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Skating technique during the curve of the world's leading male speed skaters in a
1,500-m race
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Toshiharu Yokozawa”, Fuminori SaikawaZ), Daisuke Kumagawa”

Abstract : Although the record of speed skating has improved worldwide in recent years, the analysis
of skating techniques at the international competitions has not progressed. The purpose of this study
was to identify the skating technique of the world's leading male speed skaters during the curve of the
track in a 1,500-m race. Thirteen skaters who participated in the men's 1,500-m race for the World
Cup were selected, including the medalists in the race. Skating motion during the inner curve at the
second or third lap was captured using 3 high-speed video cameras. The three-dimensional coordinates
of the body were used to calculate the angles of the lower limb joints, the positional relationship
between the body center of mass (CM) and the blades, and the heel elevation angle at the instant of
the blade-off. All the parameters were analyzed for the correlation with the official time, and the
velocity averaged in the section. In result, the characteristics of skaters who held better official time
and higher section velocity were as follows: 1) the angular displacement of the right ankle dorsiflexion
during gliding was smaller, 2) the angular displacement of the right hip extension and ankle
plantarflexion during the push-off and the right heel elevation angle at the instant of the blade-off
were smaller, 3) the direction of the right blade horizontal velocity vector was more consistent with
that of the CM vector during the right stroke, and 4) the backward displacement of the blade relative
to the CM during the right stroke was smaller. These results suggested that in the 1,500-m race the
right stroke motion of the world's leading male skater was efficient and easy way to obtain a large

centripetal force.
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Figure 1. Set-up for the three-dimensional recording.
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Figure 2. Definition of kinematic parameters; a) hip, knee, ankle, and torso elevation angles, b) body

tilt angle, ¢) blade velocity angle, d) blade anteroposterior distance relative to the body center of mass
(CM) and heel elevation angle. Cross-shaped circle and open circle indicate the position of the CM and

midpoint of the blade, respectively.
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Table 1. Mean values and correlation coefficients of the temporal parameters.

r (time) indicates the correlation coefficient with the official time, while r (velocity) indicates

the correlation coefficient with the skating velocity during the section.

Left stroke Right stroke
Cycle frequency . .
(Hz) Single support  Double support ~ Single support  Double support
(s) (s) (s) (s)

Mean 1.06 0.33 0.10 0.40 0.12
S.D. 0.07 0.04 0.02 0.04 0.02

r (time) -0.14 0.29 0.16 -0.11 -0.08

r (velocity) 0.21 -0.39 -0.15 0.15 -0.06

Table 2. Mean values and correlation coefficients of the joint angles and joint angular displacements in the

lower extremity. * and ** indicate significant correlation, p<0.05 and p<0.01, respectively.

(deg) Left leg Right leg

Hip Knee Ankle Hip Knee Ankle

Mean 48.4 922 76.2 59.1 116.8 89.0

Angle at S.D. 5.6 7.0 6.2 6.4 8.0 5.0
blade contact 1 (time) -0.06 -0.06 -0.34 -0.39 0.17 0.57 *
r (velocity) -0.01 -0.09 0.28 031 023 0.63 *

Mean 89.8 1252 67.2 99.5 131.1 73.2

A“Qiﬁd S.D. 6.9 10.8 47 7.1 8.8 32
OPPSZ::facta ¢ I (time) 0.03 0.04 021 0.13 -0.04 0.61 *
r (velocity) -0.13 -0.18 0.01 -0.16 0.02 0.69%*

Mean 1115 151.6 923 116.4 158.0 101.8

Angle at S.D. 6.8 8.1 6.4 8.6 75 5.7
blade-off r (time) 0.13 0.13 0.24 0.53 0.39 0.36

r (velocity) -0.25 -0.25 -0.42 -0.52 -0.28 031

Mean 414 32.9 9.0 40.4 14.3 -158

d@ﬁﬁ;t SD. 6.1 75 72 7.1 8.5 6.3
during gliding " (M) 0.09 0.12 0.16 0.48 -0.21 0.77%*
r (velocity) -0.15 -0.20 -0.23 -0.38 0.23 0.82%*

Angular Mean 21.7 26.4 25.0 16.9 26.9 28.6
displacement S.D. 5.6 6.1 6.8 6.2 8.6 7.0
during r (time) 0.12 0.09 0.37 0.59 * 0.38 0.58 *
push-off 1 (velocity) -0.13 -0.02 -0.40 -0.60 * -0.26 -0.56 *
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Medalist

Right blade contact

Left blade contact Right blade-off

Figure 3. Stick figures with the body center of mass (CM) at the right blade contact, left blade
contact, and right blade-off of a medalist and lower ranked skater. Solid and dashed lines

indicate right and left segments, respectively.

Table 3. Mean values and correlation coefficients of the parameters in the torso, body center of mass (CM),

and blade motions.

Averaged Averaged Averaged CM height Blade Heel elevation
torso elevation ~ body tilt ~ blade velocity  relativeto anteroposterior  angle at
angle angle angle body height  distance at blade-off
(deg) (deg) (deg) (no unit) blade-off (m) (deg)
Mean 18.8 379 4.0 0.35 0.44 247
Left stroke S.D. 43 1.6 0.6 0.02 0.08 6.9
r (time) -0.05 0.02 -0.04 -0.47 0.31 0.42
r (velocity) 0.05 0.06 0.20 0.36 -0.31 -0.51
Mean 20.0 41.9 3.7 0.35 0.28 19.8
Right stroke S.D. 4.5 2.1 0.5 0.01 0.09 4.6
r (time) -0.10 -0.28 0.63 * -0.31 0.57 * 0.81%*
r (velocity) 0.13 0.60 * -0.66 * 0.19 -0.72%%* -0.87%*
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Figure 4. Trajectory of the left and right blades relative to the CM during each stroke of a medalist and a lower

ranked skater. Closed and open circles indicate the instant at the blade contact and the blade-off, respectively.
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