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Abstract

Musculotendon injuries, which encompass a variety of conditions from muscle strains to
tendinitis, are a common concern in athletes of all ages and levels. These injuries,
considered overuse pathologies, constitute a significant part of sports injuries and are often
related to constant repetition of loads on the tendons. In this context, plyometrics, a training
approach focused on jumping and explosive exercises, has emerged as a promising tool in
the rehabilitation of these injuries. The main objective of this research was to evaluate the
effectiveness of plyometrics exercises in the treatment of musculotendon injuries in under-
17 soccer players. In this descriptive study, the prevalence of muscle-tendon injuries in
under-17 football players was investigated. It was evident that several previous studies in
the sports field have addressed the importance of muscle functionality for athletic
performance and quality of life in general this through plyometrics. While plyometrics are
commonly used in sports that require jumping, rapid changes of direction, and explosive
movements, its effectiveness in the rehabilitation of musculotendon injuries still requires
deeper and more precise evaluation. Athletes' perception and satisfaction with these
exercises may influence their adherence to the rehabilitation program and, therefore, their
success in recovery.
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Introduction

Football is one of the most popular and practiced sports around the world, with a player
base that spans all ages and skill levels, according to Mendoza et al, (1), "football is a sport
that is currently booming, more and more people are practicing it, enjoying it, work and
invest in it, where physical fitness is essential along with the development of motor skills"
Among young footballers, the U-17 category represents a critical stage in their athletic
development, as they are in the transition from adolescence to adulthood and experience
significant physical growth and development As these young athletes seek to hone their
skills and excel in sport, They face a number of challenges, among which tendon muscle
injuries are a constant concern. (1)

A study carried out for the year 2016, demonstrated the epidemiology of the injuries
suffered by players during the XVI South American U-17 Football Championship, where
a total of 103 injuries among players were documented, which is equivalent to an average
of 2.94 injuries per game or approximately 32.7 injuries per 1,000 minutes of play. It is
important to note that more than half of these injuries, specifically 56 of them, were the
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result of direct contact between players, of these 56 direct contact injuries, these injuries
were observed in various areas of the players' body, with the most common location being
the ankle, followed by problems in the Achilles tendon and injuries in the thigh (2)

Muscle tendon injuries, ranging from muscle strains to tendonitis, represent a major
obstacle in the career of any athlete, regardless of age or level of competition. These injuries
fall into the category of overuse pathologies, which make up approximately 60% of all
sports injuries, and are usually related to the constant repetition of loads on the tendon (3)

4

Scrutinizing a wide range of conditions ranging from muscle strains and tears to tendonitis
and other connective tissue disorders, musculoskeletal injuries in footballers are a
pervasive concern in the sports world (3). These injuries can severely affect the athletic
performance, physical development, and quality of life of young players. In the specific
case of U-17 footballers, who are in a key phase of growth and development, the impact of
muscle-tendon injuries is even more significant. Effective rehabilitation of musculoskeletal
and tendon injuries is essential to enable these young footballers to return to the field of
play in top physical shape and to minimise the risk of relapse (4). The search for optimal
therapeutic approaches and training strategies that facilitate recovery and prevention of
future injuries is a constant priority in sports medicine.

On the other hand, muscle and tendon injuries in football are a topic of great relevance and
concern for players, health professionals and coaches (4,5). These injuries affect not only
athletic performance, but also the quality of life of footballers, and can have significant
implications on their career. To better understand this problem, it is important to explore its
characteristics, causes, and consequences in detail. As expressed by Mendoza, et al, in the
specific case of U-17 footballers, these injuries can be particularly challenging due to their
impact on performance and physical development at a crucial stage of their growth (1)

In this context, plyometrics, a training approach that focuses on jumping and explosiveness
exercises, has emerged as a potentially valuable tool in the recovery process Plyometrics
not only seeks to improve muscle strength and power, but also focuses on neuromuscular
control and coordination, critical factors in preventing future injuries as research in the field
of sports medicine and physiology As exercise progresses, it is essential to critically explore
and evaluate the effectiveness of plyometrics in the rehabilitation of muscle and tendon
injuries in U-17 soccer players. (5) (6)

It should be noted that plyometric exercises were introduced by Verkhosansky as part of
the training programs of athletes participating in activities that require physical power, with
the purpose of improving the production of "reactive" force. These exercises appear to have
the effect of optimizing the stretch-shortening cycle, which, in turn, benefits the
performance of athletes by increasing the load exerted on the muscles and tendons during
the training phase. braking and reducing the duration of the transition period between
braking and propulsion phases, known as the "coupling time". (7) (8)

Therefore, the main objective of this research is "To evaluate the efficacy of plyometrics
exercises as part of the treatment of U-17 soccer players who have experienced muscle and
tendon injuries," focusing on their rehabilitation process and their impact on sports
performance. At the same time, in order for this objective to be met, it is necessary to have
clear specific objectives; which involve; describe the prevalence and types of musculo-
tendon injuries in U-17 footballers; evaluate the effectiveness of plyometrics exercises in
improving muscle function; and to analyze satisfaction with Plyometrics exercises in their
rehabilitation process in tendon injuries.

Ultimately, this review seeks to provide a solid foundation of knowledge that will enable
healthcare professionals, coaches and U17 footballers to make informed decisions about
the inclusion of plyometrics in their rehabilitation and training programmes. In addition, it
highlights the importance of continuous research in this ever-evolving field to optimize the
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medical care and athletic development of young footballers. The purpose of this descriptive
review is to explore the role of plyometrics as a treatment strategy in U-17 footballers
suffering from muscle and tendon injuries. In the course of this article, we will examine the
nature of these injuries, the theory behind plyometrics and its applicability in rehabilitation
contexts, and then analyze the existing evidence on the effectiveness of plyometrics in this
specific population.

In the field of physiotherapy, functional instability of the ankle, also known as chronic
ankle instability, has traditionally been treated through conventional rehabilitation
exercises, which include muscular endurance exercises, gradual increase in strength and
proprioception exercises (6). With regard to the application of plyometric exercises in
patients with functional ankle instability, there is a limited amount of scientific evidence
available. Most of the studies reviewed focus on neuromuscular adaptations that result from
the incorporation of plyometric exercises, either independently or in combination with
integrated stability training. However, there is a lack of robust evidence or limited
information on the effect of isolated plyometric training on individuals suffering from such
injuries.

Methods

The research is based on a descriptive study, aimed at collecting and presenting data in a
detailed and objective way without manipulation or intervention on the subject; "The
efficacy of plyometrics exercises in the treatment of muscle and tendon injuries in U-17
footballers".

Study Design:

The study would adopt an observational descriptive design, which involves data collection
without the introduction of controlled interventions.

Population and Sample:

The target population would be U-17 footballers who have experienced muscle and tendon
injuries.

Data Collection:

Data on football muscle and tendon injuries, including the type, location and severity of
injuries, would be collected using medical records and injury reports.

Data Analysis:

o A descriptive analysis of the collected data would be performed to summarize the
characteristics of the lesions, as well as the results of the plyometrics intervention.

Results & Feedback

The results obtained from the descriptive study are presented below and the most
outstanding findings of the research are shown:

The scientific literature has documented that tendon muscle injuries are common in
footballers, the prevalence varies according to the study population, but it is common to
find that a significant proportion of footballers have experienced a tendon muscle injury at
some point in their career (8,9).
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Board 1. Prevalence of lesions

Total Injury Prevalence 29.68%

Workout Injuries 51.1%

Match Injuries 46.7%

Location of Lower Limb Lesions 86.9%
Types of Injuries

- Muscle tear/strain 37.0%

- Sprain/Ligament 19.6%

- Other injuries 14.1%

Mechanisms of Injury

- During Race/Sprint 33.7%

-Kick 12.0%

- Jump/Landing 6.5%

Taken from (4,10)

In this scientific study, it is possible to show that the prevalence of muscle and tendon
injuries in U-17 soccer players was significant, representing almost 30% of the total cases
in the sample. This indicates that tendon muscle injuries are a common problem in this
population of young athletes. More than half of the injuries occurred during training
(51.1%), while 46.7% occurred during matches.

A study conducted by Tomala et al (11) revealed that approximately 76% of athletes suffer
from musculoskeletal injuries, of which 55% affect the joints. In addition, work by Aloui
et al, in Swiss elite athletes, found that 93% of musculoskeletal injuries affect the lower
extremity, with the knee (33%) being the most commonly affected area. (10)

Some authors claim that muscle functionality is essential for athletic performance, physical
health, and overall quality of life. A functional muscle is able to generate strength, power,
and endurance effectively, allowing you to perform a wide range of everyday activities and
sports with ease and efficiency. Given its importance, improving muscle functionality has
been a key goal in fitness research and practice. In this context, plyometrics exercises have
emerged as a promising training strategy to optimize muscle functionality (1,2)

Plyometrics involves explosive, high-intensity movements that are designed to improve
jumping power and ability, among other attributes (4). These exercises involve a fast
eccentric phase followed by an explosive concentric phase and are therefore considered an
effective way to improve a muscle's ability to generate strength and power in a short period
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of time. However, despite the growing interest in plyometrics, the scientific evidence
supporting its effectiveness in improving muscle functionality still requires a more in-depth
and accurate evaluation. (11) tags.

Muscle functionality is essential for athletic performance, physical health, and overall
quality of life. A functional muscle is able to generate strength, power, and endurance
effectively, allowing you to perform a wide range of everyday activities and sports with
ease and efficiency. Given their importance, improving muscle functionality has been a key
goal in fitness research and practice. (12) (13) Plyometrics involves explosive, high-
intensity movements that are designed to improve power and jumping ability, among other
attributes. These exercises involve a fast eccentric phase followed by an explosive
concentric phase and are therefore considered an effective way to improve a muscle's
ability to generate strength and power in a short period of time (14)

As explored in this research, plyometrics could be said to be characterized by explosive
and high-intensity movements. For authors such as , it involves a rapid cycle of muscle
stretching and shortening, where the muscle is briefly stretched during the eccentric or
lengthening phase; before rapidly shortening during the concentric phase or shortening.
This is known as the stretch-shortening cycle and is essential for the effectiveness of
plyometrics exercises (14,15) (16)

It should be noted that, during the eccentric phase, the muscles store elastic energy that is
released explosively during the concentric phaseThis eccentric load is a distinctive feature
of plyometrics exercises and contributes to the improvement of muscle power. Similarly,
plyometrics exercises focus on the production of explosive force rather than maximal
sustained force (5). This is essential for improving a muscle's ability to generate force
quickly, which is critical in many sports and functional activities. (10,17)

That said, plyometrics is commonly used in sports that require jumping, rapid changes of
direction, and explosive movements, such as basketball, volleyball, track and field, and
other high-intensity sports (11). It has also been incorporated into fitness programs to
improve functional capacity and muscle health in individuals looking to stay fit. The
effectiveness of plyometrics exercises has been studied in various contexts, and the
scientific literature provides evidence on their potential benefits for improving muscle
function, power, and endurance (8,10).

On the other hand, plyometric training is based on taking advantage of the stretch-
shortening cycle (CEA) of the muscle-tendon complex, where the eccentric phase generates
higher levels of force than an isolated concentric action (16). The studies reviewed have
shown improvements in various areas, such as jumping, sprinting, agility, and ball striking
speed. The improvement in agility is mainly related to the training of jumps, both vertically
and horizontally and from different heights. This provides an effective transfer to the ability
to change direction quickly (16).

Now, based on the results of cases where polymetric exercises are implemented in tendon
injury processes, the following table is presented, which represents some exercises that
were selected in studies for musculo-tendon injuries

Board 2. Plyometrics Exercises for Muscle Tendon Injuries

Level Exercise Description

March on the
1 spot This is an initial exercise to improve mobility and muscle control.

To perform slow, controlled lunges to improve leg strength and stability. Avoid
2 Static Lunges bouncing or jumping.
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Level Exercise Description

Vertical Jump  Add a vertical jump to lunges, maintaining control and landing softly. This exercise
3 Lunges increases strength in your legs.

One-Footed It allows you to jump back and forth on one foot, maintaining stability and avoiding
4 Jumps hard landing. Improves strength and coordination.

Jumps on both It allows you to perform forward and backward jumps with both feet, maintaining
5 feet stability and landing softly. Increases strength and power.

It allows you to salt in a zigzag pattern back and forth, while maintaining control and

6 Zigzag jumps agility. Improves coordination and strength.
One-leg jumps It involves performing a jump on one foot and landing on the same foot, then
7 and bounce performing a small bounce before switching legs. Improves power and stability.
Jumps with It allows you to jump over low obstacles or cones in a specific pattern to improve
8 obstacles agility and coordination, as well as strength and power.

The U-17 category is a crucial stage in a footballer's sporting career. It's the time when
many players aspire to advance to more competitive levels and, potentially, a professional
career. Any injury or impairment at this stage can have a lasting impact on your prospects.

The biomechanical structure of the foot plays a fundamental role in the pathology of tendon
injuries, because the foot has the function of absorbing impact, adapting to the surface of
the ground and maintaining the stability of the body. Tendon injuries act as a windlass
mechanism, playing an essential role in controlling the arch of the foot and regulating
pronation or supination during walking. Any factor that increases stress on the plantar
fascia can trigger the onset of plantar fasciitis (18) (18)

According to a study conducted by Lopez et al, a high number of football players were
found to experience heel pain, but only a relatively low percentage, 26.9%, chose to
undergo medical evaluation. The cause of these injuries is multifactorial and is related both
to repetitive microtrauma caused by impact forces during technical movements and to other
factors such as field conditions, training modality, and recovery times (18,19) (19)

That is why plyometrics has been successfully used in sports rehabilitation due to its
numerous benefits. These include increasing muscle strength, power, and stability,
improving neuromuscular coordination and shock-absorbing capacity, as well as restoring
joint function and preventing recurrent injuries. The inclusion of plyometrics exercises in
a rehabilitation program should be gradual and tailored to the individual needs of the
athlete. (20)

Sports health professionals design specific programs that begin with low-impact exercises
and gradually increase the intensity as the athlete recovers. Despite its benefits, plyometrics
comes with certain risks, especially if it is not performed properly. A poorly designed
program or progression that is too rapid can increase the risk of further injury. Therefore,
professional supervision is essential in the application of plyometrics in rehabilitation (20)

Athletes' acceptance of plyometrics exercises is a key factor in their effectiveness in
rehabilitation. The athlete's perception and satisfaction with these exercises can influence
their adherence to the rehabilitation program and therefore their success in recovery. The
scientific literature has addressed the effectiveness of plyometrics in the rehabilitation of
different types of injuries, such as cruciate ligament injuries, muscle strains, and bone
fractures. The results of these studies have varied, with some highlighting the importance
of athlete perception in the effectiveness of plyometric exercises (18,19,20)
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To maintain consistent competitive performance throughout a sports season, it is essential
to implement training strategies that balance optimal performance and physical health. This
includes injury prevention so that athletes can maintain their fitness throughout the season
(15). According to (19), one of the main goals of training is to reduce both the number and
severity of injuries, allowing athletes to be at their best during the competitive season. It is
also highlighted that training peaks, where loads increase or decrease sharply, can increase
the risk of injury in athletes. In the context of football, it is crucial to consider specificity
in training, as pointed out (20), this involves understanding the specific performance factors
of futsal and designing training strategies to optimize them and prevent injuries.

Similarly, it has been observed that training using plyometric exercises also impacts the
athlete's inherent abilities, as it enables them to perform movements more effectively and
safely than they used to be capable of (17). In a study conducted by (19), it was identified
that this type of training exercises led to significant improvements in certain variables
related to the physical fitness and football skills of athletes. This resulted in a positive effect
on aspects such as dribbling in combination with speed and agility, as well as an
improvement in the ability to shoot on goal.

Conclusions

Through this review, it was possible to show that plyometric exercises have proven to be
an effective tool in the rehabilitation of musculoskeletal and tendon injuries in football
players. Through an adequate implementation of plyometric exercises, it is possible to
reduce the incidence and severity of muscle and tendon injuries in young footballers. This
is achieved by strengthening muscles and tendons, improving jumping and acceleration
ability, and developing proprioception.

It is essential to consider the specificity of training for U-17 football when designing
plyometric exercise programs. Drills should be aligned with the specific demands of the
sport and tailored to the individual needs of the players. Supervision and direction from a
physical therapist or healthcare professional are essential during the implementation of
plyometric exercises in rehabilitation. This ensures that the drills are performed safely and
tailored to each player's recovery phase.

In addition to their role in rehabilitation, it has been observed that plyometric exercises can
also improve the performance of U-17 footballers. This includes improvements to speed,
agility, jumping ability, and soccer-specific skills. Despite advances in understanding the
efficacy of plyometric exercises in rehabilitation, there are areas where more research is
needed, such as the long-term evaluation of their impact on injury prevention and their
applicability in different types of musculo-tendon injuries.
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