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Introduction and Objective: Success in javelin throwing depends on the coordination and optimal 

activation of muscle groups, with release velocity being directly related to the mechanical work produced 

by the muscles [1]. Paralympic athletes reorganize their neuromuscular system to compensate for reduced 

limb capacity and employ different muscular synergy patterns [2]. Analyzing these synergies can clarify 

control strategies and force transmission during javelin throwing. The present study aimed to investigate 

the neuromuscular synergies of elite global and Paralympic javelin throwers across different functional 

classes. 

Methods: This semi-experimental study included 24 elite global and Paralympic javelin throwers. Data on 

throwing distance, release velocity, release height, and shoulder, elbow, and trunk joint angles were 

recorded using a 240 Hz digital camera with reflective markers. All preprocessing and statistical analyses 

were performed in MATLAB. Muscular synergies were extracted using Non-Negative Matrix Factorization 

(NNMF), and the optimal number of synergies was determined based on the Variance Accounted For 

(VAF). To compare synergy patterns between seated and standing classes, K-means clustering, cosine 

similarity, and non-parametric statistical tests were used. 

Results: Three synergies were identified in the standing class and two in the seated class. The overall 

muscle composition was similar between classes, but the contribution of the pectoralis major was higher in 

the seated class (U=61.00, p=0.007). Temporal analysis indicated differences in muscle activation timing 

between classes (Synergy 1: 3–36% of the throwing cycle, p<0.0069; Synergy 2: 14–34% of the cycle, 

p<0.0065). 

Discussion and Conclusion: The results demonstrate that the number and structure of synergies differ 

between seated and standing athletes, with more prominent activation of the pectoralis major in the seated 

class. These findings reflect neuromuscular adjustments to compensate for reduced lower-limb contribution 

and to optimize force transmission during javelin throwing. As previous studies have shown, muscular 

synergy analysis allows identification of hidden neuromuscular patterns and compensatory strategies in 

elite athletes [2]. Therefore, targeted training aimed at improving muscular coordination and optimal 

activation timing may enhance javelin throw performance in elite Paralympic athletes. 
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