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[ Abstract] Objective To test the effects of delivering mirror therapy (MT) and contralaterally controlled
functional electrical stimulation (CCFES) in different temporal sequences when treating upper limb dysfunction af-
ter stroke, and to explore the underlying neural mechanisms. Methods Sixty-one stroke survivors with upper limb
dysfunction were randomly assigned to either the experimental group (n=30) or the control group (n=31). Both
groups received conventional rehabilitation therapy. In addition, the experimental group received 30min of MT fol-
lowed after a 30-minute interval by 30min of CCFES. The control group received simultaneous MT and CCFES for
30min. Both interventions were administered once daily, 5 days per week for 4 consecutive weeks. Before and after
the 4 weeks of treatment, motor function was assessed using the Fugl-Meyer upper extremity assessment ( FMA-
UE) and the FMA-hand (FMA-H) assessment. Ability in the activities of daily living ( ADL) _was assessed using
the modified Barthel Index ( MBI). Motor evoked potentials ( MEPs) were recorded to evaluate recovery of the cor-
ticospinal tract. Furthermore, functional near-infrared spectroscopy (fNIRS) was performed afier 2 weeks of the

treatments to observe any changes in cortical hemodynamics during the mirror task. Results Everyone’s FMA-
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UE, FMA-H and MBI scores had improved significantly after the treatments. The experimental group then had sig-
nificantly higher average FMA-UE (47.00+14.87), FMA-H (16.43+5.43), and MBI (69.04+23.83) scores
than the control group. MEP amplitudes at 13 target sites had increased significantly in both groups. Notably, the
amplitudes at target sites 2#, 4#, 5#, 8# and 9# were significantly greater in the experimental group than in the
control group. The {NIRS results indicated that during the mirror task, activation in the bilateral primary motor cor-
tex (M1), the frontal eye field on the unaffected side, and the dorsolateral prefrontal cortex was significantly stron-
ger than at rest. Functional connectivity between the unaffected and affected M1 areas was also significantly en-
hanced during the mirror task compared with the resting state. Conclusions Following MT with CCFES with an
interval between the interventions may be more effective than simultaneous application in promoting the recovery of
upper limb function and ADL ability post-stroke. The underlying mechanism may involve reduced multimodal senso-
ry competition through temporal separation, sufficient activation of the mirror neuron network, and corticospinal
tract remodeling.
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Funding : Agriculture and Social Development Project of Yinzhou District, Ningbo (2023AS020) ; Youth Fund
Project of Clinical Engineer Branch, Zhejiang Medical Doctor Association ( YS2024-41-1-005) ; Agriculture and So-
cial Development Project of Yinzhou District, Ningbo (2024AS038)

- 599 -

DOI:10.3760/ c¢ma.j.cn421666-20250817-00702

G AP 2 S ) N 288 fe R R A 35 Jo o e o L P R
Wz —, AR R, 2 85% ) AT 2tk W&
P R RE R, e 24 609% 76 HAS P 4758t B T 1)
REBLA , An o] b i 2 £ 3 1B T fg , O o i 4%
AL B2 A

BRAG M 22 J0 P 4% ( mirror neuron network , MNN) J&
UTAF S 2 3 B W5 B VR B IR R W, MNN
{1 AR e P AT T 0 e A RS M ) Bz o i 2 R 5 fle T
PERH BRI (mirror therapy , MT) 2T MNN B
W, L R B S Bl AR S A T, T
FFIhfEte 5 TG00 47 i) T3 38 4 L )94 ( contralaterally
controlled functional electrical stimulation, CCFES) 75 A
TSR AR AN b LR A5 3K Sl A AL A [ 25 4
sEALEGE R A ML fkiz sh g E B R A A -
SN IE] RS B A R R A TP S Y O RE R AL
RACE R THOES

WL, MT 5 CCFES [R5 1 ] 5 77 H: 283
SR T 4, T AR AR A 2 on Y PR P RR ) ]
TELRAIE MT 5 CCFES WA Jy 12 8 A0, 4 [ ik, Je sk
ZEAGE STV e 1 5 2 41 1) S50, S 2 I PR i AR 2R £
A, FE T, AR ST L T MT 1 CCFES [H] &
St 5 [ 20 St R I R YT 28, T 45 G I 40 AT g
(functional near infrared spectroscopy, fNIRS) Fliz 3lj 175
JZHLA7 (motor evoked potential , MEP ) M 7 J5 384 76 45 2
52 pg IR AN 2 I AR R R B TR
i s R Re R A I R R AR S

POE ESWp7

— KGRI
INABRE s OFF & (b FE 2% 2 32 B2 0L 4 55 12 e

245 2019) KA T 2 Wi bR o 28 CT 3 MRI #)
A AL @ IR KR, R <8 J, AR IR 18 ~
80 % ; Rl st , AR F B Brunnstrom 4334 1~4 3917
@Fugl-Meyer iz B ) REVTE 1 e T K43 ( Fugl-Meyer
Assessment of Upper Extremity, FMA-UE) £/ <33 43
&R Pt A B A% 4 AR A7 =30 min; © B R, NI IE &,
A oA ; Q& B SR E S

HEBR AR AE . O 7 Bt | B 23 o] 205 @ | i
R (B T ORI 5 ) 5 B AR
@=d0 il B SR I B )R BB R R 1 5
AVERIESIEE; @& B A Y O IR ER
GERUR e

SIBE RIS BRUE . OFF A RO 5 Q3 1 i 5k
IR I RAE s @ L0 A B] 3 B ERAR ;@O A
2, TR R 58 IR YT S

BT 28T W T R A IR e A B 2R Y S b ME (NO.
2023 BHIFES 027 5 ), £ %5 . MR3324017505, 2024
AR H % 2025 45 H ST IR E B BRI AT
A R bRAER I A T R 61 ) FRBENLE R
SZURA 30 BFNXTRAZ 31 5], SCu8 e AR AR M P 22
IR 2 9 (SEE02H 1 BRI REZH 1 1)) | DR e ol 1 RS
R B TE 2 (S8R 2H 1 BRI RRA 1 1)) A A
SCEGA R 28 RIS FR AL 29 B, 2 4L E A9k
AR R e R T BT A — e BEORL A TR] b A, 22 R T
Giitof i L (P>0.05)  FERE 1,

ZORIT TR

2 B A E A YR TT R E I 2k, A
FREGIT EAGEZENIR AN S shiG sl | B 12
A B H 60 min, BEHE 5 Wk, Ak 4 JH L, LR T
LIFEAE T, SR Se AT MT, [B1B% 30 min J5 FRE4T



- 600 - rh Ay S 2 5 A 2k 2026 4F 7 F 55 48 %5 7 ] Chin J Phys Med Rehabil , July 2026, Vol. 48, No.7

R 2 HBH IR

o " PER (B - B () g A8 5 (451)) PEAR (e
2H 5 %R 1 7 AEWE (%, 7£5) 7= p= i TXRETE Wt (JA xxs)
SEHH 28 18 10 53.82+17.96 17 11 12 16 3.07+2.21
popiiE:l 29 19 10 61.28+16.47 15 14 10 19 4.21+2.99
CCFES"™ ;X[ HRZH ] MT 5 CCFES [F53#47 . X R A T T k. R B BRSO E RIS

S 2 Iy L A R AR A, B e e A AR
W& T WG AR N, O STR HERTie f5 i et A
B TR0 Esh, mE T NGRS iz )
(1), 5 H 1%, 8% 30 min, FEWLE 1, 2 MT 5
B8] B 30 min SR FH R BLAR AR P Y S2 B0 A W o) S A5
14T CCFES 3877, 811 50 mmx50 mm 1F )5 HLb%
W TR A LR (46 e AILEE i Aeh ULAE i Jee LA, SR
SEARMIN A A 1 A JULEEL | T SR U i B SRR
% 60 Hz, P 98 200 ps, FIHL 8 s, 5k B b FH By Bedp 4k
2 s R NIEBTBIFSE 2 s R 12 s, B H 1 IR, BIR
30 min, I IFIAIG ANER SRS IGR 2 R B 4
P, BE TEARYE P IE S RO T- | Y WLH B (3R Bk
SE LIS, S50 D00 T 4y e SR 38, 51 SR 2K 1) 455 o A )
Rz, FEILIE 2,

Mk

B1 MTREA

o3
)

2 CCFES /R

G 2 — B, 00 4 v A R SR AT IS B, B
CCFES [R5 sh Wi 4a , 76 tead it v, 220K A WA 5
Y, B H 1K, R EE 30 min,

= Vb

RITHEIANAYTY 4 JJE (1697 )5 ) R H] FMA-UE ¥
i 2 B3 T 0912 3hDiie, R ek R 1Y Barthel
?IE/T’XE&( modified Barthel index, MBI) AL E B W AR N TS
BRE T, R H] MEP A6 I A8 35 e 5t — 45 o 8% ( corti-
cospinal tract, CST) IR Z 2, TiRIT 2 i Ja R H
INIRS W BT A7 A IR B AT 55 B RS ARAT: 55 sl R il 2
O i 1t 38 2 A (AN AR B AT 55 5 B AR AT 55 B ik ) A
MEAY 22 5, L R AT - AL %) . B A A 35 i
1 A REASIIFFE 53 20 AN VIS 18 R 52 1 U 7

1.LFMAUE ¥4} : FMAUE & 26055 R 8 el
gl WhAVESE 33 AIUH R ER b T = A,
&3 66 41, oW K F-ERis sh DIRE A 10 T, 53 K
20 43, AW SR L BBl 2B oK B Fugl-Meyer 2 3
IR VE %€ 18 2 T &8 7 ( Fugl-Meyer assessment of the
hand , FMA-H ) FI FPEAL 2 414 Fils shohae' ™,
FMAUE F1 FMA-H [ 73688 0 3 3 A f s BB =+
ERIYIZ B D RS

2.MBI %73 MBI & R A5 #E & 5K vEk 8
M FERSAE 10 AT H 43 100 43, 28 W) 1Y)
H & A T T B RE S il

3.MEP il . 5 FH s DU 7 B2 7 I S BT HOR A
B R AE 7= 1Y CCY -1 B2 g 6 97 A, W 1 s FL il A
27 PO T RE 00 4R) J Je FTL VLI R L Ak | 422 b v
ETWES, LU M1 Sy b A B AR 1 em 1Y RA%
TR A, Tt 13 A4S, B B D i R B
(resting motor threshold , RMT) B9 110% , 4™ 1 il 3 4
FOEEERE S RIS MR BB AR i 5 MEP )%
i, AT OriginPro 2025 A &I 5AL BRARAT: | LA 4% i I i
h 7 S CST = ZE P & i ek — 4 i T (5
BARPRBVR PR, CST SR AR BRI 3,

4.fNIRS: 5K VT 75 7 NirSmart-6000A %! 32 #£3k
R LLAMETE U R G, E S B il sk B E TR
PATHE S5 B (IR BAE: 55 R AR AT 55 ) 1 R I 48045 1 41
M (oxygenated hemoglobin, HbO ) F1 i 4 IMiL 21 £5 H
(deoxygenated hemoglobin, HbR ) Mk B 481k, Z RS
BC'E Y INIRS SKHE 17 A AR AT 15 A Helloir =k



rh Ay S 22 5 AR 2k 2026 4F 7 F 55 48 %5 7 ] Chin J Phys Med Rehabil , July 2026, Vol. 48, No.7 - 601 -

ZH R, IR R BDEZRIBAS ) 730 nm H1 850 nm, R
FERIA g 11 Hz, RHRSK 5 HR L AU TRIE 3 em,
BT E R T EPR 1020 R58, #a 8 MEOGERIX (re-
gions of interest, ROI) , £ & XUl Fi %% M ( prefrontal
cortex, PFC) XU MR 45 1 ( dorsolateral prefrontal
cortex, DLPFC ) | XUl i it R 2y X ( frontal eye field,
FEF) XUM#19%iz 80 57 5t (primary motor cortex,M1) .

3 MEP REESNA

SBFI INIRS Sk 08 | 4 280 Tk 7455 & N Rl
HHRGF-EFEE, AR 55 B, TR B L] F-
FEBR I S ERGE iR R B84 58 it b
Je A P AMIE S B s IR AT 55 B R AR IR
AR R, 4 B RS , MR AR s/, 1
TS5 AR A 5T, 3 MBS AT 55 BT, B
FREE 30 853 MREAE S5 AT, A HFLL 60 s, TE L
Bl 4, BRERIMEDE S A NirSpark fNIRS £0H5 5 Hr
AT 0T, G . ORI -4 1E 32 sh Pk ; @
0.01 ~0.1Hz 77 18 1§ I 25 BRiZ sl P 00 K g A3 e i 5 (B3
F Beer-Lambert & H244 Y605 5 F #  HbO ¥ B A9 B
B8] 730 DA FH ™ SCER PR RIS B ROT Mg X AE A [F] 4T
BB BE, % B HAES = LR EFEEAES (WNF
IR G232 firg| & HbO He B ARk i e B Ao i |
%%4&jﬁﬂ@ﬁﬁ@ifﬁ7k¥%ﬁ?§*§$ﬁ,@%ﬁﬁ Pearson
AH AR SBT3 A8 18 5 G X HbO BT (5 5 B9 A ¢
FB r WHGEAT Fisher-Z 24 LA Ak XF 1 il X (7]
YIBE % % (functional connectivity , FC) F5#

Hiu 4 R2 HR3

BRES | KBRS | BRES | KBRS | BRES | KEES
30s 60s 30s 60s 30s 60s

4 (AR ER

LIRS iyg e B

KHI SPSS 27.0 Wit Geit2% 3k A4 XF A 58 ol 15 55 i
AT T T BRI (2+s) #3828 Shapiro-Wilk £
Lo a1 4 €1 1 I S i e £ 1 W A 57 S L VA = o N 8 4
5% MannWhitney U #5565, 715078 BER X K56 241N
VEITHT Ja He s R A IE X ¢ #6560 B Wilcoxon 575 Bk 6
¥, LhP<0.05 NESAGITFEX,

# X

— 2 R FEIRITHT . JG FMA-UE . FMA-H F1 MBI
o A

JRITHT, 2 4HHH A FMAUE . FMAH MBI #4320
B F4s, 2 F G 2F 5 L (P>0.05) ;3797 5,2 4
B0 FMAUE . FMAH MBI $F43 8 40 N4 97 BT 34
FlE | S 43R Y7 )5 i FMAUE (FMAH MBI 743
P E T ALY R, Z R A SR L (P<
0.05) , WK 2,

K2 2HBFIEITHI G K FMA-UE FMA-H F1 MBI
PO HOEE (4, +s)

205 % FMA-UE FMA-H MBI
gl
YRITRT 28 28.25+18.76 7.82+6.90 53.39+28.78
BIT G 28 47.00+14.87%  16.43£5.43*  69.04+23.83*
X HR 2
TRITHT 29 26.69+20.10 7.86+7.83 39.93+17.91
BITIE 29 36.17+£20.87°  11.76+8.09°  53.21+17.86°

S PIRITRT AL, * P<0.05 ; 5 X B4 IR)T 5 LA, P P<0.05

T2 HEBFIRITHT G MEP 1 CST i@ B Y281k

A 5E 2L 50 B i S | AR P & JE A A S i
21 4], CH R MEP 324 3 1], fix & 58 i, MEP 6
33 5, Egg g 15 B X RRZH 18 B, VAT ET,2 4
BE B MEP SR 8 SR S ES R 2R
(P=0.026) , HATHER RO 5 09 MEP 8 iR 25 0] b 4% 2
S TGI R L (P>0.05) . Y7 A ,2 4L 134
RO S5 MEP 0% B 38 4 N R )7 RS B 3 1 T
(P<0.05) , HSZU2H 24 4# 5# 8# O#RE ISR 15 1)
MEP 08 B 3500 X B4, 22 R A G458 L (P<
0.05) ,FEIWLF 3, CST =4EHIE K BoR, iaYr T, 2 4
FEE MEP {8 1 B4 W5 (RN K2 S is AR B URH T, 1A% i T
AR B ARIR B /N, 3278 2 4] H ) 4] 9z B i
MEP 4bFHARAKN ;3697 5,2 A5 B2l MEP % i
A DR F R A Y R 2 R 7 R 257 B S 42 T, B i 2%
Ay BRI A S A, e DASE B A 4R T 2R Y, MEP
(B IR F] 120.36 WV, 35w T X fRZH I {5 103.45 v,
HUHC R 0 24 il e B s 00 A TR XU T, L
SIS



- 602 -

PR B B 2 5 R 02 2 2026 4F 7 J1 45 48 4245 738 Chin J Phys Med Rehabil, July 2026, Vol. 48, No.7

R3 2AMFEWITH 5 S RERBL S MEP 008 ULV, os)

45 %k M1 1# 21 34 a# 54 6#
S

ey gl 15 53.45+21.59 43.10£23.77 44.83+24.44 35.17+17.85 32.76+15.78 51.38+26.01  50.34x26.38
IR 15 120.36+53.95%  112.14+47.24*  107.14£37.50"  74.29+20.26*  75.00+23.17*  77.50£17.76™ 108.21+48.86"
pagicE|

JRITHI 18 53.36+24.11 48.93+23.78 45.7124.71 35.36+18.75 34.64+18.95 55.36+27.82  59.29+26.37
bl 18 103.45+47.30°  87.93+49.16°  79.31x34.22*  61.72%30.12°  58.97+24.10°  55.86+27.82°  88.97+34.86"
215 % T# 8# o# 10# 11# 12#
SR AH

YRITHI 15 40.00+25.35 41.03+22.41 57.59+29.72 38.62+23.10 46.55+20.22 42.07£22.10
BITE 15 91.79+32.43° 106.36+31.08% 111.43+40.89% 105.36+31.08° 94.64+27.95° 86.79+25.24°
papiE]

TRYTHI 18 43.21+25.53 56.07£26.99 52.86+31.37 41.79+18.87 46.43+25.99 46.43+22.80
BIT IR 18 95.86+41.01° 86.90+31.63° 82.76+49.99° 91.03+41.52° 83.45+31.08°

75.52+36.60"

I S PIBITRTILL,  P<0.05; 5% RAIAYT R i, " P<0.05

Xt BRAELYR YT B

TEE (nV) 5D A EGTD)
,il_sg_ i » B 103.5
| . l93.15

L 50.72 100 I 82. 80

- 44.38 80 [ 72.45

L I 62. 10
38.04 @

F31.70 5175
10

I 25.36 I 41.40

I 19.02 2 3105
0

x4l Cemd

xR AIRTT S

20.70

10. 35

0. 000

= TEE (nv)
2l Cuv) TEME CuVd o cun 123.0
120 56. 00 - .
o L 50.40 120 - 110.7
i L
L 44,80 100 98.40
80 L - 86. 10
39.20 @
o | 23 60 I 73.80
60 L
o | 8 00 61.50
| 92 40 10 I 49.20
20 L
- 16.80 20 86350
0

xHl (cm)§

SR IRYTHY

< yHh Cemd

11.20 0

5.600 20

0. 000 40

xth (em)

5 CST =4:iIE K

SRARIT IR




A e 5 R

52026 4E 7 A% 48 545 73] Chin J Phys Med Rehabil, July 2026, Vol. 48, No.7 - 603 -

= R EAT S5 I FVBEARAT: 55 5 6 2 K B ok Il
w1

SIS e R 32 A Sk B TP B 22 11 AR
33 0, PR BUE R SIR 8 Bl 2 AR E A
i 16 FIHEAT T NIRS 43471, fNIRS 4531 Bon , 544E
S5 BF 7 ANEIE Y HbO V& B3R B AT 55 B 35 1 35 T
(P<0.05) , FEULER 4, Mo D30 Hu R [ S s, U] M
M FEF M f& M DLPFC #0306 22 5% A G it 22 L (P<
0.05) ,1EILE 6,

0.02
0.03
0.04

0.06 |-

0.16 |-

0.25

0.40

0.63

6 BEIGAT 55 I IR X B M 15

2% Pearson ¢ R BT, BEARAT 55 B, (0 M1
S M1 A2 M1 5 @AM FEF 20 M1 5
DLPFC [Ty REE #3503 % TR BT 55 0 ; B A5 418
1 REAESS B AR B, A8 2 A 3 0K 8 AF 55 B, il
M1 580 M1 SN FEF 0 DLPFC 1193 32 5 & 2
A TRILIE 7,

o) e

ABFFELER 7R, MT BX & CCFES [lFRiATr 4 J
JFi, S 2 A () FMA-UE FMA-H MBI ¥ 2 3% { T
HNIRIT AR BB YT G, A R R, MT B4
CCFES [H] @ 5 it n] 55 A5 R4 A F i 25 v g 3 b sl
BEFN H 8 AT IE Sh e I IR, AR, BR
DI b 4% i PP 43 ] S e 2B PR AR T i Y A0 (R4 e

PIE /R S8 MT BES CCFES 7] g 52 it 5 1] 4 52 i
YT E S IRAR A, T 2R 2 FhEty T
iy 20 S CST IR MNN 005 1925 505 ARBESE
K H MEP Fl fNIRS £ 75 7% , 435 A CST 1&- T 6E |
TRk R ST TG KT T A e T AT

CST &R B 4 il L JBOKS 4l iz 3l DR 3% sl i)
AT SR, KA RO ae ik & 2 i e b s b
G2 s IR R K-, AR EE R R, 2 BT
B P 5 TR CST 3 1% 5 DI BE i Pk &2 g A dE 9
AT REJR R MT a7 ok i RE2kz o) B I i A 2 il CST
SN S 2E R fdopn A A N AT, AT AR
W SRR A CST A B Pk A2 I 35 40 1 6 R AL, nT B
S, X AL ) [R) 25 10 25 7 A St 5 4, R AR B T Xof
CST FIIEPERCE M SL 56 41 /% ) Bs T WA =X , MT 75
S R SRS 2 AN AN 2k () 25 T, Tl
FAE RS F Tl EE

MNN A i #3815 BE 7, 2 5 ahfEmgE iz
AL Sz g U MT & 5 1E T Y 56 4 o fg
W2 AFST INTRS 4558 Wos | B AT 55 ] i 2 3%
B M1 0 FEF 1 DLPFC , 31 3 58 fixi X 8] 19 2 fiE
HEAEAKOE . BRAE R0 58 b, B0 B AR A B 2 )1 2 rp
SMBLES AT IZ 0, B IRE M1 0TS A L
SRR, ARWFFTAE INIRS 1 72 7 [ 52 58 35 00 FR ),
REHERR T2 sh 09 T4, BIESE T Be 8 45 4 vl B
FERaGE M1 X%as e, A A, FEF 2 5 M4 -
A DLPFC WS\ 0 5 v & 5 i AR
WFE - B R, 0 FEF F1 DLPFC 78 85 1% 4T 55 i o
WoE, S ML RN $ R MT JIFAE 54l i R
1 B e AT N A A s 9 S <]
KRS 5 E R, 5o, A5 P AR A
R AT 55 15 19 i 19X 4% 0 B 245 S8 S 7, RO i X 342 42
A2 R BB BEARAT 55 10 T R 3 458, U0 M1 B g
ik 0.8, IZLE R R, MT i &30 B A& ek, H 5
TR R IEAHG, iR REW, BEGRT5
i, Bt 25 5 — 3 o) X 265 11%) T RE 3 32 349 5\ MINN 5 22
PG | B % P E 0 DL M TE — R B ZR 4 T B
LOMT i 5 09 B2 5 7= A= T SE B AR Ry . 38t B Y
B ARHIFST S AR B B % AE B S Ak 50N 4 8 B (] 9 1)
BN 5 R R 0, AR G IR AT AT 1 R ok i 58 i — 20
WA,

R4 BEREALS B ABARAT 5 B 458 8 HbO ¥R S A (mmol/L, k+s)

1E5% S7-D11 S8-D7 S9-D12 S10-D13 S15-D12 S16-D13 S16-D14
R BT 551t 0.047+0.074 0.037+0.063 0.035+0.120 0.034+0.061 0.032+0.071 0.017+0.044 0.010+0.021
BARAT 551t 0.023+0.059° 0.055+0.049° 0.094+0.077* 0.038+0.049* 0.051+0.048° 0.028+0.031° 0.013+0.026*

5K EAE S50 e 4, 2 P<0.05



- 604 - A RS 2 R 24 2026 4F 7 FI 45 48 335 7 M Chin J Phys Med Rehabil, July 2026, Vol.48, No.7

REESIIE

P>0.05
0.01<P=<0.05
P<0.01

BHEAES R BAE S5 2 RAS L

BRES A

Hho REES

0.8
0.7
0.6
i 0.5
) 0.4
0.3
0.2

0.1

I3 REES

- B-PFC - feu-PFC
- S-DLPFC I:I {gl-DLPFC
- BAU-FEF - @ ul-FEF
- HM-M1 - fEl-M1

B 7 ROI YihEiE AR LR

K — A1 JE I3 ) T U i 2 B R N AR g
HRAX AT S s T YA B TS Sl SRR, A E
TwnT s At i A FUILIR T 3l , =35 456 DB i
HX— A1 JE PH 3R, 34 5 R IR U7 AR, Btk MT B &
CCFES %8 — By 1 Pl A Qo H AR 420 B8 & B,
MT 5 CCFES [l 0 FI  MT i i3 & i His 8
FG 21 CCFES 7 4 6 BIVASH {4 8% S 157 2 7 A T I Ja%
B4, FEIK MNN B930E 30 ) ARFFFEIESL, MT
BT IN X S TR AT 55 5 SRS fe, g T

TEE e, K 55 AR A7 v] 45 IR A BB R 2 11, 5
J5%E CCFES JE B RA/E ., ARTRE 4N, MT 5
CCFES [H] [ T 1 7] A3 %50kt O 22 A28 10 IR G 5 4, 7843
KARPAR S A5 1R R sl R B A VR T, Xt nT g
P [R5 St R AZ oI, LA B 5 R B Ry i A
W e E TR A S T S AR T AR

Zi EArdR  MT 5 CCFES (8] Bg T 7l 28 i« S X
Gifl e AN E SR AL BT B e kAR S R RO
R i 0 26 4 422, Ak Sh CST M g E ) WO i



rp A T S 22 5 AR A 2026 4F 7 5 48 5 7

Chin J Phys Med Rehabil, July 2026, Vol.48, No.7

- 605 -

Mo A2 R A rh s b By RE R A A L MG B D RE Y

WA
MEEMRIE A A LR Al e
& % X W
(1] A, FRRIE, T8, %5 A1 AL 2 FURE DG & 4 1 - 0

(2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[11]

[12]

BB AT B E IR RE RS [ 1] AR B BE A
FRAE 7, 2026, 48 (5) : 400-404. DOI ; 10. 3760/ cma. j. cnd21666-
20250518-00424.

Cui Y, Cong F,Huang F et al.Cortical activation of neuromuscular e-
lectrical stimulation synchronized mirror neuron rehabilitation strate-
gies: an fNIRS study[ J].Front Neurol, 2023, 14 1232436.DOI; 10.
3389/ fneur.2023.1232436.eCollection 2023.

Li X, Krol MA, Jahani S, et al.Brain correlates of motor complexity
during observed and executed actions[ J].Sci Rep,2020,10(1):
10965.D0I:10.1038/s41598-020-67327-5.

Abdullahi A, Wong TWL, Ng SSM.Rehabilitation of severe impairment
in motor function after stroke: suggestions for harnessing the potentials
of mirror neurons and the mentalizing systems to stimulate recovery
[ J].Brain Sci,2022,12(10) :1311.DOI:10.3390/brainsci12101311.
TR 20T RE | R Wy B AR R 155 B 0 el SR 4 i 2 o
# PG AE K B F A T S A 1 B9 SZ AT [ 0] 58
Jili 1489 2 25,2020, 28 ( 8) :89-93.DOI; 10.3969/j.issn. 1008-5971.
2020.08.017.

RICLL ATLLH  WRMObR | 45 B T B Qo 28 T R 1 T - il J8 e B
T Wiz S ZrxT 7 s LB REMR S e [T ] rh ARy B R
P Je 2024, 46 (10) ; 887-892. DOI; 10.3760/ cma. j. issn.
0254-1424.2024.10.004.

Liu Y, Fox PM.The role of electrical stimulation in peripheral nerve re-
generation: current evidence and future directions [ J].J Hand Surg
Glob Online,2024,6(5) :718-721.DOI:10.1016/].jhsg.2024.01.022.
Son JE,Choi H,Lim H,et al.Development of a flickering action video
based steady state visual evoked potential triggered brain computer in-
terface-functional electrical stimulation for a rehabilitative action ob-
servation game [ J |. Technol Health Care, 2020, 28 ( S1) : 509-519.
DOI; 10.3233/THC-209051.

Liu Z,Wang L,Hou M, et al.Combined therapy with contralateral con-
trolled functional electrical stimulation and transcranial direct current
stimulation for early post-stroke hand dysfunction[ J].Biomed Eng On-
line,2025,24(1) :81.DOI; 10.1186/512938-025-01417-1.

P W EARAE Oy 2 R MR8 S
S8 4 25 L S R 2 2010 )] R 26 B A
2019,52(9) :710-715.D01:10.3760/ cma.j.issn.

Saita K, Morishita T, Hyakutaku K, et al.Feasibility of robot-assisted
rehabilitation in poststroke recovery of upper limb function depending
on the severity[ J ].Neurol Med Chir,2020,60(4) : 217-222.DOI 10.
2176/nmc.0a.2019-0268.

Whelan M, Dodd K, O'Neill D, et al.Sustained motor cortical activation
after mirror therapy in stroke; a TMS{NIRS study [ J ]. Neurorehabil
Neural Repair,2022,36 (4): 289-297.DOI: 10.1177/15459683211
073060.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

Hernandez ED, Forero SM, Galeano CP ,et al.Intra- and inter-rater re-
liability of Fugl-Meyer assessment of Lower Extremity early after stroke
[J].Braz J Phys Ther,2021,25(6) :709-718.DOI 10.1016/j. bjpt.
2020.12.002.

Ohura T, Hase K,Nakajima Y ,Nakayama T.Validity and reliability of
a performance evaluation tool based on the modified Barthel Index for
stroke patients[ J].BMC Med Res Methodol ,2017,17(1) ;131.DOI;
10.1186/512874-017-0409-2.

Yarossi M, Adamovich S, Tunik E.Sensorimotor cortex reorganization in
subacute and chronic stroke; a neuronavigated TMS study [ J]. Annu
Int Conf IEEE Eng Med Biol Soc,2014,2014;5788-5791.DOI: 10.
1109.

A RN, TR T AR I ZE MK T e U B AE B 2 R AT
FORE R FEHE R (1] e BB 22 S e A 2%, 2025,47(10)
955-960.DO0I:10.3760/ cma.j.cn421666-20220607-00622

Zhang Y ,Zhang X ,Cheng C, et al.Mirror therapy combined with con-
tralaterally controlled functional electrical stimulation for the upper
limb motor function after stroke: a randomized controlled trial[ J].Di-
sabil Rehabil, 2024, 46 (112) ; 2528-2534. DOI; 10. 1080/09638288.
2023.2225878.

Kohler E, Keysers C, Umiltat MA , et al. Hearing sounds, understanding
actions; action representation in mirror neurons [ J |. Science, 2002,
297(5582) :846-848.DOI;10.1126/science.1070311.

Rozzi S, Fogassi L.Neural coding for action execution and action obser-
vation in the prefrontal cortex and its role in the organization of socia-
lly driven behavior[ J].Front Neurosci,2017,11:492.DOI; 10.3389/
fnins.2017.00492.

Fukumura K, Sugawara K, Tanabe S, et al.Influence of mirror therapy
on human motor cortex[ J].Int J Neurosci,2007,117(7) :1039-1048.
DOI:10.1080/00207450600936841.

Brunetti M, Morkisch N, Fritzsch C, et al.Dohle C.Potential determi-
nants of efficacy of mirror therapy in stroke patients--A pilot study[ J].
Restor Neurol Neurosci.2015;33(4) :421-434.DOI; 10.3233/RNN-
140421.

BN QBT SR U AR 5 41 38 fil——ISPRM 2016 Bk
TUIRERREAT R CHERE )], h e BB 2 5 HER Je ik, 2016,
38(7) :550-554.D0I:10.3760/ cma.j.issn.0254-1424.2016.07.019.
Mitsutake T,Sakamoto M ,Nakazono H,et al.The effects of combining
transcranial direct current stimulation and gait training with functional
electrical stimulation on trunk acceleration during walking in patients
with subacute stroke [ J].J Stroke Cerebrovasc Dis, 2021,30(4) .
105635.D0I:10.1016/j.jstrokecerebrovasdis.
W, s, XE AR, 55 BT L 456 WU AR 4 S T TR 4
BERGA PR RO R T AR I R LR [ )] rh Ae P B P 2
55 2%k ,2016,38(10) :746-749.D01:10.3760/ cma. j.issn.0254-
1424.2016.10.007.

Bello UM, Chan CCH, Winser SJ.Task complexity and image clarity fa-
cilitate motor and visuo-motor activities in mirror therapy in post-stroke
patients| J ]. Front Neurol, 2021, 12 722846. DOI: 10. 3389/ fneur.
2021.722846.

(& H #:2026-06-17)
(A U BUAL A )



