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Effect of transcranial direct current stimulation combined with upper limb
robotic virtual scenario training on cognitive function in stroke patients

YANG Wenjie, ZHANG Lingling, LIU Li, CHENG Xinxin, ZHANG Yu

(Rehabilitation Medicine, the Affiliated Brain Hospital of Nanjing Medical University, Nanjing 210000, China)

Abstract Objective: To evaluate the effects of transcranial direct current stimulation (tDCS) combined with upper limb robotic virtual
scenario training (ULR-VST) on cognitive function in stroke patients. Methods: 150 stroke patients treated at the Affiliated Brain
Hospital of Nanjing Medical University from June 2022 to June 2024 were enrolled. They were randomly divided into the conventional
group (receiving standard cognitive rehabilitation), tDCS group (receiving tDCS alone) and combined group (receiving tDCS + ULR-VST),
with 50 patients in each group. Cognitive function, behavioral performance, and activities of daily living (ADL) were compared across the
three groups. Results: After 2 weeks of intervention, the combined group showed significantly higher scores on the mini-mental state
examination (MMSE) and montreal cognitive assessment (MoCA) than the tDCS group and conventional group (P<0.05), with a rank order
of combined group > tDCS group > conventional group. Similarly, the combined group outperformed the other two groups on the Behavioral
assessment of dysexecutive syndrome (BADS) and Fugl-Meyer assessment for upper extremity (FMA-UE) (P<0.05). The Barthel index
scores also followed the same trend: combined group > tDCS group > conventional group (P<0.05). Conclusion: Compared to conventional
cognitive rehabilitation or tDCS alone, the combination of tDCS and ULR-VST shows better rehabilitation outcomes, which can effectively
improve cognitive function, motor performance, and quality of life in stroke patients.
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AT i B E A S ARk, 2R F R
( Transcranial Direct Current Stimulation, tDCS ) Flj&
B SHARAE TS 1 O PR A2 310 06 B
tDCS J&—FARRAPER P XA FOR , 8 N L
S583 PR TR H SRR B I3, 919 i 28 s R AR
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HATA, A, 22 0m. BRI 6
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A E ML N LU 5125 (Upper Limb Robotic
Virtual Scenario Training, ULR-VST ) X} fixi 245 H (&
IR RE M RBCR ISR AE M hi WL 7, i e oy

MR, R, ARBFZER A (DCS B4 ULR-
VST, BEHR M EMAN2EF RE R AL, Lt
R E RS ROR A G R, BRE R,

1 BRSHE

1.1 —H&ER HEL 2022 4F 6 1 —2024 4 6 AR A
BRI 2 B T i B} 22 BEv6 7 19 150 3 i 2 vh £ 3 4
RFFERTG , L BEAL SRR R o A (R
FONAIEESE ) L tDCS 4 (tDCSEYT ) MBS 4H (1DCS
B4 ULR-VST) , #2445 50 f], —ZHEEM—Mk
TWRIE, ZRLHITFE X (P>005), Bf
ATl (IR 1) o MARRE: OFfFS (hizerd
PHES GGt (2023 i) ) P ieWitriE, H
Wi BEE; ORERE, BPUERE,
Fik, HEBERBIFEEMED; O L6k
g, M SRS A =R ( Mini-mental State
Examination, MMSE ) 43 < 18 4. fE&hniti: O&
JEEM MR RE, O/ ERIE. FE. O
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R, ORI . UG E SRR
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F1 SHABE—RARLR [F5,0 (%) ]

Table 1 Comparison of general data among the three groups of patients [x s, n ( % ) ]

S HEHA (n=50) tDCS 48 ( n=50) B&4H (n=50) X°IF{& P&

el 0.160 0.923
ks 24 (33.33) 23 (31.94) 25 (34.72)
B 26 (33.33) 27 (34.62) 25 (132.05)

i) 3.584 0.167
FRtEsE 22 (30.99) 29 (40.85) 20 (28.17)
g tE! i 28 (35.44) 21 (26.58) 30 (37.97)

AR 2174 0.704
INFER LT 9(28.13) 12 (37.50) 11 (34.38)
hERGE 28 (36.84) 26 (34.21) 22 (28.95)
ARERME 13 (130.95) 12 (28.57) 17 (40.48)

rcfanzitiva 2.615 0.270
1 25 (34.25) 28 (38.36) 20 (27.40)
i 25 (32.47) 22 (28.57) 30 (38.96)

Fik (%) 55.34 + 15.59 57.02 +13.70 57.94 +12.76 0.439 0.645

iz (d) 19.74+£9.74 17.38+9.04 21.10+9.16 2.040 0.134

BMI ( kg/m®) 23.51+2.34 23.16+1.94 23.78+1.86 1.151 0.319
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FF IS E A 15 .

1.2.3BK&4H  1EtDCS 5Ll FECA ULR-VST, fif
F B4 RS AR A BRAS RIAE 7 1Y) iReMo b
ML N as (PR 1fE 20212190479 ) , B3
AETERLER NTETHT , KT FFE, )E T RAE |
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WIS . VIZRETRR 20 min/d, BK 2R, 1%
U, AR R I SR BN A A G 2 A
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P<0.05 FRZRA I AR

2 #Z#R

21 INEThEE  THIAT, —41A9 MMSE 5 MoCA ¥
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®2 ZHBEINAMIIEELILER (x5)
Table 2 Comparison of cognitive function among the three groups of patients (x +s )

MMSE 43 MoCA 53
Rl = ~
T TE s T =l
HEHA (n=50) 14.30+1.73 16.36 = 1.60 16.24 +1.45 19.18+1.72
tDCS 4 ( n=50) 14.36 + 1.56 18.48+2.24 16.42 +1.54 20.90 +1.87
B&4H (n=50) 14.44 +1.49 21.08+2.89 16.48 +1.46 23.54+1.84
Fi& 0.097 52.551 0.354 73.499
P& 0.908 <0.001 0.702 <0.001
®3 ZHBETAHRNIE (Xxxs)
Table 3 Comparison of behavioral capacity among the three groups of patients (x s )
BADS 15> FMA-UE ¥ 5>
A5 = ~
T THa T IE THa
HHA (n=50) 4.44+2.82 8.90+2.17 34.84+2.77 40.52 +3.40
tDCS 4H ( n=50) 4.42+2.70 13.22+2.03 34.68 +3.04 46.28 +4.85
B&4R (n=50) 4.78+2.70 15.74 +2.51 34.70+£2.43 48.04 £5.72
Fi& 0.273 118.423 0.050 34.225
P& 0.762 <0.001 0.951 <0.001

Barthel $§50PF4 M, BG4 >tDCS 41 > H A4,
EREGIFE L (P<0.05) , WE4,

3 iTie

I A v S A 2 i A R DL O R 2
—, HRRERREIL 50% LA F, HIE =R T REE
JE KA SR, T R AR AR S R, B
FEEGAR U R, SR AT X I 2 R S AN A
BT s A A UM A 2Pk . AR, BRA
20 F i 5 MMSE 5 MoCA ¥E43 e, W] tDCS Bk
4 ULR-VST UR B2, B AR R s o
B, BEXPPEE R . — 5T, (DCS A Sk BN
ORI/ I NN G N ) Y P e O A O

F4 ZEBEEFEALE (T25)

Table 4 Comparison of living ability among the three
groups of patients (x =5 )

Barthel 5401 4>

2851
Fa0 Fia
HEHIL (n=50) 32.74 +4.95 43.98 +4.88
tDCS 4 ( n=50) 33.70+5.29 51.68+7.73
B&4R (n=50) 33.20+5.19 58.16 +7.01
F& 0.716 71.427
P 0.490 <0.001

T P HR B R 28 I 445 TG SR, RIS I 2
fig ", [RIE, tDCS BEMS I OR N i 2 i df e,
AR SE A 28 RIS I 00 w2 ke P T il R g i 1
DR 28 A B A 3G SR A BT BRI T RE, R
JETEICAZ ). = IR R L. Ak, 7E
tDCS F, B FTREREIA R/ A 2R . vy - 25T
i (GABA ) S5 283 Ji fiph 2 fb 22 i, X eedy)
J B IA B S BE A 1 S — T,
ULR-VST i i B S 5, B E R s il
B W AN AR R, A B O K
MMM, fEdbfzen] 3k 220 2 g U
s GRiEH 45 A BV AR sl ghahee, 5B
BE AT EIGE 8, (Rt Z 4ot i
B, W% B is sh e 22, [t 2 s
AB YK St PT RE (R A HE N T RE A i . KR HULTHS
SR AR S5 BOR B A TICIC . R RS
INHURAE . X ST 554 B FHROMR S 3 i R

P02 S A 1 % . 1DCS A ULR-VST [R] s
FHF i 2 vp B 3 o 2 = A U R 800, 1DCS ] DL B
B R B 2 24 A M, T ULR-VST W3 5 48
PEEE 0B E RO SN AT: 55 SR 4Bk R 3 L R
I1o PIE LA AT LASE— A dEpi 20 1 P2

743



*

BE - Article &

B, WARBHCE B ICIZ T MY S0

Ae 2\ Jn T g P2 tDCS M1 ULR-VST ZRE A . [0 EXIF. R0, RSN A A BT iR I b i A
, sun s . . BHITIRE R F A TS SR 0T 1. HLER A AMRE S A (s

GARWREIRYT ik, i T milgk, & ), 202:, 5(5): 871-875. : ’ -

HAl LB e NI Sh RE N a2 shah e, $Eim (21 R KR B AR A RS AR B0 BLR A A 5

WE [J]. VU238 Rap i« E2ERR , 2023, 44(2): 214-220.

W

HETE R (3] BRE , 0 SO , S . 2R M A B A i
AWFgEp, T i 5 = 4 BADS. FMA-UE #Il T FRFRITE -5 I o I A R S RE R AR B AR S [T]. oA M 2 e

T . N 2022, 21(1): 8.
Barthel I8 8PP/ ETF, R =ATHOTRIIA — ) e, s, a5 o s s\ i SR 2 A
SEROR RSO, 2 0] (DCS AT+ — AT A 4 A W HE L 19 2 o0 BT TS (1), o
ERFEEE 2024, 27(23): 2829-2837.

;Fn ULR-VST EHW$ $,%%E@J%’E*Eﬁﬂ}lﬁ]ﬂ5%o [S] Bernal-Jiménez J J, Polonio-Lopez B, Sanz-Garcia A, et al. Is the

tDCS ﬁﬁi}gj*ﬁkﬂ&‘&}ﬁ% ;ri , ﬂilj(ﬂﬁﬁ]ﬁ'é E@iz& combination of robot-assisted therapy and transcranial direct current
. — " . P stimulation useful for upper limb motor recovery? A systematic review with
AL T LAY 1 ULR-VST D3 0085 M A DI 250 B 15 Meta-analysis[J]. Healtheare (Basel), 2024, 12(3): 337.

mﬁrﬁu , :‘;L:F_. ﬂ},f}@ ﬁ T j(ﬂlzl‘gj Hﬁ{zig E/(J Tj}i}%—]'@ ﬂ:‘n Ij] E‘E E/‘J [6] Lima] P S, Silva L. A, Delisle-Rodriguez D, et al. Unraveling transformative

effects after tDCS and BCI intervention in chronic post-stroke patient

'V)—{/Eo }/J\I;—j‘%j\ 7] *IEIQHZII 5 LH&%EM%}\E@@FHXGL rehabilitation-an alternative treatment design study[J]. Sensors (Basel),
A ERERES AT B R S A oz o

[7] Fonte C, Varalta V, Rocco A, et al. Combined transcranial direct current

ﬁﬂ‘] tDCS Xﬁﬂ@i*%%ﬁ\%ﬂﬁ]ﬁ%ﬁﬁ‘wﬁﬁiﬁ% ) —I::,‘ stimulation and robot-assisted arm training in patients with stroke: a
z'gﬁﬂ;%z: IEJ E@IEI% :H:]‘Aygﬂ;é% EP @%T&?ﬁ%%{i systematic review[]]. Restor Neurol Neurosci, 2021, 39(6): 435-446.
s N 2 o

[8] KimE, Lee G, Lee J, et al. Simultaneous high-definition transcranial direct

S 29] vz o
%ﬁ'ﬁ , Marotta N %j\ 29 l@,ﬂ 892 'fﬁu ;%%E"JX%,E&EF?‘E current stimulation and robot-assisted gait training in stroke patients[J]. Sci

lﬁL[J LS 5 NV e 75 I g H = Rep, 2024, 14(1): 4483.
fit, AL ML AT I PR B (R2 (9] /MR, bk B C % . AP PE RS54 DS T (2023 ).

tDCS %R I A B 2 . Comino-Sudrez N 25 A PO 1 ¢ i B2 | 2025, 28(5): 521-533.
*H ,fu Xm)ﬁ , iAﬂ‘j {DCS E;é% ULR-VST j_JFZ:ﬁE E&%Z§ [10] Morone G, Capone F, Tosa M, et al. May dual transcranial direct current

stimulation enhance the efficacy of robot-assisted therapy for promoting

EPE;%%E@J:E&%EEE N jj% N E$ N lj]ﬁ%jﬂj‘réﬁ upper limb recovery in chronic stroke?[J]. Neurorehabil Neural Repair,

s h o BE HE Al &k At 2 Thak _ 2022, 36(12): 800-809.

LZjJJ\EEE ’ ,f—IE tDCS THEKE& = _Fﬂj]i jJﬁhO Bernal [11] Sethi A, Pascual-Leone A, Santarnecchi E, et al. Transcranial random

Jiménez J J %}\ B _My‘j ’ tDCS Exﬁ*ﬂﬁ?%m%j\ noise stimulation to augment hand function in individuals with moderate-
STV L AR - iR e to-severe stroke: A pilot randomized clinical trial[J]. Restor Neurol

DRI ARG SR A b R B A e RCR Netasosci, 2025, 41(5-6); 193-200.

JEHSE AT R 5 1 [12] i, Sicbi, SOERAL . SRS A B R S R OB TE L 1],

N \ \ . HRAEY S A S A 2R L 2024, 46(1): 70-74.

pe PN _ 4 41

g7 LPrig, DCS BRA ULR-VST HOW BRI |13y omon amice % . 2otk one & s mon
52 . tDCS BRI R A v S R DRI e 1 i O R 4 o 285 b S R AR (1), v [ AL B S 50
2 2l 4E e TN H 2 3 = 2023, 29(5): 527-532.

HCRHAE, A RET A TSRS, Bl i ikt (14] HEGK L 253080 | BB . TDREPEIELT A AR LE I 45 TS 3D
AW T U R RS AS S R R BRI, FEAS e N o 5 B LR 06 (7], P A 28 B2 2 | 2024, 23(2):

202-207.
B AT Ak 34k — B
E‘$HXT$§/J\OﬁﬂHE—§Fﬁmhén%ﬁﬁ XEE’J’{}F?H% ’ [15] Bressi F, Cinnera A M, Morone G, et al. Combining robot-assisted
Hﬁu?&ﬁ%uﬁﬁié Egﬂ&$$‘%%g¥1$qjo ﬂiﬂé E/‘J gait training and non-invasive brain stimulation in chronic stroke

patients: A systematic review[J]. Front Neurol, 2022. DOI: 10.3389/

AR A MR DR Ry e e
‘I‘i;ﬁ]ﬂ%‘l‘i s ﬁi‘ig FFH[‘\ N j(ﬁz’iﬂ(]ﬁﬂ:% s %Fﬁ }(X [16] Kuwahara W, Sasaki S, Yamamoto R, et al. The effects of robot-assisted

gait training combined with non-invasive brain stimulation on lower

= et IV S \ -
H Fﬁmxﬂ‘ﬁg‘i—%}tﬂzl% E@ﬁﬁu_ﬁ+ ’ m‘ u%éﬁﬂﬁ‘ﬂz limb function in patients with stroke and spinal cord injury: a systematic

’fﬁ tDCS E;é% ULR-VST Xﬂ’ﬂrﬂﬁ EP/%{ %‘U\%Hlj]ﬁlé E]/\J;gé review and meta-analysis[J]. Front Hum Neurosci, 2022. DOI: 10.3389/
S N fnhum.2022.969036.

uﬁ ’ Ljﬂ&hfxyl‘l‘i%ﬂ%{%}o [17] Raess L, Hawe R L, Metzler M, et al. Robotic rehabilitation and

FlEEhzEE R ARG AR PR, transcranial direct current stimulation in children with bilateral cerebral

palsy[J]. Front Rehabil Sci, 2022. DOI: 10.3389/fresc.2022.843767.

[18] Hirayama K, Fuchigami T, Morioka S. Transcranial direct electrical

1EETEER: B, kAS . RA ATkt e

22, R X FH AR R T R ERAE, AR %5 stimulation for hand function in a stroke patient with severe upper limb
S22 | ;ﬁj F2 fR ik ﬁ-’, j%é{—i}rﬁ;%(% gﬁﬂ- ,fj,_‘-/ﬂ\#ﬁ— a1 ﬁ paralysis due to lenticulostriate artery occlusion: a case report[J]. ] Med
Y Y ~ ~ y - e

Case Rep, 2021, 15(1): 582.
[19] Reis S B, Bernardo W M, Oshiro C A, et al. Effects of robotic therapy

- > £ . . . . . . . . o
I B G A, associated with noninvasive brain stimulation on upper-limb rehabilitation

WE, KA BRAATMEBHEES, BFRELFE

744



M IES

22 PR AL R B A ERALIE AR S R D A B A P B A ke T AR 0 R

[20]

[21]

[22]

[23]

[24]

[25]

after stroke: Systematic review and Meta-analysis of randomized clinical
trials[J]. Neurorehabil Neural Repair, 2021, 35(3): 256-266.

Moretti C B, Edwards D J, Hamilton T, et al. Robotic Kinematic measures
of the arm in chronic Stroke: part 1-Motor Recovery patterns from tDCS
preceding intensive training|J]. Bioelectron Med, 2021, 7(1): 20.

HUCP, Ti CHE, YUAN K, et al. Effects of high-definition tDCS targeting
individual motor hotspot with EMG-driven robotic hand training on upper
extremity motor function: a pilot randomized controlled trial[J]. ] Neuroeng
Rehabil, 2024, 21(1): 169.

Moretti C B, Hamilton T, Edwards D J, et al. Robotic Kinematic measures
of the arm in chronic Stroke: part 2-strong correlation with clinical
outcome measures|J]. Bioelectron Med, 2021, 7(1): 21.

De Laet C, Herman B, Riga A, et al. Bimanual motor skill learning
after stroke: Combining robotics and anodal tDCS over the undamaged
hemisphere: An exploratory study[J]. Front Neurol, 2022. DOI: 10.3389/
fneur.2022.882225.

0’Dell M W. Stroke rehabilitation and motor recovery[J]. Continuum
(Minneap Minn), 2023, 29(2): 605-627.

ZHU F F, XU X ], JIN M X, et al. Priming transcranial direct current
stimulation for improving hemiparetic upper limb in patients with subacute
stroke: study protocol for a randomised controlled trial[J]. BMJ Open, 2024,
14(2): e079372.

[26]

[27]

(28]

[29]

31]

WANG C C, HUT M, LIN Y ], et al. Use of noninvasive brain stimulation
and neurorehabilitation devices to enhance poststroke recovery: review
of the current evidence and pitfalls[J]. J Int Med Res, 2024, 52(4):
3000605241238066.

INEF L TR ZE . RO S BLAR AN A v B R A B Y 5
Wi [J]. FpAe B R 2 S A | 2023, 45(9): 833-845.

SR SR L ARG AR AU R T A A
B BEALT RIS [1]. AR ER2Y | 2024, 19(1): 52-56.

Marotta N, Demeco A, Moggio L, et al. The adjunct of transcranial direct
current stimulation to robot-assisted therapy in upper limb post-stroke
treatment[J]. ] Med Eng Technol, 2021, 45(6): 494-501.

Comino-Suarez N, Moreno J C, GOmez-Soriano J, et al. Transcranial direct
current stimulation combined with robotic therapy for upper and lower limb
function after stroke: a systematic review and Meta-analysis of randomized
control trials[J]. ] Neuroeng Rehabil, 2021, 18(1): 148.

Bernal-Jiménez J J, Dileone M, Mordillo-Mateos L, et al. Combining
transcranial direct current stimulation with hand robotic rehabilitation in
chronic stroke patients: A double-blind randomized clinical trial[J]. Am J
Phys Med Rehabil, 2024, 103(10): 875-882.

WAS B 2024-12-18
it B

OOBOOEOOOOROOOOOBOOEOOO OO OO OO OO OEODH OO OGO OO EOBO OO OOOO OO OO OO OO OO

(B4 739 1)

[8]

[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

ELHHE, B, G/ME SF A P PR SR T A SR R
BT SR AR ()], E IR LA A 2R 2020, 12(11): 8.
BRI, THIRSY | R . 55 L SChR 8 B A P e I A o
AATIIREA (E I BRI (1] h R Bl |, 2022, 37(6): 4.
/b | PO, Tl | 45 . =R R A h SV R A A
TIRE SIS HTRIFSE (1], ThARP BRI 2 5 A 2%, 2006, 28(1): 39-41.
=T, HOREE, WITPARL, S A SR AR 0 iR P SCRRAR AT
7% [1]. W EHLUTREFSE , 2004, 8(28): 6009-6011.

AR JRSEHS . BRI, 55 R RS NIRRT R4 v fdie a8 o
HATIIRERIFENA (1], MLk NIRRT, 2023, 4(6): 512-516.
Takebayashi T, Takahashi K, Amano S, et al. Robot-assisted training as
self-training for upper-limb hemiplegia in chronic stroke: A randomized
controlled trial[J]. Stroke, 2022, 53(7): 2182-2191.

HU C, WANG X, PAN T L. Effect of acupuncture combined with lower
limb gait rehabilitation robot on improving walking function in stroke
patients with hemiplegia[J]. NeuroRehabilitation, 2024, 54(2): 309-317.

G SR -2 S 781 T S 2 R RPN TR o e 2 N 7
DIRERYYFBONEE (1], rhAR e 2 S HE A 2%k |, 2024, 46(6): 529-533.
BB, B, JRBE, 55 R BONES BLER AR 2 A o R
FEE A A AN B RIS B3RS [J]. v S 2 941, 2023,
20(29): 78-82.

HUHERS | XA, TR D7, &5 T IBOMERHLE A kA bR s I 2
AT Meta S8 [J]. HPIEIRES | 2023, 38(12): 739-747.

fiff B VEVE L FHIOC , 55 BT R IR ML A XUE: S5-I 2%
JRiAs v RN G B AP A TRE T R R ()] Th AR B R A S AT A
i, 2024, 46(2): 112-117.

Yaksi E, Bahadir E S, Yasar M F, et al. The effect of robot-assisted gait
training frequency on walking, functional recovery, and quality of life in
patients with stroke[J]. Acta Neurol Belg, 2023, 123(2): 583-590.

Katoh D, Tanikawa H, Hirano S, et al. The effect of using Gait Exercise
Assist Robot (GEAR) on gait pattern in stroke patients: a cross-sectional
pilot study[J]. Top Stroke Rehabil, 2020, 27(2): 103-109.

Takahashi Y, Okada K, Noda T, et al. Robotized knee-ankle-foot orthosis-
assisted gait training on genu recurvatum during gait in patients with
chronic stroke: A feasibility study and case report[J]. J Clin Med, 2023,
12(2): 415.

[22]

[25]

[26]

[27]

28]

[30]

[32]

ok, BRI R AR I S 2 A 0] i A b S R
MF IR, B SRHEAR AL RS20 [J]. o B R B2 A 2%, 2024,
52(5): 559-563.

BN KA, B, S ARG A R 2 e L) e A0
A SAFHTRE ST RS [)]. B RImPRBITSE . 2023, 40(6): 937-940.
R, IR, R, & SEMET RS A [ I E I an T
XA v SR A A AN IR REW A B (1], Hh IR RATSE , 2023,
36(3): 361-365, 379.

FH, ST, B BN LE A RS EGERAE  R AT
DIREWFFEIENE (7). rh BRI 200 253 , 2023, 23(1): 22-28.
REW LTI, WME, ARSI Z LA DEBORFNR L
e N i A T 2 S A A S DI RERSE N ()], T E AT B
FA, 2023, 38(12): 1677-1682.

XNBE 8%, BREE . b, 45 R BOHL AR A DI ZRIBEA 0 I )1 25 % fii 2 o
TR K i Fifif J7 (5 (7). o RS PR 2 2R A L 2022, 37(8):
1063-1067.

BEUL, IREGTE, X, 45 . FEPEAN R HO LA ANIBE 5 i MUHE R TR T ik
A P ARE AL S B L BIARAS []. Hh ERRAE BR A 4k, 2024, 39(3):
432-435.

Sayin A M, Duruturk N, Balaban B, et al. The effect of robhot-assisted
walking in different modalities on cardiorespiratory responses and energy
consumption in patients with subacute stroke[J]. Neurol Res, 2023, 45(7):
688-694.

Thimabut N, Yotnuengnit P, Charoenlimprasert J, et al. Effects of the robot-
assisted gait training device plus physiotherapy in improving ambulatory
functions in patients with subacute stroke with hemiplegia: An assessor-
blinded, randomized controlled trial[J]. Arch Phys Med Rehabil, 2022,
103(5): 843-850.

HHET | F5k . IKICUE . 5F R BAME B PILA G BRI 25
XA T A A T D RERREAT R D AT D RERY AN (D], R AR B R 2
FEAEZRE | 2024, 46(2): 118-122.

FIFL 0, B, L NS B FE LS S B SIS
FATRRAE BT [J]. LB | 2022, 37(14): 7.

B B A 2025-01-17
Yih. EWE

745



