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This narrative review provides a comprehensive examination of the latest 

advancements in biomechanics and their implications for sports performance 

enhancement and injury prevention. Utilizing systematic literature search 

methodologies, the review draws on peer-reviewed articles, conference proceedings, 

and comprehensive review papers published between 2019 and 2023, sourced from 

databases such as PubMed, Google Scholar, and ScienceDirect. This article 

synthesizes findings from these sources to outline critical developments in the field 

of sports biomechanics. The review focuses on several key areas: technological 

innovations in biomechanics, biomechanical analysis of sports movements, injury 

prevention strategies, and the integration of biomechanical research into practical 

athletic training. Additionally, the review highlights the current challenges and 

limitations within the field and proposes future directions for research and 

application. By categorizing and analyzing recent literature into thematic areas, this 

review offers a detailed and structured overview of the state-of-the-art in sports 

biomechanics, emphasizing its significant impact on optimizing sports performance 

and reducing injury risks. The findings and discussions presented in this review are 

intended to inform researchers, practitioners, and athletes, contributing to the 

enhancement of sports science practices and athlete safety. 
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1. Introduction 

iomechanics, a field at the intersection of biology and 

mechanics, is crucial in enhancing sports performance 

and preventing injuries. This narrative review delves into the 

recent advances in biomechanics research, underscoring 

their significant implications for athletes in various sports 

(1). 

Biomechanics is integral to sports, offering insights that 

guide performance optimization and injury prevention. The 

field's relevance is increasingly recognized, as evidenced by 

the growing body of research. For instance, studies on 

mouthguards in contact sports suggest that biomechanical 

innovations can reduce orofacial trauma and sport-related 

concussions (2). Similarly, biomechanics plays a vital role 

in understanding and preventing common sports injuries, 

such as ACL injuries and hamstring strains (1, 3). 

Recent advancements in biomechanics have been 

transformative, particularly due to technological innovations 

like motion capture systems and wearable sensors. These 

technologies have enhanced the analysis of athletic 

performance and injury mechanisms, providing more 

detailed and accurate data (1). Additionally, the 

development of sports medicine in countries like India 

reflects the global expansion and importance of 

biomechanics in sports (4). 

This review aims to provide a comprehensive overview 

of the latest research in biomechanics, with a focus on its 

application in sports performance enhancement and injury 

prevention. It will cover foundational biomechanics 

principles, technological innovations, biomechanical 

analysis of sports movements, and the role of biomechanics 

in injury prevention. The review will also include case 

studies and discuss challenges and future directions in 

biomechanics research. 

In conclusion, biomechanics is a pivotal field in sports 

science, offering critical insights for athletes, coaches, and 

healthcare professionals. By exploring recent advances in 

this field, this review highlights the significant impact of 

biomechanics on sports performance and injury prevention. 

2. Methods and Materials 

This narrative review was conducted with a systematic 

approach to gather and analyze recent advancements in the 

field of biomechanics, particularly focusing on its 

implications for sports performance and injury prevention. 

The primary objective was to synthesize current knowledge 

and identify key trends, challenges, and future directions in 

this domain. 

2.1. Literature Search and Selection Criteria  

The literature search was carried out using a combination 

of electronic databases and search engines, including 

PubMed, Google Scholar, and ScienceDirect. The search 

was designed to capture a broad spectrum of studies related 

to the advancements in biomechanics. Keywords and 

phrases used in the search included "biomechanics in 

sports," "recent advancements in biomechanics," "sports 

performance and biomechanics," "injury prevention through 

biomechanics," and "technological innovations in sports 

biomechanics." These keywords were used individually and 

in combination to ensure a comprehensive collection of 

relevant literature. 

2.2. Timeframe of Considered Literature  

The review focused on studies published in the last five 

years, from 2019 to 2023. This timeframe was chosen to 

ensure that the most recent and relevant advancements in 

biomechanics were included, reflecting the latest trends and 

developments in the field. 

2.3. Inclusion and Exclusion Criteria  

The inclusion criteria for the studies were: peer-reviewed 

articles, conference proceedings, and comprehensive review 

papers published in English. Studies were selected based on 

their relevance to biomechanics in sports, with a particular 

focus on advancements that have direct implications for 

sports performance enhancement and injury prevention. 

Exclusion criteria were non-peer-reviewed articles, articles 

not in English, studies focusing solely on theoretical 

biomechanics without practical sports applications, and 

older studies that did not reflect recent advancements in the 

field. 

2.4. Data Synthesis and Analysis  

The data from the selected studies were synthesized and 

analyzed to provide a cohesive understanding of the current 

state of biomechanics in sports. The analysis involved 

categorizing the literature into themes based on their primary 

focus, such as technological advancements, biomechanical 

analysis of specific sports movements, and injury prevention 

strategies. This thematic approach allowed for a structured 

synthesis of the data, highlighting key findings, trends, and 

B 
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implications for practice in sports biomechanics. The review 

also critically examined the methodologies used in the 

selected studies, evaluating their strengths and limitations, 

and how these impact the applicability of the findings in 

practical settings. 

3. Foundations of Biomechanics in Sports 

3.1. Basic Principles of Biomechanics 

Biomechanics, at its core, is the study of the mechanical 

principles of human movement, particularly as they apply to 

sports performance and injury prevention (5). It integrates 

knowledge from anatomy, physiology, physics, and 

engineering to understand how forces interact with the body 

and affect motion. The primary principles include 

kinematics – the study of motion without considering its 

causes – and kinetics – the study of the forces causing 

motion (6). 

3.2. Application in Analyzing Sports Performance 

In sports, biomechanics is applied to optimize 

performance. For example, in Taekwondo, biomechanical 

analysis of kicking techniques can significantly enhance 

performance by understanding factors like angle, velocity, 

and force (7). Similarly, in sports like gymnastics, 

biomechanics aids in skill development and technique 

selection, focusing on performance enhancement and injury 

risk reduction (8). 

3.3. Application in Injury Mechanisms 

Biomechanics also plays a crucial role in injury 

prevention. By understanding the biomechanical causes of 

injuries, effective prevention strategies can be developed. 

For instance, the biomechanical analysis of the shoulder in 

volleyball can lead to techniques that reduce the risk of 

chronic shoulder pathologies (9). Additionally, the 

principles of biomechanics are applied in designing training 

programs that minimize injury risks, such as ACL injury 

prevention programs (10). 

3.4. Technological Advancements in Biomechanics 

Recent technological advancements have significantly 

enhanced the application of biomechanics in sports. Motion 

capture systems, for example, provide detailed analyses of 

movement patterns, enabling a more precise understanding 

of sports techniques and injury mechanisms (11). These 

technologies have revolutionized how athletes train, recover, 

and prevent injuries. 

In sum, the foundations of biomechanics in sports are 

deeply rooted in understanding human movement through 

the lens of mechanical principles. Its application in sports 

performance and injury prevention is vast, ranging from 

optimizing athletic techniques to developing injury 

prevention strategies. As technology continues to advance, 

the field of sports biomechanics is poised to make even more 

significant contributions to the world of sports. 

4. Technological Advancements in Biomechanics 

Recent technological innovations in biomechanics have 

significantly transformed the landscape of sports science, 

enhancing athletic performance and providing deeper 

insights into injury mechanisms (12). This section explores 

these advancements and their impact on the field. 

4.1. Motion Capture Systems 

Motion capture technology has revolutionized 

biomechanics by providing detailed analyses of movement 

patterns in real-time. This technology, which captures the 

movement of athletes using cameras and sensors, allows for 

a precise understanding of biomechanical processes during 

various sports activities (13). It has been instrumental in 

refining techniques, improving training methods, and 

reducing injury risks. 

4.2. Wearable Sensors 

Wearable sensors have become a cornerstone in sports 

biomechanics, offering a convenient and efficient way to 

monitor athletes' movements and physiological responses 

during training and competition (14). These devices provide 

continuous data on various parameters such as heart rate, 

muscle activity, and joint movements, enabling personalized 

training and injury prevention strategies. 

4.3. Inertial Measurement Units (IMUs) 

IMUs are small, wearable devices that measure velocity, 

orientation, and gravitational forces. They have been 

particularly useful in running gait analysis, helping to assess 

and optimize running techniques for both performance 

enhancement and injury prevention (15). 

https://portal.issn.org/resource/ISSN/2981-2569
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4.4. Machine Learning and AI in Injury Prediction 

The integration of machine learning and AI in 

biomechanics has opened new avenues for injury prediction 

and prevention. By analyzing vast amounts of biomechanical 

data, these technologies can identify patterns and predict the 

likelihood of injuries, allowing for timely interventions (16). 

4.5. High-Speed Cameras and 3D Analysis 

High-speed cameras combined with 3D analysis tools 

provide detailed insights into the mechanics of fast and 

complex movements in sports. This technology is 

particularly useful in sports like baseball, where 

understanding the biomechanics of pitching can help in 

injury prevention and performance enhancement (17). 

4.6. Virtual Reality (VR) and Augmented Reality (AR) 

VR and AR technologies are emerging as powerful tools 

in sports biomechanics for training and injury rehabilitation. 

They create simulated environments where athletes can 

safely practice skills, recover from injuries, and improve 

their performance without the physical risks associated with 

real-world training (18). 

4.7. Biomechanical Modeling and Simulation 

Advanced computer modeling and simulation techniques 

have enabled the creation of detailed biomechanical models 

of the human body. These models help in understanding the 

effects of different movements on the body and can be used 

to simulate various scenarios for injury prevention and 

performance optimization (19). 

4.8. Gait Retraining Technologies 

Gait retraining technologies, including treadmills and 

feedback systems, have been effective in altering running 

mechanics to reduce injury risks and enhance performance. 

These technologies provide immediate feedback to athletes, 

allowing for real-time adjustments in their running patterns 

(20). 

The integration of these technological advancements in 

biomechanics has profoundly impacted sports science. They 

have not only enhanced our understanding of human 

movement and performance but also opened new 

possibilities for injury prevention and rehabilitation. As 

technology continues to evolve, its application in 

biomechanics is expected to further revolutionize sports 

performance and safety. 

5. Biomechanical Analysis of Sports Movements 

Biomechanical analysis in sports movements is crucial 

for understanding the intricate dynamics of athletic 

performance and injury prevention. Recent studies have 

provided valuable insights into various sports movements, 

enhancing our understanding of how athletes can optimize 

performance while minimizing injury risks. 

5.1. Table Tennis Footwork 

In table tennis, lower limb injuries are prevalent due to 

the sport's dynamic footwork. A study analyzing 143 table 

tennis players found that 32% of injuries were in the lower 

limbs, with the lumbar region, shoulders, and knees being 

the most affected areas. Biomechanical analysis of 

asynchronous foot movements in table tennis, focusing on 

kinematics, dynamics, and plantar pressure, revealed that 

these injuries are closely related to technical play. This 

underscores the importance of standardized technical 

movements and reasonable exercise load arrangement to 

prevent sports injuries (21). 

5.2. Martial Arts Movements 

In martial arts, biomechanical research is essential for 

performance enhancement and injury prevention. An 

improved PSO optimized neural network was used to 

analyze martial arts movements, showing that the BP neural 

system model significantly improves the accuracy, recall, 

and F value of test classification. This approach outperforms 

simple Bayesian algorithms, highlighting the importance of 

contemporary, forward-looking, and creative biomechanical 

research in martial arts (22). 

5.3. Jumping in Traditional Sports 

A study on the biomechanical analysis of jumping 

difficulty movements in competitive Tai Chi provided 

insights into the factors influencing the completion of these 

movements. The research divided the movement stages into 

take-off, soaring, and landing, analyzing the angles and 

flexion of the knee joints. It emphasized the need for strength 

training and spatial perception ability to avoid unnecessary 

damage during the landing phase (23). 

https://portal.issn.org/resource/ISSN/2981-2569
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5.4. Tennis Serve 

In tennis, the biomechanical analysis of the first serve is 

crucial for maximizing ball speed. A study involving twelve 

students analyzed variables such as flexion angle, extension 

angle, tilt angle, angular velocity, and angular acceleration. 

The results showed a significant correlation between ball 

speed and biomechanical variables like momentum, force, 

impulse, power, and effort, indicating the complexity of the 

first serve tennis movement (24). 

5.5. Tai Chi Arm Manipulation 

The biomechanical analysis of arm manipulation in 

competitive Taijiquan focused on kinematic data from action 

amplitude change and action braking. The study found that 

the braking ability of arm manipulation is a critical skill in 

competitive Taijiquan, with significant correlations between 

movement track length, RMS, and I EMG. This highlights 

the importance of muscle proprioception and correct muscle 

exertion during training (25). 

5.6. 3D Force Sensors in Biomechanics 

A novel 3D force sensor technology was used to create a 

cost-effective and portable 3D force plate. The prototype 

force plate showed excellent agreement with standard force 

plates in measuring forces during lunges and squats. This 

technology provides a versatile tool for biomechanics 

discovery and sports performance practice (26). 

5.7. Badminton Lunge Performance 

In badminton, biomechanical analysis during the take-off 

phase in forehand overhead strokes revealed that faster 

stroke movements induced larger vertical and horizontal 

peaks, affecting peak ankle lateral and distal contact forces. 

This information is vital for understanding the biomechanics 

of badminton strokes and optimizing performance (27). 

5.8. ACL Injury Reduction in American Football 

Gym-based training interventions focusing on 

biomechanical patterns have been effective in reducing ACL 

injuries in American football players. These interventions 

include exercises that enhance single-leg balance, trunk 

stability, and reflexive strength training (28). 

5.9. Football Injuries and 3D Biomechanical Analysis 

The biomechanical analysis of football instep kicking 

action using 3D motion capture, force plates, 

electromyography (EMG), and applying the data to modify 

techniques will help in injury prevention and performance 

enhancement (29). 

5.10. Machine Learning in Soccer Injury Prediction 

Machine learning techniques have been used to predict 

muscle injuries in professional soccer players. The analysis 

identified maximum muscle strength and stiffness of the 

hamstrings as reliable predictors for injury prevention (30) 

5.11. Statistical Parametric Mapping in Lower Limb 

Analysis 

Statistical parametric mapping has shown promise in 

improving the understanding of sports biomechanics, 

particularly in lower limb analysis. This method presents 

future research opportunities to further our understanding of 

biomechanical patterns (31). 

5.12. Biomechanical Analysis in Volleyball 

A study on volleyball players’ ankle joint movement in 

compound sports mode provided insights into methods to 

prevent and avoid ankle joint injuries, offering references for 

training and competition methods (32). 

5.13. Lateral Movements and Ankle Joint Biomechanics 

Research on the influence of lateral wedged insoles on 

performance and ankle joint biomechanics during lateral 

movements highlighted the importance of quickly changing 

directions while avoiding injury in many sports (33). 

5.14. Wearable Sensors in Sports Biomechanics 

The development of low-cost, wearable bionic sensors 

capable of monitoring functional motions and 

biomechanical data has improved athletic performance and 

reduced injuries. These sensors represent a significant 

advancement in sports biomechanics (34). 

Overall, the biomechanical analysis of sports movements 

has significantly advanced our understanding of athletic 

performance and injury prevention. These studies provide 

valuable insights into optimizing techniques, enhancing 

training methods, and developing effective injury prevention 

strategies. As technology continues to evolve, the potential 

https://portal.issn.org/resource/ISSN/2981-2569


 Vancini et al.                                                                                                                                                                                                   Health Nexus 1:3 (2023) 7-20 

 

 12 
E-ISSN: 2981-2569 
 

for further advancements in sports biomechanics is 

immense, promising even greater contributions to the field 

of sports science. 

6. Biomechanics and Injury Prevention in Sports 

Biomechanics plays a crucial role in preventing sports 

injuries by understanding the mechanical causes of injuries 

and developing effective prevention strategies. Recent 

research has provided significant insights into 

biomechanical factors contributing to specific types of 

injuries and their prevention. 

6.1. Quantum Sensors in Injury Prevention 

Quantum sensors are revolutionizing injury prevention in 

sports biomechanics. These sensors, combined with machine 

learning technology, facilitate medical decision-making at 

clinical and diagnostic levels, offering a new dimension in 

injury prevention strategies (35). 

6.2. Epidemiology and Biomechanics 

Combining epidemiology with biomechanics in sports 

injury prevention research has led to a new case-control 

selection strategy. This strategy ensures that controls are 

selected based on the presence of the same global injury 

mechanism as the cases, reflecting the importance of 

biomechanical considerations in injury prevention (36). 

6.3. Barefoot/Minimalist Running 

In the context of running, foot strike pattern is more 

crucial than footwear in regard to injury prevention. Studies 

have shown that vertical loading rate is a significant factor 

in injury prevention for barefoot/minimalist runners (37). 

6.4. Lower Limb Kinematics and Kinetics 

Injury prevention programs may be effective in 

increasing knee flexion angles during dynamic landing and 

cutting tasks but may have no effect on other lower limb 

biomechanical variables. This indicates the need for more 

targeted injury prevention strategies (38)). 

6.5. Video-Based Biomechanics Tools 

Video-based biomechanics tools are essential for fracture 

and injury assessment in sports. These tools help identify 

opportunities for researchers in the field and discuss future 

proposals and perspectives in injury prevention (39). 

6.6. Adolescent Running Biomechanics 

Adolescent running biomechanics is a critical area for 

injury prevention and rehabilitation. Expert opinions and 

commentary have highlighted the state of knowledge and 

future directions for research in this area, emphasizing the 

importance of understanding biomechanics in preventing 

injuries among adolescent runners (40). 

6.7. ACL Injury Prevention 

The biomechanics of change-of-direction maneuvers are 

crucial for ACL injury prevention. Certain biomechanical 

strategies proposed to reduce ACL injuries may affect 

performance, indicating the need for a balanced approach in 

injury prevention and performance enhancement (41). 

6.8. Foot Type and ACL Injury in Football 

Pronated foot type has been suggested as a risk factor for 

ACL injury in football players. Understanding the 

biomechanical implications of foot type can aid in 

developing targeted injury prevention strategies (42). 

6.9. Achilles Tendon Ruptures in Football 

A study on Achilles tendon ruptures in professional male 

football players found that most injuries are closed-chain 

indirect or non-contact injuries. Sudden loading to the 

plantarflexor musculotendinous unit is a key component in 

most cases, highlighting the need for specific biomechanical 

analysis for injury prevention (43). 

6.10. Systematic Reviews on Injury Prevention Strategies 

A comprehensive summary of systematic reviews on 

sports injury prevention programs has provided valuable 

insights into the effectiveness of various strategies in 

reducing musculoskeletal injuries. This summary serves as a 

single source for the most up-to-date publications in sports 

injury prevention (44). 

6.11. Injury Prevention in Rugby 

In rugby, injury prevention strategies have been 

developed based on the understanding of biomechanical risk 

factors. Neuromuscular training has shown promising 

evidence in reducing injury risks, particularly in youth rugby 

(45). 

https://portal.issn.org/resource/ISSN/2981-2569
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6.12. Overuse Injuries in Climbing 

Risk factors for overuse injuries in adult climbers include 

higher climbing intensity, bouldering, reduced grip/finger 

strength, and use of a “crimp” grip. Strength training 

interventions have been effective in preventing shoulder and 

elbow injuries (46). 

6.13. Nationwide Sports Injury Prevention Strategies 

A scoping review of nationwide sports injury prevention 

strategies highlighted the importance of reporting on the 

implementation context. This review suggests an important 

reporting gap in the current strategies (47). 

6.14. Orthopedic Sports Injuries 

The holistic approach to orthopedic sports injuries 

encompasses prevention, diagnosis, and treatment. 

Advanced imaging modalities and return-to-play criteria 

play a significant role in ensuring athletes' well-being and 

longevity in their chosen sports (48). 

6.15. Injury Prevention in Adolescent Cricket Bowlers 

For adolescent cricket pace bowlers, an exercise-based 

injury prevention program (IPP) has been developed. This 

program focuses on specific exercises at the community 

level to prevent injuries in this high-risk group (49). 

6.16. HAMstring Injury Risk Index 

The development of a quantitative HAMstring InjuRy 

(HAMIR) index aims to identify an athlete’s propensity for 

hamstring injuries. This index is crucial for identifying 

targets for injury mitigation, thereby reducing the global 

burden of hamstring injuries in high-level American football 

players (50). 

6.17. Injury Prevention in Golf 

A review on musculoskeletal pathologies in golfers 

related to golf swing biomechanics summarized effective 

prevention strategies and swing modifications. This is 

essential for addressing potential injuries in golf (51). 

6.18. Unsupervised Learning in Soccer Injury Risk 

Screening 

Unsupervised learning has been used to visualize 

movement patterns and provide insights into an individual 

athlete's status. This approach is significant in injury risk 

screening in soccer, especially considering sex and fatigue 

effects (52). 

6.19. ACL Injury Prevention Programs 

A review focused on the effects of ACL injury training 

programs on neuromuscular risk factors and ACL injury 

rate. This review is crucial for understanding the 

effectiveness of current training programs in reducing ACL 

injuries (53). 

6.20. Long-Term ACL Reconstruction Biomechanics 

Women and patients with a 3- to 10-year history of ACL 

reconstruction demonstrated biomechanics that may be 

associated with knee motion control challenges. This is 

important for developing injury prevention and 

rehabilitation interventions (54). 

6.21. Running Injury Prevention and Treatment 

A causal framework approach has been described to 

prevent and treat running injuries. This approach considers 

how training loads interact with modifiers, providing a path 

forward for running injury prevention and treatment efforts 

(55). 

6.22. Calcaneus-Shank Coupling in ACL Strategies 

A modified vector coding technique was used to describe 

the calcaneus-shank coupling relationship during 

unanticipated changes of direction. This research justifies 

exploring interventions geared towards manipulating 

calcaneus motion to affect shank rotational movements 

associated with ACL injury risk (56). 

6.23. Real-Time Biofeedback in Neuromuscular Training 

An augmented neuromuscular training (aNMT) system 

utilizing interactive, real-time biofeedback targets multiple 

biomechanical variables associated with ACL injury risk. 

This system increases knee-motor functional connectivity, 

offering a novel approach to injury prevention (57). 

In conclusion, the biomechanical analysis of sports 

movements has significantly advanced our understanding of 

athletic performance and injury prevention. These studies 

provide valuable insights into optimizing techniques, 

enhancing training methods, and developing effective injury 

prevention strategies. As technology continues to evolve, the 
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potential for further advancements in sports biomechanics is 

immense, promising even greater contributions to the field 

of sports science. 

7. Case Studies in Sports Biomechanics 

Sports biomechanics research has led to significant 

advancements in understanding and enhancing athletic 

performance while preventing injuries. Various case studies 

demonstrate the practical applications and outcomes of 

biomechanical research in sports. 

7.1. Wearable Systems in Sports Performance 

A case study developed at ERGOS Lab focused on a 

wearable system for sports performance analysis. This 

system provided insights into the biomechanical aspects of 

athletic movements, leading to improved training methods 

and performance enhancement strategies (58). 

7.2. Knee Biomechanics in Recreational Runners 

A study on recreational runners used multilevel 

functional models to analyze knee biomechanics patterns 

during typical training sessions. This approach helped in 

identifying key biomechanical factors that could be targeted 

for injury prevention and performance optimization (59)). 

7.3. Video-Based Biomechanics Tools 

A survey literature review on biomechanics presented 

case studies involving video-based biomechanical tools for 

fracture and injury assessment in sports. These tools have 

been instrumental in identifying injury mechanisms and 

developing prevention strategies (39). 

7.4. Taekwondo Kicking Analysis 

In Taekwondo, a biomechanical analysis of kicking 

techniques was applied to improve performance. Using a 

three-dimensional kinematic motion capture system, 

significant differences in the angle, angular velocity, and 

torque of lower limb joints were observed across different 

weight classes, leading to tailored training and technique 

improvement (7). 

7.5. Inertial, Force, and EMG Sensors in Sports 

An overview of sport biomechanics applications using 

wearable sensors highlighted the use of these technologies 

in assessing and enhancing sports performance. These 

sensors provided valuable data for coaches and athletes, 

leading to improved training methods and injury prevention 

strategies (1). 

7.6. AI in Sports Training 

A case study approach explored the application of 

artificial intelligence in sports training. This study 

highlighted the advantages of AI technology in physical 

education training, demonstrating its potential in enhancing 

training efficiency and athlete performance (60). 

7.7. Snow Sports Biomechanics 

A biomechanical field testing approach in snow sports 

provided information on individual adaptations to ski boot 

modifications. This case study supported the use of 

comprehensive biomechanical studies in snow sports, 

leading to tailored equipment design and injury prevention 

(61). 

7.8. Physical Training Efficiency in Sports Biomechanics 

Research on methods of improving teaching efficiency of 

physical training based on sports biomechanics introduced 

innovative teaching methods. This led to the enhancement of 

sports technology levels among college students, 

demonstrating the practical application of biomechanics in 

educational settings (62). 

These case studies in sports biomechanics illustrate the 

diverse applications of biomechanical research in enhancing 

athletic performance, preventing injuries, and improving 

training methods. The integration of technology, such as 

wearable sensors and AI, has further expanded the scope and 

impact of biomechanics in sports, offering new insights and 

strategies for athletes, coaches, and sports scientists. 

8. Challenges and Limitations in Current 

Biomechanics Research 

Biomechanics research has significantly advanced our 

understanding of human movement, particularly in sports. 

However, this field faces several challenges and limitations 

that need addressing to further its development. 

8.1. Markerless Motion Capture Methods 

While markerless methods in motion capture have 

increased data versatility, they also present challenges. 

These methods may sometimes be problematic due to high-

dimensional datasets with many predictor variables and few 
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observations. Addressing these issues requires updated pose 

estimation algorithms and improved data collection methods 

(63). 

8.2. Multibody Models of the Thoracolumbar Spine 

Current modeling approaches of the thoracolumbar spine 

in biomechanics face limitations and challenges. These 

include the need for further refinement in functional 

modeling, understanding micro-structure level 

characteristics, and addressing nonlinearity and time-

dependent responses (64). 

8.3. Meshfree and Particle Methods 

Meshfree or particle methods in computational 

biomechanics, while promising, face challenges in 

accurately simulating biological systems. These methods 

need further research to improve their application in 

analyzing soft matters, cells, and biological tissues (65). 

8.4. Human Surrogates for Injury Biomechanics 

Using human surrogates for injury biomechanics research 

presents limitations and challenges. Each surrogate provides 

critical data but also has inherent limitations that must be 

considered in research design and interpretation (66). 

8.5. Gait Recognition for Exoskeletons 

The current research on gait recognition for exoskeleton 

robots, particularly in rehabilitation, faces challenges in 

information acquisition, interaction, fusion, and recognition. 

These challenges need to be addressed to improve the 

effectiveness of rehabilitation exoskeletal robots (67). 

8.6. Finite Element Models of Ligaments 

Finite element models of ligaments, especially in the foot, 

require further refinement to ensure predictive ability. This 

includes better modeling of ligaments' micro-structure level 

characteristics and their nonlinearity and time-dependent 

response (68). 

8.7. Elasticity of Human Skin 

Extracting the elasticity of human skin in microscale and 

in-vivo poses methodological challenges. Developing 

models that accurately reflect the time-dependency of tested 

tissue is crucial for advancing this area of biomechanics 

research (69). 

8.8. Systematic Reviews and Meta-Analyses 

Systematic reviews and meta-analyses in biomechanics 

research face challenges and biases. Addressing these 

pitfalls is essential to enhance the robustness and reliability 

of future research (70). 

Biomechanics research is a rapidly evolving field with 

significant potential for advancing our understanding of 

human movement. However, it faces numerous challenges 

and limitations, including the need for improved modeling 

techniques, better data collection methods, and addressing 

biases in systematic reviews. Addressing these challenges 

will require innovative approaches and continued 

methodological improvements. 

9. Future Directions in Biomechanics Research 

Biomechanics research is poised for significant 

advancements in the coming years. Emerging trends and 

potential developments in this field are expected to 

revolutionize our understanding of human movement, 

particularly in sports. 

9.1. Wearable Augmented Reality 

Wearable augmented reality (AR) is becoming 

increasingly relevant in biomechanics research. A review of 

recent studies indicates that wearable AR research is gearing 

towards broader consumer adoption, which could have 

significant implications for sports biomechanics, 

particularly in training and performance (71). 

9.2. Bio-Based Polymers 

The development of bio-based polymers is an emerging 

trend with potential applications in biomechanics. These 

polymers offer flexibility and adaptability, which are crucial 

for achieving desired characteristics and functionalities in 

biomechanical applications (72). 

9.3. Respiratory Biomechanics 

Analysis of emerging trends in respiratory biomechanics 

indicates a growing interest in this area. The United States, 

particularly Harvard University, has been influential in this 

field, suggesting potential advancements in understanding 

respiratory functions in sports biomechanics (73). 
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9.4. Strength and Conditioning for Female Athletes 

Current and future trends in strength and conditioning for 

female athletes are focusing on the utility of blood flow 

restriction (BFR), functional movement assessments, and 

various technologies. These advancements aim to improve 

athletic capabilities, performance, and decrease injury 

potential over time (74). 

9.5. Neurosurgical Robots 

In the broader field of biomechanics, the future research 

in neurosurgical robotics will focus on areas such as precise 

perception, artificial intelligence, telesurgery, and magnetic 

resonance compatibility. These advancements could have 

indirect implications for sports biomechanics, particularly in 

injury rehabilitation and surgical interventions (75). 

9.6. Human Skin Microbiome 

The human skin microbiome is an emerging area of 

research with significant potential for future exploration in 

biomechanics. As technology develops, understanding the 

skin microbiome could lead to breakthroughs in how we 

understand skin's biomechanical properties (76). 

9.7. Sustainable Construction Materials 

The trend towards sustainable construction materials, 

such as new cement production methods, could influence 

biomechanics research, particularly in the development of 

sustainable and eco-friendly sports facilities and equipment 

(77). 

The future of biomechanics research is marked by diverse 

and interdisciplinary trends. From wearable AR and bio-

based polymers to respiratory biomechanics and the human 

skin microbiome, these emerging areas offer exciting 

possibilities for advancing our understanding of 

biomechanics in sports. As technology continues to evolve, 

these trends are likely to lead to significant breakthroughs in 

sports performance, injury prevention, and rehabilitation. 

10. Conclusion 

This review has traversed the expansive landscape of 

biomechanics in sports, highlighting its pivotal role in 

enhancing athletic performance and injury prevention. From 

the foundational principles of biomechanics to the cutting-

edge technological advancements, the field has shown 

remarkable growth and potential. The biomechanical 

analysis of various sports movements has provided deeper 

insights into optimizing techniques and strategies for injury 

prevention. Case studies in sports biomechanics have 

demonstrated practical applications, showcasing the real-

world impact of this research. However, the field also faces 

challenges and limitations, necessitating ongoing 

methodological improvements and exploration of emerging 

research areas. 

Biomechanics stands as a cornerstone of sports science, 

offering a unique blend of biology and mechanics to 

understand and enhance human movement. Its importance is 

underscored by its ability to provide quantifiable data, 

enabling athletes and coaches to make informed decisions 

about training, technique, and equipment. Biomechanics not 

only aids in performance optimization but also plays a 

critical role in injury prevention, contributing to the 

longevity and health of athletes. 

The impact of biomechanical research on sports 

performance is profound. By analyzing movements in sports 

like football, basketball, running, and swimming, 

biomechanics has led to the development of tailored training 

programs that enhance athletic capabilities. Innovations such 

as motion capture systems, wearable sensors, and AI 

integration have revolutionized the way athletes train and 

compete. These technologies offer real-time feedback, 

enabling immediate adjustments and improvements in 

technique, ultimately leading to enhanced performance and 

competitive edge. 

Biomechanics has significantly contributed to the safety 

and well-being of athletes. Through the biomechanical 

analysis of injury mechanisms, researchers have developed 

targeted strategies to prevent common sports injuries such as 

ACL tears and hamstring strains. The application of 

biomechanics in designing protective gear and equipment 

has also been instrumental in reducing injury risks. 

Furthermore, rehabilitation programs informed by 

biomechanical principles have improved recovery 

processes, aiding athletes in returning to their sports safely 

and effectively. 

Looking ahead, the field of biomechanics is poised for 

further advancements. Emerging trends such as wearable 

AR, bio-based polymers, and a deeper understanding of the 

human skin microbiome are set to open new frontiers in 

sports biomechanics. These developments promise to further 

enhance our understanding of human movement, offering 

more sophisticated tools and approaches for performance 

enhancement and injury prevention. 
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In conclusion, biomechanics is an integral part of sports 

science, continually evolving and adapting to new 

challenges and technological advancements. Its impact on 

sports performance and safety is undeniable, making it an 

essential field for athletes, coaches, and sports medicine 

professionals. As biomechanics continues to grow and 

evolve, its contributions to sports science will undoubtedly 

expand, leading to new heights in athletic achievement and 

well-being. 
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