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A study on gait characteristics for the elderly footwear design
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The general characteristics of the elder gait are to show a
tendency that stride length and cycle decrease compared
with those of adult, then walk velocity decreases. Despite
differences by age in design of elder footwear, the study on
characteristics of elderly gait is few.

This study aims to compare pressure distributions of elderly
foot with those of young students by using EMED. The
ground contact time on foot was longer than that of
university students in Result. Elderly males and females
have 112 times and 1.20 times greater maximum force over
the whole areas on the foot during walking than that of
younger males and females, respectively. The elderly have
long ground contact time at the middle foot. The guidelines
which should be considered in designing shoes for the
elderly are proposed.

The results can be applied to design of the elder footwear
on the basis of ergonomics.
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Table 1. The number and age of subjects participated in gait analysis

Subject Student Elderl
e f Total
Gender N | Mean * SD.| N |Mean * SD.
Male 71252 =08 |12 739 £ 60 19
Female | 5| 206 - 11 | 14| 642 = 42 | 19
1 { J
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Fig. 1. The structural diagram of gait analtysis
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Table 2. The numbers of subjects for each foot index types
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Type
P Slender Standard Broad Total
Gender
Mal Young 1 6 0 7
ale
Elderly 2 9 1 12
Young 1 3 1 5
Female
Elderly 1 10 3 14
Total Young 2 9 1 12
otal
Elderly 3 19 4 26
* criterion :

Male — Young(0.407 1 0.007), Elderly(0.41910.019)
Female — Young(0.399 1 0.009), Elderly(0.420+0.012)
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Table 3. The numbers of subjects for each foot angle type
Comaer——yPe Normal Deformed Total
Young 0 7 7
Male
Elderly 1 1 12
Young 0 5 5
Female
Elderly 3 1 14
[ Young 0 12 12
Total
Elderly 4 22 26
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Fig. 3. The classification of outsole for traction inspection



Table 4. The frequency of outsole traction (unit:%)

Gender Young Elderly
Area Male | Female Male Female

1 28.6(2) 40.0(2) 33.3(4) 64.3(9)
2 40.0(2) 58.3(7) 64.3(9)
3 100(7) 80.0(4) 100.0(12) | 100.0(14)
4 14.3(1) 20.0(1) 8.3(1) 50.5(7)
5
6 57.1(4) 20.0(1)
7
8
9 28.6(2) 20.(1) 66.7(8) 85.7(12)

() : frequency
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Fig. 4. A pressure distribution
and 3D graph for young male

Fig. 5. A pressure distribution
and 3D graph for elderly male

Fig. 6. A pressure distribution
and 3D graph for young female

Fig. 7. A pressure distribution
and 3D graph for elderly female
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Table 5. The mean and S.D. for contact time of gait (unitms)

Male Female
Young Senior Young Senior
Mean 723.62 838.04 716.24 814.92
S.D. 67.25 122.87 29.86 56.00
215
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Table 6. The maximal force and rate of total contact time

Gender Male Female

Value Young Elderly Young Elderly
Mean 818.25 N 76186 N | 61560 N | 756.23 N
(8.0) (93.08) (114.90) (38.48) (64.67)

Time of Peak| 532.55ms | 620.50ms | 505.40ms | 636.75ms
Force (%) | (74.38%) | (73.86%) | (76.61%) | (78.13%)
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Table 7. The maximal force for plantar foot (unit:N)
Gender Male Female
Value Young Elderly Young Elderly
Mean 1629.3 14415 1227.2 1417.3
S.D. 168.4 2475 138.7 138.9
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Fig. 17. A distribution of pressure for elderly female
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Fig. 20. A gait fine for young female Fig. 21. A gait fine for eldery female Table 9. The mean value of regional contact time for male (unitms)
Age Young Elderly T-test
2 5997 Aed ol Aele Ay elo] g HE, & | [Aea [ Mean [ 50| Mean [ SD._[ F [ P
ZAzel BB HA76A A gFo] AP A7)7A M1 344.76 | 110.33 | 537.30 | 148.90 | 8.399 | 0.011*
o A7t AH A @%"]Z}"“ )8 5] && Table 8w 2 M2 395.47 49.90 55274 | 14394 | 7.585 | 0.015*
o M3 277.80 | 114.81 | 322.79 | 174.33 | 0.355 | 0.560
T-ARE Az Yapxels YR EA 7he] wrebe) Aee M4 25527 | 36.94 | 37357 | 136.89 | 4.179 | 0.062
Ay gae go3 xol7} RJ,J_’_(F=10.72, P=0.00), o] 2 013} M5 437.21 78.89 | 587.53 | 179.06 | 4.283 | 0.056
_ - . - M6 49042 | 5720 | 602.75 | 158.73 | 3.163 | 0.096
AARURE Do AR Aol YT A22 ERIT M7 586.38 | 40.88 | 645.68 26.47 0.253
- . ~ . . X 126.4 141 .
(=005, P=082). % 4R APAEAL qFHE WY M8 | 62478 | 330 | 762.42 | 113.42 | 9.564 | 0.007
N . . R X 4, . .007*
of vlal =91e] Mo Ho el oj2& Ao o] 7
o2 Uehdoh M9 632.03 | 30.26 | 764.42 | 110.17 | 9.436 | 0.008*
= ' M10 575.62 | 46.79 | 642.51 88.60 3.298 | 0.089
Table 8. The maximal peak pressure and rate of total contact time M11 54528 | 7192 | 658.02 | 9545 | 6.947 | 0.019*
(unit:Nfcm?2)
Mi12 51469 | 83.69 | 663.72 | 150.72 | 5.566 | 0.032*
Gender Male Female
Value Young Elderly Young Elderly 1000
Mean 4351 37.49 37.40 37.04 7 0 @ Young Male
(SD) (4.26) (7.85) {3.90) (4.80) Z —  Elderly Male
Time of 425.55ms | 552.55ms | 396.76ms | 517.17ms ;
Max. Peak(%) || (58.63%) | (65.76%) | (55.01%) | (63.19%) 3
32 goiy QEEE E4 24
wijgel 2 gade el )2 P2 ¥ A g2t Az o
& 92e AT mey BadA g FETE Ae % pask
o 90l met ZelE Aol 3 % RS Ro} AL 44 Fig. 23. The comparison of regional contact time between g and elderly mal
_ _ ) ig. 23, etween young and e male
g o g mE BAS stofof & Wavl Aok mEpr &

Bulete Fig 2604 HE A3 Zo] 12749 99
08 ol 2 geo] Aze B, YU Vsl BHY
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Table 10. The regional maximal force for male {unit:N)
Age Young Elderly T-test
Area Mean S.D. Mean S.D. F P
M1 113.36 | 61.78 i 10164 | 47.37 | 0197 | 0664
M2 298.42 | 5178 | 26450 | 44.81 2.080 | 0.170
M3 | 1996 | 19.20 7.31 6.91 | 3.744 | 0.072
M4 4.63 3.99 9.16 8.08 1.698 | 0.228
M5 65.09 28.93 76.89 56.28 | 0.257 | 0.620
M6 71.32 43.03 31.54 19.10 | 6.790 | 0.020*
M7 108.21 | 36.09 | 11598 | 4493 | 0.144 | 0.710
M8 31191 | 30.19 | 28343 | 63.87 | 1.187 | 0.293
M9 212.76 | 59.52 | 14968 | 5185 | 5407 | 0.034*
M10 110.08 ! 29.55 ' 104.68 ! 3679 ; 0.103 | 0753
M11 89.73 29.76 99.55 | 31.27 | 0422 | 0526
M12 30.79 11.01 35.43 38.33 | 0.095 | 0.762
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Fig. 25. The comparison of regional maximal force between young
and elderly maie
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Fig. 26. The comparison of regional maximal force between young
and elderly female
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Table 11. The regional maximal peak pressure for male  (unitN/cm2)
Age Young Elderly T-test
Area Mean | S.D. | Mean | SD. F P

M1 23.99 8.56 20.09 3.06 1.797 | 0.200
M2 29.23 3.68 2245 3.73 | 13.747 | 0.002*
M3 9.67 5.58 5.43 2.96 4.165 | 0.059
M4 5.60 2.50 5.15 3.24 0.073 | 0.791
M5 12.90 3.34 9.73 352 3479 | 0.082
M6 12.73 4.36 10.44 352 1.434 | 0.250
M7 23.51 5.31 21.04 10.03 | 0.351 | 0.562
M8 36.08 3.36 29.13 5.89 7.842 | 0.013*
M9 32.16 7.95 20.84 510 | 12.899 | 0.003*
M10 34.40 9.47 29.51 10.91 | 0916 | 0.354
M11 23.81 429 25.37 9.61 0.159 | 0.696
M12 13.90 5.17 18.18 9.88 1.086 | 0.314
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Fig. 27. The comparison of regional maximal peak pressure
between young and elderly male
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Fig. 28. The comparison of regional maximal peak pressure between
young and elderly female
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