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Regional Skin Maximal Elongation Rate for Appling E-textiles to
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ABSTRACT

The purpose of this study was to investigate the maximal elongation rate and area expansion
ratio of human skin in various postures. Five males and five females (male: 23 + 2 yr in age,
1779 £ 4.8 cm in height, 76.7 = 8.8 kg in body weight, 24.2 + 2.5 in BMI, 16.2 + 3.4%
in body fat; female: 22 + 1 yr, 163.2 £ 3.6 cm, 51.4 + 2.7 kg, 19.3 + 1.6, 27.4 + 6.7%BF)
participated in this study. Measurements were conducted using a pen and tape on the elbow,
knee, wrist, shoulder, and neck. Subjects held postures so that each joint of the body regions
was bent at its maximal level. The results were as follows: 1) The maximal elongation rate of
skin showed a significant difference among the regions: 16.6 + 3.4% for the wrist, 22.4 + 5.5%
for the neck (back), 37.6 + 11.3% for the shoulder, 42.6 + 10.0% for the knee, and 43.9 =+
4.0% for the elbow (p<0.05). 2) The maximal expansion rate of the body surface area had the
greatest values on the elbow (93.7 £ 6.4%) and knee (74.8 + 10.8%). 3) No significant difference
was found between males and females. In summary, maximal values of skin elongation and expansion
rates in vivo were greater than in vitro values known from previous reports. These results can
be applied to develop electronic fibers or textiles for wearable tight fit work clothing as well
as fitness wear.
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and e. shoulder, and the reference rectangle of measurement (B)
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Fig. 2. Body regional reference points for measuring skin elongation on the five regions of the body
[the wrist (in and out), neck (side and back), elbow, knee, and shoulder (left and right)]
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Table 1. Regional measurement points and reference lengths on the skin

Measurement point Reference length(cm) Surface area(cm?)
. ) ) Horizontal 2.5
Wrist Side (in and out) ) 25
Vertical 10.1
. . Horizontal 5.1
Side (left and right) ) 39
Vertical 7.6
Neck
Horizontal 5.1
Back 71
Vertical 14.0
Horizontal 12.7
Knee Middle . 323
Vertical 25.4
Horizontal 10.2
Elbow Middle . 155
Vertical 15.2
Rear of folded point Horizontal Individual value
Shoulder i
(left and right) Vertical -

Note: the reference points and lengths were applied to all subjects.
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(A) Skin length
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Fig. 6. lllustrations of skin elongation (A) and surface area expansion rates (B) on the wrist, shoulder,

neck, elbow, and knee.
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