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Kinematic Characteristics of Double Arm-Swing Motion
in World-Class Skaters During Straight Skating Motion
in Men’s 500 m Speed Skating Race
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[Abstract]

This study aimed to investigate the kinematics of push-off and double arm swing motions of world-
class skaters during straight skating in a men’s 500 m speed skating race. The participants were 18
skaters who participated in the men’s 500 m race for the World Cup held in Nagano, Japan, in 2016. The
following parameters were analyzed: skating velocity, joint angle, and angular velocity on the
supporting leg; distance (Duk) and velocity (Vuk) between the greater trochanter and knee on the
supporting leg; trunk elevation angle and angular velocity; joint angle and angular velocity on the arms;
distance (Dsg) and velocity (Vsg) between the acromion and elbow; and rising angle and angular velocity
of the left shoulder. The calculated data were normalized such that the timing at the right blade-off was
0% and that at the left blade-off was 100%. The following results were achieved:

1) Skating velocity significantly increased at 50%-90% (p < 0.05).

2) The hip, knee, and foot joint angular velocities began to increase significantly at 30%, 40% and
70%, respectively (p < 0.05).

3) After Dukx was negative at 0%, it significantly increased and became positive at 20% Dux (p < 0.05).

4) The shoulder joint angle on the right arm shifted by 60% and 70% from flexion to extension. The
shoulder joint angular velocity on the left arm significantly increased by 40%-90%, and that on the
right arm increased by 30%-60% and decreased by 70%—-100% (p < 0.05).

5) The Vsg of the left arm significantly decreased at 30%—-60%, and that of the right arm significantly
increased at 0%—10% (p < 0.05).

These results revealed that the world-class skaters abducted their hip joint before extending their hip
joint when they achieved a higher skating velocity, and that they emphasized on abducting their arm on
the opposite side of the support leg and adducting their arm on the same side of the support leg.
Furthermore, when the skating velocity increased, the world-class skaters 1) swinged their arm on the
opposite side of the support leg backward quickly prior to that on the same side of the support leg, 2)
swinged the arm on the same side of the support leg forward slowly, and 3) turned the position of the

arm swinging backward from extension to flexion during the push-off motion.
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