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Abstract. Computer vision technologies can be used to track the movements of
an athlete while performing diagnostic or training exercises. Through the analysis
of this data, coaches and medical professionals can identify potential problems
in athletes’ movements, such as incorrect movements, overloads, and imbalances.
This allows to capture deviations in the athlete’s musculoskeletal system, develop
individual training plans, and adjust technique to prevent injury and improve per-
formance. Computer vision can be used to monitor the condition of athletes in
real-time. Such systems can detect fatigue and stress in athletes and alert coaches
and medical staff on possible problems. At this stage, the development of com-
puter vision technologies for diagnosing athletes and preventing injuries should
not replace professional medical care and consultation with specialists. It is a
tool that can help coaches and medical staff make better-informed decisions and
improve athlete performance.

Keywords: computer vision - musculoskeletal system - athletes - diagnosis

1 Introduction

The physiological result of the training process is the body’s adaptation to the load,
causing certain morphological and functional changes, including in the athlete’s muscu-
loskeletal system. These changes are not always positive - they often lead to significant
compensatory changes - somatic dysfunctions [4].

One of the most common reasons for leaving sports is the presence of an injury
caused by disorders of the musculoskeletal system.

The knee joint is most often affected (more than 50% of all disorders of the muscu-
loskeletal system). The joints of the upper limbs (shoulder, elbow, hand - 20%), the ankle
joint (10%), the lumbar spine (10%), and the thoracic spine (10%) are in the high-risk
zone. These percentages vary greatly depending on the specific sport.

The most common cause of injury is a constant excessive load, leading to link
deformations: thickening, stretching, compaction, wear, etc. [2].
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So, for example, in figure skaters, the load on the knee joint when landing after a
jump is up to 300 kg (five times the weight of the athlete himself). In the case of a slight
distortion of the technique under this load, the athlete is likely to receive an injury of
varying severity: from sprain and micro tear, to complete separation of the cruciate or
rupture of the collateral ligament.

Another consequence of constantly occurring loads is the appearance of motor asym-
metries caused by the specifics of the sport (fencing, tennis and table tennis, throwing
sports, etc.). In this case, as a result of overstrain of the leading limbs and insuffi-
cient loading of the subdominant ones, dissimilation processes are activated and lead to
increased fatigue and irrational energy consumption of each limb, which increases the
risk of injury.

It is also necessary to take into account external injuries in sports: for example, in
ice hockey, the situation with injuries is aggravated by the influence of environmental
factors (temperature, ice, opposition from an opponent, stick strikes, puck hits, etc.), so
any violations in the musculoskeletal system significantly increase the risk of the injury
itself [9].

But the problems described above are associated not only with sports activities but
also with the everyday life of a child and an adult. The increased volume of receiving and
processing information through a computer makes a person spend most of their working
time in a sitting position in front of a computer, in a position that allows them to see the
monitor screen and type text on the keyboard. This position significantly aggravates the
condition of the muscles of the musculoskeletal system.

Also, the problem of muscle dysfunction is exacerbated by the sedentary lifestyle
of a person of the 21st century - so after a sedentary job, a person moves home by
car in a sitting position and often spends the evening at home in front of the TV while
sitting. All this leads to active growth of spinal diseases, osteochondrosis, exacerbation of
chronic pathologies, muscle atrophy also starts, strength decreases, and the transmission
of neuromuscular signals is disrupted. With hypodynamia, the muscles stop responding
quickly to brain commands, and severe discoordination develops.

The most common consequence of a sedentary lifestyle is degenerative diseases of
the spine. With prolonged work in a sitting position, the load on the back increases by
50-60% [10].

According to the observations of neurologists, every second office employee under
the age of 50 complains of cervical osteochondrosis, scoliosis or spondylosis. Diseases
develop gradually, they are associated with improper redistribution of the load on the
vertebrae, insufficient intake of calcium into bone tissue, and slowing of blood circulation
[12].

When a particular disease occurs, a person often goes to the doctor for a long way of
examinations and drug treatment, after which one way or another there are consequences
in the form of pathologies.

These facts make the problem of finding and substantiating methods for the
prevention of sports and domestic injuries in the early stages relevant.
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2 Diagnosis of the Musculoskeletal System Through Exercises

Diagnosis of the musculoskeletal system is possible with the help of exercises that are
usually performed under the guidance of a specialist. It includes exercises that help
assess the functional state of muscles, joints and ligaments.

One such exercise is the overhead squat. This exercise allows you to evaluate the
strength, flexibility, coordination and stability of the body. It involves lifting a dumbbell
or other object overhead and then doing a squat. A person is required to use many muscle
groups and joints, including the shoulder, elbow, wrist, hip, knee and ankle.

When performing an overhead squat, the specialist pays attention to several key
aspects that may indicate problems in the musculoskeletal system [13]:

e stability and balance. If a person has difficulty maintaining balance during an exercise,
this may indicate problems with coordination and stability;

o flexibility. If a person has limited flexibility in the joints, then this can lead to incorrect
body position, which can lead to injury;

e strength. If a person has difficulty lifting a dumbbell or other object above their head,
this may indicate insufficient strength in the muscles of the shoulder girdle and arms;

e coordination. If a person has problems with the coordination of movements, then this
may indicate problems in the nervous system;

e pain or discomfort. If a person has pain or discomfort in the joints, this may indicate
the presence of injuries or diseases of the musculoskeletal system.

Analysis of the musculoskeletal system without the appropriate instrumentation can
be significantly difficult. Although physicians and specialists can make some assess-
ment of the musculoskeletal system with eyes and touch, without the use of appropriate
instruments and additional studies, the analysis may be incomplete and inaccurate [11].

3 Computer Vision for Analysis of the Musculoskeletal System

ML Kit Pose Detection is the most common development tool provided by Google that
uses machine learning to detect the posture and movements of the human body. This
tool can be used to create a digital twin of the musculoskeletal system.

ML Kit Pose Detection detects a person’s pose in an image and recognizes 33 key
points on the human body. These points include the upper and lower body, as well as
the arms, legs, and head.

The key points that ML Kit Pose Detection recognizes include: right and left ear,
right and left eye, nose, right and left shoulder, right and left elbow, right and left wrist,
right and left shoulder blade, right and left thigh, right and left knee, right and left leg,
right and left foot, right and left hand, right and left fingers.

Each of these points has (x, y) coordinates, which represent the position of the point in
the image. These coordinates can be used to analyze a person’s posture and movements,
as well as to create a digital twin of the musculoskeletal system [8] (Fig. 1).

To build vectors between key points, you can use their coordinates. Each vector will
have a starting point at one of the key points and an endpoint at the other key point [14].

For example, consider a vector that connects the left shoulder and the left elbow. This
vector will have a starting point at (x/, y/) coordinates that represent the left shoulder
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Fig. 1. ML Kit Pose Detection key points.

position and an endpoint at (x2, y2) coordinates that represent the left elbow position.
To build a vector between these points, you need to calculate the difference between the
x and y coordinates for each point:

x2 — x1 = dx

y2 —yl = dy

These values will be the coordinates of the vector that connects the left shoulder and
the left elbow. Next, you can calculate the length of the vector using the formula:

len = sqrt(dx"2 + dy”"2)

This formula calculates the distance between the start and end points of a vector.
You can also calculate the angle between the vector and the x-axis using the formula:

angle = atan2(dy, dx)

This formula calculates the angle between the vector and the x-axis in radians.

By using vectors between key points, additional information about the person’s
posture and movements can be obtained. For example, you can calculate the angles
between vectors to determine which parts of the body are in a certain position. You can
also calculate the speed and direction of movement of body parts [3].

4 Specialized Software for Computer Vision Aided Analysis
of the Musculoskeletal System

Specialized software was developed using a software-instrumental environment based
on the ontological approach, in which the domain ontology is represented as a meta-
associative graph.
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An ontological structure has been created to provide the possibility of storing,
modifying and processing data on diagnostic exercises, athletes and the state of their
musculoskeletal system [1, 7] (Fig. 2).
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Using the software, it is possible to develop sets of rules for each exercise, allow-
ing you to track the relative position of the vectors connecting the key points of the
musculoskeletal system (Fig. 3).
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Fig. 3. Overhead squat rules list.

The following settings are available for each rule (Fig. 4):

controlled vectors (number and key points connected by them);

sides)

control zone (left side, right side, left and right sides, front, back, front and back, all
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Fig. 4. Rule settings.

In addition, each rule can be configured to highlight situations when the values of the
angles between vectors are in areas of increased attention for a specialist. Getting into
such a zone is automatically fixed in the form of a preliminary diagnosis and proposed
recommendations (Fig. 5).
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Fig. 5. Highlight settings.

5 The Example of an Athlete’s Diagnosis

The video of a female volleyball player was analyzed while performing an overhead
squat exercise (Fig. 6).
The software detected the following deviations in the musculoskeletal system:

e a strong tilt of the body forward - shortened or clogged hip flexors;

e blockage of the hands - insufficient mobility of the thoracic region, muscles are
clogged or shortened: pectoralis major and minor, latissimus dorsi;

e valgus of the knee joints - clogged or shortened adductors of the thigh, weak gluteus
medius;
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Fig. 6. Female volleyball player video screenshot.

e outward abduction - clogged or shortened: hamstring, soleus, piriformis;
e anod of the pelvis - weak longitudinal muscles of the back, muscles of the hip flexors
are shortened, muscles of the press are spasmodic.

Based on the internal rules (angle-dependent ones) the software proposed the
following recommendations based on the athlete’s checkup:

e reducing the power developing load (general, maximum, explosive strength);

e decreased game load (volleyball) - minimum jumps;

e the use of MFR on the muscles of the back and lower extremities after training and
in the evening before going to bed;

e cccentric load on the abductor muscles of the thigh, longitudinal muscles of the back,
collateral ligaments of the knee and ligaments of the ankle;

e increased proprioception of the cortex and foot through activation exercises;

e activation and eccentric are used at every workout in the warm-up (preparatory)
complex;

e under the condition of 3 workouts per week, one workout is completely dedicated to
increasing joint mobility through articular gymnastics and dynamic stretching;

e the term of restrictions and changes in the training process is determined individually
based on the results of the test once a week.

6 Further Development

Key point trajectories of the musculoskeletal system received from ML Kit Pose
Detection are currently stored in the software database and linked to each video file.
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Currently, more than 1000 files with athletes performing diagnostic exercises have
been loaded into the system. It is planned to expand the database to at least 10,000 files.

In cooperation with orthopedists and rehabilitation specialists, it is planned to review
the video files in the system and compare each file with a diagnosis or a set of diagnoses.

After analyzing the downloaded files, it is planned to create and train a neural or
neuro-fuzzy network, the input of which will be the trajectories of the key points of the
musculoskeletal system, and the output will be compared with the diagnosis established
by the orthopedist or rehabilitation specialist [5, 6].

In addition, it is planned to use neural networks based on unsupervised learning algo-
rithms to cluster athletes according to the characteristics of the musculoskeletal system
within one training group, which will allow the coach to individualize the approach to
athletes and provide a more appropriate load for each identified cluster.

7 Conclusion

The application of computer vision technologies has shown great potential in reducing
injuries in athletes during training. With the ability to analyze multiple aspects of an
athlete’s movement in real time, these technologies can detect and assess injury risks
that might otherwise go unnoticed.

By providing coaches and trainers with valuable insights into an athlete’s biomechan-
ics and movement patterns, computer vision technologies can help them make informed
decisions about training regimens, equipment modifications, and injury prevention
strategies.

While there are certainly challenges to be addressed, the benefits of computer vision
technologies in sports training are undeniable. As these technologies continue to evolve
and become more accessible, we can expect to see even more innovative applications
in the field of sports medicine, ultimately leading to safer and more effective training
practices for athletes.
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