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Abstract
Introduction. Figure skating is a sport discipline requiring a combination of artistic and athletic skills. The triple Axel Paulsen
(Axel or A) jump is the most technically difficult jump of all figure skating jumps, which is why it is on the top of the International Skating Union (ISU) Judging System Code of Points (CoP). The purpose of this research was to explore the technical
differences between the single Axel (1A), the double Axel (2A), and the triple Axel (3A) and to determine which parameters are
the most important for performing the triple Axel successfully, using 3D kinematic analysis. Material and methods. In the
study, one Polish elite male junior skater was tested. Following the usual warm-up, the skater performed a series of jumps on
the ice, which were recorded. Six jumps of each type were recorded (6 x 1A, 6 x 2A, and 6 x 3A). Three jumps which were the
best technically were chosen for further analysis. The APAS 2000 system automatically calculated the centre of gravity of the
skater (CG) and generated the kinematic data of each jump. Results. The skater examined jumped higher when he was about
to perform more rotations in the jump. The more rotations were to be made, the higher the jump was. Although the difference
between the height of 2A and 3A was less than 10% and could not be considered significant, the height of 1A was significantly
lower, by over 19%, that the height of the other two jumps. As also shown by previous research, the most substantial differences
in the Axel jump technique were visible in the pre-take-off and take-off phases. Conclusions. We observed substantial differences in the movement technique and kinematic parameters of the pre-take-off phase in the triple Axel performance compared
to the performance of the other two Axels. It can be assumed that decreasing the ankle joint angle in the pre-take-off phase
was most essential in achieving rotations in the Axel jump. This substantial change in ankle flexion caused greater stress on the
blade before the take-off, which resulted in a reduction of vertical velocity and enabled an increase in the vertical take-off angle.
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Introduction
Since 1908, figure skating has been an Olympic sport discipline. It is regarded as requiring a combination of both artistic
and athletic skills [1]. In single figure skating, skaters perform
specially choreographed programmes containing jumps, spins,
steps, and spirals to music. They skate on the ice rink (30 x 60 m)
wearing rigid leather boots with blades (about 4 mm in width).
Nowadays, the best figure skaters perform triple and even quadruple jumps, which means that they rotate on their own vertical
axis in the air 3 or more times. One of the jumps where a skater
is required to perform more than 3 revolutions is the triple Axel
Paulsen (3A).
The Axel Paulsen jump (Axel or A) is the most technically
difficult jump of all figure skating jumps, which is why it is at the
top of the International Skating Union (ISU) Judging System
Code of Points (CoP). It can be divided into three phases: the
entrance phase, which ends with the take-off; the flight phase,
when the skater is rotating in the air; and the landing phase,
which starts at the exact moment when the blade touches the
ice and ends when skater is safely skating backwards on the full
outside edge with one leg behind in the air. The entrance must

be performed from the forward outside edge and landed on the
backward outside edge on the opposite leg to the one used for
the take-off. Nowadays, skaters perform the single Axel (1A), the
double Axel (2A), and the triple Axel (3A). The jumping technique for 1A requires one and a half rotations in the air, the technique for 2A requires two and a half rotations, and that for 3A
requires three and a half rotations.
Furthermore, since jumps are generally completed in less
than 0.65 s [2], coaches have difficulty discerning and defining
parameters that are important in enabling the skater to successfully land the most difficult revolutions. This is why researchers are constantly looking for the most effective and safest body
movement model for jumpimg technique. Being the most difficult jump, the Axel jump has also been studied the most often
by researchers. Although Aleshinsky [3, 4, 5], Mishin [6], and
Laak [7] have authored significant publications on this subject,
they have published most of their findings for coaching rather
than scientific reasons. Aleshinsky ascertained that the better
the skater, the greater the take-off velocities and jump lengths.
Comparing double Axels to single Axels, he noticed that the
skaters exhibited greater pre-flight rotation, took off in more
closed positions, and attained greater rotational velocities in

Copyright © 2018 by the Józef Piłsudski University of Physical Education in Warsaw, Faculty of Physical Education and Sport in Biała Podlaska

