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BB R E LN BA ., BAL. (DCSAMEKABITA, BA300. WARFAEZETARLLT, P&
NG S A B s B B AL A A, IDCS M (DCS BY, B BT HEHESNTRILEA S S %
FDCS &7 . T, BT 4 ARBIT 8 AL THEZN TREZS ., FEIE. PRI REEEEE
BN R AT RN, AR BT 48 BlJE, WA AHE Fugl-Meyer TAIZ 212 e &% (FMA-LE) iF % . Berg
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Curative effect of exoskeleton robot gait training system combined with
transcranial direct current stimulation on the recovery of lower limb motor
function and walking ability in patients with cerebral infarction
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Abstract Objective: To investigate the curative effect of exoskeleton robot gait training system and transcranial direct
current stimulation (tDCS) on the recovery of lower limb motor function and walking ability in patients with cerebral infarction.
Methods: 120 patients with cerebral infarction in Xi’an Daxing Hospital from January 2022 to December 2023 were selected
and divided into the control group, robot group, tDCS group, and combination treatment group, with 30 patients in each group. All

patients received conventional rehabilitation treatment, while the robot group added exoskeleton robot gait training, the tDCS group
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added tDCS therapy, and the combined treatment group received both exoskeleton robot gait training and tDCS therapy. Assessments
of lower extremity motor function, balance function, walking ability, activities of daily living, and neuroplasticity were conducted
before treatment, 4 weeks and 8 weeks after treatment. Results: After 4 and 8 weeks of treatment, the Fugl-Meyer assessment of
lower extremity (FMA-LE) scores, Berg balance scale (BBS) scores, 10-meter walk test (10 MWT), functional ambulation category
scale (FAC) scores, modified Barthel index (MBI) scores, stroke-specific quality of life scale (SS-QOL) scores, incubation period
and amplitude of motor evoked potential (MEP) were all improved significantly compared to those before treatment (P<0.05). And
all scores were significantly improved in both the robot group and the tDCS group compared to the control group (P<0.05). In terms
of FMA-LE, BBS, 10 MWT, FAC, and SS-QOL scores, as well as incubation period and MEP amplitude (P<0.05), the combination
treatment group outperformed the other three groups. Additionally, MBI scores of the combination treatment group were better than
the control and tDCS groups (P<0.05), but the difference was not statistically significant comparing with the robot group (P>0.05).
Conclusion: In patients with cerebral infarction, the exoskeleton robot gait training system and tDCS both can effectively improve
the lower limb motor function, walking ability, activities of daily living, and quality of life. The combined application of the two

methods has a synergistic effect, which may accelerate the rehabilitation of motor function through improving neuroplasticity and

provide a new and effective scheme for the rehabilitation of cerebral infarction patients.
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To 5 1~2: PATHE 1.0~1.5 km/h, (KFE L
£F 50%~60%, F5171 80%~90%; 5 3~4 Ji:
TR 1.5~2.0 km/h, A SCRF 409%~50%, 351
71 70%~80%; 5 5~6 J&: HATHE 2.0~2.5 km/h,
TR S HF 30%~40% , 3511 60%~70%; 55 7~8
Ji. A AT 2.5~3.0 km/h, K T Ff 20%-~
30%, F517150%~60%.
1.5.3tDCS @ TEH MR IAYTRYHEA ., Hm
tDCS ¥R Y7 (A 2) o SR FH Soterix Medical 1x1
tDCS Hilli#s (Soterix Medical Inc., ZE[E) , B
(5emx 7 em )ETRZBLEHVI P25 JZ(M1)
XA (C3 1 C4, ARHE 10-20 [E B el H A i
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B Fp2) o FIEGRE R 2 mA, FEEEAE] 20 min,
BRIV, BESK, L8, hTHfrE et
FERCE, BUIRTT RIS A A 5 R R 04 ik 17
B, FFfn B R A A
1.5.4BkEiRTrE  TER MR IG T B9 &LAh |,

= ¥ |

E1 ShERNSASTINE
Figure 1 Exoskeleton robot gait training

E 2 tDCS arigE
Figure 2 tDCS treatment
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T BB ARG YT WA R Ak S 32 W 2 G

57, BARPU MR . R . FEESE.

1.6 MEAERR  AEIRITAT. J6TT 4 i KifyT 8 JH
Gy A LT 8 br: OF Bz shhee: R
FMA-LE 323 " BEAT A, 3Ffili 26 435 R 25
W, Bkl BT Rz g, PrE
N SE, W3 34 43, - HOBGE R8T s
Ser. @ FHIGE: R Berg Pl it %
( Berg Balance Scale, BBS) " HATIEAL, PEAL
NS ELAE AL - sl P FeReE 14 I
Ho 5o 56 73, o3 B0m 2 n - Shig il .
@ L AT HAE: K 10 KL A7 M 3K (10-Meter
Walk Test, 10MWT) " BEAFIPAl, 0% 4 L
EPIE LT OE 10 KT AR IE], B3 ol
. @IRetBAT 09 RAREMED AT R
2% ( Functional Ambulation Category Scale, FAC )20l
HATPEAL, 23 0~5 9, 0 RN A REATHE B
TN UL B 1 RFRORTTEE— A N e
SR A REATE s 2 BRI E— D NFFEEEL
WS A BRI TAE ;s 3 FRTFE A L4 T alls
BARATIE: 4 HFIREEAE T3 B ATk, (B
TERMI . MR SR SR s 5 RN BELEA I
B i AE. @H W AEEIESRE T Rk
F Barthel 8%% ( Modified Barthel Index, MBI ) ™"
PEATVPAL, PPN AR SRR R AL
Jai 45 10 ASUH o W4 100 43, M E0HE 2RO H
WAEIRTGRZhRE S AT, @4 iG B SRS
L AW i R (Stroke Specific Quality of Life
Scale, SS-QOL) ' JEATIFAL, fuff 12 -4EfE 3L
ONFEH, BAKHE 155, B 49~245 77,
SR R PR AR TR PR T . D EPE: R
FH 28 P e 32 8175 & FL 7 ( Motor Evoked
Potential, MEP ) (1) V& AR 30 ALz i, DLVF Ak fe
JoE B R 7 B M A %A Y fd ) Magstim
Rapid” BEH#S ( Magstim Company Lid., UK ) #F
Friie, RGREE s s BE R 120%, 053X

AR R LT MEP , @WRER P2 8 1AS R

Fi A PEAS X 2 B ARG A3 2H A
(IPERS B TE R, AR PR PEAR i UL A AT S
1.7 it 2% A 5dE 34 R H SPSS 25.0 3k
PEHATGEIT B, THEE TR DA R + bR 22
(Fxs) PR, A HERAREZE T 2007,
2 PR AN ) B ) b SR Y 0 o 2 43 BT o
THECRBHAGIE (EA ) [0 (%) 1RR, R
F x 2K 5, SR Bonferroni 347 £ & LAY
KIE. P<0.05 hESHASIE L.

2 R

2.1 —REEE R DU BRI AL, 2R
Gt L (P>0.05) , HAAFHYE (WER1)
22 TRIZZhINEE  VUALEFIRYTHT FMA-LE P74
P, 2ZSFTgit L (P>0.05) o iGY7 4 4
M8 JHJT, VUL HRFH FMA-LE PR EGAT T
. Alas N4l tDCS A5 R Y7 4 FMA-LE
PO TR, BREIRYT AR LSS A4
MDCS 4, %A g1t 5 L (P<0.05) ,
Mlas N 5 DCS A i, ZRILG i FE X
(P>0.05) , W% 2,

2.3 TEIhEE DU RAIRITRT BBS VRO AR,
LSRG L (P>0.05 ), 1697 4 R 8 i,
VUZH HB# BBS PO SR R, HLA
N tDCS LHFERAIR YT 2H BBS W43 348 T-XF
WAAH, BXEIRITALm THLAR N AN DCS 4, 2%
SAEGHFE X (P<0.05) , HLEE A4 5 DCsS
M, ZRIgtE L (P>0.05) , WK 3.
2.4 H1TINEE

241 10MWT  PUZH 8 FIRYTHT IOMWT B4R,
ZRIGIFE X (P>0.05) . 1697 4 8 5,
PUZH B TOMWT 85100 TR 7 AT, Plas A4,
tDCS AP TR 10MWT 45 500 T4 B2
B AR YT 41 IOMWT 25 R A8 F HLas A 411 tDCS
M, ZRARITFEL (P<0.05) , Ylas A4S
tDCS A I #e, ZERIGIHFE L (P>0.05) ,
W2 4,

2.42 FAC ¥4 DU B FIRYTHI FAC PE43 I
B, ZRIGEIFE L (P>0.05) o (T 4 &
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8 )G, VU4l FAC PEA 58RI RTHE M,

Plas N4H . tDCS LHAIRAIRITH FAC PO
TR, BEAIRITH FAC W5 B35 THL A
NHMDCS H, EZRAGITFEL (P<0.05) ,

Plds N4H 5 DCS H L EL, 2R hgihv
(P>0.05) , WLF%&Ss.

25 BHE&E AR

VU £H AR YT HI MBI
SrHER, ZERTEGIFRE L (P>0.05) o JRYT 4

F1 MARE—MEARLEK [x+s, n(%)]
Table 1 Comparison of general data among the four groups of patients [x +s, n (%) ]
B XHEB4E (n=30) #HIEBALA (n=30) tDCS4 (n=30) BEAIAIT4A (n=30) Fx°fE P
TR (%) 62.49 +8.69 63.19+9.08 61.82+8.91 62.93+9.30 0.149 0.928
45 (B/ %) 18/12 17/13 19/11 18/12 0.273 0.965
iz (d) 35.63+12.38 34.88+11.82 36.24 £13.11 35.29+12.67 0.071 0.980
TESEER AL 1.867  0.932
ERPX 12 (40.00) 13 (43.33) 11 (36.67) 14 (46.67 )
PNEESES 10 (33.33) 9 (130.00) 12 (40.00 ) 8 (26.67)
i 8(26.67) 8 (26.67) 7 (23.33) 8 (26.67)
NIHSS 35> 9.33+2.82 9.47 +£3.09 9.08+2.94 9.43+3.02 0.115 0.949
RREM (£ /%) 16/14 15/15 17/13 16/14 0.268 0.966

%2 MAEHE FMA-LE ENLLE (x+5)
Table 2 Comparison of FMA-LE scores among the four groups of patients (x +s )

2851 Bil%L pi=pad:I] 877 4 B 76877 8 &

it B8 40 30 15.23 £3.51 19.82 £4.11° 23.46 +4.57°
38 AH 30 15.49 + 3.66 22.74 +4.33" 27.57 +4.75%
tDCS A 30 15.32 +3.61 21.93 +4.24" 26.81 £4.70®
kK &i67T 4R 30 15.42 +3.83 24.62 + 4,63 30.19+4.88™

e SARLNAITITHES, "P<0.05; SXIELIFEINIEEE, "P<0.05; SHLEALLA DCS AR HE, P<0.05

#3 MAHEBBSHENLLE (x+s)
Table 3 Comparison of BBS scores among the four groups of patients (x +s )

2851 BI%L pi=pad:I] BT 4 B 877 8 &
Xt BR 2A 30 28.33+5.24 35.64+6.13" 4122 +6.82°
H2EAH 30 28.72 +5.40 39.83+6.31" 46.52 +7.14®
tDCS 4 30 28.54 +5.31 38.87 +6.16% 4572 £7.01°
kK &i67T 4R 30 28.57 +5.45 42.67 +6.46™ 50.27 +7.28"°

He SARMNAITITHES, "P<0.05; SXHIRLIFEINIELEE, "P<0.05; SHLEALLA DCS AR A, P<0.05

x4 WMAHRHZE IOMWT EbE (x5, s)
Table 4 Comparison of 10 MWT results among the four groups of patients (x+s, s)

285 Bil%4 =y gl 677 4 B 7677 8 &

Xt HE 28 30 32.563+6.82 26.90+5.72° 22.82+5.13°
H2EAH 30 32.14+6.68 23.42+5.18" 18.63 +4.54™
tDCS A 30 32.28+6.87 24.14 + 543" 19.23+4.71*
&i6TT A 30 32.24 +6.82 21.53 +4.91%° 16.32 +4.19™

Fe SAR4BAITITHES, "P<0.05; SXHIRAIFEINIELE, "P<0.05; SHLEALLA (DCS AR HE, P<0.05
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M8 FJE, M4l MBI IEABIRITRITE R, 2.7 AT

PLES AL, (DCS AR AIRIT 4 MBI T 2.7.1 MEP & AHE  DU4] R EIGI7 HI MEP ¥k
XTHRZL, BRERITAm TDCS dH, EFA%it Wi, 2RI iEE X (P>0.05) . (9T
R (P<0.05) , HEEABIFH SIS AL 4 8 8 FJa, M4l H MEP R W5 5407
B, ZRIEGEIFEEL (P>0.05) , PlEsANdS  midgik, Plas A4l (DCS AR GRYT 41 MEP
tDCS A b4, ZR LGt E L (P>0.05) , WA TX R4, KA RIT 4 M THLas A4
W2 6, MDCS 4, 2 %A g1t & L (P<0.05) ,
26 £iERE  MALEHIRITHT SS-QOL Bt Mlas A4l 5 iDCS 4Lk, R LG ih2#E XL
B, ZRkgit=E X (P>0.05) . G748 (P>0.05) , WL#% 8.

8 JHJE, VUL SS-QOL B Eaa Tl s,  2.7.2 MEP 18 VU4 F 1697 AT MEP J iR kb
Blas N4, tDCS MK GIRYT 4 SS-QOL B K, EF LG FEE X (P>0.05) o HIT 4 F
TR, BEAIGIT A TALEE A DCS  F 8 FH T, DUZH H 3 MEP 3 i ¥ 504 9T Rl 4
4, ZRAGEIFEL (P<0.05) , HLESALLS i, HLES AL, (DCS R A AT 41 MEP JE 1
tDCS A b4, ZR TG E L (P>0.05) , & XA, BARIT A THLEE A4 R DCS
W7, 4, ZRAGRITFEL (P<0.05) , HIES A4S

#5 MAREFACITENLR [N (%) ]
Table 5 Comparison of FAC scores among the four groups of patients [n ( % ) ]

A5 F%  EE 0% 148 2 %% 3% 4 % 5 4%
POgiicEac] 30 &J7EI 10(33.33) 12 (40.00) 8(26.67) 0(0.00) 0(0.00) 0(0.00)

S A 2(667)°  8(2666)° 12(40.00)° 6(2000)° 2(667)° 0(0.00)°
58578/  0(0.00)° 3(1000)° 8(2666)° 11(3667)° 6(2000)° 2(667)°
MBAL 30 &FET 9(30.00) 13(4333)  8(26.67) 0(0.00) 0(0.00) 0(0.00)
89748 0(0.00)® 5(16.68)%® 10(3333)% 10(3333)* 4(1333)%* 1(333)%®
5578 0(0.00)® 1(333)® 4(1332)® 9(3000)%® 11(3667)® 5(16.68)
tDCS4E 30 S&F78T  10(33.33) 12 (40.00) 8(26.67) 0(0.00) 0 (0.00) 0(0.00)
&7 48 1(333)™  6(2000)® 11(3667)® 9(3000)® 3(1000)® 0(0.00)™
58578/ 0(000)® 2(666)® 5(16.68)% 10(33.33)% 10(3333)* 3(10.00)®
Bt&iay74A 30 3897l 9 (30.00) 13 (4333) 8(26.67) 0(0.00) 0(0.00) 0(0.00)
56974/ 0(0.00)% 3(10.00) ™ 8(26.67)™ 12(40.00)% 4(13.33)" 3(10.00)*
76578/ 0(0.00)* 0(000)* 2(6.66)™ 18(60.00)* 5 (16.67)" 5(16.67)™

T 4L SR Kruskal-Wallis H A3 SARGNAIFHTICES, "P<0.05; SR FWIHAE, "P<0.05; SHLE ALLH DCS 4174
HE:, ‘P<0.05

®6 MASRE MBIESELE (x+s5)
Table 6 Comparison of MBI scores among the four groups of patients (x +s )

285 Bl% =yl 637 4 @ 7677 8

Xt BE 2H 30 42.32 +8.51 58.62 + 10.18" 71.48+11.76°
28 AH 30 43.11+8.72 65.75+10.67% 80.27 +12.31%
tDCS A 30 42.72 +8.57 63.85+10.47% 77.84+12.11%
B&iaiT A 30 42.86 +8.78 68.65 + 11.03° 83.57 + 12.46°°

EARMIRITITHAES, 'P<0.05; SXTRRLHRIIHAES, "P<0.05; 5 1DCS HFRMIHAS, P<0.05
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tDCS H R, R LG FE XL (P>0.05) ,
W9,

28 ARRAL  TEIRYT R A v U PR ¢ 31 ™
HEAR N, DCS A AR A &A 2 6
AR IRk B R BRI, TEIRYT A R
J& BT M. MLas NAIRIER ARy dlh &4 1 4
BE IR VLA BRI, 205 SR YIRS
FERIE R o FTA N RIS BIASEARY T I T o

3 jtig

AT T AT B LA A BN R G
B4 1DCS P ANHESE N Rz shlii & 217k
TR IR DFFE SRR, A —IAT7
ik, WEIRITHENE R E T s s iEe. P
fisae 1. BATRES) . HEANE I S RE T A AR
Jo 45 T AT B RO . XAV AR YT

J5 & AT B 1k Ul T I, s B oh g
MRS, R IR AU B B IR T 3L T Y
JELE NG R A o

e, TETNEGEshohaE i, BEAIRIT 4L
FMA-LE P43 (4 25 R 3 i 25 i HoAth =4 . X
Al RESE T AN B LA A S R G
EIORIE | ARV S (DCS 2 K e )2 AT 9
PER PR B0, MLRS A B A S U1 4R T LA
T B B AR A TR, S A S B
Pz g B tDCS AT BB 1o 3R K 2
(RIDLAT M, B Bl2k > Fiis shizs il ik i 1Y
SNBEEPLEE A U 2R R G2/ AL o] AE
FELUF LA . OO . TR NS
P, A B FERBIEFHNZE L QEidm
SREE . W E A BN SR, AE pE g ] S
OFEME Y AR E R, WRERE R, il

®7 MAHESS-QOL BHEEE (xxs)
Table 7 Comparison of SS-QOL total scores among the four groups of patients (x s )

485 e =y gl 6I7 4 7677 8

Xt BB 4H 30 123.45 + 18.65 162.84 +22.37° 178.30 + 25.62°
Es AH 30 124.17 +19.08 165.68 + 23.756" 195.64 +27.32%°
tDCS A 30 123.76 +18.88 162.87 +23.562%° 192.38 + 26.93%
&i6ITA 30 124.03 + 19.02 173.54 + 24.61°° 206.82 + 28.54°°

W SARUNATFRTHAS, "P<0.05; SXTIRALFWI L, "P<0.05; SHLES AR (DCS AR A, P<0.05

*8 MAELEE MEP BRHLLE (x+s, ms)
Table 8 Comparison of MEP latencies among the four groups of patients (x +s, ms)

2R3 (e V=g gl 697 4 7877 8 @

Xt HE 20 30 28.72 +3.53 26.94 +3.22° 25.33 +3.04°
H2EAH 30 28.94 +3.62 25.42 +3.01%* 23.14£2.72%®
tDCS 4 30 28.75+3.53 25.73+3.12% 23.46+2.78"
Cop=prgi:l 30 28.82 +3.64 24.20 +2.91%° 21.57 +2.53"

Fe SAR4BAIFITHE, "P<0.05; SXHIELIFEINIELEE, "P<0.05; SHLEALLA DCS 4RI HE, P<0.05

®9 MARE MEP KELLE (x=s, uV)
Table 9 Comparison of MEP amplitudes among the four groups of patients (x +s, pV)

285 %4 =y gl 697 4 7677 8

Xt BB 4H 30 21557 +45.23 268.68 +53.17° 315.44 +60.82°
HEs AL 30 218.32+46.14 302.53+57.61% 378.91 +68.42%
tDCS A 30 217.21+45.74 296.82 + 56.90% 371.47 £67.29%
EIaTT A 30 217.82 + 46.01 325.70 + 59.83"° 41256 +71.562°

W SARANAITRTILES, "P<0.05; SXIEAFEIN L, "P<0.05; SHLER AL DCS HFEW LE:, P<0.05

66



HEAF: IFRIBAY S % RAGIEAZ AR R AT IG5t 88 FTRUEZ F AT T4k

BENSSE E Z Il g i (DCS (AR F AL AT BE #
Koo W R R0 24 dstE; O Kt
R O R SRR P, DA 7T 8 5o A 28 W] EE
QI Pl TR, AR y - I
TRV, X PR AR 2545 T g™ A P )
BN, A RO A 2 E YA AT REVK R .

Hk, E¥EhgemLtrae 1 rm, e
TBYT AL FIRE R B B A G RICR . BBS 47
1OMWT 255251 FAC PO 30X — LB A
AL N L YN LR 2R 58 0T LR ARG i A9 1R 8 52
FRRALARS 2, AT S BT A B A1 T
K P [FEF, tDCS AT B E a5 2 B R J2 A AT
IAVE, PRV A AR DGR 2% i E 2
BCRIOBUER VR AT BB & I A 1A T E B T T B
FUPATRE ) Jr AL T30y i I R FRATTHY
WX — R B R S A A0 A 2 AR, IR4S
A IDCS B, AT T HAFIIRIT R . P )
RERLATRE I MGE AT RE S LR LR RA G
O Nl BN ZRBRA r JB g A FIAS AR B
B, AT EESARTAE; QDS Al RERY R
TGP TR DG I R S X IR AT R, )
Rindh 7 # iz sh X ATz sh )2, QA
TRYT AT REAE I T B T A RN R 5T AR R 45
1ris i B LRI ReIR A o AR MIRIFSE AT LA
IS UIRE ARG RO, ANk R R
SR EK i U — AR R X L

TEH ARG SIRe ) 7, BARIRGIRYT
ZH [ MBI P40 1 35 = T4 BRZL R iDCS 4, HY
PLER N 225 IE A% . XAReel b H
BRI TG B RE 7 RS AN T B RE )
Mg, 5 EROIRE . AR RESE 2N R AH
56 PN X — S PR FRATT, FEARSRRFSE
AT DA S BN R A AN 2k, DL — 2
PEm B E I H R AR TRV BhRE

AT BT Y 2R O R AR T I EE EE H AR
Z—o AWFAI, BAIRITATE SS-QOL W4
F R E LT HAL =4, X TRl TR AATT
FEUGE B F B s IRe . H W AT TG shae 1% Il
MIZEARCRE, DRI T RE A AT e ™ X
— SRR T AR W E A, AMUEES

PRINRERIRA , BV o AR AR A 0 ST 1 42
Fto Aprile %A ™ RS0 R B, HLEs A%l B
A AT DA I 2 I A vh B 3 I R RN
AREER, BATOR SRS TiX— 5. 7
P2 ] ISR AR 5 TH, BRGIRYT AR MEP
TR I A S 2 A R R ) S S, X s
B2 S BE RO TR 4R AN RE A s Y, X —
SIS THRAIRYT AT RE ) {2 F s T 9k
B S INRERRR, PRI SR YT IO E IR
PRt | H e A IR

AHIFGE I A — L Jmy FR A 757 A AR B B9
Wt — ekt FREA LTI ILA i, OFEA
SEAXTEC /N, AR AT ARG IR A i DUAR R 5T
ISR s QBEVIEF R, A AR
T 8 JARBITRCR , AT AT LU Bl 15 [A]
TGRSR ORI R A FRIT I %
MR G RGOSR AT AT A A
HISER T %, WREAEMRITT SERA G =
DM IR KA L REARZAVEAL, D REPE R
PR AR S, RRIFFEAT LGS G P & AR 4L
AR, WAEVHEIT MM 2Ll OB UR
0T TR, AR LY 3 R
RE. TAMIDNRESE JyTH, AT PPAR IS VR YT X Ik
RIFE R FES 520

g5 ERTiR, AhE AL AL BN R GeHk
4 tDCS REAE 10 5 208 i R AT S8 3 1 ilis 3l 1)
RE. “Pree . BATRE . H W AETERIG Sh6E
FUAETE iR, HACRILTHR-—Iadr ik, XFh
WA YT 7 28 AT RE ok (e gk ph 2 m] 9, ik
Tia s NREMITR I o AW 5T i A AT S8 3 1) e
SRYT PR TR A S BRI PRAK S, AT BT R
KRR LB rh AR Bz N, B 2P
MIRFEA . KIIBE D7 R B0 IR — 1097 5 &
AR IARCR e A

FERMERER: ALRAEEFTA &R,

EETTEAARA: # AR G ot LIER, RFik
X A KRR T R RERAE, AT TR,
FAEF . 2BA. KRB AT RBRE, RitFoT,
SHBER; £EARTIRISE; HEM, 22T
ME BRI, FFRE LFHRERA,

67



& itE - Article ¢

(1]

(2]

(4]

151

(6]

(71

(8]

191

[10]

(1]

(12

(13

=
B

[16]

[17]

(18]

68

W, HEE XA BRI BB T TS E IR (1] TP
AR LRI | 2022, 24(3): 335-336.

GBD 2016 Stroke Collaborators. Global, regional, and national
burden of stroke, 1990-2016: a systematic analysis for the Global
Burden of Disease Study 2016[J]. Lancet Neurol, 2019, 18(5):
439-458.

R TR KGR A N BT RLTRE LG S IR SE
B R LT R 0 B PR R BIE Y (). e S A O M L A5
R, 2023, 25(2): 175-178.

Moucheboeuf G, Griffier R, Gasq D, et al. Effects of robotic gait
training after stroke: a meta-analysis[J]. Ann Phys Rehabil Med,
2020, 63(6): 518-534.

Calafiore D, Negrini F, Tottoli N, et al. Efficacy of robotic exoskeleton
for gait rehabilitation in patients with subacute stroke : a systematic
review[J]. Eur ] Phys Rehabil Med, 2022, 58(1): 1-8.

Longatelli V, Pedrocchi A, Guanziroli E, et al. Robotic exoskeleton
gait training in stroke: An electromyography-based evaluation[J].
Front Neurorobot, 2021, 15: 733738.

Karunakaran K K, Gute S, Ames G R, et al. Effect of robotic
exoskeleton gait training during acute stroke on functional
ambulation[J]. NeuroRehabilitation, 2021, 48(4): 493-503.
Baronchelli F, Zucchella C, Serrao M, et al. The effect of robotic
assisted gait training with Lokomat” on balance control after stroke:
systematic review and Meta-analysis[J]. Front Neurol, 2021, 12:
661815.

Swank C, Sikka S, Driver S, et al. Feasibility of integrating robotic
exoskeleton gait training in inpatient rehabilitation[J]. Disabil
Rehabil Assist Technol, 2020, 15(4): 409-417.

Solomons C D, Shanmugasundaram V. Transcranial direct current
stimulation: a review of electrode characteristics and materials[J].
Med Eng Phys, 2020, 85: 63-74.

Chase H W, Boudewyn M A, Carter C S, et al. Transcranial direct
current stimulation: a roadmap for research, from mechanism of
action to clinical implementation[J]. Mol Psychiatry, 2020, 25(2):
397-407.

Elsner B, Kugler J, Pohl M, et al. Transcranial direct current
stimulation (tDCS) for improving activities of daily living, and
physical and cognitive functioning, in people after stroke[J]. Cochrane
Database Syst Rev, 2020, 11(11): CD009645.

Kaviannejad R, Karimian S M, Riahi E, et al. The neuroprotective
effects of transcranial direct current stimulation on global cerebral
ischemia and reperfusion via modulating apoptotic pathways[J]. Brain
Res Bull, 2022, 186: 70-78.

Salehinejad M A, Ghanavati E, Glinski B, et al. A systematic review
of randomized controlled trials on efficacy and safety of transcranial
direct current stimulation in major neurodevelopmental disorders:
ADHD, autism, and dyslexia[J]. Brain Behav, 2022, 12(9): €2724.
Edwards D J, Cortes M, Rykman-peliz A, et al. Clinical improvement
with intensive robot-assisted arm training in chronic stroke is
unchanged by supplementary tDCS[J]. Restor Neurol Neurosci, 2019,
37(2): 167-180.

QIU S W, XU Y. Guidelines for acute ischemic stroke treatment[J].
Neuroscience Bulletin, 2020, 36(10): 1229-1232.

BIAN M J, SHEN Y X, HUANG Y J, et al. A non-immersive
virtual reality-based intervention to enhance lower-extremity motor
function and gait in patients with subacute cerebral infarction: a pilot
randomized controlled trial with 1-year follow-up[J]. Front Neurol,
2022, 13: 985700.

LIU S H, YU H X, WANG Z X, et al. Correlation analysis of balance

function with plantar pressure distribution and gait parameters in

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

B1]

[32]

[33]

patients with cerebral infarction in the basal ganglia region[J]. Front
Neurosci, 2023, 17: 1099843.

Cheng D K, Nelson M, Brooks D, et al. Validation of stroke-
specific protocols for the 10-meter walk test and 6-minute walk test
conducted using 15-meter and 30-meter walkways[J]. Top Stroke
Rehabil, 2020, 27(4): 251-261.

Yi HJ, Lee D H, Hong B'Y, et al. The long-term functional effect of
thrombectomy on patients with middle cerebral artery occlusion who
exhibit moderate to severe disability[J]. Medicina (Kaunas), 2021,
57(5): 509.

JIA F, ZHAO Y, WANG Z, et al. Effect of graded motor imagery
combined with repetitive transcranial magnetic stimulation on upper
extremity motor function in stroke patients: a randomized controlled
trial[J]. Arch Phys Med Rehabil, 2024, 105(5): 819-825.

Rocha L. S O, Gama G C B, Rocha R S B, et al. Constraint induced
movement therapy increases functionality and quality of life after
stroke[J]. J Stroke Cerebrovasc Dis, 2021, 30(6): 105774.

LI P P, CHEN C Y, HUANG B Z, et al. Altered excitability of
motor neuron pathways after stroke: more than upper motor neuron
impairments[J]. Stroke Vasc Neurol, 2022, 7(6): 518-526.

Nolan K J, Karunakaran K K, Chervin K, et al. Robotic exoskeleton
gait training during acute stroke inpatient rehabilitation[J]. Front
Neurorobot, 2020, 14: 581815.

Gupta A, Prakash N B, Honavar P R. Gait training with robotic
exoskeleton assisted rehabilitation system in patients with incomplete
traumatic and non-traumatic spinal cord injury: a pilot study and
review of literature[J]. Ann Indian Acad Neurol, 2023, 26(Suppl 1):
S26-S31.

Christodoulou V' N, Varvarousis D N, Niritsos G, et al. Robotic
assisted and exoskeleton gait training effect in mental health and
fatigue of multiple sclerosis patients. A systematic review and a meta-
analysis[J]. Disabil Rehabil, 2024, 14: 1-12.

Changcheng C, Li Y R, Chen C T. Assistive mobility control of a
robotic hip-knee exoskeleton for gait training[J]. Sensors (Basel),
2022, 22(13): 5045.

Boscutti A, Juliana Mendonca De Figueiredo, Dana Razouq, et al.
Noninvasive brain stimulation techniques for treatment-resistant
depression: transcranial magnetic stimulation and transcranial
direct current stimulation[J]. Psychiatr Clin North Am, 2023, 46(2):
307-329.

XIE R M, ZHANG Y L, JIN H N, et al. Effects of soft robotic
exoskeleton for gait training on clinical and biomechanical gait
outcomes in patients with sub-acute stroke: a randomized controlled
pilot study[J]. Front Neurol, 2023, 14: 1296102.

Hong-Yu L, Zhi-Jie Z, Juan L, et al. Effects of cerebellar transcranial
direct current stimulation in patients with stroke: a systematic
review[J]. Cerebellum, 2023, 22(5): 973-984.

LYU Z, LIU F, XIU H, et al. Transcranial direct current stimulation
for global cognitive functioning and ability in daily life activities
in poststroke cognitive impairment: a systematic review and Meta-
analysis[J]. Am J Phys Med Rehabil, 2023, 102(11): 965-974.
Aprile 1, Tacovelli C, Goffredo M, et al. Efficacy of end-effector
Robot-Assisted Gait Training in subacute stroke patients: clinical and
gait outcomes from a pilot bi-centre study[J]. NeuroRehabilitation,
2019, 45(2): 201-212.

Williamson J N, James S A, He D, et al. High-definition transcranial
direct current stimulation for upper extremity rehabilitation in
moderate-to-severe ischemic stroke: a pilot study[J]. Front Hum
Neurosci, 2023, 17: 1286238.

MRS B H. 2024-07-11
it BN



