- 258 - HAE Y R 2 5 B A2 2 2023 4F 3 A4S 45 %55 3] Chin J Phys Med Rehabil, March 2023, Vol. 45, No.3

3

ETRNZEORARIMBREFERZEDBE ERII6E

REFRHINHA

T ORA kA EHS OR|H
"M BERKFH BN ERLER, BN
K FhEMle R, 0
BAEAEH 5K Email :2zm1455@ 163.com

[HE]

221003; *#M T b E R L EFA/ 40 EA
221009; *F B & b K FHd TS

B, 4N 221116

HRAILARE 11 B A2 i o T o 22 B A2 U — PR SR o AN s SR IR BL 1 11 B A g

B LIRE Rt ke T R E O TR R AR BT RE LR R A 1 BB R . AR SORE AR 75 1 £
JE R G A HLEE D BORTE R A (83 LD RERR A b i o FH B

(XgR] WPLED,; WZEd;  LohReRss

EETUE : kM i B s E 0 R 3T R0 H (KC20133) 5 4 N T [ 580 PR A & BL 3G 7 O E

(2018ZK002) ; fi M 17 =24 5 i A A K5 32300 H ( XWRCHT20220045)

Funding : Xuzhou Science and Technology Project( KC20133) ; Xuzhou National Clinical Key Specialist Training
Project (2018ZK002) ;Xuzhou Medical Key Talent Training Project( XWRCHT20220045)

DOI:10.3760/ cma.].issn.0254-1424.2023.03.015

iAo A BR BRI A —RBR , AR R A e
it 200 71 BERERH R R B BT KT A AR R iR A
FET R ETREGEH ARG AT RN EHE SN2,
B REIR S X A v SR A B O E LR A
TR FE HbrZ —, BRI T T B (s vz
TR ARG B ST AEIRYT AR ) WA b HA —
ERCR  BRZHURE R TEWRE 554 A £izsh, By
PRV R TROT AN BAE

Fiti 5 N % fig ek & J# | i #1L4% 17 ( brain-computer inter-
face, BCI) B AR T 32 ¥ 1 FH T B &2 R 2 €3, BC1 B AR 7] LITE
M A ARSI A i) ey S | AR A AT ) AR IR B R
Vg, JF B A S B S X ) B Ef . BCT 45 AR W Tl 4 v
B BB BE e Y A AR U A 32 B A4S T A R ( fune-
tional electric stimulation, FES) %5 & AMEBEHLAR A AR ImbLES A
FHEAL LS (virtual reality, VR) 04555, HLPT B2 4 20 35 42 fl gk
BYREPEAEIR IR 1 BB 2R S AR SO SRR 5 1 £ BE X
BCIHORTE A v (25 _E B2 RERE A2 v v R LT BRI A7 fr7

BCI AR R & R H 12

BCT H A 230 i fif i i 28 A B SR P 8 A2 B ik
TS R B SR 5 15 Bh AN & 2 (4l Bl ) 35 Bh AR o se ot
BEXTREE B AR 5 YN, T8 1 552 e W 55 sz 45t , DA T 45 1
FEE YK o 2 Rl

TE 1999 4E 6 H HIF R E ¥ BCI E R4 b, “WidliE
— TR I R SR — T AS AR A I 0 1 3 B (A S b
2 WU ) (38 {5 F AR H 3 B IE T Hebbian 2% 2) J7HL,
R 1L Bt AME S A LI S g @i 2012 4F
VE2E AR KA T BN e A A B — {37 52 2 DU i e o

SR AZ B B v, (0 A S A I R A R LA T
B RS 4 A A et BB FRESE AL 7 4EiS ), 7E 2014 AR
VOISR TR AR ISR 4 Bl 8640 10 5 BB R 9 41 1Y
FHA4F Juliano Pinto 7£ BCI £ AR 5 /ME- 5 HLAS A BY T 5i3h 58
BT BRI, 2016 4F Bouton 51K Bz [t P Bl HEL A [ 31 A A
| — 1] PR S RE A 105 S 50U R (1 BB A P IR D SRR i
B 1) 22 BT B, 3t i 43 B b 2 UL A R 98 R s
IR LA B30T | S I 52 B T JBCBORS 40 i D) RE 42 3%
1, Flesher Z7FE 2021 4E(0 1 —Rh AL BCT £ AT iz 3 i
o4 P 2035 By, O30 3 37 O ik i R R R AR A B S A K R
PR AR 20.9 s 4% % 10.2 s,

BRI % JEEHE A | ST AFSf BCI AR 7 47 B, 75
02 2 AU P I 17 FHABOR AR Y2, BCT AR (4 & SRR
ST R R A R IR A R 45 & K 1 it &
U TR il T e 22 2 AT SRS AT SR MG G R
T A L, ) I3 BT LA S B 43 550 40 46 B 52 3 7 U 43
Bt , 15 Bhl PRk k3 22 R 97 F-BL .

ET BCI HAKSIMBREHEMEF BE ERRETHINB

BCI HARTEN A h 35 b IR D e R A2 v i S 24 T 2 45 3
FIAESE 0 A RFE 3T, BCT Y25 ) 375 & fili A= rp 18 25 Ml H
JEGEIE ST A, FC L B RE A 5 () 0 > Bk P 2 e g i
AR ARSI AR RIZE AL ASOHE R G4 BCLHAR
TEM A b iR F T RERE S i FHBRIR

— BCI-FES

I RE P P AR A SR 308 o S A0 B A i A R Ik b R i
JUUPR ™= A i 12 R A A A o 282 B TR T RE W B2 B v 42 T
¥, 24 FES 5 BCI 455 I, AUREBTE LIS A L% #2258
I RE A HE I e T T 4R R IR RE



rp Ay S o R AR s 2023 4F 3 A AR 45 B4 3 1)

Chin J Phys Med Rehabil, March 2023, Vol. 45, No.3 + 259 -

Jang %1 F ] BCT 509 FES 38 % 20 iR 4< b % 1k
AT 1900, AR A0 28357 i v A A S A X UL R = iy L
4, NS B 5635 S22, 45 SR R W BCI-FES Q97 1 {2 i fil A<
Hh B2 S BRI, A A R T BB, Biasiucei
K] BCI-FES RSN A= v (825 (i S 00 A AL, 22 5 J8 -+ U5 &
L BCI-FES JA¥7# FES 167 RETE A UM 18 M il 7= v (8.3 12
BINREIRE R R AEIRIT A5 6 A~ A 1 12 4~ A i B3 -
WD RETRCE G AT 45 025, O — TR 5 s K 0 ki 2 v 8 5 A
BCI-FES YAIT 45U , By sl ik 6 S BT
ST R A AR AT T N 4 RWER K BLIA YT IR BCI-FES
A FES 4 F IR RE BN SCTY BORLI (] 5G9 A0 B 08 1R 22 |
H W A6 15 2R ) $ B 1 3, JF H. BCI-FES 4 FiR$sbr k%
L BELT FES 41,

1B FES FFAJEIE 5 BT A R D RE R A% B2, X T iz 3l
P22 TTP i JE] R 28450 403 T 2K 25 P 22 S B R FES B3R
JTRCRAAED) i LA AT — S8 bt o S s, R S oIk 2
5% FES RIS B AFBE A JILA 0 R4 R 9T

— BCI-HLEE A

BILEF NPT Bl B 5236 7 D X B8 3 R AT 4 2 A 4k 2
BCI A RGP 2 MR & —mHLas
AT B I A R Y BC 4568 RSB IR A4 R
G5 HME I 2 RG22 (B0 PR PRSE B, IR 3 S8 3 K A T A
I ERIIREIRE P . REEUH T R B A4 LA
SRR AL A B L g A I RAAE

1. BCI-AME A LA A A0 E AL As AJe —Fh il 2 i 4%
T 5B ORI L , 8 AR A UM IR SR B BT 95
FhE2 Bundy &l23) 38 33 T S U A IR (action research
arm test, ARAT) UERH T BCI-ZME BRHLAS ATE G il 235 o 5 I
W A8 T B Rz gl D RE Ty T 2 A w0 097 Ak, O H & B~
BRGIIREIR AT 0] HAT W A SC Bk M. SR BRAEDY FIHIZ sh i 4
(motor imagery , MI) Bt} BCI-ZME B8 HLEs AXT 23 1130 2 ik
AR T INGR, 4 B G R B3 Fugl-Meyer 2 31 D168
mEe B ( Fugl-Meyer assessment-upper extremities, FMA-
UE) PEAM I 3, Frolov %5 5 i WU Xof IR 58 & R, A
EMiA= 4 28 BCL-AMEH LA A2k 2~ 3 iR, e Bz 3h
TRE (L& TR a2 DAk ) 2645 ] ol

H AR 43T A0 04 i % LA A TE R 2 N 3% AT
SCATIRBh, TR A TR, A 5 R BUL BRI IR R PR T
FHESME R R G, KA E AN TR R JF HE &%
FEFHE 77, Cheng %001 11 BN VLN A v (25 BEHL 53Ky
BCI-ZZEHIAETFE (soft robotic glove,SRG) H A1 SRG 2, 7£ 6 J#
THUYIE &3 2 4183 FMA ARAT P43 4100 22 5 3 B 5 12
=X (P>0.05) {BIGIT 45 H S5 BCI-SRG 41 FMA K ARAT ¥4
1% SRG 4Lk — A58 . Zhang 550 FFR T —FhRE(E T
HR H, & ( electrooculogram,, EOG ) | i H, ] ( electroencephalogram ,
EEG) K NLHE [ ( electromyography , EMG ) Bt A ¥4 il B9 = MR ah F
B, B T A7 IR AN 6] R T AT & R Bl A, X
RS R A T

2. BCIRumblas A Rumplas AJjg —FhdE g4, B3
A AV A ) JBAAR B T s S AV FH 3 LA PR A s B, R G
WHHICICE SR P R SR R sh . B

REHE A RGABZ R LA A, B33 R — BT gl fa e
e A2

Ranzani fﬁ[m i —Fh 4K ReHapticKnob ER AN
XTI AC R AT 4 FE R BEAILXT IR S 0 45 A 3R W AR AL
i N5 E AR TR, B ARG i A R R Re T
T EAT SR, 5 Ang 557 IRIEZE R IA —3, {1 Ang FFY
[ st R Y BCI-A S AL s A% il 2 v £ 25 3647 T 6 JAl T i 5
B RIS 3 8 5 12 R 24 IR BCI-ARImHLes A4 iyg
TR B AR TARMEIR T A AR s AL g AN 4L, i — 2L uEB T
BCI & A s Bl 2% A% il 25 v £ 55 1 BT gk &2 B A FRAR A
Mo H—Tar0k 26 4 i 4 H 5 B4 4 BCI-Manus 411
Manus 41, % L2290 AW R4 B T4 Be i & (1) MIT-Ma-
nus AR UiAz 5| ML AN AT L4 J8 5 &P BCI-Manus 24 #15
60% B H Lz S ek ig B & wED, H¥rE—S0mT
22 J551 B BRI ( transcranial direct current stimulation, tDCS ) B
A BCI-A S AL AR A i A v 202 D BRI S (5 o 0 482 1
2 fifi H, 8] ( quantitative electroencephalography, QEEG ) 1] Tl i&
JPRCR , I SEA AL R T30, (B H B m bl A e R
r ) R R AL P RE R TR AR T A B LA N, R i Bl
AR RESEBLM T F R AR DL R ST S s [ A B, A 2L
PR B H FAT s shial , Jo 4 B B % A8 sl F i 4=
JHE ),

= .BCI-VR

REALL IR SR A A A FATT SR LA B 0L = 2 SR A Y il
FHE 5 RS T RS B 7 A 2 8RRt AT 3RS
L HE Mz 7 HET BCT B VR £2R Bk BEE Sk h
RIBFFE $ R, BATHAE TR R B B, B E R R SR g

Saposnik % SR Meta SMHTIEH] VR A 1] 5 14 48 i 7
o RO E IR YT AR A R B R TR I 2R G B
Vourvopoulos 45" #f 57 % Bi BCI-VR T W REHE = 4 B8 P s 4=
thEE (PR AR R EEIZ 39545 ) 132 2 DI RE T4, [8] I 34 RE R
e FRE IS Bl 22 I 4% B T S TR D — Rl T
BCI 5 VR W FHHHEE RS, R ILAE W BE A h B K
FoG T E  Bp B AR R B S IR R AT 55, O S AR iz 3
T M AAJEE SR, Johnson 251006 42 28 fBRE M ( repeti-
tive transcranial magnetic stimulation,'TMS) 5 BCI-VR 4% R 4%
A, KRBE " TMS+BCI-VR 41 K {B +TMS+BCI-VR 41 3 ¥ ULg
B2 sh T RE s (0 A Fr A W 2 0 2 R (R4 el A, 3%
FIFH T B LR UG ZE 21995 b 00 B o G 19 5

GG YT v L HL, BCI-VR AR ] 58 4o 48 50 L 5E % fih
R, A B TR R 2R 5] ) B B VR T RRROME , AT
AEBTNGRJEI 0 8 KT e B 4 R BURTh eI S, BEE
BlEEH AR R & BCI-VR F ARG 2 78 il A v b 52 40800 %
TRMER .

%&iE

MR BCI B A AWt , g sr IR A2 st H k&
(4 EEG 255" | Colamarino 25" $2 1 T —#h#i % GUIDER
Sk S A R IR YT W B R B AR, AR 3 T BCT #EARTE
2 e A )z IS . E R BCT A A B FH T i 2 o
B LIRS AR 2 0, A dE . OBLA 5T BCT #fF



- 260 -

AR P A 5 A 4 2023 4F 3 A5 45 55 3 8] Chin J Phys Med Rehabil, March 2023, Vol. 45, No.3

FERIREACBE R Qi /], R 18] S PR, U 2 M LA S0 5
BCT B0k BERA PE B AR LA 5 52 AP 2 ) DBCT B 1 1)
Orag it g, PRI S 4E 4P B2 B @ BRI A BCL H AR &l
N GARAE i T ph IR (A T AN RS B 1S D0 Sz 4R A
9 BCI R4t BEEFHE KRB BCI SUS I8 I AR A A1
5 b3 T U2 W20 W it DR O W e ik T & BCI B i, M ik
AR Z I RE 2

(1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

2 % x o

Wu S,Wu B,Liu M, et al.Stroke in China:advances and challenges in
epidemiology , prevention , and management [ J |. Lancet Neurol, 2019,
18(4) :394-405.DOI;10.1016/S1474-4422( 18)30500-3.

Tedesco TL,Kennedy N, Smith T, et al.Predictors of upper limb spas-
ticity after stroke? A systematic review and meta-analysis[ J ].Physio-
therapy,2019,105(2) : 163-173.DOI; 10.1016/]J. PHYSI0.2019.01.
004.

Wolpaw JR, Birbaumer N, Heetderks W], et al.Brain-computer inter-
face technology: a review of the first international meeting[ J].TEEE
Trans Rehabil Eng, 2000, 8 (2) : 164-173. DOI. 10. 1109/tre. 2000.
847807.

Mane R, Chouhan T, Guan C.BCI for stroke rehabilitation ; motor and
beyond[ J].J Neural Eng,2020,17(4) :041001.DOI;10.1088/1741-
2552/abal62.

Collinger JL, Wodlinger B, Downey JE, et al. High-performance neuro-
prosthetic control by an individual with tetraplegia[ J].Lancet,2013,
381(9866) :557-564.D01:10.1016/50140-6736( 12)61816-9.
Bouton CE, Shaikhouni A, Annetta NV, et al.Restoring cortical control
of functional movement in a human with quadriplegia [ J]. Nature,
2016,533.247-250.D0I:10.1038/NATURE17435.

Flesher SN, Downey JE, Weiss JM, et al. A brain-computer interface
that evokes tactile sensations improves robotic arm control [ J ]. Sci-
ence,2021,372(6544) :831-836.DOI;10.1126/SCIENCE.ABD0380.
KT BBE. WHLEE D BRI T WA )5 38 3 2 AR R A 5T
PER[T]. BEA 247, 2020, 30 (2) ; 162-166. DOI; 10.3724/SP. J.
1329.2020.02015.

Yang W, Zhang X, Li Z, et al.The effect of brain-computer interface
training on rehabilitation of upper limb dysfunction after stroke : a meta-
analysis of randomized controlled trials[ J].Front Neurosci,2022,15:
766879.D0I:10.3389/1nins.2021.766879.

Baniqued PDE, Stanyer EC, Awais M, et al. Brain-computer interface
robotics for hand rehabilitation after stroke:a systematic review[ J].J
Neuroeng Rehabil, 2021, 18 (1) 15. DOI; 10. 1186/512984-021-
00820-8.

Pichiorri ¥, Morone G, Petti M, et al. Brain-computer interface boosts
motor imagery practice during stroke recovery[ J].Ann Neurol, 2015,
77(5) :851-865.DOI:10.1002/ana.24390.

Borton D, Micera S,Del R, et al.Personalized neuroprosthetics[ J].Sci
Transl Med,2013,5(210) ;210.DOI;10.1126/scitranslmed.3005968.
Sinha AM, Nair VA, Prabhakaran V.Brain-computer interface training
with functional electrical stimulation :facilitating changes in interhemi-
spheric functional connectivity and motor outcomes post-stroke [ J].
Front Neurosci,2021,15:670953.DOI;10.3389/fnins.2021.670953.
Jang YY, Kim TH, Lee BH. Effects of brain-computer interface-con-

trolled functional electrical stimulation training on shoulder subluxation

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

for patients with stroke:a randomized controlled trial[ J].Occup Ther
Int,2016,23(2) :175-185.DOI:10.1002/ oti. 1422.

Biasiucci A,Leeb R, Tturrate I, et al.Brain-actuated functional electri-
cal stimulation elicits lasting arm motor recovery after stroke[ J].Nat
Commun,2018,9(1) :2421.D0I:10.1038/s41467-018-04673-z.
Sebastian-Romagosa M, Cho W, Ortner R, et al.Brain computer inter-
face treatment for motor rehabilitation of upper extremity of stroke pa-
tients-a feasibility study[ J].Front Neurosci, 2020, 14;591435.DOI;
10.3389/1nins.2020.591435.

FETE, ok AL O P2 0 ) D BT v SO i A b (R LB
REREAT AR SRR [ 1] P [ e S BE 5 5 18, 2021,27(7) « 802-
806.DOI:10.3969/j.issn.1006.9771.2021.07.011.

B4, JT R, DhAEtE R R 8-S i LR O B2 R B I [T ]
TR BT 4% ,2011,26(6) :63-66.DO1: 10.3969/j.issn. 1674-1633.
2011.06.021.

Bai Z, Fong KNK, Zhang JJ, et al.Immediate and long-term effects of
BCI-based rehabilitation of the upper extremity after stroke:a systema-
tic review and meta-analysis[ J].J Neuroeng Rehabil ,2020,17 (1) :
57.DOI;10.1186/512984-020-00686-2.

Mansour S, Ang KK, Nair KPS, et al.Efficacy of brain-computer inter-
face and the impact of its design characteristics on poststroke upper-
limb rehabilitation: a systematic review and meta-analysis of rando-
mized controlled trials[ J ].Clin EEG Neurosci, 2022,53 (1) :79-90.
DOI:10.1177/15500594211009065.

Molteni F, Gasperini G, Cannaviello G, et al. Exoskeleton and end-ef-
fector robots for upper and lower limbs rehabilitation ; narrative review
[J].PM R,2018,10(9) :S174-188.DOI.:10.1016/J. PMRJ.2018.06.
005.

Baniqued PDE, Stanyer EC, Awais M, et al. Brain-computer interface
robotics for hand rehabilitation after stroke:a systematic review [ J].J
Neuroeng Rehabil, 2021, 18 (1) . 15. DOIL. 10. 1186/s12984-021-
00820-8.

Bundy DT, Souders L, Baranyai K, et al.Contralesional brain-computer
interface control of a powered exoskeleton for motor recovery in chronic
stroke survivors [ J |.Stroke,2017,48(7) ;:1908-1915.DOI; 10.1161/
STROKEAHA.116.016304.

RUE AR, Dl A S A b R LR O L BN ZRACR
ARG R 2R [T v [ R R 3 55 52, 2021 ,27(3) :269-276. DO :
10.3969/j.1ssn.1006.9771.2021.03.004.

Frolov AA, Hisek D, Biryukova EV et al.Principles of motor recovery
in post-stroke patients using hand exoskeleton controlled by the brain-
computer interface based on motor imagery [ J ]. Neural Netw World,
2017,27(1) :107-137.D0OI:10.14311/NNW.2017.27.006.

R, PRSI 11 S Rl SRR ) TR AR A R e
0] AW 2R T REBFSE, 2022, 41 (1) £ 32-40.DOI; 10.19529/].
cnki.1672-6278.2022.01.06.

Polygerinos P, Correll N, Morin SA et al.Soft robotics: review of fluid-
driven intrinsically soft devices; manufacturing, sensing, control, and
applications in human-robot interaction[ J ].Adv Eng Mater, 2017, 19
(12):1700016.DOI1:10.1002/ADEM.201700016.

Laschi C,Mazzolai B, Cianchetti M.Soft robotics : technologies and sys-
tems pushing the boundaries of robot abilities[ J].Sci Robot, 2016, 1
(1) :3690.DOI;10.1126/scirobotics.aah3690.

Walsh C.Human-in-the-loop development of soft wearable robots[ J].
Nat Rev Mater, 2018, 3(6): 78-80. DOI: 10. 1038/S41578-018-



AR R A4 5 A 4k 2023 4F 3 A S 45 5 3 8] Chin J Phys Med Rehabil, March 2023, Vol. 45, No.3

- 261 -

[30]

[33]

[34]

[35]

[36]

[37]

[38]

0011-1.

Cheng N, Phua KS, Lai HS, et al.Brain-computer interface-based soft
robotic glove rehabilitation for stroke[ J].IEEE Trans Biomed Eng,
2020,67(12) :3339-3351.DOI;10.1109/TBME.2020.2984003.
Zhang J,Wang B,Zhang C,et al. An EEG/EMG/EOG-based multimo-
dal human-machine interface to real-time control of a soft robot hand
[ J].Front Neurorobot,2019,13:7.DOI;10.3389/fnbot.2019.00007.
McConnell AC,Moioli RC,Brasil FL, et al. Robotic devices and brain-
machine interfaces for hand rehabilitation post-stroke [ J].J Rehabil
Med,2017,49(6) :449-460.DOI ; 10.2340/16501977-2229.

Ranzani R, Lambercy O, Metzger JC, et al. Neurocognitive robot-assisted
rehabilitation of hand function:a randomized control trial on motor re-
covery in subacute stroke[ J].J Neuroeng Rehabil ,2020,17(1) ;115.
DOI:10.1186/512984-020-00746-7.

Ang KK, Guan C,Phua KS, et al. Brain-computer interface-based robo-
tic end effector system for wrist and hand rehabilitation ; results of a
three-armed randomized controlled trial for chronic stroke [ J ]. Front
Neuroeng,2014,7:30.DOI;10.3389/fneng.2014.00030.

Ang KK, Chua KSG, Phua KS, et al. A randomized controlled trial of
EEG-based motor imagery brain-computer interface robotic rehabilita-
tion for stroke[ J ].Clin EEG Neurosci,2015,46(4) :310-320.DOI; 10.
1177/1550059414522229.

Mane R, Chew E,Phua KS, et al.Prognostic and monitory EEG-biomar-
kers for BCI upper-limb stroke rehabilitation [ J].IEEE Trans Neural
Syst Rehabil Eng,2019,27(8):1654-1664. DOI 10. 1109/ TNSRE.
2019.2924742.

R0 SEAILAR, EIEHE 45 B SRR AN [R) 288 T A A e 28 25O
L IIRE RS [ ) ] AR B R 2 5 AT 2R, 2014,36(8)
592-595.D0I:10.3760/ cma.j.issn.0254-1424.2014.08.005.

Saposnik G, Levin M.Virtual reality in stroke rehabilitation: A meta-a-
nalysis and implications for clinicians[ J].Stroke,2011,42(5) :1380-
1386.D0OI1;10.1161/STROKEAHA.110.605451.

Vourvopoulos A, Pardo OM, Lefebvre S, et al. Effects of a brain-com-

[40]

[41]

[42]

[43]

[44]

[45]

[46]

puter interface with virtual reality( VR) neurofeedback ; a pilot study in
chronic stroke patients[ J ]. Front Hum Neurosci, 2019, 13:210.DOI;
10.3389/fnhum.2019.00210.

Johnson NN, Carey J, Edelman BJ, et al. Combined rTMS and virtual
reality brain-computer interface training for motor recovery after stroke
[J].J Neural Eng,2018,15(1) :016009.DOI 10.1088/1741-2552/
AA8CE3.

Hu YQ,Gao TH,Li J, et al.Motor imagery-based brain-computer inter-
face combined with multimodal feedback to promote upper limb motor
function after stroke:a preliminary study[ J].Evid Based Complement
Alternat Med,2021,2021:1116126. DOI;10.1155/2021/1116126.
Colamarino E, De Seta V,Masciullo M, et al.Corticomuscular and inter-
muscular coupling in simple hand movements to enable a hybrid brain-
computer interface [ J].Int J Neural Syst,2021,31(11):2150052.
DOI:10.1142/50129065721500520.

Kwon J,Shin J,Im CH.Toward a compact hybrid brain-computer inter-
face ( BCI) ;performance evaluation of multi-class hybrid EEG-fNIRS
BCIs with limited number of channels[ J].PLoS One,2020,15(3):
€0230491.DOI; 10.1371/journal. pone.0230491.

Cavallo A,Roth V, Haslacher D, et al. Minimizing biosignal recording
sites for noninvasive hybrid brain/neural control [ J ].IEEE Syst J,
2021,15(2) :1540-1546.DOI:10.1109/JSYST.2020.3021751.

Kam JWY, Griffin S, Shen A, et al.Systematic comparison between a
wireless EEG system with dry electrodes and a wired EEG system with
wet electrodes[ J |. Neuroimage, 2019, 184 ; 119-129. DOI; 10. 1016/j.
neuroimage.2018.09.012.

Colamarino E, Pichiorri F,Toppi J,et al. Automatic selection of control
features for electroencephalography-based brain-computer interface as-
sisted motor rehabilitation ; the GUIDER algorithm [ J ].Brain Topogr,
2022,35(2) :182-190.D01:10.1007/510548-021-00883-9.

(&1 H #:2022-09-23)
(A4 Z )



