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Introduction. Nowadays the integration of quantitative movement analysis is imperative for 

modern sports optimization. However, the effective implementation of innovative technologies 

necessitates rigorous scientific validation and a nuanced approach to their comparison with 

traditional laboratory techniques. 

In the contemporary landscape of scientific engagement with sports, there is an undeniable surge in 

support and funding, resulting in a wealth of daily contributions worldwide. These contributions 

encompass a plethora of articles, research works, reports, projects, ideas, and dissertations. This 

deluge of scientific knowledge in sports poses a challenge when attempting comprehensive statistical 

analyses. When comparing biomechanical analysis results derived from different programs, it is 

essential to conduct correlation analyses on identical biomechanical parameters generated by diverse 

models [1]. 

To facilitate such comparisons, the following general steps can be undertaken [1, 2]: identify 

the specific movement patterns, such as concentric, eccentric, or isometric, and the planes in which 

they occur; determine the involved joints during the athletic activity; identify the recruited muscles 

and their respective actions; assess the duration of active engagement by the athlete in the sporting 

event; analyze video recordings of athletes in action; estimate movement velocity during the range of 

motion's early, middle, and late phases; perform correlation analyses on the results of matching 

biomechanical parameters obtained from different models. 

It is essential to acknowledge that these steps serve as a general framework and may require 

customization based on the analysis's specific nature. Furthermore, ensuring consistency in variables 

measured and data collection methods across programs is crucial to guarantee accurate comparisons. 

The primary goal of this research is to establish basic characteristics for comparing 

biomechanical analysis results obtained from various sources: innovative (OpenCap) and established 

(VICON) tools. 

Methods. In our research for 3D motion analysis, we employed OpenCap (this system 

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

capturing videos at 60Hz) and a VICON system comprising 10 cameras (200Hz, Oxford Metrics 

Group, Oxford, UK). The gathered data provided reference points for scaling the models and 

conducting OpenSim simulations. 

Results. We conducted a comparative analysis of data obtained from OpenCap and VICON 

systems during the free-weight back squat exercise. Each exercise session comprised three cycles of 

five repetitions, facilitating the subsequent computation of mean values for further scrutiny and 

assessment. Our analysis encompassed 22 valid squats. Statistical analysis revealed notable 

disparities in knee angles between the Opencap and OpenSim models throughout the majority of the 

back squat movement, except the range from 10% to 35%. The average variance amounted to 16.9 

degrees (SD = 18.3 degrees). The root mean square error (RMSE) was calculated as 24.9, and the 

intra-class correlation coefficient (ICC 3.1) was found to be 0.503 (p=0.006), indicating a moderate 

level of agreement between the models. Although the correlation coefficient is not particularly high, 

the innovative application of OpenCap demonstrates promising potential as a method for 

biomechanical analysis in sports. 

Discussion. The validation of innovative biomechanical methods in sports poses several 

challenges that need to be addressed to ensure the accuracy and reliability of the analysis. Some of 

the problems related to validation in comparative analysis of innovative biomechanical methods in 

sports include [2-5]: 
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Complexity of Biomechanical Models: The complexity of biomechanical models used in 

sports analysis can lead to challenges in validating the accuracy of these models. Ensuring that the 

models accurately represent real-world movements and interactions is crucial for reliable results. 

Integration of Scientific Principles: The integration of scientific principles in sports 

biomechanics research is essential for validating innovative methods. This involves applying 

theoretical concepts to practical applications, which can be challenging due to the dynamic nature 

of sports movements. 

Lack of Theoretical Frameworks: Some biomechanical analyses in sports may lack a strong 

theoretical framework, leading to difficulties in validating the effectiveness and accuracy of the 

methods used. Establishing clear theoretical foundations is crucial for ensuring the validity of 

biomechanical analyses. 

Need for Applied Research: Applied research in biomechanics often focuses on immediate 

solutions to technical problems, which can be criticized for being descriptive and lacking theoretical 

depth. Balancing applied research with theoretical underpinnings is essential for effective validation. 

Injury Prevention Strategies: Validating biomechanical methods for injury prevention 

strategies requires robust analysis and validation processes to ensure that the proposed interventions 

are effective in reducing injury risks among athletes. 

Biomechanical Feedback and Adjustments: Validating methods that provide biomechanical 

feedback and allow for adjustments in training programs require rigorous testing to confirm their 

efficacy in enhancing athletic performance and reducing the risk of injuries. 

Control and Coordination of Movement: Understanding the control and coordination of 

movement in sports biomechanics is crucial for developing effective validation strategies that enhance 

sports performance and reduce injury risks. 

Conclusion. Addressing these challenges through rigorous scientific validation processes, 

integrating theoretical frameworks, and focusing on both applied and fundamental research are 

essential steps in ensuring the effectiveness and reliability of innovative biomechanical methods in 

sports analysis. 
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