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Abstract

This study examines the application of advanced machine learning (ML) and artificial
intelligence (Al) technologies to enhance athletic performance and predict injuries across
various sports. By leveraging big data and complex analytical models, ML algorithms can
identify key patterns for injury prediction, as well as optimize training and rehabilitation
strategies.

Al has been used to develop mathematical models for injury risk assessment in team sports
such as football, basketball, and volleyball. Machine learning also plays a crucial role in
refining movement techniques and shot execution, for instance, in tennis. Additionally, ML
improves sports performance forecasting and optimizes athlete training, assisting coaches and
medical professionals in making more informed decisions.

Al technologies demonstrate significant potential in the detection and analysis of
electrocardiographic (ECG) data interpretation, including the identification of life-threatening
conditions.

Key words: artificial intelligence, machine learning, sports, sports medicine.
Introduction

The vast majority of things in the world around us are easily recognized and classified by
humans. He does this thanks to the information available about these subjects. Moreover
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person can often classify an object quite successfully, even if they have never encountered it
before. This is possible due to the extensive knowledge about objects that people have come
across before.

Another important introductory point is that the human brain is good at assigning certain
quantitative values to the characteristics of an object. The computer, in turn, was designed
and created as a tool that facilitates interaction with numbers, as a result of which it is
perfectly adapted to work with them.

At the junction of these two assumptions, a hypothesis arises that if you "digitize" the
properties of objects by presenting them numerically, as well as accumulate a sufficient
sample of successfully classified objects, then the computer is able to build a mathematical
model that allows you to independently classify objects based on their "digitized" features.
This is how artificial intelligence and various machine learning methods work.

Machine learning is a branch of artificial intelligence, explores the field of knowledge
discovery in data [1]. In addition, neural networks are used in deep learning, an additional
branch of machine learning, to achieve the same goal. After data collection, a significant
amount of time is usually spent formatting and preparing the data for analysis. This includes
standardizing data for analysis, removing or interpreting variables with an excessive number
of missing values, and performing routine statistical tests to evaluate relationships such as
collinearity. These latest technologies are used in many areas of life — engineering, medicine,
sports, etc. Artificial intelligence (Al), including machine learning (ML), has revolutionized
the analysis of medical data, supporting the diagnosis of various conditions such as gait
disorders, Parkinson's disease, stroke and osteoarthritis. [2,3,4,5,6]. Machine learning
algorithms are used as a decision support system for the diagnosis of neuromuscular
disorders. For example, a study was conducted comparing machine learning methods in an
ensemble of bundling and amplification for automatic classification of EMG signals [7].
Bijari et al. In their work, they used the machine learning method for the differential
diagnosis of glioblastoma multiforme and brain metastases and found that machine learning
based on radiomics can accurately classify these 2 diseases [8]

During life, the human body adapts to the living conditions of a particular individual, as well
as to the motor tasks that it regularly encounters. As a result, in combination with different
innate data, the organisms of individuals of homo sapiens (or, more simply, modern humans)
can vary significantly within the species, even under similar living conditions

Assessing the functional state of the human body is not a trivial task, at least at the stage of
setting criteria for this assessment. The most obvious reasons are as follows: firstly, the
abundance of innate individual characteristics of a particular person, secondly, the abundance
of acquired characteristics, motor habits and skills, and, thirdly, the difference in goals an
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directions of development: someone wants to achieve less weight, someone — more strength,
someone — endurance or speed. In this regard, the use of machine learning methods in such
areas as sports, sports medicine and rehabilitation has recently become increasingly
important.

Main part
Machine learning methods

The most popular, due to their simplicity and clarity, among the methods of machine learning
with a teacher are linear regression, the method of near neighbors and decision trees.

3.1. Linear regression

A special case of the regression model. This mathematical model is based on a linear
equation of the form:

y=f(x, b)+e, where y is the answer (class of the observed object), x is a row of features of the
object (observation), each column of which corresponds to some parameter measured in this
observation of the object, b are coefficients for the observed parameters, ¢ is a random error
of the model;

The function f(x, b) for linear regression, in turn, has the following form: f(x, b) = b0 + b1x1
+ ... + bnxn for an object that has n features.

The b parameter is selected so that the lines delimit the objects between the classes. The
selection of this parameter is the process of training a network based on a regression model
(Figure 1).

Logistic Regression

D = 1 | |

Figure 1. Graphical representation of linear regression.
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3.2. K-nearest neighbors algorithm, k-NN

This method is also based on the representation of points in the coordinates of their features.
However, the division into classes does not occur in hyperplanes. In the k-nearest neighbors
method, each new object is classified according to a majority vote on k-neighboring objects
with already known classes.

There are also weighted versions of this method, where closer objects are more important in
the classification process than more distant ones.

Due to the use of the term "distance", it is necessary to define it. Most often, the Euclidean
distance is used for the k-nearest neighbors method. Signs are usually normalized in this case,
because otherwise more sparse signs will change the distance more strongly than more dense
ones, which can reduce their weight in the final mathematical model. On the other hand, if
there are clearly important features that should be paid more attention to when building a
model, these features can be highlighted by adding the "weights" of the axis.

An important parameter of this method is the number of nearest neighbors by which the class
of a new object is determined. The selection of the number of neighbors, as well as space
metrics, is the process of configuring a computer expert system for the nearest neighbors
method (Figure 2).

- — -

Figure 2. K-nearest neighbors algorithm. The illustration about the importance of the
number of neighbors to determine the class of an object.

3.3. Decision trees

This method is based on multiple binary choices, depending on which we iteratively move
further down the tree along the right or left branch until we reach the leaf containing the
answer — the class of the object being defined (Figure 3).
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Figure 3. An example of classification by the decision tree method for a point on a plane
depending on its coordinates.

The training of the decision tree model consists in selecting such conditions at the nodes of
the tree in order to get to the leaves of the tree as quickly as possible, that is, to receive an
answer.

Of the important nuances of this mathematical model, it should be noted that the answer is
"piecewise" — the tree divides the hyperplane into sections, but it is not able to estimate the
proximity of the answer to the boundary (Figure 4). Moreover, decision trees are not capable
of extrapolation, that is, of making predictions outside the boundaries of the training sample,
which means that you need to be sure that the data on which the model will be used lies
inside the training sample.

Random Forest

Figure 4. An example of dividing a set of objects into classes using decision trees.
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3.4. Neural network, NN

There are also neural network models. These networks are based on "neurons™ — nodes with
multiple inputs and one output connected to other similar nodes. Depending on the input data,
the output of the neuron changes. Learning consists in choosing the optimal connections, the
number of hidden layers, and the function (dependence of output data on input signals) of
each neuron (Figure 5).

v

v

Figure 5. The simplest example of a neural network. The circles in the diagram are
neurons. Green — input, blue — hidden (inner) layer, yellow — output. In more complex
networks, the number of hidden layers may be greater.

Neural network models often allow for more accurate results, including through a variety of
methods and architectures for their construction, but they often require significantly more
time and computing power for training. Also, as the complexity of the model increases, it
becomes almost impossible to track the principle of decision-making, which makes it difficult
to configure and debug the model.

The use of artificial intelligence and machine learning methods in sports and medical
practice

Over the past decade, several articles have proposed models for assessing the risk of injury in
athletes. The first injury risk model was developed by Gabbet et al. in 2010, who modeled the
risk of soft tissue injury using a one-dimensional approach [9]. This risk was assessed by
assessing the training load endured by the athletes during the competitive season (i.e. the
cumulative amount of stress perceived by the player during one training session). In this
study, the authors suggested that football players who perform a high training load are 70%
more likely to get injured compared to players who have been subjected to a low training
load. In addition, Gabbet, Hulin et al. In the last decade, they continued their research,
finding a link between acute training load (i.e., the average training load for about one
previous week) and injury risk [10,11,12,13].
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The use of machine learning methods in sports provides sports organizations and coaches
with vital information about athletes' performance, as well as generates a huge amount of data
to optimize athletic performance [14,15]. The extensive data obtained serves as a catalyst,
allowing coaches to improve their training decisions and strategic approaches, and sports
doctors to improve their treatment and rehabilitation [16]. The results obtained through the
application of machine learning models can help coaches and sports managers in predicting
and evaluating athletes' performance, identifying sports talents, evaluating game strategies,
and more. For example, Pappalardo et al. The performance of the players was assessed using
a data-driven approach [17]. In this study, the authors developed a machine learning model
for predicting match results, in order to identify the impact of various events (the number of
passes, throws and tackles) committed by a football player during the game on the final
victory. Using the obtained weights, the authors calculated the score by applying the dot
product between the previously determined weights of the functions and the values these
functions take in a particular match played by a particular player. Moreover, Satabun et al.
developed a multi—criteria model (for example, the Characteristic Objects Method - COMET)
to evaluate the effectiveness of players according to their position on the field based on match
statistics [18]. In addition, the COMET approach has also been proposed in several articles to
evaluate swimmers' progress during the competition season, demonstrating good accuracy
compared to other models previously proposed in the scientific literature [19,20].

At the moment, machine learning has been used in several areas of research to identify talents
in tennis, as well as to prevent sports injuries in football, skiing, baseball, basketball, and
volleyball [21,22,23,24,25,26,27]. In addition, machine learning has also been used to predict
match results [28,29].

He's investigation introduces the characteristics and causes of sports injuries of young
football players are analyzed and a text classification algorithm based on machine learning is
used to create a simple model for predicting sports injuries [30]. The results showed that
incorrect technical actions, inattention during the game, excessive training load and physical
fatigue directly affected the likelihood of injury. Also, thanks to the use of machine learning
methods in the aforementioned study by Robles-Palazon et al., a screening model based on
six field indicators, which showed moderate validity, was developed to identify young
football players at risk of minor injury [22]. The developed screening model made it possible
to successfully identify every second (true positive indicator = 53.7%) and three out of four
(true negative indicator = 73.9%) players with a high or low risk of injury throughout the
season, respectively, using a subset of six indicators based on field conditions (medial knee
displacement during jumping from a springboard, asymmetry of the maximum vertical on the
ground), reaction force during landing, asymmetry of the projection angle in the frontal plane,
estimated using a pull-up jump, asymmetry of passive internal hip rotation (ROM) and kne
joint dorsiflexion (ROM).
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A study by Radovanovich et al. proposed a model for predicting skiing injuries using the
trajectory features of a ski lift [24]. Ski trails tend to vary in width, length, difficulty, and
geographical location on the mountain, leading to different skiing patterns. The correlation
between these patterns and various types of ski injuries has been studied. The results showed
that skiing injury during the next hour on a particular ski slope can be predicted with an AUC
of ~0.76, which is ~15% better than classical approaches such as logistic regression and
decision trees.

In a study by Lu et al. The use of ML for predicting muscle strain injuries in NBA athletes
from 1999 to 2019 was studied [31]. This study compares traditional logistic regression
methods with ML models such as random forest and extreme gradient boosting (XGBoost) to
assess injury risk. The aim of the study was to improve the understanding of risk factors and
contribute to the improvement of injury prevention strategies in professional basketball.
Based on the results, the XGBoost machine achieved the best performance compared to
logistic regression in predicting lower limb muscle tension. A study by Duarte Ayala et al. It
considered the use of artificial intelligence and machine learning methods to predict, identify
and classify athletes with ankle injuries [32]. The accuracy of the study has reached 90.0%,
which makes it possible to use these methods in practice. De Leeuw et al. We have
implemented a machine learning approach to study individual indicators of training load and
well-being, which can predict the occurrence or development of injuries from excessive use
in professional volleyball [27]. The results showed that monitoring the load during jumps is
an important step towards preventing excessive loads in volleyball.

The aim of the study was Calderon-Diaz et al. The aim was to identify biomarkers of muscle
injuries in professional football players using biomechanical analysis using several ML
algorithms, such as decision tree (DT) methods, discriminant methods, logistic regression,
naive Bayes algorithm, support vector machine (SVM), k-nearest neighbor (KNN), ensemble
methods, reinforced and packed trees, artificial Neural Networks (ANNS) and XGBoost [33].
In particular, XGBoost is also used to get the most important functions. The data obtained
emphasize that the variables that differentiate the groups most effectively and can serve as
reliable predictors for injury prevention are the maximum hamstring muscle strength and
stiffness of the same muscle. Also, in a study by Papageorgiou et al. The complexities of
NBA players' injuries and recovery times are discussed in detail using advanced DM and ML
techniques, such as DBSCAN, isolation forest, and Z-score [34]. The analysis of associative
rules, in particular using the Apriori algorithm, revealed significant correlations between the
types of injuries and the duration of recovery, as well as between socio-demographic and
financial consequences [35]. For example, injuries such as hip, foot, and groin injuries
resulted in shorter recovery periods, highlighting the effectiveness of treatment and
rehabilitation protocols in the NBA. In addition, this analysis revealed the key importance o
rest periods for the recovery of players, as evidenced by the high probability of pla
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returning within 0-10 days after injuries. This discovery suggests a potential strategic
advantage in using rest periods to keep players healthy and continue their careers. In addition,
the results of the study by Papageorgiou et al. It is shown that the duration of recovery is
related to the physical characteristics of the players, such as height and weight [34]. This
highlights the importance of individual treatment and rehabilitation plans that take into
account the specific physical profile of each athlete. Such personalized approaches can lead
to the development of more effective and customized injury recovery strategies.

Machine learning is widely used in lawn tennis, making it possible to improve the technique
of tennis players, in particular, such an element as serving. The introduction of tracking
technology such as Hawk-Eye in tennis has opened access to rich datasets that have been
used by researchers to predict game performance and parameters, especially those related to
serving [36]. In singles, an analysis of serve patterns shows that serve accuracy has a greater
impact in the game than speed. [37]. As for doubles, the tracking data shows that the
placement and direction of the serve strongly affect the effectiveness and expectation of
returning players [38,39]. In a study by Vives et al. the key characteristics of direct serve in
men's professional doubles tennis were identified [40]. The pitch angle proved to be a crucial
variable, while the distance from the bounce of the ball to the sideline also mattered. These
results are consistent with previous studies of doubles tennis. It has been observed that the
optimal feeding angle from 5.7° to 8.7° significantly increases the probability of direct
feeding. In addition, maintaining the distance from the bounce of the ball to the sideline from
0 to 28 cm increased the probability of success. The serve rate in doubles tennis had less
impact compared to singles tennis. These results are consistent with previous research on
serving in singles tennis, which showed that if the serving angle was less than 5.88°, the serve
would be repeated with a probability of 92.52% [37]. The effective application of the values
found for variables such as pitch angle, line distance, or speed will determine the structure of
specific training tasks and help identify specific game patterns [38].

In the specialized literature, the use of artificial intelligence technologies for analyzing big
data in the field of sports activities is justified as one of the significant and effective tools for
improving the quality of health and motor performance of novice and professional athletes
[41,42,43]. IT technologies have also found their application in the training of wrestlers.
Thus, as a result of a study by Nagovitsyn et al. the systematic analysis of the program
created at the previous stage to predict the competitive results of young wrestlers in the
intelligent Orange system allowed us to determine the basic classification for predicting
sports results [44]. The practical significance of the research on the implementation of neural
networks and ML algorithms has been confirmed by reliable experimental data, which can
improve the quality of sports selection of young wrestlers and will contribute to the timely
personalization and adjustment of the training process of young athletes.
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Artificial intelligence technologies are also used in sports medicine. For example, the use of
artificial intelligence in ECG interpretation has a significant history, and recent advances
noted by Adasuriya et al. demonstrate the potential of artificial intelligence to significantly
improve the detection and analysis of complex heart diseases using advanced algorithms,
offering a more sophisticated, accurate, and predictive approach to ECG interpretation in
athletes [45,46]. Common parameters used to evaluate the effectiveness of artificial
intelligence methods in ECG include accuracy or positive predictive value, sensitivity,
specificity, area under curve (AUC), c-statistics, and F1-statistics [47]. Various artificial
intelligence technologies have been developed to detect various heart diseases using ECG.
Bellfield et al. highlighted a critical problem in ML applications for sports cardiology: small
sample sizes and unbalanced data often lead to overfitting and reduced generalizability,
undermining the reliability of models for accurate diagnosis of heart defects in athletes [48].
The role of artificial intelligence in ECG interpretation is to redefine diagnostic approaches,
in particular due to its ability to identify both known and new physiological patterns, thereby
improving diagnostic accuracy [49]. Key to this evolution are physiological experiments and
in silico modeling tools such as significance maps and generalized competition networks,
which are crucial for refining ECG models with enhanced artificial intelligence (AI-ECG)
[39]. Adetiba et al. We have developed an automated model for detecting heart defects in
athletes using ECG and artificial neural networks [50]. The study involved 40 participants,
both athletes and non-athletes, to cover various heart conditions such as tachyarrhythmia,
bradyarrhythmia, and HCM. The ECG data was preprocessed and analyzed using ANNSs,
while the Levenberg—Marquardt algorithm demonstrated excellent performance. During the
research, a neural network model was successfully developed, achieving accuracy, sensitivity
and specificity of 90.00%, 91.96% and 97.06%, respectively. Several studies have
demonstrated that artificial intelligence ECG techniques are superior to doctors of various
specialties in accurately detecting arrhythmias. Martinez-Sellés et al. reported 98% accuracy
in detecting and classifying arrhythmias [45]. Artificial intelligence has proven effective in
detecting life-threatening arrhythmias, potentially reducing analysis time in emergency
departments and helping pinpoint the cause of ectopic ventricular contractions.
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