
Biomechanical Mechanisms of Rim Propulsion in Athletes with Wheelchair Rugby 
  
Noritaka KAWASHIMA, Mikito HIKOSAKA 

Research Institute of National Rehabilitation Center for Persons with Disabilities 
 
Background: Wheelchair rugby is a team sport for athletes with disability of upper limb and hand 
function. The classification system and specific rules are designed to ensure equitable 
participation across different levels of residual function. However, the biomechanical basis of 
wheelchair propulsion in athletes of wheelchair rugby has not been fully elucidated. 
Objective: This study aimed to investigate the biomechanical characteristics of wheelchair rim 
propulsion in athletes with cervical spinal cord injury (SCI), with a focus on the influence of 
classification category and competition level. 
Methods: Sixteen athletes with cervical SCI representing different classification levels and 
competitive experience performed wheelchair propulsion tasks on a roller system. 
Electromyography (EMG) was recorded from seven key upper limb muscles, and kinematics were 
captured using a three-dimensional motion analysis system. 
Results: Peak wheel velocity, rim-push time, and elbow extension angular velocity showed a 
linear relationship with classification, with clear offsets between competitive levels (R² > 0.7). 
Mixed-matrix factorization identified four distinct kinematic-muscular synergy components 
corresponding to (1) preparation, (2) rim-catch, (3) rim-push, and (4) recovery phases. While 
these synergy patterns were common across classifications, the relative contribution of muscle 
recruitment systematically varied with classification category. 
Conclusion: The findings indicate that classification-dependent performance can be distinguished 
from trainability, and that synergy-based analysis provides novel insights into rim propulsion 
strategies in wheelchair rugby. These results offer biomechanical evidence to support refinement 
of the current classification system. 
 


