climbing in the control group (n = 44) before and after the experiment

. The angle between
Total evaluation of 4 the shm?l der and the Change of expert
experts - assessment
Ne Name clavicle
Before After Before After Absolute %
expertise | expertise. | expertise. | expertise. ly

1 |A-o 17 29 135 98 12 71
2 |T— 16 25 132 97 9 56
3 |JI-s 16 24 147 124 8 50
4 | Kk 24 31 140 123 17 71
5 |- 18 28 146 125 10 56
6 -0 25 32 137 121 7 28
7 |Bn 18 24 131 100 6 33
8 |Ts 14 23 125 96 7 50
9 -B 19 28 142 99 9 47
10 [ 3-8 18 27 141 115 9 50
11 |K-B 17 26 140 128 9 53
12 | M- 21 32 131 102 11 52
13 | H-o 22 30 138 117 8 36
14 | 1I-B 16 22 131 139 6 38
15 [ 3-8 18 21 142 133 3 17
16 |T-B 15 25 148 125 10 67
17 | O-o 19 23 131 135 4 21
18 | K-o0 23 28 135 121 5 22
19 |IT-u 29 31 126 101 2 7
20 | P-B 21 35 141 99 14 67
21 | JI-B 18 21 138 126 3 17
22 | K-8 15 25 141 135 10 67

X 19.05 26.8 13191 127.23 8.14 44.4

S 3.72 3.9 24.71 9.87 3.64 19.4

M 0.79 0.83 5.27 2.10 0.77 4.12

Table 3.4

The results of expert evaluation and biomechanical analysis of climbing techniques in
climbing in the experimental group (n = 40) before and after the experiment

. The angle between Changing the
Total evaluation of 4 the shoSIder and the assess:qme%t of
experts :

Neo Name clavicle experts

Before After Before After Absolute %
expertise. | expertise | expertise. | expertise. ly

1 |B-i 21 39 135 98 18 86
2 | [Id-o 22 38 132 97 16 73
3 [ M-o 16 25 147 124 9 56
4 |II-B 18 26 140 123 8 44
5 | A-o 15 28 146 125 13 87

79



6 |b-o 19 26 137 121 7 37
7 |B-B 23 31 131 100 8 35
8 [I-B 29 37 125 96 8 28
9 |XK=x 17 31 142 99 14 82
10 | 3-8 16 28 141 115 12 75
11 | JI-B 16 30 146 102 14 88
12 | H-i 24 38 134 99 14 58
13 |O-8 18 29 139 114 11 61
14 | K-= 25 32 129 99 7 28
15 | -8 18 28 143 123 10 56
16 |T-o 14 27 148 125 13 93
17 | K-8 19 31 131 98 12 63
18 | M- 18 38 132 97 20 111
19 | T-n 26 41 126 92 15 58
20 |JI-B 16 40 142 92 24 150
X 19.5 32.15 137.18 116,32 12.7 68.45
S 3.9 5.31 6.40 14.55 4.5 29.8
M 0.87 1.18 1.43 3.25 1.0 6.6

The results of biomechanical analysis of the technique of performing height in
climbing on the indicators of the angle between the shoulder and clavicle confirmed
the results of expert evaluation of the technique of height. The correlation coefficient
between the value of the analyzed angle and the value of the expert assessment was -
0.95 (p <0.001) (Table 4.3), which indicates the coincidence of the subjective
assessment of the one-arm hang technique by experts and the objective indicators of
the climbing technique in climbing.

There was a significant decrease in the angle between the shoulder and clavicle
in athletes of the experimental group (p <0.001), while in the control group these
changes are not significant (p> 0.05) (Table 3.5). The groups before the experiment
did not differ significantly in the angle between the shoulder and clavicle (p> 0.05).
After the experiment, a significant difference was found between the control and
experimental groups in terms of the angle between the shoulder and clavicle (Table.
3.5).

Prior to the experiment, the angle between the shoulder and clavicle in athletes
of the control group was 131.91 £+ 24.71, in the experimental group, this value was
equal to 137.18 + 6.40 (p> 0.05), which indicates that before the experiment, the
groups did not differ significantly from each other. After the experiment, the average
value of the angle between the shoulder and clavicle in athletes of the control group
was 127.23 + 9.87, and in experimental athletes - 116.32 £+ 14.55 (p <0.05) (Tables
3.3, 3.4, 3.5), which indicates the positive effect of the application of injury
prevention technology in climbing on the formation of biomechanically functional
techniques of height.

There was also a significant improvement in the results of biomechanical
analysis of climbing technique in athletes of the experimental group as a result of the
experiment: after the experiment in athletes of the experimental group the angle
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between the shoulder and clavicle decreased significantly (p <0.001), while in the
control group not reliable (p> 0.05) (Table 3.5).

Table 3.5
Indicators of the technique of performing the technique of one-arm hang in climbing
by athletes of the control (n = 22) and experimental (n = 20) groups before and after

the experiment

X+S X+S
Performance indicators Group Before the After the t P
experiment experiment
Expert evaluation Cor_1tro| 19.05+3.72 26.8+£3.9 2.01 | <0.01
Experimental 19.5+3.9 32.15£5.31 | 5.54 | <0.001
Statistical indicators of T 0.38 3.69 - -
comparison of control
and experimental P >0.05 <0.01 - -
groups
The magnitude of the Control 131.91424.71 | 127.23+9,87 | 0.82 | >0.05
angle between the Experimental | 137.18+6.40 | 116.32+14.55 | 5.87 | <0.001
shoulder and clavicle
Statistical indicators of T 0.97 2.82 - -
comparison of control
and experimental P >0.05 <0.05 - -
groups
Relationship between
technical expertise and R 0.95 . | <0001
the angle between the
shoulder and clavicle

3.4. The impact of the use of biomechanical technology for injury prevention on
the number of injuries and the risk of injury to students — climbers

Recording the number of injuries of the upper extremities received by amateur
climbers studying in the specialty "Physical Education and Sports" at the initial stage
of training showed that during the year the following number of injuries was
observed:

- among finger injuries:

in the control group: 13 - low complexity, 11 - medium complexity, 9 - high
complexity;

in the experimental group: 5 - low complexity, 3 - medium complexity, 1 - high
complexity;

- among injuries and diseases of the elbow:
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in the control group: 12 - low complexity, 10 - medium complexity, 7 - high
complexity;

in the experimental group: 3 - low complexity, 2 - medium complexity, O - high
complexity;

- among injuries and diseases of the shoulder:

in the control group: 8 - low complexity, 7 - medium complexity, 6 - high
complexity;

in the experimental group: 2 - low complexity, 1 - medium complexity, 0 - high
complexity (Table 4.5-4.7).

The influence of the prior art at the end of the experiment on the number of
injuries by the Cochran and Mantel-Hansel method was also determined (Table 3.6).
The state of the art is below average according to the expert assessment (less than 25
points) in combination with the values of the angle between the shoulder and the
clavicle (more than 1200) was conventionally denoted as 1; the level of equipment
above the average according to expert assessment (more than 25 points) in
combination with the values of the angle between the shoulder and clavicle (less than
1200) was conventionally denoted as 2. It was found high reliability of the level of
ownership of the technique 3.6). Since before the experiment the groups did not differ
significantly in the level of mastery of climbing techniques, it can be noted that at the
end of the experiment, the level of technique significantly affects the number of
injuries.

Tabauysa 3.6
The influence of the prior art on the number of injuries

The name of the S q
processing method 1 Square P
Cochran's 65.070 0.000
Mantel-Haenszel 52.990 0.000

Note: according to the conditional assumption of independence, the Cochran statistic is
asymptotically distributed as a y-square 1 df distribution only if the number of layers is fixed,
whereas the Mantel-Hansel statistic is always asymptotically distributed as a x-square 1 df
distribution; Continuity correction is removed from the Mantel-Hansel statistics when the sum of
the differences between the observed and the expected is 0.

The total number of all registered finger injuries during 1 year of the
experiment was 33 in the control group and 9 in the experimental group. The number
of AEs during 1 year of the experiment was 6600 in the control and 6000 in the
experimental groups. Injury rate per 1000 AEs of all registered finger injuries in the
control group during the 1 year of the experiment was 5.5 (95% Ci, 1.061; 9.267), in
the experimental group - 1.364 (95% Ci, 0.032; 2.375), P <0.001.

The injury rate of mild finger injuries per 1000 AEs during 1 year of the
experiment in the control group was 1.97 (95% Ci, 1.061; 2.303), in the experimental
group - 0.83 (95% Ci, 0.068; 0.978). The incidence rate ratio for cohort (injuries =
no) for mild shoulder injuries was 0.805 (0.643; 1.00) (Table 3.10). We also found
that the Injury rate of moderate finger injuries per 1000 AEs during 1 year of the
experiment in the control group was 1.67 (95% Ci, 0.247; 1.783), in the experimental
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group - 0.50 (95% Ci, 0.088; 1.182). The incidence rate ratio for cohort (injuries =
no) for moderate finger injuries was 0.811 (0.669; 0.982; P = 0.030) (Table 3.10).
Our study also showed that the Injury rate of severe finger injuries per thousand AEs
during 1 year of the experiment in the control group was 1.36 (95% ClI, 0.134; 1.685),
in the experimental group - 0.17 (95% CI, 0.065; 1.225). The incidence rate ratio for
cohort (injuries = no) for severe finger injuries was 0.816 (0.697; 0.955; P = 0.011)
(Table 3.10).

The incidence (risk) of finger injuries of low complexity in the control group is
0.23, in the experimental - 0.10; the chances of getting a finger injury of low
complexity in the control group is 0.419, in the experimental - 0.143. The relative
risk (control group / experimental group) to get a injury of fingers of low complexity
in the control group is higher in 2.364 (95% CI = 0.925-6.041, P> 0,05) times in
comparison with experimental (tab. 3.7, 3.10). Relative risk - the probability of injury
(experimental group / control group) is equal to 0.805 (95% CI = 0.643-1.008, P>
0.05) (Table 3.10). The relative chance of getting a finger injury of low complexity in
the control group is 2.935 times higher (95% CI = 0.940-9.170, P> 0.05) compared
with the experimental (Table 3.7, 3.10).

The incidence (risk) of finger injuries of medium complexity in the control
group is 0.250, in the experimental - 0.075; the chance of getting a finger injury of
medium complexity in the control group is 0.333, in the experimental - 0.081. The
relative risk (control group / experimental group) to get a finger injury of medium
complexity in the control group is higher by 3.333 times (95% CI = 1.001-11.096, P
(Fisher) = 0.030) compared to the experimental. Relative risk - the probability of
injury (experimental group / control group) is equal to 0.811 (95% CI = 0.669-0.982,
P (Fisher) = 0.030) (Table 3.10). The relative chance of getting a finger injury of
medium complexity in the control group is 4,111 times higher (95% CI = 1.055-
16.020, P (x2) = 0.041) compared with the experimental (Table 3.7, 3.10).

The incidence (risk) of finger injuries of high complexity in the control group
is 0.205, in the experimental - 0.025; the chances of getting a finger injury of high
complexity in the control group is equal to 0.257, in the experimental - 0.026. The
relative risk (control group / experimental group) to get a finger injury of high
complexity in the control group is 8,182 times higher (95% CI = 1.084-61.749, P
(Fisher) = 0.011) compared to the experimental. Relative risk - the probability of
injury (experimental group / control group) is 0.816 (95% CI = 0.697-0.955, P
(Fisher) = 0.011). The relative chance of getting a finger injury of high complexity in
the control group is 10,029 times higher (95% CI = 1.209-83.201, P (x2) = 0.016)
compared with the experimental (Table 3.7, 3.10).

Table 3.7
Risk indicators of finger injuries in the control (n = 44) and experimental (n = 40)
groups during the year

Finger injuries
Group \ Low complexity | Medium difficulty \ High complexity
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Incidence Chance Incidence Chance Incidence/Chance
(risk) of Yes | No| (risk) of Yes| No | (risk) of | of

s lof injury - - of injury| AR

injuries injuries injuries | injury
C 13 31| 023 | 0419 | 11 |33| 0.250 | 0.333 | 9 | 35 | 0.205 | 0.257
E 53| 010 | 0143 | 3 |37| 0.075 | 0.081 | 1| 39 | 0.025 | 0.026

*

Yes*No

IRR(CI) _ 3.333 (LOOL; 11.096) | 8.182 (1,084; 61.749)
p 2.364 (0.925; 6.041) P(Fisher)=0.030 P (Fisher)=0.011
OR(CI) _ 4111 (1,055, 16.020) | 10.029 (1.209; 83.201)

. 2935 (0.940; 9.170) hCPooonl oot

Notes: C-control group; E - experimental group; * - Yes - the number of people injured; No - the
number of people who were not injured; IRR (incidence rate ratio) - the ratio of the value of the

risk of injury in the control group to the value of risk in the experimental group; OR (Odds Ratio)
- the ratio of the chances of injury in the control group to the value in the experimental group; CI -
confidence interval (lower limit. Upper limit); and - only reliable values of P are presented; P
(Fisher) - was determined by the exact Fisher test; P (y2) was determined by the Pearson y-square
test

The total number of all registered injuries of the elbows during 1 year of the
experiment was 29 in the control group and 5 - in the experimental. The number of
AEs during 1 year of the experiment was 6600 in the control and 6000 in the
experimental groups. Injury rate per 1000 AEs of all recorded shoulder injuries in the
control group during the 1 year of the experiment was 4.833 (95% Ci, 1.463; 7.984),
in the experimental group - 0.758 (95% Ci, 0.079; 1.892), P <0.001.

The injury rate of mild elbow injuries per 1000 AEs during 1 year of the
experiment in the control group was 1.82 (95% Ci, 1.071; 2.403), in the experimental
group - 0,5 (95% Ci, 0.064; 0.979). The incidence rate ratio for cohort (injuries = no)
for mild elbow injuries was 0.786 (0.643; 0.962) (Table 3.10). We also found that the
Injury rate of moderate elbow injuries per thousand AEs during 1 year of the
experiment in the control group was 1.52 (95% Ci, 0.247; 1.883), in the experimental
group - 0.33 (95% Ci, 0.089; 1.272). The incidence rate ratio for cohort (injuries =
no) for moderate elbow injuries was 0.813 (0.683; 0.968); P = 0.039) (Table 3.10).
Our study also showed that the Injury rate of severe elbow injuries per thousand AES
during 1 year of the experiment in the control group was 1.06 (95% ClI, 0.134; 1.795),
in the experimental group - O (severe injuries in the experimental group did not was
found).

The incidence (risk) of injuries and diseases of the elbow of low complexity in
the control group is equal to 0.273, in the experimental - 0.075; the chances of
injuries and diseases of the elbow of low complexity in the control group is 0.375, in
the experimental - 0.081. The relative risk (control group / experimental group) to get
injuries and diseases of the elbow of low complexity in the control group is 3.636
times higher (95% CI = 1,106-11,959, P (Fisher) = 0.017) compared with the
experimental (Table 3.8, 3.10). Relative risk - the probability of injury (experimental
group / control group) is equal to 0.786 (95% CI = 0.643-0.962, P (Fisher) = 0.017)
(Table 3.10). The relative chance of injuries and diseases of the elbow of low
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complexity in the control group is higher by 4.625 times (95% CI = 1.143-27.324, P
(x2) = 0.028) compared with the experimental (Table 4.6).
The incidence (risk) of injuries and diseases of the elbow of medium complexity in
the control group is 0.227, in the experimental - 0.050; the chances of getting injuries
and diseases of the elbow of medium complexity in the control group is equal to
0.294, in the experimental - 0.053 (Tables 3.8, 3.10). The relative risk (control group
/ experimental group) to get injuries and diseases of the elbow of medium complexity
in the control group is 4.545 times higher (95% CI = 1.059-19.506, P (Fisher) = 0.02)
compared with the experimental (Table 3.8, 3.10), Relative risk - the probability of
injury (experimental group / control group) is equal to 0.813 (95% CI = 0.683-0.968,
P (Fisher) = 0.020) (Table 3.10). The relative chance of getting injuries and diseases
of the elbow of moderate complexity in the control group is 5.588 times higher (95%
Cl =1.143-27.324, P (y2) = 0.028) compared with the experimental (Table 3.8, 3.10).

The incidence (risk) of injuries and diseases of the elbow of high complexity in
the control group is 0.09, in the experimental - 0.05; the chances of getting injuries
and diseases of the elbow of high complexity in the control group is 0.159, in the
experimental group - 0.000 (in the experimental group no injuries or diseases of the
elbow of severe complexity were found (Tables 3.8, 3.10). control group) is equal to
0.841 (95% CI = 0.739-0.956, P (Fisher) = 0.008) (Table 3.10) The relative risk
(control group / experimental group) and the odds ratio were not determined, because
in the experimental group no severe elbow injuries.

Table 3.8

Risk indicators of injuries and diseases of the elbow in the control (n = 44) and

experimental (n = 40) groups during the year

Injuries and diseases of the elbow

Group Low complexity Medium difficulty High complexity
Incidence Chance Incidence Chance Incidence|Chance
Yes*| No* | (risk) of | .. " IYes|No| (risk) of | =.". ““IYes|No| (risk) of | of
s 2 - of injury s o2 of injury A I
injuries injuries injuries | injury
C 12 | 32 | 0.273 | 0.375 (10|34 | 0.227 | 0.294 | 7 (37| 0.159 | 0.189
E 3 |37 | 0075 | 0081 |2 (38| 0.050 | 0.053 |0 40| 0.000 | 0.000
IRR(CTI) 3.636 (1.106; 11.959) 4.545 (1.059; 19.506)
p2 P (Fisher)=0,017 P (Fisher)=0.02
OR(CI) 4.625 (1.198; 17.854) 5.588 (1.143; 27.324) )
p2 P (%)=0.023 P (¥%)=0.028

Notes: C-control group; E - experimental group; * - Yes - the number of people injured; No - the
number of people who were not injured; IRR (incidence rate ratio) - the ratio of the value of the
risk of injury in the control group to the value of risk in the experimental group; OR (Odds Ratio)
- the ratio of the chances of injury in the control group to the value in the experimental group; CI -
confidence interval (lower limit. Upper limit); and - only reliable values of P are presented; P
(Fisher) - was determined by the exact Fisher test; P (¥2) was determined by the Pearson y-square
test
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The total number of all registered shoulder injuries during 1 year of the
experiment was 21 in the control group and 3 in the experimental group. The number
of AEs during 1 year of the experiment was 6600 in the control and 6000 in the
experimental groups. Injury rate per 1000 AEs of all registered shoulder injuries in
the control group during 1 year of the experiment was 3.182 (95% Ci, 1.061; 5.367),
in the experimental group — 0.5 (95% Ci, 0.068; 1.375), P <0.001.

The injury rate of mild shoulder injuries per 1000 AEs during 1 year of the
experiment in the control group was 1.21 (95% Ci, 1.061; 5.303), in the experimental
group - 0.33 (95% Ci, 0.068; 0.968). The incidence rate ratio for cohort (injuries =
no) for mild shoulder injuries was 0.862 (0.737; 1.007) (Table 3.10). We also found
that the Injury rate of moderate shoulder injuries per thousand AEs during 1 year of
the experiment in the control group was 1.06 (95% Ci, 0.347; 1.733), in the
experimental group - 0.17 (95% Ci, 0.098; 1.172). The incidence rate ratio for cohort
(injuries = no) for moderate shoulder injuries was 0.862 (0.751; 0.990; P = 0.039)
(Table 3.9). Our study also showed that the Injury rate of severe shoulder injuries per
1000 AEs during 1 year of the experiment in the control group was 0.91 (95% ClI,
0.124; 1.695), in the experimental group - O, no severe injuries in the experimental
group were detected).

The incidence (risk) of injuries and diseases of the shoulder of low complexity
in the control group is equal to 0.182, in the experimental - 0.050; the chances of
getting injuries and diseases of the shoulder of low complexity in the control group is
equal to 0.222, in the experimental - 0.053 (Tables 3.9, 3.10). The relative risk
(control group / experimental group) of injuries and diseases of the shoulder of low
complexity in the control group is higher by 3,636 times (95% CI = 0.820-16.122, P>
0.05) compared with the experimental. The relative chance of injuries and diseases of
the shoulder of low complexity in the control group is 4.222 times higher (95% CI =
0,840-21.232, P> 0.05) compared with the experimental (Table 3.9, 3.10). Relative
risk - the probability of injury (experimental group / control group) is equal to 0.861
(95% CI =0.737-1.007, P> 0.05) (Table 3.10).

The incidence (risk) of injuries and diseases of the shoulder of medium
complexity in the control group is equal to 0.159, in the experimental - 0.025; the
chances of getting injuries and diseases of the shoulder of medium complexity in the
control group is equal to 0.189, in the experimental - 0.026 (Tables 3.9, 3.10). The
relative risk (control group / experimental group) of injuries and shoulder diseases of
moderate complexity in the control group is 6.364 times higher (95% CI = 1.818-
49.487, P (Fisher) = 0.039) compared to the experimental. Relative risk - the
probability of injury (experimental group / control group) is equal to 0.862 (95% ClI =
0.751-0.990, P (Fisher) = 0.039) (Table 3.10). The relative chance of injuries and
diseases of the shoulder of medium complexity in the control group is 7.378 times
higher (95% CI = 1.865-62.905, P (y2)> 0.05) compared with the experimental
(Table 3.9, 3.10).

The incidence (risk) of injuries and diseases of the shoulder of high complexity
in the control group is 0.09, in the experimental - 0.05; the chances of getting injuries
and diseases of the shoulder of high complexity in the control group is equal to 0.136,
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in the experimental group - 0.000 (in the experimental group no injuries and diseases
of the shoulder of severe complexity were recorded) (Tables 3.9, 3.10). Relative risk -
the probability of injury (experimental group / control group) is equal to 0.864 (95%
Cl =0.768-0.971, P (Fisher) = 0.017) (Table 3.10). The relative risk (control group /
experimental group) and the odds ratio were not determined because no severe
shoulder injury was detected in the experimental group.

Table 3.9
Risk indicators of injuries and diseases of the shoulder in the control (n = 44)
and experimental (n = 40) groups during the year

Injuries and diseases of the shoulder

Group

Low complexity Medium difficulty High complexity
Yes Incidence|Chance Incidence|Chance Incidence|Chance
« |No*| (risk) of | of | Yes | No |(risk)of| of | Yes | No |(risk) of | of
injuries | injury injuries | injury injuries | injury

C 8|3 | 0182 |0222| 7 | 37| 0,159 |0,189| 6 | 38 | 0.136 | 0.158
E 2 38| 0050 |0053| 1 |39| 0025 [{0026| O | 40 | 0.000 | 0.000

RR(CD 3636 (0.820; 16.122) 63&“;;3;*3:?043'3‘287) :
ORP(EI) 4.222 (0.840; 21.232) 737%8&?33;0%%905) -

Notes: C-control group; E - experimental group; * - Yes - the number of people injured; No - the
number of people who were not injured; IRR (incidence rate ratio) - the ratio of the value of the
risk of injury in the control group to the value of risk in the experimental group; OR (Odds Ratio)
- the ratio of the chances of injury in the control group to the value in the experimental group; CI -
confidence interval (lower limit. Upper limit); and - only reliable values of P are presented; P
(Fisher) - was determined by the exact Fisher test; P (¥2) was determined by the Pearson y-square
test

Table 3.10
Comparative characteristics of injuries of the upper extremities in the control
(n = 44) and experimental (n = 40) groups during the year

Intervention

Injury Type Control Group Group

Injury Injur IRR (95% CI) P Value
localizatio

n

Injury |Injurie| AEs, | Injury |Injurie|AEs,

; a y
severity |s, No.| No. | Rate® s, No.| No. Rate?

. a
0.805 (0.643; 1.008)* | g

Fingers Easy 13 | 6600 | 1.97 5 |6000[0.83| 2.364(0.925; 6.041)° 0.067¢
2.935 (0.940; 9.170) ¢ '
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0.811 (0.669; 0.982)
Average | 11 |6600| 1.67 | 3 [6000(0.50 | 3.333 (1.001; 11.096)"
4.111 (1.055; 16.020)
0.816 (0.697; 0.955)°
Heavy | 9 |6600| 1.36 | 1 |6000|0.17| 8.182 (1.084; 61.749)°
10.029 (1.209; 83.201)
0.786 (0.643; 0.962)
Easy | 12 |6600| 1.82 | 3 |6000/0.50| 3.636 (1.106; 11.959)"
4.625 (1.198; 17.854)°
0.813 (0.683; 0.968) ®
Elbows |Average| 10 |6600| 1.52 | 2 |6000/0.33| 4.545 (1.059; 19.506)"
5.588 (1.143; 27.324)°
0.841 (0.739; 0.956) °

0.030¢
0.041°¢

0.011¢
0.016°¢

0.017¢
0.023°

0.02¢
0.028°

0.008¢
0.013°

Heavy 7 16600 | 1.06 0 |6000|0.00

0.861 (0.737; 1.007)2
Easy 8 |6600| 1.21 2 |6000[0.33| 3.636 (0.820; 16.122)°
4.222 (0.840; 21.232)°
0.862 (0.751; 0.990) 2
Shoulders | Average | 7 | 6600 | 1.06 1 [6000[0.17 | 6.364 (1.818; 49.487)°
7.378 (0.865; 6.905)°
0.864 (0.768; 0,971)?

0.061¢
0.092°¢

0.039¢
0.060°

0.017¢
0.027¢

Heavy 6 |6600| 0.91 0 |6000|0.00

Notes:

AEs - athlete * exposure (training sessions, competitions) - number of athletes *
number of influences (training sessions, competitions);

Injury rate indicates the number of injuries per 1000 AEs - Injury rate indicates the
number of injuries per 1000 AEs;

IRR - incidence rate ratio:

alncidence rate ratio for cohort (injuries = no) - Coefficient of injuries for cohort
(injuries = no)

bincidence rate ratio for cohort (injuries = yes) - Injury rate for cohort (injuries = yes)
¢ - OR - Odds Ratio for group (control / intervention) - VS - Odds Ratio for group
(control / intervention)

CI - confidence interval (Lower bound; Upper bound) - (CI) - confidence interval
(flower limit; upper limit);

d - Determined by Fisher's exact test;

e - Determined by Pearson Chi-Square test

Our study showed that the use of exercises in a closed kinematic circuit and
exercises in the eccentric mode reduces the Incidence rate ratio of the shoulders in
students - climbers of amateur level. The incidence rate ratio is reduced for mild,
moderate and severe shoulder injuries, but a significant reduction was found for
moderate and severe injuries. Severe elbow and shoulder injuries in the experimental
group were not detected during the experiment.
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Thus, it can be noted that the use of the developed technology of injury
prevention reduces the risk of finger injuries: low complexity in 2.364 (95% CI =
0.925-6,041, P> 0.05) times; medium complexity — 3.333 times (95% CI = 1.001-
11.096, P (Fisher) = 0.030); high complexity — 8.182 times (95% CI = 1.084-61.749,
P (Fisher) = 0.011). The use of the developed technology of injury prevention reduces
the risk of injuries and diseases of the elbow: low complexity by 3.64 times; medium
complexity — 4.545 times (95% CI = 1.059-19.506, P (Fisher) = 0.02); high
complexity was not determined, because in the experimental group was not found any
injury to the elbow of high complexity. The use of the developed technology of injury
prevention reduces the risk of injuries and diseases of the shoulder: low complexity —
3.636 times (95% CI = 1.106-11.959, P (Fisher) = 0.017); medium complexity -
6.364 times (95% CI = 1.818-49.487, P (Fisher) = 0.039); high complexity - was not
determined, because in the experimental group was not found any shoulder injury of
severe complexity.

A significant effect of the technique of one-arm hang in climbing on the number
of injuries of the upper extremities was revealed. Since at the end of the experiment
in the experimental group the level of climbing technique was significantly higher
than in the control, it can be noted that the applied technology of injury prevention
has a significant effect on reducing the number of injuries and the level of technical
skill of athletes.

3.5. Analysis and discussion of research results

The hypothesis put forward in this study on the presence of significant
differences in the technique of performing high jump by novice athletes and qualified
athletes, was fully confirmed. In this study, there are new data on the kinematic
parameters of various models of climbing techniques in climbing. Proper technique
implies the most efficient execution of the movement, ie movement in which there is
an optimal combination of effort and effect (Adrian, & Cooper, 1995; Arend, &
Higgins, 1976; Harriett, 1999). Therefore, the question arises as to how justified the
muscle tension in the second model of the technique of one-arm hang. On the one
hand, athletes come to this model empirically. However, the effectiveness of this
model now, although it has shown the effectiveness of the application, is not justified
in terms of the laws of biomechanics and kinesiology. To understand the ways to
improve the technique of movement in climbing, it is necessary to substantiate the
basic principles of movement. One of the most common movements in rock climbing
is one-arm hang (White, & Olsen, 2010). Therefore, substantiation of the correctness
of this movement is of great importance for the technique of climbing in general, as
well as for other sports, in the technique of which there are similar patterns.

As far as we know, this is one of the first randomized studies to prevent
shoulder injuries in climbing. The hypothesis about the effectiveness of
neuromuscular training, in particular - exercises in a closed kinematic circuit,
eccentric and strength exercises for the prevention of injuries in climbing has been
confirmed. We obtained a significant reduction in the Injury rate for Incidence rate
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ratio and Odds Ratio for moderate shoulder injuries and for Incidence rate ratio for
severe injuries. It should be noted that no severe shoulder injuries were detected in
the intervention group.

Data on the effectiveness of neuromuscular training for the prevention of
injuries in exercise and sports (Copack et al., 2011; LaBella et al., 2011; Pasanen et
al., 2008; Parkkari et al., 2011) ; Steffen et al., 2013). In addition, these data were
supplemented by the spread of the idea of neuromuscular training in the field of sport,
in which before our work was not conducted randomized trials on injury prevention
programs - climbing.

Provisions for the effectiveness of closed-loop kinematic exercises for injury
prevention were based on literature data (Copack et al., 2011) and on the results of
our previous studies (Kozin, 2019; Kozina et.al., 2020). A closed kinematic chain
involves the inclusion of all the muscles that form this kinematic chain.

Copack et al. (2011) also recommend closed-loop kinematic exercises for the
quadriceps muscle and gluteal eccentric, as well as static stretching of the quadriceps
muscle, patellar tendon, calf muscle, and iliac-tibial ligament. The ratio of the
chances of injury without the use and with the use of this program is 0.26 (0.13-0.53).

Our program is based on the position formulated in our previous work (Kozin
et.al., 2020). In skilled climbers, the total force that provides the position of
suspension is much greater than this force in unqualified athletes. This is due to the
fact that in skilled athletes not only the muscles of the upper limb (as in unskilled
athletes), but also the muscles of the torso and legs are involved in maintaining the
position of the suspension on one arm when climbing, creating another link in
kinematic chain. Accordingly, the upper limb has less load compared to the technique
of unqualified athletes. This provided a theoretical basis for the formation of the most
effective climbing techniques that ensure the achievement of sports results and
prevent injuries. Therefore, to include in the action of not only the muscles of the
arms, but also the muscles of the legs and torso, it is advisable to use exercises in a
closed kinematic circuit.

Exercises in a closed kinematic chain promote the inclusion of all the muscles
that form this kinematic chain. This forms the skill of using not only the muscles of
the arms, but also the muscles of the torso and legs when performing one-arm hang in
climbing. Exercises performed in an eccentric mode, promote the smooth inclusion of
muscles - antagonists. This helps to strengthen them during movements aimed at
maintaining body position when performing interceptions during climbing.
Therefore, we can conclude that the combination of these exercises with each other
and with strength exercises has a theoretical basis, and in our study was confirmed
experimentally.

A feature of our climbing injury prevention program is also that the program
includes exercises specific to climbing. In the analyzed literature on injury prevention
in various sports, all the proposed programs included exercises of a general nature to
strengthen the muscles of the cortex, the development of balance, strengthening the
muscles of the legs. In our study, we used exercises to prevent injuries specific to
climbing. It should be noted that the evidence for the effectiveness of exercises
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specific to climbing, including - exercises in a closed kinematic circuit, eccentric and
strength exercises, are relatively new data.

Our study confirmed the theory of MO Bernshtein (Bernshtein, 1967), from
which it follows that the basis of injury prevention is the effective organization of
motor control by the central nervous system. The results of research allowed NA
Bernstein (Bernstein, 1967) to look at the theory of reflexes from another point of
view.

ON. Bernstein (Bernstein, N.A., 1967) introduced the concept of "model of the
desired future", considering it as a form of reflection of the living organism of the
world. The second form is a reflection of the past and present. Along with this, the
brain "reflects" (constructs) the situation of the future, has not yet become a reality,
which provided its biological needs motivate to realize. Only awareness of the image
of the desired future can serve as a basis for the design of the task and programming
its solution. The model of the future is probabilistic. From this point of view, our
work confirmed Bernshtein's theory (Bernshtein, 1967) about the probability of a
model of the future with respect to the fact that injury has a certain probability and
cannot be programmed.

ON. Bernstein (Bernstein, N.A., 1967) proposed a completely new principle of
motion control, calling it the principle of sensory correction. This refers to the
corrections made to motor impulses based on sensory information about the course of
movement. The result of any complex movement depends not only on the actual
control signals, but also on a number of additional factors. A common feature of
these factors is to make changes in the planned course of movement. The movement,
even the most elementary, is always built "here and now", and does not follow
automatically (each time the same) following the stimulus that caused it (Thompson,
RN, Hanratty, B., & Corry, IS, 2011); Scho ffl, VR, Ho ff mann, G., & Kiipper, T.,
2013).

From this point of view, our work confirmed Bernshtein's theory (Bernshtein,
1967) with the provisions on the need to use neuromuscular training to prevent
injuries to improve the mechanism of sensory correction.

The ultimate goal of the movement can be achieved only if it is constantly
amended (corrected). The CNS must know what the real share of the current
movement is, ie it must continuously receive afferent signals containing information
about the real course of movement, and then process them into correction signals.

Barnshtein (Bernshtein, 1967) identified the main factors influencing the
course of movement:

1. Reactive forces - involuntary reactions that occur in the systems of muscles,
tendons, bones, etc. (Lion, A., van der Zwaard, BC, Remillieux, PP, & Buatois, S.,
2015; Robertson, N., 2012; Schoé VR, VR, Ho ff mann, G., & Kiipper, T., 2013). If
you wave your hand hard, other parts of the body will develop reactive forces that
will change their position and tone. For example, if a child climbs on the sofa and
starts throwing the ball out of it, then, throwing the ball, she can fly off the couch.

2. Inertial forces - if you raise your hand sharply, it will take off only due to
those motor impulses that are sent to the muscle, but at some point will move by
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inertia (ie longer than necessary) (Stelzle, FD, Gaulrapp , H., & Pforringer, W.,
2000).

3. External forces (external resistance) are obstacles that may stand in the way
of the running program. If the movement is directed at an object, it necessarily meets
its resistance, which is not always predictable (Volker Schoffl, Christoph Lutter,
Kaikanani Woollings & Isabelle Schoftl, 2018).

4. The initial state of the muscle - (this is the position of the arm, the degree
of muscle contraction, etc.). The state changes along the movement with a change
in its length, as well as as a result of its fatigue, etc. Therefore, one and the same
control impulse, coming to the muscle, can give a completely different motor effect
(Gareth Jones, MSc and Mark I. Johnson, 2016; Wright, DM, Royle, TJ, & Marshall, T.,
2001; Wright, DM, Royle, TJ, & Marshall, T., 2001).

From this point of view, our work confirmed Bernshtein's theory (Bernshtein,
1967) with the provisions on the need to use exercises in eccentric mode in
combination with exercises to strengthen muscles to prevent injuries to improve the
factors influencing movements, namely: the initial state of m muscles, because
strengthening the muscles improves their initial condition; to interact with reactive
and inertial forces, as the use of exercises in the eccentric mode promotes the
sequential activation of the muscles and does not allow the muscles to remain
without control of the brain when switching from one movement to another.

The action of all these factors necessitates the continuous accounting of
information about the state of the musculoskeletal system and the direct course of
movement. This information is called "feedback signals". Motion feedback signals
are often parallel, ie come simultaneously through several channels. For example,
when a person walks, he feels his steps with the help of muscular feeling and can
see and hear them at the same time (Bernstein, NA, 1967; Woollings, KY, McKay, CD,
Kang, J., Meeuwisse, WH, & Emery, CA, 2015; Thompson, RN, Hanratty, B., & Corry,
IS, 2011).

Since NA Bernstein - the creator of the theory of levels of construction of
movements (Bernstein, NA, 1967; Woollings, KY, McKay, CD, Kang, J., Meeuwisse,
WH, & Emery, CA, 2015; Thompson, RN, Hanratty, B., & Corry, IS, 2011), consider
the main points confirmed by our study in the theory of level construction of motion
control, separately. They found that depending on what information is carried by
feedback signals, afferent signals come to different sensitive centers of the brain
and, accordingly, switch to motor pathways at different levels.

The level should be understood as morphological "layers" in the CNS. Thus,
the levels of the spinal cord and medulla oblongata, the level of the subcortical
centers, the levels of the cortex were identified (Bernstein, N.A., 1967).

Each level has specific, uniqgue motor manifestations, implements its own class
of movements.

Basic ideas
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1. In the organization of a particular movement usually involves several levels:
the one on which the movement is built and all that is below. In a sense, this is
similar to a military operation: its overall course and tasks are determined at one
level of command, in the implementation of the operation usually involves this level
and lower, ending with performers (soldiers) (Bernstein, NA, 1967; Woollings, KY,
McKay, CD, Kang, J., Meeuwisse, WH, & Emery, CA, 2015; Thompson, RN, Hanratty,
B., & Corry, IS, 2011).

2. The same movement can be built on different leading levels (initiated by
different levels), with different quality of execution, but still the same. Running, for
example, can be built at the level of C, D or E. In the first case, the features of
running are almost not controlled by consciousness, it reflects a simple "run™ or "run
there". In the second and third cases, the control of consciousness over the process of
running is much higher: specific features of running are controlled, communication
with some objects (such as a soccer ball) or even the use of running not to move in
space, but for some complex tasks (eg coach can to depict another man running; in
the end, you can even run the Morse code if you really want to run (Bernstein, NA,
1967; Woollings, KY, McKay, CD, Kang, J., Meeuwisse, WH, & Emery , CA, 2015;
Thompson, RN, Hanratty, B., & Corry, 1S, 2011).

3. Levels of movement construction have a "permanent place of registration™ in
separate "layers" of the central nervous system in which levels of a spinal cord,
oblong, subcortical centers, bark are allocated. Each level is associated with specific,
phylogenetically complex motor manifestations, each level corresponds to its class of
movements (Fig. 3.8).
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Fig. 3.8. Levels of organization of movements according to NA Bernstein (Bernstein,
N.A., 1967)

Level A - level of tone (rubro-spinal level of the CNS)
Level A functions:
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1 Controls an important aspect of any movement - muscle tone;

1 Controls reciprocal inhibition (intermuscular coordination);

"1 Participates with other levels in the organization of any movement.

Based on the listed provisions of the level A function, it can be noted that this
is almost the basic level for ensuring movements without injuries, as muscle tone and
intermuscular coordination are one of the main conditions for injury prevention.
Neuromuscular training primarily affects the level of A. and this is a confirmation of
Bernshtein's theory (Bernshtein, 1967). BinactuBocti pyxiB Ha piBHi A:

* Posture;

* Spontaneous shaking / knocking of teeth;

* Posture correction in flight.

At this level, mainly receive signals of muscle proprioceptors, which report the
degree of muscle tension and signals from the body of balance

In case of violations / reduction of functionality:

0 Deteriorating self / limb perception in space;

o Deteriorating agonistic-antagonistic muscle interactions;

o Impossibility to create a good background base for building traffic at higher
levels

Based on the above provisions of the level A function, it can be noted that this
is almost the basic level for ensuring injury-free movements, as self-perception and
limbs in space and agonistic-antagonistic muscle interactions are one of the main
conditions for injury prevention. Neuromuscular training primarily affects these
aspects of the level of A. and this is a confirmation of Bernshtein's theory
(Bernshtein, 1967).

Recovery / training:

o Exercises for balance and on unstable grounds;

o0 Increased cutaneous and musculoskeletal propricept input.

These exercises were provided by our biomechanical technology of injury
prevention.

Level B is the level of synergy

(Thalamo-pallidar level of the CNS)

Functions:

1 Provides great muscle synergies;

1 Ability to move harmoniously and coherently, ensuring optimal alternation
of muscle contraction;

1 Creation of models / patterns of movement;

1 Great participation in the organization of movements at higher levels.

Own movements:

Only movements without external space are possible

* Facial expressions;

1 Sip.

At this level, mainly signals from the muscle, joint, ligaments, skin
proprioceptors.

In case of violations / reduction of functionality:
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o0 Selection of suboptimal synergies;

o Creation of pathological models / patterns;

0 The emergence of excessive or unnecessary synergies, ""pre-movements";

o Pathological hypofunction is manifested by parkinsonism.

Recovery / training:

0 Physical therapy in models / patterns of movements;

0 Exercises in closed kinematic circuits;

o Increased attention and awareness on the body during exercise.

Based on the listed provisions of the level B function, it can be noted that this
is also almost the basic level for ensuring movements without injuries, as synergies in
the work of muscles are one of the main conditions for injury prevention.
Neuromuscular training, in particular exercises in closed kinematic circuits, affects
level B in the first place, and this is a confirmation of Bernshtein's theory
(Bernshtein, 1967).

Level C is the level of the spatial field

(Pyramidal-striatal level of the CNS)

"Level C corrections monitor how the movement fits into a foreign body space.
He is not particularly worried about how the biomechanical side of the movement
will take shape” (Bernstein, 1947)

Level C functions:

(] Target accuracy;

1 Beginning and end of movement.

Strength, accuracy and volume of movement:

* Target movements in space;

* Running, walking, jumping, climbing, goalkeeping and many others;

* This level receives signals from the centers of sight, hearing, touch, ie
information about outer space.

In case of violations / reduction of functionality:

0 Ataxia (loss of the target nature of the movement);

0 Decreased functionality associated with problems of information input
(vision, hearing), which is manifested, for example, difficulties or inability to
perceive several objects.

Recovery / training:

o0 Biological feedback method (BOF);

0 Exercises in a changing environment.

From this point of view, our work confirmed Bernshtein's theory (Bernshtein,
1967) with the provisions on the need to use neuromuscular training, because non-
muscular training is aimed at understanding the details of movements in space.
Awareness of the details of each movement in space reduces the likelihood of injury.

Level D - the level of objective action

(Cortical level of the CNS)

"The movements will agree with the logic of the subject. In all cases, the
specific movements will be different, but the end result is the same "(NA Bernstein,
1947)
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Functions:

1 Provides the implementation of chains of successive movements with
objects that together solve a particular motor task.

Motion properties:

* Manipulation of objects;

* Ruiu juggler, swordsman, possession of the ball;

* All household movements.

Level E - the level of intellectual and motor acts, primarily speech movements,
written movements, movements of symbolic language (gestures of the deaf and
dumb) (Bernstein, NA, 1967; Woollings, KY, McKay, CD, Kang, J., Meeuwisse,
WH, & Emery, CA, 2015; Thompson, RN, Hanratty, B., & Corry, 1S, 2011). The
anatomical substrate of movements of this level is not very clear, but MO Bernshtein
(Bernshtein, 1967) emphasized the involvement of the frontal lobes of the cerebral
cortex.

From this point of view, our work confirmed Bernshtein's theory (Bernshtein,
1967) with the provisions on the need to use information and analytical directions of
our developed biomechanical technology to improve the work of consciousness in the
assimilation of movement techniques and injury prevention.

Thus, based on the above, we can say that the scientific novelty of our work
lies in the following provisions:

The paper confirms the data on the need for the formation of biomechanically
sound movement techniques for the prevention of injuries in sports, the theory of
movement control on the need for the formation of rational techniques for injury
prevention (Bernshtein, 1967).

The paper expands and supplements the data (Copack et al., 2011; LaBella et
al., 2011; Pasanen et al., 2008; Parkkari et al., 2011; Steffen et al., 2013) on the use of
neuromuscular training for injury prevention in various sports, in particular - in
climbing.

Conclusions to the third section
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Biomechanical analysis allowed to determine the tasks for the use of means
for the prevention of injuries in climbing: 1 - strengthening the muscles involved in
the movement; 2 - formation of functional movement, ie for coordinated work of the
muscles of the torso, upper and lower extremities.

On the basis of biomechanical analysis of the technique of one-arm hang in
climbing, means were selected and systematized to prevent injuries of the upper
extremities. The tools were physical exercises performed independently and with a
physical therapist. All means were conditionally divided into two groups: means of
sport (climbing) and means specific to physical therapy (scheme 4.1).

Exercises in sports were presented by the following groups:

1. Exercises aimed at improving the work of the fingers when performing a grip in
climbing, taking into account the fact that in climbing there are different types of
grips;

2. Exercises for the prevention of injuries and diseases of the elbow, in particular,
exercises for the prevention and treatment of epicondylitis;

3. Exercises for the prevention of injuries and diseases of the shoulder, in particular,
exercises to strengthen the muscles of the rotating cuff of the shoulder.

Exercises specific to physical therapy were aimed at the formation of
functional movements and were represented by the following groups:

1. Feldenkrais method,;
2. Redcord therapy;
3. PNF therapy.

After the experiment, there was a significant increase in the expert
assessment of the performance of height on one arm in athletes of the experimental
group (p <0.05), which indicates a positive effect of the application of means of
injury prevention in climbing on the formation of biomechanically functional
technique of height.

Recording the number of injuries of the upper extremities received by
amateur climbers studying in the specialty "Physical Education and Sports" at the
initial stage of training showed that during the year the following number of injuries
was observed: among finger injuries: in the control group: 13 - low complexity, 11 -
medium complexity, 9 - high complexity; in the experimental group: 5 - low
complexity, 3 - medium complexity, 1 - high complexity; among injuries and
diseases of the elbow: in the control group: 12 - low complexity, 10 - medium
complexity, 7 - high complexity; in the experimental group: 3 - low complexity, 2 -
medium complexity, 0 - high complexity; among injuries and diseases of the
shoulder: in the control group: 8 - low complexity, 7 - medium complexity, 6 - high
complexity; in the experimental group: 2 - low complexity, 1 - medium complexity, O
- high complexity.

It is established that the application of the developed technology of injury
prevention reduces the risk of finger injuries: low complexity in 2.364 (95% CI =
0.925-6.041, P> 0.05) times; medium complexity — 3.333 times (95% CI = 1.001-
11.096, P (Fisher) = 0.030); high complexity — 8.182 times (95% CI = 1.084-61.749,
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P (Fisher) =.,011). The use of the developed technology of injury prevention reduces
the risk of injuries and diseases of the elbow: low complexity by 3.64 times; medium
complexity — 4.545 times (95% Cl = 1.059-19.506, P (Fisher) = 0.02); high
complexity was not determined, because in the experimental group was not found any
injury to the elbow of high complexity. The use of the developed technology of injury
prevention reduces the risk of injuries and diseases of the shoulder: low complexity —
3.636 times (95% CI = 1.106-11.959, P (Fisher) = 0.017); medium complexity —
6.364 times (95% CI = 1.818-49.487, P (Fisher) = 0.039); high complexity - was not
determined, because in the experimental group was not found any shoulder injury of
severe complexity.
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CONCLUSIONS

. Scientific works on the topic of student injuries can be divided into 2 groups: 1 -
articles on sports injuries of students in general (the largest number of articles); 2 -
articles on sports injuries of students studying in the program "Physical Education
and Sports”. The most traumatic and researched sports in terms of injuries are
team sports with the ball and wrestling. Among the most effective programs for
the prevention of injuries of students in sports, as well as students enrolled in the
program "Physical Education and Sports", there is a program of neuro-muscular
training. A promising area will be the analysis of injuries among climbing
students and the development of injury prevention programs. The main cause of
injuries are biomechanically suboptimal movements, and the basis of injury
prevention in everyday life, in sports in general and in climbing in particular is the
formation of functional movement - ie the most biomechanically rational
movement, economical in terms of energy consumption and in terms of
movement, with the necessary activation of traffic control levels.

. The main features of movement technique (on the example of climbing), which
affect the level of injuries of students, are determined. An algorithm for
identifying the main kinematic parameters of different models of equipment,
typical for students with different levels of mastery of sports movements.

. The main kinematic parameters of height in climbing for different models of
equipment, typical for athletes of different qualifications, are revealed. For
unskilled athletes is characterized by a type of technique with minimal muscle
tension of the shoulder, back, a large angle between the shoulder and clavicle and
almost vertical position of the lower spine. Qualified athletes are characterized by
a type of technique with tension in the muscles of the shoulder, back, a small
angle between the shoulder and clavicle and a large angle between the spine and
the vertical axis.

. The presence of significant differences (p <0.001) in the magnitude of the angles
between the shoulder and clavicle, between the spine and the vertical axis in the
phase of fixation of the height. Thus, the angle between the shoulder and clavicle
in the first model was 1460, in the second model this angle is 970. The angle
between the lower spine and the vertical axis was 110 in the first model, in the
second model this angle was 280.

. The dynamics of change of an angle between a shoulder and a clavicle from the
moment of capture of a hook to a phase of fixing of height is shown. At the
moment of capture of a hook the size of an angle between a shoulder and a
collarbone is practically identical for both models of equipment. In the second
model of the technique, the angle between the shoulder and the clavicle is
gradually reduced from the moment of capture of the hook to the phase of fixing
the hook, while in the first model, this value is kept at the same level.

. It is shown that in the first model the height is carried out mainly due to the
ligament of the shoulder girdle joints with minimal muscle involvement, which is
dangerous to injure the ligament of the shoulder joint. In the second model, the
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height also provides the inclusion of muscles, which reduces the load on the
ligaments and reduces the likelihood of injury to the ligaments of the shoulder
joint. Theoretical substantiation of the correct technique of height in climbing
from the point of view of the laws of mechanics and laws of interaction of forces
in a kinematic chain is given.

7. Developed biomechanical technology for injury prevention in the training of
specialists in physical education and sports, which contains 3 areas: 1 - theoretical
and methodological (creating a basis for students to understand the mechanisms of
movement without risk of injury, students' concept of biomechanically rational
movements in general); 2 - analytical (providing students with knowledge about
modern means of self-analysis of the level of technical skills); 3 - practical
(students' mastery of practical means of injury prevention, ie, exercises that will
promote the formation of biomechanically rational movements in any sport, and
thus prevent injury).

8. The tasks for the use of means for the prevention of injuries are defined: 1 -
strengthening of the muscles involved in the movement; 2 - formation of
functional movement, ie for coordinated work of the muscles of the torso, upper
and lower extremities.

9. Selected and systematized means for the prevention of injuries of the upper
extremities on the basis of biomechanical analysis of the technique of climbing.
Means are physical exercises that are performed independently and with a
physical therapist. All means were conditionally divided into two groups: means
for sports (climbing) and means specific for physical therapy. Exercises in sports
are represented by the following groups: exercises aimed at improving the work of
the fingers when performing a grip in climbing, taking into account the fact that in
climbing there are different types of grips; exercises for the prevention of injuries
and diseases of the elbow, in particular, exercises for the prevention and treatment
of epicondylitis; exercises for the prevention of injuries and diseases of the
shoulder, in particular, exercises to strengthen the muscles of the rotating cuff of
the shoulder. Exercises specific to physical therapy were aimed at the formation of
functional movements and were represented by the following groups: Feldenkrais
method; Redcord therapy; PNF therapy.

10. It is determined that the application of the developed technology of injury
prevention has a positive effect on the level of technical skill of athletes in terms
of expert assessment of height and biomechanical analysis of the angle between
the shoulder and collarbone in athletes of control and experimental groups. If
before the experiment the groups did not differ significantly in terms of one-arm
hang technique, then after the experiment the average value of the expert
assessment of athletes in the control group was 26.8 = (.83, and in the
experimental - 32.15 + 1.18 (p < 0.05), which indicates the positive effect of the
use of means of injury prevention in climbing on the formation of
biomechanically functional techniques of height. In the experimental group there
was also a significant improvement in the expert assessment of the technique of
height (p <0,001), in the control group these changes are significant at p <0,01 Th
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11.

12.

13.

results of biomechanical analysis of the technique of height in rock climbing The
correlation coefficient between the value of the analyzed angle and the value of
the expert assessment was -0.95 (p <0.001), which indicates the coincidence of the
subjective assessment of the one-arm hang technique by experts and the objective
indicators of the one-arm hang technique in climbing.

There was a significant decrease in the angle between the shoulder and clavicle in
athletes of the experimental group (p <0,001), while in the control group these
changes are not significant (p> 0,05). The groups before the experiment did not
differ significantly in the angle between the shoulder and clavicle (p> 0.05). After
the experiment, a significant difference was found between the control and
experimental groups in terms of the angle between the shoulder and clavicle (p
<0.05). There was also a significant improvement in the results of biomechanical
analysis of climbing technique in athletes of the experimental group as a result of
the experiment: after the experiment in athletes of the experimental group the
angle between the shoulder and clavicle decreased significantly (p <0,001), while
in the control group not reliable (p> 0.05).

Recording the number of injuries of the upper extremities received by amateur
climbers studying in the specialty "Physical Education and Sports" at the initial
stage of training showed that during the year the following number of injuries
was observed: among finger injuries: in the control group: 13 - low complexity,
11 - medium complexity, 9 - high complexity; in the experimental group: 5 - low
complexity, 3 - medium complexity, 1 - high complexity; among injuries and
diseases of the elbow: in the control group: 12 - low complexity, 10 - medium
complexity, 7 - high complexity; in the experimental group: 3 - low complexity, 2
- medium complexity, 0 - high complexity; among injuries and diseases of the
shoulder: in the control group: 8 - low complexity, 7 - medium complexity, 6 -
high complexity; in the experimental group: 2 - low complexity, 1 - medium
complexity, 0 - high complexity.

It is established that the application of the developed technology of injury
prevention reduces the risk of finger injuries: low complexity in 2.364 (95% CI =
0.925-6.041, P> 0,05) times; medium complexity — 3.333 times (95% CI = 1.001-
11.096, P (Fisher) = 0.030); high complexity — 8.182 times (95% CI = 1.084-
61.749, P (Fisher) = 0.011). The use of the developed technology of injury
prevention reduces the risk of injuries and diseases of the elbow: low complexity
by 3.64 times; medium complexity — 4.545 times (95% CI = 1.059-19.506, P
(Fisher) = 0.02); high complexity was not determined, because in the
experimental group was not found any injury to the elbow of high complexity.
The use of the developed technology of injury prevention reduces the risk of
injuries and diseases of the shoulder: low complexity — 3.636 times (95% CI =
1.106-11.959, P (Fisher) = 0.017); medium complexity — 6.364 times (95% CI =
1.818-49.487, P (Fisher) = 0.039); high complexity - was not determined, because
in the experimental group was not found any shoulder injury of severe
complexity. The applied technology of injury prevention significantly influences
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both the reduction of the number of injuries and the level of technical skill of
athletes.
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Topic: "Brain structures and connections. Practical
applications in medicine, rehabilitation, physical therapy,
sports, pedagogy."

from 19 June to 12 September 2019
number of hours: 186

Signature

Utrecht, 2019

gs;} University Medical Center Utre
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Imaging Division
UMC Utrecht

Dr. Drh.c. A. Leemans, Associate
Professor

PROVIDI Lab

Image sciences Institute

UMC Utrecht

Phone + 3188 75 57772
AlLeemans@umcutrecht.nl

Visiting address:
Heidelberglaan 100
3584 CX, Utrecht
The Netherlands

Correspondence:
Q.02.4.45

P.O. Box 85500
3508 GA, Utrecht
The Netherlands

www.umcutrecht.nl



UMC Utrecht

Our reference 123/528
Date 12.09.2019
Regarding

PROGRAM

of scientific internship (online course) in University Medical
Center Utrecht

Serhii Kozin

Topic: "Brain structures and connections. Practical
application in medicine, rehabilitation, physical
therapy, sports, pedagogy"”

the period: from 19 June to 12 September 2019
common number of hours: 186

Internship is carried out in the system of international scientific
project of Europe-South America: "Brain structures and
connections. Practical application in medicine, rehabilitation,
physical therapy, sports, pedagogy"

Signature

Utrecht, 2019
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Imaging Division
UMC Utrecht

Dr. Drh.c. A Leemans, Associate
Professor

PROVIDI Lab

Image sciences Institute

UMC Utrecht

Phone + 3188 75 57772
AlLeemans@umcutrecht.nl

Visiting address:
Heidelberglaan 100
3584 CX, Utrecht
The Netherlands

Correspondence:
Q.02.4.45

P.O. Box 85500
3508 GA, Utrecht
The Netherlands

www.umcutrecht.nl



JAUITJIOM MATICTPA
3 BII3HAKOIO

M19 Ne 110884

Ko3sin
Cepriii BanenTunoBu4

3akinuuB y 2019 poui
XapkiBcbKuil HaLliOHAIBHUIA MeAaroriaHmi

yniBepeutet imeni I".C. CkoBopoin
3100yB KBasi(iKkaiito:
CTYMiHb BUILOT OCBITH MaricTp
crewianbHicTh  Pi3uyna_Kyismypa i cnopm
OCBITHs iporpama Pizuyna_Kyaenypa i cnopm
npodeciiina kBanidikauis Bukiadau gizuunor

MASTER’S DIPLOMA
with honours

3 MI9 No 110884
YKPAIHA :
UKRAINE ke

in 2019 completed the full coursg of
H.S. Skovoroda Kharkiv National
Pedagogical University

obtained qualification:
Master Degree
Program Subject Area Physical Education and Sport
Educational program Physical Education and Sport
Professional qualification Lecturer of Physical
Education and Sport. Coach in Rock Climbing

I. ®. Ipokonenko / Ivan Prokopenko

31 rpynus / December 2019
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INTERNATIONAL
UKRAINIAN PHYSICAL AGE 0L AT TeN
THERAPISTS ASSOCIATION

COURSE CERTIFICATE

This certifies that

Kozin Serhii

has completed an IPNFA® recognized PNF 1 & PNF 2
course conducted from

’
v,
/0
2]
¢

25.08.2019-29.08.2019 &
12.10.2019-16.10.2019 X

The courses of the study in the
Proprioceptive Neuromuscular Facilitation concept
has been successfully completed with 100 teacing

units (of 45 minutes learning)

under the instruction of:

,Da.midl J})M

Damian Kapturski
MSc (PT), IPNFA® Instructor

16.10.2019, Kyiv
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INTERNATIONAL
ASSOCIATION

CEPTU®DIKAT
Kosin Cepriii

3akinunB(y1a) 6a3oBwmii Kypc konuenuii PNF
Proprioceptive Neuromuscular Facilitation
(M/ Knott Concept)

Hara kypcy: 25.08.2019-29.08.2019
12.10.2019-16.10.2019

KinbkicTb HaBuanbuux rogun: 100/45 xeunun

Incrpyxrop: OpranisaTop:

_Daian %6{5}%{"

Damian Kapturski
MSc (PT), IPNFA® Instructor

16.10.2019, Kuis
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1IPO peecTpaniio ABTOPCHKOI0 NPaBa Ha TBIip

Ne 100612

Jliteparypuuii nucbMoBRii TBip «Yued JUISE TPEHepoB M (PH3NYECKHX
tepanestoB «BHOMEXAHUKA OIIOPHO-JIBUTATEJIBHOI'O AIIAPATA.
YACTb 1 OCHOBHBIE IIOHSITUSI B BUOMEXAHUKE»

(Bnn, Hassa TBOPY)

Asrop(n) Cadponos Tanna Bikroposny, Kosin Cepriii Basentunosny

(noBe iM's, nceBONIM (3a HASBIOCTI))

Jlara peectpanii 17 mictonana 2020 p.

I'enepasibumii AMPeKTOP
€p/KABHOIO NANPHEMCTBA

Yk paiHchKni

C]

e Mpiﬁ KY/IH
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§ mrenexTYANLHOI ) B

00N

i cil i ) iy i

TIK «Yxpainas. Jam. 20-2002. 2020 p. 11 xn
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NPO peecTpaniio aBTOPCHKOI0 NPaBa Ha TBIp

Ne 100613

3

JlitepaTypuuii nuch it TBip «¥ JUISE TPEHEPoB M pu3n X
tepanesToB «BUOMEXAHUKA OIIOPHO-ABUTATEJIBHOT'O AIIIAPATA.
YACTbD 2. BEPXH5ISI KOHEYHOCTb»

(BW, HA3Ba TROPY)

Asrop(n) Cagponos [lann Bikroposuy, Kosin Cepriii Banentunosny

(noBue iM's, NceB10MIM (32 HASBHOCTI))

Jlata peectpauii 17 mmctonana 2020 p.

I'enepa/ibHMIl ANPEKTOP
Jlep:kaBHOIoO

>

0000
ikl S

TIK «Yxpainar. 3awt. 20-2002. 2020 p. T xn.
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NPO peecTpauiio aBTOPCHKOIO NPaBa Ha TBIpP

Ne 100614

Jlireparypuuii nucbMOBHI TBip «Yued i}

J1si TPEHEPOB W (PH3HUECKHX
tepanestoB «BHOMEXAHUKA OIIOPHO-JIBUTATEJABHOI'O AINIAPATA.
YACTbD 3. HHXKHSI5S1 KOHEYHOCTb»

(Byin, Hassa 1BOPY)

Astop(i) Catbpoupn Jlanna Bikroposuy, Kosin Cepriii Banentunosuy

(noBie iM's. nceBRONIM (33 HANBHOCTI))

Jlara peectpauii 17 mucronana 2020 p.

0 o0

0000000
bttt

T'enepa/ibHuii AUpEKTOP

«YKPAIHCbKWR
IHCTUTYT
MTENEKTYANLH
BAACHOCTIn

L el s eSS

TIK «Ypaisias. Jam. 20-2002. 2020 p. 11 ke
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NPO PeEcTPaliio ABTOPCHKOT0 NPaBa Ha TBIp

Ne 100615

Jlireparypumii nucbMOBHI TBip «Yued! omne 1S T u pH3NUECKHX
{2 =

tepanestoB «BUOMEXAHUKA OINOPHO-/IBUTATEJIBHOT'O AIINAPATA.
YACTD 4. TYJIOBULIE U TA3»

(BMn, HA3BA TBOY)

Asrop(n) Cadp Jlanua Biktop , Kosin Cepriii Banentunosny

(nosne iM's, nCeBAOIM (32 HASBHOCTI))

Jlata peectpanii 17 ymcronana 2020 p.

T'enepaibuuii AMpeKTOp

e

TIK «Ypainas. Jaw. 20-2002. 2020 p. 11 xu
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PO peecTpauiio aBTOPCHKOI0 NpaBa Ha TBIp

Ne 100616

JlireparypHuii nuchk il TBip «V' [Isi TPEHEPOB M (PM3NIECKHUX
tepanesToB «BUOMEXAHMKA OIIOPHO-/IBUTATE/IBHOI'O AINIAPATA.
YACTbD 5. TOJIOBA U LUESH»

(B3in, Ha3Ba TEOPY)

Arrop(n) Cadpporos [lanni Bikroposuy, Kosin Cepriii Basentnnosuy

(noBHE iM's, NCEBAOMIM (33 HAABHOCTI))

Jlara peecrpanii 17 mucronana 2020 p.

T'enepabauii AHPEKTOp
Jlep:KkaBHOTO MiANPHEMCTBA
1HC)

«YKPAIHCBKH - S
. IHCTUTYT 3 -
RS §wmenexrvammol} €

: BAACHOCTI |

TIK «Ypainas, 3an. 20-2002. 2020 p. 1 ka.
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