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Effects of combination therapy on hand dysfunction and cerebral cortical
function in elderly hemiplegic stroke patients

Feng Yajuan” , Jia Xiaopei, Song Xiaotong, Gao Ge
( Department of Rehabilitation Medicine, Handan First Hospital, Handan 056004, Hebei Province, China)

[ Abstract] Objective To investigate the effects of low-frequency repetitive transcranial magnetic stimulation (rTMS) and contra-
laterally controlled functional electrical stimulation (CCFES) on promoting the recovery of hand dysfunction and the influence on cerebral
cortical function in elderly hemiplegic stroke patients. Methods A total of 150 elderly hemiplegic stroke patients with hand dysfunction
admitted to Handan First Hospital from January 2024 to January 2025 were enrolled as study subjects. According to the rehabilitation
treatment methods, they were divided into a CCFES group ( CCFES + conventional rehabilitation training) and a combination group
( CCFES+rTMS+conventional rehabilitation training) . Before and after treatment, Wolf motor function test (WMFT) was used for eval-
uation of upper limb function of the affected side, and simplified Fugl-Meyer assessment (FMA) for evaluation of motor function of the
affected side, and modified ashworth scale (MAS) for degree of wrist spasm on the affected side. The wrist active range of motion
(AROM) was measured, and modified Barthel index (BI) was employed to assess the daily living ability of patients. Meanwhile, a
magnetic stimulator was used to measure the resting motor threshold (RMT), motor evoked potential ( MEP) cortical latency, MEP
amplitude, and corresponding interhemispheric asymmetry (IHA) index in both the affected and healthy hemispheres. SPSS 26. 0 was
used for statistical analysis. Comparisons between the two groups was performed using ¢ test orX” test depending on data type. Results ~After

treatment, the WMET score, FMA score, BI, and AROM in wrist dorsiflexion, palmar flexion, radial deviation, and ulnar deviation in both
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groups increased compared with those before treatment in the same group, and the above indicators in the combination group were higher than
those in the CCFES group, with statistically significant differences (all P<0.05). After treatment, the wrist spasm degree MAS score in both
groups decreased compared with that before treatment, and the MAS score in the combination group was lower than that in the CCFES group,
with statistically significant differences (all P<0.05). After treatment, the RME, IHARMT, MEP cortical latency, IHA latency and THA am-
plitude levels of the affected side in both groups decreased compared with those before treatment in the same group, and the above indi-
cators in the combination group were lower than those in the CCFES group, with statistically significant differences (all P<0.05). After
treatment, the RME of the healthy side and MEP amplitude of the affected side in both groups increased compared with those before
treatment in the same group, and the RME of the healthy side and the MEP amplitude of the affected side in the combination group were
higher than those in the CCFES group, with statistically significant differences (all P<0.05). Conclusion CCFES combined with rTMS
can further enhance the recovery of hand function in elderly hemiplegic stroke patients, and improve the imbalance between bilateral
cerebral hemispheres after stroke, and it has high therapeutic safety and good clinical application value.

[ Key words] aged; stroke; hemiplegia; low-frequency repeat transcranial magnetic stimulation; contralaterally controlled functional

electrical stimulation; hand dysfunction; cerebral cortex function

This work was supported by Medical Science Research Program of Hebei Province (20240396).

Corresponding author: Feng Yajuan, E-mail . fengyajuan598@ 163.com

FRESE MR PRAE R 45 52 2 T AR, B T
TBIIRERD (5 4 B INRERY 27% , K AP0 T DI e 2 ff
B AR AR Rk A i B SRR A P S i
W B R T I B R R — TR i 2R v RRE A2 Mk
Z X A ) 2% o) BE I H 3 ( contralaterally
controlled functional electric stimulation, CCFES) J&
— e A1) 7 4 e 22 UL PA) L R 38 ( neuromuscular elec-
trical stimulation, NMES) , 51£%4: NMES A~ [5] A% &,
CCFES LU0 Ty 6 14 20 4 1Y L HL A 5 4 il s 00 2
RE B e L DA A L SR G35 B8, T ol 0 00 32k 30 155 e 0 A
IR RE S , R i si B TR (e ik DB
B CAPFIERW], CCFES 1T A 436 i A< v
D £ 25 T3 S T2 R M A e v 5 2R Y
FINREWR I MERE K H 28, B — I B R TE T 3)
RERRASVR S HH A (L PT RE A BIR , A i P 4 7 ki 2
Hh Qi T 2 RE R A5 2 TP B 0 IS [R) IR 9T T B
1B H AT A 1077 7 26 Hollm R 7 A A il . Ao
SO IR 35K 8 Bl AT 2 I A el R
S ) DR PR AR PR 52 11 TR B2 S R o O 48 P
J13 (repeat transcranial magnetic stimulation, rTMS)
R LR A5 H % 1 it B, AT AR K 2 ) e
L, 5T i 28 T BB O AR R A TS 45 S
RE A0 ) B2 15 10 A Bz 22 2% v M A2 3 55U K i <
PRPAFIRZ ', BT, AW SEXT CCFES A I
Y TMS 7 2535 i 2 vh fi 0 A2 0 2 A h Y
P EHE AT BT, O 3 2 50 R ( transcranial
magnetic stimulation, TMS ) K Il & 2 £8 0 A fii 75 5.
12 BJ1 %1 ( rest motor threshold, RMT) iz 317 &
{37 ( motor evoked potential, MEP ) I & Sz 3% {1,
FH T 7 A 5 R 5 VA T A B A8 AR I Al B B

AR R B ARR S T BRI B AR D I A
e 88 TR IR S e L Z R 2 % 7 &
HEWT

1 MH57F*%

1.1 #xRIH

AW R I BEHLBUE X BRI R IR G K 2024 4F
1 H %2025 48 1 7 HRER 28— B2 Be it 1 150 i3
A A e T T RE R AT R A RIS X 42, AT
LR T o5 — S e A8 PR S e it vl (AB BRI S
20241174) , 2551 HI &, HFRFE (H/RFE
HEF),

YABRIE AEHE 60~ 80 % £ A h B BE 2 4o i
ZE 2 T LA 2 1 2 A I A s bR e s
WIZE P &9 2 SRS A R & 1~3 S H 5
A | — ) JZ 1A 90 %2 5 Jf W O - 2) BE Brunnstrom
ST ~ IV I B ARE 4 BB BILAR IR C & M1 CTRYT .
HEBRARAE - 32F R M A< v 5 R win A b Ji A1 e 38
FHBiz s RERRAT ; T B2 1 D RE ™ AT s A OF
A R s AR NGO IR S S B A
1.2 FHik
1.2.1 HARITE AMRUEHELTHEET
fiift, Fugl-Meyer ( Fugl-Meyer as-sessment, FMA)'®
TR0 R LS SR8 b, SR FH AR A 349 500 L e T o
AEEWAEAX n=2x[(2, +2,)* xo?]1 /8* , Hh
n AU RER, Z, 0 R B K 2,
Xof I AG B R RE , 4G 06 K 1 o B 0. 05, K 368k BE 1
H0.9, %M Z, 0 1.96,Z,0 1.28 00 WA FFArifE
22,6 NI B E 28, BL K h A3 o =5.73,
5=3.28, 115 n=64, % 1EF] 10% ~20% liv% , B4



<616 - THEBAEZEVERINZGE 20264E8 ] 28 A #5254 45 8 # Chin J Mult Organ Dis Elderly, Vol.25, No.8, Aug 28, 2026

FEASEJy 75, 2R 150 1R A BFoE Rt 4 .

1.2.2 S KEE  RABEIUETERE 3200
ZBEMLSr A CCFES A MBEGIGIT 4, A B &
75 i, AWEGE R SR I, B A BEAILEL ) o341
TR R R A Y AR BN, Z i 5 0
EEHYIAHE B, HE 2R B2 A AT
FGEREDLE 72 i A2 o R R AR i Sk 5
ESTN A I 270 T

1.2.3 FHirt CCFES 4 #H 2 CCFES i4
57 IS R H IS CCFES S48 +TMS 1897, B
AT R RN SR LT 1 4 JB)5 , th & AT
i FHYFE, (1) CCFES /Y7, 1RIFIGE MAER =
IrERHE S4 A PRI AN, 1 O 5T BT
W% 60 Hz, K 5& 200 ps, #% A B, C.D il fri%E
FELR 0 501 T ) 5 A %) i = Sk L B e 75 A i
B BRI, U R AR e A A I 45 )
58 A [V R 8 f o B A i sl 1, 93 s X oz L
P, IR (S0 PR A 5 B, 5 R8O 56 81 155 i ) A )
82 A A s, R 8 B A 2 A i
TEC S B ST AR S AR BT H A AN ]
W A Ak g 3V B T 5 %) R 5 PR R L S
P e AR Y Zent, B b i
T AR OGS 5 T AR R A R B AR
HEAT IR S b . BRI 65, R E 105, BRIK
25 min, B H Y%k 6 R, (2) A TMS, 1GIT L E
H RS G ( Magneuro 60 7)) | X £ 25 (A K
0 BR A 94 328 3 Bz J X (M) AT AR AR TS, i 35
LRIEN 9 em bRUERITE LB, e Ko BEE A 1.5 T, #l
BUORE N 90% RMT, RMT I 5E B, H 35 B 22 % Ak
AL, K B T 0 4R 0 R LLRE Ak, < 87 0
T 0 2k P R AR M X £k P S T
BRI AT, L HEAT 10 R 5 UL ERER:
KT SOV U1 1 3h 18 175 & H AN d5 /0N il 35 e
RIRiz 2 BR 19 RMT, @4 ) 38 45 % Sk 1 Hz, 54>
JEFI10 Aok o, 7 50 18] B B 1a] Ry 2 s, S5 Tk o 5 Ry
12004, 5 WG 97 20 min, 5 K 1 Kk, & R R I
6 K,

1.2.4 EMEZING A B H R RS RHE
i i N S W2 = ]| 2 | EZ N A RS DR o = N A
RN ZR SIS ST g sh BN Sk 22 )ik, LA
SEAL ARV g B 5645 36 Bl B, B R 2k 1k, B
30 min, B JEFESEN R 5 IR,

1.2.5 ARFMIEE PAIBITHIEAN R Y
B B LN B RN R A T Ak Bz R SR 8 2 Aol

SR RRE H L AN IS SRR S I () e, HLAE S R IR YT
JE¥I2s Hal ok ke RAab 2
1.2.6 MEIRAR (1) R Wolf iz gh DI REPFAN &
2% (Wolf motorfunction test, WMFT) " 34 82 |- ik
hag, R E 15 DR, Ird st i sl — 0z
2t T GV R B E I 41 53, 4% sh VETS 43
0~5%, IEEAG 0~75 4y, f3 50w, F I REAR
4F, (2) KA FMAY M B B2 sh D fk, st
WAEES 7 DIH & 00%5r 0~2 73, 3 14 43 45
oy, TIIREMLS . (3) R K Ashworth 73 4%
(modified Ashworth scale, MAS)i?XHEi%%“o] PEA B
MR OC TR ZE R 43 0.1,1.5.2 .3 4 3k 6 5%
9 FYOBIR R ZE R B, (4) SR iE AR
3l 0 e FR R 5CT F: shiz s il e e
s Ko R 7Y A~ 7 1) 19 i 5 15 32 3l 9 3l BE (active
range of motion, AROM), (5) Rk K Barthel #§
#(Barthel index, BI)'" PEAL 8 # H % 42 1% W 3
ES1. (6) R 5t A E Magneuro #3130, K5
RIGPO RMT \MEP Bz 5 R0 be MEP ¢ , 3531
THAA X5 7 2 35K 8] R %F F% ¥ (inter-hemispheric
asymmetry, THA) $8 %0, THA ,,, 4850 = ( #00 RMT - 1]
RMT) /(40 RMT+E0I RMT) , THA 46 B0 T 0 %
AN AL (W FR) 5 A g 5 28 0 MEP R[5t
TERORIT, THEY THA 0 = CEON MEP V(R 91— 01 MEP 1
RIBD) / (U MEP BRI+ MEP YR I0T) | THA o T
T 0 e 1) 1R A (PR 5 A e ] 5 280
MEP P, 3155 THA s = (RO MEP 3% i — (201 MEP 3%
W)/ (AN MEP 3 i + 20 MEP 3 ) | THA 842 3T
0 Frn ) AL (K)o
1.3 FitFEaE

K HI SPSS 26. 0 GEtF A TR B, T
GOBHH AR R 2E (ots) R R T ¢ K0 5 TR
FHHBIE(F 75 £ RIXC K S, P<0.05 K
ZRAGIEE X,

2 &5 R

21 FHBE—MER

A4 75 B 35 A 2 Bl BRI AE B SOk B
PEARE T TP SRR YT, CCFES 1P/ 1 il H A 9
JPRCARIR BT A iR, BA AR Ay B 73
CCFES A4 835 74 058 AR IR YT, AR
PR WY ARFEM SRR 2 Brunnstrom T 2 g
SYRETR LR, 22 TG T2 L (P>0.05;
1),



MR ZARLZONEPORZGE 200648 H 28 H %525 % %5 8 # Chin ] Mult Organ Dis Elderly, Vol.25, No.8, Aug 28, 2026 - 617 -

x1 WABRE-—RABLER

Table 1 Comparison of general data between two groups
Combination ~ CCFES
Ttem group group X*/t P value
(n=173) (n=74)
Gender[ n(%) | 0.167  0.682
Male 48(65.75)  51(68.92)
Female 25(34.25)  23(31.08)
Age(years, xts) 63.95£2.79 64.79+3.05 1.742 0.084
Type of stroke[ n(%) ] 0.055 0815
Cerebral infarction 46(63.01)  43(64.86)
Cerebral hemorrhage 27(36.99)  26(35.14)
Hemiplegic side[ n(%) | 0.822  0.365
Left 33(4521)  28(37.84)
Right 40(54.79)  46(62.16)
Hypertension[ n(%) | 61(83.56) 61(8243) 0033 0855
Diabetes mellitus[ n(%) | 40(54.79)  44(59.46) 0.327 0.568
Hyperlipidemia[ n( %) ] 28(38.36) 33(44.59) 0.589 0443
Disease course(months, x+s) 2.69+037  2.74+045 0.735 0.463
Hand Brunnstrom grading 0414 0813
[(n(%)]
I 19(2603)  16(21.62)
i 30(41.00)  33(44.60)
v 24(32.88)  25(33.78)

CCFES: contralaterally controlled functional electric stimulation.
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Table 2 Comparison of hand function and activities of daily living before and after treatment between two groups

(points, x+s)

Before treatment

After treatment

Group n

WMEFT FMA WMET FMA BI
Combination 73 5.63+1.62 15.39+2.79 45.64+12.06 33.15+£3.68 " 35.45+3.87" 86.13+22.65 "
CCFES 74 5.74£1.55 15.09+2.95 46.03+11.74 20.68+3.98 " 27.23+4.08 " 80.33+23.51"
t 0.421 0.633 0.199 19.717 12.529 1.523
P value 0.675 0.528 0.843 <0.001 <0.001 0.130

CCFES: contralaterally controlled functional electric stimulation; WMFT: Wolf motorfunction test; BI: Barthel index. Compared with the same group

before treatment, * P<0. 05.
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Table 3 Comparison of degree of wrist joint spasm and wrist range of motion before and after treatment between two groups — (xs)
Before treatment
Group n
MAS(points) ~ Wrist dorsiflexion AROM ~ Wrist palmar flexion AROM  Wrist radial deviation AROM ~ Wrist ulnar deviation AROM
Combination 73 1.59+£0.35 6.13°+1.19° 43.66°+12.46° 5.19°+1.63° 13.98°+2.63°
CCFES 74 1.61+0.32 6.11°+1.27° 44.02°£13.07° 5.22°+1.73° 14.05°+3.33°
t 0.362 0.098 0.108 0.141
P value 0.718 0912 0.865 0914 0.888
After treatment
Group n
MAS (points)  Wrist dorsiflexion AROM ~ Wrist palmar flexion AROM ~ Wrist radial deviation AROM ~ Wrist ulnar deviation AROM
Combination 73 0.74+0.17° 17.89°+2.87° ° 53.46°x14.37°" 92575184 ° 2023°£349°
CCFES 74 0.89+0.23" 13.26+3.05° " 48.76°+14.11° " 7.63°+1.96° " 16.39°+3.99° "
t 4492 9.476 5.165 6.207
P value <0.001 <0.001 0.047 <0.001 <0.001

CCFES: contralaterally controlled functional electric stimulation; MAS: modified Ashworth scale; AROM: active range of motion. Compared with the

same group before treatment, * P<0. 05.
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Table 4 Comparison of cerebral cortical function between two groups

(xxs)

Before treatment

Group 1 RME of the affected RME of the healthy IHAgyr  MEP cortical latency of THA,, MEP amplitude of the  THA , judea
side( %) side( %) the affected side(ms) ey affected side(mv)
Combination 73 80.13+13.67 42.33+11.74 0.31+0.11 26.83+4.65 0.20+0.03 0.45+0.13 0.33+0.09
CCFES 74 79.94+12.85 42.35+£12.05 0.33+£0.12 26.96+5.39 0.19+£0.04 0.44+0.12 0.32+0.08
t 0.073 0.010 1.053 0.156 1.713 0.485 0.712
P value 0.942 0.992 0.294 0.876 0.089 0.629 0.478
After treatment
Group . RME of the affected RME of the healthy MEP cortical latency of MEP amplitude of the
. . IHAgyr . THA ency . THA pitude 4
side( %) side( %) the affected side(ms) affected side(mv)
Combination 73 71.01+12.39* 46.58+10.89 " 0.21+£0.06 " 22.33+2.98 " 0.02+0.02 0.63+0.13 " 0.18+0.04 ™
CCFES 74 76.05+11.85" 42.39+11.66 0.29+0.07 " 24.49+3.11" 0.14+0.02 0.54+0.11" 0.24+0.05"
¢ 2.521 2251 7435 4.326 36.372 4.533 8.027
P value 0.013 0.026 <0.001 <0.001 <0.001 <0.001 <0.001

CCFES: contralaterally controlled functional electric stimulation; RME: rest motor threshold; ITHA : inter-hemispheric asymmetry; MEP: motor evoked

potential. Compared with the same group before treatment, * P<0. 05.
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