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Biomechanics of Jump in Figure Skating
— Kinematic Analysis of Triple Axel Jump Motion of Women’s Figure Skaters —
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In recent figure skating competitions, jumps have become much more important in evaluation of a competi-
tor’s performance. World-class top-level skaters always perform various kinds of jumps with multiple rotations of
the body.

In this study triple Axel jumps performed by junior class figure skaters were analyzed kinematically by means
of video recordings. Two electrically synchronized high-speed video cameras (HSV-500 C 3, Nac Inc.) located in
the stand were used to record the movements of a skater’s body during jumps. The recording speed was 250 fields
per second. Three-dimensional coordinates of reference points in the skater’s body were calculated from digitized
data by means of direct linear transformation method (DLT). Three-dimensional coordinates of the center of grav-
ity of the skater’s body (C.G.) were calculated and using C.G. data, important kinematical parameters characteriz-
ing the jump were obtained. Jumping height was defined as vertical displacement of C.G. between take off and top
of jump. Successful and unsuccessful triple Axel jumps performed by three junior class skaters were selected for
analysis. Furthermore, the duration of a flight (flight time) of other kinds of jumps were also calculated. These
kinematical analyses revealed the following results.

I. When a successful and unsuccessful jumps were compared, there observed no significant differences in jumping
height, flight time and rotations of the body for triple Axel jump.

2. Rotations of the body in the air in the successful jumps were 2.6 rev, and there observed no significant differ-
ences in both successful and unsuccessful jumps. The bodies rotated 0.4 rev before take off, 2.6 rev in the air and
0.5 rev after landing, respectively.

3. Durations of flights of a triple Axel jumps by three skaters were 604 msec (MI), 548 msec (MO) and 556 msec
(NA), respectively.

4. Estimated flight times for three complete rotations of the body in the air showed increases of 88 msec(MI), 116
msec(MO) and 105 msec(NA) in comparison with measured durations of flights.

5. From the results of the study, one of the essential factors for a successful triple Axel jump was the enough dura-
tion of a flight, which can be achieved by enough vertical velocity of C.G. at take off. The longer duration of the
flight would make it possible to perform more accurate and stable jumps in more difficult conditions such as in tri-
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