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ABSTRACT

The aim of the present study was to examine the effect of cryo-stimulation after exercise in a hot environment. The subjects
completed a submaximal (70% Vo.max) constant-load exercise test for 30 min in a hot environment (Ta35°C, RH60%). After
exercise, four experimental conditions were set: no cooling (CNT), whole-body cryo-stimulation (WBC) and lower limb
cryo-stimulation (LLC) using a cryo-bath at -120°C, plantar cryo-stimulation (PC) using an ice pack at -55°C for 2 min. There was
a significant decrease in esophageal temperature, heart rate, muscle (thigh) temperature and forearm blood flow, and thermal
sensation and a significant increase stork volume in after cryo-stimulation compared to CON. Skin temperature decreased
significantly in WB and LL. After exercise cryo-stimulation cooled the skin, which caused vasoconstriction, and the flow of cooled
blood from periphery to center, resulting in a decrease in core temperature. Two minutes of cryo-stimulation also reduced heat
stress after exercise in a hot environment, suggesting the effectiveness of cryo-stimulation after exercise in a hot environment.

F— U — P BARIR R, T RGRARIR R, SRR R, (RR R iR, BAE
Key Words : Whole-body cryo-stimulation, Lower limb cryo-stimulation, Plantar cryo-stimulation, Thermoregulation, Heat stroke

1. #&E ERATA L LT END Z &0 <, TR TR

HIERIRIRGIZ X VAR B O3B OB A
B0, BEBREEOE()NEA TV D, HIERBIBCAC LT
RIRITEF LTRY, BATYH EF LD 00, Fiee &
DN NI T, RO A T N THEEDFE
LR VEHREOKIENTINEAR T ERT D e — T A T
REGNEZ > TS,

OVt EEWERIC, BEANS, AR—IEEH, S5
Bia7e Eix 7p b 2 A CEHED R SIME 25 D
HRRPEE 2> TODO BETHIITIC L 2 &, 2023 4 7~9
HORNZAEETHIEIZ & 0 RSk Sh7-#13 80577 4T,
ZDOW 107 24 DFELCHEHE ST D,

NFBEEEA~ORFZIZ LV IFMRES ERT5 &, mE
AR LR RS M A BN S W K o TR~ DB A
ST, L, BB £ <O IRESCARIED B
T5 L AEMMERHC S 2 & 72 L, BVESSED G AL . £
7, FeEh 7 EERER R T D & S BITIRR AR
=, LY —EBOBFE~OEEDLETH 50008, 20
728, T EDRKGRECHRRENZ L > TREA TIT 5 2
EWEEL 25T . HEMADFEL LTI v T —R
BRI, KFEHHN L AV % AW TREOERO—H 2 mH
DIFEDS A BTN 2 000,

T, HARD 73 5 RN E R ENEE(Whole-body
cryotherapy) & 5 IEWRIEDE B S4LTE TV 5. Whole-bo
dy cryotherapy i3, FellCRRGE S Ve TF v o/ —FE72iTF v B
DT IINT, SR A NRDARE E T £ EBIRIR D2
(-130~-100°C)iZ & 53U = & CIRIR A S0HEITR T S HJIES
TN OFRAZ 5. Z D=, Whole-body cryotherapy 13

IEAMER S 7-01F, 1970 RO AR TH 7= LI, 1204
REER U o~ THERIER kT L, SKFEMIBATEE, IRV OIEHIRIE,

IREWRIE R Ehkx 720515 L R A LI L, -18°C TOmER~
P —=UIMENTND Z & AR L@@,

B RIROMREED) N B RHEIT 5 = L1 Lo THEBRIE, K&
FOWRDIREZECONIR N S5 Z & THER~DR h L
A BT D Z & DA AU T2 W) SRR FEHME
TSHFRLNBEZIR TR Z EMRETH Y, BIKIREDZE
KU X o THRZBHFIRETT 5 Z LIS REIRIED S ol
BEtE ST 5. BIREOmEEREZ T2 Z L I1aFo
IR EAHZ L ABPREBE OB TR D7 O DA TE T
II7evintE 2 5.

% Z CAMIZE T, cryo-stimulation(B3{EIEMINE) 2661 L,
BEGREE N COEBEAOBRBREN DY, Pl
SEESERA~ORBMEIRSH DA U CEE R A FEAR
FNDHALMNETDHZ R ERE Uiz AT, BifisfE
TN L AIEENG OB D T- 3, IREH~DmAEI & LTk
BH, R OBFIRYI A (AVA) 2 5 H L W), FRE oI % )
T 57O REHAENEI T T2

2. Jik

2.1 Wi

PR L ERIE RN 21T > T DI 7R 6 44 (B S
%, 14, FElR24+2 5%, BR:1755+4cm, KE:71345.8
ko)aktg L Uiz Baagwi-t F & LTEEIT-7-. I
FERNTOWTITEm L OO0, gERE101E, £ PARERR DR
BRIUNEREZHAH L, AEZS- DIV T
Bt L Uiz, Ao I A RO A S a0 & D



JELSAIIRI) 25— L, St & SO R 2R U D IRIRTE
BHOIEN A HE L7209,

FBRHENL D, FEBRIFF O ~ D IR 2 ET 57
OIZ, 77 A R & LTATAWEZE(Ta25°C, RH40%)IZ Tl
KEEFEEER(VOmax) DRIE Z1 T 72

2.2 BRIFi g & EER

BREESRIIT, AR O L5 2 A 37 D B B (Ta35C,
RH60%) 5% & L, N LAR{E= (ESPEC #H#) NIzt T35
i L7=. 30 3Ll ORI ZEE R A LY , MR LD BT —
X & LT 10 RO RFHEE AT o 7o, 0%, FEAMSED)
BEHOBED —>TH D VOmax A4 PHH) A Fif 3 fE
(70%VOzmax)t J‘Eéljﬁé*E'%ﬁﬁﬁ@](ﬂij(?@)(ma&% 30
OERRAT U= BB T4, 7 T A A/ SR 2 HIEA Y 25D
WENEAT O REHEIZAF(whole-body cryo- stlmulatlon.WBC) L
7 T A F NN T RO I % N5 T A (lower limb
cryo-stimulation:LLC), JEEEH 2R T 2 S TmEIT 2 2K
A HIZE(plantar sole cryo-stimulation:PC) & {a] &, - #5447
ZEHCNT)D 4 25004l U 7=, TEBHE T4 20 Zofiiaeir

LD, FRIE T L Ui, I3 4 S L BRIFZNAT,

BRI, RIOERO D2\ & 51437 I AR
LA E)Z 22 T LT

n=6 Hot environment(Ta 35°C, RH60%)
Rest EXERCISE Rest
10min 30min at 70%Vo.max 2min| 20min

1 BREERT: & sk

2.3 JErEA

Tes(AIEIR), KEEFAIE, FZEIR, HR(LA%R), CO(LMaH
1), SV(—ELLMAM ), FBR(RBIR W i) 2 Z25E L b 1
T EOEIE R T o7

24 Fr 7 m by

BEREL, SREH, FH AN E T Uy VICERZTHLH
300ml DKEAER L= t5HER % L TR O 21T - 72
DENL, NTRIFEENIT TR 2B , 2 ORICEHIRE

ZAEE L2 12 Ui, Dt v —(PolarH10) 2 %555 L
72. CO, SV, ‘FHJERIE(EV-1000, Edward Lifescience Ltd.)i3/=
FHIRORKRIICH 7225 L, R 2 — b0 T EB X
O o A3 v /VEIZ LV FRREIRED b EBEhiRE 2 5
L CEfei ZHIE 24T 72090, X542, Tes (TP—I A X —
(LT-8, GramCorporation) & &% . 0 B Ro> Udem FA LIIE L
7. FBF XL —%— Ry 77 —EIC X 2 miiilEds (ALF21,
T RS 2R F AR MARI 2SS U CIIE L. SR
IZEEMR(RS PRO ZNEXTHIERE 7 —7 L, T 2 A 77—/ A
R /ffiiz)%%h%mﬂﬂ“ﬁﬂu(ﬂféw{i RIS MHER,
KERER, 5< DIXE, ARRHEER, AR Uidskat
(TR-W550, KEYENCE #H#) Z-f5 LHIE L, FAREIRIL 4
SRS, Ay MAES, KERE, 5 < HIXE) 2 AW-CHH
L 7 @O, 3 TR0 A VL U AR Al 1 1 A O T R B R B B
(Coretemp CM-210, Termo #1384 2 L -C, BRI AR
EM7'm—>7 PD1, Termo #84) 2 [ v £ 3 CTRBRE B ORI
ELTHE L.

25 LEIORPRERRAVEILA 7 — )
BB R i — T 9 Bef@IERITE W, 3B, 2880

W, LR, 0: 8B 5 THR, -1 LY, 251 LW,
3FEN, AFEFIIR) DR T — 1V E N T T2 7@, JlED
B A X T VEEEE TR, SRR T4 2 (I HREE T1R),
BN T 1% 10 S3(IOENRRERS T4 8 47), HENKE T14 15 43(1%
ENFINAAE 714 13 47), EBIE T 14 20 S5 (MRENFIRGE 714 18 47)
L7

2.6 ImHEE

A TR B LU FREGEIT 57 DITmEEE 7 Z4
AT TA AR A TA T A —T 4 —HEY M LT B
K[ADOBHEEBE TH Y, HR-120COBRE AT D Z &N
T&ED. ZODUTA AR, WIREREHH L TRz
D, FEA~OERIELIRNEDEERD. £, RERES
HIT 215444 (ADDCOLDg-45, =1 7 4 —F 1 —+LHU)1LiR
JE:55~-60°C, BRI 19~28°C (kLR FEMRS PRO
B FER r—7 0, T ZA 77—V AT L R—R Y
FHL Z08FEHTR-WS50, KEYENCE #H) 272 5 b D AAfH L
7o BT BB, R % 2 AL (R TES 2mm &
) EARICE S T 25 LR A L

2.7 b

ARFHROPNENE TV E - FEHER 25(mean £SD) TR L 7=,
TES JOSEE% O Tes, HR, CO, SV, VSR, K
BRI, FBF, JREVEHE X - —/ L3 2 BEIKI(GRf: X B 0Ok
VIR LDIH D5 2 VT L=, BEZEiitisn
T IR DELE R 7 = v =—E 5 AV TR B
WREEAT-T2. TN CORFHRUERICRT 5 A 8K T p<0.0
5 & L7

7R A SRR I B N IR A S e R B B OHGE
(2021-16) &5 T3 L 7=

3. R

TERLHE T 1% 2 S5 Om AR S TRERR(Tes) 2 RIS 3 3288 T

DNTHD &, HEVI 2 434 TH O WBC(38.2+05C),
LLC(38.30.6°C)¥ LU PC(384+04°C)ENENDEIE
CNT(386:05C) & btk L CHREIIMEA R L, ZOFER
FETFRE T CHERE Sz, F T, IBEEBL OB L B
Bl WHTREHE T 243 H 5 PC(38.2+04°C)i2 L 5 Tes
S &Y 1 WBC(37.8£04°C)B L N LLC(37.904C) 2 L B
EICHEERIEMEAVR S4, FRRE T £ THER Sz, S 61T
TEHIFREHS T 14 343705 LLC(37.80.4°C) izt LT WBC(37. 6
+04°C)D Tes A EIKIE AR L, & T £ OfF 27Kl

DEFEE N (K 2).

FBF S B E T IEBIE T 1 DM AR OB D\
B &, EMIRE 2 3THE T &0, CNT(213.1£3.1ml/min/100g)
Lok L T WBC@B9 * 1.2ml/min/100g) , LLC(99 =+
4.1ml/min/100g)$ L T8 PC(10.2+3.1 mI/min/lOOg) DIENEE

W Z R LT(1K 2). 72, S RE S ER(WBC, LLC,
PO)ZIX FBF SUGDZEEFRD 5 Z LIXTERD -T2

TEBHE T1% 2 0 Om AR IS 5 BB AR OBIRE 2
BB L, IEIEL 2 SR T D WBC(B7.9+104C)B LW
LLC(38.1+0.6°C)DfiEIL CNT(38.7+0.7°C)¥ L1t PC(385+
06C) & i U CHBEIKEZ R L, ORI TETH
BUUREZ R L. $£72, PC OEER 4.2 LIGHIKL 7 7 H
735 CNT(38.4+0.7°C) & kil L T PC(38.1=05C) DIl E =
WARAE AR U SR T & TR BITR MEA VR S 372 (4 3).

KRR DG PRI GIRCH D &, TEBIE T DmAf]
¥BAAAE 14y X W WBC(34.3+0.7°C)8 L OV LLC(35.3£1.0C) i



T2 B, CNT(36.8+05°C) &bk L CHBITIME AR~

L72(H 3). PC IZ331 2 IR EIRICIL CNT & DR R ES
BB Z Lidh o7 72, WBC & LLC & ORICiTaE
ZEITRO Lo T,

PC 1231 B 141541 (ADDCOLD®R-45) & B2l L TV V- R
B KSR (RHEER, )T, WEIIRIC & v BEFEERES
£7(24.9+39°C)F L UL (19.2+ 2. 7°C)DIEfE AR LT-. £
7o, BRI T IR CILRHEEREL(37.1 = 04°C)d6 L ONEERAL
(362 LOC) DR g Z R LT= (X 4).

IEIRR R 2008 - TEEREREUSIC OV TAHD &, M
Hi% 2 2yH O HR 1%, WBC(123+13bpm), LLC(130=+
16bpm)Fs & T PC(128 + 12bpm) D-ZH-ZFUZF8\V T CNT(135
+12bpm) LV B EBEIAREE R L, 45 OIREE ) 35,
HT 20 73 B & THERF S MUK 5). SV ISR T AR
T4 24y B N5 WBC(79=7ml), LLC(83+12ml)Fs L OV PC(:77
+12mZFNFNOEME T T, CNT73EIM)DOAE & B L C
HREICEEZRL, ZOMEMTERET £ THERFL7Z. HR,
SV & BITHHUTIEDENC X 52T b 7. HR
L SV DFETH B CO ITOWTIE, HEEIOE NI L 5%
S LOVCNT & ORFICZEAIERD DR 72(X15).

TRBNETE 2 A — )L CEHA LT I I O EEIHRR R
TS OWTIE, AN THCWBC(0.3%+1.4), LLC(0.8=*
0.7)B LV PCR2E11)DfEAS CNT(3.7+105) & Ll L THE
WAKEA /R LT, S OICHHREE T 8 /Sy HICBWTh

WBC(1.0+0.8)33 L T8 LLC(L.2+1.1) DiREEEIE CNT(.7+
0.9) & W HEITIKIE AR LTz, T 0%, WHEFIERE T 13 4524

Tes (°C)

FBF (ml/min/100g)

for 2minutes
, EXERCISE . ! !

0 10 20 30 40 50 60 70
Time (min)

X2 Tes, FBF OZ2F RN ONEEIFOERE *P<0.05 CNT vs
WBC, LLC, PC.§P<0.05 PC vs WBC. § 'P<0.05 LLC vs W
BC (mean=SD).

40

395

385

36.5 H

i
355

. o
Mean skin temperature (°C) Thigh muscle temperature (°C)

| EXERCISE

28 1 1 1
0 10 20 30 40 50 60 70

Time (min)

X3 KBEERAHR, T R D2k K OB O BhRE § P<
0.05 CNT, PC vs WBC, LLC. #P<0.05 CNT vs PC (mean
+ SD).

45

40

Great toe skin temperature (°C)

Heel skin temperature (°C)

10 EXERCISE ) )

0 10 20 30 40 50 60 70

Time (min)

4 IR (RHRER, B ODZefiis L OSEBNRFOBRE



Cardiac Output (L/min)

Stroke Volume (ml)

60 |
220
200
E 150
H H il %
e [
3 160
é 140
: I
S 120 |- LT
= M
wl f [
Iy
80
60 |
I EXERCISE
40 L
0 10 20 30 10 50 60 70
Time (min)

5 HR, SV, CO D% K ONEREIIRFOHENRE *P<0.05 CNT
vs WBC, LLC, PC (mean * SD).

.
e
[

2 . I il 1.1

Thermal sensation
=]

CNT

WBC
-3

PC

—4 1 1 1 1

ERRTEE 29% 1053 15578 20578

6 FEENZ DIRBVETE A r—/LOERE **P<0.05 vs CNT
4. &5

AR5 TIE, BEEREE T COEENE DS RIRDOEE) B4
5, TR L RIS ~OBREAHZ T AoV T
WLz,

THEEN S OBMEIEA IR Z30 T CNT & Hes: L Tes, Ai,
FBF, HRIZBWTHERKEZRL, SV CIXAEICEES
RLT-.

WHERIC X »C, mEIEZ5[&RZ L, mESn-m
TEOSEIGETE L C, R IR T S5 Z L s n
5@ Tes TlIHENE, CNT & HE: LSBTV THEE
AR R L, SRR T ECIEMEZHER L712(X 2). WBC,

LLC B L OPC TIIAHENRENR R/ 572 Tes IZERH B D
Niz. E£7=, WRER & AR OBSIHEGR OB AERO %
HEFEDOENZ L > TWBC & LLC TOZERL L.

PR ERCIE, CNT BLUVPC &l L€ WBC B LY
LLC CHBEIMMEZ R L. RSIRIIMA SEHIK 95
W, FZRRROZALORE ST, IRFEABI®, FKimAEW & EOF
BN ®H 5. D=8, AR E <, BHEIEE DRV WBC
L LLC TIFFEIMEEE R L, WENREN G <, mAEIHEED
D72y PC TIL ONT EENRBR LIV o To L S b (X
3).
HIERERET (BRI L OSEENC X B ABIEIC K B BEA:
T, MIKIZBDME 5 = LA Lo TR A% . D%
DGR O FEIT, 58, i, *hii7a L2 Ko TRIMT i
BEND. BREIMGE ClfiEEs 2 < L, kst s w5
120, BHEIZATH72 03> 7= CNTIZB W T FBF 3l 27~ LTz
LEZ NS, FEIGIAE OYLE « W AR R R (4
B3 LOWREN D2 b, TR NIRRT HXIZ AT S 41,
SR R R A O & 72 i TR B | Z 23700, ARfFJE
Tl L—Y— Ry 77 —RIC L 2 mmAlERR AR L, F2H
ETORLTCWSI®, EEL, Alhi EOREREZ L
% DOMHSIEWBC, LLC, PC)T FBF OA E/RMEK TR
.

KEEEAREOBIRETIE, WBC BEUNLLC 2R CRREIR
DA X - TR EREOHBEN S BHEI SN IRIZ LD
KEREREDIK T 28X LIz EZ2HbNA(X 3). PCIZ
BT B LB LTV RS S B S R EERER(L
T 249+39C, HEH7IT192+27°CETIET L(X 4), AVA
ZA LIS EN S = MRS KB ORI & OB Z{EHE L,
HEDIE T 25| &# 2 L7 LR S5 (X 3).

F 7z, AR X > TSR] S U CRRE T
DML, HEEMED SV OIKTFAIH ST D TIFR e
E 2 HNDO AKED FFIC L0 RITIC L D IAEL L FBF
DEENINZ K 5 B REER~D MR O RE A SF IR a4y &
B, ALEEOE FEFIEI L, SV N+ 5@. i
DROWNIRIMEREE & L C o Frank-Starling #6128 5 DO TH
5. TR D DB IR 5 T < B MR\ \FRIRET A0
T 5) & LEOTEHIEROBFENRE 2D, SV 7
%. BOHCFMRE R B35 & SV T 5. BikG
M Lo TRIGMAENEBRAEIN L, HloEas s,
HR OENZMHIT 5 Z L 03 E SN TR Y@@, CNT Lk
#: 1L WBC, LLC 3L PC IZHBWTHBIRIRAFIHFC X -
TR M AEHEARDS ] S CRARE T BN L, i@l o
SV DAL AP EAVHR DMEfEA 7R LTz & B 2 B 5 (5).
F 77, HIREROBINC X 0 MTEBIN$ 5 &, g7 & o
EHMEBRET DREREE 0, EE3H S DR HIEE S
L2 EDNHE SN TN A0,

IRENERE R & — U238\ C B BIRIRA AR Z 36\ T E
Za L, HIGIHCR O TEBRYRIREAA b L ADNRR T
TW5B EEZLNA(X 6). MIKIRMAENT K- TG, TEERER
FB L ONEBVERICSGE N A DT T2, BREREE T CTOE
IRRREE CORBGRRAENIAZI TR E e S s,

2 S5 TEORBIIRAENT &> T CNT & Bl L T WBC 8L
LLC TiZ Tes, KEBFAHIE, FBF, HR OFERIKTFAERD 5
M, SV (ZBWCHEZBIINNRD Sz, JEERSOBIKIR
HENZIBNTH CNT & HR LT Tes DI F, HR OAEME
TAREDBIL, SV ITBWTAREZRBENNGED b=



SRS O EARROIRIED  HEREIRAIINC L > TRJERIm D
MASNIZZ LT &Y, MAEINEZ 5 ZE 2 L, R 5l
i~ LinEl SN Mg, DEREAME T L7z, £/, BIX
TRAENIFER] CRIERE ST TR <R bR TS5 2 &
DIREHIZ. &Ko T, BB OBIEIRAEN TR CORRD
T L IEBRARBEDIEHE D L L L TEBICThH DL LB Z,
BERE O OT_ D ORI RFE TR EE R
bND. LinL, BIERRMAIZAT O ITI3ATER O L7 3E
RORRIE A — A Ze LB &3 2% 7 o0y IR0 i CRIVE D 7%
2.

6. ZEIHK

(HEEFRE, RfEOZLE [REMFRICET 568, BAERSR
2Pk, (2012),ppd3-44.

(QKEYT, HAOHF IR, (2023)

QERBEd, BEBRSITREE~ = o 7L, (2022), BRETE BREEI
BT BRIE A AR

(AFRFESEWBAIT, 5F0 5 47 H~9 H)DEWEIZ X 280z
EOWRIA, (2023).

(5)J.Gonzalez-Alonso, C.Teller, S.Andersen, FJensen, T.Hyldig,
B.Nielsen, Influence of body temperature on the development
of fatigue during prolonged exercise in the heat, Journal of
Applied Physiology, 86-3 (1999), pp1032-1039.

(6)B.Nielsen, J.Hales, S.Strange, N.Christensen, J.Warberg, B.Saltin,
Human circulatory and thermoregulatory adaptations with heat
acclimation and exercise in a hot, dry environment, The Journal
of physiology, 460 (1993), pp467-485.

(7)L.Nybo, PRasmussen, M.N.Sawka, Performance in the
heat-physiological ~ factors of  importance  for
hyperthermia-induced fatigue, Comprehensive physiology,
4-2(2014), pp657-689.

(8)J.Parkin, M.Carey, S.Zhao, M.Febbraio, Effect of Ambient
Temperature on Human Skeletal Muscle Metabolism during
Fatiguing Submaximal Exercise, Journal of Applied Physiology,
86-3(1999), pp902—908.

Q)FHEH, AAIZIST HBETIIZE, HIAERS Y S

§6, 52-2(2015), pp97-104.

(10)C.CW.G.Bongers, M.T.E.Hopman and T.M.H.Eijsvogels,
Cooling interventions for athletes: An overview of effectiveness,
physiological mechanisms, and practical considerations,
Temperature, 4(2017), pp.60-78.

(11)G.Banfi, G.Lombardi, A.Colombini and G.Melegati,
Whole-Body Cryotherapy in Athletes, Sports Medicine,
40(2010), pp. 509-517.

(12)ILNFE - 87 B E IS - AEKIE, 18RI v~ FIcktT 5
R~ v =Y ORR, VY T —a VESR,
14-1 (1997), pp47-55

(13)K Hirata, BhEHIRY)A (AVA)IILIE & DU 5 OB
Blood Flow through Arteriovenous Anastomoses(AVA) and
Regulation of Heat Losses from the Extremities in Human, H
ARG HEE, 53-1(2016) pp3-12.

(14)PJanwantanakul, The effect of quantity of ice and size of
contact area on ice pack/skin interface temperature,
Physiotherapy, 95(2009), pp.120-125.

(15)N.AS.Taylor, J.N.Caldwell, AMJV. Den Heuvel,
M.J.Patterson,  O.Yanagisawa, ~T.Homma, T.Okuwaki,
D.Shimao, H.Takahashi and P.Janwantanakul, To cool, but not
too cool: That is the question-immersion cooling for
hyperthermia, European Journal of Applied Physiology,
40(2009), pp.1962-19609.

(16)L.A.Stephenson and M.A.Kolka, Menstrual cycle phase and
time of day alter reference signal controlling arm blood flow
and sweating, American Journal of Physiology - Regulatory
Integrative and Comparative  Physiology, 249(1985),
pp.R186-R191.

(17)P.0.Astrand and K.Rodahl, Textbook of work physiology(1986),
MacGrrow-Hill, New York

(18)ILIHIFEF] « BEILAAT, FPAME b L—= F(GREE, W,
B, W) O KR BME~DOLE, (KFF
7%,32-3(1987), pp.167-179.

(19)S.A.Bartels, W.J.Stok, R.Bezemer, R.J.Boksem, J.Van
Goudoever, T.G.V.Cherpanath, J.J.Van Lieshout, B.E.\Westerhof,
JM.Karemaker and C.Ince, Noninvasive cardiac output
monitoring during exercise testing: Nexfin pulse contour
analysis compared to an inert gas rebreathing method and
respired gas analysis, Journal of Clinical Monitoring and
Computing, 25(2011), pp.315-321.

(20)M.Panzarino, A.Gravina, V.Carosi, P.Crobeddu, A.Tiroli,
R.Lombardi, S.D’Ottavio, A.Galante and J.M.Legramante,
Cardiovascular and hemodynamic responses to adapted
physical exercises in very old adults, Aging Clinical and
Experimental Research, 29(2017) pp.419-426.

(21)N.L.Ramanathan, A new weighting system for mean surface
temperature of the human body, Journal of Applied Physiology,
19(1964), pp.531-533.

zEH N, BRAREO EBWEM, @SS
F5,47-11(1991), pp.650-656.

(23)0.Yanagisawa and  T.Fukubayashi, Diffusion-weighted
magnetic resonance imaging reveals the effects of different
cooling temperatures on the diffusion of water molecules and
perfusion within human skeletal muscle, Clinical Radiology,
65(2010), pp.874-880.

(A FHBRE, FAEMTEOREVERRT:, R HER,
36-1(1995), ppl2-17

(25)W.Gregson, M.ABlack, H.Jones, J.Milson, J.Morton,
B.Dawson, G.Atkinson and D.J.Green, Influence of cold water
immersion on limb and cutaneous blood flow at rest, The
American  Journal of Sports Medicine, 39(2011),
pp.1316-1323.

(26)L.B.Rowell, HUMAN CIRCULATION. in Circulatory
adjustments to Dynamic Exercise and Heat Stress : Competing
Controls, Oxford University Press, 1986. pp.363-406.

(27)H.Nose, A.Takamata, G.Mack, VY.Oda, T.Kawabata,
S.Hashimoto, M.Hirose, E.Chihara and T.Morimoto, Right
atrial pressure and forearm blood flow during prolonged
exercise in a hot environment. Pfliigers Arch:European Journal
of Physiology, 426(1994) pp.177-182.



(28)L.B.Rowell, H.JMarx, R.A.Bruce, R.D.Conn, FKusumi,
Reductions in cardiac output, central blood volume, and stroke
volume with thermal stress in normal men during exercise. The
Journal of Clinical Investigation; 45(1966), pp.1801-1816

(29)J.T.Costello, PR.Baker, G.M.Minett, F.Bieuzen, 1.B.Stewart and
C.Bleakley, Cochrane review: Whole-body cryotherapy
(extreme cold air exposure) for preventing and treating muscle
soreness after exercise in adults, Journal of Evidence-Based
Medicine, 9(2016), pp.43-44.

(Received January 19, 2024,  Accepted April 20, 2024)



