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УДК: 796.032-053.81(063) 

БК 75.4(0)90к.я431 

М 75 
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Introduction. Digital technologies in sports biomechanics have opened opportunities to assess 

musculoskeletal function during different activities and give recommendations on best training design 

to ensure safety and efficiency of functional outcomes1. Yet, the successful translation of digital 

technologies from biomechanics research to the strength training-specific setting remains highly 

compromised because of two key challenges: Firstly, digital human models commonly represent a 

standardised musculoskeletal physique, crudely scaled to individual subjects. Available techniques to 

fit standardised digital models to individual subjects depend on costly, high-resolution medical image 

data, or are computationally too complex for widespread use. Secondly, wireless technologies to 

capture motion data outside the research lab as input for driving the digital models remain lacking. 

While commercially available wireless technologies in smartwatches or smartphones are successfully 

used to monitor aerobic activities, their application to strength training requires more careful choice 

of technology and sophisticated algorithms to process the available data. 

The purpose of the work. The goal of the project ‘DigitalTwin’ at the Swiss Federal Institute 

of Sport Magglingen (SFISM) is to advance digital technologies in sports biomechanics for 

personalized application to the strength training-specific setting. New opportunities are emerging that 

make use of 3D surface scanning technologies for convenient, subject-specific body shape analysis 

outside the research setting. 

Methods of research. The proposed advancement of digital technologies by means of 3D body 

surface scanning and wireless motion capture has tremendous potential to contribute towards global 

efforts in sports science of the ‘Digital Human Twin’, as well as ‘Healthy Aging’ as core priority both 

nationally and internationally. Worldwide, there has been a growing need to effectively train muscular 

strength and joint stability, avoid overloading, as well as assist in the recovery from injury. The 

opportunity to use personalised digital human models to assess musculoskeletal physique and strength 

may not only help physiotherapists, coaches and athletes to track strength training progress, but also 

provide an educational and motivational tool to ensure correct and continuous adherence to training 

guidelines. Here a key stone in the project is the further development of the app that allows tracking 

of the strength training units including number of repetitions, range of motion and load. By combining 

the results from imaging, modelling and an intervention study, it will be possible to predict the muscle 

adaptation and fatigue. The ultimate vision of the project ‘DigitalTwin’ at the SFISM is to efficiently 

develop and monitor personalised strength training interventions based on subject-specific 

biomechanical analysis for application to the standard clinical, sports, athlete sports, fitness and health 

care practice. 

 

Results. Indeed, we could demonstrate the feasibility of fitting a standardised digital human 

model to 3D body surface data for subject-specific analysis of musculoskeletal physique. In parallel, 

we validated the accuracy of an iOS workout analysis application for the Apple Watch Sport to 

capture motion data in the strength-training specific setting2. Exercise recognition and repetition 

count were found to be feasible using the iOS app; yet, further investigations are needed to derive the 

one repetition maximum as the most valid indicator of dynamic strength. Due to the fact that musculo 

skeletal modelling during strength training is rather robust3, it is clearly possible to use such 

computational approaches to compare 4 and design strength training exercises. 
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Conclusions. The use of new technologies and methods is always challenging. A proper 

validation and testing for a specific setting is required. For the project “Digital Twin”, we will work 

on the combination of the different technologies. 

Forthcoming research is directed towards validating subject-specific fitting algorithms in 

computer vision for scaling standardised digital human models to 3D body surface data, as well as 

exploring advanced machine learning algorithms in the field of artificial intelligence to process the 

motion data from smartwatches or smartphones. 
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