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A Biomechanical Study of the Running of the Body in Torsion at various
speeds.

Norimasa YAMADA - Yasuo SEKIOKA
Kazutoshi KOBAYASHI « Yasunori KANEKO

The purpuse of this study was to analyze the body in torsion in running at various speeds.
In order to analyze that, Fourier transform was used to find the phase and amplitude.

The results were summarized as follows:

1)  As the running speed increased, not only the amplitude of rotation angle of waist line increased,

but also the initial phase shifted foward.

2) In 80% running and 100% running, we found the case that the initial phase of waist line shifted
foward more than —1.57rad. This suggested that right waist placed foward to left waist when the left

leg landed.

3) The twist of the shoulder goes ahead of the twist of the waist. As the running speed increased,

the phase difference decreased.

4) Arm swing goes ahead of the twist of the shoulder. As the running speed increased, the phase

difference decreased.

5) As the running speed increased, the amplitude of relative angle of shoulder and waist varied
little, but- initial phase had tendency to shift foward. The fact that initial phase of relative angle
shifted foward showed the body twisting was decreased at landing.
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Table. 1 Physical characteristics and best
record of 100m for the subjects.

Subjects  Height - Weight  ocot xecord
of 100m
(cm) (keg) (sec.)
A 183.0 76.0 1170
B 172.0 63.0 1079
c 186.0 81.5 1072

Table. 2 Stride length and stride Frequency
at various velocity.

Condition of Stride Stride
Subjects  running velocity length frequency
(%)  (m/sec) (m) (Hz)
A 40 4.28 1.23 3.48
60 6.07 ~ 2.05 2.96
80 7.74 2.05 3.77
100 9.84 2.37 4.15
"B 40 3.48 1.12 3.11
60 5.62 1.64 3.42
80
100 8.73 2.00 4.36
C 40 4.47 1.94 2.30
© 60 5.64 1.96 2.88
80 7.07 2.19 3.23
100 8.75 2.18 4.01
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Fig.2 Major software modules of film analysis.
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01:Rotation angle of shoulder line
82:Rotation angle of waist line
©3:Angle of flexion and extention of shoulder

Fig.3 Schematic illustration for each angle.
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Table. 3 Amplitude and the first ten waves
of the fourier series.

N 61 62 g3
Amplitude Amplitude Amplitude

(rad.) (rad.) (rad.)
1 0.28 0.32 0.65
2 0.01 0.06 0.03
3 0.01 0.10 0.09
4 0.02 0.03 0.04
5 0.02 0.03 0.04
6 0.01 0.05 0.02
7 0.01 0.02 0.01
8 0.01 0.01 0.01
9 0.01 0.01 0.01
10 0.01 0.01 0.01

61,02, 63: refer to fig.3
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Table. 4 Amplitude and phase of the fandamental wave of the Fourier series for the §1, 62 and 61-62,
and phase difference between 61 and 62 .

Condition of Phase

running velocity 0 o2 differece 61-62
Sub. -
) Amp. Phase Amp. Phase Amp. Phase
(%) (m/s) (rad) (rad) (rad) (rad) (rad) (rad) (rad)
A 40 4.28 0.19 0.55 0.26 -1.89 2.44 0.42 0.98
60 6.07 0.25 0.73 0.32 -2.09 2.82 0.56 0.93
80 7.74 0.28 0.65 0.18 -1.65 2.33 0.42 0.98
100 9.84 0.24 1.04 0.32 -0.81 1.85 0.44 1.82
B 40 3.48 0.24 0.16 0.13 -2.34 2.50 0.35 0.41
60 5.62 0.28 0.73 0.17 -1.83 2.56 0.43 0.97
80
100 8.73 0.24 1.04 0.32 -0.81 1.85 0.44 1.82
C ) 40 4.47 0.18 0.60 0.08 -3.19 2.48 0.25 0.42
60 5.64 0.20 0.64 0.24 -1.78 2.42 0.42 1.06
80 7.07 0.24 0.81 0.20 ~0.99 1.80 0.34 1.44
100 8.75 0.22 0.08 0.27 -1.57 1.65 0.36 0.95

81,82 : refer to fig. 3.
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Table 5 Amplitude and phase of the
fandamental wave of the Fourier
series for the #3, and phase difference
between 43 and 6 1.

Sub. Condition of 03 Phase
running velocity differece

Amp. Phase

(%) (m/s) (rad) (rad) (rad)

A 40 4.28 0.31 1.26 0.71
60 6.07 0.44 1.30 0.57

80 7.74 0.57 1.31 0.66

100 9.84 0.65 1.49 0.45

B 40 3.48 0.34 0.95 0.79

60 5.62 0.34 1.15 0.42

80

100 8.73 0.65 1.46 0.42

C 40 4.47 0.46 0.74 0.56

60 5.64 0.46 0.97 0.77

80 7.07 0.50 1.15 0.91

100 8.75 0.58 0.89 0.67

03 : refer to fig. 3
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