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Postural Strategy by the Difference of Shoe Heel Height
During Quiet Standing on an Unstable Surface
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Abstract

The purpose of this study was to evaluate the changes in the electromyographic (EMG) activity of the
trunk and the lower limb muscles during quiet standing on an unstable surface while wearing low-heeled
shoes (3 cm), high-heeled shoes (7 cm) and without footwear (0 cm) in 20 young healthy women. The
subjects stood on an unstable surface for 30 seconds. We examined the differences in the EMG data of

the erector spinae, rectus abdominis,

biceps femoris,

rectus femoris, tibialis anterior, and the

gastrocnemius medialis muscle. A one-way repeated analysis of variance was used to compare the effects
of shoe heel height on the EMG activity with the level of significance set at a=.05. The EMG activity of
the erector spinae and the rectus femoris were significantly increased (p<.05) in the subjects who wore
elevated heel height, while the tibialis anterior and the gastrocnemius medialis were significantly
decreased (p<.05). However, the rectus abdominis and the biceps femoris exhibited no significant
difference among the three conditions. The above results indicate that wearing high—heeled shoes may
change the postural strategy. The findings of this study suggest that excessive heel height could
contribute to an increased fall risk during quiet standing.
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Table 1. Characteristics of participants (N=20)
Characteristics Mean+SD* Range
Age (year) 25.7£2.1 23.0~29.0
Height (cm) 161.3£4.4 154.5~170.3
Weight (kg) 52.2+3.2 47.2~59.8

*meantstandard deviation.
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Figure 1. Shoes of heel height (A: 3 cm, B: 7 cm).
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Table 2. Electromyographic electrode placement

Muscle

Electrode placement

Erector spinae

Rectus abdominis

2 cm lateral from the spinous process of L1

2 cm lateral from umbilicus

1/2 on the line between the ischial tuberosity and

Biceps femoris

the lateral epicondyle of the tibia

1/2 on the line from the anterior superior iliac spine

Rectus femoris

to the superior part of the patella

Tibialis anterior

Gastrocnemius medialis

1/3 on the line between the tip of the fibula and the tip of the medial malleolus

most prominent bulge of the muscle
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Table 3. Changes in muscle activities by the difference of shoe heel height during quiet standing on an unstable

surface (N=20)
Heel height 0 cm 3 cm 7 cm F b
Muscles Mean+SD? Mean+SD Mean+SD

Erector spinae 2.88+2.87 3.53£2.59 5.62+3.50 9.132 002"
Rectus abdominis .84+.70 .99+.56 1.28+1.13 1.616 .226
Biceps femoris 87+.68 8771 1.15+£.90 3.142 .068
Rectus femoris 1.18+1.06 1.22+1.14 2.41+2.13 5.663 0127
Tibialis anterior 15.45+10.06 10.32+7.39 8.54+7.85 8.651 002"
Gastrocnemius medialis 38.21+£19.33 32.82+£15.70 26.10+£14.85 36.324 <.001"

“meanzstandard deviation, “p<.05.
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Figure 2. Comparison of muscle activities among the three heel heights (MVIC: maximal
voluntary isometric contraction, ‘p<.05).
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