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Table 1-1. Physical characteristics of subjects (n=6)

Age Height Weight Ab* Body Fat*
(year) (m) (kg) (m?) (%)

Mean 22. 5 1.75 66. 6 1. 80 23. 7

SD 0.8 0.1 6.9 0. 09 3. 30

¥ Body surface area estimated from Fujimoto’s equation'
*x Body fat measured by using a body fat meter (AD-6311, A & D)
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Table 1-2 Effect of repeated cold-water immersion on five parameters of CIVD
response (TFR, TTR, AT, MST5, and MSTA) and the recovery of skin temperature of the
immersed finger at the end of each post-immersion rest (Trec) under three ambient
temperature conditions:20, 25, and 30°C

Ambient CIVWD Repetition of cold-water immersion
temperature parameter Ist 2nd 3rd 4th 5th 6th

TR (C) 41%1.62 55+1.06 55+1.03 45+08 39+1.06 54+1.06
TIR (min) 21+040 1.8+036 174038 1.6%£042 1.9+0.46 20062

0°C$ AT (CC) 85+125 79+066 7.7+061 6.9+063 6.7+098 6 9074
MST5 (C) 6.5+1.28 58+079 52+1.03 49+074 44%112 52+075
MSTA 263186 29845  233+60 24250 20262  228+55

Trec (C) 351018 34 9+0.17 3494019 3474017 346025 336116

TR (C) 30*1.14 51+1.03 40+1.11 25308 46140 26+077
TIR (min) 26+044 20+033 20+052 28+076 22+0.73 3.1+078

25C $ AT (C) 6.3+1.20 7.8+051 &85+111 43+1.24 55%1.35 52+098
MSTS (C) 47+099 55+075 39+08 31104 3.3+1.05 41+092
MSTA 214160 251142 209154 123146 164160 151451

Trec (C) 345021 327£1.28 31.1+£212 30.7+2 38 32 8+0.91 33 3+0 5

TR (C) 25+094 1.8+05 1.4+032 08+024 08033 084043 #
TIR (min) 29+05 30+052 29+012 41+045 49+092 47+073 ¢

20C$ AT (C) S5E1L17T 23241 31064 27£076 1.8+0.50 1.9+080
MSTS (C) 4008 29+079 23+05 1.9+049 14043 1.240.48 #
MSTA 192146 138+34 87t18 73£65 55116 53+24 ¢

Trec (C) 31.3+1.33 306+1.22 26.3+207 27.4+2.26 26.2+2 19 256261 #

Values are mean+SE
# P<0. 01 (Effect of repetition is significant by repeated measures ANOVA)
$ P<0. 01 (Effect of ambient temperature is significant by repeated measures ANOVA)
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Fig. 1-1 Schematic diagram of the finger cooling method used in the local
cooling experiment.




REST (5 min X 6 times)
under a room temperature (30, 25, 20°C)
CONTROL (30 min) (1) (2) (3 (4) (5) (6)

m ) 3) (4) (5) (6)
FINGER IMMERSION (10 min X 6 times)
in water of 10C

Fig. 1-2 Experimental procedure of repeated finger cooling by cold water
immersion used in the local cooling experiment.
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COLD WATER IMMERSION TIME (min)

Fig. 1-3 Five parameters for evaluating CIVD reactivity by using a finger
skin temperature curve: TFR = Temperature of first rise following the
immersion; TTR = Time for first temperature rise following the immersion,
MST5 = Mean skin temperature of the finger during the last 5 minutes of
immersion; AT = Maximum temperature rise in the CIVD response curve; MSTA
= Section area between the temperature curve and base line of 10°C over
the period from the onset of temperature rise to the end of immersion. Trec
( = finger skin temperature at the end of post—immersion rest) is also
included as an index of the rate of recovery of finger skin temperature
during the post—immersion rest the in the figure.
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Fig. 1-4 CIVD responses during the repeated cold-water immersion under
three different room temperature conditions (20°C, 25°C, and 30°C). Each
response indicates the mean value from the six subjects.



Finger cold pain rating . ——Ta=30°C
35 +— 1:None, 2:Slightly painful, 3:Painful, 4:Very painful - -« .Ta=25°C i1
—Ta=20°C
3 "
Y , I Water immersion

Finger cold pain rating

-5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

Immersion time (min)

Fig. 1-5 Changes in pain sensation of the immersed finger during repeated
cold-water immersion under the three different room temperature conditions
(20°C, 25°C, and 30°C). Each response indicates the mean value from the
six subjects.
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Immersion time (min)

Fig. 1-6 Changes in thermal sensation of the immersed finger during repeated
cold-water immersion under the three different room temperature conditions
(20°C, 25°C, and 30°C). Each response indicates the mean value from the
six subjects.
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Fig. 1-7 Oral temperature before and after the experiment at the room
temperatures of 20°C, 25°C, and 30°C. The figure indicates the mean and SD
obtained from the six subjects.
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Table 2-1. Physical characteristics of subjects (n=10)

Age Height Weight Ab* Body Fat*
(year) (m) (kg) (m?) (%)

Mean 23. 3 1.72 60. 9 1.72 22.0

SD 1.3 0. 05 6. 2 0. 09 3. 29

* Body surface area estimated from Fujimoto’s equation'®

*%x Body fat measured by using a body fat meter (AD-6311, A & D)
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CONTROL EXPERIMENT

PRE-EXPOSURE(60min) WARM REST (10 min X 6 times) at 30°C

o WUururururur

WARM EXPOSURE (10min X 6 times) at 28°C

COLD EXPERIMENT

PRE-EXPOSURE(60min) WARM REST (10 min X 6 times) at 30°C

COLD EXPOSURE (10min X 6 times) at 10°C

Fig. 2-1 Experimental procedure of repeated whole-body cooling used in the
whole-body cooling experiment.
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Changes in body core temperatures (tympanic and rectal
ures) during repeated exposures to cold and warm environments.
re indicates the mean and SD obtained from the ten subjects.
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Fig. 2-3 Changes

in skin surface temperatures
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temperatures) during repeated exposures to cold and warm environments.
The figure indicates the mean and SD obtained from the ten subjects.
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Fig. 2-4 Changes in thermoregulatory physiological responses (metabolic
heat production and cold-induced shivering sensation) during repeated
exposures to cold and warm environments. The upper and lower figure
indicates the metabolic response of one subject and the mean and SD from
the ten subjects, respectively.
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Fig. 2-5 Changes in thermoregulatory behavioral responses (seeking for warm
room, heavy clothes, and hot beverage) during repeated exposures to cold
and warm environments. The figure indicates the mean and SD obtained from

the ten subjects.
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Fig. 2-6 Changes in subjective thermal responses (thermal comfort and
thermal sensations) during repeated exposures to cold and warm

environments.
subjects.

The figure indicates the mean and SD obtained from the ten
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Fig. 2-7 Changes in cardiovascular loads (mean blood pressure) during
repeated exposures to cold and warm environments. The figure indicates the
mean and SD obtained from the ten subjects.
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Fig. 2-8 Changes in manual performance (finger tapping) during repeated
exposures to cold and warm environments. The figure indicates the mean and
SD obtained from the ten subjects.

—55—



CALCULATION TIME (sec)

ol

de
2
g

-
t

—&—-COLD
- & -CONTROL

_ 10°C or 28°C
C—/—130°C

I N I ]

1 1 1 1 1 1 i 1 I 1 1 1 1 1 1 i 1 1 1 1 1 1 1 1 j

25

20

10 +

CALCULATION ERROR (%)

0 10 20 30 40 50 60 70 80 90 100 110 120

EXPERIMENTAL TIME (min)

+COLD - _ 1 0°C or 28°C
- {F+ -CONTROL ——/ 30°C

I TN I TN ]

-10

0 10 20 30 40 5 60 70 80 90 100 110 120
EXPERIMENTAL TIME (min)

Fig. 2-9 Changes in mental performance (mental arithmetic) during repeated
exposures to cold and warm environments. The figure indicates the mean and
SD obtained from the ten subjects.
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Fig. 2-10 Relationship between tympanic temperature and subjective
sensation (thermal discomfort and cold-shivering) during repeated
exposures to cold and warm environments. The mean values from the ten
subjects are plotted in the figure.
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Fig. 2-11 Relationship between tympanic and finger temperatures and finger
tapping performance during repeated exposures to cold and warm
environments. The mean values from the ten subjects are plotted in the
figure.

—58—



