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Cold-induced Vasodilation At Various Water Temperature And Its

Reproducibility During Cold Water Finger Immersion
Byeong-Jo Kim*, Dae-Taek Lee**

Abstract

This study examined the effect of cold water finger immersion at various water temperature
on cold-induced vasodilation (CIVD) and its reproducibility to the cold stress. Ten healthy
collegiate men (21.4+2.5 yrs, 175.8+4.1 cm, 69.6+7.6 kg, 11.2+37 %fat) underwent two tests. At the
first test (1ST), subjects immersed their middle fingers at 43°C water for 5 min followed by a
resting at an ambient air for 25 min. Then they immersed the finger at one of the five water
temperatures (Tw: 5, 8, 11, 14, or 17C) at random order for 20 min. Once a testing at one Tw
was completed, they immediately repeated the testing procedure for another Tw. The second test
(2ND) was performed within a week after 1ST with having an identical procedure of 1ST except
the order of Tw. During the test, rectal temperature, finger temperature from middle finger nail
bed, and heart rate were measured every six second. In conclusion, maximal finger temperature
(Tfmax), and Tfmax minus Tw was highly reproducible in this experiment. Minimal finger
temperature (Tfmin) and Tfmax were higher as Tw decreased. And Tfdiff was higher as the cold
stress decreased. No differences were found in time variables of temperature responses.

x= =

B A3 god 3E %EOﬂ Ertete AFAFHe AF iﬂ%umg’*é}ﬂ((})ld—
induced vasodilation)o] o194 Yet}H, o] §hgo] ALPHE=A Hristed HHE F

At O]E A3l 1089 7S e (21425 yrs, 175.8+4.1 cm, 69.6+7.6 kg, 11.2+3.7
/)fat)ol T e 3ol Frhstdnh A WA AP sl vl o AF g uk
Bo7 o]FoH. APHAFL 43T B 22¢& 7l &718S 58 &< ‘:‘ﬁ‘:}ﬂ
I % 25 Fob Ao FAL JIAZ, I gL FAYE B &2 5 8,11, 14, =1
7C T shuel &viehs g3tk 3 HAo] Eud gE FA e e *—J?‘%‘O]
AFHJAT AL 93-S HJrishy] 9 A 43 F H4 59 Fo 22 ez 7 W
A Aol JAPHAT AF T Avkr, AR, EFFHRE 9 ekt SAH U
Aoz YAAQAE Jd& ]—"‘—%‘%ETmax)Q]- Tfmax-2-&5(Tw)ol A A4 wHe& 1B
k. iHZPloﬂ uE CIVDe FHAAS0] #EFE HAEVHERE(Tfmin) ot
Tfmax®] ¥&2 =4 Yo, —rﬂ%?’\}lol US4 E THiffe] W2 S7HE AT 1Y
U ZE HJ%/‘ e foe 2tole Kol Fyth

0

71¥= : Various water temperature, CIVD, AVAs, Nail-bed temperature

A9 (2009912€219), F8L 1A - 2010 59 259, 23} : 2010 6¥ 21, AA FHL : 2010 7¢ 1Y)
* Zuitfstn A8 8/ kbc3926@hanmail.net w* a8t Ao 8}/ dtlee@kookmin.ac.kr

Korea Aerospace Research Institute + 143



I(/ﬁ“ﬂ

S5V 1= MoH HMis

1. M =

AA FFERFTAES FHF 4 2EH L
gt B3 A glo] 3 P =5H AH o
A HIBATE FAE . @A F3UsY &
g2 oyt d 2EH 2 tgste] thFgt ¢
AZAE wiAsta lomn, Walsle A A
PFE Fdste 2FTAEY WA AF84H B
AANE RAT £ I=FE IF Utk 279
T AN B BANAMY Y2 AA 7
ol 84 JFS X7 (Heus et al., 1995)
53] FHARFE=EL T Ay d4s L
A7A B FH=ES T 2 AASH 2
< dukA AsE e skAINh 2EEY,
AR AEEE A, a8a g 49 24
T8 AsE FEd7I= FTHO'Brien et al,

2007). 2g]al AAE o)y 99

]
HtH(Adams et al., 1962; Kreh et al., 1984).

Aol ostH, Aol A F9of

=" dA= F9ol dSstd oF 5108 el
Sh2E AR Yeile ZeE Riudy
(Lewis, 1930; Wilson et al., 1970). °]&|%t
S FHFEAGEAIHCold Induced Vasodilation:
CIVD)e]2} H2+=H|(Bini et al, 1980; Janbu, 1989;
Molyneux, 1977), ol& F$ 2E#2d] th&3
gaumeyl Hexd sHow AAXT Yt
(Bergersen et al, 1999; Burton, 1939; Thoresen
et al., 1980).

CIVD9] whg-2 7H7/HQ1at 1ol wet tgat
A e (Elsner et al., 1960; lampietro et al.,
1959; Itoh et al, 1970; Meehan, 1955), &41&
AF AR, 43& HFH ¥, Ix(altitude), Y
o], 2EY 2} 2 B2 8R1E YA FF

< W= gtth(Daanen, 2003). 3 =HEH F

X0 ¥t
L du
My
]

[4 U
ox
[o

Aol AF MEHo g =E2HE AHES CIVD
Hg-S WAy Aoz HuFoAzm 9t

(Krog et al., 1960; LeBlanc et al., 1960; Nelms
et al, 1962). Z2j} o|g3 vi/jHFS FA o
2 QVDA ofmE G vAEA AT B
R, B2 F9wE A AGHE L&

144 - 3253950178

Aol val A7d AeE wA gk
CIVD Ad8d+s9 FA45 2= 0T
= (Daanen et al., 2000; Moriya et al., 1990), 4C
o] E(Mathew et al., 1977, O'Brien, 2005), 5T ]
= (Daanen et al, 1999, 2000; Sendowski et al.,
1997; Struij et al., 2008), 8 C 2] & (Kerarmidas et
al., 2010; Mekjavic et al., 2008; Reynolds et al.,
2007), 10C9] E(Sawada et al, 2000; Sawada,
1996)2 7t7} CIVDY whgo] vz vephva
Busta gtk ol FHAAS 2xwWst
AME CIVDY RHgo] etd & dt=
gty g CIVDE whg-o] Aj&oe] 7}
| #AAME AA7HA EiE A4S
, HEIE Aotk aHEE F9
sl7b CIVD ®H-&-3 A|@ Aol w1 x&=
Aol o &7k AT
T F9 ASHA ¥ A
o7 FeoA o =9
T o] &7k v

o
tio

u}

o, ©

=
(B O X
o g 2

fr

o 2L o off W 2 30
o T o
flo roh >l

o2 1|

= o
>

e b2

o}

> 2

o

e
=
O

=2
B ro
o
1

~

)

424,0
1
I,

=
£ S
g
oft oo o

S e > € pu oy

il L
=
oo
il
o

i
T,
b
rr
=
i

S,
o
-

< WE
ke

ANALELS 11.243.7 %, AANDZFRA ¢ 227423
A= 69.7£8.3 beats/min, 4
W o]F obFAl =H|FS 1.021£0.004, ¢HF A F
e 37+2 C o|gTh



RR
1o
B

rlo
offl

4
o

a
2

T
2
.2

-
=~
s
i
fr
—
~
@)
1o
i
rlo
b1
o
b
N
1B
tlo
oft

fo W = fo i &y oot N ot
e s 2
o i =
o M uﬁ i
) -
s
ol
3R
oo O,
o
}0 (
b1 o%
N
N
A
ot
H

%,

¢
4
o
fd

o
ol
2

@
—_
o
S F
AT
lmﬂ
W)

o

CIVD 7} &2

il

B

[

o

Lo

0

<

)

N

©

o,

i\

¥

>0

fr

Mo »

bocS s

b

—_

N

oM R oo fo ¢

Hy o Mook o2 o

il
ox
o]
ol
&
)
N

N
)
o,
=)
o
Y
i
rlo
X
fetl

Agzel 2 §He.

of o3l Agxol A
% A9e Haw 59 ol 1A
AR AFE FAHL] HA ¢
A A Fhgol AWH A,

H
ot
tlo 4 o £L
Rl
Lo
2

a
2
>

[\
w
>
oet
=

[N Y

N o
o
flo

£ o

12

flo offt 2

r E

ool 2L
NS
=
>
Mo

<

D
B omx
e
off
[o
2
_?i‘,
P‘L

£ 3 mx
s 2

50%E frAstAT
AP 7] Aol AP NA 2% (rectal
temperature: Tre)9} EF5-925(nail bed temperature:
THE FH3t7] 91g T-type(copper-constantan)
thermocouple (Barnant, USA)°] &= 3ich. A
"< (heart rate: HR)= Pulse Oximetry((5F)r4
& WOz, 878 olgsel LN 245
Atk EI =HlFE A¥ A UG-1(Atago,
Japan)& o]-&ste ZAHHUT AP =23
HqAze] Autrrt B EY %S B 8
Al o =2 gA e sk

o > fft o
)
>
rlo
N
(@]
£
)
ofy
b

-9
N,

Agol AWHE B AFASL AU
e HUE fANAOH AP Juvg F

Clofst 12 20N £7]2F ZeIRuaErIEso] T HIg

Sttt A3 AHEE &t Eole AR
I FF EZolE2 L A FolEEF it
Tf= thermocouples 2E& T &71ge &
Frde =8 97 1 o’ A% 3M H|

o~

ZTE BA3te o]RoHT AR 2T
GES E3f F 10 cemAE AP A
I, Aelee 8¢ Erlgo gz He SHHUG

1. 231 MEER

I II 111
43C &) 5% 951 5,8, 11, 14, == 17T
sk kg | 0| Bl 208 7 &t

2] 2= L 2] 2=

=R =R

A A Table 1914 HE nvie} 2kt
= of %A 43T} Eoj

2 0@ M B2 N ofo o

e _Q‘ offl
rO
s o
>
o
N

sl

Yo Q U

5,

o
N
JZi
o
fru
=
[-'O
n fo
2
i
e
i
2
iuj

(Daanen, 1997;
Yoshimura and lida, 1952).

1) HALE(minimum temperature: Tfmin) :
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2) Y% (maximum temperature: Tfmax) :
CIVD WHg FolA Haxd g &F
FHLE

3) W25 (finger temperature difference: Tfdiff)

Tfmin 2E%H Tfmax7}A 9] &%,
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S} Zo] F2d A4 %
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