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Effects of differences in shock-absorbing materials on muscle-tendon dynamics
and vertical stiffness during repetitive hopping: influence of surface and shoes
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[Purposel

This study aims to elucidate the effects of differences in flooring and shoe materials on muscle—tendon unit
(MTU) dynamics and vertical stiffness during continuous hopping.

[Methods]

Seven male graduate students performed 10 consecutive hops under 12 conditions, comprising three flooring
materials (Nomat, Connectmat, and Taraflex), two shoe types (thin-soled and thick-soled), and two movement
tempos (90 and 180 BPM). The fourth to eighth hops were selected for analysis. The ground reaction force,
center-of-mass displacement, joint kinematics, and muscle activity of the plantar flexor muscles, as well as
ultrasound images of the medial gastrocnemius, were recorded. The outcome variables included jump height,
ground contact time, vertical stiffness, changes in MTU length (AMTU), changes in the series elastic
component length (ASEC), mean muscle activity during ground contact, and pre-activation. Statistical
analyses were conducted using the Friedman test for the flooring conditions and the Wilcoxon signed-rank test
for the shoe and tempo conditions, with the significance level set at 5%

[Results]

No significant differences were observed among the flooring conditions for spatiotemporal variables, vertical
stiffness, muscle activity, and MTU dynamics. Between the shoe conditions, AMTU and ASEC did not differ
significantly; however, the muscle activity of the medial and lateral gastrocnemius muscles during ground
contact was higher in the thin-soled shoe condition. Regarding the tempo conditions, ground contact time and
jump height were lower at 180 BPM, whereas vertical stiffness was higher. The contact-phase activities of the
medial gastrocnemius, lateral gastrocnemius, and soleus were greater at 90 BPM, whereas soleus pre-
activation was higher at 180 BPM. Both AMTU and ASEC were significantly greater at 90 BPM.

[Conclusion]

Differences in flooring and shoe materials exerted limited effects on vertical stiffness and MTU length
changes, whereas shoe type affected gastrocnemius muscle activity during ground contact. By contrast,
movement tempo significantly affected the spatiotemporal parameters, muscle activity, and MTU dynamics
during continuous hopping.
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