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[Purposel

The purpose of this study was to compare how changes in the gastrocnemius medialis muscle-tendon unit
behavior differ with increasing calf-raise frequency according to sprint performance level.

[Methods]

Twenty-four male sprinters participated in this study. The participants were divided into two groups based on
their best seasonal times using the World Athletics score, with the top 50% assigned to the high-performance
group and the bottom 50% assigned to the low-performance group. The participants performed single-leg calf-
raise exercises at four frequencies (2.67, 3.00, 3.33, and 3.67 Hz) for 10 s. During each exercise, the behavior of
the gastrocnemius medialis was recorded using an ultrasound apparatus. The fascicle and tendinous tissue
amplitudes were compared between the high- and low-performance groups. The proportion of positive
mechanical work of the fascicle with respect to that of the muscle-tendon unit was calculated for each trial
and compared between the performance groups to examine how they responded to changes in movement
frequency. Furthermore, the mean value of electromyographic amplitude of the gastrocnemius medialis was
calculated during the plantar-flexion and dorsiflexion phases for each cycle, and these values were compared
between groups to evaluate frequency-dependent changes.

[Results]

No significant differences were observed in the amplitudes of the muscle—tendon unit, fascicle, or tendinous
tissue of the gastrocnemius medialis between the high- and low-performance groups. However, at 3.00 Hz, the
mean fascicle shortening velocity differed significantly between the performance-level groups. The proportion
of positive mechanical work performed by the fascicle relative to that of the muscle—tendon unit did not differ
between movement frequencies or performance levels. Additionally, no significant differences in the
electromyographic activity of the gastrocnemius medialis were observed between the performance-level groups
across all movement frequencies.

[Conclusion]

During high-frequency calf-raise exercises, differences in sprint performance were not associated with the
amplitudes or mechanical work of the muscle—tendon unit and its constituent tissues, or with mean
electromyographic activity, but rather with the frequency at which the fascicle contraction mode changed.
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