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Application of Brain-computer Interface in Rehabilitation of Hand Function after Stroke (review)
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Abstract: Based on some physiological events and two kinds of function, assistive and rehabilitative, brain-computer interface gives re-

al-time, multi-sensor feedbacks to assist hand function, modulating patients' brain signals by the closed loop proprioceptive feedback. It can

improve cerebral plasticity and remodeling, that comes a novel approach to hand rehabilitaion after stroke.

Key words: stroke; hand function; brain-computer interface; rehabilitation; review

[RESHES] R7433
[ 3 & F% )

[XHFRIZE] A [XEHS]

1006-9771(2017)01-0023-04
PRIk, BN . WML O 7R R A v T BB A Hh i 1 T R[], b IR A B 5 Sk, 2017, 23(1): 23-26.

CITED AS: Chen SG, Jia J. Application of brain-computer interface in rehabilitation of hand function after stroke (review) [J]. Zhong-

guo Kangfu Lilun Yu Shijian, 2017, 23(1): 23-26.

i 35 EEOHIGE"Y, A h AE R EGE T E A R AE R 4
ARG, JRREE . LA G EE . XIPR R
BT, BN FREESE SR E A, AR 8
DIREREIR MG RIGYT T i —RHMER . i P& 2R,
BT 5T RCZ IR E R IERCR ST 2R E R, F
FENFERIG B ARG A 3 AT . FIIRERYE 24 4 30 S5 I X 2y
BRI, AN T S T AR A B A A

— AN I RSy v SR R R I i 7 22 458 S5 5% R 1 b
ZoETE, W LIR30, WBL% M (brain-computer inter-
face, BCDIR M —Fh ZMX | 2B AR T HU5 7k
1 fdLEE O #RE
1.1 e

PRATLAE 11 S48 K 5 1SR AL o S5 8 =2 ] ) — ok R o
W, FESEERAERMES, MBCFE T TR, 15
PR — T RETS SR HA R RRIE i, 38 4025 A A
WA THEHLEIN R A e 7™ A AH R 15 B R B R
i, MTITSEEL “MALAZ B AR, e ikidLaE e it AL

RETH . FEREBARMIT L EIRITH No.2015AA020501).

A AP PR Bl 2 e F ORI A 5 0 B o) R & 1%
ASAEE,, MIRESE BN 5 /M2 B X5 B Ag . SO E ]
HA DU AL AL
1.2 5038

MRAE L RS SR, PR BLEE 1 3 R AT
HAZAEPIEY, 2 APERGPLEE 075 250 i SR T AR A A
P, ot ARFRNG, B TRANUS, BFEE AL %
%o AR AMERGHLEE O BARTERE(G 5 IR BE A IR A,
Hi T4, ifE, e, ZIREZR_EI, ERHTE
WHEL AR
1.3 A4 1 A6 i 2 v B A2 rh R AAE

AR I AL 1 (A58 5 0 T 0, KBRS ) AR I AR B
S TR B AN AR, O i1 1 54 3R BURRAE
{E5484, SN % 5 T e M BRI (functional electrical
stimulation, FES)i%%%: . L 4E[E iU U hl, 1LRFEREN
TH®ETAESEET, EEAmEIE, POy LA
(assistive BCT); QRITHHLZE O @i s g e, T lZkid i

YR . BRI R R PR 2R, BT 200040, MR BRWIK(1992-), 55, WU, TARBIATIA, BULRTTA, 2
FEITI s MR LI R T RERRE AT FRAZ IR YT S OHHLRIIT Y . SlIRAEE . BUAR(1966-), Lo, UK, MRS Z A, Wit W5, Zd%, WMo

524 i, E-mail: shannonjj@126.com,

http://www.cjrtponline.com



- 24 —

[ A RIS 5 SR 2017 4F 1 A 26 23 555 1 4] Chin J Rehabil Theory Pract, Jan., 2017, Vol. 23, No.1

TSI R R, S ORI R e T B, R R s o
2JReT1, BRI MEMGHLEE 1 (rehabilitative BCT).
2 TR E

TEIEH NP RI G HLEE A 3RSz g2z 27, ml g Rfe
Hi 7 e g3 o TR BLI . Xhis AT s A= I LA T 2%
5 W RN 2 — o BRIRUA R LTI R AR R, sid i
YR G T A RE, R LRI ER LS . EATIE R
S RS AR RS S L VA TR S I S, Sl s R
WG AR S ARG 8 4, SEBEXT AMH i A5 1 3 il (an 3 i FES
X FIB SRR TR —d A, W DAY O X TR Y
B AR L, TN T M TT T REE S DL AR
BRI BRI I

WFFEARIAS, K8 i A (I S50 BRAE ) (4 S 15 1A T I
BC, HRAZRR Sl s e R AR LR D 2 fl i 40
555 A A | HR AT A R 1 P S U 5 Mk % 1 A
RERGIN. W0 “MEHLEE FF5 S T MR A Ah 2Tk S B A
FEX —HUZ b, SRIESR A Y -5 I ) 80 27 ) A RV
RS RS o X — 5 itk ] 9 F B A HIL i DO 17 T Bt 4
JaRRE R TR Y, DM % L PR (functional magnetic resonance
imaging, fMRI)%5 S i /- il s IdLEE il 2k, A0 X
Brfom ARSI m . Jiah, A A R AR E i P SR e A
I, HATIREME 2 BTG g, S is S L R 0 a0 L2 ik %
Fe, TIPE R A B R, X — LSRR ) 1T
FRPR B B 22 I TR A

AR BT B rh R S AP 2T R (R
ZICA AR SMAEIT BRI, 2 5% B HEE R84
BF, X PSP TT s 2 — 2 T A B A K e B AR A
b, Ml A2ty B IYRLRESS SR ROAH OGS, B s sh B S
FERRBLEE FUT 55 22 [B] R D PO B2 A, RO e B s & ) B
ZEIE, BXERLEE O3 A FES SHAB TR AR 2 iy BH S5 T I
3 33 ARG g BT R AR B IURFAE A5 5, R it 3 T FB UL R
45, BIDRERG D0 5 AN E R AT IC R, TR — N IE IS S
SR S AR, AT S B AR T RE SR RO A
3 IR Az A

2101424, EAMEF B R B ARG, il
fi A . FES A& RIS S BE, SRARMHLEE C7E R A 8
B B F I RERR A TP T AL, AT A P S A A=)
GO IR AL WU SRS S ORI -TH LS B R S,
RGBT R oM, ST 5 TN shE, Gefl
BEBEAS R —E BB, ARERTEH WG SRE . A
NS — {5 M P i A v T i ) R B A T R AT AL 1 45
FESVRYT 9O M7 R, KIS T-45 i e D g fs 1) — & 2 B2 42
185 o T —THRIF S 0o (B 521X R 0] 9032 20 e I (M) #E4 7 B
e 5 B A% 28 fi 3% H 31984 (transcranial direct current stimulation,
tDCS) 20 min, #R J5 ¥F 47 4k T 8% 48 38 3 45 £ (Sensorimotor
Rhythm, SMR)fx AL = HIUIZR 1 G, 352 Bk tDCS 1932
T TR 1 4 BE ) B HH 32 I tDCS 2 BRI

HHkeE, UEWIFHR tDCS REHY I~y ] i 2L T SMR Byl pILE 1
HIRE ST o

DI ERAF SR A5 s dils, R 1 s wrh — R
ARUT, B FARTE X G A5 S A T B s A S o . HIr S
T, B EESHEE, REAPGNNENZ B 47—k
22 i 14 4] 98 (transcranial magnetic stimulation, TMS), [&] i 2 i
S Bk SN A% B B TR RTS8 31 & L6 (motor
evoked potential, MEP)J i A1 X 35 i AL A AR K i o

X/NEEF IR, I 4 G-I HLEE T -FES 2k,
A B A RN AR D BE R &, R I 3z A8 Dk
A, BFDIRESE R, MMRIE R KNG i S, 2R 2RS0Ty
WAL T, 1A R R BRI RO B TR S
PE A3 (Action Research Arm Test, ARAT)ZE S EAAE, 240 H
Ja I HLEE R 5% 5 Fugl-Meyer ¥ € & % (Fugl-Meyer Assess-
ment, FMA), ARAT Z5 5L IEAH G, R AE MLk A v T 1) B it
T £ 4 A T4 1 -FES 1397 5 FES¥RYY . JLP FES 2%
RSB F AP LS B UL, & SUNGHLEE 1 -FES 41 FMA 774315
TFESZH. FAMGE Mt 2o AT TSI EAR G BT (9 G FEL LA Sy Al
RMAMGY, BCG FESHF TGRS B DIFIIRERE , WF
KR, ZRGEREIEH AT 95% A iz gl #5iH FES 52
T s, T AERRE S, RZIRE FIEDIRESME . iE
A WFFE O AR ZE R AL 15 FES 456 1] 28T
TRIEA, M B RS 5 X FES T4, A4 T D BERE A ) Mg
FR R, LIRSS, IR —#OK, SRz
FI-FES RGer] i PR b o T UIeR A .
4MAES

BibLiE ORGSR — N ML sl i, XHERE N FEhS
5ENZEDRE, BEUAREHE T RIS T4 T R LU
BAE NG TIRHEAL S5 o 5 A AIENMBERS, s
Wi AL YN ZRad B 28 B, WIS RESEA T R bl 11 2 3
%, ERTEETCEITING

HAT, PR I 5 FOrfe R 2 i miLiE D H AR 2
FEETBIEE D, JR TARAERIE D, @5
BEMITRIE, ERERKTRE, REXMNES, 75
TEALHR, XERNHLEE OAMR R A HATIER], AT RIFAIE, XF
TAWRR LR, PRI O EEARIE 55 70
BT, T R PRI B 2 W 1) A 35 1%, T AT AS S5 L
O REE S ST O RE ISR A By m
PZERRARL, MEEAER . ORATREER R F A | BT
[N R, WIFAHG L DA e . 498, A
T IFIORE DA Ko JTF VB 4 7™ J s (R i A i 8 3, R3S Tz
Yro TEMEATIOALE O BRA NSRS, T2 B R m A R 511
BHLBE AR SS B8, DL A EEnRfiteS 5, s E b
B2 PRI 2E QN JE T A A S5 R T RETC IR W R AT 1 I 2
Fl. Ko BB “mpE” 5 “sempk” . “K
B 5 CHEBURT L CORRIR G SN AR R AT . IR
kb AR OL IE AL, AR TR R LGS TR 2%, XTI

http://www.cjrtponline.com



P AR B 5 LR 2017 4F 1 A 58 23 %45 1 3] Chin J Rehabil Theory Pract, Jan., 2017, Vol. 23, No.1

- 25 -

ARG M e, REAFHE 25,

FETIZ B AL AN T, R RE S A ST
NEFATES5 R R ARME R 22—, A B UE T IR AL 1 R I 25
HORL A& PP R I INAIRE ST, IR B T AT TR 2= G 2
FIIRHLEE 22, RERE RS AR E =G TR LA IR R
HEBRAS B ENAE,  Fe 53 RAFIZINZRAE R 5973

H T2 1k — B E VIS TSR, 5%l
R B USRI E £, FIUIRERE G 205 /A
W, XA AL ORIk BRI PR, IR AE R
2 ki FR BT DL B MEP S8R , i bLA2E B — 7 A2 a0 R T
IAPE | R B B R PR AR, RN
AT BE XTI A v AR R B T AP AR, . A SCHRARGE™, Rz s
G TR A b R, RREUEE R R, B R —
IREREAE P A . AN T S AR R R B 1 0 R4
IZVEFR, ELRERET A E S S LI T R TER
SRE

2012 4F, VG 2% 68 K2 BT AT BN s DIpRe 28 o fiE A B 3 K
W, ST LA SE R i e R MU TR 5 R4, 28
] P 625 1A BRI AR AT R o s ARG 284
W, TONFEZRE LA, TR A AR 2 R L HUE
FE AR A LR AR . 2016 4F, F5Y i A A Ui A F 57
MRS R G, FRlad G 2R L DRI R 5
5, BUNJE S AFE S SR ) s, SCAE R 1 B
FFREA RS AN D Re s il 35 2h™

TEARAR APERAILAZE O 5 T A #0092
s s VE W21 45 (Action Observational Training, AOT)-5 ik H1 2
H-FES%Z54G, RMBATaashohae. Mila G sh i Ll & B &
ARSI A T . SRR E O FES . A5
MBI D AS G, I BTSSPk U 250 il 2 v g 5 i A 7
5, DARGHLEE O -4 A R DG PR B e EE 0 A, LU
BLHE O -FES # 6l F46 W4~ A HEE A 2/, SEHLUR TR 5%
BT RTIRErEE 3. XFIE IR AL T HLE: O A F IR E
TR R R, RRBEARM B 1 p R T T4, S i i
BTG, WA R

K AT —E R FT 88, Rl ) 05 B AnAEST] sl 2 5 45
FREIR s i RR AL DR R R A el 2T S L R A S B
gy, WLA, BRI R HAksh 2 RE SANAM A R 2
(I “PAIERIE RS ©, TR BIESE B R DI REE IR . K2
DIREVER o MHFBIRAILEE FOX KN T B P T30, ]tk —
AR RIS nT SRR (R e B B A RS R,
63 %o e £ AE RN AZ 503 5 AECE R D) REAE XS PR, 3 Al
FRPEXs TR IRk BA EZ M, AX PR, KA
AR 2E 5 T Meta /34T R ", Sl IHLEE T, A
S MM ARRT R LR B — R s, B ) R BR T Y
G . BOINAILEE O, e A i i R R R A Y
PR E] S5 AR N AR S5 2 LS | ARFCAN X O IR A
Xof i SR VR T AR SR DG R TS HEA T T S K, s

IR T fe b =, SREIRT RIS R AP 255 41
HHEECFES TR IR R T X, REIEHE R T2 RE S 4y i
R .

(5% 3Tk

[1] Mozaffarian D, Benjamin EJ, Go AS, et al. Heart Disease and
Stroke Statistics- 2016 Update: A Report From the American
Heart Association [J]. Circulation, 2016, 133(4): 447-454.

[2] Young BM, Nigogosyan Z, Remsik A, et al. Changes in func-
tional connectivity correlate with behavioral gains in stroke pa-
tients after therapy using a brain-computer interface device [J].
Front Neuroeng, 2013, 7(25): 5-6.

[3] Soekadar SR, Birbaumer N, Slutzky MW, et al. Brain-machine
interfaces in neurorchabilitation of stroke [J]. Neurobiol Dis,
2014, 83(1): 1-9.

[4] Thakor NV. Translating the brain- machine interface [J]. Sci
Transl Med, 2013, 5(210): 1-6.

[5] Amartin J. Vicarious function within the human primary motor
cortex? A longitudinal fMRI stroke study [J]. Brain, 2005, 128
(5): 1122-1138.

[6] Young BM, Nigogosyan Z, Walton LM, et al. Changes in func-
tional brain organization and behavioral correlations after reha-
bilitative therapy using a brain- computer interface [J]. Front
Neuroeng, 2014, 7(26): 1-13.

[7] Wolf SL, Winstein CJ, Miller JP, et al. The EXCITE trial: reten-
tion of improved upper extremity function among stroke survi-
vors receiving CI movement therapy [J]. Lancet Neurol, 2008,
7(1): 33-40.

[8] Felton EA, Williams JC, Vanderheiden GC, et al. Mental work-
load during brain-computer interface training [J]. Ergonomics,
2011, 55(5): 526-537.

[9] Young BM, Nigogosyan Z, Walton LM, et al. Dose-response re-
lationships using brain- computer interface technology impact
stroke rehabilitation [J]. Front Hum Neurosci, 2015, 9(361):
6-10.

[10] Stoeckel LE, Garrison KA, Ghosh SS, et al. Optimizing real
time fMRI neurofeedback for therapeutic discovery and devel-
opment [J]. Neuroimage Clin, 2014, 5: 245-255.

[11] Song J, Young BM, Nigogosyan Z, et al. Characterizing rela-
tionships of DTI, fMRI, and motor recovery in stroke rehabili-
tation utilizing brain- computer interface technology [J]. Front
Neuroeng, 2014, 7(31): 4-10.

[12] Millan JD, Rupp R, Miillerputz GR, et al. Combining
brain- computer interfaces and
state-of-the-art and challenges [J]. Front Neurosci, 2010, 4(5):
161.

[13] Wei W, Collinger JL, Perez MA, et al. Neural interface tech-

nology for rehabilitation: exploiting and promoting neuroplas-

assistive  technologies:

http://www.cjrtponline.com



- 26 -

[ A RIS 5 SR 2017 4F 1 A 26 23 555 1 4] Chin J Rehabil Theory Pract, Jan., 2017, Vol. 23, No.1

ticity [J]. Phys Med Rehabil Clin N Am, 2010, 21(1): 157-178.

[14] Soekadar SR, Witkowski M, Birbaumer N, et al. Enhancing
Hebbian learning to control brain oscillatory activity [J]. Cereb
Cortex, 2015, 25(9): 2409-2415.

[15] Gharabaghi A, Kraus D, Ledo MT, et al. Coupling brain-ma-
chine interfaces with cortical stimulation for brain-state depen-
dent stimulation: enhancing motor cortex excitability for neuro-
rehabilitation [J]. Front Hum Neurosci, 2014, 8(2): 122.

[16] XU/INKE ek o /M 55 . ik T 02 S A R A I BIL A2 B RS
SR AR X A o R T A e (] o R AT R A 2R,
2013,28(2): 97-102.

[17] 225, BEAS X ME, 55 . T 0 Sl AR R A0 Il L4 101 B A2 )11 2
Xof i A v B b IBE Sh D RE RS2 R (D], A R A S AR e,
2012, 18(6): 347-352.

(18] s e . AL 1255 Tl Al ri s JBORT Al 2 b A 300 DA Al T 28
PRI [D]. Jbat: iR RAR A4 BB 7B, 2013.

(197 JEIMS, & 215, ARz, 55 . kT Ml L 101 A0 8 RE B A2 R GE i
THI PHEHL TR S5 R, 2007, 43(26): 1-4.

[20] Looned R, Webb J, Xiao ZG, et al. Assisting drinking with an
affordable BCI-controlled wearable robot and electrical stimu-
lation: a preliminary investigation [J]. J Neuroeng Rehabil,
2014, 11: 51.

[21] Bhagat NA, Venkatakrishnan A, Abibullaev B, et al. Design
and optimization of an EEG- based brain machine interface
(BMI) to an upper-limb exoskeleton for stroke survivors [J].
Front Neurosci, 2016, 10(564): 1-15.

[22] Mrachacz-Kersting N, Jiang N, Stevenson AJ, et al. Efficient
neuroplasticity induction in chronic stroke patients by an asso-
ciative brain-computer interface [J]. J Neurophysiol, 2015, 115
(3): 1410-1421.

[23] Remsik A, Young B, Vermilyea R, et al. A review of the pro-
gression and future implications of brain- computer interface
therapies for restoration of distal upper extremity motor func-
tion after stroke [J]. Expert Rev Med Devices, 2016, 13(5):
445-454.

[24] Song J, Nair VA, Young BM, et al. DTI measures track and
predict motor function outcomes in stroke rehabilitation utiliz-
ing BCI technology [J]. Front Hum Neurosci, 2015, 9(195):
1-11.

[25] Sun L, Yin D, Zhu Y, et al. Cortical reorganization after motor

imagery training in chronic stroke patients with severe motor

impairment: a longitudinal fMRI study [J]. Neuroradiology,
2013, 55(7): 913-925.

[26] Pichiorri F, Morone G, Petti M, et al. Brain-computer inter-
face boosts motor imagery practice during stroke recovery [J].
Ann Neurol, 2015, 77(5): 851-865.

[27] Collinger JL, Wodlinger B, Downey JE, et al. 7 degree-of-free-
dom neuroprosthetic control by an individual with tetraple-
gia [J]. Lancet, 2013, 381(9866): 557-564.

[28] Ethier C, Oby ER, Bauman MJ, et al. Restoration of grasp fol-
lowing paralysis through brain-controlled stimulation of mus-
cles [J]. Nature, 2012, 485(7398): 368-371.

[29] Bouton CE, Shaikhouni A, Annetta NV, et al. Restoring corti-
cal control of functional movement in a human with quadriple-
gia [J]. Nature, 2016, 533(7602): 247-252.

[30] Kim TH, Kim SS, Lee BH. Effects of action observational
training plus brain-computer interface-based functional electri-
cal stimulation on paretic arm motor recovery in patient with
stroke: a randomized controlled trial [J]. Occup Ther Int, 2015,
10(3): 189-203.

[31] Elnady AM, Xin Z, Zhen GX, et al. A Single-session prelimi-
nary evaluation of an affordable BCI-controlled arm exoskele-
ton and motor-proprioception platform [J]. Front Hum Neuro-
sci, 2015, 9(168): 1-12.

[32] Buch E, Weber C, Cohen LG, et al. Think to move: a neuro-
magnetic brain- computer interface (BCI) system for chronic
stroke [J]. Stroke, 2008, 39(3): 910-917.

[33] Wang W, Collinger JL, Perez MA, et al. Neural interface tech-
nology for rehabilitation: exploiting and promoting neuroplas-
ticity [J]. Phys Med Rehabil Clin N Am, 2010, 21(1): 157-178.

[34] Birbaumer N. Breaking the silence: brain-computer interfaces
(BCI) for communication and motor control [J]. Psychophysiol-
ogy, 2006, 43(6): 517-532.

[35] Hummel FC, Cohen LG. Non-invasive brain stimulation: a
new strategy to improve neurorchabilitation after stroke? [J].
Lancet Neurol, 2006, 5(8): 708-712.

[36] Tang Q, Li G, Liu T, et al. Modulation of interhemispheric ac-
tivation balance in motor-related areas of stroke patients with
motor recovery: systematic review and meta-analysis of fMRI
studies [J]. Neurosci Biobehav Rev, 2015, 57: 392-400.

(ks H#:2016-09-06 &[5 H #H:2016-10-26)

http://www.cjrtponline.com



