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Sustained Effects of Underwater Walking on Respiratory Muscle Strength of the Elderly
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Respiratory muscle strength in the continuous and non-continuous groups in pre-exercise and after 6 weeks

of underwater walking
Continuous group Non-continuous group
PImax (cmH>0)
Pre-exercise 655 £ 107 622 * 103
After underwater walking for 6 weeks 722 = 89° 691 = 97"
PEmax (cmH>0)
Pre-exercise 721 £ 105 724 * 85
After underwater walking for 6 weeks 834 = 123 829 =* 11.1°
vC (L)
Pre-exercise 298 = 04 297 £ 04
After underwater walking for 6 weeks 306 £ 05 305 £ 05

Data are presented as means + standard deviations.

Abbreviations: PImax, maximal inspiratory pressure; PEmax. maximal expiratory pressure; VC. vital
capacity
*p < 0.05 vs. pre-exercise values

OK AT ORI
fkfeHElE 12 38 H C PEmax 7% 6 8 B & Hlt LA EIZ BA L7223, Plmax OFER EFIER O )
o7z, FEkERECIL 6 M H & ik L C PEmax 28 10 @EICHREIE T L, S SICHkEREL D ARICIK
VWMEZR L7, Plmax & 6 HH & HER LT 12 HHICAERIE T 2R Lz, VC 2B L Tl Tl
AT e el U CHEZITZR <. 6 0 LR b 2TRE8D b h o7z,
Comparison of respiratory muscle strength between the continuous and non-continuous groups after 6

weeks of underwater walking

Rate of change (%) 6 weeks 8 weeks 10 weeks 12 weeks
PImax (cmH;O)
Continuous group 722 = 8.9 704 £ 9.7 702 £ 99 713 £ 94
Non-continuous group ~ 69.1 = 9.7 66.0 £ 9.9 65.7 * 102 643 * 11.5*
Rate of change in PImax (%)
Continuous group 0 =25 £ 49 —28 * 37 -12 = 3.1
Non-continuous group 0 —44 = 77 —49 £ 76 =71 £ 82*
PEmax (cmH0)
Continuous group 834 = 123 821 * 117 86.1 * 131 86.6 * 12.8*
Non-continuous group 829 = 11.1 799 £ 107 782 *  98** 78.8 £ 9.5%F
Rate of change in PEmax (%)
Continuous group 0 —14 * 46 32 £ 33 3.8 = 3.4%
Non-continuous group 0 —34 £ 45 =53 £ 6.5%° —45 £ 7.0%
VC (L)
Continuous group  3.06 = 0.3 314 £ 05 301 = 04 310 £ 04
Non-continuous group 305 = 0.5 300 £ 05 297 £ 04 302 £ 05
Rate of change in VC (%)
Continuous group 0 25 £ 91 —16 * 52 1.5 = 6.7
Non-continuous group 0 —13 £ 94 —25 £ 51 -09 £ 97

Data are presented as means * standard deviations. Baseline refers to the values after 6 weeks of underwater
walking. *p<0.05 vs. baseline values; “p < 0.05 vs. non-continuous group
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4. BEBIVELD

6 WM OKFAATEATH Z LT R | Sl E ORFRE 3 BEEIZI B9 2 2 & AR S, ZOfk
HES, B4 LI EOKIET, FREROHELD 60%IF824 3 D AR CTORFBITH, ElinE O
1% ET D7D LT ARG TH D Z PRI iz, KPP TIIKECY S > TRIET 5729,
FEICIER A Cd 2 EAREDIEEN N EHE TH Y | IAHEDIRANCHEZ HALD 2 & TR /IR S 4L
LHEEZLND,

FTo. RN AKF AT 2T T2 BETI, 6 38 B BARE & FE 1 o1 EAskee DM R b, =
AUTER AR I OMERF & S BRDBEBIZH G LT BEZ DD, — 5T, v s T Ll LTIk
T, 7RI T A& TR 4~6 B ORMIZFERAG MK T 2N RB SN, 2O LD, &
FNTBUN TR ) 2 S A HERT « ) B S B 27201203, B EAG T2 2 LD THEETHY |
IKHHBATOD X 9 I ARG OEBNEHY) CTh 5 L B X bivd,

AWFFERERNT, PR )% X A% 5B 1o O ORI 7 B 7' 1 77 AOEZED ORLTEYD | 4
D g OFEENIT ANZB N T HEERFH E RV ELI LD TH D,

5. EF

AMFTEDT —ZWELB L O HT-0 . S R2D THHEHY £ UIBEREREFER OB O
R, RO NCARIFFRIZ BN TE & F LEEBINE ORI L X IR LR L BT £, A O
FRIZIZ, 72 WERHTFRECOWTEHEERIME LWL E, MO TEZ LA TWZZEE L
7o Fio. BIMEOERRIZIIANTEA~O ZBRE & ZWHIEIBY . ZRBRLEREWVEEEE L L,
DEVEFHN - LET, DI, AFROEmIZHTZY . B4 (KAKENHIL:
22K17528) OXEAEWZTE& £ Lz, BEHE CTOXENRTUIANIE 2 52595 Z LIZREETH -
TeeBZTEY, ZORITERS G LET, AFEEDE LT AERD, 4% O TR RIET
BLOEERE OREFEECERTE A Z L& TRV £1°,

6. SIHISCHR

1) Smith K, Cook D, Guyatt GH, et al: Respiratory muscle training in chronic airflow limitation:
a meta-analysis. Am Rev Respir Dis 1992; 145(3):533-539.

2) Janssens JP, Krause KH. Pneumonia in the very old. Lancet Infect Dis 2004; 4 (2):112-124.

3) Yamashina Y, Yokoyama H, Naghavi N et al: Treadmill walking in water induces greater
respiratory muscle fatigue than treadmill walking on land in healthy young men. J Physiol Sci
2016; 66(3):257-264.

4) Yamashina Y, Aoyama H, Hori H et al: Effect of walking in water for 6 weeks on respiratory
muscle strength. Archives of physical health and sports medicine 2018; 1(2):15-19.

5) Yamashina Y, Kumabe S, Tabira K. Sustained Effects of Underwater Walking on Respiratory

Muscle Strength of the Elderly. J. Balneol. Climatol. Phys. Med 2024; 87(2):66-72.

59



2024 FEDHEE
B - BLILTTRASHIRY F— PSRRI 5 % 5 8
FOR TR EREE

ARFZEIL, FAHSERC (2023 RSP RoR2e3E) | M e AREAT, didh R oeE OREP AR &be) &
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HE 2

AWFFETITFRAIR Y P — SNBSS TSR BE ~ER S D & & | IR > 7 i & 0 SRR
FENED XS IZET 20 EHMR D720, BERAFZ T BMEERT 7 V2R L. FEBRAICIER
REOREEITo Tz, FEEBROFER., BV U LA F U REIIRRGEIC N —REBNLTEE L, ZiuTEt
FET MCHILICRER Th o7z, 20 & & FIKIRE ORI IZIMIE AR o 7 &L fnses & &b
AR T L7z, 72, KO, AR SIEEEEICINR U, BRI & O 0.1%~1%D 4 —
H—|Z D Z Lo T,

1. FZLwic

RAMEBRIEE (K1) ICHASA TN DERIRY — 3T
X, MIROHTHEE . FHTHICHE & 72 DK DIFEANDN e
SNDZEnD, KHOREMN, [IafetE, Sk,
IR R B OFRM: 72 & OPEREA R DAL, k% 7245 |
MBIRINTND,

N LI & 2 RAMEER I BE OIREEIC A T
FRAR Y B — SO R — b B EFNE G217 5, iED
RUIZ LY EMRELZRE I NI ERHY, 2L x
FRAR Y Y — SN TOEIEOR SV FIEVHBN, BF
ICELNDIRIRENECT 5 LB X D, AKAFFT
VR T RS O I AR 7R DS, FRAR Y Y —
NINTORKEGREZECICED L D B2 KT E
FEBRAIZT T,

2. fRHTET IV

FEMTCIE, AR Y B — N BJiE & PRI ONS U W — SIS IR BT 3 2 SRR L B3 %
HERFAZITIC, BMETVEZER LT,

U= AR T D HEIRE 2 Gkg/m?, Jit K OFEKIREZ Ckgim3 &7 5, £7-
i - EMEEE @mds, U — SNOKOERE (K L~L) % Vmd, £ L TR
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BEff 2 ts &35 (K 2), ET/LZEBWT, UH— A lMainﬂow
drug;J

SRR YT 5 2 & AR T 508 EBEIT B =
T U P _OWED R DB 5 = L TS '”'etl e B
N, ZOEAE a & LT, HHEH oV 2HAL Tle. v

Tz HEARFAZ IS, kOO TRANF LD,
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2-1 BB U — S~ D HIRTE A B AR TJ Outer

I ABRIRER I B IR Y VP — SNSRI N EE L7
WHEDE LT, R(DE, t=0D L X, C=0 OFHASE
TiE &, V=BT 2B E Q) TcRan b,

2 fEMTE T LR

C = (1 — e‘a%t) 2

K@M SH KETFT BT, U F =N —EDOFKENTEA SN L&, V=
MO T DIREDZAIZ—REN L 2D T R oTe, TORER vid, kA TE
Shd,

T=0;—V (3

2-2 R Y Y — S~ D HPRIE AR T

FHENFFZ I T, IR Y B — 305 O IR E DY CIZBUR L TW e a,
AR T #06 OWHIRIRE DAL, Ga2MHREL L TRU@D L HIZ 1 RERT
KInd, ZoLEREHIT. K@) LRRICEINLD,

Q
C=Ce at (4)

3. HEBEE - Hik
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JEPERORECAE BT 5720 NTHid X ORGSR T Le o 72,
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T’E@Jomﬁi VIAKEKZ W MEA NS ERZ N F 22— L 0 KEKITY e K
VIR B, AR I K o TEARY — 3 (Maquet_VHK71000) ~&E#E 4L
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— LUV %E 500 mL THE— L7-, SIS B U 7 Adf A% 39.1 /L,
L LT

4. FBRAER L B
UHF =D SN A TR D KR E ORI 2L
DO—HlE LT Q=1 L/min TOFREREK 4 127,

£ 1 K PREEI AU L R b

B2 HHIRIEANRE (0 sS ¢= 150 s) (XFRARY H— 3 Q, c Ce/ Co %
B O — VOB TR BT AR s [on | mel

N, £, AR T % b %7, SO 1 —UOR G AL

NCHD T BT AR S e, 2 | 0 | 0%
£ 110, TR BNOFRIC T B IR {E I O 5 3 | 246 | 06

IR O % Telc LT g, £7-. K5 1C 4 | 188 | 048
i e & PP He D B A R > | 16 | 043
X5 756, HEiE O BRI & e L= IR Y G 6 139 | 03

IXREOHINI > T AR T TAHZ N bholz, - ARERSAENS JBEHIX 0.1%
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5. BbDhIZ
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ARFGEDO2EIE, Tit URLICTAR I LTV S,
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%5 8 [E{ K EFH# TS (The 8th International Research Conference of
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1. 1ILwic
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5. ERIZOWT (REFEIR AR WEHDAH HHE)
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