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Abstract

This research investigates the biomechanical factors contributing to premature
physical fatigue and recurrent musculoskeletal injuries among athletes, focusing on
the dynamic relationship between joint range of motion, mechanical energy
expenditure, and ground impact attenuation. A descriptive-comparative methodology
was utilized, targeting a purposive sample of 48 athletes affiliated with the Libyan
Athletics and Gymnastics Federations during the 2025/2026 season. Participants were
stratified based on preliminary flexibility scores into a high range-of-motion group
(n=24) and a moderate range-of-motion group (n=24) to ensure rigorous comparative
analysis. The laboratory protocol synchronized high-speed kinematic videography
(240 fps) with a tri-axial force platform (1000 Hz). Statistical analyses revealed a highly
significant advantage (p<0.001) for the high range-of-motion cohort in peak angular
velocities and center-of-mass trajectory stability. Kinetically, the highly flexible group
demonstrated a 30.3% reduction in dissipated internal mechanical work (Wint),
correspondingly enhancing overall mechanical energy economy by 22.5%.
Furthermore, improved joint mobility allowed these athletes to extend the landing
deceleration phase by 55%, effectively mitigating peak ground reaction forces by
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19.3% and protecting articular structures. Stepwise multiple regression indicated that
the combined flexibility of the hip, ankle, and spine accounts for 63.8% of the variance
in motor efficiency. The study recommends establishing proprioceptive neuromuscular
facilitation (PNF) as a core physical conditioning pillar rather than a supplementary
warm-up routine. Keywords: Range of Motion, Motor Efficiency, Biomechanics,
Internal Work, Shock Attenuation, Ground Reaction Forces, Energy Economy.
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