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ABSTRACT

The purpose of this study was to clarify the characteristics of thermoregulation and
physiological responses during exercise in a cold environment in wheelchair athletes with
spinal cord injury. The subjects were male wheelchair athletes with spinal cord injury and
healthy male college students. The maximal oxygen intake as a parameter of endurance
exercise ability was higher in the wheelchair athletes than in the college students.

Measurements were performed at an environmental temperature of 12 C with a mean
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relative humidity of 60% at a mean air stream of 0.5m/sec. After rest for 30 minutes, the

subjects performed arm cranking exercise at 20 watts (50 rpm) for 60 minutes. The

measurement items were tympanic temperature, mean skin temperature, heat production,

catecholamine, and cold-induced vasodilation. During exercise under exposure to cold, the

tympanic temperature, heat production, and catecholamine more markedly increased in the

wheelchair athletes than in the college students. The resistance index as a value of cold-

induced vasodilation was higher in the wheelchair athletes than college students during cold

exposure. On the other hand, the decrease in the mean skin temperature was less in the

wheelchair athletes than in the college students. The thermoregulation sensitivity and heat

production responses to exercise in a cold environment were more markedly increased in the

‘wheelchair athletes than in the college students.
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# 1 Mean values of physique and maximal oxygen intake
in the subject groups with wheelchair group(WG) and

students group(SG).
Subject Characteristics _
Age  Height Weight VOsmax
(yr) (cm) (kg) (¢ /min) (m¢/kg/min)
WG 32.4 165.6 53.2*#* 3.13 58.8%*

(N=10) +92 £37 =67 067 46

SG 21.1 17160 645 3.11 48.2
(N=5) +21 +28 +46 +046 +48
Values are means + SD; #*:p<0.01 by t-test between WG and SG.
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1 Time cours of blood lactate for the wheelchair group
(WG) and students group (SG) during exercise in a cold air
exposure. Values are means & SD. *:p<().05 by t-test
between WG and SG.
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2 Time cours of tympanic temperature for the
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3 Time cours of mean skin temperature for the
wheelchair group (WG) and students group (SG) during
exercise in a cold air exposure. Values are means =+ SD.
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[ 4 Time cours of metabolic heat production for the
wheelchair group (WG) and students group (SG) during
exercise in a cold air exposure. Values are means + SD.
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2 2 Plasma catecholamine(adrenaline(A), noradrenaline(NA),
dopamine(D)) concentration from the WG and SG during exercise in cold air exposure.

: (nmol -1 1)
Room
Temperature Time Subject A NA D
(T) (min) . :
28 0 Control WG 0.70 £0.20 1.94 +0.42 0.16 = 0.18
SG 0.86 = 0.19 1.87 £ 0.44 0.17 = 0.09
12 30 Exercise WG 0.81 =0.65 9.52 £0.92 * 032+£0.12*
0 min SG 0.79 +£0.83 7.56 = 0.89 0.22 £0.11
60 Exercise WG 101 +1.14 16.82 £ 2.24 ** 043 +£0.12*
30 min SG 0.89 +1.14 14.60 = 2.43 0.34 +£0.12
90 Exercise WG 1.15+1.33 19.91 £ 3.12 *=* 0.60 £0.13 *
60 min SG 1.08 + 1.27 17.56 £ 2.85 041 +0.10
Values are means £ SD; *:p<0.05, **:p<0.01 by t-test between WG and SG.
# 3 Mean values of cold-induced vasodilation responses of wheelchair group(WG)
and students group(SG) in ice water immersion at cold air exposure.
Subject Characteristics of CIVD in ice water
TBI MST TFR TTR RI AT
(©) (C) () (min) (T)
WG 25.83 7.23% 4.31* 11.65 F1p* 7.09
(N=10) + 3.66 +124 +1.20 +2.31 +1.1 +3.27
SG 24.89 5.21 2.84 12.67 94 5.19
(N=5) +2.18 =+ 1.60 + 1.03 + 2.09 +12 +2.99

TBI:temperature before water immersion.
MST:mean skin temperature
(values during the first five minutes of water immersion are excluded).
TFR: temperature at first rise after water immersion.
TTR: time of temperature rise after water immersion.
RI: resistance index.
AT: amplitude of temperature reaction.
Values are means + SD;*:p<(.05 by t-test between WG and SG.

T b AE— R Vol 25



ERELD BAEBPRALEBERIEI S 20
12 CHEE T O CRAMERE T D58 RO R
EBEAEOTEICHERL, BHIHLTOERE
VEARIRFRED SOG % 10) | 3 9 5 A B AR SR ETRE I,
REET 2 bLBEEOWMIIS o722 L &R
Wiz, TOHEICH LTI, Lange Andersen & U
i, e MEEMEICh)ESTCES ML —
SUTTAHRIEITLY, SBIBEATENS
TRHEUESTTE LS e, HFHLY 7TO
FEHRET T2 20BE L HFANED ik

ZLTRBEEPBRRZICERL WA EHEL
DL HELNTHo7, FORAA=XL
ELTChin5 10 i, EHFL—=r7i2&o
TAHATIA—=VT I YOERPLHEEDRN,
ERRBAGGE ) O, AWIEZE O MR D%
N2 A5 L DRV OB & 7 o TEEEA:
DIRERYRDDH ) HEUDPHE 5 L2 RD
TWwa, KEPETHESRRD, FRAKED)RE)
KEDREH VWG HSG & ) EE TLETHRML,
ZFNREBEROBA LKL, € L CESH
prE FEFICA RS L CHEBERT B ROMBRL
o Twah, FPFHRHRIZOVWTHEST
EHCTIHETHIE LD, EHRE2OETH
Wzoh, ZOREIIWGEHSG LY EATH
7z, BESH67 13, CIVDICBILTOBIE 2
FTRO I ICE|E L TE 2, EBREBRERDT
RITNIRIFE L, EERBEOBAVEVES}
DEETEE LB OEEEH (2 CIVD Gl
bEWwI L, 3EMOBLE TIERIE VO,
(mé/kg/min) (ZRARASH Y, CIVDIEDITHE & &
B hom e 3FELERROO N, &8
PEGREETIHHETH CIVD #HE I HA
K> CTE L2 & TH A, AL
TOHOCIVDT A M, EEHEBETTHYFHERE
IhE TORE L FEBTRHRAMEDKEIET
niE, ¥%bb, WGHSG L) V0,4
(mé/kg/min) DR LAY, CIVDEEME% & <

T2 M ARV FEE Vol 25

FLTBY, FHREOERMEMERTTIIEEIRY
AORRICE D HIBEMmME L L, {EEL L
AIEHAILEPWECTHIHLNLE R /2,
Graham 517 13, MABTFIZOWVWT5TCESE
BETOEGHTHTI—IT I OBV
HEOTLEEFYEHERDO LAZROTNS,
A TIX, NA L DI, controlfi X ) BT
ZHP T U CERPICEEZBNE B, €0
REIIWGHISG X hHgmL Twvy7z. Strobel 5
8 12kpk, BT v F—&—MBEALD
NA & D % EB I L, AEPHRELY
BEMPAERICKEL, MHEOERLBEECTH-
7z, KBETOAILDOWT, KL EEPTH
THOOBITH > 7D, Pearson 5 19 s
L72X 912, NAIRRRHOERIZ L > TLER
TH5DIH L, AZ—EKET TIZHMT 575,
FEE) AR BT 5 120 TH#I T 5, &L
TeAEREBOL T/, B E, &S
TAEE) I L TR OBV - BEAB X
CRMILERKIEOREVPRD b7z, 481,
BRGIET COFRMBIGHECE O IRFE U
BT A0F7E 20 LT, quality of life (QOL)
DfE LCEFS Lz,

4. FED

A0 B, FHEBL AT 2E/TF~
TV VBB OEGRET COER 1T 54
ML £ & LTBI 540 & o
DOHLNITHIETHD, WEREX, B
BEEZET LB THEMET TV rgiE (i
FHEE) L —kBTRFE (KRFE) THD,
FEAREENGED OBIETH 5 e RER FBIE 1L,
HRT B ENREEL Y KE Do 72, HIED
eft L BRI, FIHRIER28CTHOENIT LK
ML\ L 28 CHRfE S8 ok, FHRBIRZE 12T,
SEXAHFHEEE 60 % 7 L THI AT 0.5m/sec Dl
EE T30 HEHEDH, arm cranking TV I A



— % 8B % 20watts (50rpm) T 60 53 FEH L 7-.

AEHEH W, LB oEER, FHEE
R, EBREFLTHTFI-NT Iy, EEME
PISTH A, EGRETEBPOTIER, FH
MR, EREBICHIFaI-LTIVIE, K
FHELDEGTFREEPIEL TV, AT
TOEGMENRRIS I, TS AFE
A X DR BIRED o 2. EE T TOES)
W U TR R E DR - BREEAE B X U
5 BB, BT HREEF—RRFEEL B
naTwz:,

X ®

1) Lange Andersen, K., Eide R., Hammel, H.T.,
Hellstrm, B., Hildes, J.A., Lofstedt, B., Segrem, N.,
Simon, E., Stromme, S. and Wilson, O. Metabolic
and circulatory aspects of tolerance to cold as affected
by physical training. Fed. Proc., 25, 1351- 1356
(1966)

2)  Dressendorfer, R.H., Smith, R.M., Baker, D. G. and
Hong, S.K. Cold tolerance of long-distance runners
and swimmer in Hawaii. Int. J. Biometeor., 21, 51-63
(1977)

3) Billel, J.H.M. Heat debt as an index for cold
adaptation in men. J. Appl. Physiol., 62, 1627-1634
(1987)

4) Billel, J.H.M., Monotte-Varley, C., Livecchi-Gonnt,
G.H., Savourey, G.L.M. and Hanniquet A.M.
Physical fitness and thermoregulatory reaction in a
cold environment in men. J. Appl. Physiol., 65,
1984-1989 (1988)

5 A4 B, AW ), WREIEH, BIUEKE. &5
[RE ENTFER T ORBPREGFE & RAREE
FHCEORIGR. HAREE, 30, 77-84 (1993)

6) HRIERX, FHEIXE. EMnyER)A RN E e
WZRATSRIR, RAFEE, 42, 495-501 (1993)

7)) ERIEE, HIFNEE, SOREREEIE &I

x%%ﬁ%ﬁvaﬁmﬁﬁ&&a%ﬁmﬁﬁm.

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

IR, 45, 101-110 (1993)

Cowell, L.L., Squires, W.G., and Raven, P.B.
Benefits of aerobic exercise for the paraplegic:a brief
review. Med. Sci. Sports Exerc., 18, 501-508 (1986)
Davis, G.M. Exercise capacity of individuals with
paraplegia. Med. Sci. Sports Exerc., 25, 423-432
(1993}

Hoffman, M.D. Cardiorespiratory fitness and training
in quadriplegics and paraplegics. Sports Medicine, 11,
67-73 (1986)

WAL, HARAOWEEE ZofEd:, BARA
DIGHE. FEEAE, H, 18-31 (1970)
Yoshimura, H.and Iida, T. Studies on the reactivity of
skin vessels on extreme cold. Part I. A point test on
the resistance against frost bite. Jpn. J. Physiol., 1,
147-159 (1950)

AT IE, BFE OB, REAR AR, BR EE ®F
Mk, fBoFEMERICORH 72 25k, HiFE,
32 (1), 268 (1977)

Smolander J., Bar-Or O., Korhonen O. and Ilmarinen
J. Thermoregulation during rest and exercise in the
cold in pre- and early pubescent boys and in young
men. J. Appl. Physiol., 72, 1589-1594 (1992)

Falk B., Bar-Or O., Smolander J. and Frost G.
Response to rest and exercise in the cold:effects of
age and aerobic fitness. JAppl. Physiol., 76, 72-78
(1994)

Chin, A.K., Seaman, R. and Kapileshwarker, M.
Plasma catecholamine response to exercise and cold
adaptation. J. Appl. Physiol., 34,409-412 (1973)
Graham T.E., Sathasivam P. and MacNaughton K.W.
Influence of cold, exercise, and caffeine on
catecholamines and metabolism in men. J. Appl.
Physiol., 70, 2052-2058 (1991)

Strobel G., Hack V., Kinscherf R. and Weicker H.
Sustained noradrenaline sulphate response in long-
distance runners and intrained subjects up to 2h after
exhausting exercise. Eur. J. Appl. Physiol., 66, 421-
426 (1993)

Pearson.R., Ungpakorn G. and Harrison G.A.
Catecholamine and cortisol level in Oxford college
rowers. Br. J. Sports Med., 29, 174-177 (1995)

74 Y b AK—YBE Vol. 25



	page1
	page2
	page3
	page4
	page5
	page6
	page7

