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[Purpose]

This study aimed to provide fundamental knowledge for developing quick-lift training that improves swim-
start performance. Specifically, it investigated how the kinetic characteristics of bilateral and unilateral clean
pulls relate to key kick-start indicators, such as horizontal velocity and flight distance; simultaneously, it also
examined how clean-pull performance reflects the mechanical roles of the front and back legs, as well as the
influence of inter-limb asymmetry.

[Methods]

Eighteen male competitive swimmers performed bilateral clean pulls under high-load (0.8 BW) and low-load
(0.5 BW) conditions, and unilateral clean pulls for both the front and back legs under high-load (0.5 BW) and
low-load (0.3 BW) conditions. Kinetic variables, including peak force (Fz Peak), impulse (Fz impulse), Fz RFD
(Peak), and peak/mean bar velocity, were calculated. For the kick-start, the take-off horizontal velocity, flight
distance, entry angles (velocity-vector and posture-based), reaction time, and block time were measured.
Pearson’s correlations and group comparisons were also undertaken, with significance set at p < 0.05.

[Results]

Under the high-load rear-leg condition (0.5 BW), peak force and peak rate of force development (RFD)
exhibited positive correlations with take-off horizontal velocity. Flight distance was positively correlated with
peak RFD under the high-load front-leg condition (0.5 BW). Regarding entry angle, the entry angle based on
body posture was positively correlated with peak force and ground reaction force RFD obtained during both
bilateral and unilateral clean pulls. Contrastingly, the associations which the entry angle calculated from the
velocity vector had with the above elements were limited. Entry angle’s associations with reaction time and
block time were also limited.

[Conclusion]

Explosive force production characteristics of the rear leg during the clean pull were associated with take-off
horizontal velocity, whereas explosive force production characteristics of the front leg contributed to flight
distance. Additionally, athletes with greater peak force and ground reaction force RFD during the clean pull
were likely to form a larger entry posture angle. Contrastingly, the relationship with the entry angle defined
by the velocity vector was inconsistent, suggesting that the entry posture may be formed through technical
adjustments independent of velocity direction. These findings could have vital implications in terms of
allowing swimmers to improve their swim-start performance in future.
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