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Foot/Ankle Roll-Over Characteristics According to Different Heel
Heights of Shoe during Walking
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Abstract This study investigated the effects on foot and ankle roll-over characteristics according to different
heel heights during walking. Fifteen female volunteers who have neither musculoskeletal nor foot problems
were participated in gait analyses, wearing four different pairs of shoes in different heel heights. To obtain
roll-over shape of foot/ankle complex, we used trajectories of knee and ankle joints as well as the center of
pressure between initial contact and opposite initial contact. Results revealed that the entire roll-over shape
moved distally as the heel height increased but roll-over characteristics showed uniformly with different heel
heights. In addition, we found that nondisabled persons automatically adapted to their foot/ankle complex to
varying heel heights within 6 cm, by moving the origin of roll-over shape distally to maintain roll-over
characteristics. However, since the balance of the gait only by the ankle joint could not be achieved beyond
the heel height of 6 cm, compensations at the knee and the hip joints occurred simultaneously. Roll-over
characteristics in human walking would provide simpler and wider understanding of human walking, and
furthermore could be applied to the wide understanding of prosthetics and orthotics of the lower extremity as
well as orthopaedic shoes.
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Table 1 General characteristics of subjects for this
study (N=15)
Ha o+ HXf =2

Lol (M) 237 + 11 21 ~ 24

7| (em) 1587 =+ 29 1535 ~ 164
54 (k) 539 £ 49 436 ~ 63.6

Ao AMgE e 25 vl FHE Fol §f
v Hu A, ORde $dsht F gl 2
7t 3em, 6cm, 9cmel A E£F solPolYon
Z7le E5 235 mmowx:}(Flg 1). algro] uld oj
itk 2 Al A&FAEE APAAA ke
EYdsEs & & 4 MZ%ZH H HP&HE

A A8e AREA.

(b) 3cm

(@) 0cm

(c) 6cm (@) 9cm
Fig. 1 Four shoes with different heel heights in
this study
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Fig. 2 Marker locations for measuring roli-over
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Table 2 General gait parameters

# 9%e

247} 56413, 7.4+05, 59+1.6, 79421,
6911655 FAA FHe Ho)A Hstond,
0 cmoll W&t 6 cm, 9 em®] F Fole Al
oA A A YHp<0.05). 4z717F AW
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gzoz gAoju WEALL wWEFL A =k
o] W W, Ocm, 3cm, 6 cm, 9eme| F Fo|g

Autel] WA wiEgdsE Zhz 141412, 15.242.0,
18.6=1.1, 221418, 21.6+14%E 3 cm, 6 cm, 9 cm
o] & Foly AdlA f93A F71skaL, 6 am,
9 cme F Folo Ao ¥Pzv] Hul HFo
FoEA AQEE & T AATHP<0.05).
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(N=15)
. 2os wrjetsa) gy 2 ELES
(steps/min) {%) (m) (m) (m/s)
of 2t 1130 = 58 581 £ 1.1« 1.23 = 0.06 062 + 003 1.16 £ 0.05
Ocm 109.7 + 4.7+ 590 = 1.6 1.30 = 0.07+ 065 + 0.04 1.18 + 0.06
3cm 1123 £ 28+ 60.2 * 1.3« 129 = 0.05+ 064 + 0.03« 120 + 0.06
6cm 1158 + 40+ 614 + 12« 128 + 0.05- 064 £ 003 124 + 0,03~
9cm 1201 £ 7.2« 632 + 1.1« 1.21 £ 0.04+ 061 + 0.02« 122 + 004

* p<0.05
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Fig. 4 Flexion/extension angles at ankle, knee and hip joints with various heel heights
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