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Abstract: This paper comprehensively explores the application of sports biomechanics in the 
prevention and rehabilitation of sports injuries, covering fundamental concepts, key principles, 
practical applications, and future prospects. It fully illustrates the importance and potential of sports 
biomechanics in the field of sports medicine. Through an in-depth analysis of the definition and 
development of sports biomechanics, this paper emphasizes the core role of this discipline in optimizing 
athletic performance, preventing sports injuries, and facilitating the rehabilitation process. 
Furthermore, it discusses the key principles of sports biomechanics—kinematics and kinetics—and 
their application in analyzing athletic performance and preventing injuries. Additionally, the article 
introduces major techniques and methods for biomechanical assessment, such as motion capture 
systems, ground reaction force measurement, and electromyography, along with their application 
examples in athlete training, equipment design, and technique optimization. In exploring future 
prospects, special emphasis is placed on the potential of machine learning and artificial intelligence in 
improving injury prevention and rehabilitation strategies, as well as the importance of interdisciplinary 
collaboration in advancing the application of sports biomechanics. 

Keywords: sports biomechanics; sports injuries; rehabilitation exercise training; artificial intelligence; 
interdisciplinary collaboration 

1. Introduction 

Sports biomechanics, as an interdisciplinary science, utilizes principles from biology, physics, and 
engineering to study the mechanical characteristics of human movement and their effects on the body's 
structure and function. With technological advancements, sports biomechanics has become an 
indispensable part of sports medicine, training, and rehabilitation fields. This paper aims to explore the 
application of sports biomechanics in preventing sports injuries and guiding the rehabilitation process, 
as well as how emerging technologies facilitate its development and application, thus providing athletes 
with safer and more efficient training and rehabilitation programs. 

2. Sports Biomechanics Fundamentals 

2.1 Definition and Development History of Sports Biomechanics 

Sports biomechanics is a scientific discipline that studies the forces acting on and generated by 
biological organisms during motion and rest. It integrates theories and methods from multiple 
disciplines such as biology, physics, and engineering. This field focuses on analyzing the structure and 
function of the musculoskeletal system and how they interact and respond during various sports 
activities and movements. Through quantitative analysis of the mechanical properties and performance 
of human movement, sports biomechanics aims to optimize human motion efficiency, prevent sports 
injuries, and guide the rehabilitation process of sports injuries. 

The history of sports biomechanics can be traced back to ancient Greece, where scholars began to 
discuss the mechanical principles of human movement. However, the development of this field as an 
independent discipline mainly began in the early 20th century. With technological advancements and 
the application of scientific methods, especially the introduction of dynamic capture technology and 
computer simulation, researchers are able to more accurately analyze force distribution, muscle activity, 
and joint movement during motion. During this period, the application of sports biomechanics in sports 
training, equipment design, and athlete performance enhancement began to significantly increase.[1] 
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As understanding of the mechanisms of sports injuries deepens and the pursuit of athlete health and 
performance optimization continues, the role of sports biomechanics in sports medicine becomes 
increasingly important. It not only assists medical professionals in diagnosing and assessing sports 
injuries but also provides evidence-based interventions to prevent the occurrence of sports-related 
injuries. Furthermore, by conducting detailed analysis of biomechanical characteristics during the 
rehabilitation process, sports biomechanics provides a scientific basis for developing personalized 
rehabilitation plans, thereby accelerating the recovery of athletes' physical function and sports abilities 
and reducing the risk of sports injury recurrence. 

2.2 Key Principles of Sports Biomechanics 

2.2.1 Application of Kinematics in Movement Analysis 

Kinematics is the study of motion description, without considering the forces causing the motion. In 
the field of sports biomechanics, kinematics focuses on parameters such as the position, velocity, 
acceleration, and timing of body parts. These parameters can be quantitatively measured through 
techniques such as video analysis and motion capture systems. Kinematic analysis allows researchers to 
describe movement processes in detail, understand the execution characteristics of specific movement 
skills, and evaluate the ability of movement performance and the standardization of technical actions. 
Additionally, by analyzing the kinematic characteristics of athletes during the execution of specific 
movement skills, potential detrimental movement patterns that may lead to injury can be identified, 
providing a basis for adjusting movement techniques and effectively preventing sports injuries.[2] 

2.2.2 Role of Dynamics in Movement Performance and Injury Prevention 

Dynamics is the study of forces and the reasons causing changes in the motion state of objects. In 
sports biomechanics, dynamic analysis focuses on the forces and torques acting on the athlete's body 
and its parts, and how these forces affect the body's motion state. Analysis of forces, including external 
forces (such as ground reaction forces and forces exerted by equipment) and internal forces (such as 
muscle forces and joint reaction forces), is crucial for understanding the safety and effectiveness of 
movement skills. 

The application of dynamic principles not only helps optimize athlete performance by enhancing 
strength, speed, and endurance but is also essential for preventing sports injuries. For example, through 
dynamic analysis, researchers can identify high-risk force patterns during movement, such as excessive 
ground reaction forces generated during landing from a jump or sudden stops and turns, which may 
lead to joint and soft tissue injuries. Based on this information, strategies can be developed to improve 
movement techniques, adjust movement loads, and optimize sports equipment, effectively reducing the 
risk of injury. 

2.3 Techniques and Methods of Biomechanical Assessment 

The techniques and methods of biomechanical assessment form the foundation for research and 
application in sports biomechanics, enabling researchers to accurately measure and analyze various 
aspects of human movement and related forces. 

2.3.1 Motion Capture Systems 

Motion capture systems use a series of cameras or sensors to record the movements of athletes, 
providing highly detailed visual records of the movement process. These systems can be marker-based, 
where specific positions on the athlete's body are attached with light-emitting markers, known as 
markers, and motion data is captured by cameras based on these markers. Alternatively, markerless 
systems utilize advanced image processing techniques to directly analyze motion data from videos. 
Motion capture systems can provide precise kinematic data such as position, velocity, acceleration, 
angles, center of mass, and body posture, which are crucial for assessing movement techniques and 
developing intervention measures for preventing sports injuries.[3] 

2.3.2 Ground Reaction Force Measurement 

Ground reaction force platforms are devices used to measure the forces acting on the ground and 
the reaction forces exerted on athletes by the ground. These platforms can provide data on three 
orthogonal components of force (vertical force, anterior-posterior shear force, medial-lateral shear force) 
and moments, allowing researchers to gain insight into the dynamic characteristics of movement 
processes. Measurement of ground reaction forces is essential for analyzing load patterns during 
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activities such as walking, running, and jumping, helping identify adverse mechanical patterns that may 
lead to injury and guiding adjustments and optimizations of movement techniques. 

2.3.3 Electromyography (EMG) 

Electromyography (EMG) technology provides a direct method for assessing muscle activity 
patterns by measuring the electrical signals generated by muscles during activity. EMG can help 
researchers understand which muscles are involved in specific movements or phases of movement, 
their activity intensity, and how they coordinate. This information is crucial for analyzing movement 
techniques, identifying muscle patterns that may lead to overuse or injury, and designing rehabilitation 
and strength training programs for sports injury recovery. 

2.3.4 Other Techniques 

In addition to the above-mentioned techniques, a range of other tools and methods are used for 
biomechanical assessment, including pressure sensors, 3D motion analysis software, inertial 
measurement units (IMUs), optical systems, etc. These technologies have their own characteristics and 
applicable scenarios, providing detailed information for movement analysis from different perspectives. 

By comprehensively applying these advanced assessment tools and techniques, research in sports 
biomechanics can provide scientific evidence and effective support for athlete training, optimization of 
athletic performance, and prevention and rehabilitation of sports injuries. 

2.4 Application of Sports Biomechanics in Practice 

The application of sports biomechanics in practice encompasses various aspects such as athletic 
training, technique refinement, and equipment design, playing a crucial role in enhancing athletic 
performance, preventing sports injuries, and promoting rapid recovery post-injury. 

2.4.1 Application in Athlete Training 

Sports biomechanics provides a scientific basis for athletic training by accurately measuring and 
analyzing athletes' movement patterns. Through individualized biomechanical assessments, coaches 
and professional analysts can identify technical flaws or suboptimal movement patterns that may lead 
to decreased athletic efficiency or capability, thereby increasing the risk of sports injuries. For example, 
analysis of running gaits can reveal and correct issues such as excessive internal or external rotation 
and asymmetrical strides, improving athletic performance and reducing the risk of knee and ankle 
injuries. Additionally, biomechanical data can guide the design of strength and physical conditioning 
training programs, ensuring that the intervention loads correspond proportionately to the athlete's 
physical recovery status, thereby optimizing training outcomes.[4] 

2.4.2 Application in Equipment Design 

In sports equipment design, the application of sports biomechanics aims to enhance equipment 
performance and safety to meet the specific needs of athletes in different sports. By analyzing forces 
and kinematic parameters during sports activities, designers can develop equipment that is more 
ergonomically suited, such as improving cushioning and stability in sports shoes, optimizing bicycle 
geometry to increase comfort and efficiency, and designing sports apparel that better aligns with 
biomechanical characteristics. These biomechanics-based equipment designs not only improve athletic 
performance but also effectively reduce the risk of sports injuries. 

2.4.3 Application in Technique Optimization 

Technique optimization is another important application area of sports biomechanics in practice. By 
thoroughly analyzing the execution process of athletic skills, sports biomechanics can help athletes and 
coaches identify strengths and weaknesses in techniques. For example, in swimming, analyzing the 
hydrodynamic characteristics of different strokes allows athletes to adjust their stroke and kicking 
techniques to reduce water resistance and increase propulsion speed. In ball sports, analyzing the 
mechanical characteristics of throwing or hitting actions can optimize movement sequences, improving 
the efficiency and accuracy of force transmission. Technique optimization not only enhances athletes' 
competitive performance but also helps prevent sports injuries caused by improper techniques. 

In conclusion, sports biomechanics plays a central role in athlete training, equipment design, and 
technique optimization in practical fields. By applying biomechanical principles and methods, athletic 
performance can be scientifically analyzed and improved, sports injuries can be prevented and reduced, 
and post-injury recovery can be guided, providing comprehensive support and optimization solutions 
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for athletes. 

3. Application of Sports Biomechanics in Injury Prevention 

3.1 Identification of High-Risk Movement Patterns 

A core application of sports biomechanics is utilizing its analysis tools and techniques to identify 
high-risk movement patterns that may lead to sports injuries. This includes detailed measurement and 
analysis of kinematic and kinetic parameters during the execution of athletic skills, such as joint angle 
variations, muscle activity patterns, and ground reaction forces during movement. Through these 
analyses, researchers and training professionals can identify factors within specific movements or 
techniques that may lead to excessive stress, improper loading, or sports injuries. 

For example, in long-distance runners, excessive ground impact forces and improper foot landing 
patterns may lead to lower limb injuries. Through biomechanical analysis, these high-risk landing 
patterns can be identified, and athletes can be guided to adopt safer landing techniques through 
technical adjustments. Similarly, analysis of jumping and landing actions in volleyball players can 
reveal adverse movement patterns leading to knee injuries, thus suggesting corresponding preventive 
measures. 

3.2 Optimization of Sports Techniques and Equipment 

Sports biomechanics not only identifies injury risks but also guides the optimization of sports 
techniques and equipment to mitigate these risks. Technique optimization involves adjusting athletes' 
movement patterns to reduce adverse loading on joints and soft tissues. For instance, optimizing 
throwing techniques can reduce excessive rotation and stress on the shoulder joint, thus preventing 
shoulder injuries. Additionally, sports equipment designed based on biomechanical principles, such as 
customized insoles and more supportive footwear, can improve force distribution and reduce injury 
risks in specific sports. 

An example of equipment optimization is in cycling, where adjusting saddle height and position, 
handlebar angles, etc., can optimize riding posture, reduce stress on the knees and back, and thus 
prevent related injuries.[5] 

3.3 Design of Preventive Training Programs 

The design of preventive training programs is another key application based on biomechanical 
assessments. These programs aim to enhance athletes' muscle strength, flexibility, and coordination to 
address specific risk factors identified in high-risk movement patterns. For instance, for athletes prone 
to frequent ACL (anterior cruciate ligament) injuries, targeted lower limb strength and stability training, 
as well as practice in improving landing techniques, can reduce the risk of injury. 

Preventive training programs typically include core stability training, balance training, agility 
training, and specific strength training, personalized based on the results of biomechanical analysis. 
Regular intervention with these training plans can effectively reduce the occurrence of sports injuries, 
especially those caused by specific movement patterns and improper techniques. 

4. Application of Sports Biomechanics in Injury Rehabilitation 

4.1 Biomechanical Assessment of Rehabilitation Strategies 

Comprehensive biomechanical assessment is crucial before devising any rehabilitation plan. This 
assessment aims to identify the cause of injury, injury mechanisms, and resultant changes in physical 
function due to the injury. Biomechanical assessment not only involves direct analysis of the injured 
site but also evaluates other body parts that may be indirectly affected by the injury. For example, 
athletes with lower limb injuries may alter their walking or running patterns, affecting load distribution 
on the knees, hips, and even the spine. 

By using tools such as motion capture systems, ground reaction force measurements, and 
electromyography (EMG), rehabilitation specialists can gain detailed insights into the movement 
patterns and muscle activities of injured athletes, thus designing more targeted and personalized 
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rehabilitation plans. This assessment not only helps determine the starting point for rehabilitation but 
also monitors progress during the rehabilitation process and adjusts the rehabilitation plan to address 
challenges. 

4.2 Technical Adjustments During Rehabilitation 

During the rehabilitation process, technical adjustments are a critical step aimed at correcting 
adverse movement patterns that led to the injury and preventing injury recurrence. Data provided by 
biomechanical assessment can help rehabilitation specialists understand specific movement techniques 
or habits that need to be changed and provide guidance accordingly. For example, for athletes 
post-ACL reconstruction surgery, adjustments to their jumping and landing techniques may be 
necessary during rehabilitation to reduce impact forces on the knees and inappropriate moments. 

Through a series of progressive training, starting from basic movement patterns and gradually 
transitioning to more complex motor skills, rehabilitation specialists can ensure that athletes not only 
gradually regain physical function but also correct any adverse techniques that may lead to injury. 

4.3 Strength Training and Rehabilitation 

Strength training is an integral part of the rehabilitation process aimed at improving the strength, 
stability, and flexibility of the injured area and surrounding structures. Strength training guided by 
biomechanical principles ensures that the training program is both safe and effective, especially in 
increasing the load capacity of the injured area. 

Strength training typically includes targeted strength exercises, stability training, and flexibility 
exercises. For example, for athletes with shoulder injuries, this may include specific exercises to 
strengthen the rotator cuff muscles, improve shoulder joint stability, and stretching exercises to increase 
shoulder joint range of motion. By devising personalized training plans, athletes can not only recover 
effectively but also enhance resilience to future injuries. 

5. Future Outlook 

5.1 Application of Emerging Technologies and Methods 

With the rapid advancement of technology, machine learning and artificial intelligence (AI) 
demonstrate significant potential in the assessment and application of sports biomechanics. Machine 
learning and AI can process and analyze vast amounts of biomechanical data, thereby providing more 
accurate motion pattern recognition, injury risk assessment, and personalized rehabilitation strategies.[6] 

Motion pattern recognition: Through machine learning algorithms, high-risk motion patterns can be 
automatically identified from complex motion capture data. This rapid and objective identification 
process can greatly enhance the efficiency and effectiveness of injury prevention plans. 

Injury risk assessment: AI systems can integrate biomechanical data, injury history records, and 
other relevant factors to predict the risk of future injuries. This predictive model can assist coaches and 
sports medicine experts in devising more targeted preventive measures. 

Personalized rehabilitation strategies: AI-based analysis can design personalized rehabilitation plans 
for each athlete, considering not only the type and severity of the injury but also the specific 
biomechanical characteristics of the athlete. In this way, the rehabilitation process can be more efficient 
and targeted. 

5.2 Potential of Interdisciplinary Collaboration 

Interdisciplinary collaboration holds immense potential in advancing the application of sports 
biomechanics. Experts in sports medicine, physical therapy, and sports training can collaborate to gain 
a more comprehensive understanding of the complexity of sports injuries and jointly develop more 
effective prevention and rehabilitation strategies. 

Comprehensive perspective: Interdisciplinary teams can assess sports injury issues from multiple 
perspectives, not limited to biomechanics alone but also including physiology, psychology, and 
nutrition, providing athletes with comprehensive support. 
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Sharing resources and knowledge: Through interdisciplinary collaboration, experts from different 
fields can share their resources and specialized knowledge, such as jointly utilizing advanced 
biomechanical assessment tools or collectively developing new treatment and training techniques. 

Innovative solutions: Interdisciplinary teams are more likely to discover innovative solutions 
through brainstorming. For example, combining physical therapy techniques with biomechanical 
analysis can lead to the development of novel sports rehabilitation equipment or training methods. 

In conclusion, the future of sports biomechanics is expected to continually advance injury 
prevention and rehabilitation strategies through the adoption of advanced technologies and methods, as 
well as strengthening collaboration across interdisciplinary fields. 

6. Conclusion 

Sports biomechanics plays a crucial role in preventing sports injuries and promoting post-injury 
rehabilitation. By deepening the understanding of kinematics and dynamics principles, combined with 
advanced biomechanical assessment technologies, experts in this field can identify high-risk movement 
patterns, guide the optimization of sports techniques and equipment, and design personalized 
preventive training programs and rehabilitation strategies. In the future, with the application of 
emerging technologies such as machine learning and artificial intelligence, combined with the 
deepening of interdisciplinary collaboration, the application of sports biomechanics will become more 
extensive and precise. Not only can it enhance athletic performance, but more importantly, it can 
effectively prevent sports injuries and accelerate the recovery process, providing strong support for the 
health and well-being of athletes. 
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