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Effects of the underwater exercise on elderly with low-muscle strength
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ABSTRACT

In this study effects of the underwater exercise on elderly with low-muscle strength was
examined. We think that underwater exercise provides optimum exercise conditions in
which elderly with lowered muscle strength or arthropathy patients suffering from sports
injury or pain can move their joints more under lower-load conditions than on land.
However, there is no report that the effectiveness of underwater exercise on elderly, i.e.
how effective is underwater exercise for muscle strength weakened at various levels. The
subjects were 10 females having a value of peak torque (Pt) of muscle strength less than
the body weight during isokinetic knee extension at 60 deg/sec (LM-group, aged 58.5+
8.8), and two females with a Pt value exceeding the body weight (HM-group, aged 49.0t
2.8). All the measurements in this study were taken three times: pre before exercise,
three months after starting exercise and six months after starting exercise. Water in the
pool was 1.2-m deep at a temperature of 34 °C. The subjects did 40 -minutes of exercise
twice a week for six months. The exercise schedule included: pendulum exercises of
each leg with the hip joint being the fulcrum wearing a 14.7-N (1.5 Kg) floats and taking a
stroke of 50-60 cm (the breadth of the shoulders) in one reciprocation motion/2 sec, and
20 times each of stepping exercise and knee-bending/stretching exercise. The
measurement of peak torque was taken on the right leg in a sitting position at the rate of
60, 120,240 deg/sec by BIODEX SYSTEM. Ultrasonic imaging of the transverse section
of the femoral muscle was conducted by the ultrasonic B-mode method (Echo Camera
SSD-650CL from ALOKA) at 5 MHz. The measurements were taken at a site 50% distal
on the femoral length of the anterior sides. These results showed that the muscle
strength in the LM-group improved three months after starting underwater exercise.
Because there was no increase in the muscle thickness in the measurements of the
muscle transverse section, the increase in muscle strength was thought to be attributed
to the improvement of muscle functions, not to muscle enlargement. This is, in other
words, an improvement in trainability.
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Fig. 1 Relationship between a rate of peak torque/body weight
and peak torque at the pre.
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Table 1. Physical characteristics of the subjects
Females (n) Age(yr) High(cm) Weight(kg) %Fat(%)
LM-group 10 58.5%8.8 154.8+£4.7 61.5+144 327194
HM-group 2 59.01+2.8 156.5+6.4 57.0% 85 25.8+7.0

Fig. 2 Underwater exercise for leg muscles D
Pendulum exercise for hip joint; A stroke of the breadth of the
shoulders in one reciprocation motion/2 sec,20times.

Fig. 3 Underwater exercise for leg muscles @
Stamping exercise for muscles of thigh both
anterior and posterior ;one motion/1 sec,
20times.
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Fig. 4 Underwater exercise for leg muscles 3
Knee lift extension & flexion exercise for muscles
of thigh both anterior and posterior; put one hand
on the bar, and kick each leg in turn, bending the
hip and knee joints at 90 degrees, one motion /
2sec, 20 times.
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Fig. 5 Changes of the isokinetic peak torque for knee extension at
60 deg/sec on the right leg.
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Fig. 6 Changes of the isokinetic peak torque for knee extension at
120 deg/sec on the right leg.
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Fig. 7 Changes of the isokinetic peak torque for knee extension at
240 deg/sec on the right leg.
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Fig. 8 Ultrasonic imaging of the transverse section of the femoral muscle was
conducted by the ultrasonic B-mode method (Echo Camera SSD-650CL
from ALOKA) at 5 MHz.

The measurements were taken at a site 50% distal on the femoral length
of the anterior sides.
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Fig. 9 Ultrasonic imaging of the transverse section of the femoral muscle was
conducted by the ultrasonic B-mode method (Echo Camera SSD-650CL
from ALOKA) at 5 MHz.

The measurements were taken at a site 50% distal on the femoral length
of the anterior sides.

FrLaERsENRD ek -7z (Fig. 10). — Z =

% . HM-groupi3 FEfiri45.8+0mm. 3 » H#%

46.4+0.9mm. 6 » H#%47.4£23mmTd - 7= Pt (60deg/sec) Body weightDfEA1100% %
(Fig. 9), Zh& /-, Ehigie 3 » Ak, FhE W TH > ZLM-group&100% Ll £ T & - 72HM-
&6 5 ABROMWEORIZIZHE LAEELZESAD  groupfliZhB 0T, GRNEH, B K - %Fat
ENE -7 (Fig. 10), T ENRE PAEELENE, ST 06, K



= - BEFHEICE T BKPESHDOHR

FEE) A FhE U 7RO BN AR AL FHZEN
EREE TS L=V IRIROERZ DN 57z
DT EV RS Wz, Z LT, BH60E T
OHEMIERET O MEEIEREIZ 1S & h - MR R
102 ki, LM-groupiZ BT, k& 3
y Atk FEHEETE 6 » ARORIZIIME LA E X
EMNAD 5. HM-grouplZ B\ Tid, #it LA
BOEIBOL LTz, TOIZ EIE, EEFEE
BIOMIE L L BEOFHIZE 3 7 A O K E
BOWMENMELNZDO TR AV EEbR:, %
7z, BF1205 TOHMRBEE O R E{ERIZ5

ns ; not significant

(mm) (n=10) (mm) (n=2)

80 LM-group 80 [~ HM-group
70 ns 70

60 |- ns 60

50 50

40 : 40

30 30

20
10

20
10
0

5 , . .

© NS
° ] “\0“‘ 56\0‘\
IS S

Fig. 10 Changes of the muscle thickness on the anterior of

thigh.

9re o o

RERC

@

(7]
) 8 -
§§ (%) LM-group Right
g o _
; g, 350 y=-5.051x+405.1
2 E
o © 300 |
R
o g 250 |
g E HM-group
oS 200 |
2s Y=0.251x+74.8
=S 150 :
] :
© E 100 [eererrreeenrrrerensirresese e ST e s s e e e aaeees
g ;
<& 07T

1 1 1 S |
0 50 100 150 200

Peak torque/body weight at the pre.

Fig. 11 Relationship between peak torque/body weight at the

O N EHERKHHOENIZ T & FIRk &S
BTHot, ZORERNS, HE)EERIOKEDH
720 OPt (60deg/sec) & EHI3 » H#%EDPt
(60deg/sec) DIEME & OFHBHBI R % HLiRET L
7z (Fig. 11), ZOMEFR. KEH 7= D OPtAES
FERRTOBTERNEIZE, 3 » HREOMMNENE
<. BEIFEMENOL AL BENEITE ZOMUR
A RERIZD 572, 2L T, 2h6 OBfR»
5. EBIEEHTOKED 72D OPt (60deg/sec)
BAETEHGOREEBZ DI ENTEE, -7
HETIE, EEEGEITOME (pt) 2IKOWEIZEH
mhnmELed<. BFESGOK
BEARBA-EETIE., FORITHE
R fEmE %> Tz, LaLl,
W HEEOH B %X TH 55
2405 T O A58 7k B 87 oD {r e Bl 1 et
NG CR (WAs St LSS NTIIOK X4
%, LM-group!Z BT, FEhEm &
3 Atk FEhigie 6 » A%ORBIC
e EAEE G ESED SR I,
HM-grouplZ B\ T & . FEhEais 3
» Ak, Efaie 6 » A%, 37 H
%E 6y AHROBIZIZRE LEE S
SENAD BN, KRIT, HENTEE
OFEAbIZB Wi, MmEEs 312
Bi& 3 » Ak, FElriE 6 » A%D
A ITHE EERE A ZENED S
Nhnrol, ThoDERS
LM-group®Pt (60deg/sec) DHE
BHEIE, AIEKICK B LD TIER
WOTIE AWM EERI N, Th
5DRERIL, RUFRIZK T HAPE
OB DR EIZE > THIRWIE
WERITHY ., BIZHBREOR LT
DL T v REDENT VHRDEE)
(%) ERETH 57 LR THT LN TE
BT lnb, HEBAEEOE O E) =
Td 5 @HF2408 TOH AR O

pre and A rate of increase of peak torque on 3 months

after starting exercise.

HEHNELEL 720 TiEnh L #f



"aANk, LirL, ZOBROER % BN 572
DItk SHROBLLFMEMALBETH D,
R, HAY ok, FHIOROEREE NS L L
HEHEH BT, RAHNDOI/IBEOE
fic1oml, 1520, B3 H%8HEMir-~-&Z
A, B111323% ML 725, BHOBWmREL 2 %
OWMTH Y. ZOBHIIOBEMIZ. BN HEAH
Map-0OMEBE LN THKEERE EHHER) O
BmMzks3302eHELT0BY, ZTheDZ
Lo, KPIRICETBKRPTORGH L —=
YLK BBIIOEME., HBEKICLS M ETE
L, ©LUAFHDOKERS (Trainability) DJE EIZ &
55D TEEnWhEELILN,

¥ & O

ERE AN RICRPEEEER L ZBE. EO
BE. GHMETLTCWAHFIZE ST, EORE
DRV H 5D #RET L2, FRic, FRMEEE
12 & 38 F608 O E TOEEEBREENEROR
KEh (Pt) hEA TEH3MHLI08 (LM-
group) &, REE L b 54LM 24 (HM-group)
EERMEL., 6 AMICH T 3 APEBOMEE
WERET L2, ZOHR. XOLS> 2 &»rMb
Pz,

1. BH60% TOLMBBEE O MEEERIZE O
n-EEMRAH HOZENIZ. LM-groupiZ
BT, FEhERTE 3y Atk. EhEdTE 6 » A
BOMIZEIHMEH LAELAESAD SN
(p<0.01), —7 . HM-groupid. &b
HbHLEOOME LEBAEZTIEDS Lo
7z

2. R 1208 T O F kB i 0 R B AR g 1215
bR AHBHDOEA L. LM-group
IZBWT, Ehigik 3 » Atk. FEhEgiE 6 »
A#%oMICEMmEt LEBE L ENED I
(p<0.01) . —7% . HM-groupid. S&iH{#EMIZ
H5LODME LABAZIRDS kb o
7

REE - BH - HR - N\K

3. B2408 TOL MRS O MEEERIZE
LN HEMERAHIOZIE, LM-group
IZBWT, EhERi& 3 » Atk. EhERie 6
ABOMICE#HIT EABRLENED LI
(p<0.01,p<0.05), ¥ 7-. HM-group® . ki
A& 3y Atk. FEhEaTE 6 » Atk. 3 » Atk
&6y AROBMICIIHE AR A ZMED S
N7 (p<0.05),

4, KIBETESOFHEMOZELIE, MW T,
EhERi L 3 » Atk. FEHERTE 6 » AROED
RUCIMET LR AENAD S hlh 57,

P EO#R I D, LM-groupid. Kift7em ke

HEEEMmL., 3y ARICH B ELE, Ly

U, ARSI O RIE A & B SIS L T vy

o7, UEDORERKD . ZDHHIOME I, A

OEKIZEE 8D TIEEL, T L ABHOEEES R

ELEEDTHEDOTIR AWML EHEIN:, &

72, HEEH (60deg/sec) NEACOKREL T b

BHIZE 5T, KFEICH T B ARPEENL, PG

3y HBRICHLSEOMB I m LT 23R Th

Of:o

# OB

B E Ll nirmne: [y y o £ ik
ZAR—=V Xy a2 —] OZBOERK. &5 WICHE
VA—-DAE y T DER, £ LT, RERSRAE
B iHBRRBRIOE#E 2 LU ES, AR, 5
TEER PR E EE B A E AT D 20024 & 1
EEIRIZ & > THEIEL 7=,

518 - 2EXW

DAMES, HOEH, HEWHR, By 5, Bkik
T TSRS ARKEE] B AREDMR & A,
BEPR 2 R — VK%, 8, (4): 437-441, 1991.

2) TR A, AR, $0 B, JEEE, RO
=, MM % R (60%Vo2max) DEFAME R L
—ZVFIZE S e FDOKRBBEIZB T B DOREE
HIEEE R OBIE oo %4k, Rk, 44,365-374,
1995.

3) BB A, AR, SATK, BH K MRUC



Sl - B HEICSH T BKPEBHOHR

kB OB, - BhAKIZ 31 3 ERERRME R &
UHHEZZNMmAEL 22 0 Ok, hklE, 44,
267-278, 1995.

4) Anders Schermacher Larsen, Lars Bo Johansen,
Carsten Stadeager, Jorgen Warberg, Niels Juel
Christensen and Peter Norsk.: Volume-homeostatic
mechanisms in humans during graded water
immersion, The American Physiological Society, 77,
2832-2839, 1994.

SEAHBEN LYV REZ VAN —Z VS Ty Ny
AZHD, 1999.

6) WAL K, SAMIE HAADOKIHMK, Higeo
B C A HARADBN T, HAE, 1989.

DD W, M R, FRO®, lEmE SF, Kl
TR KUKCEB A BRSO FBR RN L
BBE - VREA T2 7 4 —MICRIETTHE, 50,
175-184, 2001.

8 J. V. Anderson, N. D. Millar, J. P. O'hare, J. C.
Mackenzie, R. J. M.. Corrall, and S. R. Bloom: Atrial
natriuretic peptide: physiological release associated
with natruiresis during water immersion in man.
Clinical Science, 71, 319-322, 1986.

9) RMEM, SABE, ¥ K, AN W5~
FVEHFFO LB IS RITTRAOFE, HA
EHEIEHEREE, 8,4, 4148, 2001.

10) g B, @RETF, HEBEE, U K ik
BEHOAKRPSITORB—A4 IV 5T —-LTD
KRBT RN L 9 FINSBTEOREL S —,
HIFE, 51, 119-128, 2002.

11) REEE : K TEMED S oEmO¥E, HARAR
SHERE, 68,919-924, 1974,

12) B, sHouEz, BRES, SERE, LTk
A, 5 OB, MEEF O H o B LEEFEEAEID%RO
KAREH»ESTFROBIEERIC RIETTHE, 51,
265-274, 2002.

13) Mk, #E 5, RESEK, HIOEH, SR
W EREE I T 3 RUKEBIHEGEDFIEIZ DV
T UNEY) F—v g VIEFE, 29,2:115121, 1992.

14)EFRE: bL—=V ZORENREE Ty 20y
AHD, 1998.

15) Moritani, T.: Time course of adaptations during
strength and power training, Strength and power in
sport. (ed) Komi, PV., Blackwell scientific
publications, 266-278,1991.

16) /NEF 51 K rp i E) & EEEREHE, REORFE, 50, 7,
510-516, 2000.

17) ZERERAG : KRB TIZ 30 5 _EHERy EEh O BN
FHRE. EEARE RS, LR, 1989

18) ZEEIR, AMEERR, HOBH, WY 5 Wi
W LAKAPEBRED KIET R [— RS & 2
K=Y BFPEREICBT S 2HEELD —] . khFE,
41 : 386-392, 1992.

19) ZHIEIG, RS, HOEHR  BREDO 2D DK
VKECE T F A bLRBELEA ) W, 1992.

20) ZEREPANG - KBS T, SULETAHECH, ER,
1999.

21) JERERANG, AHE L« A ERETIE & KRR B O i
EOBMGR, B LEEXEEREIIZRIR. 19:13-18,
2000.

22) JHERAYG, AHEA, JORREN : B#oEREEc
M4 5 KAEFORIR, T - FEREY, 9, 1) :
13-18, 2000.

23) JERETG, B, PMAEE - EREOFBER O
AR 7 — 4 2 b u— 2k OBk, L —
=V R 12, 8, 161-170, 2001.

24) JEERAW, AMEHR, MOGBSHE : KHhBE T ol
By -2y Z3BMEERTO P L —= s
BASDM, TH Y M AXR—-YEIE, 22, 193-203,
2001.

25) Sudo, A., and Tsunoda. N.: Effect of muscle blood
flow in water immersion, 6th European College of
Sport Science, 925, 2001.

26) MHE W, EEHE . FIEOGEE R OREBER T
Xy rikEDOBR, L=V IR, 12,3, 171-
180, 2001.





