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Abstract

Objective: To investigate the effects of underwater exercise on lower limb muscle strength, spasticity and walk-
ing ability of stroke patients during recovering stage.

Method: The patients [n=20, age: (41.5£16.5)years], who suffered from stroke during recovering stage, were
randomly allocated into two groups: hydrotherapy group and control group, each group 10 patients. Routine re-
habilitation exercises were performed in control group. The 25min underwater exercise, three or four sessions a
week, were performed in hydrotherapy group in addition to routine rehabilitation exercise. Both groups took
the same therapeutic time for each session, 45min, 5 times a week, 14 times, for four weeks. The strength of
maximum isometric voluntary contraction(MIVC) of flexion and extension of paretic knee and ankle, lower
limb spasticity, motor function and walking ability of patients were assessed before and after exercises. i-test
statistical analyses was used to compare the differences.

Result: In hydrotherapy group after 4 weeks exercise the gastrocnemius isometric contraction torque during an-
kle plantation demonstrated significant increase(3.6+£0.3 vs 0.6+0.2, P <0.05). The significant increase of lower
limb motor function (3.5+1.5 ws 2.7+1.2), walking ability (29.74£3.5 vs 27.8+2.6) and equilibrium function (11.5+
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3.3 ws 9.3£2.9) were found(P < 0.05). There was no signficant change of spastieity of rectus femoris and gas-
trocnemius pre- and post-exercises (P > 0.05).

Conclusion: The short period underwater exercise could enhance the muscular strength of paretic ankle flexion
without increasing spasticity of stroke patients during recovering stage. It is benef; cial for improving lower
limb motor function and walking ability of stroke patients.

Author's address Tianjin University of sport, 51 Weijin South Road,Hexi District,Tianjin 300381

Key word underwater exercise; stroke; muscle strength; spasticity

iR 2 Fp R 2R P AR i A T PRI R , R 0 1 A
B HE ARG SR 0 RS T B R
SWAA T IR MEAT U ISR - LK I3 s B e 22 1L
PR P ] it FOULIC 7, A S e ] 2 408 47 P 2
AR AR S . T BRAE IR ik
Xof B P R AER R 22 A9 JUL K g ik B 22 UL A ) Sl di
R LA UG IR IEE LA A R 2097
Wili P 35 M O R L R A o Tk S L0 T i
bR b EAME RS R R T IR s e as
IS Lund ST & B, 2K Iz Sl al B 561
REHPATNINGI RS R -G D RE . T
SEORIESE R, KT IE S 10 0 A L sk
1o P, BRI P 2 P i 2 v R B K
HREA IR AL LA 5 SRR AILAT (e A 2 LY
PRI B LA TRE S o BT LAY H B R LEHR

1 X&5F%
11 X%

TIF 52 X6 52 A i A rh i 52 912 28 P Al 1 A8 3 20
B, e AR (41.5 £ 16.5) %, 2R AT B Be 3k
fisi CT B MRIE S B #1405 (2008 4F-—2010 4
HATE]) o G AARUE : T BY Brunnstrom 433 3 DL |-,
AT 58 RO i Az 2y, 55— U B ke -1
(0.67 £0.36)4F . BE NI AT B FKIT AL,
100, LB IR 1. BEE B SR E .
HEBRARE  AKI7AR R s ™ E A MRS , A BB R AR IF
Be&SLgn ;3 A WA T B s, HEROC T 1 3
PR IR, BROCTT 8 i A2 BR 2 5 FAT St
22 RGN, AT RESZ I T LT RIS 3 o

WA Z A H A LI 1. LB i
B AR 2T FEAS A BRI T I 25 S (P >

WKz s st Pk 2 R AE e A rp S FROL 0.05)
N D)t ERZEFE R R TRE T B2 1.2 Yk
#x1 ZikE—MER (xs)
o " . s . Jili A AL (f5]) SR (1) -
ZH 5| 1% () L= (cm) 1A (kg) TG i e = = FRFE(FF)
X BEZH 10 414+153 176.2 +6.9 758 +7.5 7 3 5 5 0.63 +£0.32
gl 10 415+17.6 175.7+5.7 73.5+82 6 4 5 5 0.68 +0.38

K HFiE 7 I AE FERNO /K H s 33A )7 i b ik
17 (Totally Hayward 28], 36, AKI7FHbrhicf &
Ay g A L BE K T Tt P R E Kl 37—38°C, K TR
HRAIE £8 5 B = AN TR, 23 0 7K R 1.3m Al 1. 4m PP TR
B, RAFEME S5, MALIIZ:

IKHIE B T7 %8 - (OXUBREEES - £ 35 TA1 1) Tt 3
BESRT, DU A SR 7015 )8 6] 58, AR A4k T2
18N B, 24 2 B I 45°—55°, E B R B IR R
20s, R JEZNB M . A 10 0O —41, A,
AR Tming B BIZ IR T B8 ST i A LY
Jii S UMEAM: . QNG . o A FDOURR B

930

www.rehabi.com.cn

SRIGIL R 1B 18 4 — 2R, I 2R i R Rt . AR
S 1ok, BB AR 10 Y —41, JLART 2, IRl fA
B 2min. B IIGRT R AL 2 P A
LN & TE o | G TRV VA 9 =3 IS 1 R
B LR IR B ES , AR L R AR G ST, Fke S —
SR, A 75 A, T A e 58 e R 2 90°, 22 ) [ 5
IR WIBEAS A 10 Ry —4H , FEmige , 4118
PRI 2—3min,  H A I S5 A I G 1 i A s
VEUMEFIEERE 1o @S S A S AT O
fHZ B) « A LRI RURR B , T3 7 DR 7E R f
A BB OE ST I T TR AR SR, AR L



FHEAE 5 4L 20134 08 % 510

SEL TS BB ) SRR AR B,
FrSs NG E TR R SR, = 10008 —4,
AL, KR 2mine B A2 YIS fh 8 2R
Jiti o QKT ES NG DU W, —
2m/s, JCHERE BB EE FOE AL, DT R O
KL, 24T 5—8min,  H 2 B AOF A ik 1125 5 D) R
AT

IKSFE AT K YNGRt 4 J4 43 Jd 547 3—
4ATTINGR, B H 1, BIRKIT 25min, 7 LR
Y25 20min, B H] 45min. 53 4h 1—2d H AT
RSN G5 45min, 535 U125k 5, KR 2d, 4 Ji 2 AT 14
TS

Xof BRH HR o MRS 25, 451K 45min, 45 H
LU, B 5d, ARE 2d, 24 0
13 ik

SN 23 ) T LW IS A5 HEA T LU, B AE
L 2R Ashworth 2235V Fugl-Meyer iz
SIINREVEN (Fugl-Meyer VAT REPEANT I REVEAA T
7 2% (functional ambulation category scale, FAC)$¥
o
1.3 WLy A ] A A7 BT UL I
MedLab-U/8C A= ¥y f 5 R AR AL B AR 48 (MY8C0031,
MG P IRA DRI . 3 5IEREn i 2R
T I AR SRR IS ETAL HER L RCE
AU B 3k LAY #e K25 K 46 (maximum  isometric
voluntary contraction, MIVC)

MR — R 25T B FH AZE LR AR A 45 A
v, My 2l OB AL, Sfe Al F S THREfr
R AT g 2 A A T AR R B I 55
E JEART o AR R, o AR R OG5 IS B £
i1 90° A [ 2 T LAy ke & |, A A r g 15 e
15 15—, LRIENU I e v . g
SEE A (DL MedLab JE£ K- J0 I 8l S e, SR 5 1A
Tt IS S AT 25 R 14 ER
SRR R K T, TR 5 S0 B 2]
1 3—>5so BASIVEMK 3 W, B KME, ) S EUE
PIAEE (N.m) 27 o
1.3.2 R Ashworth 220« HIT PR R 1
LR ZRARTL , 43 0—4 9, 90 ey PR el
1.3.3  Fugl-Meyer | RG2S EE T : 22T

T R T Rz 3h D e K Jeaz o i, 36 34 47,
PR, DI RERRAT, 12 sl T b3 1R o
1.3.4  Fugl-Meyer V- DI G PFHr - I TIEAN 5
UK TR RS R IR AR BT B A T SR LR 1Y
AEJT, 31443 1550805, DReAT
1.3.5 FACHJREME AT RPEAN : ELIF M B H
iE R O RE A A TAE R TT L 20 0— V 41, S50k
15 A TRE DI, T B Bl
1.4 Git2Eontr

B AT Bd 5 45 SPSS 13.0 A S0 b 3, 1
R LI + FRifE 250N, DAEXT ¢ 46 56 43501 43
MrAKTF 4 A BE2H 4 RN 2R Et i, 20 81k il B3
PEo AU ZRar P gl R EAE 22 5%, W LA
VER PR AELL IR A T 307 22 0B, R 0 R 4L [ A
UGERTE 2

2 #Z£ER
2.1 TR &

4 IR0 I P2 RS T B LR T AR A o)
FE LR 2. K74 I 4 0 A s i JUL AR i
B AR A B E WK (958 P<0.05, P<
0.01) . 7KI7 4 B 550 BELHAR FLIHERA L A
WK (P<0.01), W2,
22 PHIREMETEE

4 VIR G AR 45 ThRg bt =22 1k
W2 3. YNZRniT G X B4 T Rz shah GEF AT B3
5 (P <0.05) s KIF A AATRED) N Bz 8hoiRg F
M5 DR AH L F U ZRan A W i & 4 (P<0.01) .
WAL BRI P TRE D) T s shiPag - hg
FHEGF X B A B 250045 (P < 0.05) . LAV
A0 E A S P A F s, Ashworth SR ZE1PF 0 %A i
Z4(P>0.05), W3,

®2 WMARFINZGAEHIEITLL

(;is,N-m)

g g SROE SRR fREE
Eamil HEmL BENL Bk
XtERZE 10
b2y 1.6£1.7 54+49 155+11.8 63+8.0
MIEZN = 20+15 48+43 186+135 68=+77
VS| 10
VIEZN:T) 55+55 7.+39 155+100 11.9x8.1
MEdR 57+54 89+38"19.1+11.5% 144+83

Z NG5 5INGRRT A DP < 0.05, QP < 0.01; 1455 41 8] FL ik
@P<0.01

www.rehabi.com.cn 931



Chinese Journal of Rehabilitation Medicine, Oct.2013, Vol. 28, No.10

*®3 FHEBRFINGHEEERITI TR (xs)
3 i FACHHREVELATHE  Fugl-Meyer N2 shIhfE MR Ashworth 3228 (%) Fugl-Meyer V- #IfiE
&) ) JBELAL WL 45
XfERZH 10
VIR 25+13 24.1+3.7 23+05 3.5+08 8.8+3.2
VIENS 27+12 27.8+2.6" 22+04 35+09 9.3+29
b g’ 10
VNG 26+1.1 24.8+4.2 22+04 32+0.7 92+35
IESS 3.5+1.5%9 29.7 +3.5%% 2.1+03 3.1+0.5 11.5+3.3%%

AN SN A DP < 0.05, QP < 0.01; Y 2R 41E L EBP < 0.05

3 g

HERA WU NSS4 B SATE M EENAZ
— AEIEE AT R MR I 2 A S AR AR S
AN 7, B B w2 B A Sl A A Ao
FHEERAG MU ) o ARWFE S R Bon , AKT ARG
IR RO TR S S S N (R RV AN ]
ST AN AL A e A R AT FHE B L) PR 0 R
KFREE AT, M2 b 8 W 5 0E 5 AR, R
BRIV 13 22 | 30T BE S R 46 Hh BB S T i FRl 7
S, B AHTRIT L, SR R IR 3 RS
MWL SR S8 A5 R, O AR RN % E
A P A e 5 2 A FHE P AL 3 6 D55 g ) R, 24 e 46
BRI A v R AR HE RS LB S0 (AR ER T4
5 IEH AR A H S22 8 (P < 0.01) , i 45 Hp iR
H R HERS LS IS AT AUAE E, 55 B
HEPR AT T A A% G S DI R4l ik L
W i G PR T T — R AR ]
KHE Sl ZE 3G T HERA UL J7 5 v] e -5 0 iR
DR e A L) R DR R s 22 LR AR A OG JR s
E& BRI ER Z — XA LI
JIA T RERaH, 4307 AT BESZIRYT I i T 58 i = i
A ERE MR UG 22 i sl R T HER LA B
SRS RIS, 200 T MERa LAY 3= sl )1 5

JUL AT B 3 55 T 56 2R 3] 56 Y e 32 Bl h i AR E
PE SRS L WL 3 55 52 M Lk 37 AT AE T
e, BZRGRN, IE MO D ReFEAE i B A6
b, IR A Y Sk LA D o e Sk I A R v
AR FrE T R e IR S s 7, Al e
AL RO R T BRI A

IKEATVE T, Barela S5 1E , \AEF5HH 6158
7K AT R 60% 2647 o BT LIKYT 4L RERS A B
IKBGTR ST FEK R AR RS M 1 TR O 22 I st 7

932 www.rehabi.com.cn

ATk R BEA T H AR 20K A2 %% (central pat—
tern generator, CPG) [ &4, X & /K iz shyr 21y
FRPEHT F34h Ruoti S H T T/KERA 1Y
Fhi I (viscosity ) , ZK Hiz S, AR = 4 2 4bBH )
Wz SRR, A RS RE A2
Yo Rozzi U FAHREE H P, 7K Hh (1) BRL R S 4 S5l
IR, BE(H R B AR 5 A5 T R 15, S ik
NS RE R ek . AWEFE T it iz 3y A H
IR YIZRA R ST X PE T T 38 58 T B A UL
FEilae S LA g it LR R A TN 2R i A8
AR UL B AT B, DRI 3G 5 T 7 Rl
DLSEBLRG R ILIL ANzl , ks 1 A h g, f2 ik 1
IREMRS .

AWFFE K72 ) R A [R] PR ZE P A
ARG, 5 TR SR 25 R — 3, H R R AT fg
ZAITSAETT IR AT R ILIA SRk B I K
i AR LA AR B ZR R 215 30 4%
WA 2R . PRI, KT A0 T R 2B i 2 h
s £ TR RS KT ISP g St A [N, AN e e 2E,
ST B — I A B, Ry A vh R Y ) )l R
Fefit T — A p

AAHFE R RBR - O F U ek (R
B B[] — i oA ), HLAR 22 B E A i, 32183
WM LA 22 e AT A5 LR L b5 ()
H1 T A LUE 2l REME 20 S AR 254, BT ATE L
PRy I e BRVL PR g 22 0 LU R B AESE 1
SEFRE, FATHE R TR0, LR
RAWIE

Sk
[1] RTINS A G A T T i F 0] A M B 2= 40
47,2010,8(27):51—52.



FHEAE 5 4L 20134 08 % 510

(2]

(3]

(4]

[3]

(6]

(7]

(8]

[9]

[10]

[11]

SRTHEE BR AR, T T S5 D A T ZRES A AT RIS AT 60
AR L S 1) A9 7 RO D] #2 B 5 HEA 12 272,2010,1(36):
28—29.

Teixeira-Salmela LF, Olney SJ, Nadeau S, et al. Muscle
strengthening and physical conditioning to reduce impair-
ment and disability in chronic stroke survivors[J]. Archives
of Physical Medicine and Rehabilitation, 1999, 80(10):1211—
1218.

Stein J, Krebs HI, Frontera WR, et al. Comparison of two
techniques of robot-aided upper limb exercise training after
stroke[J]. American Journal of Physical Medicine and Reha-
bilitation, 2004, 83(9):720—728.

Ada L, Dorsch S, Canning CG. Strengthening interventions
increase strength and improve activity after stroke: a system-
atic review[J]. Australian Journal of Physiotherapy, 2006, 52
(4):241—248.

Lund H, Weile U, Christensen R, et al. A randomized con-
trolled trial of aquatic and land-based exercise in patients
with knee osteoarthritis[J]. J Rehabil Med, 2008, 40(2):137—
144.

TN BRI A L, 55 KT AR AR s R TR AR T T Y
I FRI]. el B AT B 55 5121,2005,11(10):862—863.
Blackburn M, van Vliet P, Mockett SP. Reliability of mea-
surements obtained with the modified Ashworth scale in the
lower extremities of people with stroke[J]. Phys Ther, 2002,
82(1):25—34.

Sullivan KIJ, Tilson JK, Cen SY, et al. Fugl-Meyer assess-
ment of sensorimotor function after stroke: standardized train-
ing procedure for clinical practice and clinical trials[J].
Stroke, 2011, 42(2):427—432.

Mao HF, Hsueh IP, Tang PF, et al. Analysis and compari-
son of the psychometric properties of three balance mea-
sures for stroke patients[J]. Stroke, 2002, 33(4):1022—1027.
Mehrholz J, Wagner K, Rutte K, et al. Predictive validity

and responsiveness of the functional ambulation category in

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

hemiparetic patients after stroke[J]. Archives of Physical
Medicine and Rehabilitation, 2007, 88(10):1314—1319.
2L, B AR A A o R A S Rl 7 S B R IURIE
UL THTUUH PEAF SRR AT FE (0] o [ R A B 55 592 2,2007,12
(13):1147—1149.

HEBAK, Hui-Chan WY C.ERFF 1IN 8 FILAE ) i R AR A 4 -
i A v e R T e R s N R T IL H, P X B (0],
R P e 24 B AR 243K,2003,25(4):212—215.

B IR, AR s B v Sk UIL I IR0 T 5 D g
Wi ek B 52 () 5% 0[], v 1] BJE 2 B 2 4% 75,2008,23(12): 1120—
1121.

Barela AM, Stolf SF, Duarte M. Biomechanical characteris-
tics of adults walking in shallow water and on land[J].
Journal of Electromyography and Kinesiology, 2006, 16(3):
250—256.

Eversden L, Maggs F, Nightingale P, et al. A pragmatic
randomised controlled trial of hydrotherapy and land exer-
cises on overall well being and quality of life in rheuma-
toid arthritis[J]. BMC Musculoskeletal Disorders, 2007, (8):
23.

Thorpe DE, Reilly M. The effect of an aquatic resistive ex-
ercise program on lower extremity strength,energy expendi-
ture,functional mobility,balance and self-perception in all
adult with cerebral palsy: a retrospective case report[J].
Aquat Phys Ther,2000,8: 18—24.

Gayda M, Juneau M, Guiraud T, et al. Optimization and
reliability of a deep water running test in healthy adults
older than 45 years[J]. Am J Phys Med Rehabil, 2010, 89
(9):722—730.

Ruoti R, Morris D, Cole A. Aquatic rehabilitation[M]. Phil-
adelphia: lippincott Williams & Wilkins,1997. 64—65,212.
Rozzi SL, Lephart SM, Sterner R, et al. Balance training
for persons with functionally unstable ankles[J]. J Orthop
Sports Phys Ther, 1999, 29(8):478—486.

933

www.rehabi.com.cn





