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Imbalance of Human Standing Posture with High Heeled Shoes

by Hisao NAGATA**

Abstract: According to the author’s analysis of occupational injury data related to falls, young
female employees wearing high or semi-high heeled shoes are relatively prone to fall especially while
descending stairways. In this study the influence of the heel height of shoes on human standing
posture was experimentally investigated by an originally devised linear accelerator to give subjects
horizontally accelerated forces. Twelve young females of the age around 20 participated in a series
of experiments. Each subject was asked to stand upright with either bare feet or four shoes with
different heel-height on a movable cart of the linear accelerator. This was then operated at different
rising acceleration to the point at which the subject fell. The patterns of acceleration were controlled
like rectangular waves by use of a servocontroller.

From the experimental analysis, the following conclusions were obtained.
(1) When giving a forward force to a standing subject, a significant difference between bare feet
and high heeled shoes was found on the effect of critical acceleration to cause imbalance of human
standing posture.
(2) The critical acceleration for subjects with high heeled shoes (heel height 89 mm) was 38% less
than that for subjects with lower heeled shoes (heel height 12 mm), when giving a forward force to
a standing subject.
(3) Heel height less than 30 mm was recommended from the safety viewpoint of attaining stable
standing posture against acceleration disturbances.
(4) The critical acceleration and the reciprocal duration time was linearly correlated.
(5) There is a possibility that the dynamic method to give actual accelerated forces to a standing
subject so as to lose their balance will cover the role of a force plate which is in general used in
the medical field to measure the sway of gravity point of human standing body and to examine the
sense of equilibrium.
(6) Not only safety performance of heel height but also of other working conditions such as efficiency
of handrail, the decline of physical performance by aging etc. could be numerically evaluated by the
critical acceleration values to cause imbalance of human standing posture.
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Fig. 1 Simple plan of the linear accelerator room.
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Fig. 2 An example of the measurements of a horizon-
tally accelerated force (duration time: 1000 ms,
acceleration: 50cm/s?).
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A movable cart and a standing subject.
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Table 1 Dimensions of heel of shoes.
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Fig. 3 Foot position and directions of horizontally
accelerated forces.
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Fig. 4 Relations between duration time and critical accleration for standing upright posture with bare feet or high heeled

shoes.
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Fig. 5 Relations between heel height and critical acceleration for standing upright posture.
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Table 2 Coefficients for egs. (2).
IERK DR

Direction of Footwear (a=b)-t=a

accelerated

force a (cm/s) b (cm/s?)

Forward Bare feet 13.7 60.6
High heel 10.2 40.6

Backward Bare feet 10.9 50.8
High heel 11.4 47.6

t: time(s), o acceleration (cm/s?)
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Table 3  Optimum heel heights.
BYRE—LE
First Heel height Major experimental
Author (mm) method
Kaminaka (1937) 30 Radiograph etc.
Aoki - (1944) 20 Radiograph
Miura (1954) 20~30  Cyclegraph etc.
Ogawa, (1958 <40 Energy consumption etc.

Energy consumption etc.

)
Ishige (1961) 30
) <60 Length of foot arch

Rabbi (1992

Table 4 Relative values of critical acceleration for
standing upright posture.
IR ERE DR STINEE O 4o EEE

Footwear  Heel height  Relative value
(mm)  Forward Backward

Bare feet 0.0 93 97

S 12.3 100 100

Ss 30.6 96 102

Ss 56.0 83 96

S, 88.8 62 90

L72#t e — V&L 20~40mm, AL ¥ —RHBOH»
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DRFIMEME (BHFHT 71.3 em/s?, $F51T 583
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