PHALE AL 20254 5 40% 5 41

¥ ESE-E

il e PR R BTSSR PRSI HLES A
5 NI SS] 7 SV |

EIRERE' FhEFED LEZC GKERER Y

iz R 2 M 2 RGP R S BRI Sh D RE A AR AN R A 1, R B
BRI T BN 2 —10 BEXTIX S 8 A Tz s RE R BRI G HA E S iy R o AR 55 S PRI
Gy n] fie b iz sh D REIR A2 I 5 S I 0 0 ) A o 22 m B8R4 WA O R — Al BT BRI T i PR e S T
L AR 19 5 T LA AN BORTESL ARG i i B T S VR AL R 2507 A I3, AT 55 S i Pk B A
PSRN AR AL AR NGl B R S s iz i o BEAEAIESE o o p0 B AR S AL AR N U R ML g A
oG T BREAE LA A T IIREREAE TSGR G LT A IF R TR IRIRYT . X488 R AT 5 B SRR
FHAS A, DR B AT 55 TE YL PRI , i — i o B AR 55 DI Zhad A v A TIR IR 5 R A ks A
A IR INGRBOR AN o

RGBT AL, B R LA ATE IR IR BRI 8 BOROF AN B3 . 14k, 2RI KT Lancet 112
HhLCo e PREEA L BRI 7 , REE AL AR ATEXGE L IRGE S REDT T F AR B BRI B s Oy 871X
WA T RSB L R A AT OGPk . SR GIm R B IR PR L B A Bh LR A\JATPAFE L R
AR OB Z IS B B B R (R s S 05t ) | MELAS S IE R AT 55 sV B il 53 3 s @i/
TR PIIRTE A8 5 (Wr a2 151) s Dbk Z S SR IRl (2 BOE U5 o SR R ML ATE B s i R R My
T EA 5 AL (BRI BRI B S 507 TR A 2 AT RERR IR RACR A . Z2 I8 R RIIE S0
24505 D REW L BA B LS, AR A PR AR I nT 7 K w) 2z 3l B2 JZ (primary motor cortex,
M) R AR BCS FAF I 518 A 55 2R, 2019 4 Nature & 1 —TURFSY 26 B, i R 06 25 B YR 22
PR IR DR 25 M T BR SiE 32 ), 4 iRz 22 2 ARCACRYIE AR R, Sz rh N BB A g R A
AR CIAN R B P S RO R AR RIS ) | QB HL G S i Y = 6 BRI ] DU A fe 2 i
LR IS R TN REVR AL , XA rp s Az S A REM S B AT AR ™, TR, ZE R R AT - I b Rl 1
AL TSl A B S A0S SR B A AR A TR T . AR , AT BN T A28 i SR B Al 2 s 3 (R
WriE S e ) S AL NS R ST, LB R S R LA N Z (A R8s B

25 B RTR AR B LA N AR T EAEAT 55 S VIR AT 2B Rl 22 B RS AN AL s
T 3 e A A S R DX I A £ [ ) T A R RE R e o 2 T IV KA B H TR
HLAS AL AR 2 HE S P i SR R, 3 T a5 8 3 BR A A0

1 RS A5 R ISR 2 ThRE h E RVBTEMELH
L1 ALSEAE A 22 0 25 BIL

DOI:10.3969/.issn.1001-1242.2025.04.001
*FLAT0H ¢ E R E SRR E AL 5 H (2023 YFF1205200, 2022YFF1202502) s I BHL 8135 B (JCYJ120220530113811027) ;) 444
St 55 18 L RIFSY 3 40 H (2024A1515012308,2024B1515020108 ) 5 Fr sl 55 W% B R 7S HE 75 AR 1R H (25100523 5 0 [ BE A =2 4>
2023 4R BERHE & SR I H B E 5 H (KFKY-2023-050)

1 F R R EE TIRR, T AREGYINT, 5180005 2 FlsIl T RFAEMES TRYR; 3 WilEH

S—VEFTRIAN  FNERE, T LB s Wiche H 5T 2024-12-03

www.rehabi.com.cn 481



Chinese Journal of Rehabilitation Medicine, Apr. 2025, Vol. 40. No.4

PR AT DA 32 i R0 i 2 J2 DA B 55 A A B PR o 2 %) i X e A T P el A A 66 s Tt 2 2%
(posterior parietal cortex, PPC)F1/JMii fif" . {5 U o 40 o 3, o] LASY s [ T j2 )2 Ao £ 8 i —
A AL PRAL 3 28 M 58 8z sh A T, i A B T2 S A s B R B = MR e E A LR
Mo BEPATIE R BALSE A v 0 8 b A SR e JEenE 3 [ S T R CanTii AR ) | 20 6HE Bk
AT TR FOLAE S [RIEE, RN 28 1 RNV E R B0 J 2 S e 1 S P T RR ) i2 sh D Rg , 7Eis 3
PR NG S Bl > v R PR B AR,

P W o Ak o — 5 Z AL AH 520, 5 BT S0 T K2 22 AR Sl s s o 45 2 R AE . 78
X B B TR A S A o B 5 A A A R AR DG R R R R OB BT A B A R X K ik 2
JE G HLRIRAL T SRR R AF B A B T Wt B2 R FE VT e 37 5 R R 5 R g 4B J4h e D hg
L vi DI Re 2 Al A7 A BRI R PLDE s A ] 38 1 Bl F s OO iz J205 B3R A, H i 22 B 8 5 DT 2 155 fik
WIRHAIRETT s Bz, s A vT 5 AT B J2 T PR S =
1.2 Wroefd i ph 28 R 8 HL

W5 ) AT LA S 2 T i B2 2%, 5 A i DX A P R8O, AR )32 R R T e A . AR R
W, 38 50 AR T IR 2 S e el i P 2 BIL TR 5 W vE -1 2l A 28 I 48 0 A %, Wi v i A T L[] B 38 W
BB )2 Keds BRSO i 2 BTG s 2 s I REVR &, Wz 8l K7 )2 (premotor cortex , PMC) 14 Bljiz 8l X (sup-
plementary, SMA)™ ) AN ARG & B, 25 SR AT DL R) A 3006 12 8l J7 J2 RIS IS sl 22 450 (e RS IS ph
SR 22 TN SO, 38 2ok BRIV 2874 - F ik -3 20y g Joi 3 (6 %o S8 317 A VAR R D J ™ A A E AR Y,

P IRIT A — Pl B B B VA2 T T P 22 2 ek, 3, 45 22T 5 8 (rhy thmic au-
ditory stimulation, RAS)ZJETFAMESTTZ LM E S PERY SR AR A EAAR A 1Y 21z 3. JET RAS AL
AT AE IR, RO I ZRmst B W St 3R R 38 FR 3 DA TR LI E$E . Ahmed 55 & INTE
B EAY T IEAE_ SEa BERE 1 T AT AR s A T R A TR P D KA RS
HHEEATIIREY
1.3 filebi e i b 22 R £8 AL

PR 5 A2 ) PR R, Ao 5 T 9 55 5 IR AR i R R SR A S BB N ) R
PRI T HEANFIRER o 38 2 Al it A (A S i 55 SRR T AT S0 A ) - oA i P 28 s i 30 1, 44 1m0 1 B ket 3
GRS NRFEEE L A0 T K R A i B WU SZ i S B S L= 14 8, s 20/ )MA (Meeissner cor-
puscles) R e /R i (Merkel discs) P4 JE /)MA& (Pacin-
ian corpuscles) & 3E J& K #4 (Ruffini endings) ***”
S5 o finr 52 22 DR 2R R ) (2 fk T 1) REDRE AR EE L
JEE R MR B A ) B 2 AR SZ B Ml v 3K L Bz R
JERSZ 2 R A 2500 e PR BT X S
FH B 2T A Al ARG B Sty X, 3 B W) AR IR
JZ JZ (primary somatosensory cortex, S1) 17K 2% 14 &
JZ )2 (secondary somatosensory cortex, S2) , K X ix
SO RN AF B AT 255 (gAY A A B 5T RO A SR
53 0 AE B SRR, I S B IE A 1)1z s A Y, K
W J2 518 B [ JRTE SRR A5 A A RE R R L ST
HH B i 228 G 38 3o 2 R IR 1R BRI B ML, A
TS0 3 2 X0 T8 15 M1 2%a Pk Phiiliz gl
il 1 22 32 Bl o ke B EAE Y, 2, ML)

E1 EEI-IT-Ah 52 sk S B E AL

482  www.rehabi.com.cn



PHALE AL 20254 5 40% 5 41

S1 5 o i iz s gmid {5 8 2 S1°°, 36 N AR L2 2l piA T R, X AR AR ARk R ¥ 2R . 3X
SEAEAE D MR SCBGE IR (45 2., R 1] S1 & H e FIEAE A T A0 shit- Rl i B AR i 45 07
PRG35 A D REVRIZ W5 K2 > FVE IR 7 7 X — b R eh , ST M Z A A P80 28 ik e o , vl A
E KR8 (long-term  potentiation, LTP)F1N-F 3-D-KAR IR FIER QIR Z AT HE A Y, fibi [ 5t
A B T8 ST A ML Z ARG, k3l il ie S il ot SN IR S5 5, BRI BRI WL AZ 4% | X LE 4R 5y
5l R 21 T 2 AN RS K2 O S e 2, SR RN I s SRS S s ek ax R
A I AL, £ RERE S bR [ L is shIRAS , TR L2 s B 2SR 1 B, DT =i sl il (e kG B AT
PEAVEST, ARSI i AT S5 A5 G R I RIS A SO AR 5ok B fili Rz Shr R (F S, T
TR A HER (132 B8 4 X R 2 I8 E 115 B4 G 1T Ll ia g2s 2T Fnd iz AR dEpp it 5 Dhae e 2

2 BEZRERRNESSRERENSEA

TEAR S5 PR R ALA AL L, Rl 22 P s i 5 T 0 el 5T e A o 23 %, 34 iR K vt -1 B
ERES A B TRl 2 05 8 K A S N R A T RSB e &R . S 2 U e itk IS sh D REK
ST DRGSR, Ui A AR A B s A2 SR, 228 B D[R] R R et 2R R 8 (Ani o Wit fi it ) []
B RS TE EAH A P, 4 5 R T 55 R BN BB T X R Bl M BB 1 O JLOE 35 2 BRI AL LA LA T
1] : (DR A KGR B AR RVEE B0 8, AT 7= A SR 4 e AR R AT . OB a8y « 24N )
BT, b B — BB SRR A B R 1) S 7, 3o R e Ak T LA s B (R YA PR R R N B . B3 B
M)« A [ JERE F) SRIIA PT AR B SRR 5% o A5 40, 4005 R0 W i 1) (I W) FH AT LA v ok 558 1 oA R AR S ) g
I3, v A fkevi U R P AT AR AR AT 55 50 IR 3 400 R A 55 f ) 3

PRI, il B 22 Bt S it A 55 S il 1k SRR A2 " WL ANk R 406 (T 2) FE it i i e mT 3 Pk Tl AT B
KW B B ML NS ALSE e Al S A DI 2, AT LASE 2o S i B PR 5 B, L sl VR Fsk i o)
A B R TR R AR I ZRan A, E T i A S5 B T ISR .
2.1 1E B AL AT T

FET PR ik i 5 1) 22 08w R T LA 80 i i R ST v TR SO B v s Bl B )2 TS SO o
Huang SE*“BFE RS T —Fh T P04 T 25 B2 19 2 R A L TC 2k fioh v T8, P B4k 22 FhoAS W] ) Bz s = (LA
FE fih i 1A BB MR A [R) 9 iz R JERAZ 2, S8R FH P S AL B DL L ¥ f 5 S8 o Zhang S5 R ML AR
N Sl i EEASTR AN i it 225 1 B AR SRR A AL Nl BB LS H R AT 5 (AR T ) , X AP ELAT Ml ot S 15 %)
PLEF N BT 552 I vt b s ph e i 40 A8 8 H s AR TS e ) B E SR . b, v A i AL 42 141 0
35 (brain-computer interface, BCI) # il B n] LR iz s ff it 26 U, Zhang 25 8l-G-4% a0 i 5k e vl 4 B
{360 14 fi L I FS AR A7 PN A3 | FA R T o 35— S s kg FL RS P P PR iR SR 3R 496, A EE T TE il 5
IR, 45 5 0 AR Sl R RE 0 25 4 58 B AH 4 (motor imagery , MDY REIRR L, 7EAR , A %
Gt 2 hvd S AT 555 ) R AR B LA A T B RS N GRBRAES , e X B
BE N RTT S50, IR LA N BRT L AR
2.2 fE N BRRENLE AT IH

SRR AR A TR A AR, 38 i R VR RS i v AR A8 S SRS T R sl
22 1% WA R R B T A 55 I (R 2D AR RO PR A EE BN . T Rt B LA A 456 F il
PICH IR S T B B2 B 1] 6 o6 AR 38 B U B R AT FE S, 4 Petersen S5 AR B A T A%
Mlas N5 2 JULHL & (surface electromyography, sSEMG ) fith & 14 FE B ULRITE & 5 VLA D RE P F 30134 (function-
al electrical stimulation, FES) /45 &, #& t 1 — Rl B4 (1 3 F sEMG fiil & IR A& T B EHLAR N R S8 .
Awad™ SR T — R AT ST IR L s AN DASGE A 5 A T RE M AT SR ds AT e T g

www.rehabi.com.cn 483



Chinese Journal of Rehabilitation Medicine, Apr. 2025, Vol. 40. No.4

2 EESEH“SRRENRANIERSE
EE SmEESH
]
i L. . EORO EESEENEARR

-

e 5 1 ' A
; 4 P A4 PA - ;
L T Condi= B
! i ; _fﬁﬁgﬂi_ P W
: P I :
: "o E?C b P e S & |
| B ON mpemt o W Yoeow i
! ! ! NS . \
| Th Rt | | TRESHNEA !

_______________________________________________________

TR S A, 5 R R B CE B ) RGN AR R RS T AP T RR BB RS AR A B B
23 TEMIIME R T

P A 8 T S R A A 3 P e AR B Sl A A, 2 R Ak A ) sl AR AL A St i, R
P28 AT S 5 AR, 22 T 5 S R ) AR AR B B M A O, 14N, Koyano KW 88PN 5 2% B il 5
XA SRR ) SRS, AT B2 J2 (%) ] SR A 0 0 LR B T B B 00 . ZERR B YIRS IREE rp , &2 26 A
22785 (1) e SRR PN B3 T R AN W b 3 BT PSSR AR A, XS SRR A 2o T AR R AT B B, R vl i
SN X IR U 43 TC 388 R R ELAT PR IR A AT RE AR A S AT IS Y PRk T e A
2 F A I R S VIR 705075 e 22 I I 52 2 vk B v Rk kv o 3 P 5 15 AR AT S B K ki
107 I A A8 S AE D AR B S RRAE SR I, I S B 5t 28 M , BT 95 S 2 ) A s I P R R R S 1]
an, Jiang ZENSE I BEIL £1 41 61 (functional near-infrared spectroscopy, NIRS) F F#L#8 A5 Bh 5l 42 il 25+
IR ZE S, SEBL T R LR S 55 (HTVHR L Jet I ) ) R 9 T 22 D R A, TF B ENIRS A4 2 P PR AL Nl By B A2
R EEbE . Ak, ZEDLER AR BN b, 38 o 4 A s o R o 5 22 A dens TS A5, 5 I A28 4k
P PR A Bl T 2 sl o b 2 T S AT 1 2 2 ORI 2 2 i R R AR T A R
ZYIE . AL, XS4 A S5 A S AR i A 8 06 S R T SEE WE , HA B3R ATT G s R A 2 ) 2 AR P B AR AL
il o ME—20Hh 38 R PR A B X Se i 2 RRAE , PTRE TR XA A CUn i e W v Fn ko) AN 2R , 4
XL R 2h 52 o XA SCmIL TR R 532 108 el i L 4 B 55 AL AN 25, 222 H
RIS BARIN 2GR ZOE I B TR AT 55 S P BR A AILAR NI SR R S8, e KAb s T 3
PRI TT, R ph 2507 e i R A A A B R R AR R YT O 5

3 NEERE
X2 RGeS 112 S DT REVK S ATH ORI M 2 B A U T i 19— I E KBkl . BT 55 S bR

484  www.rehabi.com.cn



PHELAGE 4L 20254F, 55404, 4]

N BRI ZR , Bile A0 T Sk 5 RSO 15 , R Jent S 15 5 )0 e 42 ol 8, A1 3l D R 2 7 T R 7
BRI BEE N TR BEROR A RE 25 RS HE Py UG R G R DRI A= BRA5 515 SN I A 7 BN
HARVERC, 4G5 RASIZRE 55 B AL BET , ZBOE L 55 R PR R AL A B i PRI T
i, WO HESI 2 BT D REAR TR HTHR

S8 3Lk

[11 Li XY, Kong XM, Yang CH, et al. Global, regional, and national burden of ischemic stroke, 1990—2021: an analysis of data
from the global burden of disease study 2021[J]. E Clinical Medicine, 2024, 75: 102758.

[2] Hsieh YW, Chang KC, Hung JW, et al. Effects of home-based versus clinic-based rehabilitation combining mirror therapy and task-
specific training for patients with stroke: a randomized crossover trial [J]. Arch Phys Med Rehabil, 2018, 99(12): 2399—23407.

[3] Shahbazi M, Atashzar SF, Tavakoli M, et al. Robotics-assisted mirror rehabilitation therapy: a therapist-in-the-loop assist-as-needed
architecture [J]. IEEE/ASME Transactions on Mechatronics, 2016, 21(4): 1954—1965.

[4] Sheng B, Xie S, Tang L, et al. An industrial robot-based rehabilitation system for bilateral exercises [J]. IEEE Access, 2019, 7:
151282—151294.

[5] Hussain S, Jamwal PK, Vliet PV, et al. State-of-the-art robotic devices for wrist rehabilitation: design and control aspects [J].
IEEE Transactions on Human-Machine Systems, 2020, 50(5): 361—372.

[6] Sui M, Ouyang Y, Jin H, et al. A soft-packaged and portable rehabilitation glove capable of closed-loop fine motor skills [J]. Na-
ture Machine Intelligence, 2023, 5(10): 1149—1160.

[71 Rodgers H, Bosomworth H, Krebs HI, et al. Robot assisted training for the upper limb after stroke (RATULS): a multicentre ran-
domised controlled trial [J]. Lancet, 2019, 394(10192): 51—62.

[8] Klamroth-Marganska V, Blanco J, Campen K, et al. Three-dimensional, task-specific robot therapy of the arm after stroke: a mul-
ticentre, parallel-group randomised trial [J]. Lancet Neurol, 2014, 13(2): 159—166.

[9] Nudo RJ, Wise BM, Sifuentes F, et al. Neural substrates for the effects of rehabilitative training on motor recovery after ischemic
infarct [J]. Science, 1996, 272(5269): 1791—1794.

[10] Yamada T, Yang Y, Valnegri P, et al. Sensory experience remodels genome architecture in neural circuit to drive motor learning
[7]. Nature, 2019, 569(7758): 708—713.

[11] Neves LT,Paz LV,Wieck A,et al. Environmental enrichment in stroke research:an update [J]. Transl Stroke Res,2024,15(2):339—351.

[12] Feng G, Zhang J, Chai G, et al. An Effective Training strategy for upper-limb rehabilitation robots based on visual-haptic feed-
back using potential field[C]. Proceedings of the 2022 12th International Conference on CYBER Technology in Automation, Con-
trol, and Intelligent Systems (CYBER),2022.

[13] Pehlivan AU, Losey DP, Malley MKO. Minimal Assist-as-needed controller for upper limb robotic rehabilitation [J]. IEEE Transac-
tions on Robotics, 2016, 32(1): 113—124.

[14] Glickstein M. How are visual areas of the brain connected to motor areas for the sensory guidance of movement? [J]. Trends Neu-
rosci, 2000, 23(12): 613—617.

[15] Dancause N,Barbay S,Frost SB,et al. Extensive cortical rewiring after brain injury [J]. J Neurosci, 2005, 25(44): 10167—10179.

[16] Velu PD, Mullen T, Noh E, et al. Effect of visual feedback on the occipital-parietal-motor network in Parkinson's disease with
freezing of gait [J]. Front Neurol, 2014, 4: 209.

[17] Yoshida J, Onate M, Khatami L, et al. Cerebellar contributions to the basal ganglia influence motor coordination, reward process-
ing, and movement vigor [J]. J Neurosci, 2022, 42(45): 8406—8415.

[18] Groenewegen HJ. The basal ganglia and motor control [J]. Neural Plast, 2003, 10(1—2): 107—120.

[19] Atilgan H, Town SM, Wood KC, et al. Integration of visual information in auditory cortex promotes auditory scene analysis
through multisensory binding [J]. Neuron, 2018, 97(3): 640—655.¢e4.

[20] BIAS. RG4S BN RIS Tz 8 (1] hEBEEEZAGE, 2020,35(4):385—389.

[21] Nakashita S, Saito DN, Kochiyama T, et al. Tactile-visual integration in the posterior parietal cortex: a functional magnetic reso-
nance imaging study [J]. Brain Res Bull, 2008, 75(5): 513—525.

[22] Bengtsson SL,Ullén F,Ehrsson HH,et al. Listening to rhythms activates motor and premotor cortices[J]. Cortex,2009,45(1):62—71.

[23] Ripollés P, Rojo N, Grau-Sanchez J, et al. Music supported therapy promotes motor plasticity in individuals with chronic stroke
[J]. Brain Imaging and Behavior, 2016, 10(4): 1289—1307.

[24] Koshimori Y, Strafella AP, Valli M, et al. Motor synchronization to rhythmic auditory stimulation (RAS) attenuates dopaminergic
responses in ventral striatum in young healthy adults: [(11)C]-(+)-PHNO PET study [J]. Front Neurosci, 2019, 13: 106.

[25] Salimpoor VN, Benovoy M, Larcher K, et al. Anatomically distinct dopamine release during anticipation and experience of peak
emotion to music [J]. Nat Neurosci, 2011, 14(2): 257—262.

[26] Wang L, peng JL, Xiang W, et al. Effects of rhythmic auditory stimulation on motor function and balance ability in stroke: A

www.rehabi.com.cn 485



Chinese Journal of Rehabilitation Medicine, Apr. 2025, Vol. 40. No.4

[27]

[28]

[29]

[30]

[31]
[32]

[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]
[45]
[46]
[47]
[48]
[49]
[50]
[51]
[52]

[53]
[54]

[55]

486

systematic review and meta-analysis of clinical randomized controlled studies [J]. Front Neurosci, 2022, 16: 1043575.

Ahmed GM, Fahmy EM, Ibrahim MF, et al. Efficacy of rhythmic auditory stimulation on gait parameters in hemiplegic stroke pa-
tients: a randomized controlled trial [J]. The Egyptian Journal of Neurology, Psychiatry and Neurosurgery, 2023, 59(1): 8.
Handler A, Ginty DD. The mechanosensory neurons of touch and their mechanisms of activation[J]. Nat Rev Neurosci, 2021, 22:
521—537.

Saal HP, Delhaye BP, Rayhaun BC, et al. Simulating tactile signals from the whole hand with millisecond precision [J]. Proc
Natl Acad Sci USA, 2017, 114(28): E5693—5702.

Jin H, Kim Y, Youm W, et al. Highly pixelated, untethered tactile interfaces for an ultra-flexible on-skin telehaptic system [J].
NPJ Flexible Electronics, 2022, 6(1): 82.

Abraira VE, Ginty DD. The sensory neurons of touch [J]. Neuron, 2013, 79(4): 618—639.

Bergmann Tiest WM, Kappers AM. Analysis of haptic perception of materials by multidimensional scaling and physical measure-
ments of roughness and compressibility [J]. Acta Psychol (Amst), 2006, 121(1): 1—20.

AREERE, BN AR ESEIIZTE B T OIRERR R et (0], hEBRE R, 2020, 35(4): 5.

Izraeli R,Porter LL. Vibrissal motor cortex in the rat: connections with the barrel field [J]. Exp Brain Res, 1995,104(1): 41—54.
Ghosh S, Porter R. Corticocortical synaptic influences on morphologically identified pyramidal neurones in the motor cortex of the
monkey [J]. J Physiol, 1988, 400: 617—629.

Kinnischtzke AK, Simons DJ, Fanselow EE. Motor cortex broadly engages excitatory and inhibitory neurons in somatosensory bar-
rel cortex [J]. Cereb Cortex, 2014, 24(8): 2237—2248.

Rocco-Donovan M, Ramos RL, Giraldo S, et al. Characteristics of synaptic connections between rodent primary somatosensory
and motor cortices [J]. Somatosens Mot Res, 2011, 28(3—4): 63—72.

Hasan MT, Hernandez-Gonzéalez S, Dogbevia G, et al. Role of motor cortex NMDA receptors in learning-dependent synaptic plas-
ticity of behaving mice [J]. Nat Commun, 2013, 4: 2258.

Chung YG, Kim J, Han SW, et al. Frequency-dependent patterns of somatosensory cortical responses to vibrotactile stimulation in
humans: a fMRI study [J]. Brain Res, 2013, 1504: 47—57.

Choi S, Kuchenbecker KJ. Vibrotactile display: perception, technology, and applications [J]. Proceedings of the IEEE, 2013, 101
(9): 2093—2104.

Sigrist R, Rauter G, Riener R, et al. Augmented visual, auditory, haptic, and multimodal feedback in motor learning: a review
[J]. Psychon Bull Rev, 2013, 20(1): 21—353.

Li W, Li C, Xu Q, et al. Effects of focal vibration over upper limb muscles on the activation of sensorimotor cortex network:
An EEG study [J]. J Healthc Eng, 2019, 2019: 9167028.

Stein BE, Stanford TR, Rowland BA. Multisensory integration and the society for neuroscience: then and now [J]. J Neurosci,
2020, 40(1): 3—I11.

Huang Y, Zhou J, Ke P, et al. A skin-integrated multimodal haptic interface for immersive tactile feedback [J]. Nature Electron-
ics, 2023, 6(12): 1020—1031.

Zhang C, Wang C, Li P, et al. Robot-assisted haptic rendering for nail hammering: a representative of IADL tasks [J]. IEEE
Transactions on Automation Science and Engineering, 2024, 21(3): 4028—4041.

Zhang W, Song A, Zeng H, et al. The effects of bilateral phase-dependent closed-loop vibration stimulation with motor imagery
paradigm [J]. IEEE Trans Neural Syst Rehabil Eng, 2022, 30: 2732—2742.

Devittori G, Ranzani R, Dinacci D, et al. Automatic and personalized adaptation of therapy parameters for unsupervised robot-as-
sisted rehabilitation: a pilot evaluation [J]. IEEE Int Conf Rehabil Robot, 2022, 2022: 1—6.

Kim D, Triolo R, Charkhkar H. Plantar somatosensory restoration enhances gait, speed perception, and motor adaptation [J]. Sci
Robot, 2023, 8(83): cadf8997.

Petersen IL, Nowakowska W, Ulrich C, et al. A novel sEMG triggered FES-hybrid robotic lower limb rehabilitation system for
stroke patients [J]. IEEE Transactions on Medical Robotics and Bionics, 2020, 2(4): 631—638.

Awad LN, Bae J, O'Donnell, et al. A soft robotic exosuit improves walking in patients after stroke[J]. Sci Transl Med, 2017, 9
(400):1—12.

Ribic A. Stability in the face of change: lifelong experience-dependent plasticity in the sensory cortex [J]. Front Cell Neurosci,
2020, 14: 76.

Koyano KW, Esch EM, Hong JJ, et al. Progressive neuronal plasticity in primate visual cortex during stimulus familiarization
[J]. Sci Adv, 2023, 9(12): eade4648.

Ruge D, Liou LM, Hoad D. Improving the potential of neuroplasticity [J]. J Neurosci, 2012, 32(17): 5705—5706.

Cameirdo MS, Badia SB, Oller ED, et al. Neurorchabilitation using the virtual reality based Rehabilitation Gaming System: meth-
odology, design, psychometrics, usability and validation [J]. J Neuroeng Rehabil, 2010, 7: 48.

Jiang YC, Zheng C, Ma R, et al. Within-session reliability of fNIRS in robot-assisted upper-limb training [J]. IEEE Trans Neural
Syst Rehabil Eng, 2024, 32: 1302—1313.

www.rehabi.com.cn



