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Abstract

Objective: This study aimed to investigate the effects of Kawahara Method (RFE) combined with
Sling Exercise Training (SET) on lower extremity motor function in stroke patients with hemiplegia
on the basis of conventional rehabilitation training, so as to optimize clinical intervention strategies
and provide evidence-based references for functional recovery. Methods: Sixty hospitalized stroke
patients meeting the inclusion criteria of Brunnstrom stage 2III and 3 weeks to 6 months after
stroke were enrolled. They were randomly divided into four groups using a random number table:
conventional rehabilitation group (Group A), conventional rehabilitation + RFE group (Group B),
conventional rehabilitation + SET group (Group C), and conventional rehabilitation + SET + RFE
group (Group D). All groupsreceived corresponding interventions for 4 weeks. Outcomes were eval-
uated by Fugl-Meyer Assessment of Lower Extremity (FMA-LE), Functional Ambulation Category
(FAC), Berg Balance Scale (BBS), and Sheikh Trunk Control Test. Results: Intragroup comparison
showed that all indexes were significantly improved after intervention in each group (Group A, P <
0.05; Groups B, C, D, P < 0.01). Intergroup analysis revealed that FMA-LE scores in Groups B and C
were significantly higher than those in Group A (P < 0.05), and FMA-LE score in Group D was much
more significantly higher than that in Group A (P < 0.01). For balance function, BBS score in Group
D was significantly better than that in Groups B and C (P < 0.05). FAC and Sheikh scores also con-
firmed the best comprehensive performance in Group D. Conclusion: On the basis of conventional
rehabilitation, either SET or RFE alone can effectively improve lower extremity motor function and
core stability in stroke patients with hemiplegia. The combined intervention of SET and RFE shows
a significant synergistic effect with better clinical efficacy than single therapy, which is a preferred
strategy to promote motor function recovery in stroke patients with hemiplegia.
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S RUUE AU IR SIS —BGER0, e, R, SRR E T H02 R BUR R . s T
SE RS ERAR[2] [3]. UETHE MR E NG LLSGENL ) RGBSR BEalP AT S50 SR &,
BALIAR — 2 IR KR IR NGE, EX PR RS, ZORERE. »EiEshER S FH Y IE
(R A AN AL, e DL R B X AT AR . BB SAERENE SRR, S8 RERE NBUR
BORMAEZER[4]. L, HWERDFEE. YU EANILEE R TR, OGRS o FE 5 A i T 78 74
M IERNI -

DR R R A . AR 4. ORI NS 0S8 B (AT, A R S A% O LB IO AR
KT N S AR R, HEESECEEIRGR . PR TRSRERENIN[5]. £ T Meta 3BT 51l R 7L
WESE, dRAAZ O RE Ik AT B35 3R T Berg P &R (BBS). SATIIRE D P (FAC) KAR T3 #1345, N T
iRk Rt Ra E 1125 T B 13] [5]. & MilllZ(Sling Exercise Therapy, SET) LA E S HETH 5 5B 5N
RHIE, BERERS ORI B UL, (2R, IRV HIR, 78S A B 08
VS PSP AT DR T ARG V2 UEHE SCRE[6]

JIPFE(R BAREIT %, Repetitive Facilitative Exercise, RFE) & DLt Kk, (£45 S 1A R ELiE AN
RO REEHEAR, BN S shi KRR, (et 5 A e i 5 A s 3
TEGE R ZE . IR mnsaEhl . oG8 NI Re A TR A R [7] [8]. IEFIGIRIF 5T E~, RFE BAA
BEE AR ER T Fugl-Meyer NS I BEE/ (FMA-LE). T HE /1547 RE 7, C R A6 Hh i e JiE &
(1) B AR EFE[9]

ML EAMER, 1P s sh N S w2 im otk , B m IR0 E RO R E SR TR,
RV AR + B0 + st iR R A, BR b B B R8N [10]
WA A ZER THR—ITERIGAHE, TMREIRES. FESERIIZGHET AT ]G
BHR—S5PAE T PR S R ER AN AL, RHBRZX TRIZES). Pl P47 RIRTHEH £ 485
PRIED IR, X AP I R 77 R [11].

7 AR R [ A S AR R BUR T, AR BRI R TR SR S WA A, AHIE A DU AR H A
TR B R G, EH AR R E 4y 53 SET. RFE K & A T7i, UL FMA-LE. FAC. BBS.
Sheikh K8l 0F 7 R 3 B L5 Rfabn, RPN AR REIT 807, HIAECE 77 RS E, B
SR RATC AR 285 H s T JEG R 5 SRS | & S L 5 S R 9% B SR A A v ot B 0 A A H

2. #IRE I
21, — AR

I 2024 4 7 H~2025 4 1 AAEA B BER R A RMEBE IR T AU A P e B 60 B, A i A
CWibRdE, 28 CT 8 MRI #ii2 . IAFritE: © 223K/ CT 5 MRI B2 BRI/ 1 i RN 25 v, 756 2019
FERATY o B 28 BN BRI W2 ) BN i2 W R @ R 3 JH~6 AN, ARk 30~75 %,
IR FE ) RAF, Fifsfae: © MmAEM T Brunnstrom 2031 > 1111, TR > 2 %% @ ‘EdnikdiEss
€, BUHE, AT SRR ©® Frf 83 B B S INA R [F S8 A R 45 HEBRARHE:
O HIFEAERC. Bl EERESEUREA S, TMMERLE, © A ENE S IhRERG. U0
WroshshG . JEE RS | BOLREIGSE; © BATCERSIEON; @ SRR B AR ER
TEL; © FESMRI: B © TERFFSRER TIPS . RIS RZEH 60 6
BFESNAM, A5 H. WHBEEIEDN . FRe. S, RE WS R, 2R
giit 2 (P >0.05), RARILIEGERE 1).

DOI: 10.12677/acm.2026.1652111 2976 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1652111

W3S %

Table 1. Comparison of baseline characteristics among the four enrolled subject groups
F 1 AR 4 EZIHE—RRERER LR

2H 51 511 P53 (1) R & A P A 7]

5 i (¥, X=s) (cm, Xts) (kg, X*s) I o
A4 15 13 2 60.13 +12.89 170.27 + 6.64 74.40 £12.75 6 9
B4 15 13 2 60.80 £9.37 172.27 £5.50 74.80 £8.14 9 6
CH 15 8 7 60.20 + 11.96 169.00 £ 7.14 68.40 = 10.95 8 7
DA 15 12 3 61.53 + 10.47 172.60 = 4.58 71.60 +4.79 9 6

P 0.096 0.985 0.322 0.247 0.658
2.2. Fik

F B BE 2 A N RHERE 26 TT B A EE

AHERREH): LT HERBEEIS, OIFSRNENELNL. DTG PEINZ. HERIIZ.
HIEUIZREE, 30min/ik, BH 2 &, B 5 &, it 4 & RIEEF Brunnstrom 7. WLIEEL(MMT)
T 52 PR REBR B 3 . 1 SR A vhIRIR T (RPEA-5 43), B AU ZE, @I EiEsh; IV~VIR
W R (RPE 5~6 4), H AU, RS S . SE AR SEREELL 2 I GRARR (BRI
W PURHE Q0. IR NE), ZHEMY . BARUIZG T R E

(1) #Es SR 708

WEEIH : KFshAR, AT 5~8 Ik, SIEENE. M, HEBFRE NI IS R R AT IR T
10%, HLAIE TR IR

(2) B Eigsh 5N (8 44

@© AARAERR ISR, 15 I4L, 32 4, HikE 30 #b. BERTFRE: BEMOZHESHERIK, TEALIUE
A

@ LRI AP, 12~15 WA, 352 4, SRS HE RN . R bRE: sE A TE P
e, TorEdm:

@ FHATIR# S BRI HIIZE, 20 I, 3L 2 4. BERbRdE: BislkaE rEmin, 32 4R 7F.

(3) TR A E 5 FHTIIZR(T 4 5h)

@© B R ENZ, 30 FbK, JE 3R, BERARAE: BT ER G 30 £

@ HOERIIG, 15 KIH, 352 H. diFrbaik: S0 Eik AR E 50%0L b, HOHE PRG35

@ Ak - i illgR, 12 I, L2 . HEBARAE: 1 b SE R 10 IRARERE IR BN 1E

(4) PSS EDIZRG 25h)

O TN, L oehiter, 25, BHbadE: 5 FlESHEE LRSI TE 10%;

@ FHaxfagi], 30 Mk, L3 k. dEFrbRdE: SIEEDT, JoREL HEETR HAE.

(5) JBUks 5 HEHL(S 435h)

© BEEM, SANERFE 0, EE 2K FERFI: HERE, UROENR, 2588,

@ R, 2 %0, FEEFED: ARG E .

B H(H MR +RFE 4): 7EH MUFE R IZ A E3n )L Z Mm%k, RFE)IZ, %817
ERERRE AR, XEEM TR T R A W AR S SRR RE IR, i BEsh, Mg, 2
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BHE A RIEE . BTk © AT BARBANEIE: @ M0 TERIRMIZES) B sk 6
AT A K S A S VR G R AT PRI VR T I R T, BT R T s LR A, W
CREME” B “1. 27 5 @ SER)PEER T FREE TSRS 6 R IR T I 85T MR A I g
G, B0 R R A, AR E A . RGBS EEEPER ATV Es), R
REE AR HFRVLP SR 20 . WU I ZE: 30 min/k, 4H 1k: RFE: 30 min/ik, &H 1,
Ji 5, it 4 1.

CH(HMEER +SET 4): fEH MR Fng RIZR(SET), FEINLNELR: 255
TENZR. MMEMES EARUIZR. MIEMT S BRI INEMY ORISR AR ¥ 8 S AR AE 2 Thig
HEFER R IR E SXERE . HAEE IIZR: 30min/ik, & H 19k SET: 30min/ik, & H 1k, &f5
W, it 4 .

D H(WHES + SET + RFE 4H): 7EWMEEIIZGEM E, RS TREBINEGS)IFHENZE, W
REENZR: 30min/ik, fH 1k SET: 15min/ik, fH 1k, RFE: 15min/ik, ®H 1k, &5 X,
4 H,

2.3. YEIgHR

TTHRET LTI 4 F e o3 A% DU 28 58 3 BEAT LT Fa AR P A -

@ Fugl-Meyer T a2z LhBEPF 73 (FMA-LE): {7 34 70, 30l T Oeshhheisss; @ b
TR H(FAC): 3L 0~5 4, SR AT RE IkR; @ Berg “FiE R (BBS): iifi7r 56 7+, 157
R RN T T DI e ;s @ Sheikh SXTHEIRE JIVF2y: W7 40 70, 19 /0B R IR T2 H] 5% O Fa
PE AT -

24. GHFEH*

K H SPSS 27.0 Gt 2047

THEGRL: fFEIESA M X £s Ron, HNHEBCRAER t A5, 20 IR HL B 56 % Levene 75 2 5%
PERESG, BN T 255 RO BT B R T Z 0 HT(ANOVA), #5075 ZANT5NHE4T Welch’s ANOVA Fi 5 .

AFFEIES AT L M(P25, P75)3%7R, LA HEECKH] Wilcoxon 775 /4GS, 4 I1R FH4L1A] Kruskal-
Wallis H #6556 .

THEBTRNE ) W ED S DA n o), SR 2

P<0.05 #/REFAFGHHE L. P<0.01 NEFHAG A BEEE L.

3. &R
3.1. BEEBURLLE:

VULH 238 T-Hii FMA-LE 3. FAC 70%%. BBS iF4r. Sheikh $Fr&48br B LS5 (P >
0.05), HA A HEHE(TE L ZE 2).
3.2. MAFIREEIThRERXIERTRAIFHERA L

A HAZEET TG FMA-LE 4. BBS #4r. FAC 4321 Sheikh 1F43 4 B A B MR P <
0.05), B4, C M D HZ i H T )G & FabnvE o8l 9 B A JE% B 52 (P < 0.01) (W WL 3).
TEH MR NG F45E )k 58RI, Rt Eina Zdet 28 E T s s e 50 ket
(FE LA 1),
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Table 2. Comparison of motor function scores between the four groups before intervention (mean + SD)
7= 2. 4 R T ATE s N AT LA (X £5)

A4

B4

CH

DA

HEIH (n=15) (n=15) (n=15) (n=15) F P

FMA (5%)  1786+120  17.80+234  17.33+274  1700+239 0443 0723

BBS () 22474304  2280+2.88  2413+300 23004280 0912 0441
FAC (441)  153+0.52 166 +0.49 173+059 1.60 +0.51 0399 0754
Sheikh (4)  7007+636 6933650  6753+656  7020£632 0546 0653

Table 3. Comparison of motor function scores before and after intervention within each of the four groups (mean + SD)
7= 3. A RN TR ERNINEEITE SRR (X +5)

W E ZH 3] FIHT FHE t P
A (n=15) 17.86 +1.20 18.80 +1.37 -2.226 0.043
B (n=15) 17.80 +2.34 19.93+1.10 -3.813 0.002
FMA (43)
C(n=15) 17.33 £ 2.74 19.73+1.28 -3.674 0.003
D (n = 15) 17.00 £ 2.39 20.53 +0.99 -5.963 <0.001
A (n=15) 22.47 +3.04 2473+ 3.75 -2.210 0.044
B (n=15) 22.80 +2.88 27.80 +4.90 -3.678 0.002
BBS (%))
C(n=15) 24.13 +3.00 28.00 + 1.85 -4.579 <0.001
D (n=15) 23.00 +2.80 31.00 + 1.46 -9.941 <0.001
A (n=15) 1.53 +0.52 2.00 £ 0.53 -2.824 0.014
B (n = 15) 1.66 +0.49 2.60 +0.63 —4.090 0.001
FAC (44%)
C (n=15) 1.73+0.59 2.73+0.79 -3.873 0.002
D (n=15) 1.60 +0.51 2.86 +0.64 -6.971 <0.01
A (n=15) 70.07 + 6.36 76.27 +8.10 -3.879 0.002
B (n = 15) 69.33 + 6.50 83.07 + 7.56 -7.076 <0.001
Sheikh (43)
C (n=15) 67.53 + 6.56 83.87 +7.28 -6.323 <0.001
D (n = 15) 70.20 + 6.32 89.67 + 7.14 ~7.649 <0.001

3.3. MAFREERTHEEMXIEFRT GBI E

AW ZZREET G FMA-LE P2 23K T B45 C 4(P <0.05), HAEH BT D 41(P <0.001).
B 415 C HFTi/5 FMA-LE Wik D 4, {HAHA B %M P > 0.05);

A A5 # BBS P/ (KT B 41(P <0.05), HIFWEEM T CAHE5DHP<0.01). BAHECH
BBS 174 (KT D 4 (P < 0.05);

A W2 REETHG FAC 8 Z /M B AP <0.05), HIFFHEZENF C45D4HP<0.01. P<
0.001). B4 5 C H+THi5 FAC 73/ D A, (HARA B % FIEP > 0.05);
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A A2 REETHUG Sheikh ¥4 EE /M B 41(P<0.05), HIFWEZE/NF C45 D4 ((P<0.01. P
<0.001). B 415 C 41 Sheikh ¥4 &K T D 41(P < 0.05).

FHUGHR R, FEEISG + )IIFFE + BRIIZAE I MIhEEVE 5 B S FIHAahd, Ak
]SRN LA DLV L2 4.

* ! |
T | —
ol *%k
259 ! —
#o#h 0 A4(n=15) _ . x
# 40 1 4 -
20 = B4(n=15) —J, i 3 A%4(n=15)
~ = C4(n=15) 304 # Hi# = B4(n=15)
&7 =1 D4 n=15) 2-'5 =3 C#4l( n=15)
< 104 ~ 20+ = D#4l(n=15)
- a
5 @ 10
° 0
ol T T
TR TRE FHaE FHE
i N % _
#RRSARE TIATELAR, #P<0.05, #4P<0. 01, #4#P<0. 001; #RTSAETMATELE, #P<0.05, #4P<0.01, ###P<0.001;
*FTNHIEFIASELE, *#P<0.05, *+£P<0. 001 * R tBIE FHUSLLER, *P<0.05, **P<0.01, **kP<0. 001
(@ (b)
*okk *okok
— —
i L
4  —
* O A#(n=15) —
Ht .
3- i =3 B4 n=15) oo 1y
= g 03 C4i(n=15) e T 3 AZ(n=15)
P T 4 =
R 24 0= DA(n=15) . ° =1 B#i(n=15)
- R ol 03 CH(n=15)
2 - =1 D4 n=15)
L 1 X 40
o
o=
@ 20
0 r .
Fi FHE 0 : :
FHAET FHE
ba ] .
: L
#RMSARETFATLLIR, #P<0.05, ##P<0.01, ###P<0.001; HERRSAATIRATLLE:, #4P<0.01, ###P<0. 001;
xR B FF/GEEER, *P<0.05, **P<0.01, ***P<0. 001 *ZE A B FFRRELER, *P<0.05, #KP<0. 01, *kkP<O. 001
(c) (d)

Figure 1. Comparison chart of motor function scores before and after interventions within each of the four groups
1. MALARFRRIEEHINEET S XL E

Table 4. Comparison of motor function scores between the four groups after intervention (mean + SD) (mean + SD)
4 4 AEETFHEEHINEET IR (X +5)

MR H (nAfias) (an%s) (ncflas) (an%s) F P

FMA (5)  1880+137  19.93+110°  1973+128°  2053+099"" 5425 0.002

BBS(5) 2473375  27.80+4.90<  2800+185°¢  31.00+146° 9003  <0.001
FAC (41%1)  187+052  207+059  220+004"  260+073" 5064 0.004
Sheikh (4)  7627+810  8307+756%  8387+7.28°¢  8O67+7.14" 7968  <0.001

E: aRoRE AHHE, P<0.05; YRS DALE, P<0.05; *FonrE AAE, P<0.01; *ERE A ALE,
P <0.001.
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AT FE LA A o 0 SRS i 3 £ B ORI U 5, SR U2 AT 0 i, RGTHUETR IR . LR
WAL HREBRG ML, P MEERE)IPHES 8 milgx FRGEsiZhee. Figth
BE AT HE S SAZ R E PERIRE MR o BT TR, (8 AR R LAtk _E 30 8 — 7 VA B AT B 28 52 T R AR,
T )SAHERR G & M UITZRI 2R & T PR QR DL 2 25 U RIS A Y, 5 I RE Fi bR i 3 00 T B — 7 ik
A, PRzl 7 AR A R B TR BT RERE R I Sm il S R R SRR AL 1 e 1
LS -

4.1. HEEEZHHEIDH

06 26 P AR PR A o3 BEATLAR A AR 22 R i R B S B A Sl B 240 . LR R .
AR R DR M TR, 3E1T 51 K R RS SRR « SPETRREAT SO AT DhRe 2 IR[12] . IR R 2R
B HCERATESIE . FEmEERL, (EX e EIEER E . 4y S sk R BAZ O RS RS A 2, Th
RETRFHIREE AR . AL R Ton, Al W IR vl & DR AR /AT — € s, (RERFHIRRE BN T
HTWH, SENZHHFTEE 03, $emi— iR o DI 2 IR E N DIk & i 2 1 75 5K .

B MINGRIE I AT E SCHEHBOS T S B BR JZ R E UV, s A IR i N 5 b 2 LA 42 e
NS SR R ) 2 e . A, B LB E S SET T1i)a, Berg ‘P14 Sheikh X3zl
PEO» KO ATIhRE A ¥ BB AT AL, E S8 M G AT A G D R E T 5 A il fe g, bR
NI AR 18] X BRI I RO RRE R R T REWK R I ATER ” W R EIA, O
WIZRAE i A% r e B rh ) L S 130 RO PR S

JPEAE A —FE A, EEEAMAfBEEAR, @i A S 2 s sait, nE et
A SRm s A, Mk R R, BREIEY), REEIEHIREE. ARG RER, £
HOMLRE L LA 3 )1 PR R ST FMA-LE FROZSIIIREE Sy, B ST 5 Thag, Sen )l
SRR B A T sl fil X, I N IS s R AR [14] o 145 R S5k E N T )IPE
T A o 2 P e R SR IE BN I RE AT T 458 — 8, B IRAE T HAEM & R AR A [15]

FHOCH FLR B, NP AE St o A% se % d i m A 4k iz 3, F IR P ik 22 8 37 15 7 (BDNF),
FBOE 2 A (TrkB), (2 #E R AR I FEIG SR (LTP), 0| 57 % RAEERE . 11 Ml ZRis i fEAN RS E M B
FH R A AR B B i N RN, A RO AN - 18 B0 R SR e, AR R R e M S ThRe it . 3
“OTEMT S CDhRelEi” MRS E, BmMUIZRERIETE )1 IR RS i 28 B AR I AR T R R
TeFIRR E PEAR IR [16] [17]. TRE FE R, JIPFE R T 5 2 o 8 v fE @ B 1 i, 2 m il
YU 56 05 55 3 0T A B R R A IR RE SR, SR R TR A R S R R R e . A AR
A B JE T R 3 L R A R B R RO, BR RS T AR I B RIE M, SOORRR T A i
s HEVE[18].

NP E T gEsg ER S E R, BmIGNE T o E SRS, —EEERL
fil L B E AN, RITERR MRl - 0 E0E - Eaf T MR R R k. AR EOR, BEAE TN
ZBNIhRE PETTIRE S SPAT RE ) SRR T B AT IR, PR AR TSR 1+ 1>
2 MEERACR . X—2503EA T E AT )IHE S B mIIGERAE MK B R E, NEERETE
MRAGIR AL T H B S

4.2. MRERYE
AT AFAE 5 SRR E: FEAEMX AR, WRHWISOY 4 B, REATIZHREY; R,
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A I W A WL T e e LA ) A S AT BA TR Al . ASKRWIIFREREEA . KWIBEYS . 2l
HIBEHLX B TT, S SR BT B, B PE IS T IR IR, A rh i 5 e
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