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Abstract

Background: A ligament sprain, muscle pull or joint-twist in various games constitute sports-injuries that deter
performance, and compromise athletes’ durability in their respective sports. From biomechanics perspective, the
common mechanical forces, joint kinematics and muscular imbalance can be well explained for these injuries.

Aim: This paper discusses how biomechanics relates to sports and more so sports injuries by identifying mechanical
forces, movement characteristics and muscle imbalance that will enhance the risk of an injury and how
biomechanical assessment aids risk reduction.

Method: Therefore, this work adopts both observational and experimental designs to study athletes from different
types of sports. The process of data collection was based on kinematics of the lower limbs joint using the motion
capture system, assessment of Ground Reaction Forces using force plates, and muscle activation, and strength
imbalance through EMG. Cross-sectional and longitudinal methods for statistical analysis were used to determine
relationships between biomechanics parameters and the presence of injuries.

Results: Subjective analysis revealed that two high impact and torsional forces have a major influence on the injuries

especially at the knee and ankle regions. Abnormalities in joint motion, including increased knee valgus and ankle



inversion, were associated with higher injury incidence, and muscle imbalance relative to quadriceps-hamstrings and

deltoid rotator cuff muscles also predisposed the athletes to injury possibilities. Analyses made between injured and

non-injured athletes showed that anatomical anomalies increased the chance of an injury.

Conclusion: This research therefore confirms the utility of biomechanics in specifically understanding the risk factors

for injury and designing measures to combat them. That is, mechanical force, joint position and muscle length-

tension relationship can be trained separately to minimize injuries and maximize the durability of athletic

performance.

Introduction

Sports injuries are therefore a persistent and major
problem in the sporting context, affecting
participants of all abilities, including developmental
and professional. Sports hail with rivalry and energy
calls; they are regularly in perilous touches that make
them vulnerable to ailments. These injuries are as
diverse as sprains and strains through full thickness
acute and chronic ligament tears to fractures with
acute, chronic and over-use consequences and
potentially career-threatening implications for the
affected athletes. Some of the most frequent types of
sports injuries are the ligament injuries, including
knee injury like anterior cruciate ligament or ACL,
muscle injures most especially the hamstring and

muscle pulls specifically on the calf and joint-ankle

sprains. Other common ones include Tendinitis,
rotator cuff injury, and concussion, which have many
complications if they are repetitive or have not been
treated well. These injuries not only lead to an
incidence of soreness and time off from sports but
may carry psychological and financial sequala on the
athletes in question and potential careers. It is
important to have a broad concept of sports injuries
because the nature of the injuries varies greatly and
requires a multifaceted approach to the problem of
their occurrence [1].

In the course of sports science, biomechanics has
evolved as a powerful tool to analyse the nature of
sports injuries and ways of preventing them.
Biomechanics is a topic that is described as the study

of mechanical principles of movement or structure of



living organisms and is of relevance to the forces and
motions in man during exercise. In the context of
sports, biomechanics can explain why specific
motions and forces are linked to injures, which is
useful knowledge about how to design better non-
harmful motions and exercises. Biomechanical
analysis is a means of evaluating forces that act upon
the body structures including muscles, bones and
joints during sporting activities. This understanding
can help clear the mysteries why some athletes are at
higher risk of sustaining some injuries than others and
allow for the design of prevention strategies that
target the movement biomechanics of each sports
activity. As a field, biomechanics has the benefit of
utilizing present and future technologies and
analytical techniques that provide for possibly the
best prospective for discovering risk factors,
enhancing performance, and reducing the incidence
of injury among athletes [2].

It is common to consider three biomechanical
concepts, namely the mechanical force, the joint
movement or kinematics and muscle imbalance in the
study of sports injury. Mechanical forces include
contact forces exerted on the body by forces active
during certain activities, for instance, running,
jumping or tackling among others and these may be
in terms of force magnitude, direction as well as
frequency depending on the sport and or activity in
guestion. These forces if not handled well can lead to
much pressure build up on certain parts of the body
eventually causing injuries. For example, the high
forces when touching the ground in basketball, or

when performing acrobatics in gymnastics, can cause

a severe stress on the knees and ankle joints and
leads to ligament rupture. Another major area into
which biomechanics is divided is joint kinematics,
which deals with the behaviour of joints and the
degrees of freedom present in athletic motion. What
joint kinematics makes it possible for researchers to
analyse are force and movement patterns and how
some of these force and movement can lay an athlete
open to injuries. For example, if the knee is not
aligned properly in a squat or lunge, pressure will be
placed on the ACL, and it will eventually pull apart. In
addition, muscle imbalance which is taken as meaning
unequal strength or flexibility of a muscle group
opposed to another is associated with biomechanical
tragedy and increased prescription for injury.
Sidelines muscle imbalances is more so as they affect
support hence slight deviation leads to poor posture
and movements that exert too much on the weaker
muscles. An athlete with a right sided bias say in using
ones legs may find himself overusing the right limb
when responding to the jumps or kicks or while
kicking the ball in soccer and the left muscles due for
a strain or an injury [3].

The aim of this article is to learn more about these
biomechanical factors that relate to sports related
injuries and explain how biomechanical analysis can
assist in averting such injuries. This paper seeks to
present the dynamics of mechanical forces along with
joint kinematics and muscle imbalance to understand
the basic causes of clusters of sports-related injuries,
and then offer tangible measures for avoiding these
injuries based on supportive data. As such, the study

aims to advance knowledge in the field of sports



science by looking at how various factors interact in
order to show how certain movements and
mechanical loads can by predisposing in nature and
how this understanding might be harnessed for
intervention. This examination is especially
worthwhile in the emerging arena where sports
injuries are not only a sporting malaise, but also a
financial liability issue for sports organizations and
healthcare facilities. The article focuses on many
general injuries that athletes are likely to suffer
including the ACL, ankle sprain, and rotator cuff
injuries. The following injuries have been chosen
since they are common in most sporting activities and
have a blow on Sports performance and healing
periods [4].

This research is concerned with a range of sports and
types of injuries and focused on the three major high
impact sports with frequent changes in direction
namely football, basketball, tennis and rugby. These
sports are especially exposed to be biomechanically
challenged because their movements are dynamic
and random. For example, ACL tears are common in
sports that come with sharp turns or making a turn,
rotational as well as shear stress forces are applied on
the knee joint. In the same way, ankle sprain is
prevalent as it enjoys in soccer and basketball
activities where athletes spend most of their time
jumping, landing, as well as quickly changing
directions. Baseball, volleyball and basketball involve
overhead movements and majority of overhead
athletes develop rotator cuff injuries which improves
the understanding of the shear stress and tearing of

the muscles and the different architectural structures

of the shoulder joint during overhead activities. Thus,
by targeting these particular kinds of injuries, the
study will strive to explain biomechanical factors in a
range of sports settings and may therefore be of
interest to any athletes, coaches, and sports
scientists.

Altogether, this article underlines the significance of
biomechanics in the prevention and in the analysis of
the origin of sports injuries based on mechanical
force, joint dynamics and muscular disproportion. In
this regard, the study aims at comparing these factors
to understand the biomechanical nature of injuries
prevalent among athletes and provide insight into
how coaching interventional can help to prevent
them. Based on the findings outlined above, this
study is in a way relevant to the current shift of focus
in the size of sports science to prioritise athlete
welfare focusing on prevention of injuries. Since
biomechanics can be utilize in this field it has the
benefit to not only prolong the career of the athletes
but also better train and rehabilitate them which can
become a valuable aspect of sports medicine and
athletics [5].

Materials and Methods

This work uses both qualitative and quantitative
paradigms of research through observational and
experimental methodologies in analysing
biomechanics in sport-associated injuries. Within the
observational component, data is collected from
athletes during training and match play to collect
authentic movement samples and also to evaluate

inherent biomechanical risk associated with the

particular sports activities. The experimental



component, in contrast, takes place in a laboratory
environment that enables investigators to document
and plan biomechanical factors, including force
exertion and joint actions, in different environments.
Such a dual approach allows presenting a truly
comprehensive view of biomechanics at work while
also including the experimental laboratory
component of the research. This is particularly
important when observing multiple interrelated
biomechanical factors that are potentially risky and
contribute to sports-related injuries, providing a
holistic view on all forces, kinematics, and muscular
imbalance at work in sports setting [6].

Participant inclusion criteria are aimed at recruiting a
variety of athletes from the recreational to elite
sports categories in sports with high prevalence of
injuries due to biomechanical load and demands on
the musculoskeletal system. Players of such sports as
football, basketball, gymnastic and tennis are
selected on purpose because the kinds of actions that
are associated with high risks of injuries include
repetitious high impact activities, directional changes
and asymmetric movement which are characteristic
of the mentioned sports. Individuals involved in the
study must be aged between 18 and 35 years because
this age brackets is best reflecting the optimal athletic
performance with little or no contribution to
biomechanics by age factors. Further, sample
subjects are chosen by regard to their prior injuries
and a few of the targeted athletes were non-injured
too in order to have more information on
biomechanics. This selection criterion allows the

researchers to assess whether some biomechanical

characteristics are more likely to lead to repeated
injuries and whether some patterns are more
frequently observed in the athletes with earlier
history of injuries. By using low, moderate and high
skill and injury experienced respondents, the study
will endeavour to get a cross sectional sample of the
athletic clients thereby generalizing the results of the
study.

Outcome data are obtained through objective
biomechanical measures that allow the quantification
of mechanical loading, joint motion, and muscle
imbalance. In the current study, joint kinematics
evaluation is conducted using the motion capture
systems which comprise of several high-speed
cameras capturing the athlete’s movement in three
planes. Tether was attached to several appropriate
points on the participant’s body in order to recreate
the geometrical representation of the sports
movement’s kinematic features such as joint angles,
velocities, and accelerations. This motion data helps
understand exactly which positions of a particular
joint are dangerous and do more damage in
conditions that require high stress responses, such as
the knee, ankle and shoulder. Further, force plates
are employed for measuring the ground reaction
forces produced during activities such as jumping,
landing and steering. These plates offer actual time
information regarding the force magnitude and force
direction that an athlete’s body should withstand and
how this information aids in recognising how highest
forces result in implicit involvement of injury such as
ligament rupture and fractures. For example, high

vertical or lateral forces measured during the loading



phase may indicate biomechanical abnormalities or
incorrect motion patterns that cause abnormally high
loading on the joint and ligament tissue [7].

In relation to strength and strength asymmetries,
surface electromyography (sEMG) is used to capture
the level of muscle activation during particular
movements. EMG sensors are located on those
muscle groups that are central to the targeted
movement particularly anterior thigh for quadriceps,
posterior thigh for hamstrings and calf for the lower
body analysis and deltoids, biceps and triceps for the
upper body analysis. This helps researchers quantify
intensity and time of muscle activation and you can
tell there are delays or disparity in muscle groups.
Strength styled functional tests are also carried out to
determine the strength difference between
agonist/antagonist  muscles, such as the
quadriceps/hamstring ratio which is usually an
indicator of knee stability or injuries. This is done in
the analysis of exercises like squats, lunges, and hop-
tests while somehow assessing muscle activation to
look for certain patterns or signs of asymmetry that
may increase their predisposition to injury. Through
comparison of the activation and temporal patterns
of these muscles during these exercises, researchers
are able to get unique information about how these
imbalances translate into joint instability and
compensatory movement patterns that raise the risk
of injury.

Data analysis technique in this study involves a chain
of complicated procedures in interpreting kinematics
data to discover the relationship between

biomechanisms and injury frequency. In order to

consider both ‘frames of reference’, 3D motion
analysis software is utilised to construct the kinematic
motion patterns from the data collected via the
motion capture system. Using this software,
researchers can assess joint angles, rotations, and
displacements in detail, because the software
provides a clear picture of each joint in an athletic
movement. However, the analysis of joint angles,
their deviations from the typical pattern will help
identifying movement dysfunctions, such as
increased knee varus during squat, which is
associated with the increased risk of ACL injury. It also
provides ability to compare the kinematic data of the
injured and non-injured athletes to show the
particular patterns that are likely to lead to an injury.
Furthermore, force data collected from the force
plates are time-stamped to the motion capture data
and reveal a combined perspective of force
application with joint movement during complex
motions [8].

Descriptive statistical testing is Operations are also
performed in an attempt to assess strength for
biomechanics and the likelihood of further injury.
Pearson or Spearman type coefficients are used for
measuring the type of association between various
biomechanical parameters which involves, joint
angles, muscle activation and force magnitude. For
instance, an unusually high level of ground reaction
force during landing may indicate the cause of ankle
sprains; thereby identifying impact forces with lower
extremity injuries. Further, to rule out the possibility
of con- founding with other variables, multivariate

regression analysis with adjustments for age, gender



and type of sport is applied to investigate the
association between the variables of biomechanical
interest. It also enables the development of injury risk
equations, strongly dependent on biomechanics data,
thus offering a useful weapon in the form of a
mathematical model that would help determine
which athlete might benefit from Individual Injury
Prevention Programs [9].

In summary, the methodology adopted in this study
adopts a strong feature of establishing a rich data
collection and analysis technique that includes both
experimental and observational approaches to the
biomechanics of sports. Thus, the purposes of this
study are defined as follows: By comparing the
kinematics of joints, forces acting on the body and
muscle activation, it is intended to identify the main
causes of sports-related injuries. Through the use of
highly developed technology in collaboration with
statistically strong methods, the study intends to
pinpoint  the  relationship  between some
biomechanical factors and likely to get injured
significance to produce scientific based prevention
and treatment programs of athletes from different
sports. His approach is generating not only knowledge
of the risk factors but also strategies for improving
training regimens, rehabilitation, and sport-specific
movement to improve injury rates and performance.
Results

This paper enriched the understanding of how some
mechanical forces, joint movements, and muscle
imbalances influence the occurrences of injures in
sports activities. It was possible to carry out field and

laboratory collection where various important

findings were arrived at in endeavouring to explain
the biomechanical causes of the popular athletic
blows.

In the assessment of mechanical forces, the results
demonstrated that various categories of external
forces including impact, shear, and torsional forces
have different impacts on the risk for injuries within
specific sports and in activities characteristic for
them. Vibration and high-level forces such as those
related to landing or making sudden stops was
repeatedly associated with lower extremity injuries
like ligament tears and fractures. For example, those
participants who landed on the ground with high
vertical ground reaction force exhibited significantly
higher propensity of receiving ACL injuries and ankle
sprain. Table 1 shows the overall GRFs detected when
participants performed various types of landings and
the total injury frequencies for each condition.
Besides the impact in the vertical direction loads
having a rotational or torsional character was also
correlated with a increased risk of joint lesions
especially in those forms of sport activity in which
rotation plays a significant role as in basket ball and
football. This paper shows that the torsional force
presented during the pivoting actions increased the
risk of knee injury with specific reference to strain

from rotation injuries in the ligament [10].
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forces that are likely to be experienced in spikes and
serves are likely to lead to rotator cuff injuries. The
analysis of force data concerns the control of the
impact and shear force by using correct technique
and muscular strength of relevant muscles, because
the subjects with less force in similar movements had
lower injury rate. These findings suggest that very
high forces when accompanied with weak muscle
support or joint angles cause injury and force
management is important in training. Joint kinematics
and susceptibility depend on the type of tissue being
deformed and the mode in which deformation is
applied, and the specific features of the structure

studied. The findings from the joint kinematics
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estimator of risk factors prevalent in athletics , since

participants with VAR exhibited higher levels of injury
than the normal limit. These findings corroborate the
potential of utilizing motion capture technology in
observing joint angles during learning and feed
forward data that can be used to minimize potential
injuries [12].

Muscle imbalance assessment showed that there
were specific imbalances in the strength and
activation pattern of muscles on the left and right
sides of the body that predictively indicated the level
of injury episodes throughout the season, especially
concerning lower body injuries. For instance, those
athletes in whom a dramatic difference was recorded
in the quadriceps to hamstrings ratio were more likely
to suffer knee injuries. Table 3 presents the Averages
of Q/H ratio of injured group and non injured group;
this study used it to highlight the relationship
between muscle imbalance and existence of injury on
the playing field. The muscle imbalance which
measures hamstrings strength in relation to
guadriceps was also lower in the athletes’ knee joint
stability and specially during deceleration as found in
soccer and football. This imbalance must cause
compensatory patterns of movement that place

stress on the ligaments elevating the risk of injury.
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Knee Injury Rate by Additional information was found from the
comparison of the biomechanics of injured and non-
injured athletes to understand how biomechanics
may affect the likelihood of injury. | found that the
impacted forces of the athletes, who were injured
either in their knee, ankle, or any other part of the
body, were consistently higher than that of the non-
injured athletes based on the data entertained in

Table 1-3. These differences highlight the

Knee Injury Rate (%)

biomechanical factors and seem to point to a
possibility of using these variables to lower on the
rate of accidents. For instance, noninjured athletes

experienced lower ground reaction forces and less

0 kinematic deviation, which indicated being
Injured Non-inju
Athlete G/ biomechanically optimized that can shield against

) o injury. Likewise, it was found that other non-injured
Also, disparities in the shoulder muscle groups,

. . . athletes had relatively equally developed quadriceps
including the deltoid muscles and rotator cuff

) . ) to hamstrings and deltoid to rotator cuff muscles that
muscles, were predicted in athletes in overhead

- . L meant that athletes with balanced muscles were less
activities to have a higher incidence of rotator cuff

L . L likely to strain their joints, pulleys and ligaments.
injuries. Explants of strength and deltoid activation

. In conclusion, findings of present work bring out the
revealed that often the dominant arm was stronger;

o ) ) various biomechanical factors and their combined
possessing increased strength in deltoid as compared

effects of mechanical loading, joint motion, and
to rotator cuff muscles meant the athlete had an

. . muscle imbalance for injury occurrence. Based on the
unstable shoulder which was prone to injury

. . ) biomechanical causes of injuries discussed in this
particularly during forceful movements such as in

. o L paper, these patterns can be reduced through
throwing or spiking. These findings underscore the

. . . appropriate and specific programs like correcting
importance of developing muscle-strengthening

. . . . muscle imbalances through strength training and
interventions that promote proportionality between

. . . alleviating joint kinematic alterations due to
opposing muscle groups because, while reducing

) o technique fault [14].
efficacy, muscle strength symmetry deviations

. . L Discussion
increasingly harbor compensatory overuse injury

. The data of this study can capture the exact
risks [13].

mechanism of sports biomechanical factors towards




the injury patterns seen in athletes and generate
studies that extend, reverse or enhance the current
knowledge base in sports biomechanical. Of
particular interest is the fact that all the significant
correlations found involving mechanical forces, joint
kinematics, and muscle imbalances are consistent
with the hypothesised variables in current theories
pointing towards injury occurrence risks. For
instance, the connection of high impact forces and
lower extremity joint injury discussed in Newtonian
mechanics and which deals with the idea that forces
exerted on a joint without appropriate muscle
support or proper form can cause microtrauma. The
observed association of high ground reaction forces
and the types of injuries inclusive of the ACL tear
supports the hypothesis that athletes who perhaps
daily engage in high impact, repetitive movements
are most at risk of joint and ligament injury. These
findings provide support to the notion that better
biomechanical control of impact loads by strength
training and practice of correct movements may well
play a critical role in prevention of injuries and
especially in sports like basketball and gymnastics
[15].

The level of joint kinematics, especially that of knee
valgus and ankle inversion are also supported by
biomechanical viewpoints recognising specific joint
positions and movements as being antecedents of
injuries. Animals are often cited as a danger to ACL
due to uneven force dispersion across the knee,
which leg valgus, a kind of misalignment, that is
frequently observed in athletes, is present in surplus.

Our work supports this hypothesis since the baseline

knee valgus angle increases during high stress
movements were highly correlated with an ACL
injury. Also, the findings of the observations of the
correlation of ankle inversion angles to the incidence
of ankle sprains synchronizes with the findings of
previous studies that founds lateral ankle instability
as precursors to an increased rate in ankle sprain
incidences. These kinematic patterns task training
programmes to enhance the specific muscles around
such joints but also to address issues of joint
angulation and stability so as to reduce likelihood of
tricky forces and subsequent injuries. Such findings
underscore the biomechanical assessment for not
only revealing potential hazards but also for
reconstructing corrective measure that accentuates
healthier joint movements.

Muscle imbalance analysis is relevant to current and
future theories in many ways as outlined below; The
strength between the opposing muscles and groups
as in the quadriceps and hamstrings in the lower
limbs, or deltoid and rotator cuff muscles in the
shoulder, has been regarded as very important in the
traditional sports science literature. Our study
supports these theories pointing that athletes who
have imbalanced muscles have poor joint stability and
the movement patterns that might result in micro
traumas to ligaments and tendons. For instance,
athletes who in the quadriceps strength to hamstring
ratio are exposed to higher concentrations of knee
injuries prove that joint is compromised when
imbalance is made. At the same time, there were
categorical data concerning some aspects, for

example, muscle imbalances depending on the



requirements for the corresponding type of activity,
namely the corresponding sport. For example, soccer
players had special high Q/H ratios, probably because
these muscles are involved so intensively in kicking.
However, this implies that although muscle
imbalances are a general risk, the types of imbalances
which occur as well as the risks posed to the injury will
differ from code to code making it imperative that
biomechanical analyses are sport specific [16].

The consequences of this work for injury prevention
are therefore quite profound and point directions for
action for athletes, trainers, and head coaches.
Biomechanical analysis can be productive for training
programs, because it can define certain movement
characteristics or muscle deficit which cause
predisposition for damage. For example, loss of
favourable lower limb posture such as high knee
valgus angles can be helpful through strength training
to increase hip abductor muscle strength and thus
decrease knee inward collapse during movements.
Likewise, athletes who had high quadriceps-to-
hamstring ratio could include hamstring based
exercises in their training programs so as to avoid
compromising the quadriceps pull on the patella
femur knee joint. With the understanding and control
of the biomechanical factors in exercise it would be
possible to minimize some of the common forms of
injuries in athletes such as those incurred from
excessive strain on particular muscles or from
improper joint angles in training, through
modifications in the training schedules ).
Furthermore, the observation of joint kinematics

during the training session using Motion Capture

technology allows for a Real Time quality control and
adjustment of the performance to minimize
dangerous movements. For instance, basketball
players can learn in real-time about how they land by
analysing their leg position and altering knee and
ankle angles to decrease the forces that affect
ligaments and lead to injury.

As with any study, several limitations and challenges
arose in applying biomechanical analysis to this
research, and these should be borne in mind when
analysing the results. One large source of concern is
individual differences that may be inherent within
athletes; issues such as the flexibility, body mass and
history of injuries add an element of uncertainty to
biomechanical analysis. These individual differences
imply that the results may not generalize onto all the
athletes because some athletes could be more
resistant or more prone to injuries than others
regardless their biomechanical characteristics. Other
limitation is the availability of biomechanical analysis
equipment; high end motion capture systems and
force plates as well as EMG sensors are expensive and
not within easy access of all sports teams or training
centers. This limitation limits the feasibility of
biomechanical assessments especially in
environments where application of the methodology
is desired. Moreover, the analysis was done under
laboratory circumstances and stabilized conditions
different from the dynamic environment that is
characteristic of sports. Some of the executed
movements may be different from those in the actual
competition as opposed to movements that are

recorded in safety; Opponents and environmental



conditions cause variation in biomechanical dynamics
[17].

Conducting these analyses in sample participants of
different sports is not without its relative difficulties
since the biomechanical loading factors controlling
fatigue differ from sport to sport. For some sports
disciplines, high ground reaction forces and knee
valgus angles are important risk factors because of
high-impact landings activities typical for these
sports, such as, for exampling, waterskiing or
gymnastics; however, these factors can hardly be
considered as risks for such sports as swimming or
cycling. Such fluctuations buttress the argument on
formulating sport specific injury prevention
approaches that consider the bio mechanical
demands of each sport. Consequently, the variations
in the male and female athletes’ movement patterns,
including knee valgus and ACL vulnerable
predispositions, also suggest that the associated
injury prevention interventions should take gender-
stereotypes movements. This level of targeting is
requisite for the optimisation of interventions against
injury occurrences, although implementing such
strategies presents a number of difficulties, chief
among them a constraint of resource endowment in
those organisation commission for sports.

Future research in biomechanics should incorporate
these limitations by doing more studies on the
mechanisms, the certain sports and genders they are
dealing with and how to prevent them. Many of the
current  investigations are conducted using
participants performing sport-specific movements in

laboratory conditions, or by examining injury

statistics gathered from sports teams; biomechanical
investigations that include participants using
wearable IMU devices during real-sport situations like
games or practice sessions would yield more realistic
biomechanical data and a better understanding of
injury risk, etiology in dynamic conditions would be
more valuable. As described earlier, aerobic stress
and training volumes are significantly different
between young and older athletes, which indicates
that sport-specific biomechanical demands and injury
hazards also fluctuate over an athletic career. Also,
examining the effect of fatigue on biomechanics
might help determine how physical effort affects the
movements and the risk of injury for athletes, most
particularly, where stamina is an essential aspect in
sports. Last but not least, focusing on how new
technologies, like machine learning and artificial
intelligence, in biomechanical analysis can improve
further the statements used for injury risk assessment
can help in organizing more effective preventive
actions in terms of individual approaches to each
athlete [18].

To conclude, the results of this particular research
provide a support to the concept of the Biomechanics
as a useful tool for the analysis of sports related
injuries and for investigating the possibilities of
applying Biomechanical analysis for development of
efficient strategies of the injuries prevention. Due to
the mechanical forces activities, joint kinematics, and
muscle imbalances pointed out as contributing to the
injury risks in this study, it is remarkable that
individually tailored prevention programmes need an

improved consideration of the biomechanical



characteristics of the particular athlete. Nevertheless,
the mentioned limitations point to that further
studies are needed to examine individual differences
as well as challenges specific to each sport and actual
conditions that should make biomechanical analysis a
more general purpose tool in sports science. Further,
biomechanics enjoys high potentiality with regards to
the eventual decline in injury susceptibility, improved
performance of athletes and health of the athletes in
general across sports.

Conclusion

Therefore, this study shows the central involvement
of mechanical forces, joint kinematics, and muscle
imbalance in influencing sports injuries and identifies
how each factor influences the propensity of athletes
to get injured. The articles underscore the role of
biomechanics in sports medicine and confirm the
practical applicability of this field by walking such
possibilities as identifying the risks of sports-related
injuries and suggesting specific actions that would
help increase stability, control and strengthen
muscles to compensate for these risks. With
biomechanical analysis for integration in training,
coaches and sports professionals shall be in a position
to vary aspects of the movement pattern and muscle
conditioning to fit into the needed ones; this leads to
low injury rates and longer athletes’ career span as
well as overall performance improvements. Such
capability of biomechanics to advance the
understanding of how to prevent injuries, and
develop better athletes explains whyit is a critical

element of the growing field of sports science.

(1]

(2]

3]

(4]

5]

)

M. L. L. Min S Park, "Biomechanical aspects of

sports-related head injuries,"  Physical
medicine and rehabilitation clinics of North

America, vol. 20, no. 1, pp. 29-38, 2020.

N. K. G. C-E. I. O. A. F. Tomer Yona, "One-
dimension statistical parametric mapping in
lower limb biomechanical analysis: A
systematic scoping review," Gait & posture,

vol. 109, pp. 133-146, 2024.

F. F. A. K. W. B. P. N. H. J. B. P. H. iels Christian
Kaldau, "ACL injury characteristics in
badminton: A registry study  with
prospectively collected data on sports related
epidemiology and injury mechanism of 539
badminton players," Asia-Pacific journal of

sports medicine, arthroscopy, rehabilitation

and technology, vol. 38, pp. 22-28, 2022.

P. Boccolari, "Non-surgical treatment of
oblique diaphyseal fractures of the fourth and
fifth metacarpals in a professional athlete: A
case report," International Journal of Surgery

Case Reports, vol. 115, p. 109256, 2024.

A. Bourantanis, "Forensic investigation into
head trauma in combat sports, blunt force
homicides, and traditional martial arts,"
Forensic Science International, vol. 365, p.

112269, 2024.

P. Patil, "Therapeutic uses of platelet-rich
plasma (PRP) in sport injuries — A narrative
review," Journal of Orthopaedic Reports, vol.

3, no. 2, p. 100287, 2024.



(7]

(8]

(9l

(10]

(11]

(12]

(13]

S. Sahin, "The relationship between Beighton
score and biomechanical risk factors among
adolescent, female volleyball players,"
Physical Therapy in Sport, vol. 70, pp. 84-89,

2024.

R. Yang, "Application of Artificial Intelligence in

rehabilitation science: A  scientometric

investigation  Utilizing  Citespace," SLAS

Technology, vol. 29, no. 4, p. 100162, 2024.

W. Bingnan, "Enhancing regenerative
potential: A comprehensive review of stem
cell  transplantation for  sports-related
neuronal injuries, with a focus on spinal cord
injuries and peripheral nervous system
damage," Tissue and Cell, vol. 88, p. 102429,

2024.

M. Kovoor, "Sensor-enhanced wearables and
automated analytics for injury prevention in
sports," Measurement: Sensors, vol. 32, p.

101054, 2024.

A. J. Talia, "Gender differences in foot and
ankle sporting injuries: A systematic literature

review," The Foot, vol. 60, p. 102122, 2024.

J. Liu, "A survey on location and motion
tracking technologies, methodologies and
applications in precision sports," Expert
Systems with Applications, vol. 229, p. Jingbin

Liu, 2023.

F.  Rezayaraghi, "Modal analysis of

computational human brain dynamics during

[14]

[15]

[16]

[17]

(18]

helmeted impacts," Brain Multiphysics, vol. 5,

p. 100082, 2023.

Y. Gao, "Ceramic based nanocomposites with
alumina-carbon nanotube reinforcement for
improved energy absorption in sports-related
injuries: Microstructural analysis and low
velocity impact," Ceramics International, vol.

50, no. 7, pp. 11129-11137, 2024.

L. Choo, "Skill acquisition interventions for the
learning of sports-related skills: A scoping
review of randomised controlled trials,"
Psychology of Sport and Exercise, vol. 72, p.

102615, 2024.

M. J. K. BS, "The epidemiology of recreation-
related cervical and thoracic fractures," The
Spine Journal, 2024.

Y. Q,

Opportunities, challenges, and strategies for

"Digital technologies in sports:

safeguarding athlete wellbeing and
competitive integrity in the digital era,"
Technology in Society, vol. 77, p. 102496,

2024.

T. Holzinger, "Development, calibration and
validation of impact-specific cervical spine
models: A novel approach using hybrid
multibody and finite-element methods,"

Computer Methods and Programs in

Biomedicine, vol. 257, p. 108430, 2024.



