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[Purpose]

The purpose of this study was to clarify the mechanical effects of changes in take-off angle on start
performance in the competitive swimming kick start. Although take-off angle is an important variable that
determines multiple factors such as velocity components, flight distance, and body posture at water entry,
systematic knowledge regarding the kick start remains limited. Therefore, the take-off angle was
experimentally manipulated under three conditions (Low, Normal, and High), and changes in velocity,
impulse, and body angle were examined using two-dimensional motion analysis. In addition, kinematic
prediction values were calculated based on measured data to quantitatively evaluate the effects of angle
manipulation on velocity, flight distance, and entry angle.

[Methods]

Fourteen male competitive swimmers performed the kick start under three take-off angle conditions (Low,
Normal, and High), with two trials conducted for each condition. All trials were recorded from the sagittal
plane using a high-speed camera, and the 10 frames before and after block take-off were digitized using
Tracker software. Center of mass position, horizontal and vertical velocities, body angle, and normalized
impulse were calculated. In addition, kinematic prediction values were calculated based on the experimental
data to analyze the effects of changes in take-off angle on velocity components, flight distance, and entry
angle.O

[Results]

Significant main effects of take-off angle condition were found for all variables except center of mass distance.
The Low condition produced the greatest horizontal and resultant velocities, whereas the High condition
showed the highest vertical velocity and normalized impulse. Body angle was strongly correlated with take-
off angle (r = .68—.95) and negatively correlated with resultant velocity, indicating that forward body lean
governs angle selection and velocity generation. Simulation results demonstrated a clear trade-off, with
shallower angles enhancing velocity and steeper angles increasing flight distance, confirming that the angles
maximizing velocity and flight distance do not coincide.

[Conclusion]

Take-off angle was primarily determined by the degree of forward body lean, and changes in take-off angle
systematically influenced velocity components, flight distance, and impulse. Shallower angles favored initial
acceleration, whereas steeper angles increased flight distance; however, these effects did not coincide,
indicating the presence of a mechanical trade-off. Therefore, the optimal take-off angle in the kick start
should not be considered a single value but rather an effective range that balances velocity generation and
flight distance. By integrating experimental measurements with kinematic prediction calculations, this study
provides practical insights for the individualized adjustment of kick start techniques.
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