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Introduction. Adaptive sports are becoming more and more popular among people with 

congenital or acquired disabilities. The attention of specialists in the field is increasingly focused on 

the development of methods for engaging in adaptive physical culture and sports1,2. Precision sports, 

and billiards in particular, have become adaptive sports of choice for a large number of people with 

disabilities around the world. Unfortunately, some people with musculoskeletal disorders who want 

to play billiards face the main problem - insufficient economical, technical and software support.  

The current goal of this study was to analyse recent advances in digital technologies for 

monitoring stroke techniques in billiards for wheelchair players. 

Methods of research. The biomechanical analysis of specific training intervention by 

personalising a multi-body dynamics model based on advanced anatomically-based fitting to subject-

specific data from 3D body scanning, validated against magnetic resonance imaging as gold standard 

(Specific Goal SG#1). We used such modern innovation approaches as “OpenCap” and special phone 

application programs3. “OpenCap” comprises several steps to estimate movement dynamics from 

videos. These steps include calibrating cameras, collecting and processing videos, estimating marker 

positions and kinematics, generating physics-based dynamic simulations of movements. This pipeline 

is implemented in Python (v3.7.10). “OpenCap’s” web application guides users through each step, 

and cloud instances are used for computing. 

Mathematical and statistical processing and data analysis were carried out using the 

computing and graphic capabilities of the computer programs SPSS. 

 

Results. In order to solve the set tasks of the research regarding the comprehensive assessment 

of the stroke technique of a billiard player in a wheelchair, we carried out organoleptic measurements 

and performed them with the help of special innovative technical means (web software for evaluating 

3D kinematics - "OpenCap"). Moreover, the developers of "OpenCap" obtained close correlations 

with similar laboratory studies3, which allows us to measure the kinetics of various types of 

techniques of a billiard player's stroke in real conditions. 
In order to record the biokinematic parameters of motor actions during the execution of the 

same type of billiard shot, but with the usage of two different techniques, video recording with two 

iPhones was used, with an emphasis on joints with one degree of freedom, such as the shoulder and 

elbow of the player's dominant hand. We constructed the trajectory of the point relative to the external 

coordinate system, namely: the biokinematic diagram of two motor actions (Figure 1 and Figure 2). 

Conclusions. The usage of innovation technologies and methods is always challenging. We 

are faced with estimating marker positions` problems with regard to wheelchair players. So, we made 

a “model of wheelchair payers` stroke”. We determined a fairly close correlation between indicators 

of straight-line motion of the cue during a shot by a billiards player using two different techniques: 

with the forearm in the vertical plane and with the forearm in a horizontal plane. 
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Fig. 1. The Analise of the wheelchair billiard player arm swing in a "vertical" shot technique 

 
      Fig. 2. The Analise of the wheelchair billiard player arm swing in the "horizontal" shot 

technique 
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