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1, %

i

e b THEENC BT 2 FERSEIRINE THRE DBE» L 3 N, EBEEEOEREICD
HkENTv 3 (Astrand & Rodahl1986, McArdle 51991, Wilmore & Costill1994), L 7
LKIC3HFOEE D H B2, KPToEENIELETHENE R 2 FKEEFEL 5, Z
nF cokh ToOEENCET BHF3EIE, KikicOWTHL DA E L, Kk DER) iz DT
DHEHRIZ A 7 v (Curetonl997, Frangolias & Rhodel996, Wilder & Breunanl997), —J%,
YA ) F— g yRBIFICBIT A KEKUADKPEHOFELEZ > TET B, LIzH-
T, AT, ECKKUADKSEREFOEBIEEIC DOWTELETOES) L DBEWICES
BWIHFET 5,

2. A& o 3

ARHEENC KT 5 EBIEEICET 2RLIRICOWT, [ F—% v P A LERADER
XERT —F =2 5B A 2IEL 2 (B 1 REH). £t d Lic EREFRFEREH
B U TR Z I L 72 (38 2 RIEH) . 2 5128 2 RILED 137D BFH A 5 K
HESH D EHIGEICEE T SR EEL 72 (38 3 kKB .

3. KB TOEHIHITZEEICETOH

BEVESETKIIR» -7 5, BERBRJCEET S L, MBI TR GRY) » 5 HEE8, Wi
R8R) ICBE)T S, ZOMBEOBENC L) EKBOEIKEIX EA L, AOE0RKITRYAE,
—mIAME (SV), LiEHE (CO) imL, £SBERERIIEST 2 & v Ebd, 8T
b, BATOESHTLH L 5 (Aborelius 51972, Shilling 51976, Bonde-Petersen % 1980,
Sheldahl #1984, 2111984, Sheldahl £ 1987, Christie 51990), IFEEIME & dEB M 225
Y 5%, BHAETALNEHMEIRIZIZE L W (EAR1996, /NEFSF51996), iR D
EECIE, OHEE (HR) 1B L ToES L ZIZF L W2 %0, BRENRATEECR
KEE)TIE, B LTHOES L DK <Figl>, ZOEBIZE L5 Th WA, SaEDER T,
HR # ¥k & 2 ZEMRED.LCBADERAMET T2 (Rowelll986) & F 2 2 D AR &
Bbhbd, Tbb, SMENERICBIT2BEEROBE DETIE, BB,
W, EZERILDOMBHEIBL T EOTII T wh &4 51D (Rowelll980, Mit-
chell1985) . TEEREF R D EZ B A MR RO EENIC RITTIERIZHE L 2 Th vy, Hikoz
B ROERN T BRI FSHHNNBER L ET IR LEZ 515,
IR2RRICOWTIE, KRS L DWW, BRI EHicE s, mEHs D &8
i, BEICEL 200, ofERE N, HEE 2WREH»H5 ~10%HP L, HiEaE
AmIIA(60~70%) WA T 2, MinERENEAIC & ) [EHEF AT % (Agostoni 2 1966,
vonDobeln & Holmer1974, Farhi & Linnarssonl977), = 9 L72Z1kic b & §°, Zoibsii
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&4 (VE), —E#&E, WIS (F) 132161 %\ (Craig & Dvorak1969, Sheldahl £1987),
N3 RITE X THBKTE{LL (Epstein 51975, Norsk 51986, Epstein 51987), #E&
FE - BB OKD TG R LT > OERIEEE COMAT EBOEBICE VLA 5N 5, Per
rault & (1989) i3, WA BB AER T T 2 —F — Y0 MBS + ) 7 2FRE~T
F FOBER, BXEBLINVEL, X7y, JNIER7Y Y, XY TLyiy, b=
v, TIVFATu iBEIE, -2 HEL N, Connelly 5 (1990) 13, mABLRIBIE (\.702
max) D80% & 100% DK PEBOMEE / LT B4 7Y »BEY, Bl CoR—EBRER L NI
¢, 100%Vo2max TIXIMMELE A7 Y ¥ B KA - 72 & B L 72 <Fig2>, BMENED
CBVTDA, MIEHT INT 3 BEHIIEC 2 BT L5 Tl Z v, KRR M &
DB E SV OMIC & » TESERIFEE LR, TEMERDEHIET T2 Th
HEZLND, 25 LeZMbid, TAALF—H, BRE BHROBC : THET 5T
bd B,

KEOREL, Bl TOMEE)TIZEIMAIER Vo2max OAEME (%Vo2max) 12 1Bl L T E
B 355, RiESTH 530~35CHM T

|

12, RIBOREIIZITIC (v (Sawka & 'g 10-
Wenger1988, B:H1993), BEAYIZIT, > |
K TOEBTHRBTH 25, Kid#k  § 100
(LR AR D250, TWEh*1,0000% TdH ; y

I 60-

Bizsh, NPRENEE+S T IBE
EIRIEE I, KBS ERTIR L D B 1407
g, BRI HAEZZFITRIPLT L, KB
HERIRL VKW e, BB ELN
3z 2o 5 (Costill 51967, Craigl968, 60- *
Holmer & Berghl974, Nadel 51974), .
Costill 5 (1967) %, KiR17C, 27T,
33C T, BFIWWE (Vo2) #3.0 /5
12§ 5 B D Kbk 2 205 4T % -
2o ZOR, EFRIIKICAL L BHE
IETL OKBREDESIT2CURNE L
N, BEFRIZKRICHAL CERL72.
2~0.6C), Nadel & (1974) 2, BH:# 0 0.5 1.0 1.5 2.0

FHI, KB #ZZ 2ERKEAT VO, (1 /min)

(18°C, 26°C, 34°C)2045rf, 2FEF ik Figure 1. Relation of heart rate (HR), stroke volume
BNFREFRERL 12, TOFRE, BV (SV), and cardiac output (CO) to oxygen uptake
PR (0.5m,/B) O EEEE, AKIB18TC, (Vo,) during cycling of progressively increasing
26CTCIKTL, 3CTEAL Tvwa, L intensity on land and immersed to the neck in water.
4, KiR18C, 26 CTHRBEIRNET (Sheldahl LM, Tristani FE, Clifford PS, et al. Effect
BRI REICEEFI L T 7z, #Evipki#E  of head-out water immersion on cardiorespiratory
Tlt, £ THHEE TKIE26C, 34'ChD  response to dynamic exercise. ] Am Coll Cardiol.
EEMKIR D LA L 2%, KIR18C TIE,  1987; 10: 1254-1258.)

SV (min)
g

CO (1 /min)
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KEHENEZATLERAL, KIBHOLLVATET L 72, \.70201, KIB18C, 26CTCE 2
(Shivering) (= & » THtL 72, Shidahl & (1982) i3, MERLcHE% tH&Ic, 40%Vo2max &
BEREHEI NI A—F—VEELITHERSE, ZORKE, EERIEIZKIE0TC, 24C, 28CT
BILL ko2, —F, KEBHREND L WKENERIRIZ, KiBE20C, 24CTAREETFLR
Y, 28CTIFEALL e » 7z, KIREFR DA
VI T, KIE20°C, 24°Ch Vo2hiE 4 Ic
& o> THML 72, McArdle & (1984a, 1984b,
1992) 13, 168 DB & o+ M %Ric, Kig20C
E8CT=ZHEOEHEE (L1 :700
mlO, /47, v ~LI1 @ 1250 mlO,, 4+, L ~L
I : 1700 mlO,/4y) DB EHD T L T 2 —
F—VEEL0FHERS B, FNHER, B
R KIE20C L 28C L~ )L [ O EEGEE %
WTBHTIET L2dy, lETIIEbL vy
EFHL7z, 72720, HBHEROIZITHL WBH
EHEE BT 5 &, TEOEBIENETIZA
BACHOLVNNIDEBRETEMS L) K E
otz —h, BEBENL T VWKEOERIE
i3, KiE20C, 24CTREIETL2A%, 28C
TREML o7, Thbb, hKEEHICLS
BOENT & EEBYC & B EROMBEIRIZ LI
Lo TRLY B, ZndHIcKENEIZHT B
HIRFEG L, ZWERCIIMER], Bk, &KiR
BFEICIG LT, KIEAH#I34~28C A TEISZ LB
2Tk > THREY 5, KT OMEBITIX, Zh
HITERHRE & BB OMBE R &M b
D, KiEDHI26C% THI S A NLF—IHER
A L (Costill 51967, Craigl968, Holmer
¢ Berghl974, Nadel £1974), Z O3 E
ERARIE A37°C & T |l - 72 B ERIC 3 5, K

200-Rest . Exercise . Recovery

HEART RATE (beats/min)

NOREPINEPHRINE (pg/ml)

EPINEPHRINE (pg/ml)

Figure 2. Relation of heart rate and plasma

norepinephrine, epinephrine, and lactate to % Vo,
-8

,§,f’§27) (n®
iy ®

(8)

max during cycling at progressively increasing

intensities on land and immersed to the neck in
water, (Connelly TP, Sheldahl LM, Tristani FE,

et al. Effect of increased blood volume with

LACTATE (mM)

water immersion on plasma catecholamines dur- 5(8
T

ing exercise. J Appl Physiol. 1990; 69: 651-656.) 40 60 80 100 1 5 10

% V02 max MIN
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IB18°C £33C Tl, KIBDBVIZZDEN V02 T0.5 L/5%BL 5 &5 HEDL H 5 <Fig.
3>,

KIBORNE S BENORBITOWT, Khiih (1995) 13, Mok & L ASSRE (42-50%
VoZma)f) TN1204r DKk % 7KiB23°C, 28°C, 33CTERL . FoEE, EnToREHD
Kikid Vo2 B, HIBNETS LU E b4 B2 281582 L, EH0SL LNM
Ly 57 vy, F—r93v B0 mpaBmsEn L5 & @me0s s b DR RILE
COERELL LT,

EBGE LS RBET N2 AKDBRE LT, KR TN < (B 251992, 1993, 1998,
Onodera 51994), B HIIKRENHE# KI5, Ld > T, BLTH, $47, Ya X7,
ITOE Y 7 FU AL ERESEHT S EHIERES ALY —HRICKE BT 575
AECHRENCH > TEREBD T ODZ ALY —13D% L L b,

F 72, KPP TIRADE M L A D B (IEFFS51992, 1993, 1998, Onodera 51994),
BROE S AP TRENCE > THREEZ BB ELHDT ALY — 3 ENEFRE N /IS
(e h. KiE, KOEHICH - TE 2HDIANLF— 3B EOFNE ) kE b, BT,
Bk E &, BK, LBREBHOEEIZIEFICHE ST 5 (Clarys1979),

4, BEEEBRNICH T DEERCE

ik b etz SHEBIC 51T 3 EBIEOTRIC I, Vo2p v biLa, X LT, Zhoftk
> Vo2max |3, FFIRTEERERDREN T & L TR & 115 (Taylor 51955, Mitchell &
1958), fion$iEicid, METs (Z&BBIC T 2 1) v ), METs TRb I N EC
EHEAMERT L L, BAT, BAOEHFOEBIANXY—BEIFEHTE 2, HEHEES,
\./'02, %\.702max F 7213 METs T&itL 72,

4.5¢ q
Figure 3. Oxygen uptake of three o 4.0 .
subjects during swimming at differ- % 35l WATERTEMP.C ]
ent velocities in water of different E RM 18 2,,6 3A3
temperatures. Oxygen uptake during 5 3.0r |[LGT ¢ o o© .
submaximal swimming is elevated l;(.? 25 RW = = o
because of shivering in cool and cold X Tuo18°
a
water.(Nadel ER, Holmer I. Bergh U, 3 2.0} " .
et al. Energy exchanges of swimming uZ_, 15
o 1.5 §
man. J Appl Physiol. 1974; 36: ;
465-471.) © 1.0t |
0.5/, §

0 0.25 0.50 0.75 1.00
WATER VELOCITY. m/sec
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1) BEEINTA—9—

KA COBRBIC & 5 IR L L7 4 — 5 — {30 Voo WISE L 2RI BR S b, B
BEINTA—7—%iL, ARSRELEREMICEZ B L0 TE, Kot b )t Vo2
PEBT 201280, HZW, FrRBEHOm O HERI)L T £ — 7 —VE¥E T3, K
Ty, BETY, VoZ@ﬁE%ﬁ%f’%iﬁﬁfﬁ (Ratings of Perceived Exertion: RPE) i3e 5
2 BB L T3 5 (Craig & Dvorak1969, Costill1971, McArdle 1976, =#: & 1982, Robert-
son »1995, 1996, /NEFSES1997), 7277l KIBOEEUI KX\, Costill(1971) i3, KiE25C
DKRBT, P TEE ML 2RSS THESEE COHERI LT A —F — DT A L ¥—
i3, RIB24COHRELT, BMFRNMMTORBTORBEEIL T A — 5 —fE£ L N 33~42%
Ehol b BELZ, THUKT TIHERA K E W2 Th B D7, Craig & Dvorak (1969) i3,
B L MO 0 BEE T LT £ — 5 —feic BY 5 30 EE CORATRED Vo2id, Kig
30C, 3B5CLEELTEN LD -12h, KIBBCTIRELE) KEH -1, KiE30C, 35C T

o
o
J

F (breaths/min)

—
o
L

TV (ml)
~
s

Ve (1/min)

o (REST)

0 05 10 15 2.0
VO, (1/min)

Figure 4. Relation of respiratory rate (F),
tidal volume (TV), and ventilation (\'/E) to
oxygen uptake (\./'02) during cycling of progres-
sively increasing intensities on land and immer-
sed to the neck in water, (Sheldahl LM, Tris-
tani FE, Clifford PS, et al. Effect of head-out
water immersion on cardiorespiratory response
to dynamic exercise. /| Am Coll Cardiol. 1987;
10: 1254-1258.)

Bl o 12 DN, BEESA DU 5 72728
EEZ LN, KPTOHEBRI LD £ —
S — DY ALY TF— 5 L ROBBNE
BTHELNDZZ LRI THWED G, =
9 LBk RIE, Kb CHRED»H L1
VB, Volhih & ( % B 0l BYFEEE
DI & 2 KOMERIET ORI TH 5 =
L ERT,

KIBDBEAH 1 UE, Vo2max I37kic
ABZ i > TELL v, kXD LTS
WLAEIRBOHERI LT X — 5 —1E
2 Volmax FBELTHEN & B L W

(Sheldahl 21984, Christie &1990), 7kt
THOBRKTERTHEL 2H1AM (EFRIHE
)% CO XL, BAEs $ Tlakr %
WL, ZOZBIIEHBREENMETICE-
THEEND, BEILEIIELE Kb
FTIRITE L < (Craig & Dvorak1969,
McArdle 51976, Sheldahl 51984,
1987) <Fig.4>, Kif18~33C % & Kiko
HE LI LA Y v (Craig & Dvor-
ak1969, McArdle £1976, Costill & 1967,
Moore £1970),

40~80%\.702max NDERERKTOHEHEHET
NI A= —{ECi, mrpILERIBRERIZ K
LB L TZEIL A v (Connelly &
1990) <Fig.2>, BAkEBTIZAPDOFH A
B k& D{Evs, mAbFLERIERE & AT T
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ME MR 7)) i3, BERELHHTLIEMON TN 5, iPDIERT7 Y >
BAT L, KB COBRKEERINTA—FTNTY) a—5 > D53 HEBHENHD Z &IC%
DUREMEN D B,
FEKIB AT ¥ 5 KB TO Volmax RIELRIE, HERINLT A—F X CREET
5%{% ¢ 7t % (Davies 51975, Pirnay £1977, Bergh & Ekblom1979), Z #Lid & k/L1H %
(HRmax) Db DR & 7 5 WhgtEh D 5, BBIREBREENRKM b BT 5 TaEtEL D
N, KIENETICL2BRL~ESoE Y OBBEEMEITNIHTREVWREALNLS
(Bergh & Ekblom1979) »EIX I N T 7wy,

2) KepFEiTEkpFT T

T L DEI BT EREBTHLNBEAPHITRT = 7id, KkDSOHESEESR) &
LCEE»CE7, Z2LC VAENT—2a v RBEEN—RELT, — BT T 423
=2 7D—8E LCEHEN, BCTRICTHRZLEARE>TREATHLEFEZ LT
b, Bk E Sz, KB TIMREIC & 2 ABHIBRT 245, BEICIERG M S 720, NAED
EHNLANLE—RBICHZ 2HBRIFHLIC W, Lo T, KPPTRT > =¥ 7OEH
BRI % OBLHEE Ty 3 (Wilder & Brennanl993) . iz, FRIRTEER 28 R RES B ME
BEHDOREBICH U CGEBRENEFEEIZF 9 TH 5 (American College of Sports Medi-
cinel990),

ﬁwmﬁfmm¢7y;>7mV&mmm@LiOﬁmrv—;yféﬁAﬁ7y+—T
i, #90%Vo2max T % % (Krahenbuhl 51977, Butts 51991a, 1977b, Svedenhag &
Seger1992), KH TN T > = 7z, HRmax M RIBRIBE bK<, By REROEERIT
K&y, Evans &5 (1978) l%, vLZ P DEIOKE (31C) TOHT (ZEREHRE)
5y =y 7 (SREORE) D Vo R BIEL T b, TORE, Volid@Eici3iThe L <
Mz erBELIcho72, Ld, EOFETY \./'ozti, EELCcotry FILELD &
DKEXpolz, TIAFDKBETERT BHTRT = 7DIANX—HREIZ, BETH
HEE (3.4~8.3wA4 )L /BRE) 940~50% (1.6~3.5=4 L BR) THFLWw, FRoRLHE

Figure 5. Oxygen con-

(%)
o
o

sumption (uptake) during
walking and jogging on a

o
o
o

treadmill at different speeds
in air (dry) and in water of
different depths. (Gleim
GW, Nicholas JA. Meta-
bolic costs and heart rate

w
o
o

N
o
o

responses to treadmill walk-

—
(=)
o

ing in water at different

depths and temperatures.

Am ] Sports Med. 1989; 17: 268 53.6 80.4 107.2 134.0 160.8
248-252.) SPEED (meters/min)

OXYGEN CONSUMPTION (mi/kg/min)

o
o0
o
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So=TND VoZli%‘JS.O 1L/ ) 728, Khtnso = 7ThH, i) oEBEEIC
BLEZLbNS, TNDEHIZ, BEOKBRTHOT—NMBIT BKBHTRT > =2 7 Ti3, 4k
BAHORL & N BEADERN S, WRIANF—BIc kX LBEEE2 2,

Gleim & Nicholas (1989) i3, Kot vy FINZHWT, BETH Ly F I AUBITFEK
REEEREZRKPSITE R L 72, ZORE, 2 ~4.54 N/ BEOKFHTO Voud,
RE F THOKRBET2~5%, BF CT26~67%, KB F TT34~72%, VT AV DEEX T
14~67%3m L 72 <Fig5>, 72, &2 TORETIE, K kB EOTH T Volld EENR
IS U 725> THEEBISENC BT 2., BEAS>A L BB 22 &, BE, B KB
KETHT > =2 7T, VB LD E1LE ) $asi, 2 0RIIEIL, (EHEEOR £ N /WS ¢
) (FhZ£N20~24%, 35~37%, 40~45%), T2 FOKETIE, HEHS=AL L, B
UETEETDT> =2 70V Eh % 5 d, 2N, D12 F KBTI, B¢
EOREIIHER I N, VoZti[?é_l:V) vy FIngr=v 7% L hota, 7277, 7R}
DKRTD7—NMBIT BT =7 (Evans 51978) & kT2 &, kfhLr o FIASy
=2 70 Vo2l i v,

YEH & (1994, 1995), AHH S (1994, 1996), ¥k (1996, 1997), Shimizu & (1998) i3,
KED Ly FINEKEREEEIHASbERTAKI L —=2 788 UUTF, [7o—2
WD%aw1m¢$ﬁt§L?mvastﬁﬁ%mﬁtto%@%%,XE—Fmﬁmn
MY % Vo2r HR ok & B b THREBISINIC AL 72, $c, Kb TOHFTR E—
tﬁﬁ%%L(Lt%ﬁ(ﬁ#mf—wﬁ@%ﬁtﬁﬁLt%%)mV&&HR@,@LT@
ENLDMB0%TH > 720 79— 3 L% v KB (605F) OF—E (50%Vo2max) =
& Bk LB TOSATO S (5 51996, SEE1998) TiE, HR IZKHBT D - 72, B
REAMIE (I K & e ETITIT%H LD - 729%, IEERAMLIE 57k D 34T Tl - 72 128, LHDER
FEIHBRENIEED Rate Pressure Product (£ K H1 54T Tl - 72, EBF D /LT FL+Y >
EREYKFSTCED 5 720 20 & 5 I2 F— O SERBERN M 0 Ak AT 00 A4k £ R 13
ETOBTL 0B, EBREE L COKDSTOTERREEEZ LN,

NEFSRE S (1992, 1993), Onodera & (1998) 12, —EAMIT 70— 3 LOKIZHNLKX S
AFNENT—R (DY) 2 ELT L > TRNEEZ 52 & 7o QMM 2 2L 247,
Z DRER, WlEGMED HR < Volid B FRHALM L D& <, BL & FAEHD HR & Vo2id
RITE LD o720 2O 5 ITKOREIER D& 3 HR % Vol ik ¢ BB L, HALMETH S
ERNTEBENL AT EAKDES (Bi~EDE 2ICEL2) KT ALY IR & T
Vo 72, 4km/BEEOBENHIT T, HADOKGEKETF (B 1o e+ ket &
ETIALF-HRBIITEL LB,

3) #®KZ =27 (Deep Water Running:DWR)

DWRZ, 7—NOEICEIFETLZ DL WREDT > =2 I D & THEISKD S Hak
ICENEOT2RER (RAMHpNLE) 2B TCEBDT > = 72 48T 5,

Gehring & (1992) i3, X2 }#EM» DWR, £HL%WDWR, BIUBELTHS > =27
DIANK—HEREL, KRR T >+ —, FBEHT > F—CHB L2, 2OBE, BES>
T—TI3, 3ONHKHTHBRIANX—3HLirok0, EFEHE T3, <2 }3%EH» DWR
b, BALKGDWR S, Ly FIAT =0/ E ) TALK—WREI DY, <2 L%
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FA» DWR (33 L v DWR & 0 B - 72,

DWR 2 513 2 BATOEED Vo2s 1T 5 HRIE, FLo FILT =27k Nk

(Krahenbuhl 1977, Butts 51991a, 1991b, Svedenhag & Segerl992), Ev>3&E T3 6%
DBEHEEH b1, VoZmax & HRmax i3, ZRZFNF L v I 3 LoDT3.5~89% & 89~95% T
»3 (Butts £1991a, 1991b, Town & Bradleyl991, Svedenhag & Seger1992),

ABEO@BIC & B W8 T3, DWR @ Vo2max LN Ly FIATHORKST v =2 7k
ND#81% Td - 72 (Town & Bradleyl991), Z#Lid, KE HH5AWnI 2ok VEXHES
W LRI B2 HRB, WIS LT Vo2max (3K T, 727271, DWR Ol
BRI I3 HRE kL B28Y 5, Yamaji 5 (1990) 13, #BhZ L DWR Tid, Vo2icxt$ 5 HR
DEELBAMEH 2R EFHELCOBRTIE, DWR E Ly FINT = TOlA
CREED HR & Vo2 B 2R L 727, & ) BWHMfi % 3 - 224 O#iB# i3, DWR o HR
Frrvo FInsgr=v710{EDr-1,

DWR & FLy FINTGy=v 7 TOFIBRBESL LB L TR 22rBHLNE, £
NI HNH—D (Svedenhag & Seger1992) Tid, L —=>7&MALT ¥ F— 4 AHHFN
Vo2THDWR E b Ly FIANTY =y 724 AT » 120 Z D8R, BN Vo2%% Vo2
max e T 2 MPFERBEZ BEolLvy FIALTr =2 7H»DWR L D Eh -7, DWR
DOMFFEBEBEFESVDIR, EEH~OMKRENRD, HREDBE <7 —nEil, BEOH)
xoMmBLUBLETCO Ty = ic B L TEBICBIL T W asrr#HE S 115 <Table
1>,

Frangolias & (1994) %, A MEEMEICN T 2 HBNA 2 EEEEHF L V4257 DWR &
Fvy FInNFr=v72ERL ZORER, BN EO P IBRBEDGEIIE L -
72ht, 21~425 TRKPOMmMPIBBENET (25%) »FEE (21%) LV KEDP -7, Ih
Bk T > =2 P MBE~NDIHBOTAL L i, MHBE» L OBREEADPOCT L ER
T

DWR 231} 5 RPE®, RPE & A V¥ —{#, HRERBZRIEE & OBEIZ DT
Brown % (1996b) i, ~Z %M DWR o RPE & Voo Fs g+ R, F— WIEFF
Tit, DWRHORPE 3ELTHO Ly FIANF > =2 7L ) Eh -7 (Brown 5199%a),
Melton-Roge & (1996) ix, HFFEENXZ + %FH D DWR @ RPE A HER LT 4 — 5 —1E
% ¥ D EH -7z, Bishop & (1989) i, XA FEHNADWR & FLy FINTy = 7% Wk
Lto%m%%,mmuﬁﬁwﬁﬁﬁﬁf%tﬁotukdmﬁ,%ﬁ?thRu,DWR

(Vo2 : 1.97 174, HR: 1224,/ %) v LD Z b & D {Edr -7 (Vo2 2.68 1/%, HR:
15744,/%). Ritchie & Hopkins (1991) {2, FLv—=> Z2HA T >+ — %R, 305
D [EDW]| —ATHEXEZFELLXVWDWRE, My FILTY =2 DI RANE—IH
BEYHEBL 2, F0OEE, DWROEKELL N DY Vo212 49 ml kg3 TrLy FINT
=2 71353 ml/kg - B TH o720 TN IS, HEED RPE ST 2 2 ALX—IEBREIL,
KOBEHAIC LD b Ly F AT =2 7L )b, EBEE Volmax O +45 %8
BEETHBLEEZI LND, 1277, DWRMESSBERIEBEN ) XAl L THNT 2

(Wilder 51993) #T, Y XLt ZANLFXF—HRE, £0fbn$EE (HR, RPE) nBRAE
Lz iy, DWR nEEEE *E2 T 5 FEIEBLNL I EIZh b,
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Table 1. Maximal Physiologic Responses (Mean [Standard Deviation]) to Deep Water Running (DWR)

Study
Butts et al., Butts et al.,, Svegenhag Town and
Butts et 1991b 1991b and Seger, Bradley, Navia,
Physiologic Measure  al., 1991a  (females) (males) 1992 1991 1986
VOpes TM (liters/min) ~ 3.0(0.3) 3.321(0.317)  4.550(0.368)  4.60(0.14) - -
\./OmeWR(liters/min) (0 5) 2,786(0.367) 4.086(0.405) 4.03(0.13) - -
VOuee TM (ml/kg/min) 547W0) 55.7(4.8) 64.5(2.8) - - 58
VOmXDWR (ml/kg/min) 46.8(9.1) 46.8(5.9) 58.4(3.9) - - 48
VOzmaxDWR/ TM(%) 86 84 89 87.8(2.4) 73.50 83
HR max TM (bpm) 197.9(9.4) 188.7(9.3) 193.3(5.8) 188(2) - 197
HR max DWR (bpm) 180.3(6.0) 179.5(7.5) 183.4(5.9) 172(3) - 175
HR DWR/TM(%) . 91 95 95 9 90 89
RER TM 1.05(0.03) 1.13(0.03) 1.15(0.04) 1.2(0.3) - -
RER DWR 1.01(0.08) 1.09(0.04) 1.11(0.03) 1.1(0.4) - 0.95
RPE TM 19.140.3) - — — - 19.2
RPE DWR 19.3(0.6) - - — - 19.1
Lactate TM (mmol/liter) — — - 10.0(0.16) — -
Lactate DWR (mmol/liter) — - — 12.4(1.3) — -
Lactate DWR/TM(%) — - - 124 81 -
0, pulse max TM(ml Oy/beat) — — - 24.5 — —
0, pulse max DWR(ml O,/beat) — - - 23.4 — —
0, pulse max DWR/TM — — — 0.096 - -
Ventilation TM (liters/min) — 111.6(7.0) 150.0(11.6) - — -
Ventilation DWR (liters/min) — 97.7(10.9)  140.8(17.8) - - -

HR=heart rate; RER=respiratory exchange ratio; RPE=ratings of perceived exertion; TM=
treadmill.

SOURCE: Wilder RP, Brennan DK. Physiological responses to deep water running in
athletes. Sports Med. 1993; 16: 374-380.

4) nfbnKPEEIZE T D EFCE

KETHZT O 7 20D \'IOZL‘_’)W’C, Kirby & (1984) i3 77— W T 4T Bk
), 7v=>7 MDKE), /XFNEME - I2KFADNE L W (HDKE), BEEiRY 4
ENEDET =27 (BDOKE) DIANX—HREZIEL 72, KiEZWTNH36CT,
LROEHNZANX—RIZ, FNFNL, 6, 4.5, TMETs {2424 L 7= & 84 L 72, Johnson &
(1977) 12, BEREAANENRIC, Kb LBELOTE T, SIMOBES) (Aot —-NE, |
Hi— ) CHER) (E—MB) 24T-7%, FORKE, KbhTokEL ) 0 Vo2is, kL
L@ otz WEBO LA NLX—EEREIZ, KbTT7~10METs ¢, BeLT6~ 8 METs,
BiE®hiz, KHT3~4 METs, . LT72.5~ 3 METs T# - 72, Cassaday & Nielsen (1992)
3, BEHOERBEL KPP EELOE G CITA L ENZ AN —BREY B L 72, 20k
R, mBoSNE—-NE, REGOHEM—HEHEND AN —HREIZ, KbrBELEL) kE
, LBo#EETIE, KFT3~6METs, el T2~3.5METs, ThoEgE, AbT4~9
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METs, BE T4 ~6.5METs Th -7z, TokbtEENHHF ALY —HREIIHHEN)
ZalcBIL TEmL 72,

Kb THIT 0 b 7 2B CId, Bufalino & (1992) 12424 > F DARTHOA LS
B> Vo2hBE k& D 17~22% 7% v & s L 72, 20 & %) HR % RPE <, EHICH I 0
AR OEE T, Vo 3t 2 EHOFEIKE v, % 72kPic 51 2 EIEBOEH T
i3, KB HRICBET 5, Zud, KB - T, EENCLBEL I ALY —B EEKBRBICE
FAMBEEIRYBIDTHE, KbBT7Tob 72N HRIZ, ME TOKRKEIF7ZXFFTE
n 8 ~114a, 54 % v» (Kennedy %1989),

Vickery & (1983) i3, B« AR—VICOWTT 2 ) #kHEBHERELHHRT S 3
HokbED QoMo — - XTO7arI4, 0GB NV XTO7TarF L, 605
Bl sng - XTD70 7T 4) k’Dw’Cﬁ”‘Lto IEFH DK EE) & %)71013(0)1- 7 %A
X &Kk # G LDTH - I2ht, F VoZ!il 2~1.3 1/4, 51~ 57%V02max 1ML
72o

Zontdilc, Kb THBEESIZ, EBHTRRET, LErO2BEEEEEINVENAEZS—7
FicL72##E, VB T—v3, VIV Z—2ar b7 a7 4080, hil
BEOEFVELBRICERTHDEEZ LN,

5. & & 9]

K COMEEIC 51 2 FKIGEE, HOIC BB ETOER & I3TEL v, BRLECIR
HENT, KBTIE, 2RPEHNT, BHrEE, iEIKEV, FLBORERIE WY
EOKDMED, BATOEBEREI ALY —ERBICHEL, RUESBEREERL-LE
Ty, J?%ib?@f‘;f, KR, KBk EDEMHICL-T, TANX—HBEBRIEHT 5., FEE, K
TONEBI T Vo2max # MIET AL, BBETHLI Ly FINT =2 7Rl NiEWZ 5%
v, Zid, AT HRmax #EWZ &, fEEFEI DLW L, EEBRICBITL L —=
v TORBENENZ L E 5T A REES D B,

KOFBKEDVERIZ & N ERIZEIT 5%, RATOEENCXT 2 AHEE, HEAXRMIC
IRBEFCOMBE F L\, % oBkiRAE (VEmax) I3, Vo2max OETF iz I L TIES % 5
wHeEY D B,

RS — BB DA KRG HS RV E L DIEEIR, Kb CERERE CoEZ IR
na, i, mMEHIWEICETLELHTHY), TRMBEROFHET LOPIEAT7Y) V&
DD, KB TCOEBENTKRTE L CEFER T, HR * i IEBE»fe L & D {EW-EH
reEZ LN,

KiZBEEZ BHEIES, RBLE WS, B, Miiicd-T, Gkr L8Hh b
N, BEIFEHLENLZ) EVoERPRINRT, EHPoRPEEIKRICKESCE
2T 5,

BAGEEID M ILEREE IR KPAEEL L VKV, BRXTEETIE, R—EHEX, RED
SEHEE GEXEE, g ot TcoESEERLZLLTL, BonsHERE
Bl Tkv, SEIKICASLZ & TLEADEBIRRE ML, EEIC N T 2\WREBRDICE
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LI L IRR% 5 KR TOBEESI L 3BATEBO SV R CO R, BETHENL LN
(, EETI: HR 298w, Vo2k HR B, SEBRER, EBME AE KGicd-<
Ric s, KBTI}, F— Voicttd 3 HR 3w = 2 4 %\: 7265, HRI2 & 2 EHBEDLS
RFEI I EFASVEE % B,

DL, KPTHWEE, VBN T—var, VINVI—1 3 e YOEET 0T T A
DFIE, CNEDBVEFERTILEND L EEZ L,
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A Review: Physiological Responses to Water Exercise

Tomihiro SHIMIZU*, Takeshi UEDA**

ABSTRACT

The purpose of this study was to investigate the physiological responses against water
exercise through bibliographies. The major results are summarized as follows :

Although most responses to exercise in water are qualitatively similar to those resulting
from exercise performed on land, important quantitative differences exist that may affect
exercise prescription for water recreational, therapeutic, and rehabilitative activity pro-
grams. The buoyant force, greater viscosity and increased heat conductivity of water compar-
ed to air usually alter aerobic energy expenditure during submaximal exercise in water so
that it may be greater, the same, or less than during the same activity performed on land,
depending on the exercise mode, exercise intensity, water depth and water temperature at
which the exercise is carried out. \.702max is often lower in many forms of water exercise
than during uphill treadmill running on land because of lower maximal heart rate, and
perhaps decreased working muscle mass and state of training of the muscles involved. Blood
lactate accumulation during submaximal exercise in water may be less, the same, or greater
than during comparable exercise on land at the same absolute or relative intensity. During
maximal exercise, blood lactate accumulation is less during water exercise. The hydrostatic
pressure of water immersion increases venous return to the heart and alters the cardiovas-
cular response to exercise. During submaximal upright exercise, stroke volume and cardiac
output are greater, and, at higher intensities, heart rate is lower than during exercise on land
at the same \.702. The relation of heart rate to \.702 is variable and depends on the exercise
mode, exercise intensity, water depth and temperature. The heart rate at a certain \.102 is
often lower during water exercise, so caution must be used in using heart rate to prescribe
and regulate the intensity of water exercise. Although lung volumes are altered by the
increased hydrostatic pressure of water, the ventilatory response to submaximal exercise is
essentially the same as during exercise on land. Maximal ventilation may be reduced in
proportion to the reduction in \.702 max. Evaporation of sweat does not occur in water, and
the higher heat conductivity and specific heat of water cause heat to be gained and lost more
readily from the body through conduction and convection. Depending on water temperature,
core body temperature may increase, stay the same, or decrease. Sympathoadrenal and
fluid-regulating hormone responses are suppressed during upright exercise in the water
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because of redistribution of the blood volume to the thorax. Reduced sympathetic nervous
system activity and blood epinephrine levels may account for the lower heart rate and blood
lactate accumulation during strenuous submaximal and maximal exercise.
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