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A study of footstrike patterns in distance running

Youjirou DOI, Kazutoshi KOBAYASHI, Chikara MIYAJI and
Yukihiko USHIYAMA

The purpose of this investigation was to study the influence of the footstrike pattern at landing
in distance running: (a) relationship between footstrike pattern at landing and electromyographic
(EMG) activities or stiffness of tibialis anterior muscle; (b) relationship between shock-absorbing
attenuation and footstrike pattern at landing; (c) to explain the results with Miyaji's viscoelastic
elements model. One of the experiments of the study was 5000m running race, performed by using 11
male distance runners. They were 6 rearfoot strikers and 5 midfoot strikers. The other experiment
was test running with four different velocities, performed by four distance runners (2 rearfoot strikers
and 2 midfoot strikers) to whom accelerometers were mounted at the ankle and the knee. The EMG
activities of tibialis anterior muscle was also recorded. The experimental results show as follows:
1) Rearfoot strike causes a huge increase of the stiffness of tibialis anterior muscle after running.
2) The amplitudes of the acceleration at the ankle are influenced by running speed and footstrike
pattern. Even if the acceleration amplitudes are smaller in rearfoot striker than in midfoot striker,
it is not sure that the impact force are also smaller. It is necessary to reexamine some speculation
that acceleration values correspond to impact forces.
Although different footstrike pattern at landing influences the kinetic and the kinematic behavior
in distance running, these result cannot be the basis in deciding whether one or the other pattern is
better and should be preferred.
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Fig. 3 EMG patterns of tibialis anterior muscle for
different running velocities (jogging, 5000m
race and max speed) in a rearfoot strike
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Table 1 Changes of stiffness of tibialis anterior muscle after 5000m running race, time
records at the race and landing patterns.
Sub. Befor 5000m After 5000m  Increase ratio Time Landing Style
P 33 38 1.15 15:18 Midfoot
Q 30 38 1.27 15:36 Midfoot
R 32 50 1.56 15:52 Rearfoot
S 32 36 1.13 16:16 Rearfoot
T 31 53 1.71 15.56 Rearfoot
U 30 43 1.43 15:37 Rearfoot
A% 34 39 1.15 15:26 Midfoot
w 25 35 1.40 15:46 Midfoot
X 30 ) 48 1.60 16:31 Rearfoot
Y 34 45 1.32 15:54 Midfoot
VA 30 50 1.67 15:59 Rearfoot
Average 31.00 43.18* 1.40
S.D. : 2.64 6.28 0.21

* significant increase (p<0.001)
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landing styles.
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Fig. 9 Results of a simulated ground reaction force
and ankle acceleration in midfoot strike
running.

Conditions of the model simulation:
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Fig. 11 Influence of touchdown velocity on the
ankle acceleration obtained from the model
simulations (m,=5.5kg) .
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