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Physiological Effects of Different Underwear Materials Thermo-
regulatory Response during Exercise with
Sweating at Cold Environments
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Abstract : This study conducted 4 different kinds of underwear materials, which were A (Cotton 100%), B (Wool
100%), C (Cotton/Wool, 50/50%) and D (Acrylic/Cotton, 50/50%) and were done in a climate chamber under cold am-
bient 10+£1°C, 40+5%RH by 6 male subjects who were in good health. Physiological parameters such as rectal and lo-
cal skin temperature(forehead, forearm, hand, trunk, thigh, leg, foot, back and chest), heart rate, body weight loss,
clothing microclimate, blood lactic acid concentration, and wearing sensation were measured. Started with a 15-min
rest period, 15-min of exercise 1 (the condition of 4.5 mile/hr walking speed equivalent to with 8.5 Kcal energy con-
sumption on the treadmill) period, 15-min rest period, exercise 2 (after 3minutes warming-up at 3.0, 3.7, 4.5, 5.2, 6.0,
6.7 mile/hr) until exhaustion period, and final 15-min of recovery period were performed. The results were as follows:
The lowest mean skin temperature was acrylic/cotton in order of wool > cotton/wool > cotton > acrylic/cotton (F=13.
79, p<0.001). Most of all skin temperature by parts of body had turned out in sequence of temperature wool > cotton/
wool > acrylic/cotton > cotton. Fore arm part showed highest temperature about 32.43°C on wool and had a tendency
approximately 1.8°C higher than cotton which had the lowest temperature, and had the biggest difference among gar-
ments in terms of skin temperature. The back temperature within clothing showed about 2°C higher than the chest
temperature within clothing, but the back humidity within clothing showed about 4~12% higher than the chest humi-
dity within clothing. Body weight loss by each garment was this sequence; cotton > acrylic/cotton > wool > cotton/wool.

Key words : underwear, thermoregulatory response, cold environments, clothing microclimate, thermai sensation.
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Table 2. Characteristics of experimental garments

Table 1. Physical characteristics of the subjects

. Age Height ~ Weight Rohrer Body surface
Subject (year) (cm) (kg) index”  area (m?)”
KD 26 175 559 1.043 1.627
KT 28 172 68.1 1.338 1.756
SB 27 171 66.5 1.330 1.731
LH 27 172 58.9 1.157 1.547
CH 25 178 69.1 1.225 1.808
HJ 27 177 74.2 1.338 1.860

a) Rohrer index = &;—5@ x 100

b) Body surface area (m”) = W***x H**x 0,008883

W : Weight (kg)
H : Height (cm)
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AP EL A7} & #-28 e] A(cotton 100%), B(wool
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] AZE AHAEL Y2 E AL 2F = o](poly/
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4G AF 247k0] AR F 71L& 20°C, FE 50%
RHO] FHlAoA] HHAIZ] T AFS 28 q, 2% AN
€ 52 ¥ 499 EE #8550, FAAF NN geige
B, 842382 10+0.1°C, 401-5% RH, 7] F 0.1 m/sec ©] 512
z-sto] AP Ate] JAA 2)5E meis] I A
oA A sHdet

AEE 1589 ¢HH S HE 3 Treadmille] o)A 3.7 mile/
hre] $E2 1583t Jogging ¥ tHA] A7 E 158 71X &
3.0 mile/hroll A 2d-& A|F3Bl o) 32 A ni} £ 5
3.7, 45, 5.2, 6.0, 6.7 mile/hr2 Z7}A# A A@A7} o= A o
20 ol 52 A&E F S d7ix dAslgen, ol
Treadmille] AALEE 0% TR AR

4 4PN HE Bdgate] 29870 g A
A, dgA gL 715 EPA 2 slgon, 2xgEe
YR, AR5, €3, €5 AAsE, o83 (g8y
SF5), Wt HAH7, 29, a7, A28 Solnt

Outer wear Inner wear
A C D
shirt short - - " - Socks
shirt short shirt short shirt short shirt short
. polyest/cotton cotton wool/cotton acrylic/cotton cotton
Material (65/35%) (100%) (100%) (100%) (50/50%) (100%)

Weight (kg)  0.666 0.401 0.144 0.142 0.243
Clo? 0.640 0.385 0.139 0.137 0.234

0.176 0.165 0.162 0.185 0.188 0.049
0.170 0.159 0.150 0.178 0.180 0.047

a) clo=0.961X garment Weight(g)
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Fig. 1. Experimental schedules.
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Fig. 2. A comparison of the effects of 4 kinds of clothing on mean
skin temperature.
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Table 3. The scale vote used to evaluate the sensation response of the subjects

Comfort sensation Thermal sensation

Humidity sensation Fatigue sensation

1. comfortable 1. very hot
2. neutral 2. hot
3. slightly uncomfortable 3. warm
4. uncomfortable 4. slightly warm
5. very uncomfortable 5. neutral
6. slightly cool
7. cool
8. cold
9. very cold

1. very wet 1. very fatigue

2. wet 2. fatigue

3. sightly wet 3. slightly fatigue
4. neutral 4. natural

5. slightly dry

6. dry

7. very dry
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Fig. 3. A comparison of the effects of 4 kinds of clothing on rectal and local skin temperature.
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Fig. 4. A comparison of the effects of 4 kinds of clothing on clothing microclimate temperature and humidity.
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Fig. 5. A comparison of the effects of 4 kinds of clothing on lactate.
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Fig. 6. A comparison of the effects of 4 kinds of clothing on body
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