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[Purposel

This study investigates how different flutter kick techniques in front crawl influence swimming velocity and
hydrodynamic resistance, focusing on toe depth and posture-related changes.

[Methods]

Male collegiate competitive swimmers performed three kick conditions (Deep, Voluntary, and Shallow) across
three tests: a kick trial, a swim trial, and a towing trial. The kick and swim trials measured velocity and toe or
posture depth, respectively, under controlled stroke cycle conditions. In the towing trial, swimming velocity
was reproduced using a front-towing system, and towing force was measured. Estimated towing force
corresponding to swimming velocity was obtained by linear interpolation of the towing force—velocity
relationship using the mean swimming velocity under the Voluntary condition as a reference. After confirming
normality with the Shapiro—Wilk test, one-way repeated-measures ANOVA was applied to the kick trial, and
two-way and one-way repeated-measures ANOVAs were applied to the swim and towing trials, with
Bonferroni-adjusted post hoc tests.

[Results]

Although no significant differences were observed in the kick time trial, Shallow exhibited slightly higher 5 m
sectional velocity than Deep. In the swim time trial, Voluntary produced the highest velocity, followed by
Shallow and Deep. Posture depths increased in the order Shallow < Voluntary < Deep were observed in Deep.
Estimated towing force was highest in Deep and lowest in Shallow, indicating that shallow kicking generated
smaller net resistance at swimming-velocity conditions.

[Conclusion]

These findings suggest that the Shallow kick minimizes posture disturbances and reduces net resistance,
making it more advantageous when applied in full-stroke swimming. Conversely, the Deep kick increases
posture displacement and net resistance, resulting in a less favorable kick motion. This study provides

scientific evidence supporting the effectiveness of shallow kicking for enhancing front crawl performance.
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