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Introduction. Advancements in technology have revolutionized the field of sports science, 

enabling researchers to gain deeper insights into the biomechanics of elite athletes' movements. 

Among these technological advancements, OpenCap has emerged as a powerful tool for 

biomechanical analysis [5]. This article explores the application of OpenCap in scientific research, 

highlighting its benefits in providing accurate and comprehensive data for performance evaluation, 

injury prevention, and training optimization. The integration of OpenCap with other innovative 

technologies, such as motion capture systems and data analytics, further enhances the understanding 

of human movement. This article also discusses potential developments and challenges in 

implementing OpenCap for biomechanical analysis [1-5]. 

Methods. Bibliometric techniques and expert evaluations were used to determine the modern 

trends in innovative technologies to improve the effectiveness of elite athletes` preparation. A 

thorough biomechanical analysis utilizing diverse methods was performed on 41 elite athletes in 

sports games. In our research for 3D motion analysis, we employed OpenCap - a system 

synchronized cameras from two iOS devices with a web application operating on a standard laptop, 

capturing videos at 60Hz. 

Results. Through literature analysis, surveys, and expert evaluations, we identified a priority 

area for applying innovative developments in high-performance sports, with biomechanical analysis 

playing a crucial role in enhancing sports performance. The innovative OpenCap in biomechanical 

analysis sparked our interest, leading to a hypothesis about its efficacy in monitoring athletes' 

exercise techniques. We focused on the barbell squat exercise, using knee joint angle symmetry as an 

indicator of effectiveness (Figure 1). 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. OpenCap biomechanical analysis of right and left knee angle changes during 

barbell squats (r=0,99) 

 

We determined that the technique of performing squats with a bar by elite athletes is 

determined by the symmetry of the angle change in the left and right knee joints, which is confirmed 

by a high correlation at the level of r=0.99 at the α = 0.05 significance level (p < 0.05). 

Discussion. Elite athletes constantly strive for optimal performance, and understanding the 

biomechanics of their movements is crucial for achieving this goal. Traditional biomechanical 

analysis methods, such as marker-based motion capture systems, have limitations in terms of accuracy, 

reliability, and cost-effectiveness. To overcome these limitations, innovative technologies, such as 

OpenCap, have emerged as game-changers in the field of sports science [1-5]. OpenCap is a cutting-

edge technology that combines advanced computer vision algorithms, machine learning, and artificial 

intelligence to provide accurate and comprehensive biomechanical analysis. It utilizes wearable 

sensors, such as inertial measurement units (IMUs), to capture and 
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analyze athletes' movements in real-time. The data collected by OpenCap can be used for 

performance evaluation, injury prevention, and training optimization. 

OpenCap enables researchers to evaluate an athlete's performance by analyzing various key 

biomechanical parameters, including joint angles, segmental motions, and forces exerted during 

specific movements. By comparing an athlete's performance data with established benchmarks, 

coaches and trainers can identify areas for improvement and tailor training programs accordingly. 

OpenCap's real-time feedback also allows for immediate adjustments and corrections, leading to 

more efficient training sessions and improved performance outcomes. 

Biomechanical analysis using OpenCap can play a vital role in injury prevention and 

rehabilitation. By monitoring an athlete's movements, OpenCap can identify abnormal patterns, 

muscle imbalances, and potential risk factors for injuries. This information helps coaches and sports 

medicine professionals design personalized injury prevention programs and techniques to mitigate 

the risk of injuries. Additionally, OpenCap can assist in monitoring an athlete's progress during 

rehabilitation, ensuring a safe return to competition. 

OpenCap's advanced data analytics capabilities allow for in-depth analysis of an athlete's 

training sessions. By tracking and analyzing biomechanical parameters over time, researchers can 

identify the effectiveness of different training methodologies and techniques. This knowledge can be 

used to optimize training programs, individualize training regimens, and maximize performance 

gains while minimizing the risk of overtraining or injury. 

To enhance the accuracy and comprehensiveness of biomechanical analysis, OpenCap can 

be seamlessly integrated with other innovative technologies, such as marker-based motion capture 

systems and data analytics platforms. By combining data from multiple sources, researchers can 

obtain a more comprehensive understanding of an athlete's movement patterns, kinetics, and 

kinematics. This integration facilitates a holistic approach to biomechanical analysis, enabling 

researchers to make more informed decisions regarding performance enhancement and injury 

prevention strategies. 

While OpenCap shows great promise in the field of biomechanical analysis, there are still 

challenges to overcome. These include refining the algorithms for more accurate and reliable data 

collection, ensuring seamless integration with existing technologies, and addressing privacy and data 

security concerns. Future developments may involve the incorporation of virtual reality (VR) and 

augmented reality (AR) technologies to further enhance the sports experience and provide real- time 

feedback to athletes during training and competition. 

Conclusions. OpenCap represents a significant advancement in biomechanical analysis, 

offering accurate and comprehensive data for performance evaluation, injury prevention, and training 

optimization in elite sports. Its integration with other innovative technologies further enhances our 

understanding of human movement. As technology continues to evolve, OpenCap holds immense 

potential in shaping the future of sports science, providing athletes, coaches, and researchers with 

invaluable insights to achieve peak performance and prevent injuries. 
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