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The advancement and use of machine learning (ML) and artificial
intelligence (Al) in healthcare has drawn interest as a potent and
promising tool to transform the industry. The intricacy of sports
dynamics and the multifaceted nature of athletic performance provide
obstacles to the promise of these tools for injury prediction,
effectiveness analysis, individualized training, and therapy. Our goal
was to provide an overview of the state of Al and ML applications in
sports science, with a focus on injury prediction, performance
improvement, and recovery. This study presents a comprehensive
overview of Al and ML applications in sports science, with a
particular emphasis on sports injury prediction, athlete performance
enhancement, and rehabilitation. Furthermore, the challenges
associated with implementing intelligent systems in sports medicine
are discussed, along with potential directions for future research. A
Wiener filter was used to preprocess the data in order to reduce noise
and restore the image. Top-level features are extracted from images
using convolutional neural networks (CNN). By evaluating patient
performance while completing recommended sports injury rehab
exercises, the suggested method is used to measure physical
rehabilitation. The suggested approach is contrasted with other
conventional algorithms.
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1. INTRODUCTION

For people of all ages, regular exercise is crucial. People pursue an active lifestyle for a
variety of reasons, such as recreation, competition, socializing, and maintaining and enhancing
their fitness and health. Participating in sports is crucial to leading an active life. However, injuries
caused by exercise and sports are seen as significant "adverse outcomes” of such practice [1].
According to data from an Irish emergency room, 14% of all visits over a six-month period were
due to sports injuries, which had a detrimental effect on people's health and long-term
repercussions. Additionally [2], the US emergency room sees about 4.3 million non-fatal sports or

recreation-related injuries each year, primarily affecting children and teenagers.
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For athletes and society at large, striking a balance between preventing sports-related
injuries and achieving peak athletic performance is crucial. However, creating, assessing, and
putting into practice preventative measures as well as comprehending the interplay and contribution
of various factors (such as biophysical [3], psychological, social, societal, cultural, and ecological)
to sports-related injury ethology continue to be significant challenges in the field of athletics and
exercise medicine (SEM). Individual elements are generally thought to contribute to sports injuries
in a linear and bidirectional manner. Despite the enormous effort to anticipate sports injuries, this
limited method's capacity to reliably find predictive indicators has been limited. It is based on
regression and correlation analysis. In order to help comprehend the multi-dismensional complexity
of sports injuries, complex systems techniques have been recently proposed [4]. Complex systems
believe that an event (like injury) results from the dynamic, complex, and non-linear interaction
among a web of variables rather than from the linear relationship among isolated elements. In this
way, sports injuries might be considered complex issues since they happen in dynamic contexts.

Computers can assist in solving complicated problems thanks to advancements in
computing power, memory, storage capacity, and real-time data gathering. In this regard, Al is
generally acknowledged as a technology that provides a different approach to solving challenging
issues. "Mimicking human mental processes using machines and/or computational science
methods" is the general definition of Al [5], a subfield of computer science. A branch of artificial
intelligence called machine learning uses massive datasets to teach computer programs how to
recognize patterns of interaction between variables without the need for human intervention. Al is
progressively altering the field of biomedical research and healthcare, particularly in the areas of
prediction and diagnosis, treatment effectiveness and outcome forecasting [6], drug development
and reuse, epidemic outbreak forecasting, and personalized health. As a result, "Game Sciences"
and SEM offer a wealth of Al prospects. In reality, a number of leagues, including the National
Football League (NFL), Major League Baseball (MLB), and German Football League (DFL), have
been holding competitions on the Kaggle website in an effort to use Al or big data analytics to
tackle everyday issues. Our goal in this master class is to present the ideas, uses, difficulties, and
prospects of artificial intelligence in relation to sport.

Al has become a viable way to get beyond the drawbacks of the conventional injury
prediction techniques in recent years [7]. Al systems have already shown promise in the healthcare
industry, particularly in areas like clinical imaging, screening, and individualized treatment. These
systems are capable of carrying out activities that normally require human intellect, such as
reasoning, learning, and problem-solving. By examining vast and intricate datasets to find trends
and risk factors that could otherwise go overlooked, Al offers a number of benefits over
conventional techniques in the context of sports. Due to its capacity to learn from past data and
improve forecasts with fresh inputs [8], ML, a subset of artificial intelligence, has proven
successful in forecasting injury risk.

Al systems can create customized profiles for athletes by combining data from multiple
sources, such as wearable technology, biomechanics evaluations, performance measures, and
psychological aspects [9]. Al can identify small patterns or abnormalities that may point to a higher
risk of damage by examining this intricate, multimodal information. For example, Al may offer
real-time evaluations of collision hits in contact sports like football, assisting in the prediction of
injury risk associated with repetitive hits and physical stress.
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Figure 1. Ideas for preventing sports injuries in sports

The recovery process of athletes with sports injuries is depicted in Figure 1 [10].
Technology advancements that enhance performance evaluation, injury risk evaluation, and
reconnaissance enable massive athletes. ML models are increasingly being used in sports science to
analyze challenging data. Al is an essential part of medical data processing, helping with prognosis,
diagnosis, and customized treatment regimens. Conventional approaches employ population data to
identify statistical patterns that emphasize key traits. A healthy lifestyle requires both physical
activity and a balanced diet because inadequate nutrition increases the risk of diseases like obesity
and diabetes. Nutritionists can help with this, but there are challenges like high costs, limited
availability, and challenges in providing expert services. Wearable gadgets are small electronic
devices with wireless communication capabilities. They offer vital sign monitoring, early
diagnosis, and therapy.

2. LITERATURE REVIEW

The goal of our study was to systematically evaluate machine learning methods for
predicting and preventing sports injuries [11]. The PubMed library was searched on March 24,
2020. The qualified publications presented original research on ML's capacity for sports injury
prediction and prevention. Two different authors examined articles, assessed eligibility and bias
risk, and extracted information. Methodological excellence and bias risk were evaluated using the
Newcastle-Ottawa Scale. The study's quality was evaluated using the GRADE group work
technique.

Acrtificial neural networks, Random Forest, XGBoost, and other supervised learning-based
cross-validated methods were trained using stratified cross-validation. The best outcomes came
from the Random Forest method [12]. Preprocessing procedures included feature scaling,
categorical classification, and outlier checking; no imputation was necessary because all the data
was available. ACL risk score, weight equilibrium score, fatigue score, and training hours were
found to be the most significant characteristics since SHAP and additional explainable Artificial
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Intelligence (XAI) techniques were used to better understand the model's behavior, suggesting that
sports injuries are complicated in nature. The results imply that routine workload-recovery balance
monitoring, as opposed to expensive wearable technology, is a dependable source of early warning
indicators.

Over the past five years, the use of machine learning techniques in sports injury predictions
has increased due to improved availability to wearable gadgets and more extensive longitudinal
data [13]. Numerous supervised and uncontrolled classifiers, such as Tree-based learners (e.g.,
Random Forest and XGBoost), have been demonstrated to be consistently useful as base results in
injury forecasting tasks; While deeper learning algorithms exhibit promise when bigger and well-
structured time-series are accessible, these methods typically assume competitive conduct using
short samples, according to numerous observational and systematic studies. Nowadays, wearable
technology is frequently utilized in on-field sports and offers the multimodal and high-frequency
data required for machine learning applications.

The primary goal is to provide real-time athlete condition tracking and injury prevention
through the collection and analysis of sport data. The system's correctness rating for forecasting
injury risks and recognizing improper motion patterns is 94.1% when compared to traditional
methods. The framework's validity and effectiveness in health monitoring are demonstrated by its
R2 of 0.76 and RMSE of 7.41 [14]. The main developments are the merging of SVM and LSTM
networks, feature-level fusion methods, and adaptable sensors and artificial interconnections. In
addition to providing a framework for health surveillance and a very helpful tool for avoiding
sports injuries, this innovative technique plugs the gap in the literature.

The primary goal is to achieve ongoing monitoring of athletes' health and injury prevention
through the collection and analysis of sport data. The technology has a 93.1% accuracy rate in
identifying improper motion sequences and forecasting injury risks when compared to traditional
methods [15]. The system's validity and effectiveness in health monitoring are demonstrated by its
R2 of 0.76 and RMSE of 5.31. The main developments are the merging of SVM and LSTM
networks, feature-level fusion methods, and flexible sensors and artificial connections. This
innovative method fills the vacuum in the literature and provides a platform for health monitoring
as well as a very helpful tool for avoiding sports injuries.

This study examines the application of ML and DL techniques, such as RFs, CNNs, and
ANNs, to demonstrate Al's ability to evaluate complex information, spot trends, and generate
prediction conclusions that enhance injury prevention strategies. Al models—such as "Al,"
artificial intelligence [16], "sports-related injury,” and "risk prediction"—can improve the accuracy
and reliability of injury risk assessments by tailoring preventative strategies to each athlete's profile
and evaluating real-time information. While Al's predictive power benefits group and individual
sports, its effectiveness varies based on the specific data requirements and injury potential for each,
with team sports presenting greater difficulties in terms of integrating information and monitoring
injuries among several players.

3. METHODS AND MATERIALS
3.1 Al's Function in Predicting Sports Injury Risk

For players' health and performance, injury prevention in sports is a critical issue that must
be given top priority [17]. Injury forecasting models have quickly evolved into proof-of-concept
instruments for creating training and rehabilitation plans that work. Predictions are becoming more
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realistic and precise thanks to the combination of new techniques and technologies made possible
by technological advancements.

But Al is just one complimentary element that is becoming more and more significant. For
instance, by examining big datasets, seeing trends that might point to a possible injury, and
developing individualized training and recuperation regimens, it aids in the prediction of injury
risk. Furthermore, as new, dependable solutions are introduced by Al-driven preventative tactics,
the reliability problem is getting better. Additionally, employing Al to prevent injuries is thought to
be the safest and most cutting-edge strategy currently in use. Medical experts claim that data-driven
Al technologies provide athletes with a number of advantages, including the ability to anticipate
ailments and create human-centered, customized strategies for the first time.

The impact of Al on injury risk predictions in sports is the main topic of this section, which
emphasizes how Al enhances and supports current methods and technologies used to safeguard
players and maximize their success.

3.2 Al in Team Sporting

Al algorithms have been used to control workloads and forecast muscle injuries in team
sports like basketball and football. Additionally, Al can analyze players' recovery from concussion
and provide early alerts based on cumulative hits by monitoring collision data in American football
and rugby. Al has the potential to lower long-term health concerns in combat sports by offering
predictive insights into brain damage.

The research emphasizes Al as a proactive instrument in sports medicine. Al is presented
as an alert system that makes it possible to identify damage risks before they materialize. By
focusing on preventive rather than reactive therapy, this proactive strategy enables prompt
intervention.
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Figure 2. Proposed High-Level Framework for Machine Learning-Based Sports Injury Prediction
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The Injury Detection and Control System have a state-of-the-art Control Center that acts as
the main center for user communication. Traditional dashboards are no longer necessary thanks to
this user-friendly design, which gives authorized staff—such as coaches and medical
professionals—secure access. In Figure 2, the Proposed High-Level Framework for Machine
Learning-Based Sports Injury Prediction is illustrated.

3.3 Al in Sports for People

Al can track real-time biomechanical data in individual activities like athletics, spotting
indicators of weariness or bad form that could cause harm. Mechatronic boots are one example of
an Al-driven device used in alpine skiing that makes real-time adjustments to protect sensitive
areas like the knees. Similar to this, Al has the potential to revolutionize sports like biking,
swimming, tennis, volleyball, and gymnastics by analyzing mechanics to prevent injuries caused by
overuse and provide suggestions that enhance technique and recuperation.

Using CNNs, the study investigates Al's capabilities in real-time data processing. By
analyzing multidimensional data from wearable devices, this technique enables Al to track athletes'
biomechanics and identify potentially dangerous moves. In high-intensity sports, where little
alterations in movement patterns might result in injury, these talents are very helpful for preventing
injuries.

3.4 Return-to-Play Protocols with Al

By developing individualized rehabilitation programs based on each athlete's data, Al
additionally optimizes return-to-play decisions, proving its capacity to customize injury
management tactics. Al highlights its dual function as a prediction and preventive tool by
integrating both ML and DL methodologies. This method offers suggestions for the best
rehabilitation techniques in addition to predicting injuries. Al's wider potential in overseeing an
athlete's complete rehabilitation process is highlighted by its capacity to both forecast and direct
recuperation.

Al helps track post-injury rehabilitation in team sports, particularly in traditional contact
sports where the danger of reinjury is higher. Al offers useful information for establishing safe
return-to-play schedules, reducing the chance of injury, and promoting long-term sports health by
tracking recovery parameters and cumulative effects.

4. RESULTS

A desktop computer running Windows 10 with a 64-bit Intel Core i7 CPU from the 18th
iteration and a 4 GB GPU that supports CUDA was used to test the suggested solution. TensorFlow
and Python 3.5 were used in the construction of the framework, with Keras serving as the
backbone. Compared common methods such as dual-feature fusion neural networks (DFFNN),
support vector machines (SVM), residual neural networks (ResNet), and 3D convolutional neural
networks (3D-CNN). To increase the precision of the findings discussed in this section, a
customized Al-driven sports injury rehabilitative evaluation system was constructed using
algorithms. Positive results have been obtained when using APSO-ERF to provide tailored sports
injury treatment outcomes.

Using a range of criteria, such as precision, recall [18], accuracy, F1-score, sensitiveness,
and particularity, the study assessed and contrasted the suggested method with numerous other
approaches now in use. Based on this feature, the results showed that the suggested method
outperformed other conventional methods.
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4.1. Accuracy

Accurate injury diagnosis, tailored treatment suggestions, and efficient progress monitoring
are all ensured by a sports injury recovery system that is adaptable. This makes it possible for
precise predictive modeling and customized treatments, which improve general recovery outcomes
and meet specific requirements.
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Figure 3. Accuracy Results

Table 1 and Figure 3 show the accuracy percent of several approaches for a specific
assignment. The APSO-ERF strategy shown in this paper outperforms other techniques including
ResNet, DFFNN, 3D-CNN, and SVM with the greatest accuracy of 97.80%.

Table 1. Accuracy Results

Techniques Accuracy (%)

SVM 88.02
3D-CNN 91.08
ResNet 93.12
DFFNN 97.00
APSO-ERF (Proposed) 97.80

4.2. Compassion

The table shows the sensitiveness of multiple models for sports injury rehabilitation.
Sensitivity measures the proportion of true positives that the model correctly identified.
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Table 2. Results of Sensitivity

Techniques Sensitivity (%)

SVM 87.32
3D-CNN 92.42
ResNet 95.43
DFFNN 95.70
APSO-ERF (Proposed) 96.01

Table 2 and Figure 4 show that the recommended APSO-ERF technique obtains the
maximum sensitivities at 96.01%, indicating better performance in diagnosing injuries when
contrasted with SVM (87.32%), 3DCNN (92.42%), ResNet (95.43%), and DFFNN (95.70%). Each
model's sensitivity shows how well it can recognize instances of harm.
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Figure 4. Sensitivity Results
4.3. Specificity

By calculating the proportion of true negatives that the model detects, a model's specificity
shows how well it avoids generating false positives. With a specificity of 86.37%, SVM has a
moderate degree of accuracy in avoiding false positives. The 3D-CNN model shows improved
accuracy with a precision of 89.20%. ResNet does a good job at identifying cases without injuries
with a sensitivity of 94.75%, while the DFFNN model does well with a sensitivity of 96.54%.
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With a specificity of 97.90%, the proposed APSO-ERF system has the highest accuracy in

detecting non-injury scenarios. The results of the specificity are shown in Table 3 and Figure 5.

Table 3. Results of Specificity

Techniques Specificity (%)

SVM

3D-CNN

ResNet

DFFNN

APSO-ERF (Proposed)

86.37
89.20
93.75
97.54
97.90

The SVM approach performs poorly in noisy or overlapped target classes, making it less
appropriate for large datasets in personalized sports injury rehabilitation. Additionally, when
assessing complex injury data with greater characteristics than training scenarios, it performs badly.
One of the primary disadvantages of 3D CNNs in the creation of personalized sports injury rehab
systems is the high computational cost of employing 3D convolution. They are not practicable for
widespread use in medical image computation because to their high resource requirements. As a

result, their use in tailored injury therapy is still limited.

5. CONCLUSION

By analyzing intricate datasets and delivering individualized, real-time insights, the
incorporation of Al into athletic injury prediction presents us with substantial opportunity to
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improve athlete care. Al tracks biomechanical data in specific activities like cycling, swimming,
alpine skiing, and athletics to identify inefficiencies and tiredness, allowing for customized injury
prevention tactics and dynamic modifications. Similarly, by evaluating real-time data like collision
impacts and tiredness levels, Al helps manage normal responsibilities, measure recovery, and
prevent excessive exertion in team sports like basketball, rugby, and soccer.

These results demonstrate how Al may totally change sports injury rehabilitation by
offering more effective and individualized care. Because the APSO-ERF technique is more
accurate and efficient than standard coding algorithms, athletes can recover and perform at a
greater level. This development is a significant improvement in the treatment of sports injuries
since it not only reduces recovery times but also provides a customized rehabilitation environment.
The outcomes demonstrate how well APSO-ERF works to improve rehabilitation outcomes.

Longitudinal studies should be the main emphasis of future research in order to have a
better understanding of the long-term impacts of Al on athlete health and injury prevention in a
variety of sports. To increase the precision and generality of Al models, validation research across
a range of athlete populations and sports contexts will be crucial. In order to ensure that Al
developments stay in line with athlete safety and privacy requirements, cooperative research
between artificial intelligence developers and sports medical experts may also help address moral
and comprehension issues.
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