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An Effect Analysis of Rearfoot Movement and Impact force by Different Design

of Running Shoes Hardness
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Abstract

The midsole hardness of athletic footwear affects capability of absorbing impact
shock and controls rearfoot movement during running and walking. The prior
studies were focused on examining the proper hardness of footwear for rearfoot
movement or to finding effective hardness for absorbing impact shock. The
displacements of maximal Achilles tendon angle described a amount of pronation
motion is decreased when medial hardness of midsole is large more than lateral.
Increasing hardness of footwear midsole are effected to reduce maximum and
intial pronation angle, but declined the ability of impact shock during heelstrike.
For determination of effectiveness hardness of midsole, therefore, the study that
makes a compromise between rearfoot movement and absorbing impact during
footstrike must be performed.
The purpose of this study is to examine quantitative values of rearfoot control and
absorbing impact shock with different hardness of medial and lateral midsole on
heel portion. The results are useful to define biomechanical hardness of midsole for
developing running shoes. As variable for impact shock, accelerations onto shank
and knee are measured during 4 running speeds (5, 7, 9, 11km/h). Also, maximum
and 10% pronation angle (Achilles tendon angle) were measured using high-speed
camera.
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Table 1. Differently designed hardness of shoes for the experiment (Shore A)

/\ shoes Forefoot(C) Medial Rearfoot(A) | Lateral Rearfoot(B)
- | shoes 1 60 40 60
\ shoes 2 60 50 60
shoes 3 60 60 40
e shoes 4 60 60 50
shoes 5 60 60 70
shoes 6 60 70 60
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Table 2. Raw data of rearfoot movement "
Speed[km/h] Shoes Bo B 10% ﬂpro 4 Bpro Speed[km/h] .30 B 10% ﬁpro 48 pro
1 188.47 | 193.82 | 212.80 | 24.33 188.51 |190.96 |209.28 |20.77
2 190.03 | 195.23 | 213.19 | 23.16 190.36 |189.62 |210.73 {20.37
5 3 188.83 | 191.50 | 204.42 | 15.58 9 185.15 | 18743 1204.55 |19.39
4 187.81 | 19150 | 205.44 | 17.63 18656 | 187.77 |206.77 |21.21
5 18554 | 191.24 | 211.23 | 25.69 18056 |187.82 |202.46 [21.96
6 186.62 | 189.67 | 207.05 | 20.44 18528 | 18750 {20228 |17.00
1 188.93 | 191.86 | 213.68 | 24.75 185.29 |191.60 |207.96 |2266
2 189.83 | 192.49 | 215.63 | 25.80 184.41 |191.70 |207.73 |23.32
7 3 186.05 | 185.75 | 207.44 | 21.39 1 187.56 - | 188.3% 120796 |20.40
4 184.69 | 185.78 | 20491 | 20.21 18869 |189.21 |206.88 |18.19
5 182.30 | 185.65 | 20757 | 25.27 180.04 |188.19 |201.11 |21.07
6 183.07 | 185.70 | 204.52 | 21.45 181.49 |186.97 |198.42 |16.93
oMLY 2B 0% SE(P=0.0025)%F 4212 (P=0.0014)N A4 F&3 zto]lE H AT
a8y, F AR 23 FREede fFog AolE RolA & AtH(P=0.9988).
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Table 3. Peak value of the impact forces (Q)
Velocity
Segment | Shose 1 | Shose 2 | Shose 3 | Shose 4 | Shose 5 | Shose 6
[km/h}
Shank 3.28 3.42 2.97 3.06 3.24 3.21
5 Knee 3.03 3.07 275 2.88 3.14 2.96
Teeth 0.76 0.82 0.76 0.83 1.03 0.86
Shank 5.82 5.90 4.85 4.86 597 5.87
7 Knee 5.68 5.86 4.56 4.71 572 5.59
Teeth 1.94 1.87 1.88 192 2.08 1.93
Shank 721 7.25 5.16 5.53 7.13 5.15
9 Knee 6.20 5.98 4.80 4.66 6.05 5.06
Teeth 211 2.02 1.58 161 2.17 2.11
Shank 11.31 11.24 9.99 10.61 12.70 10.47
11 Knee 10.78 10.98 9.74 9.96 11.09 10.26
Teeth 3.37 3.21 2.81 2.80 3.44 3.12
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