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INTRODUCTION

Along with the numerous benefits that sport and physical activity provide
for the human body, they also entail certain health risks for those who practice
them. Despite the progress achieved in sports science and the growing interest in
injury prevention, the problem of sports-related injuries remains a serious
challenge in both professional and youth football. Managing this risk requires
coordinated efforts among sports physicians, coaches, physiotherapists, strength
and conditioning specialists, sports educators, federations, as well as clear
organizational protocols at the club level.

Football is the most popular sport worldwide and has evolved into a
significant cultural and social phenomenon. The specific characteristics of the
game and the ever-increasing performance demands in professional football
determine the necessity of a multidisciplinary approach in working with youth
players.

Football is among the most injury-prone sports. The high intensity, frequent
accelerations and decelerations, sudden and repeated changes of direction,
sprints, and physical challenges all contribute to an elevated risk of injury. Muscle
injuries particularly strains of the hamstring muscle group are the most common
injuries among football players. The etiology of these injuries is complex,
involving multiple risk factors and a high likelihood of recurrence, which can lead
to chronic problems. In this context, preventive methods and strategies play a
crucial and foundational role.

In addition to biomedical factors, the organizational environment within
football clubs represents a critical prerequisite for successful prevention. This
includes the presence of qualified professionals and appropriate facilities,
established injury management protocols, functional screening, injury monitoring
and statistics, effective communication and coordination between the coaching

and medical staff, as well as the education of both players and parents.



Considering the specific characteristics of growth and the developing
muscular and neuromuscular capacities in adolescents where growth and
maturation themselves can be influential factors, it is recommended that
preventive strategies are introduced early in the training process. This enables
athletes to reach the required levels of physical preparedness and technical
competence in a timely manner.

These considerations formed the foundation of the present dissertation,
which aims to enhance physiotherapeutic methods and means, and to introduce
preventive practices in youth football. The study presents an original
physiotherapeutic methodology for the prevention of risk factors associated with
hamstring injuries. It also includes the results of a pilot survey conducted among
football coaches to evaluate medical support and club infrastructure in youth
football in Bulgaria. In addition, an experimental device was designed and
validated for the assessment of eccentric hamstring strength.

My personal experience as both a former football player and a practicing
physiotherapist allows me to view the issue of sports injuries from both
perspectives. To a great extent, this dual insight has contributed to the
development of the dissertation and the original preventive methodology
targeting risk factors associated with hamstring injuries in 15-16-year-old

football players.



CHAPTER ONE

THEORETICAL FRAMEWORK AND REVIEW OF THEORETICAL
AND APPLIED EVIDENCE

Football injuries

FIFA research suggests that the number of people who play football
worldwide is approximately 270 million (FIFA, 2007). Like most sports, football
carries a risk of injury at both professional and amateur levels, and across all age
groups (Junge & Dvorak, 2004).

Despite continuous improvements in rehabilitation strategies and the
implementation of enhanced preventive measures, both the incidence and severity
of injuries have increased in recent years. This rise is associated with the growing
intensity of training loads and the ever-increasing demands of commercial sport
demanding rapid success and mandatory victories (Taralov & Taralov, 2008;
Hawkins & Fuller, 1998).

Epidemiology of Football-Related Injuries

In football, there is a clear trend showing that the incidence of injuries
increases with age (Le Gall et al., 2006; Le Gall et al., 2007; Arnason et al., 2004),
with an average rate ranging between 15 and 20 injuries per 1,000 match hours
among players over the age of 15 (Faude et al., 2013).

Over a ten-year period, all sports-related injuries were monitored,
registering 19,530 injuries among 17,397 athletes. Football was identified as the
sport with the highest number of injuries — 37% (7,769 cases) (Majewski,
Susanne & Klaus, 2006). The majority of these injuries (60-90%) were localized
in the lower extremities, particularly the ankle, knee, and thigh. In a systematic
review including more than 3,800 football players and over two million sport
exposure hours, the reported incidence of hamstring muscle injuries ranged from
0.3 to 1.9 per 1,000 hours among male players, with a reinjury rate varying

between 4% and 68% (Diemer et al., 2021).



Studies involving youth football players report an injury incidence rate
between 7.2 and 38.4 per 1,000 match hours and between 3.6 and 7.2 per 1,000
training hours (Hawkins & Fuller, 1999; Junge et al., 2000; Le Gall et al., 2006;
Peterson et al., 2000). An increase in training and match workload is directly
associated with a higher risk of injury (Hodson et al., 1999; Cloke et al., 2011).

The most common injury locations for youth football players are the
anterior thigh, knee, and posterior thigh (Le Gall et al., 2006; Ekstrand et al.,
2011a; Deehan et al., 2007). The high number of knee injuries observed in players
aged 12-14 years may be attributed to growth-related conditions, such as
Osgood—Schlatter disease.

Football injuries have a negative impact on the development and career
prospects of young football players (Larruskain et al., 2022; Bangert et al., 2024),
on team performance (Carling et al., 2015; Higglund et al., 2013b), and on the
financial stability of clubs (Hickey et al., 2014). The financial loss resulting from
football injuries in professional English leagues during the 1999-2000 season
was estimated at approximately €118 million (Woods et al., 2002). In 2003, the
annual cost of football-related injuries was around €95 million, with over 500,000
workdays lost (Junge et al., 2011).

While some injuries are considered unavoidable, 58% of all injuries occur
without contact and are therefore regarded as preventable (Hawkins et al., 2001).
The most common type of injury in football is the muscle strain, accounting for
12% — 31% of all injuries, with the majority (92%) involving the hamstring
muscles, adductors, quadriceps, and calf muscles. There 1s no substantial
evidence of a significant difference in injury incidence between the dominant and
non-dominant leg (Van Beijsterveldt et al., 2015; Ekstrand et al., 2011a; Ekstrand
et al., 2012; Ekstrand et al., 2022; Hagglund et al., 2013; Hawkins et al., 2001).

A 25-player squad can expect approximately 15 muscle injuries per season.

On average, a football player sustains 0.6 muscle injuries per season, each leading



to an average two-week absence, with the hamstring muscle group being the most
frequently affected (Ekstrand et al., 2011a).

Epidemiology of Hamstring Injuries

The first step in injury prevention is to evaluate its epidemiology and to
identify the risk factors contributing to its occurrence (van Mechelen, Hlobil &
Kemper, 1992).

Hamstring strains represent the most common type of muscle injury,
accounting for 12% — 24% of all injuries (Ekstrand et al., 2012; Ekstrand et al.,
2022) and 37% of all muscle injuries in professional football players (Ekstrand et
al., 2011a). The incidence of hamstring injuries increases by approximately 4%
per year (Ekstrand et al., 2016).

Due to the specific characteristics of their respective sports, track and field
athletes, rugby players, and footballers are the most predisposed to this type of
injury (Bennell & Crossley, 1996; Hawkins et al., 2001; Orchard & Seward,
2002). In sports involving high-speed running, the long head of the biceps femoris
(BF1h) is the most frequently injured muscle (56.5%) within the hamstring group
(Hallén et al., 2014; Crema et al., 2016), with most injuries localized at the
proximal musculotendinous junction (MTJ) (Askling et al., 2007; Crema et al.,
2016).

The short head of the biceps femoris (BFsh) has a low injury incidence,
possibly due to its single-joint structure. Isolated BFsh injuries account for 5.6%
of lateral hamstring injuries (Crema et al., 2016). However, BFsh injuries more
frequently occur in combination with BFlh injuries (Entwisle et al., 2017), likely
due to their shared distal musculotendinous attachment.

In professional football, injuries to the semitendinosus (ST) (24.4%) and
semimembranosus (SM) (13.17%) muscles are less common than those involving
the biceps femoris, and they predominantly occur at the proximal
musculotendinous junction (Crema et al.,, 2016; Ekstrand et al., 2012).

These injuries are typical in activities that involve simultaneous hip flexion and



knee extension, such as ballet movements or kicking, with the SM and its
proximal free tendon being most often affected (Askling et al., 2006; Askling et
al., 2007b; Askling et al., 2008).

The majority of hamstring injuries are located at the proximal MTJ, where
forces generated by the muscle fibers are transmitted to the intramuscular tendon
fibers. Such injuries generally require a shorter recovery period and a faster return
to play (van der Made et al., 2018a; van der Made et al., 2018b).
They may occur with or without involvement of the intramuscular tendon.
Injuries affecting the intramuscular (or central) tendon are associated with a
longer rehabilitation period (Comin et al., 2013; Pollock et al., 2016).
Complete avulsions primarily occur at the proximal tendon but remain relatively
rare (van der Made et al., 2019).

Although myotendinous and avulsion injuries are common in the SM,
complete ruptures are rarely reported in the literature (Beltran et al., 2003).

The risk of sustaining a muscle injury is six times higher during a match
than during training (8.70 vs. 1.37 per 1,000 hours), with 66% of all hamstring
injuries  occurring  during matches  (Ekstrand et al., 2011la).
During a match, injury risk increases progressively with time and is highest
toward the end of both halves. A similar trend has been observed for groin injuries
near the end of the first half, whereas the risk of calf injuries remains relatively
stable throughout the match but rises sharply during the final 15 minutes
(Ekstrand et al., 2011a).

The incidence of muscle injuries increases among players over 30 years of
age. In younger players, the rate is 1.19 per 1,000 training hours, compared with
1.63 per 1,000 training hours in older players. During matches, players under 22
years old are at a significantly lower risk of injury compared with those aged 22
— 30 years (Ekstrand et al., 2011a).

Following such injuries, muscle weakness is often observed when the

muscle is in an elongated position. During eccentric contractions at relatively low



loads, increased mechanical strain occurs near the proximal MTJ of the biceps
femoris. In individuals with a previous hamstring injury, this strain is
significantly greater compared with those without prior injury, thereby
predisposing athletes to reinjury (Silder et al., 2010; Schmitt et al., 2012).

Approximately one-third of muscle strains are at high risk of reoccurring
within the first two weeks after return to play (Orchard & Best, 2002).
This high recurrence rate may be due to an inadequate rehabilitation program
(Croisier, 2004), premature return to sport (Schneider-Kolsky et al., 2006), or a
combination of both. Reinjuries are typically more severe than the initial injury
and require a longer recovery period (Brooks et al., 2006; Heiderscheit et al.,
2010).

Renshaw and Goodwin (2016) monitored injuries in an English football
academy using the methodology described by Fuller et al. (2006).
Over one season, 127 injuries were recorded across 29,346 sport exposure hours,
of which 72% were non-contact. The majority occurred during matches (49%),
followed by training (32%), while 19% were reported the following day, with
players unable to identify the exact moment of symptom onset.

The match injury incidence was highest in the U-15 group (80 per 1,000
hours), with 15% of those injuries being recurrent (1.05 per 1,000 hours).
Muscle injuries were the most frequent type. In the U-16 group, the recurrence
rate was 0.54 per 1,000 hours (Renshaw & Goodwin, 2016).

With increasing chronological age, the risk of injury during matches
becomes greater than during training, while younger players are at higher risk of
injury during training sessions. This is likely related to growth-related factors
such as hypermobility, Osgood—Schlatter disease, Sever’s disease,and Sinding—
Larsen—Johansson syndrome (Le Gall et al., 2006).

In a study focused exclusively on muscle injuries, 227 players from an elite
Spanish football academy were followed over a three-year period (Raya-

Gonzalez et al., 2020). During this time, 207 muscle injuries were recorded.



Full-backs, wingers, and forwards were at the highest risk.
The overall injury rate was 1.74 muscle injuries per 1,000 exposure hours, with a
higher incidence during matches (6.78 per 1,000 hours) compared to training (3.2
per 1,000 hours). The longest time loss was observed in the U-16 category (26.45
per 1,000 hours). The hamstring muscle group was the most frequently injured,
with the biceps femoris being the most commonly affected muscle.

Etiology and Pathogenesis of Hamstring Injuries

The anatomical and functional characteristics of the hamstring muscles,
their biarticular nature as well as their eccentric activation and overstretching at
the end range of motion places this muscle group at significant risk. (Edouard et
al., 2016).

As the demands of modern football continue to rise both in terms of higher
sprinting speeds during matches and the increased frequency of high-speed
running, the risk of injury has also increased (Ekstrand et al., 2022; Allen et al.,
2023).

The high biomechanical demands associated with high- and maximal-
speed running push the hamstrings to the limits of their physiological capacity.
Muscle injuries are believed to occur when mechanical stress (either from
contraction or stretching) exceeds the tissue’s ability to tolerate that stress
(Kalkhoven et al., 2020).

At higher running speeds, the hamstring muscles, particularly the long head
of the biceps femoris (BFlh), must generate greater muscle forces (Chumanov et
al., 2011), exhibit higher levels of neural activation (Cerone et al., 2023), and
withstand  increased tissue loading (Fiorentino et al.,, 2014).
Repeated exposure and/or overloading elevate the likelihood of tissue fatigue and
the accumulation of microtrauma. Therefore, even subtle changes in the factors
that influence mechanical loading or the load-bearing capacity of the hamstrings

may be sufficient to lead to an injury.
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Risk Factors

Although sports injuries may appear to result from isolated incidents, they
actually arise from the interaction of multiple risk factors and events.
A wide range of variables determine the risk of hamstring injury, which can be
categorized as intrinsic or extrinsic, modifiable or non-modifiable, and primary
or secondary. It is possible to imagine an almost infinite number of combinations
among these factors (Mendiguchia et al., 2012).

Intrinsic risk factors include the individual physical and psychosocial
characteristics  that  predispose an athlete to traumatic injury.
These encompass sex, age, body composition, general health status, level of
physical conditioning, anatomical characteristics (such as flat feet/high arches, or
varus/valgus knee alignment), previous injuries, sport-specific skills and abilities,
and psychological factors.

Extrinsic risk factors can broadly be divided into four categories: those
related to the sport itself, training, equipment, and environmental conditions.
Sport-related factors include the type and duration of the sport, the playing
position, and the level of competition. Training-related factors involve the type,
volume, frequency, and intensity of the training program, and are most often the
result of training errors. Equipment-related factors refer to the use and adequacy
of protective gear specific to the sport. Environmental risk factors include the
type of playing surface, weather conditions, indoor/outdoor environment, as well
as human elements such as coaching, officiating, rules, teammates, opponents,
and spectators.

Intrinsic factors influence an athlete’s susceptibility to injury, while
extrinsic factors can modify or exacerbate this risk. The final link in the chain is
the triggering event (e.g., a fall, collision, or specific movement) that serves as
the immediate cause of the injury (Dimitrova, 2018).

Table 1 presents the classification of risk factors according to Buckthorpe

etal. (2019).
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Table 1. Classification of Risk Factors According to Buckthorpe et al. (2019)

Important Semi-important Recognised
Specific General
. L BF1h muscle/tendon Wisdom teeth/dental
S

Previous hamstring injury ACWR architecture hygiene
Hamstring eccentric strength Lumbopelvic hip stability S;ttlzl;iommant o GREIo TMJ dysfunction
Weekly speed exposure Functional strength SIJ kinematics
Hamstring fatigue resistance aHSR:cHSR** Muscle fascicle length

Psychosocial factors Tib/Fib joint

Recovery (sleep, rest,

nutrition, massage, Enviromental factors

cryotherapy, hydrotherapy)
Time between games
Motor control and movement
quality
Previous recent injury (any)
Aerobic fitness
ACWR* (acute:chronic work ratio); aHSR:cHSR** (acute high speed running: chronic high speed running)

The main factors associated with lower-limb muscle injuries in
professional football players include previous injuries, reduced muscle strength
and endurance, limited flexibility, muscle imbalance, advanced age, muscle
weakness, deficits in trunk and pelvic strength and coordination, impaired
lumbopelvic control, and fatigue.

Additional causes of such injuries may be from errors in training
methodology and suboptimal load management. Examples include inconsistency
in the training process, rapid increases in training load without adequate
musculoskeletal adaptation, and the premature return of athletes to training
following incomplete rehabilitation.

In the scientific literature, the most extensively studied and frequently
reported risk factor is the eccentric strength of the hamstrings (Heiderscheit et al.,
2010; Guex & Millet, 2013; Hagglund et al., 2013; Al Attar et al., 2017). During
a match, the risk of injury increases over time and is highest toward the end of
both halves (Ekstrand et al., 2011a; Ekstrand et al., 2022). Fatigue leads to a
reduction in eccentric strength and a suppression of neuromuscular coordination,
demonstrating its significant influence on injury risk (Jones et al., 2015;

Buckthorpe et al., 2018; Huygaerts et al., 2020).
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A significant strength imbalance between agonist and antagonist muscles
places additional strain on the hamstrings, which must counteract the dominant
action of the quadriceps during the terminal swing phase of running.

Muscular endurance is also considered an important risk factor (Danielsson
et al., 2020; Watson et al., 2017; Farley et al., 2020). In football players with a
history of hamstring injury, eccentric strength endurance is significantly reduced
(Schuermans et al., 2014).

Mechanism

The primary injury mechanism occurs during the terminal swing or early
stance phase of maximal-speed running, as well as during kicking or stretching
movements (such as reaching or striking the ball), when hip flexion and knee
extension occur simultaneously, resulting in substantial elongation stress
(Chumanov et al., 2012; Orchard, 2012). In this position, due to their biarticular
structure, the hamstring muscles reach their maximum length and enter a state of
passive insufficiency. The peak eccentric (controlling) contraction of the
hamstrings occurs when the muscles are at their greatest elongation. This
represents the most common mechanism of hamstring injury - eccentric overload
during the terminal swing phase of high-speed running. As running velocity
increases, the eccentric load placed on the hamstrings also increases (Higashihara
et al., 2010). The biceps femoris bears the greatest portion of musculotendinous
strain (Thelen et al., 2005a; Thelen et al., 2005b), which likely explains why this
muscle 1s injured more frequently during running compared to the semitendinosus
and semimembranosus (Askling et al., 2007a). The primary mechanism
responsible for injuries to the other two hamstring muscles (the semitendinosus
and semimembranosus) typically involves kicking or excessive stretching
movements during slow and rapid limb motion, and these injuries are generally
associated with a longer recovery period (Askling et al., 2007b; Brooks et al.,
20006).
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Medical Provision and Traumatism in Youth Football in Bulgaria

Injuries are an inseparable part of sports, occurring at both professional and
amateur levels across all age groups. The high incidence of sports injuries
demands attention from both health professionals and coaches.

Many practitioners view sports performance and achievement primarily in
terms of improving technical and tactical skills, enhancing facilities and
resources, and  displaying mental toughness and  motivation.
However, the importance of proper recovery and health care practices among
young athletes, both during training sessions and outside them, is often
underestimated or neglected.

It is essential not only to raise awareness among professionals and athletes
about the importance of injury prevention, but also to ensure the training of
qualified specialists, the availability of adequate facilities, and the provision of
proper conditions for training, recovery, treatment, and injury prevention.
In recent years, attempts have been made in Bulgaria to introduce modern
preventive training methods. A positive example is the implementation of GPS-
based systems by some clubs to monitor and control training load.

The available literature doesn’t have enough data on sports injuries in
Bulgaria. Studies examining sports injury epidemiology most often rely on self-
reported questionnaires completed by athletes (daropos, 2002; benombixeBa-
JumutpoBa & Anrenosa, 2019; Dyakova et al., 2017; Georgiev, 2023; 3aiikoBa
& Konues, 2022; Munomosa, 2022). Such studies have several limitations: they
typically cover short observation periods with no follow-up, and the
questionnaire-based approach may result in inaccurate or subjective data.
In some cases, respondents lack the necessary knowledge to define what
constitutes an “injury,” to identify its specific type or diagnosis, or to recall the
exact number of occurrences. Therefore, it is necessary to implement more robust
epidemiological methods for studying sports injuries in Bulgaria, both in

professional and youth football. A valuable example in this direction is the work
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of Taralov & Taralov (2008), who published longitudinal data on injuries in a
professional football club. Such data are crucial not only for injury prevention,
but also for the individual monitoring and development of young players.
Comprehensive statistics would provide a clear and objective understanding of
injury patterns, their impact on player health and performance, and guidelines for
optimizing training practices aimed at maintaining or improving footballers’
health.

The limited information on football injuries and medical provision in
Bulgaria motivated the present pilot study conducted among football coaches to
assess the medical provision and club environment in youth football academies.

The results of this survey revealed that the majority of academies in
Bulgaria lack medical professionals and facilities for diagnosis, treatment, and
rehabilitation of injured players.

The absence of medical practitioners in football academies naturally leads
to a lack of documentation, research, and publications concerning the
epidemiology of sports injuries and their impact on the health status of youth
players. Consequently, this results in deficiencies in the planning and
implementation of training, preventive, and rehabilitation strategies, as well as in
the objective assessment of how training methodologies affect the functional
development and health of adolescent athletes.

Improving the infrastructure, training qualified specialists, and establishing
multidisciplinary teams including coaches, physicians, physiotherapists,
kinesiologists, strength and conditioning coaches, massage therapists,
psychologists, dietitians/nutritionists, and performance analysts and improving
coordination and communication between them, would enhance health and
functional outcomes as well as sport-specific ones.

Establishing and maintaining such structures requires financial resources,
facilities, and professional expertise. It is well known that many clubs are

reluctant to invest in medical care and equipment, often underestimating their

15



importance. At the same time, these clubs aim to develop players and achieve
success, while reducing injury incidence and time lost to injuries.

The absence of medical practitioners and facilities in football academies
often results in situations where, following an injury, the responsibility for
treatment falls on parents, coaches, or the players themselves. This can lead to
several negative outcomes: inappropriate selection of medical specialists and
misdiagnoses,insufficient or delayed rehabilitation, poorly defined or missing
return-to-play protocols (a common issue in many teams), and communication
gaps between coaches, medical staff, parents, and players. All these factors place
the health and functional status of adolescent footballers at risk, both in short- and
long-term. Unhealed or recurrent injuries and chronic conditions can severely
limit opportunities for professional development and athletic longevity.

Improving the material and technical infrastructure of football academies,
training qualified professionals, establishing multidisciplinary medical and
performance teams, and refining training methodologies are directly related to
athlete’s health and development. Conducting targeted scientific research to
identify missing preventive practices and to develop modern, effective, and
evidence-based approaches will contribute to building young footballers who
meet the demands of modern football.

Current international best practices in youth football development
emphasize the need to implement preventive and injury management programs
from an early age. Given the increasing physical demands in modern sport,
muscle injuries have become a critical issue affecting the development and
professional prospects of young footballers (Larruskain et al., 2022; Bangert et
al., 2024).

The high incidence of muscle strains and their tendency to become chronic
make them a major challenge to player development and long-term performance.
This highlights the importance of primary prevention, which forms the foundation

of our research objectives - to develop and validate a methodology for preventing
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risk factors associated with hamstring injuries in 15—16-year-old football players.
The methodology incorporates modern training concepts tailored to the
developmental characteristics of youth athletes, aiming to improve physical
capacity and sport-specific performance, while maintaining functional integrity
and overall health.

Considering the influence of growth and maturation on muscle and
neuromuscular development, it is recommended that preventive training is
introduced early (at the U-14/U-15 level) to allow players to reach the necessary
levels of fitness and technical competence in a timely manner.

Working Hypothesis

Based on the analysis presented above, the working hypothesis can be
formulated as follows: It is assumed that the implementation of the author’s
preventive methodology targeting risk factors associated with hamstring injuries
will lead to improvements in functional capacity and performance, and a

reduction in the incidence of muscle injuries among youth football players.
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CHAPTER TWO
METHODOLOGY OF THE STUDY

Aim of the Study

The aim of the present study is to develop a specialized physiotherapeutic
methodology and to examine its effectiveness as a means of preventing risk
factors associated with hamstring injuries.

Objectives of the Study

1. To review and analyze specialized literature sources related to the
research problem.

2. To select appropriate methods and instruments for evaluating the
effectiveness of the developed and applied preventive methodology.

3. To design and create an experimental device for assessing the eccentric
strength of the hamstring muscles.

4. To develop an experimental methodology for the prevention of risk
factors associated with muscle injuries.

5. To process and analyze the research results in order to determine the
effectiveness of the developed methodology by monitoring the status and
dynamics of the studied variables before and after the experiment.

6. To formulate relevant conclusions and practical recommendations based
on the findings.

Research Methodology
Subject of the Study

The subject of the study is the effect of the developed physiotherapeutic

methodology aimed at the prevention of risk factors associated with hamstring

injuries.
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Object of the Study

The object of the study is the dynamics of the studied variables following
the application of the physiotherapeutic methodology for prevention of risk
factors related to hamstring injuries.
Study Sample

The study sample consists of football players (n = 40) aged 15-16 years,
representing two separate youth football academies. One team (n = 20) was
assigned to the experimental group (EG), and the other (n = 20) to the control
group (CG). At the beginning of the study, the experimental group included n =
23 participants; however, during the research process, two players changed teams,
and one quit training, therefore their initial test results were excluded from the
dissertation. In the control group, n = 21 players initially participated, but one
also quit training during the study.
Research Methods

To achieve the aim of the study, to address the defined research objectives,
and to test the hypothesis, a set of scientific research methods was employed.

Literature Review

A total of 347 specialized Bulgarian and international sources related to the
researched problem were reviewed, analyzed, and summarized. Based on a
detailed theoretical analysis, a working hypothesis was formulated.

Observation

Observations were conducted during the training sessions and competitive
activities of both teams in order to identify the pedagogical and training methods
employed. This process provided preliminary insight into the problem and served

as the basis for the formulation of the research objectives and hypothesis.
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Survey Method

A standardized questionnaire, aligned with the scientific purpose and
objectives of the study, was used to collect the necessary preliminary information
regarding:

- the coaches’ opinions and assessments of the medical support in youth

football academies;

- whether injury documentation and statistics are maintained;

- the availability of medical practitioners within the academies;

- the procedures related to diagnosis and treatment in the event of an injury;

- coaches’ attitudes toward injury prevention in sport;

- whether functional assessments are performed.

After completing the experimental part, an additional standardized
questionnaire was administered to collect feedback from participants in the
experimental group (EG) regarding the effectiveness of the applied methodology
and their attitudes toward it.

Pedagogical Experiment

The research topic was formulated, the aim and objectives were defined,
and the methodology and organization of the study were determined.

Methods for Assessing Anthropometric and Functional Variables

To determine the initial results of the studied variables and their dynamics
as an outcome of the applied methodology, the football players from both the
experimental group (EG) and the control group (CG) were examined before the
implementation of the preventive methodology and after its completion. All
measurements were conducted according to a standardized procedure and under
identical conditions for all participants. The purpose was to identify and compare
potential changes in the results in order to confirm or reject the research
hypothesis.

For the optimal selection of methods used to assess the anthropometric and

functional variables, data from the available literature were reviewed regarding
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the risk factors predisposing to muscle strains. Based on this review, a test battery
was developed, including validated, objective, and reliable tests designed to
evaluate the variables associated with the risk factors. Using the developed test
battery, 14 variables were measured and categorized into three groups (Table 7).
— Anthropometric — 2 variables;
— Specialized — 10 variables;

— Field-based tests — 2 variables.

Table 7. Test Battery for Assessing Anthropometric and Functional

Variables
, Y Y  unitof .. . )
Indicator Test Direction
measurement
—~ S < s
= ) 1. Height cm -
= Anthropometric —
b 2. Weight kg -
AN \ J\
— Y PSR- g s <3
2. AKE* ° *
° +
3. .PKE"
Mobility and flexibility . - .
: ' 4. .Sit and reach ‘i *
5. ..Thomas" cm -
6. . Ely's” cm -
\ J\ J\ Z\ Z
%) ' N N N Y
= Neurodynamics 7. ..Slump™ +/- -
g- . N\ I\ N\ v
e N . N N N
8. ..SLBT" (single leg n +
Hamstrings endurance and | bridge test)
core endurance 9. Kraus-Weber min .
(modified)
- k A I J
4 N N N N
Eccentric strength 10. ..Nordic* N +
>_<\ N A N y,
s N N N
@
z 11. Standin long jump m +
= | Explosive strength and power . . &Jum
= 12. Tripple hiop m +
2
\ AN . AN AN

Mathematical and Statistical Methods for Data Processing

The data obtained from the study was subjected to mathematical and
statistical processing using the specialized computer software IBM SPSS 19 and
Microsoft Excel. Depending on the objectives of the conducted experiment, the
following statistical methods were applied: variation analysis, frequency analysis,

intraclass correlation coefficient, and comparative analysis (I'urosa, 1999;
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I'uroma, 2009; Kanuuos, 2010; Abdul & Chuan, 2004; Hopkins, 2000; Koo & Li,
2016).

Organization of the Study

The study was conducted over a period of three years — from 2023 to 2025.

To achieve the aim of the research and address the resulting objectives, an
organizational framework was established, comprising the following stages:
First Stage: Preparatory Phase of the Study

This phase was carried out between October 2023 and June 2024 and
included the following activities:

1. Review of specialized literature related to the studied problem, aimed at
identifying appropriate methods of prevention;

2. Examination of theoretical and practical aspects regarding the specificity
of preventive methodologies;

3. Review and analysis of various programs and methodologies described in
the literature. This allowed for the identification, outlining, and analysis of
significant facts, trends, and patterns relevant to the prevention of sports
injuries;

4. Formulation of the working hypothesis, model, aim, objectives, and
research methodology;

5. Development of survey questionnaires and conducting a pilot study among
youth football coaches to assess medical provision and club environments
in Bulgaria;

6. Creation of a test battery with appropriate tools and methods to evaluate
the effectiveness of the developed program;

7. Design and construction of an experimental device for assessing the
eccentric strength of the hamstring muscles (see section 2.4);

8. Conducting a test—retest reliability study to verify the reproducibility of

data obtained with the experimental device (see sections 2.4 and 3.1);
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9. Development of an experimental kinesitherapeutic methodology for the
prevention of risk factors associated with hamstring injuries in 15—16-year-
old football players (see section 2.5).
Second Stage: Pedagogical Experiment
This phase was conducted during the period from July 2024 to June
2025 (Figure 26).

EG Initial testing and familiarisation q o Post-Intervention
TR Implementation of the experimental method Tests

Monitoring and injury report

Survey-based evaluation of
the experimental method by
the participants in the
experimental group

CG Initial testing Final testing

Monitoring and injury report

Figure 26. Design of the Experimental Work

The following tasks were set:
1. Formation of the experimental group (EG, n = 20) and the control group
(CG, n = 20). The inclusion criteria for participation in the study were:
- absence of contraindications, such as hamstring or knee injuries during the last
three months; presence of an active injury at the time of the study; or poor general
health condition;
- completion of informed consent forms by the participants and their parents
(Appendices No. 3 and No. 4).
2. Conducting an initial (baseline) assessment of the participants to determine
their functional status (July 2024);
3. Recording the number of hamstring injuries sustained by players from both

groups during the period before and throughout the experiment;
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4. Implementation of the developed experimental methodology among the
athletes in the experimental group over a period of one year.
In the control group, each player continued to train according to the
coaches’ requirements and their individual experience. During the
experimental work with the EG, the methodology was optimized and
refined;

5. Conducting a final (post-intervention) assessment (June 2025) using the
same test battery applied at the beginning of the study, in order to determine
the presence or absence of statistically significant differences in the results;

6. Conducting a final survey and subjective evaluation of the experimental
methodology by the participants in the study.

Third Stage: Final Phase — July 2025 to September 2025
During this stage, the following activities were carried out:
1. Mathematical and statistical processing, analysis, and summarization of
the data obtained from the study;
2. Preparation and finalization of the dissertation;
3. Preparation and publication of reports, and participation in scientific
conferences.
Methodology for Developing an Experimental Device for Assessing
Eccentric Hamstring Strength

Part of the experimental work in the present dissertation was devoted to the
development of a device for assessing the eccentric strength of the hamstring
muscles. The methodology used for the construction of the device is described in
detail in the dissertation. To validate the experimental device, an additional study
was conducted with the aim of verifying its reliability and data reproducibility
(Georgiev, 2025).
Experimental Methodology for Preventing Risk Factors Associated with

Hamstring Injuries
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The experimental methodology was integrated into the training sessions of
the experimental group over a period of one year, with a training plan and
program developed in advance, including clearly defined goals, objectives, and
means. The methodology was adapted to the team’s annual training and
competitive cycle and aligned with the objectives of the different phases — pre-
season, in-season, and transitional. It was further tailored to the players’
individual capabilities, with the exercises organized in a specific progressive
sequence. The methodology consists of two main components: a dynamic warm-
up program and a program with specialized exercises focused on mobility,
neurodynamics, strength, and neuromuscular control.

Aim, Objectives, and Means of the Experimental Methodology

Aim of the Experimental Methodology

The aim of the developed physiotherapeutic methodology is to improve
the functional parameters related to the prevention of risk factors for hamstring
injuries in the football players participating in the study.

Objectives of the Experimental Methodology

Objectives of the Experimental Method:

« To learn and master the correct performance of exercises;

o To strengthen the musculoskeletal system and develop consistent motor
habits;

o To improve joint mobility in the lower limbs and trunk;

o To enhance the muscle strength of the paravertebral, abdominal, and
gluteal muscles, as well as the muscles involved in hip joint movements;

« To improve the static strength endurance of the muscles of the lower limbs
and trunk;

o To increase the eccentric strength of the hamstring muscles, adductors, hip
flexors, and knee extensors;

o To improve eccentric strength endurance;

« To restore muscle balance;
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o To enhance lumbopelvic control;
o To improve neuromuscular control and movement quality;
« To develop complex motor skills and habits;
o To improve neurodynamics;
o To strengthen and coordinate the muscles of the pelvis and trunk;
o To reduce or eliminate pain;
« To improve balance and coordination;
o To enhance physical capacity and work performance;
o To promote overall psycho-emotional well-being;
o To prevent complications.
Means of the Experimental Methodology
The primary means used in the experimental methodology is physical
exercise in all its forms. The exercises were carefully selected and purposefully
applied in accordance with the research objectives. They were performed in both
isometric and 1sotonic modes of muscle activity, from various starting positions
including standing, supine, side-lying, quadruped, half-kneeling, and kneeling.
The exercises were executed at moderate to maximal intensity, with a slow to
moderate pace, and within a pain-free range of motion. If pain occurred during

performance, the exercise was modified accordingly.
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Periodization of the Application of the Experimental Methodology
Figures 30 and 31 in the dissertation present the structure of the microcycle
during the pre-season, respectively before and after the implementation of the

experimental methodology.

Preseason microcycle — prior to the implementation of the experimental methodology

Figure 30. Example structure of a microcycle from the pre-season period prior to the

implementation of the experimental methodology

Preseason microcycle - following the implementation of the experimental methodology

Strength and
Endurance

Football session

M-3

Wednesday

1
dl 1
dl 1
PEEBOE
188D
J[ ]

Figure 31. Example structure of a microcycle from the pre-season period following the
implementation of the experimental methodology




Figure 32 presents the structure of the microcycle during the in-season as it

appeared prior to the implementation of the methodology.

Strengt.h (eym Endurance Strength Game-.based
session) session
1. Warm-up
— ;-;’:Va';“]‘(“l’ 2. Strength —
1. T bo . Fartlel : 2 ()
ppe y e circuit tfammg 1. Warm-up
and core -Dynam 3. Running drills 2. Tactical session
strength . gre'd“];'g g 4. Dynamic 3. Shooting
exercises -ame-base stretching practice

Gl 5. Passing complex

6. Rondo
7. Game 8v8

M +3 M-3 M -2 M-1

Sunday Monday Tuesday ‘Wednesday

Figure 32. Example structure of a microcycle from the in-season period prior to the
implementation of the experimental methodology

Figure 33 presents the structure of the microcycle during the in-season after

the implementation of the methodology.

S

Strength and Speed and reaction;
endurance Game-based session

1. Football session

Football session Football session
M -3 M -2 M -1
Monday Tuesday ‘Wednesday

Figure 33. Example structure of a microcycle from the in-season period following the
implementation of the experimental methodology
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During the pre-season, the complex from the experimental methodology
was performed once per week as a separate session from football training on day
“M + 3” (three days after a match). During the in-season period, the part of the
program emphasizing eccentric strength and neuromuscular control was carried
out on a different day compared to the pre-season (“M — 3”), at the end of the
training session, under fatigue conditions, with the goal of improving eccentric
strength endurance and neuromuscular control under fatigue.

The main difference between the pre-season and in-season periods lies in
the timing of the eccentric training. In the pre-season period, it was performed
during a dedicated prevention session three days after a match (“M + 3”°), whereas
in the in-season period, it was executed at the end of the training session held
three days before the match (“M — 37).

In the first phase of the pre-season, the focus was on learning the correct
execution of the exercises, while in the second phase, the aim was developing
strength, increasing muscular capacity, improving mobility, and enhancing
neuromuscular control. During the competitive period, the goal was to maintain
the developed qualities and to improve the endurance of the hamstring muscles
without causing additional fatigue. The transition period aimed at active recovery
and elimination of residual fatigue. Strength and endurance exercises were not
performed during this period; only mobility and neurodynamic exercises from the
complexes presented in Tables 9 and 10 of the dissertation were included in the
training program. During the winter break, the mobility complex was performed

together with the exercises shown in Figure 35 of the dissertation.
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Dosage of the Applied Means of the Experimental Method
Figure 34 in the dissertation illustrates the dosage and progression of the
strength and neuromuscular control exercises from the experimental

methodology during the pre-season and in-season of the first half of the season.

Preseason period In-season period
performed weekly on M +3* performed on M -3* after training
( Phase One ) ( Phase Two )

(weekt ) (Cweek2 ) (C Week3 ) (C Weekd ) (C Weeks ) ( Week6 ) ( Week 7- 19 )

4 N
2X3X3s.

(2x3)(3x3)(3x4)(3x5)( 1x5 j

(1x5)(1x8-1@@x10-@( 1x10-12 )

( 1x10 j
1D ED

CHEDED(C_ )

CHEDEDED)( )
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Figure 34. Dosage and periodization of strength and neuromuscular control exercises during
the first half-season. *M + 3 — third day after the match;, M — 3 — third day before the game

Figure 35 presents the dosage and progression of the strength and
neuromuscular control exercises from the experimental methodology designed for
independent execution during the winter break. The goal at this stage is complete
recovery, while maintaining the achieved levels of strength, mobility, and
neuromuscular control. Additionally, mobility and neurodynamic exercises are

also performed.
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*exercises are performed once per week
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Figure 35. Dosage of strength and neuromuscular control exercises during the winter
break

Figure 36 illustrates the dosage and progression of the strength and
neuromuscular control exercises from the experimental methodology for the
second half of the season. During the pre-season period, the aim is to enhance

strength, mobility, and neuromuscular control.

Preseason period In-season period
Performed weekly on M +3* Performed on M —3* after training

( Phase One ) ( Phase Two )
( Week 25 ) ( Weck 26 ) ( Week 27 ) ( Week 28 ) ( Week 29-30 )( Week 31-33 ) ( Weck 34 - 46
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Figure 36. Dosage and Periodization of Strength and Neuromuscular Control Exercises
during the Second Half-Season. *M +3 — third day after the match; M —3 — third day before
the match.
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During the competitive period, the goal is to maintain the developed

qualities and improve endurance without accumulating additional fatigue.
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CHAPTER THREE
RESULTS AND ANALYSIS

Results and Analysis from the Test—Retest Reliability Study of the
Experimental Device

To assess the reliability of the measurements, the Intraclass Correlation
Coefficient (ICC) was used (Koo & Li, 2016), which serves as an indicator of
data reproducibility (Hopkins, 2000). Following statistical processing, the
assessment of data reproducibility for both the left and right leg was classified as
“very good.” The ICC between the two testing sessions was 0.82 for the right leg
and 0.87 for the left leg (Table 17).

Table 17. Assessment of Data Reproducibility — test-retest reliablity

Icc 95% CI SEM (N) MDC (N)
Right leg \821% ,546 - ,929 35,18 68,97
Lefi leg ,878% 677 - ,953 36,16 70,88

ICC < 0,5 Poor; 0,5 - 0,75 Moderate; 0,75 - 0,90 Very good*; 0,90 < Excellent (Koo & Li, 2016)

The Standard Error of Measurement (SEM) was 35.18 N for the right leg
and 36.16 N for the left leg. The confidence limits at a 95% confidence interval
were 0.546—0.929 for the right leg and 0.677-0.953 for the left leg. The Minimal
Detectable Change (MDC) was 68.97 N for the right leg and 70.88 N for the left
leg.

The reliability of the method allows its use as a tool for assessing the
eccentric strength of the hamstring muscles. Detecting deviations from reference
values and strength asymmetries between the two legs enables the effective
application of the developed device for injury prevention, functional diagnostics,
and as a screening tool during the functional recovery phase after injury.
Additionally, since the system generates real-time data, it can also be utilized for

biofeedback as part of rehabilitation or training programs.

32



Results and Analysis from the Pilot Study Assessing Medical Provision and
the Club Environment in Youth Football

The limited information regarding medical support and injury incidence
in youth football in Bulgaria necessitated the implementation of a pilot study
among coaches.

A total of 75 coaches representing 51 academies or clubs participated in
the survey. Among them, 20% were affiliated with professional football club
academies in Bulgaria, while 27% chose not to disclose the academy in which
they worked. Table 11 in the dissertation presents the percentage distribution of
the surveyed coaches according to the age group they manage and the league in

which their teams compete.

Table 11. Distribution of coaches by the age group they lead and by the league in which their
team competes

Coaches % (n) Competitions % (n)
U-12 25.3 19 Zonal groups 32 24
U-13 10.7 8 Regional groups 25,33 19
U-14 133 10 Elite youth groups 12 9
U-15 18.7 14 Zone Sofia 10,67 8
U-16 53 4 Zone Veliko Tarnovo 5,32 4
U-17 18.7 14 Football 9 5,32 4
U-18 1.3 1 Preparatory groups 4 3
U-19 6.7 5 Others (girls’ teams, reserve teams, etc.) 5,32 4

The largest representation among the surveyed coaches was from those
working with the U-12, U-15, and U-17 age groups. The zonal, regional and elite
youth leagues were the most frequently indicated competitions among
respondents.

The survey data revealed the following findings:

1. Most coaches (58.7%) believe that medical provision during matches is
unreliable or insufficient.
2. A significant portion (33.3%) reported having no physician or

physiotherapist in their club. Only 6.7% have both a physician and a
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10.

physiotherapist, 12% have a physician only, and 5.3% have a
physiotherapist only. Almost 30% send their injured players to private
physicians or physiotherapists they know personally, while 10.7%
collaborate with private medical practices outside the club.

For 76% of coaches, there is no medical provision during training sessions,
while only 17.3% reported the presence of a medical professional
(physician or physiotherapist) at their academy during practice.

81.3% of coaches indicated that their academies lack medical facilities for
diagnosis, treatment, and rehabilitation of injured players.

In 86.7% of clubs, no injury data is maintained, meaning there are no
records regarding injury frequency, type, causes, or severity.

Nearly half of the coaches (49.3%) stated that their teams do not conduct
regular functional assessments (by a physiotherapist, physician, or strength
& conditioning coach) to monitor motor qualities such as flexibility,
mobility, neuromuscular control, muscle symmetry, explosiveness,
strength, and endurance.

If a player is injured during training or a match, 70.7% of coaches know
where to refer the player for diagnosis and treatment, 4% do not, and 25.3%
delegate the matter to parents, who then assume responsibility.

When an injury occurs, 46.7% of coaches receive direct feedback from the
treating specialist regarding the player’s condition and recommendations,
whereas 52% receive information through parents.

Almost all coaches agree that youth football academies should employ a
multidisciplinary team, including a coach, strength & conditioning coach,
physician, physiotherapist, massage therapist, psychologist, and
dietitian/nutritionist.

All respondents believe that medical specialists should be present in youth
football academies to monitor the health and functional status of

developing players.
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11. Preventive exercises are most often integrated before warm-up (52%) or
during warm-up (58.7%). Post-training prevention is included by 26.7% of
coaches, while 25.3% conduct separate prevention sessions in a gym
setting.
12. Regarding the appropriate age to introduce injury prevention, 48% of
coaches suggested starting at U-12, 28% at U-14, 13.3% at U-13, and
5.33% each at U-15 and U-16.
Descriptive and Comparative Statistical Analysis of the Studied Variables

Through variation analysis, the arithmetic mean, normality of distribution,
homogeneity of the groups, and the dispersion of the values of the studied
variables were determined, both at the beginning and at the end of the pedagogical
experiment. Following the variation analysis, a comparative analysis was
conducted to assess the comparability of the studied groups and to determine the
effectiveness of the applied experimental methodology.

Descriptive Analysis of the Studied Variables

Using variation analysis, the main statistical parameters were calculated:
the minimum (Xmin) and maximum (Xmax) values, range (R), arithmetic mean
(X), standard deviation (S), coefficient of variation (V%), skewness (As), and
kurtosis (Ex) for each of the studied variables. The critical values for skewness
and kurtosis were Aso.os = 1.024 and Exo.0s = 1.985, respectively.

According to the coefficient of variation, the results of the experimental
group (EG) and control group (CG) were classified as:

o Homogeneous (V < 10%) for height, Passive Straight Leg Raise (P-SLR),
Single Leg Triple Hop (SLTH), Passive Knee Extension (PKE), and
Standing Long Jump;

« Relatively homogeneous (10% < V < 30%) for weight, Active Knee
Extension (AKE), PKE, Ely’s Test (EG), Slump Test, Single Leg Bridge

Test (SLBT), Nordic Test, and abdominal muscle endurance;
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o Heterogeneous (V > 30%) for the Thomas Test, Ely’s Test (CG), and Sit
and Reach Test.

The observed changes in the coefficient of variation after implementing the
experimental methodology indicate a dynamic improvement in the homogeneity
of the experimental group across several parameters.

Since the values of skewness and kurtosis for all studied variables remain
within acceptable limits in both EG and CG, the distribution of all measured
variables is considered normal.

Comparative Analysis of the Studied Variables

Following the variation analysis, a comparative analysis was conducted to
assess the comparability of the studied groups and to determine the effectiveness
of the applied preventive methodology targeting the risk factors associated with
hamstring injuries.

The significance of the changes in the studied variables was established
first within the experimental group (EG) where the experimental methodology
was implemented, and subsequently within the control group (CG) where it was
not applied. The Student’s t-test for dependent samples was used for variables
with normal distribution, at a confidence level of P(t) > 95%, with degrees of
freedom K = 19 and a = 0.05, corresponding to a critical value ta = 2.09.

The significance of the differences between the two groups was determined
both at the beginning and at the end of the experiment by comparing the mean
values of the studied variables using Student’s t-test for independent samples
applied to quantitative variables with normal distribution, at a confidence level of
P(t) > 95%. To accept or reject the null hypothesis which states that no
statistically significant difference exists between the compared variables, even if
such a difference may appear as an absolute value, the tabulated critical value (K

= 38, a = 0.05, ta = 2.02) was compared with the calculated empirical value

(temp).
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Additionally, a comparative analysis of the changes (growth rates) in the
studied variables between the two groups was performed using the Student’s t-
test for independent samples and quantitative variables with normal distribution,
again at a confidence level of P(t) > 95% (K =38, a = 0.05, ta = 2.02).

Table 46 presents a summary of the significance of the changes in the
studied variables for both legs within the experimental group (EG). A statistically
significant difference between the results of the initial and final assessments was
observed for almost all variables. The only indicator that did not show a
statistically significant improvement was the Passive Straight Leg Raise (P-SLR)

test for the dominant leg.

Table 46. Statistical significance of thecChanges in the studied variables in the EG

I assessment II assessment Statistical
Change
Test EG EG significance
X1 +S1 X2+ Ss d d% Cohen'sd  temp P(1)
P-SLR° (dom) 77,55 +7,49 77,90 7,26 0,35 0,45 0,24 1,07 70,26
P-SLR° (non-dom) 72,95 .7,17 78,25 +5,69 5,30 7,27 2,04 9,12 100,00
AKE® (dom) 65,05 £ 9,60 69,70 + 8,88 4,65 7,15 2,38 10,64 100,00
AKE® (non-dom) 62,75+8,74 66,25 £ 8,28 3,50 5,58 1,79 7,99 100,00
PKE® (dom) 68,55 £ 8,86 73,85+7,32 5,30 7,73 1,98 8,85 100,00
PKE® (non-dom) 68,70 £10,07 72,10+ 9,53 3,40 4,95 2,67 11,94 100,00
Ely’s (dom) cm 11,81 £2,06 8,47 £2,03 -3,34  -2825 1,90 8,51 100,00
Ely’s (non-dom) cm 10,13 £2,49 6,69 +2,61 -3,44  -33,98 1,75 7,83 100,00
Thomas (dom) cm 7,11 +2,62 3,66 +2,14 -3,46  -48,59 2,33 10,42 100,00
Thomas (non-dom) cm 6,28 +2.35 3,38 +2.31 -2,91 -46,26 2,40 10,74 100,00
Sit and reach cm 3,53 + 6,86 5,58 +£6,37 2,05 58,16 0,76 3,40 99,70
Nordic (dom) N 232,65 + 54,64 249,10 + 57,46 16,45 7,07 0,76 3,40 99,70
Nordic (non-dom) N 237,35 + 59,66 255,50 +£ 55,72 18,15 7,65 0,77 343 99,72
SLBT (dom) n 20,85 +4,99 26,60 + 4,59 5,75 27,58 2,31 10,33 100,00
SLBT (non-dom) n 19,70 + 5,80 26,00 £ 5,66 6,30 31,98 2,39 10,68 100,00
Core min 1,50+ 0,45 1,85 +0,49 0,35 22,96 1,19 5,31 100,00
Standing long jump m 1,57+0,15 1,65+0,19 0,08 5,13 0,67 2,99 99,25
SLTH (dom) m 4,90 + 0,33 5,02+0,31 0,12 2,38 0,60 2,66 98,46
SLTH (non-dom) m 4,93 £0,33 5,09+ 0,39 0,16 3,21 0,69 3,10 99,41

*“With degrees of freedom (K) = 19 and a significance level of a = 0,03, the critical value of ta. is 2,09

Table 47 presents a summary of the significance of the changes in the
studied variables for both legs within the control group (CG). A statistically
significant difference between the initial and final assessments was observed for
the following variables: Single Leg Triple Hop, Standing Long Jump, Kraus-
Weber Test, Nordic Test, and Thomas Test.

37



Table 47. Statistical significance of the changes in the studied variables in the CG

I assessment

II assessment

Change Statistical
Tect CG CG significance
X1 +S1 X2+Ss d d% Cohen'sd  temp  P(1)
P-SLR° (dom) 75,70 + 4,75 75,50 + 5,57 -0,20 -0,26 0,12 0,53 40,08
P-SLR° (non-dom) 73,45 + 7,30 73,35+ 7,01 -0,10 -0,14 0,13 0,57 42,30
AKE® (dom) 68,60 + 7,51 68,90 + 7,71 0,30 0,44 0,06 0,26 20,23
AKE® (non-dom) 66,45+ 7,27 66,15 £ 6,90 -0,30 -0,45 0,35 1,55 86,28
PKE® (dom) 74,45 £ 6,68 74,15 + 6,68 -0,30 -0,40 0,41 1,83 91,72
PKE® (non-dom) 73,35+ 6,42 73,10 £ 6,26 -0,25 -0,34 0,35 1,56 86,49
Ely’s (dom) cm 10,09 + 3,36 9,81 +4,24 -0,28 -2,78 0,11 0,50 37,93
Ely’s (non-dom) cm 8,70 £2,93 9,20 +2,53 0,49 5,69 0,20 0,91 62,81
Thomas (dom) cm 6,12 +278 5,22 4+2,50 -0,90 -14,72 0,50 2,25 96,37
Thomas (non-dom) cm 5,36 +£2,28 4,85+2,13 -0,50 -9,43 0,48 2,16 95,60
Sit and reach cm 6,48 + 4,08 6,50 + 3,98 0,03 0,39 0,04 0,20 15,26
Nordic (dom) N 211,05+41,94 212,75 £ 41,77 1,70 0,81 2,59 11,57 100,00
Nordic (non-dom) N 216,85+£5491 219,85+ 54,81 3,00 1,38 0,58 2,58 98,18
SLBT (dom) n 23,50 £ 4,08 23,75+ 4,05 0,25 1,06 0,19 0,86 60,21
SLBT (non-dom) n 22,45+3,98 22,70 £4,11 0,25 1,11 0,13 0,56 41,79
Core min 1,30 +£0,15 1,42 +0,22 0,12 9,31 0,79 3,52 99,77
Standing long jump m 1,50 £ 0,14 1,55+0,13 0,05 3,00 1,06 4,72 99,99
SLTH (dom) m 4,78 £0,31 4,86 £ 0,26 0,08 1,66 0,82 3,69 99,84
SLTH (non-dom) m 4,78 £0,20 4,93 +£0,26 0,14 3,01 0,77 3,46 99,74

*With degrees of freedom (K) = 19 and a significance level of a = 0,05, the critical value of ta is 2,09

Table 48 presents the significance of the differences in the mean values of
the studied variables between the experimental group (EG) and the control group
(CGQG) at the beginning of the experiment. A statistically significant difference
between the mean values of the two groups was found only for one indicator - the
Passive Knee Extension (PKE) test for the dominant leg (temp = 2.38; P(t) =
97.74%). This indicates that, at the start of the experiment, the two groups were
comparable in terms of the studied variables.

Table 49 presents the significance of the differences in the mean values of
the studied variable between the EG and CG at the end of the experiment,
following the implementation of the experimental methodology in the EG.
Statistically significant differences in the mean values between the two groups
were found for six of the conducted tests: the Nordic, Thomas, SLBT, Kraus-
Weber, Ely’s test for the non-dominant leg, and the Passive Straight Leg Raise
(P-SLR) for the non-dominant leg.
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Table 48. Statistical significance of the differences in mean values of the studied variables
between the EG and CG at baseline

I assessment II assessment Statistical
Test EG CG Change significance

X1 +S1 X2:S; d Cohen's d temp P (1)
P-SLR° (dom) 77,55 +7,49 75,70 + 4,75 1,850 0,93 0,93 64,34
P-SLR° (non-dom) 72,95 :7,17 73,45 + 7,30 -0,500 0,22 0,22 17,18
AKE®° (dom) 65,05 % 9,60 68,60+ 7,51 -3,550 0,408 1,30 79,93
AKE® (non-dom) 62,75+ 8,74 66,45+ 7,27 -3,700 0,454 1,46 84,65
PKE® (dom) 68,55 + 8,86 74,45 + 6,68 -5,900 0,711 2,38 97,74
PKE® (non-dom) 68,70 +10,07 73,35+ 6,42 -4,650 0,537 1,74 91,03
Ely’s (dom) cm 11,81 +£2,06 10,09 £ 3,36 1,720 0,596 1,95 94,14
Ely’s (non-dom) cm 10,13 +£2,49 8,70 £2,93 1,425 0,512 1,66 89,40
Thomas (dom) cm 7,11 +2,62 6,12+2,78 0,995 0,366 1,16 74,82
Thomas (non-dom) cm 6,28 £ 2,35 5,36 £2,28 0,925 0,396 1,26 78,58
Sit and reach cm 3,53+ 6,86 6,48 + 4,08 -2,950 0,512 1,65 89,35
Nordic (dom) N 232,65 + 54,64 211,05+41,94 21,600 0,438 1,40 83,11
Nordic (non-dom) N 237,35+ 59,66 216,85+ 54,91 20,500 0,356 1,13 73,47
SLBT (dom) n 20,85 +4,99 23,50 £4,08 -2,650 0,564 1,84 92,62
SLBT (non-dom) n 19,70 £ 5,80 22,45 +3,98 -2,750 0,539 1,75 91,14
Core min 1,50+0,45 1,30 +0,15 0,203 0,588 1,92 93,82
Standing long jump m 1,57+0,15 1,50+ 0,14 0,067 0,461 1,48 85,32
SLTH (dom) m 490+ 0,33 4,78 +£0,31 0,122 0,378 1,20 76,38
SLTH (non-dom) m 493 +0,33 4,78 £ 0,20 0,152 0,543 1,76 91,43

*With degrees of freedom (K) = 38 and a significance level of a = 0,05, the critical value of ta is 2,02

Table 49. Statistical significance of the differences in mean values of the studied variables
between the EG and CG at the end of the experiment

I assessment II assessment Statistical
Change ..
Test EG CG significance

X181 X2:S; d Cohen's d {m P (t)
P-SLR° (dom) 77,90.7,26 75,50.5,57 2,40 0,369 1,17 75,19
P-SLR° (non-dom) 78,25 .5,69 73,35.7,01 4,90 0,723 2,43 97,99
AKE® (dom) 69,70 + 8,88 68,90 + 7,71 0,80 0,097 0,30 23,74
AKE® (non-dom) 66,25 + 8,28 66,15+ 6,90 0,10 0,013 0,04 3,29
PKE® (dom) 73,85+7,32 74,15 + 6,68 -0,30 0,043 0,14 10,69
PKE® (non-dom) 72,10+ 9,53 73,10 £ 6,26 -1,00 0,125 0,39 30,29
Ely’s (dom) cm 8,47 +2,03 9,81 +£4,24 -1,34 0,399 1,27 78,83
Ely’s (non-dom) cm 6,69 +2,61 9,20 +2,53 2,51 0,885 3,09 99,63
Thomas (dom) cm 3,66 +2,14 5,22 +2,50 -1,56 0,642 2,12 95,93
Thomas (non-dom) cm 3.38+231 4,85+2,13 -1,48 0,637 2,10 95,76
Sit and reach cm 5,58 +£6,37 6,50 + 3,98 -0,93 0,176 0,55 41,48
Nordic (dom) N 249,10 + 57,46 212,75+ 41,77 36,35 0,687 2,29 97,22
Nordic (non-dom) N 255,50 + 55,72 219,85 + 54,81 35,65 0,620 2,04 95,16
SLBT (dom) n 26,60 + 4,59 23,75 +4,05 2,85 0,632 2,08 95,58
SLBT (non-dom) n 26,00 £ 5,66 22,70 £4,11 3,30 0,640 2,11 95,86
Core min 1,85+ 0,49 1,42 +£0,22 0,43 0,985 3,55 99,90
Standing long jump m 1,65+ 0,19 1,55+0,13 0,10 0,600 1,96 94,32
SLTH (dom) m 5,02+0,31 4,86+ 0,26 0,16 0,539 1,75 91,14
SLTH (non-dom) m 5,09 +£0,39 493 +0,26 0,17 0,491 1,58 87,85

*With degrees of freedom (K) = 38 and a significance level of a = 0,05, the critical value of ta is 2,02
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Table 50 presents the significance of the differences in the changes

(improvements) of the studied variables between the two groups. A statistically

significant difference was observed for all tests, with the exception of the Passive

Straight Leg Raise (P-SLR) test for the dominant leg, the Standing Long Jump

(two-leg jump), and the Single-Leg Triple Hop test.

Table 50. Comparative analysis of the changes in the studied variables between the EG and

CcG
Statistical significance
Test d EG d CG Change fomp 0
P-SLR® (dom) 0,35 -0,20 0,55 1,11 72,49
P-SLR° (non-dom) 5,30 -0,10 5,40 8,90 100,00
AKE® (dom) 4,65 0,30 4,35 3,52 99,89
AKE® (non-dom) 3,50 -0,30 3,80 7,93 100,00
PKE® (dom) 5,30 -0,30 5,60 9,02 100,00
PKE®° (non-dom) 3,40 -0,25 3,65 11,17 100,00
Ely’s (dom) cm 3,34 -0,28 -3,06 4,49 99,99
Ely’s (non-dom) cm -3,44 0,49 -3,94 5,64 100,00
Thomas (dom) cm -3,46 -0,90 -2,56 4,92 100,00
Thomas (non-dom) cm -291 0,50 -2,40 6,71 100,00
Sit and reach cm 2,05 0,03 2,03 3,28 99,78
Nordic (dom) N 16,45 1,70 14,75 3,05 99,58
Nordic (non-dom) N 18,15 3,00 15,15 2,79 99,19
SLBT (dom) n 5,75 0,25 5,50 8,77 100,00
SLBT (non-dom) n 6,30 0,25 6,05 8,18 100,00
Core min 0,35 0,12 0,23 3,05 99,58
Standing long jump m 0,08 0,05 0,03 1,24 77,91
SLTH (dom) m 0,12 0,08 0,04 0,76 54,72
SLTH (non-dom) m 0,16 0,14 0,02 0,22 17,30

*With degrees of freedom (K) = 38 and a significance level of a = 0,05, the critical value of ta is 2,02

w3 lump* Test

Table 44 presents the within-group (intragroup) and between-group

(intergroup) analyses of the results from the “Slump” test for the dominant leg.

Table 44. Within-group and between-group analysis of the “Slump” test results for the

dominant leg

Indicator EG CG
n 20 20
Positive — Negative 8 2
Negative — Negative 9 8
Negative — Positive 1 3
Positive — Positive 2 7
p-value (McNemar Exact without correction) 0,031 0,687
With improvement (n) 8 2
Without improvement (n) 3 10

p-value (One-tailed Fisher’s Exact Test)

0,032 < 0,05
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In the experimental group (EQG), after the second assessment, eight
participants transitioned from a positive to a negative result, one shifted from
negative to positive, and two showed positive results in both assessments. In the
control group (CG), two participants transitioned from positive to negative, three
from negative to positive, and seven showed positive results in both assessments.

The results indicate a statistically significant improvement (p < 0.05) in the
experimental group for the dominant leg, where eight participants with an initially
positive result transitioned to a negative outcome following the intervention. In
contrast, the control group showed no significant change (p > 0.05), with a slight
tendency toward worsening where only two participants improved their results,
while three worsened (indicating the presence of neurodynamic restriction).

Table 45 presents the withing-group and between-group analyses of the

results from the “Slump” test for the non-dominant leg.

Table 45. Within-group and between-group analysis of the “Slump” test results for the non-
dominant leg

Indicator EG CG
n 20 20
Positive — Negative 7 3
Negative — Negative 11

Negative — Positive 1

Positive — Positive 1 7
p-value (McNemar Exact without correction) 0,031 0,625
With improvement (n) 7

Without improvement (n) 2

p-value (One-tailed Fisher’s Exact Test) 0,040 < 0,05

In the experimental group (EQG), after the second assessment, seven
participants transitioned from a positive to a negative result, one changed from
negative to positive, and one showed positive results in both assessments. In the
control group (CQG), three participants transitioned from positive to negative, one
from negative to positive, and seven maintained positive results in both

assessments.
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Analysis of intragroup changes for the non-dominant leg revealed a
statistically significant improvement (p < 0.05)in the experimental group, while
the control group showed no significant change (p > 0.05).

To compare the effects between the groups (EG and CG), a one-sided
Fisher’s exact test was applied, applicable for small samples and binary variables.
Comparison between the groups after the intervention showed a lower frequency
of positive results in the experimental group compared to the control group, with
a statistically significant difference (p = 0.032) for the dominant leg. For the non-
dominant leg, significantly better results were again observed in the experimental
group compared to the control (p = 0.040).

From the comparative analyses, it becomes evident that throughout the
experiment, the experimental group demonstrated significant improvement
compared to the control group in nine out of twelve functional tests. The applied
experimental methodology for adolescent football players led to improvements
in: Hamstring flexibility, Flexibility of the hip flexors, Flexibility of the knee
extensors,Overall spinal and lower-limb mobility, Neurodynamics of the sciatic
nerve, Eccentric strength and muscular endurance of the hamstrings, and Static
muscular endurance of the abdominal muscles.

Results and Analysis of the Participants’ Subjective Assessment of the
Methodology

At the end of the experimental work, a survey was conducted among the
football players in the experimental group (EG) to assess their attitudes and
opinions following the implementation of the experimental methodology.

The findings from the survey revealed that:

1. Almost all participants (95%) believed that the methodology helped
them improve their flexibility, range and freedom of movement in the legs, as
well as leg and abdominal strength.

2. Alarge proportion (75%) considered that performing this methodology

had a positive impact on their athletic development.
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3. None of the participants sustained a muscle injury during the
experimental period.

4. 15% of the participants reported that some exercises were unpleasant
or difficult, 25% experienced no discomfort, 25% felt discomfort only at the
beginning until mastering proper technique, and 35% experienced muscle
stiffness the day after performing eccentric exercises, which did not reappear later
in the program.

Despite the proven effectiveness of the developed methodology, these
responses confirm the importance of an individualized approach even in team
sports, given the personal characteristics and adaptive responses of each athlete.
The findings clearly demonstrate that within a single team of 20 players, there
can be different reactions and adaptations to the same training load. Therefore, it
is essential to develop strategies and provide the necessary resources (material,
personnel, etc.) to implement individualized approaches in the development of
youth athletes in team sports, such as football. At the end of the survey, each
participant was asked to give an overall rating of the methodology on a scale from
1 to 10, evaluating its effectiveness, complexity, and level of interest. Two
participants rated it 10, fifteen rated it 9 and three rated it 8. The mean score for
the developed methodology was 8.95, which can be considered an excellent
result.

The coach of the experimental group shared that the conducted
experimental work, which included both the pre- and post-assessments and the
exercise intervention, had a positive influence on the psycho-emotional state of

the players and made them feel more motivated and valued.
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Results for the Number of Hamstring Injuries During the Experimental
Period

During the experiment, all types of injuries occurring in both teams were
recorded. Table 52 presents the number of hamstring injuries registered during

the period before and throughout the experiment.

Table 52. Number of muscle injuries before and during the experiment

Injuries before the experiment Injuries during the experiment
EG 2 0
CG 1 1

Although the absolute number of injuries in the experimental group (EG)
was lower compared to the control group (CG), due to the short follow-up period
and small sample sizes, it is not possible to draw definitive conclusions regarding
the effect of the methodology on injury incidence. To accurately evaluate the
impact of preventive methodologies on injury frequency, studies with a longer

follow-up period and larger samples are required.
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CHAPTER FOUR

CONCLUSIONS, RECOMMENDATIONS AND CONTRIBUTIONS

Conclusions
After analyzing the results of the study, the following conclusions can be
drawn:

1. A significant number of youth football academies and training schools in
Bulgaria do not have a physician or physiotherapist on staff. Many
academies also lack medical facilities for the diagnosis, treatment, and
rehabilitation of injured athletes. In most football academies, no systematic
record of sports injuries is maintained.

2. The majority of coaches working in youth football do not consider the
medical provision provided during matches and training sessions to be
adequate or reliable.

3. In almost half of the academies, no functional assessments are conducted
to monitor the functional status of youth football players, including
parameters such as flexibility, mobility, neuromuscular control, muscular
symmetry and balance, explosiveness, strength, and endurance.

4. The developed experimental device for assessing the eccentric strength of
the hamstring muscles can be effectively used for functional diagnostics
and as a screening tool in the rehabilitation and prevention of injuries.

5. The developed and implemented original preventive methodology, aimed
at addressing risk factors associated with hamstring injuries, has been
shown to improve the functional capacity and work performance of youth
football players.

6. The experimental methodology, developed as part of this dissertation,
effectively enhances:

* Hamstring flexibility;
* Flexibility of the hip flexors;
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* Flexibility of the knee extensors;

* Overall spinal and lower-limb mobility;

* Neurodynamics of the sciatic nerve;

* Eccentric strength and endurance of the hamstring muscles;
« Static strength endurance of the abdominal muscles.

7. The positive attitude of youth football players toward the developed
methodology creates favorable conditions for the successful integration of
modern preventive approaches into the training process of adolescent
athletes.

8. A large proportion of youth football coaches demonstrate a positive attitude
toward multidisciplinary collaboration, expressing readiness to work with
medical professionals to improve injury prevention and rehabilitation

practices in youth football.
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Recommendations

The review of the literature, along with the results obtained from the survey

and experimental studies, provides a solid basis for formulating recommendations

related to both the application of the experimental methodology and the

improvement of medical provision and preventive capabilities in youth football.

Recommendations Related to the Application of the Experimental

Methodology

Given the effectiveness of the developed methodology, we
recommend its timely integration into the training process of youth
football players (U-12/U-14), as well as the refinement of existing
training methodologies.

Periodic functional assessments using appropriate methods and tools
should be incorporated into team training routines to evaluate and
monitor the functional status and individual development of youth
football players.

Establishing an optimal balance between training load and recovery,
along with adequate structuring and dosing of training sessions, is
essential.

Implementing systematic methods for injury monitoring, including the
development of a database containing information on the frequency,
type, causes, and severity of injuries.

Providing education for coaches, health professionals, and athletes on
the role, importance, and place of prevention and rehabilitation within

the training process.
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Recommendations for Improving the Quality of Medical Provision

and Enhancing Prevention Capabilities

Provision of adequate facilities — football academies should not only
have training pitches but also a fully equipped medical room for
diagnosis, treatment, and rehabilitation, as well as functional training
spaces where, in addition to regular training, functional assessments
can be administered using appropriate equipment.

Training and recruitment of medical practitioners within clubs — it is
recommended that every football academy have access to a qualified
physician and/or physiotherapist responsible for monitoring the
athletes’ health and functional status.

Establishment of a multidisciplinary team (coach, strength and
conditioning coach, physician, physiotherapist, kinesiologist,
psychologist, dietitian/nutritionist, performance analyst, etc.) and
improvement of communication, coordination, and collaboration
among the professionals working with youth football players.
Implementation of effective preventive methodologies and means.
Improvement of medical provision during matches — match organizers
should ensure the presence of trained professionals capable of

providing adequate medical care during competitions.
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Contributions

Of Theoretical Scientific Significance:

1. The theoretical framework concerning the prevention of risk factors
associated with hamstring injuries in adolescent football players in
Bulgaria has been expanded;

2. The theoretical understanding of the club environment, as well as the state
and conditions of medical provision in youth football in Bulgaria, has been
expanded;

3. Original data are presented demonstrating the impact of targeted exercise
interventions on functional variables and risk factors related to hamstring

injury incidence.

Of Applied Scientific Significance:

1. A device for assessing the eccentric strength of the hamstrings has been
developed.

2. A physiotherapeutic methodology for the prevention of risk factors
associated with hamstring injuries has been created.

3. A protocol has been developed (Appendix No. 5), accessible to coaches,
allowing them to document injury occurrences for each player in cases

where no medical professionals are available within the academy.

The contributions and recommendations of this dissertation will be brought
to the Medical Commission of the Bulgarian Football Union (BFU) through the
publication of a monograph based on the dissertation, as well as through working
meetings, round tables, presentations, reports, and discussions on the topic. As
the officially authorized body for medical provision within the Bulgarian football

system, the Medical Commission will facilitate the implementation of these
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recommendations in football clubs, thereby enabling the level of medical

provision in youth football in Bulgaria to align with European standards.

50



PUBLICATIONS

Publiactions related to the dissertation:

1.

Georgiev, T. (2025). A method to assess eccentric hamstring strength in 15
to 16-year-old football players. Series on Biomechanics 39(1), 92-100.
DOI: 10.7546/SB.01.12.2025. Indexed in Scopus, Q4; SJR —0.202.

Other publications by the author:

2.

I'eoprues, T., HWsanoB, JI. (2025). Omenka Ha MEIUIIMHCKOTO
oOe3reuaBaHe B JIETCKO-IOHOIIECKUs: pyTOON B bbarapus: pe3yiaratu ot
aHKETHO MIPOYYBaHE Cpejl TpeHbOPH, Meouyuna u cnopm, 3-4, 40-43. ISSN

(print): 1312 — 5664.

. T'eoprues, T. (2024). AkTyanHu acmneKTd, CBbp3aHU C TpaBMAaTH3Ma Ha

UIIMOKpypaliHaTa MYCKyJaTypa W HeroBaTa MNpeBeHUus, Meouyuna u

cnopm, 3-4, 16-21. ISSN (print):1312 — 5664.

. T'eoprues, T., Urnatos, I'. (2024). IIpeBeHuusiTa Ha MyCKYyJIHH TPaBMH B

TPEHUPOBBYHUSA pEKUM Ha cTyaeHTH ¢yroonuctu, CO. ,,CbBpeMEHHH
TEeHJICHIINU Ha (pu3nueckoTo Bb3nuTanue u cnopra®, VU "Ce. Knumenm

Oxpuocku”, 136-148. ISSN (print): 1314-2275.

. AHToHOBa, M., I'eoprues, T., HenkoBa, M., ﬁopﬂaHOB, E., Urnaros, I

(2024). UadopmupaHOCT U OTHOIICHUE HA aKaJeMHYHAaTa OOIIHOCT Ha
Coduiickus yausepcuret ,,CB. KnumenT OXpHUACKU® KbM 3aHUMAHUSTA C
Bb3CTAaHOBUTENHO-TepaneBTuuHa 1en. CO. ,,ChbBpeMEHHU TEHICHIMU Ha
(U3MYecKOTO BB3MUTAHUE U criopTa“, unareiactso: YU "Ce. Kiumenm
Oxpuocku”, 100-109. ISSN (print): 1314-2275.

Georgiev, T. (2023) Sports injuries in university-level football, Research
in kinesiology. International Journal of Kinesiology and Other Related

Sciences, 51(1). ISSN (print):1857-7679, ISSN (online):1857-8942.

51



7.

10.

1.

Nedkova, M., Antonova, M., Yaneva, A., Ignatov, G., Yordanov, E.,
Georgiev, T. (2023) Sports and motor activity of the academic community
at Sofia University. Trakia Journal of Sciences, 21(1), 318-324, ISSN
(online):1313-3551.

AntonoBa, M., HeakoBa, M., I'eoprues, T., ﬁopﬂaHOB, E., Urnartos, I'.,
SueBa, A. (2022). KakBo O MOTHBUpAJIO aKaJeMHUYHATa OONIHOCT Ha
Coduiickus yausepcutet na cnoptyBa?. Cnopm u Hayka,5, 152-161, ISSN
(print):1310-3393

SlneBa, A., Urnaros, I., ﬁopﬂaHOB, E., HenkoBa, M., I'eoprues, T.
(2022). U3cnenBaHe OTHOUIEHUETO HA aKaJeMHUYHAaTa OOLIHOCT B
Coduiickus ynusepcurer ,,CB. Kinument OXpuacku KbM 3aHUMAaHUS ChC
cnopt u jBurarenHa jgedHoct. CO. ,,CbBpeMEHHHM TEHJICHIIMM Ha
(hbU3UYECKOTO BB3MUTAHUE W criopTa®, Vrusepcumemcko uzdamencmeo
,, Ce. Knumenm Oxpuocku”, 11-27, ISSN (print):1314-2275.

Georgiev, T., (2022). Study of the attitude of sport and physical education
teachers at Sofia University "St. Kliment Ohridski” about recording sports
injuries sustained in sports classes. Research in kinesiology. International
Journal of Kinesiology and Other Related Sciences, 50(1), 37-39.
I'eoprues, T., Kanenos, U. (2019). Ananu3 Ha CHIIOBU XapaKTEPUCTUKHU Ha
(bnekcopu U eKCTEH30pU B KOJSTHHA CTaBa MPHU ChCTE3AaTENH MO CMECEHU
6oitan u3kyctBa, Coopuuk ot 20-ta CTyJeHTCKa HayyHa KOH(epeHIus
KuHe3uTepanus u cnopt, (bnaroesrpan), Yuusepcumemcko uzoamencmeo

"Heoghum Puncku”, 39 - 45, (ISBN 978-954-680-937-7).

52



