OB30PbI

MHTEP®ENChI MO3T-KOMMbHOTEP
[ BOCCTAHOBNEHWA BUMEHWUA PYKI NOCNE UHCYNIBTA:
TEKYLLUW CTATYC U NEPCNEKTUBbI PA3PABOTOK (0B30P)

DOI: 10.17691/stm2023.15.6.07
YOK 616.831-005.1-039.76:004.8
Moctynuna 31.07.2023 .

0.A. MOKMEHKO, K.M.H., Hay4HbIl1 COTPYAHWK rpynnbl HEMPOMHTEPENCOB
WHCTUTYTa HeilpopeabunuTtaumin 1 BOCCTaHOBMTENbHbIX TEXHOMOTMiA';

CTapLUMIA Hay4HbII COTPYAHUK Nabopatopui MaTeMaTuieckor HeipoBbuonorm obyyeHmns?;
P.X. JltokMaHOB, K.M.H., PyKOBOAWTENb IPYnMbl HENPOUHTEPDENCOB

MHCTUTYTa HelipopeabunuTaLm 1 BOCCTaHOBUTENbHbIX TeXHOMOrmi',;

N.0. Bo6pos, k.6.H., 3aB. nabopaTopuein MaTeMaTieckon HelipoGuonoriy obyYeHns?;
H.A. CynoHeBa, 4.M.H., YUneH-koppecnoHaeHt PAH, oupektop

WHCTUTYTa HeilpopeabunuTtaumin 1 BOCCTaHOBMTENbHbIX TEXHOMOTMiA';

M.A. Mupagos, 4.M.H., npodeccop, akaaemuk PAH, aupekrop!

"HayuHblit LeHTp HeBponoruu, Borokonamckoe wocce, 80, Mocksa, 125367;
2WNHCTUTYT BbICLLEI HEPBHOI AEATENBHOCTU U Helpoduanonorun PAH, yn. Bytneposa, 5a,
Mocksa, 117485

WHTepdelicbl Mmosr—komnblotep (MMK) — aTo rpynna TexHonoruii, No3BonsioWwmx NPOBOAUTL MEHTANbHbIE TPEHUPOBKW C NPeabsBrie-
Hem 06paTHOW CBA3M 41 BOCCTAHOBNEHNS ABVXEHWI nocne WHeynbTa. [laHHble TeXHOMorW B pasHbix Moaudmkaumsx yxe 6onee 10 net
M3y4atoTCs B KMUHUYECKMX NCCNEAOBAHMAX, @ MX KOHCTPYKUMM W NporpaMmmHoe obecneveHne noctosHHo gopabatbiBatotcs. HecmoTps Ha
MONOXMTENbHBIE PE3YNbTaThl TEYEHNS U HanMume 3aperucTpupoBaHHbIX MESVULMHCKMX W3AENUI, B HACTOSILLEE BPEMS CYLLECTBYET psig Npo-
6nem ans wwpokoro BHeapeHus TexHonorii IMK B knuHnyeckyto npakTuky. B gaHHoM 0630pe paccMoTpeHbl Hanbonee u3yyYeHHble BUabI
MK n npotokonbl MMK-TpeHnpoBOK, NpeacTaBneHa aokasatensHas 6asa agdektneHocT MK ans BocCTaHOBNEHWS ABUXEHMIA BEPXHEN
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Brain—-computer interfaces (BCls) are a group of technologies that allow mental training with feedback for post-stroke motor recovery.
Varieties of these technologies have been studied in numerous clinical trials for more than 10 years, and their construct and software are
constantly being improved. Despite the positive treatment results and the availability of registered medical devices, there are currently a
number of problems for the wide clinical application of BCI technologies. This review provides information on the most studied types of BCls
and its training protocols and describes the evidence base for the effectiveness of BCls for upper limb motor recovery after stroke. The main
problems of scaling this technology and ways to solve them are also described.
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BBepeHue

WuTepgeric moar—komnbtotep (MMK) — 31O TexHo-
norusl, no3sonslwas npeobpasoBbiBaTe AaHHble 00
3MEeKTpUYecKon unm Metabonmnyeckon akTUBHOCTW roO-
MOBHOrO MO3ra B CUrHarnbl ynpaBrieHnsi BHELLUHUM TEXHU-
YeckuM ycTponcTBOM. B peabunutauum nocne MHCynb-
Ta MK ncnonb3ytoT Ana npeaocTtaBneHns nauneHTy
obpaTHoI CBA3M BO BPEMSI TPEHNPOBOK NpeACTaBeHNs
asmxenna [1-3]. HayvHbiM oGocHoBaHMEM npuMeHe-
HWUS 3TOro MeTofa MOCMYXWUNMW AaHHbIe O MONOXUTENb-
HOM BIUSIHAM Mpouecca NpeacTaBneHus ABMXEHNS Ha
HeMponnacTUYHOCTb 3a CYET aKkTUBaLUW ABUraTenbHbIX
CTPYKTYpP LeHTpanbHon HepBHoM cuctemsl (LIHC) [4-8].
MpepocTtaBnss obpaTHylo CBS3b BO BpeMs MpeacTa.-
nexunsa aswxeHus, cuctembl MK nosblwatoT addek-
TMBHOCTb TakuMX TPEeHUpOBOK [9]. B LuenoM TpeHnpoBKu
C npuMeHeHueM TexHonorum VMK y nauveHToB nocne
MHCyNbTa BKIOYAOT crefytolime MnpoLecchl: naumneH-
Ta MPOCAT MbICNIEHHO BLIMOMIHUTL ABWXEHUE napanu-
30BaHHOW KOHeYHOoCTbio; TexHonorna UMK ¢ nomolupbto
HEeMHBA3MBHbIX [aTYMKOB OCYLUECTBMNSET perucrpauuto
CUrHamnoB Mo3ra, COMyTCTBYKOLMUX MbICIIEHHOMY Bbl-
MOSIHEHMIO 3a4aHus; B PEXUME pearibHoOro BpPEMEHM
MPOMCXOAMUT pacno3HaBaHUe ¥ npeobpasoBaHMe ITWX
CUrHanoB B KOMaHAy YnpaBeHUsi BHELUHUM YCTPOMCT-
BOM; NaLMEHTY C MOMOLLbI BHELUHEro YCTPOWCTBA npe-
JocTaBnsieTcst obpaTHasi CBSA3b O KAYECTBE BbIMOSTHEHUS
UM MblcneHHoro 3aganus [10].

Ha cerogHsALWHWIA AeHb B MUpe U3BECTHO NO MEHbLUEN
mMepe 0 20 paHOOMMW3NPOBAHHbIX KOHTPONMMPYEMBIX WC-
cnepoanusax (PKN) npumeHenuna MMK gns BocctaHoB-
NEHNst ABWXEHWUIA BEPXHEN KOHEYHOCTM NOCNEe MHCYMbTA,
a 3a nepuog ¢ 2019 no 2023 r. no aton Teme ony6nmMKo-
BaHO 11 cuctematmyeckmx 0630poB, 8 M3 KOTOPbLIX CO-
npoBoxaatTca MetaaHanmaom [11-21]. MHocTpaHHbIMK
MW OTEYECTBEHHbIMW NpOU3BOAUTENAMM paspaboTaHo
HECKOJIbKO MEeWUMHCKMX U3Oenuii Ans NpUMEHEHUs B
KITMHWYECKOW NPaKTUKe MNOCTUHCYNbTHON peabunmTaumnm
[22-25].
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B Poccuun knuHunyeckne wucnbitaHus UMK nocne wH-
cyneta Bnepsble Havanucb B 2011 1. Ha 6ase HayyHoro
ueHTpa Heponorin (Mockea) [26, 27]. B nocnenosas-
wem MHoroueHTpoBoM PKW 6bino nokasaHo, 4TO Kypc
TpeHUpoBok ¢ kommnnekcom «MMK—ak3ockener» ynyyiia-
€T pesynbrathl peabunutauum nauMeHTOB C O4aroBbIM
nopaxeHWeM roflIoBHOrO Mo3ra B OTHOLLEHWUW BOCCTaHOB-
neHnsa aBmxeHun knuctu [28]. AnpobrpoBaHHasi TEXHOMO-
rMs B AanbHenwem 6bina 3apernctpupoBaHa Kak Meau-
LIMHCKOE W3[lenune 1 B HacTosiLee BpeMsl NpUMEHsIeTCs B
psioe KNMHUYECKUX LIEHTPOB [24, 29].

HecmoTpsa Ha oOLIMpHYt0 foKasaTenbHyt 6a3y u Ha-
nun4yne rotoBbix TexHonornn VIMK, Ha cerogHALWHWA OeHb
CYLLIECTBYIOT HEKOTOpbIE OrpaHWyeHus Ans UX LUMPOKOro
NPUMEHEHUs1 B NOCTUHCYNbLTHON peabunutaumu, B CBA3N
C YeM NpoBOAATCA AarnbHeunlune pas3paboTku 1 nccneno-
BaHus [30-37].

Llens paHHoro o63opa — npoaHanuavpoBaTb Hayuy-
Hble CTaTbW, MOCBSILLEHHbIE N3YYEHWNIO NMPUMEHEHUS Tex-
Horornin VIMK mpu nNOCTUHCYNBLTHOM Napese BepXHeWn
KOHEYHOCTK, 0003Ha4YMUTb OCHOBHbIE Mpobnemsl n nep-
CNeKTMBbI AanbHeNLMX pa3paboTok B AaHHON obnacTw.

MeTtoponorusa noncka nutepaTtypbl

Ons aHanusa oTOupanu cTaTtbyM U3 peLeH3upye-
MbIX Hay4HbIX >XYPHanoB C MOJIHbIM TEKCTOM B OTKPbI-
TOM [OCTyne, MOCBSILLEHHbIE MPUMEHEHU HEeWHBa-
3nBHbIX VMIMK ¢ uenbld BOCCTAHOBIEHUS OBWXEHWN
pyku nocne uHcynbta. [NonckoBbin 3anpoc 6bin cop-
MynMpoOBaH B COOTBETCTBUM C npaBunamu 6Gubnwmo-
rpacpmueckon 6asel MEDLINE: ((brain-computer[tiab]
OR brain-machine[tiab] OR neural interfac*[tiab]) OR
«Brain-Computer Interfaces»[Mesh]) AND stroke[mh]
AND (upper extremity[tiab] OR hand[tiab] OR arm(tiab]).
HononHutensHo 6bin NpoBeAeH MOUCK nuTepaTypbl B
cucteme eLIBRARY.RU no knto4eBbIM CoBaM «UHTEp-
denc MO3r—KOMMbIOTEP», «HENPOKOMMbIOTEPHbIA WH-
Tepdency, «kHenponHTepdercy. [lata npoBegeHns nouv-
cka — 03.07.2023 r.
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PasHoBugHoCTH cucTeM
«MHTEepdEenc MO3r—KomMnbITEP»
U UX NPUMEHEHME Nocrie UHCYNLTa

Bce VMK, npumeHsitomecs B Hay4dHbIX MccnegoBa-
HUSIX UMW B MpakTUke peabunuTtauum nocrne WHCynbTa,
MUMET OTNNYUTENbHbIE OCOBEHHOCTM (CM. PUCYHOK).
M3y4yeHHble B PKW npoToKOmnbl TPEHMPOBOK M MoOAenu
VMK pasnuuatotca napagurMon ynpaeneHns nHtepgen-
COM, TUNOM PErucTpupyemMoro curHana, anroputMoM OH-
nanH-06paboTkM curHana M TUNOM BHELLUHEro TeXHu4e-
CKOro yCTPOWCTBa ANS NpeabsiBreHns oopaTHON CBA3N.

Mapaduama ynpaeneHusi. MNauveHTam, kak npaBumno,
[JaeTcs 3afjaHne npeactaBUTb OBWDKEHWE, T.€. MbICIIEHHO
BOCCO3aBaTh KMHECTETUYECKOE OLUyllleHne onpeaeneH-
HOro JeNCTBUSi B KOHEYHOCTU 6e3 peanbHOro ero BbinosrHe-
Hus [28, 38—45]. OgHako B HECKOnbKMX paboTax MCronb-
30Banacb Apyras napagurma — CTpemrieHue COBEpLUMTb
onpepneneHHble aencteus [46—48]. Bo Bpemsi BbinosnHe-
HWS [JaHHOW napagurMbl, B OTUYME OT MpeacTaBneHus
[ABWKEHUS, NauMeHT NbITaeTca ABuUraTb napanvM3oBaHHOM
KOHEYHOCTbIO, 4TO COMPOBOXAAETCA KpaTHbIM YyBenuye-
HMEM 3reKpoMMorpapnuyeckoro OTBETa MO CPaBHEHWIO C
nokoem [13, 49]. OCHOBHbIMX TUNAMW ABMXKEHWS MPU 3TOM
SIBNANUCb CXaTue KUCTU B KyMnak Wunm packpbiTUe KUCTK,
pexe — W30NMPOBaHHbIE UMW MYNLTUCYCTaBHblE [ABVDKe-
HMS NanbLEB, 3ansacTbs, npegnnedbs n nneya [13].

Ynpaensarwowue cueHanbl. B 6onbwmHcTee PKA npu-
MeHsanmcb VIMK Ha ocHoBe perncTpauum areKkTpodHLue-
danorpammel (33N [11, 17], n NUWb B OAHOM Ans pe-
rMCTpauMn CWUrHanoB akTUBHOCTM MoO3ra npoBoAMnach
cnekTpockonua B OnvkHeMm WHGpakpacHon obnactu
(BUMIKC) [43]. 33Ir-MMK sBnstotca Hanbonee OOCTYMHbI-
MW PasHOBMOHOCTSIMM LAaHHOW TexHonormu. B kayecTse
PErncTpuMpyeMoro curHana B HuX, Kak npasuio, Ucnornb-
3ylOT peakuuio CUHXPOHM3aLMW/OeCUHXPOHM3aLUMN CeH-
COPHO-MOTOPHOrO puUTMa Hag obracTaMu NepBUYHBIX
COMaTOCEHCOPHOM U MOTOPHOW KOPbl, COOTBETCTBYIOLLYHO
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npoueccy npeacraenenus aswxeHus. B BUKC-MMK
WCTOYHUKAMMW AKTMBHOCTU MO3ra MOryT SBMASATbCS He-
CKOMbKO MapaMeTpoB: U3MEHEHUE KOHLEHTpauun OKCU-,
[e30Kcu- nnu obLero remornobuHa Ha rmybuHe [o 4 cm
oT noBepxHocTu ronosel [50]. Ansg npumeHeHuss BUKC—
MK, B otnnume ot 33M-MIMK, HeT HeobxoamMmocTu mc-
nonb30BaTh AMNEKTPOAHLIN reMb, a ABWKEHUS NauueHTa
BO BPEMSI TPEHUHIOB HE MPUBOAST K CEPbE3HbIM MCKaXe-
HUSIM curHana. JTa TeXHOMOrMsi MeHee AOCTYMHa, Yem
O3IMN-MMK, n nostomy Bpsig Ny MNOAXOAUT AMS LLUMPOKOrO
npumeHeHus. TeM He MeHee HeaBHO Obina npeanoxe-
Ha u anpobupoBaHa Ha HeGOMbLUOW rpynne nauueHToB
noprtatmeHasa cuctema BUKC-UMK gns pomatuHero wmc-
nonb3oBaHusa [51]. MNMpumeHeHne JaHHOW TeXHonormm B
JOMaLLHMX YCMOBUSIX MO3BOMSET pacLUMpUTbL Y NPOANUTb
nporpammy peabunutauumu, BelBEs €€ 3a paMKku orpaHu-
YEHHOrOo Mo BPEMEHW CTaLMOHAapHOro Kypca.

O6pabomka cuzHanoe. Ha [aHHbIi MOMEHT He Ccy-
LecTByeT €4MHOro noaxoda B OTHOLUEHWMU anropyuTMOB
obpabotkm curHanos B cuctemax WMK. TNpennoxeHo
MHOXeCTBO MeTofdoB [52, 53], koTopble NMPUMEHSANUCH B
pa3nuyHbix PKU.

BHewHue mexHu4eckue ycmpolicmea. AnropuTMbl
NMK npeobpasytoT curHanbl Mo3ra B KOMaHAbl ynpas-
NEHUS BHELLHMMU TEXHUYECKUMU YCTpPOWCTBamu, obec-
neuynBaloLLMN 0OpaTHY CBSA3b B PEXUME pearbHOro
BpeMeHun. OpTe3, pobOT MM 3K30CKENET PYKU B KOHTYpe
MMK' ocyLuecTBASOT NacCyBHOE ABMXKEHUE KOHEYHOCTH,
KOTOpOe npeacTaBnser WnM nNblTaeTcs CoBepLMTb na-
UMeHT. [JaHHbIA KMHECTETUYECKUA Tun obpaTHOM CBSA3M
Yalle BCcero 1cnonb3oBarsncs B paHee nposedeHHbIX PKU,
B TOM 4MCre B KOMOVMHaLMK C BU3yanbHON 0BpaTHOWN CBSi-
3bto [28, 38, 39, 41, 45, 47, 48, 54]. B psige pabot npu-
MeHsinacb TONbKO BU3yanbHasi obpaTHasi CBsi3b B BUAE
abCTpakTHOro curHamna Ha akpaHe komnbtoTepa [43, 44].
®yHKUMOHanbHY anekTpoctumynaumio (P3C) B KOHTY-
pe VMK HekoTopble aBTOpbl CYMTAOT (PU3NONOrMYECKM
Haubonee npegnoytutensHon. Mpu ®BC npoucxoanTt
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Jenonspusaums 0onbLIEro Yncrna MOTOPHBIX U CEHCOp-
Hbix akcoHoB, B LIHC noctynatwt Gonee MoOLUHblE CWr-
Hanbl OT MbILLEYHbIX BEPETEH U CYXOXWUIMbHBIX OpPraHoB
FonbaXun, N MMMyNbChbl OT MbILLEYHBIX BEPETEH MOTYT aK-
TUBMPOBATb MOTOHENPOHbI OAHOBPEMEHHO C HUCXOZALLEN
KOPKOBOW KOMaHZOW Npv NPeACTaBMNeHUN ABUKEHWS, TEM
cambIM BbI3blBasi xe660BCKkyto accoumauuio [13, 55-58].
A dpektuHocTb MK ¢ ®3C Takke usyveHa B psge PKU
[42, 46, 59-61].

Kypcbl mpeHupoeok. B nposegeHHbix PKW yacTo-
Ta WMK-TpeHnpoBok BapbupoBana ot 2 [46] go 5 pa3 B
Hepento [28, 45, 47, 54, 59, 60], a obLias oNUTENBHOCTb
Kypca cocTtasnsna ot 2 [28, 43] o 8 Heq [42], HO vale
Bcero — 4 Hep [38, 44, 45, 47, 59-61]. ObLwee KonuyecTt-
BO TPEHMPOBOK BKMoYano ot 6 [43] oo 24 ceaHcos [42],
a CyMMapHasi 3KCMo3uLMs TPEHMPOBOK COCTaBnsana or 2
[43] po 27 4 [39, 41].

Mayuenmsi. Tonynsauns NauMeHTOB C ULLEMUYECKUM
UnM remopparm4eckum WMHCYNsToM B npoBedeHHbIX PKA
Oblna JOCTaTOMHO pasHOpPOZHA B OTHOLLEHWM BO3pacTa,
JaBHOCTM 3aboneBaHus, nokanusauum odara nopaxe-
HUS U cTeneHn asuratensHoro geduumnTa. MNogasnsoLlee
6onblwmnHcTBO PKW GbIny npoBeaeHbl B cTpaHax Asvu, u
aBTOPbI OJHOrO M3 HEeJAaBHMX CUCTEMATMYECKUX 0630pOB
CYMTAIOT, UYTO pe3ynbTaThl 3TUX UCCNEeAOBaHUA HEKop-
PEKTHO NepeHocuTb Ha bGoree cTapLuyto Mo BO3PacTy €B-
POMEWCKY 1 CEBEPOAMEPUKAHCKYIO MOMYMALMIO NOCTUH-
CYnbTHbIX nauveHTos [11].

A peKTUBHOCTL M 6e30NaCHOCTb NPUMEHEHUS
TEXHONOINN «MHTEPeNC MO3r—KOMMNbIOTEP»
nocrne UHCynkLTa

Bo Bcex onybnuKoBaHHbIX MeTaaHanu3ax BbisiBre-
HO npeumyuwlectBo TexHonormn UMK nepen KoHTponem
B OTHOLUEHUW BOCCTaHOBIEHWS OBUraTesnibHoM yHKLUM
BEPXHEN KOHEYHOCTW MOocre MHCynbTa no wkane ®yrn—
Meviepa (cm. npunoxenue). Kak npasuno, Habnoganach
cpenHsas BenuumHa adpdpekTa: nokasatenu ctaHgapTUan-
poBaHHON pasHocTu cpedHux (CPC) unn g Xapxeca co-
ctaenanu 6onee 0,5. NpogeMOHCTPUPOBaHO Takxke npeu-
MyLLECTBO TpeHnpoBok ¢ IMK B OTHOLLIEHUW yBENUYeHUs
AKTUBHOCTU B MOBCEAHEBHOW XU3HM NO MOAUGULIMPOBAH-
Homy uHAekcy Baptena ¢ 6onbwmM pasmepom acdekta
(CPC>1,0) [18, 20, 21].

B nByx paboTtax npoBedeH MeTaaHanu3 B Moarpynne
UCCNefoBaHui, B KOTOPbIX Bbin NpegycMOTpeH AOMOMHM-
TenbHbIM Nepuoa HabnopgeHus [14, 17]. B bonee paHHen
pabote [14] He BbisiBNeHo achdekTa yepes 6 Hea—12 mec
nocrne OKOHYaHUsSI Kypca TpeHWpoBok. B Gonee nosgHem
mMeTaaHanuse [17], BknovaBlweM Gonbluee KonmyecTBo
PKW, npeumywiectso UMK Hag KOHTponem coxpaHsnoch
yepes 2-36 Heq Mocre OKOHYaHMs UccrnegoBaHus, ogHa-
KO C HebonbluuM pa3mepom adekta (CPC=0,33).

Kpome TOro, B nccrnegoBaHWsX C OLEHKOW WHOAEKCOB
BOCCT@HOBMEHUS MO (PYHKUMOHANbHOW MarHUTHO-Pe30-
HaHcHomn Tomorpacdum (GMPT) nnmn 3T GbINo NokasaHo,
yTo TpeHuposkm ¢ MK cnocobcTBytoT hyHKLMOHAMNBHO-
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My BOCCTaHOBMEHMIO MO3ra ¢ GonblwnM pasmepom -
dekra (CPC=1,11; p<0,001) [15].

Bo Bcex PKW He 6bIno 3aperncTpupoBaHo cepbesHbIX
HexenaTtenbHbIX SBNEHWA. Y OTAeNbHbIX NAaLMEHTOB BO3-
HWKanu ronoBHas 60mb, MOBbILLEHNE apTepuansHOro AaB-
neHusi, 6onb B nneve, NOBbILLEHHAs 4yBCTBUTENbHOCTb
KOXMW K 3MEeKTPOZHOMY rento, Y MHOMMX — YTOMIISIEMOCTb
B mpouecce TpeHupoBok. CormacHo meTaaHanusy [20],
YyacToTa HexenatenbHbIX SBMEHUA U AOMS BbIObIBLUMX U3
nccnefoBaHUi NaLMEHTOB ObINy COMOCTaBMMbI B rpynnax
MMK n koHTpons.

dakTopbl, BNusAwLwme Ha 3hhpeKTUBHOCTb
TEXHONOMNN «MHTEPdHENC MO3r—KOMNbIOTEP»

B cuctematnyecknx ob3opax [14, 21] AONOMHUTENBHO
NPOBOAMNNCE MeTaaHanu3bl B Nogrpynnax uccrneaoBaHumn
Ons onpegeneHns BO3MOXHbIX (DaKTOPOB, BAMSIOLIMX Ha
adhdektmBHOCTL IMK (CM. npunoxenue).

B OByx MeTaaHanu3ax oueHMBanu 3aBUCUMMOCTb -
dektmBHocTM UMK oT gaBHOCTU uHcynbTa. Pasmep ad-
dekTa B noarpynne nauumeHToB C AaBHOCTbI MHCYMbTa
MeHee 6 mec (nogocTpasi chasa) Obin Bbille, YeM B Noa-
rpynne ¢ AaBHOCTbIO MHCYNbTa OT 6 MeC (XpoHudeckas
dhaza) [16, 20]. OgHaKko CTaTUCTUYECKMN 3HAYUMBIX Pa3nii-
4y B acpdpektmBHocT MIMK mexay rpynnamu ¢ pasHon
[aBHOCTbIO MHCYMbTa He BbISIBIEHO.

NHTepdenc mosr—komnbtotep ¢ POC, No cpaBHEHUIO
¢ MK, nogkmnto4eHHbIMM K pOoBOTU3NPOBaHHBIM YCTPOIA-
CTBaM WNN TOMbKO C BM3yaribHOW 0OpaTHON CBA3bHO, OKa-
3arncsl Hanbonee ahheKTUBHOWM MOAENbI AAHHOW TEXHO-
normu, 4To ObINO NOKA3aHO B YETbIpEX MeTaaHanusax [14,
17, 19, 20]. Bo Bcex yka3aHHbIX paboTax ycTaHOBreHa
HonbLwas BenuunHa acdekta (CPC unu g Xagkeca >1,0)
npu ucnonb3oBaHun MMK-®3C no cpaBHEHWIO C KOHT-
ponem, B kayectse KoToporo npumeHsinu ®3C 6e3 ynpas-
nenna WMK.

MNMonbiTkKa COBepLWUTL ABWKEHUE, BO3MOXHO, SBMS-
eTca Oonee OGnaronpusITHOM MapagurMon ynpasneHus
MK, 4yem npeactaBneHve awxkeHus. B aByx meTa-
aHanusax rnokasaHa TeHaeHumsi Gonbluero achdekra or
MMK-TpeH1poBOK ¢ napagurMon CTpeMneHns CoBepLUUTb
aBwxeHue [14, 17]. OgHako BBMAY CTAaTUCTUYECKU HE3Ha-
4YMMOTO pas3nuumsa addekTa Mexagy uccregoBaHUsMU C
pa3nuyHbiMKM napagurmamun ynpasnedus MK u c yye-
TOM TOro (pakTa, YTO NapagurmMa CTpeMreHns CoBepLUNTb
OBWXEHME UCMonb3oBanachb Tonbko B AByx PKW, ans 6o-
rfiee TOYHOro OnpefeneHns BNUAHWUS OAHHOro hakTopa
HeobxoaMMbI AOMNOSTHUTENBbHbLIE UCCMEA0BAHNUS.

B OByx meTaaHanusax AOMOMHWTENbBHO M3y4Yanu BO3-
MOXHOE BIMSIHWE BbIOPaHHBIX anropuTMoB 06paboTKK
curHanoB mosra Ha addekTnBHocTb TexHonorum VMK,
[Moka3aHo, Y4TO MCNONb30BaHWE CNeKTPanbHOW MOLLHOCTM
B OOQHOM YaCTOTHOM Avanas3oHe MO CPaBHEHWI0 C npu-
MeHeHWeM UNbLTPOB B HECKOMbKMX AnanasoHax [17], a
TaKkKe NpUMEHEHWEe anropuTMOB YNpaBneHUs Mo CEHCO-
MOTOPHOMY PUTMY C OTBEAEHWIN, PacronOXeHHbIX Hafj
MOTOPHbIMU 0BMACTAMM KOPbI, MO CPABHEHWIO C Kraccu-
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dumkauven 331 OT MHOMOYMCINEHHBLIX OTBEAEHWI, pacno-
NOXEHHbIX MO BCEV MOBEPXHOCTU TOMNOBbI, COMPOBOXAaA-
toTCs Gonee BbICOKMM pa3mepoM adhdekTa [19].

MpoGnemMbl WXPOKOro NPUMEHEHUSA TEXHONOTUN
«UHTephenc MO3r-KOMNbLITEPY
M NyTU UX peLueHus

LLinpokomy BHegpeHuto TexHonorni VMK B knuHu4e-
CKyl0 MpaKTWKy B HacTosilee Bpemsi NpensaTcTBYeT psj
npobnem, CBA3AHHbIX C TEXHWYECKMMU OCOOEHHOCTSIMU
cywwecteytowmx mogenen UMK, nogxogamm k obpaboTke
CUrHanoB 1 C TEKYLLUMM YPOBHEM MOHVMaHWS NPOLECCOB,
nexawmx B OCHOBE [OBUraTenbHOr0 BOCCTAHOBMEHUS Ha
(hOHe MeHTarbHbIX TPEHUPOBOK [62—68].

OpfHa 13 knrYeBbIX Npobrnem 3aknovaeTcs B pasnuyu-
AX MHAMBMAYANbHBIX CMOCOBHOCTEW YenoBeka ynpasnsTb
HeuHBasmeHbIMK VIMK ¢ nomoLLblo napaaurMbl NpeacTas-
neHws asuxeHus [69]. [ina oBnageHUsi STUM HaBbIKOM to-
asm TpebyeTcs, kak npaBuno, Heckonbko ceaHcoB MMK-
TpeHnpoBoK. OpHako Oaxe nocrne oby4YeHus KayecTBO
yrnpaeneHnsl YacTo OCTAETCs HU3KMM UMM HECTaOWIbHbBIM,
YTO AEMOTMBMPYET nauneHToB. K Tomy e Obino nokasa-
HO, YTO Boree BbICOKME NOKa3aTeNnm kayecTsa yrnpasneHms
NMK conposoxgatotcs 6onee BbICOKMMU NMOKasaTensiMm
asuratenbHoro BocctaHoenenus [70]. MNpu atom ot 10 go
30% nonb3oBaTene HUKOrOA He AOCTUraT AOSMKHOMO
ypoBHs ynpasneHus VIMK. Takoe siBneHne ogHn nccneno-
BaTENW Ha3blBaKOT «HEMPEAPACTIONOXKEHHOCTbIO YNPaBnsaTh
NMK», a gpyrve, KpUTUKYS A@HHBIN TEPMUH, 0603HavaroT
Kak «HeadpdpekTnBHoCcTb IMK», KOTOpYHO MOXHO mpeono-
neTb ¢ nomoLlbto 6onee 3pEKTUBHBIX anropuTtMoB 00-
paboTKM curHana unmn JOoCTaTo4YHO ANUTENbHOTO 00yYeHns!
onepatopa [62, 71, 72]. BonbWMHCTBO NauueHToB nocrne
nHcyneta moryT ynpasnsate VIMK, Ho ka4ecTBo 1M ocobeH-
HOCTW yNpaBneHusi 3aBUCST OT CTEMEHU NOBPEXOEHNS O-
FIOBHOrO MO3ra 1 HeBpororuyeckoro aecuumta [73, 74].

[ns pelweHnst npobnembl 06yyeHnst ynpasnenuio MK
paccmaTpuBaroTCsa MoOAXoAbl MHOrogasHoM MNOAroToB-
ku onepatopa VIMK, korga Ha nepBbIx aTanax obyyeHus
NPEACTaBIEHNID ABMXKEHUS NMPUMEHSOT Gonee 4yBCTBU-
TenbHbIE K cUrHanam Mosra TexHornorun MPT, TpaHckpa-
HuanbHon anektpoctumynauum unn BUKC [62, 75-77].
PaspaboTunky NpoaomKaroT COBEPLUEHCTBOBATL TEKYLLUE
noaxodbl kK 06paboTke CUrHanoB Ans NOBbILLEHWS KavyecT-
Ba ynpaeneHuns VMK [78-84]. OnpeaeneHHble Hagexabl
BO3naratTcsa Ha npumeHeHne B cuctemax UMK anroput-
MOB r1ybokoro 0byyeHusi, B TOM Yncrne Ans npeotoneHns
heHoMeHa «HenpeapacnonoxeHHocTn ynpaenate MK»
1 6onee 6bICTporo obyyeHus onepartopos [85-87]. bbino
TakKke NnokasaHo, YTo MymnbTUMoZanbHas obpaTHas CBsi3b
(komBuHaumsa BM3yarnbHOW, CIyXOBOW M COMaTtoCEeHCOp-
HOM) MOXET YnyylnTb NpoLecc 0bydyeHus1 ynpasreHuio
MK [88, 89]. B cnyyasix, korga naumeHTy CNOXHO Mbl-
CNEeHHO NPeACTaBUTb ABWXEHUE, XenaTenbHO NPUMEHSATD
napagurmy HaMepeHusi COBepLUMTb OBMXEHWe, KoTopas
XOpOLUO 3apekomeHzoBana cebs no pesynsratam HEKOTO-
pbix PKW [46-48, 90].
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YTomneHue naumeHToB BO Bpems ceaHcoB MK Tak-
Xe npenctaBnsgeTr cobon mpakTuyeckyto npobnemy.
YTOMNAEMOCTb SBMSETCA YaCTbIM CUMMTOMOM MOCIE WH-
cynera [91], a B npouecce ynpasneHuss MK Heobxogu-
MO JOCTaTOYHO ANUTENbHO KOHLEHTPUPOBAaTh BHUMAHME,
COCPEeOTOMMBLUNCE HA MeHTanbHoW 3agade. lNpeogoneTs
JaHHyt0 npobnemMy MOXHO, NpesycMOTPEB MepPepbIBbI Ye-
pes kaxable 15 MuH TpeHnposku [20], a Takke 3a cyeT 6o-
nee MOTUBMPYIOLLIEW 1 padHOODpa3Hou obpaTHON CBA3M B
nrposou gopme [92, 93].

Kpome TOro, coBpeMeHHble MEANLMHCKME TEXHONOorum
JOIMKHbl YMEHbLUATh Harpy3ky Ha pabOTHUKOB 34paBOOX-
paHeHust 1 BbiTb NPUCNOCOBNEHbI K CAMOCTOSITENBHOMY
NMPUMEHEHUIO NauMeHTaMu B JOMalUHWX ycrnoBusx [94].
BonblunHcTBO paspabotok VIMK Ha cerogHsIlLHWA OeHb
He COoOTBETCTBYIOT 3TuM Kputepuam. VMK rpomosgku,
TpebyoT ONUTENBHOrO BPEMEHW YCTAHOBKM [OATYMKOB U
obyyeHnss HacTporike cuctembl. becnpoBogHble BbICO-
KoumMmnegaHcHble cuctembl QB[ ¢ Ccyxumun anekTpogamu
M npocTtas B ynpaeneHuu cuctema 3anycka MK c mo-
OMNBbHOrO YCTPOMCTBA MOFYT PELUUTL AAHHYI0 nNpobrnemy
[95-98].

B oTHoWweHnn yHAameHTanbHbIX acnekToB npumMe-
HeHus peabunutaumoHHbix MK, ocHOBaHHbIX Ha napa-
OUrMe MpeacTaBneHus OBUXKEHUS, OTKPbITbIM OCTaeTCs
BOMPOC, 3@ CYET KakMx HEMOTOPHbIX, Hecneunguyeckmnx
MEXaHW3MOB BO3MOXHO BOCCTaHOBMEHWE [OBWXEHUS C
MOMOLLbKO MEHTaNbHOrO TpPeHUHra. BbICOKasi KOHLEHT-
pauua BHUMaHWA K 3agadve ynpasneHus VIMK B TeyeHue
OMUTENBHOrO Neprofia oby4yeHUss MOXET MPUBECTU K 06-
LeMy yry4lieHuo (OYHKLMOHMPOBAHUS MO3ra, NpOsiBs-
lOLLIeMYCsl B BOCCTaHOBIEHUM KakK [ABWUraTenbHOMW, TaK W
KOTHUTUBHBIX (PYHKLWIA, KOTOPbIE OOMKHbIM 0Opa3om He
oLeHuBanuch B GonblUMHCTBE npoBefeHHbix PKU. B no-
CreayrLMX Hay4HbIX pabotax Heobxoaumo yCTaHOBUTL,
ABNSETCA N ABuratensHoe obyyeHne Ha hoHe TpeHnpo-
BOK VIMK pesynsraTom yny4lleHns KOrHUTUBHBIX YHKLMIA
UK e ynyyeHne KOrHUTUBHBIX YHKLMIA BTOPUYHO [62,
99, 100].

3akniouyeHue

CornacHo nosuummn gokasatesibHON MeauLMHbl, TPeHu-
poBku ¢ MK sBnstoTcs ahekTVBHLIM METOAOM BOCCTa-
HOBMEHWS ABUraTenbHON (DYHKLUM BEPXHEN KOHEYHOCTU
nocne vHcynsta. B 0co6eHHOCTM 3TO KacaeTcsl TEXHOMO-
rmn UMK-®3C. Kpome Toro, TpeHunposku ¢ MK Bkntoya-
0T aKTMBHYIO Napaavrmy npeacTaBneHus unv HaMmepeHus
COBEPLUNTL ABWXEHWE, SBMSSCb €QUHCTBEHHOW aKTUBHOM
peabunuTaunoHHON METOAMKOWN Ans NauueHToB C Bbipa-
XKEHHbIM Nnape3om unu nnerven. Ha HacToAWmMin MOMEHT
CYLLIECTBYET psif Npobnem Ans MactabupoBaHns TEXHO-
norun MK B knmHuveckor npakTtuke. OgHako ¢ y4eTom
HexBaTKM KagpoB ANS KNacCUYeCKOW KuHesnoTepanuu
MHHOBaLMOHHble TexHonorun VMK octatotcss BocTpebo-
BaHHbIMW, @ AanbHeullne pa3paboTKM Ha MX OCHOBE U
TEXHWYECKOE YCOBEPLUEHCTBOBAHUE — [AOCTATOYHO 0060-
CHOBaHbI.
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Bknag aBtopoB: O.A. MokueHko — cbop, aHanu3
n o6obLieHe [OaHHbIX NWUTepaTypbl, HanWcaHue Tek-
CTa pykonucu, paboTa C rpaduyeckum maTepuanom;
P.X. IllokmaHoB — aHanu3 1 06006LeHne AaHHbIX NuTepa-
Typbl, peaakTupoBaHue Tekcta pykonucy; IN.1. bobpos —
aHanu3 1 06006LLeHNe AaHHbIX NUTepaTypbl, peaakTupo-
BaHue TekcTta pykonucy; H.A. CynoHeBa — 060CHOBaHMe
KOHLLENLMN UCCNedoBaHUs, KPUTUYECKUIN NEPECMOTP TEK-
cta pykonucy; M.A. TMupagoB — 0BGOCHOBaHWE KOHLen-
UMW UCCNeLoBaHUs, KPUTUYECKUIA NEPeCcMOTp TeKcTa py-
konucu, 0600LLEeHne pe3ynsTaToB aHanusa.

UcTouHukm dpmHaHcupoBaHus. PaboTa BbinonHeHa B
pamkax rocyfapCTBEHHbIX 3aaaHnn MuHuctepcTBa obpa-
30BaHus 1 Hayku Poccuiickon ®epepaunm 8 PrEHY HLH
n BHOnH® PAH.

KoHMnUKT nHTepecoB OTCYTCTBYET.

Nurepatypal/References

1. Khan M.A,, Das R., Iversen H.K., Puthusserypady S.
Review on motor imagery based BCI systems for upper limb
post-stroke neurorehabilitation: from designing to application.
Comput Biol Med 2020; 123: 103843, https://doi.org/10.1016/].
compbiomed.2020.103843.

2. Khrulev A.E., Kuryatnikova K.M., Belova A.N.,
Popova P.S., Khrulev S.E. Modern rehabilitation technologies
of patients with motor disorders at an early rehabilitation of
stroke (review). Sovremennye tehnologii v medicine 2022;
14(6): 64, https://doi.org/10.17691/stm2022.14.6.07.

3. Molinari M., Masciullo M. Stroke and potential benefits
of brain-computer interface. Handb Clin Neurol 2020; 168: 25—
32, https://doi.org/10.1016/b978-0-444-63934-9.00003-2.

4. Mokienko O.A., Chernikova L.A., Frolov AA,
Bobrov P.D. Motor imagery and its practical application.
Neurosci Behav Physi 2014; 44: 483-489, https://doi.
org/10.1007/s11055-014-9937-y.

5. Mokienko O.A., Chervyakov A.V., Kulikova S.N.,
Bobrov P.D., Chernikova L.A., Frolov A.A., Piradov M.A.
Increased motor cortex excitability during motor imagery in brain-
computer interface trained subjects. Front Comput Neurosci
2013; 7: 168, https://doi.org/10.3389/fncom.2013.00168.

6. Girges C., Vijiaratnam N., Zrinzo L., Ekanayake J.,
Foltynie T. Volitional control of brain motor activity and its
therapeutic potential. Neuromodulation 2022; 25(8): 1187-
1196, https://doi.org/10.1016/j.neurom.2022.01.007.

7. Bhagat N.A., Yozbatiran N., Sullivan J.L., Paranjape R.,
Losey C., Hernandez Z., Keser Z., Grossman R, Francisco G.E.,
O’Malley M.K., Contreras-Vidal J.L. Neural activity modulations
and motor recovery following brain-exoskeleton interface
mediated stroke rehabilitation. Neuroimage Clin 2020; 28:
102502, https://doi.org/10.1016/j.nicl.2020.102502.

8. Yuan K., Chen C., Wang X., Chu W.C.W., Tong R.K.Y.
BCI training effects on chronic stroke correlate with functional
reorganization in motor-related regions: a concurrent EEG and
fMRI study. Brain Sci 2021; 11(1): 56, https://doi.org/10.3390/
brainsci11010056.

9. Liao W, Li J., Zhang X., Li C. Motor imagery brain-
computer interface rehabilitation system enhances upper limb
performance and improves brain activity in stroke patients: a
clinical study. Front Hum Neurosci 2023; 17: 1117670, https://
doi.org/10.3389/fnhum.2023.1117670.

68 CTM[2023 [ 1om 15| Ne6

10. Liu M., Ushiba J. Brain-machine interface (BMI)-based
neurorehabilitation for post-stroke upper limb paralysis. Keio
J Med 2022; 71(4): 82-92, https://doi.org/10.2302/kjm.2022-
0002-oa.

11. Carvalho R., Dias N., Cerqueira J.J. Brain-machine
interface of upper limb recovery in stroke patients rehabilitation:
a systematic review. Physiother Res Int 2019; 24(2): e1764,
https://doi.org/10.1002/pri.1764.

12. Baniqued P.D.E., Stanyer E.C., Awais M., Alazmani A,
Jackson A.E., Mon-Williams M.A., Mushtaq F., Holt R.J. Brain-
computer interface robotics for hand rehabilitation after stroke:
a systematic review. J Neuroeng Rehabil 2021; 18(1): 15,
https://doi.org/10.1186/s12984-021-00820-8.

13. Fu J., Chen S., Jia J. Sensorimotor rhythm-based
brain-computer interfaces for motor tasks used in hand upper
extremity rehabilitation after stroke: a systematic review. Brain
Sci 2022; 13(1): 56, https://doi.org/10.3390/brainsci13010056.

14. Bai Z., Fong K.N.K,, Zhang J.J., Chan J., Ting K.H.
Immediate and long-term effects of BCl-based rehabilitation
of the upper extremity after stroke: a systematic review and
meta-analysis. J Neuroeng Rehabil 2020; 17(1): 57, https://doi.
org/10.1186/s12984-020-00686-2.

15. Kruse A., Suica Z., Taeymans J., Schuster-Amft C.
Effect of brain-computer interface training based on non-
invasive electroencephalography using motor imagery on
functional recovery after stroke — a systematic review and
meta-analysis. BMC Neurol 2020; 20(1): 385, https://doi.
org/10.1186/s12883-020-01960-5.

16. Yang W., Zhang X,, Li Z., Zhang Q., Xue C., Huai Y.
The effect of brain-computer interface training on rehabilitation
of upper limb dysfunction after stroke: a meta-analysis of
randomized controlled trials. Front Neurosci 2021; 15: 766879,
https://doi.org/10.3389/fnins.2021.766879.

17. Mansour S., Ang KK. Nair K.PS., Phua K.S,
Arvaneh M. Efficacy of brain-computer interface and the
impact of its design characteristics on poststroke upper-
limb rehabilitation: a systematic review and meta-analysis of
randomized controlled trials. Clin EEG Neurosci 2022; 53(1):
79-90, https://doi.org/10.1177/15500594211009065.

18. Peng Y., Wang J., Liu Z., Zhong L., Wen X., Wang P,,
Gong X., Liu H. The application of brain-computer interface
in upper limb dysfunction after stroke: a systematic review
and meta-analysis of randomized controlled trials. Front
Hum Neurosci 2022; 16: 798883, https://doi.org/10.3389/
fnhum.2022.798883.

19. Nojima ., Sugata H., Takeuchi H., Mima T. Brain-
computer interface training based on brain activity can induce
motor recovery in patients with stroke: a meta-analysis.
Neurorehabil Neural Repair 2022; 36(2): 83-96, https://doi.
org/10.1177/15459683211062895.

20. Xie Y.L.,, Yang Y.X, Jiang H., Duan X.Y., Gu L.J,
Qing W., Zhang B., Wang Y.X. Brain-machine interface-based
training for improving upper extremity function after stroke: a
meta-analysis of randomized controlled trials. Front Neurosci
2022; 16: 949575, https://doi.org/10.3389/fnins.2022.949575.

21. Shou Y.Z., Wang X.H., Yang G.F. Verum versus Sham
brain-computer interface on upper limb function recovery after
stroke: a systematic review and meta-analysis of randomized
controlled trials. Medicine (Baltimore) 2023; 102(26): e34148,
https://doi.org/10.1097/md.0000000000034 148.

22. IpsiHand rehab device for stroke  survivors.
Neurolutions; 2023. URL: https://www.neurolutions.com/
ipsihand.

0.A. Mokuenxo, P.X. Jlrokmanos, [1.21. boopos, H.A. Cymonesa, M.A. [TiupasioB



23. Bundy D.T.,, Souders L., Baranyai K., Leonard L.,
Schalk G., Coker R., Moran D.W., Huskey T., Leuthardt E.C.
Contralesional brain—computer interface control of a powered
exoskeleton for motor recovery in chronic stroke survivors.
Stroke 2017; 48(7): 1908-1915, https://doi.org/10.1161/
strokeaha.116.016304.

24. 3k3okucmpb-2. Ak3onnact; 2023. URL: https://exoplast.ru/.

Ekzokist-2 [Exo-hand-2]. Ekzoplast; 2023. URL: https://
exoplast.ru/.

25. Optes-1. AHgpounaHas TexHuka; 2023. URL: https://npo-
at.com/production/orthosis/.

Ortez-1. Androidnaya tekhnika; 2023. URL: https://npo-at.
com/production/orthosis/.

26. Mokienko O.A., Lyukmanov R.Kh., Chernikova L.A.,
Suponeva N.A., Piradov M.A., Frolov A.A. Brain-computer

interface: the first clinical experience in Russia. Hum
Physiol ~ 2016;  42(1): 24-31, https://doi.org/10.1134/
s0362119716010126.

27. MMokmaHoB PX., Asnatckas A., Mokuenko O.A., Ba-
pako H.A., Koessuna M.C., CynoHeBa H.A., YepHukosa J1.A.,
®ponos A.A., Mupagos M.A. MiHTepdeinc Mo3r—komnboTep B
MOCTUHCYMLTHOW peabunutauum: KNMHUKO-Henponcmxosnoruye-
cKoe vccnegoBaHve. XKypHan Hegposiozuu u rcuxuampuu um.
C.C. Kopcakoea 2018; 118(8): 43-51, https://doi.org/10.17116/
jnevro201811808143.

Lyukmanov R.Kh., Aziatskaya G.A., Mokienko O.A,,
Varako N.A., Kovyazina M.S., Suponeva N.A., Chernikova L.A.,
Frolov A.A., Piradov M.A. Post-stroke rehabilitation training with
a brain—computer interface: a clinical and neuropsychological
study. Zhurnal nevrologii i psihiatrii im. S.S. Korsakova 2018;
118(8): 43-51, https://doi.org/10.17116/jnevro201811808143.

28. Frolov A.A., Mokienko O., Lyukmanov R., Biryukova E.,
Kotov S., Turbina L., Nadareyshvily G., Bushkova Y. Post-
stroke rehabilitation training with a motor-imagery-based
brain-computer interface (BCI)-controlled hand exoskeleton: a
randomized controlled multicenter trial. Front Neurosci 2017;
11: 400, https://doi.org/10.3389/fnins.2017.00400.

29. Frolov A.A., Bobrov P.D., Biryukova E.V., Silchenko A.V.,
Kondur A.A., Dzhalagoniya 1.Z., Massion J. Electrical,
hemodynamic, and motor activity in BCl post-stroke
rehabilitation: clinical case study. Front Neurol 2018; 9: 1135,
https://doi.org/10.3389/fneur.2018.01135.

30. Zhang R., Wang C., He S., Zhao C., Zhang K,
Wang X., Li Y. An adaptive brain-computer interface to
enhance motor recovery after stroke. IEEE Trans Neural Syst
Rehabil Eng 2023; 31: 2268-2278, https://doi.org/10.1109/
tnsre.2023.3272372.

31. FuJ,, Chen S,, Shu X,, LinY,, Jiang Z., Wei D., Gao J.,
Jia J. Functional-oriented, portable brain-computer interface
training for hand motor recovery after stroke: a randomized
controlled study. Front Neurosci 2023; 17: 1146146, https://doi.
0rg/10.3389/fnins.2023.1146146.

32. Craik A., Gonzalez-Espafia J.J., Alamir A., Edquilang D.,
Wong S., Sanchez Rodriguez L., Feng J., Francisco G.E.,
Contreras-Vidal J.L. Design and validation of a low-cost mobile
EEG-based brain-computer interface. Sensors (Basel) 2023;
23(13): 5930, https://doi.org/10.3390/s23135930.

33. Gao Z., Pang Z, Chen Y, Lei G, Zhu S, Li G.,
Shen Y., Xu W. Restoring after central nervous system injuries:
neural mechanisms and translational applications of motor
recovery. Neurosci Bull 2022; 38(12): 1569-1587, https://doi.
0rg/10.1007/s12264-022-00959-x.

34. Behboodi A., Lee W.A., Hinchberger V.S., Damiano D.L.

Mutepdeiicbl MO3r—KOMITBIOTED TOCHE HHCYIBTA

OB30PbI

Determining optimal mobile neurofeedback methods for motor
neurorehabilitation in children and adults with non-progressive
neurological disorders: a scoping review. J Neuroeng Rehabil
2022; 19(1): 104, https://doi.org/10.1186/s12984-022-01081-9.

35. Fu J., Jiang Z., Shu X., Chen S., Jia J. Correlation
between the ERD in grasp/open tasks of BCls and hand
function of stroke patients: a cross-sectional study. Biomed
Eng Online 2023; 22(1): 36, https://doi.org/10.1186/s12938-
023-01091-1.

36. Zanona AF, Piscitelli D, Seixas V.M.,
Scipioni K.R.D.D.S., Bastos M.S.C., de Sa L.C.K. Monte-
Silva K., Bolivar M., Solnik S., De Souza R.F. Brain-computer
interface combined with mental practice and occupational
therapy enhances upper limb motor recovery, activities of daily
living, and participation in subacute stroke. Front Neurol 2022;
13: 1041978, https://doi.org/10.3389/fneur.2022.1041978.

37. Gao W., Cui Z., Yu Y,, Mao J., Xu J., Ji L., Kan X,
Shen X., Li X., Zhu S., Hong Y. Application of a brain-computer
interface system with visual and motor feedback in limb and
brain functional rehabilitation after stroke: case report. Brain Sci
2022; 12(8): 1083, https://doi.org/10.3390/brainsci12081083.

38. Ang K.K., Chua K.S.G,, Phua K.S., Wang C., Chin Z.Y.,
Kuah C.W., Low W., Guan C. A randomized controlled trial of
EEG-based motor imagery brain-computer interface robotic
rehabilitation for stroke. Clin EEG Neurosci 2015; 46(4): 310—
320, https://doi.org/10.1177/1550059414522229.

39. Ang KKK, Guan C., Phua K.S., Wang C., Zhou L.,
Tang K.Y., Ephraim Joseph G.J., Kuah C.W.K., Chua K.S.G.
Brain-computer interface-based robotic end effector system
for wrist and hand rehabilitation: results of a three-armed
randomized controlled trial for chronic stroke. Front Neuroeng
2014; 7: 30, https://doi.org/10.3389/fneng.2014.00030.

40. Ang K.K., Guan C., Phua K.S., Wang C., Zhao L.,
Teo W.P,, Chen C., Ng Y.S., Chew E. Facilitating effects
of transcranial direct current stimulation on motor imagery
brain-computer interface with robotic feedback for stroke
rehabilitation. Arch Phys Med Rehabil 2015; 96(3 Suppl): S79-
S87, https://doi.org/10.1016/j.apmr.2014.08.008.

41. Cheng N., Phua K.S,, Lai H.S., Tam PK., Tang K.Y.,
Cheng K K., Yeow R.C., Ang K.K., Guan C., Lim J.H. Brain-
computer interface-based soft robotic glove rehabilitation for
stroke. |[EEE Trans Biomed Eng 2020; 67(12): 3339-3351,
https://doi.org/10.1109/tbme.2020.2984003.

42. Li M., Liu Y, Wu Y., Liu S, Jia J., Zhang L.
Neurophysiological substrates of stroke patients with motor
imagery-based brain-computer interface training. Int J Neurosci
2014; 124(6): 403-415, https://doi.org/10.3109/00207454.2013.
850082.

43. Mihara M., Hattori N., Hatakenaka M., Yagura H.,
Kawano T., Hino T., Miyai |. Near-infrared spectroscopy-
mediated neurofeedback enhances efficacy of motor
imagery-based training in poststroke victims: a pilot study.
Stroke 2013; 44(4): 1091-1098, https://doi.org/10.1161/
strokeaha.111.674507.

44. Pichiorri F., Morone G., Petti M., Toppi J., Pisotta I.,
Molinari M., Paolucci S., Inghilleri M., Astolfi L., Cincotti F.,
Mattia D. Brain-computer interface boosts motor imagery
practice during stroke recovery. Ann Neurol 2015; 77(5): 851—
865, https://doi.org/10.1002/ana.24390.

45. Wu Q., Yue Z,, Ge Y., Ma D, Yin H., Zhao H., Liu G,,
Wang J., Dou W., Pan Y. Brain functional networks study
of subacute stroke patients with upper limb dysfunction
after comprehensive rehabilitation including BCI training.

CTM [ 2023 [ Tom 15 | Ne6 69



OB30PbI

Front Neurol 2019; 10: 1419, https://doi.org/10.3389/fneur.
2019.01419.

46. Biasiucci A., Leeb R., lturrate 1., Perdikis S.,
Al-Khodairy A., Corbet T., Schnider A., Schmidlin T., Zhang H.,
Bassolino M., Viceic D., Vuadens P., Guggisberg A.G.,
Millan J.D.R. Brain-actuated functional electrical stimulation
elicits lasting arm motor recovery after stroke. Nat Commun
2018; 9(1): 2421, https://doi.org/10.1038/s41467-018-04673-z.

47. Ramos-Murguialday A., Broetz D., Rea M., Laer L.,
Yilmaz O., Brasil F.L., Liberati G., Curado M.R., Garcia-Cossio E.,
Vyziotis A., Cho W., Agostini M., Soares E., Soekadar S.,
Caria A., Cohen L.G., Birbaumer N. Brain-machine interface in
chronic stroke rehabilitation: a controlled study. Ann Neurol 2013;
74(1): 100-108, https://doi.org/10.1002/ana.23879.

48. Chen S., Cao L., Shu X., Wang H., Ding L., Wang S.H.,
Jia J. Longitudinal electroencephalography analysis in
subacute stroke patients during intervention of brain-computer
interface with exoskeleton feedback. Front Neurosci 2020; 14:
809, https://doi.org/10.3389/fnins.2020.00809.

49. Antelis J.M., Montesano L., Ramos-Murguialday A.,
Birbaumer N., Minguez J. Decoding upper limb movement
attempt from EEG measurements of the contralesional

motor cortex in chronic stroke patients. IEEE Trans
Biomed Eng 2017; 64(1): 99-111, https://doi.org/10.1109/
tbme.2016.2541084.

50. Soekadar S.R., Kohl S.H., Mihara M., von Lihmann A.
Optical brain imaging and its application to neurofeedback.
Neuroimage Clin 2021; 30: 102577, https://doi.org/10.1016/j.
nicl.2021.102577.

51. Lee Friesen C., Lawrence M., Ingram T.G.J., Boe S.G.
Home-based portable fNIRS-derived cortical laterality
correlates with impairment and function in chronic stroke. Front
Hum Neurosci 2022; 16: 1023246, https://doi.org/10.3389/
fnhum.2022.1023246.

52. Hramov A.E., Maksimenko V.A., Pisarchik A.N. Physical
principles of brain—computer interfaces and their applications
for rehabilitation, robotics and control of human brain states.
Phys Rep 2021; 918: 1-133, https://doi.org/10.1016/j.physrep.
2021.03.002.

53. Lotte F., Bougrain L., Cichocki A., Clerc M., Congedo M.,
Rakotomamonjy A., Yger F. A review of classification
algorithms for EEG-based brain-computer interfaces: a
10 year update. J Neural Eng 2018; 15(3): 031005, https://doi.
org/10.1088/1741-2552/aab2f2.

54, Wang X., Wong W.W., Sun R., Chu W.C.W., Tong K.Y.
Differentiated effects of robot hand training with and without
neural guidance on neuroplasticity patterns in chronic
stroke. Front Neurol 2018; 9: 810, https://doi.org/10.3389/
fneur.2018.00810.

55. Reynolds C., Osuagwu B.A., Vuckovic A. Influence
of motor imagination on cortical activation during functional
electrical stimulation. Clin Neurophysiol 2015; 126(7): 1360—
1369, https://doi.org/10.1016/j.clinph.2014.10.007.

56. Bergquist A.J., Clair J.M., Lagerquist O., Mang C.S.,
Okuma Y., Collins D.F. Neuromuscular electrical stimulation:
implications of the electrically evoked sensory volley. Eur J App!
Physiol 2011; 111(10): 2409-2426, https://doi.org/10.1007/
s00421-011-2087-9.

57. Chen L., Gu B., Wang Z., Zhang L., Xu M., Liu S,
He F., Ming D. EEG-controlled functional electrical stimulation
rehabilitation for chronic stroke: system design and clinical
application. Front Med 2021; 15(5): 740-749, https://doi.
0rg/10.1007/s11684-020-0794-5.

70 CTM 2023 | om 15[ Ne6

58. Sinha A.M., Nair V.A., Prabhakaran V. Brain-computer
interface  training with functional electrical stimulation:
facilitating changes in interhemispheric functional connectivity
and motor outcomes post-stroke. Front Neurosci 2021; 15:
670953, https://doi.org/10.3389/fnins.2021.670953.

59. Lee S.H.,, Kim S.S,, Lee B.H. Action observation training
and brain-computer interface controlled functional electrical
stimulation enhance upper extremity performance and cortical
activation in patients with stroke: a randomized controlled
trial. Physiother Theory Pract 2022; 38(9): 1126—1134, https://
doi.org/10.1080/09593985.2020.1831114.

60. Kim T., Kim S., Lee B. Effects of action observational
training plus brain-computer interface-based functional
electrical stimulation on paretic arm motor recovery in patient
with stroke: a randomized controlled trial. Occup Ther Int 2016;
23(1): 39-47, https://doi.org/10.1002/0ti.1403.

61. Miao Y., Chen S., Zhang X., Jin J., Xu R., Daly 1., Jia J.,
Wang X., Cichocki A., Jung T.P. BCl-based rehabilitation on the
stroke in sequela stage. Neural Plast 2020; 2020: 8882764,
https://doi.org/10.1155/2020/8882764.

62. Simon C., Bolton D.A.E., Kennedy N.C., Soekadar S.R.,
Ruddy K.L. Challenges and opportunities for the future
of brain-computer interface in neurorehabilitation. Front
Neurosci2021;15: 699428, https://doi.org/10.3389/fnins.2021.
699428.

63. Colucci A., Vermehren M., Cavallo A., Angerhofer C.,
Peekhaus N., Zollo L., Kim W.S., Paik N.J., Soekadar S.R.
Brain-computer interface-controlled exoskeletons in
clinical neurorehabilitation: ready or not? Neurorehabil
Neural ~ Repair 2022; 36(12): 747-756, https://doi.
org/10.1177/15459683221138751.

64. Mridha M.F.,, Das S.C., Kabir M.M., Lima AA,
Islam M.R., Watanobe Y. Brain-computer interface:
advancement and challenges. Sensors (Basel) 2021; 21(17):
5746, https://doi.org/10.3390/s21175746.

65. Jervis-Rademeyer H., Ong K., Djuric A., Munce S.,
Musselman K.E., Marquez-Chin C. Therapists’ perspectives on
using brain-computer interface-triggered functional electrical
stimulation therapy for individuals living with upper extremity
paralysis: a qualitative case series study. J Neuroeng Rehabil
2022; 19(1): 127, https://doi.org/10.1186/s12984-022-01107-2.

66. Padfield N., Zabalza J., Zhao H., Masero V., Ren J.
EEG-based brain-computer interfaces using motor-imagery:
techniques and challenges. Sensors (Basel) 2019; 19(6):
1423, https://doi.org/10.3390/s19061423.

67. Saha S., Mamun KA. Ahmed K. Mostafa R,
Naik G.R., Darvishi S., Khandoker A.H., Baumert M. Progress
in brain computer interface: challenges and opportunities.
Front Syst Neurosci 2021; 15: 578875, https://doi.org/10.3389/
fnsys.2021.578875.

68. Angerhofer C., Colucci A., Vermehren M., Hémberg V.,
Soekadar S.R. Post-stroke rehabilitation of severe upper limb
paresis in Germany — toward long-term treatment with brain-
computer interfaces. Front Neurol 2021; 12: 772199, https://
doi.org/10.3389/fneur.2021.772199.

69. Bobrova E.V., Reshetnikova V.V., Vershinina E.A,,
Grishin A.A., Bobrov P.D., Frolov A.A., Gerasimenko Y.P.
Success of hand movement imagination depends on
personality traits, brain asymmetry, and degree of handedness.
Brain  Sci  2021; 11(7): 853, https://doi.org/10.3390/
brainsci11070853.

70. Sebastian-Romagosa M., Cho W., Ortner R,
Murovec N., Von Oertzen T., Kamada K., Allison B.Z., Guger C.

0.A. Mokuenxo, P.X. Jlrokmanos, [1.21. bopos, H.A. Cynonesa, M.A. [Tupasios



Brain computer interface treatment for motor rehabilitation
of upper extremity of stroke patients — a feasibility study.
Front Neurosci 2020; 14: 591435, https://doi.org/10.3389/
fnins.2020.591435.

71. Thompson M.C. Critiquing the concept of BCI
illiteracy. Sci Eng Ethics 2019; 25(4): 1217-1233, https://doi.
0rg/10.1007/s11948-018-0061-1.

72. Wang T., Du S., Dong E. A novel method to reduce
the motor imagery BCI illiteracy. Med Biol Eng Comput 2021;
59(11-12): 2205-2217, https://doi.org/10.1007/s11517-021-
02449-0.

73. Mansour S., Giles J., Ang K.K., Nair K.P.S., Phua K.S.,
Arvaneh M. Exploring the ability of stroke survivors in using
the contralesional hemisphere to control a brain-computer
interface. Sci Rep 2022; 12(1): 16223, https://doi.org/10.1038/
s41598-022-20345-x.

74. Chen S., Shu X., Jia J., Wang H., Ding L., He Z.,
Brauer S., Zhu X. Relation between sensorimotor rhythm
during motor attempt/imagery and upper-limb motor impairment
in stroke. Clin EEG Neurosci 2022; 53(3): 238-247, https://doi.
org/10.1177/15500594211019917.

75. Leamy D.J., Collins R., Ward T.E. Combining fNIRS
and EEG to improve motor cortex activity classification
during an imagined movement-based task. In: Foundations of
augmented cognition. Directing the future of adaptive systems.
Schmorrow D.D., Fidopiastis C.M. (editors). Springer Berlin
Heidelberg; 2011; p. 177-185.

76. Fazli S., Mehnert J., Steinbrink J., Curio G,
Villringer A., Miller K.R., Blankertz B. Enhanced performance
by a hybrid NIRS-EEG brain computer interface. Neuroimage
2012; 59(1): 519-529, https://doi.org/10.1016/j.neuroimage.
2011.07.084.

77. Liang W.D., Xu Y., Schmidt J., Zhang L.X., Ruddy K.L.
Upregulating excitability of corticospinal pathways in
stroke patients using TMS neurofeedback; a pilot study.
Neuroimage Clin 2020; 28: 102465, https://doi.org/10.1016/j.
nicl.2020.102465.

78. de Seta V., Toppi J., Colamarino E., Molle R.,
Castellani F., Cincotti F., Mattia D., Pichiorri F. Cortico-muscular
coupling to control a hybrid brain-computer interface for upper
limb motor rehabilitation: a pseudo-online study on stroke
patients. Front Hum Neurosci 2022; 16: 1016862, https://doi.
0rg/10.3389/fnhum.2022.1016862.

79. Al-Qazzaz N.K., Aldoori A.A., Ali S.H.B.M., Ahmad S.A.,
Mohammed A.K., Mohyee M.I. EEG signal complexity
measurements to enhance BCl-based stroke patients’
rehabilitation. Sensors (Basel) 2023; 23(8): 3889, https://doi.
0rg/10.3390/s23083889.

80. Zhang R., Chen Y., Xu Z., Zhang L., Hu Y., Chen M.
Recognition of single upper limb motor imagery tasks from
EEG using multi-branch fusion convolutional neural network.
Front Neurosci 2023; 17: 1129049, https://doi.org/10.3389/
fnins.2023.1129049.

81. Delisle-Rodriguez D., Silva L., Bastos-Filho T. EEG
changes during passive movements improve the motor
imagery feature extraction in BCls-based sensory feedback
calibration. J Neural Eng 2023; 20(1): 016047, https://doi.
org/10.1088/1741-2552/acb73b.

82. Wu D., Jiang X., Peng R. Transfer learning for
motor imagery based brain-computer interfaces: a tutorial.
Neural Netw 2022; 153: 235-253, https://doi.org/10.1016/].
neunet.2022.06.008.

83. Varsehi H.,

Firoozabadi S.M.P. An EEG channel

Wutepdeiics MO3r-KOMIIBIOTED MOCIIE HHCYIBTA

OB30PbI

selection method for motor imagery based brain-computer
interfface and neurofeedback using Granger causality.
Neural Netw 2021; 133: 193-206, https://doi.org/10.1016/].
neunet.2020.11.002.

84. Al-Qazzaz N.K., Alyasseri Z.A.A., Abdulkareem K.H.,
Ali N.S., Al-Mhigani M.N., Guger C. EEG feature fusion for
motor imagery: a new robust framework towards stroke
patients rehabilitation. Comput Biol Med 2021; 137: 104799,
https://doi.org/10.1016/j.compbiomed.2021.104799.

85. Zhang X., Ma Z., Zheng H., Li T., Chen K., Wang X.,
Liu C., Xu L., Wu X, Lin D., Lin H. The combination of brain-
computer interfaces and artificial intelligence: applications
and challenges. Ann Transl Med 2020; 8(11): 712, https://doi.
0rg/10.21037/atm.2019.11.109.

86. CaoL.,, WuH., Chen S., Dong Y., Zhu C., Jia J., Fan C.
A novel deep learning method based on an overlapping time
window strategy for brain-computer interface-based stroke
rehabilitation. Brain Sci 2022; 12(11): 1502, https://doi.
org/10.3390/brainsci12111502.

87. Hossain K.M., Islam M.A., Hossain S., Nijholt A.,
Ahad M.A.R. Status of deep learning for EEG-based brain-
computer interface applications. Front Comput Neurosci 2022;
16: 1006763, https://doi.org/10.3389/fncom.2022.1006763.

88. Sollfrank T., Ramsay A., Perdikis S., Williamson J.,
Murray-Smith R., Leeb R., Millan J.D.R., Kubler A. The effect of
multimodal and enriched feedback on SMR-BCI performance.
Clin  Neurophysiol 2016; 127(1): 490-498, https://doi.
0rg/10.1016/j.clinph.2015.06.004.

89. Ma Z.Z.,, Wu J.J., Hua X.Y., Zheng M.X., Xing X.X.,
Ma J., Shan C.L., Xu J.G. Evidence of neuroplasticity with
brain-computer interface in a randomized trial for post-stroke
rehabilitation: a graph-theoretic study of subnetwork analysis.
Front Neurol 2023; 14: 1135466, https://doi.org/10.3389/
fneur.2023.1135466.

90. Chen S., Shu X., Wang H., Ding L., Fu J., Jia J. The
differences between motor attempt and motor imagery
in brain-computer interface accuracy and event-related
desynchronization of patients with hemiplegia. Front
Neurorobot 2021; 15: 706630, https://doi.org/10.3389/fnbot.
2021.706630.

91. Alghamdi I., Ariti C., Williams A., Wood E., Hewitt J.
Prevalence of fatigue after stroke: a systematic review and
meta-analysis. Eur Stroke J 2021; 6(4): 319-332, https://doi.
org/10.1177/23969873211047681.

92. de Castro-Cros M., Sebastian-Romagosa M.,
Rodriguez-Serrano J., Opisso E., Ochoa M., Ortner R,
Guger C., Tost D. Effects of gamification in BCI functional
rehabilitation. Front Neurosci 2020; 14: 882, https://doi.
0rg/10.3389/fnins.2020.00882.

93. Ziadeh H., Gulyas D., Nielsen LD., Lehmann S,
Nielsen T.B., Kjeldsen T.K.K., Hougaard B.l., Jochumsen M.,
Knoche H. “Mine works better”: examining the influence of
embodiment in virtual reality on the sense of agency during
a binary motor imagery task with a brain-computer interface.
Front Psychol 2021; 12: 806424, https://doi.org/10.3389/
fpsyg.2021.806424.

94. Zulauf-Czaja A., Al-Taleb M.K.H., Purcell M., Petric-
Gray N., Cloughley J., Vuckovic A. On the way home: a
BCI-FES hand therapy self-managed by sub-acute SCI
participants and their caregivers: a usability study. J Neuroeng
Rehabil 2021; 18(1): 44, https://doi.org/10.1186/s12984-021-
00838-y.

95. McWilliams E.C., Barbey F.M., Dyer J.F., Islam M.N.,

CTM [ 2023 [ tom 15[ Ne6 71



OB30PbI

McGuinness B., Murphy B., Nolan H., Passmore P., Rueda-
Delgado L.M., Buick A.R. Feasibility of repeated assessment of
cognitive function in older adults using a wireless, mobile, dry-
EEG headset and tablet-based games. Front Psychiatry 2021;
12: 574482, https://doi.org/10.3389/fpsyt.2021.574482.

96. Jamil N., Belkacem A.N., Ouhbi S., Lakas A.
Noninvasive electroencephalography equipment for assistive,
adaptive, and rehabilitative brain-computer interfaces: a
systematic literature review. Sensors (Basel) 2021; 21(14):
4754, https://doi.org/10.3390/s21144754.

97. Yang S, Li R, Li H., Xu K., Shi Y., Wang Q., Yang T,
Sun X. Exploring the use of brain-computer interfaces in stroke
neurorehabilitation. BioMed Res Int 2021; 2021: 9967348,
https://doi.org/10.1155/2021/9967348.

98. Hashimoto Y., Kakui T., Ushiba J., Liu M., Kamada K.,
Ota T. Portable rehabilitation system with brain-computer
interface for inpatients with acute and subacute stroke: a

72 CTM [ 2023 | tom 15 [ Ne6

feasibility study. Assist Technol 2022; 34(4): 402—410, https://
doi.org/10.1080/10400435.2020.1836067.

99. bopucosa B.A., VcakoBa E.B., KotoB C.B. Bo3amox-
HOCTU MHTepdenca «MO3r—KOMMbLIOTEP» B KOPPEKLMM MOCTUH-
CYNbTHBIX KOTHUTUBHBIX HapyleHuid. XKypHan Hegponoauu
u ncuxuampuu um. C.C. Kopcakosa 2022; 122(12-2): 6066,
https://doi.org/10.17116/jnevro202212212260.

Borisova V.A., lIsakova E.V., Kotov S.V. Possibilities
of the brain—computer interface in the correction of post-
stroke cognitive impairments. Zhurnal nevrologii i psihiatrii
im. S.S. Korsakova 2022; 122(12-2): 60-66, https://doi.
org/10.17116/jnevro202212212260.

100. Liu X, Zhang W., LiW., Zhang S., Lv P,, Yin Y. Effects
of motor imagery based brain-computer interface on upper
limb function and attention in stroke patients with hemiplegia:
a randomized controlled trial. BMC Neurol 2023; 23(1): 136,
https://doi.org/10.1186/s12883-023-03150-5.

0.A. Mokuenxo, P.X. Jlrokmanos, [1.21. bopos, H.A. Cynonesa, M.A. [Tupasios



OB30PhbI

TPUTIOXKEHWE

OCHOBHbIe pe3ynbraTtbl MeTaaHaIn30B, NOCBALUEHHbIX 3Cb(beKTMBHOCTM HEeUHBAa3NBHbLIX VIHTep(beVICOB
MO3r-KoMnbrTEep AN BOCCTaHOBIeHUA OBWXEHUN BerHeﬁ KOHEeYHOCTU nocrie UHCynbTa

Konuyectso
INutepatypa  uccnepoBaHuii
W NaLneHToB
Z. Bai c coast., 15 PKW 1 HpKA
2020 [14] (378 navuweHToB)
A. Kruse 12 PKA
C COaBT,, (330 naumeHToB)
2020 [15]
W. Yang 13 PKA
C COABT., (258 nauueHToB)
2021 [16]
S. Mansour 12 PKA
C COaBT., (298 naumeHToB)
2022 [17]
Y. Peng 16 PKU
C COaB., (488 nauweHTa)
2022 [18]
. Nojima 16 PK/ 1 HpKW
C COABT., (382 nauveHToB)
2022 [19]
Y.L. Xie 17 PKK
C COaBT,, (410 nauveHToB)
2022 [20]

OCHOBHbIE XapaKTepUCTHKN
UMK u koHTpOns

MK ¢ pasnnyHbIMM napagur-
mamu ynpasnenus (M, CA,
HabnoeHne 3a ABUXEHNEM)
11 BuLamu obpaTHoil CBsaun
(pobor, ®3C, 3putensHas);
KOHTpOMb — UmuTauus MK
1N CTaHAAPTHas Tepanus

Q3r-MMK ¢ napagurmoit ML
11 PasNUYHBIMU BULAMN
obpatHoli cBs3u (pobort, PIC,
3pUTEnbHas); pasnuYHble
rPYNMbl KOHTPONS

VMK ¢ pasnnyHbiMu napagur-
Mamy ynpaBneHus v Bugamu

obpatHoli cBsiau (6e3 yTouHe-
HUS);

pa3nuyHble rpynnbl KOHTPONS

MK ¢ napagurmoi M0 nnn
Cl, ¢ pasnuyHbIMK Bugamu
obpaTHoii CBs3u;

pa3nuyHble rpynmbl KOHTPONS

MK ¢ pasnnyHeiMu napa-
AMrMami yrpaBneHns

(6€3 yTO4HEHNS) 1 BUAAMM
obpatHoli cBsiau (0e3 yTouHe-
HUS);

pa3nu4Hble rpynnbl KOHTPONS
VMK ¢ pasnnyHbiMu napagur-
Mamy ynpaBneHus v Bugamu
0bpatHoli cBA3Y;

pasnu4HbIe rpynnbl KOHTPONS

MK ¢ pasnnyHbimm napa-
AVrMami ynpaenenmus
(6€3 yTOuHEHNS) 1 BUAAMM
obpaTHoii cBsiau;

Hutepdeiicbl MO3r—KOMITBIOTED TOCIE HHCYIBTA

OcHoBHbIE pe3ynkTarhl

B PK — npenmywectso UMK nepen koHtponem (CPC=0,42; I: 0,18-0,66;
p<0,001)

He BbISIBNEHO CTATUCTNYECKM 3HAYMMOTO JONTOCPOYHONO ddhdekTa

npyu nepuoge Habntogerus 6 Hen—12 mec (CPC=0,12; WA 0,28-0,52; p=0,54)
VIMK-03C (CPC=1,04) 6onee addektuaHbl, yem UMK ¢ pobotom

nnu B13yanbHol obpaTHoi cBsabto (p=0,01)

TeHpeHums bonblueir ahdekTnBHOCTY napagurmbl CL no cpaBHeHMio

¢ Np (p=0,07)

TOC He noBblwaet aghdekTnBHOCTL TpeHnpoBok VMK (2 nccnegosaHus;
CPC=-0,30; Ant: 0,96-0,36; p=0,37)

Mpenmywectso UMK nepen koHTponem (CPC=0,39; [W: 0,17-0,62)
TpeHuposki ¢ MK cnocobeTByHOT (hyHKLMOHANBHOMY BOCCTAHOBMEHUO MO3ra
(6onbLuoit paamep apdekta; CPC MHAEKCOB BOCCTaHOBNEHMS

no MPT nnn 33 — 1,11; OW: 0,64-1,59)

Mpenmywwectso UMK nepen koHTponem (CPC=0,56; [I/: 0,29-0,83; p<0,001)
BorbLuoit pasmep athdekTa B noArpynne ¢ nogocTpbiM uHcynstom (CPC=1,10;
An: 0,20-2,01; p=0,02)

Cpegruit pasmep adhdekTta B NOArPyNMe ¢ XpoHnyeckim uHcynstom (CPC=0,51;
An: 0,09-0,92; p=0,02)

CratncTnyeckin 3HaummMblx pasnuuuil B apdektuaHocTn UMK mexay rpynnamu
C NOAOCTPbIM 1 XPOHUYECKIM MHCYMBTOM He BbisiBneHo (p=0,24)

Mpenmyiwectso UMK B kpaTkocpouHol ahdekTBHOCTM (BonbLLON pasMep
athdpekTa, g Xemkeca — 0,73) 1 yepes 2-36 He HabntofeHns (Manblit pasvep
athdekTa, g Xemkeca — 0,33)

Bonee Bbicokuit pasmep athdekTa B uccnenosaHnsx ¢ napagurmon Cll,

yem ¢ napagurmoi ML (g Xegkeca — 1,21 n 0,55 COOTBETCTBEHHO)

[ins UMK-®3C BbisiBneH cambli BLICOKN pasmep addekTa (g Xemkeca — 1,2)
no cpaBHermio ¢ VMK, noakmniodeHHbIMU K poboTy, in ¢ BU3yanbHoN 0BpaTHoi
CBSI3bl0

Vcnonb3oBaHue nokasateneil cnekTpanbHoW MA0THOCTU MOLHOCTY

B OHOM YaCTOTHOM AKana3oHe ConpoBOXAAETCs Bonee BLICOKIM pasMepoM
atbhekTa, 4em npumeHeHne BaHka (OUNLTPOB ANSt BbIAENEHNS CUTHAMOB

B HECKOMbKX YaCTOTHLIX A1anasoHax ¢ NocnedytoLmm npeobpasosaHnem

(9 Xemxeca — 1,25 1 —0,23 cOOTBETCTBEHHO)

MMpenmywiecrso MK nepeg kontponem (CPC=0,53; [W: 0,26-0,80; p<0,05)
[MpenmyLectso MK B OTHOLLEHUN YBENMYEHUS aKTUBHOCTY B NOBCEAHEBHOM
*u3Hn no uHaekcy baprena (7 PKW; CPC=1,67; OW: 0,61-2,74; p<0,05)
OrcytcTaue npenmyliectsa MK B OTHOLLEHNM CNACTUYHOCTY NO LUKane
Owsopra (6 PKW; CPC=-0,10; [IV: 0,50-0,30; p=0,61)

Mpenmywwectso UMK nepes koHTponem (CPC=0,48; [I/: 0,16-0,80; p=0,006)
[ns UMK-®3C BbisiBneHa TEHAEHLMS CaMoro BbICOKOrO pasmepa addekta
(CPC=1,01; AN: 0,03-2,04)

TpuUMeHEHNE NPOCTbIX anropuTMOB YMPaBNEHNS MO AMMNUTYAE UMK CTEMEHN
MOLABNEHNS CEHCOMOTOPHOTO pUTMa C OTBELAEHUA Hafl MOTOPHOW KOPOW
conpoeoxaaeTcs bonee BbIcOkMM pasvepom addekta (CPC=0,74),

Yem ucnonb3oBaHue Bonee CRoXHbIX anropUTMOB KnaccudukaLmi 0T MHOTMX
0TBeAEeHuI co BCelt noBepxHocTu ronosel (CPC=-0,12)

Mpenmyiectso MK nepeg kontponem (CPC=0,62; [W: 0,34-0,80; p<0,0001)
BonbLuoit pasvep adhdekTa B nogrpynne ¢ nogocTpbiM uHcynstom (CPC=1,11;
[n: 0,22-1,99; p=0,01)
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OB30PbI

OKoHyYaHue npunoxXeHusi

KonuyectBo
Nutepatypa  MccnegoBaHui
W NaLMeHToB

OCHOBHblE XapaKTepUCTHKNA

UNIK n KOHTPONS OcHoBHbIe pesynbrartbl

pa3nnyHble rpynnbl KOHTPONs  CpeaHuil pasmep adhdekTta B NOArpYNNe ¢ XpOHM4eCkM nHeynstom (CPC=0,68;
[in: 0,32-1,03; p=0,0002)
[ns UMK-03C BbisBNEH camblii BbICOKI pasmep addekta (CPC=1,11; AN:
0,67-1,54; p<0,00001) no cpasHeHuto ¢ MK, nogkmtoyeHHsIMm1 K poboTy
UK C BU3yanbHON 0BpaTHOI CBA3bI0
MpenmyectBo VIMK B OTHOLIEHMN yBENNYEHNS aKTUBHOCTM B MOBCEAHEBHOM
*u3Hu no nraekcy baptena (3 PKW; CPC=1,12; Al: 0,65-1,60; p<0,00001)

Y.Z. Shou 11 PKM VMK ¢ pasnuyHbIMK napa- Mpeumywwecto VIMK nepen koHTponem no LWOM-BK (PC=4,78; [n: 1,90-7,65;

C COaBT,, (334 nauneHToB) AMrMamu ynpasneHus p=0,001)

2023 [21] (6€3 yTOYHEHNS) 1 BUAAMMU Mpeumywecto VIMK no MogudmumposaHHomy uHaekcy baprena (CPC=7,37;
obpatHoii cBsiau (6e3 yTouHe- AN: 1,89-12,84; p=0,008)
HUS1); He ycraHosneHo npenmyLiectsa MK nepeg koHtponem no MAL, wkane ARAT
B rpynmne CpaBHEHNs — 11 TeCTy ABuratenbHON dyHkunm ®onba

nmutauma UMK

3 aecb: 95% ON — poseputensHbln uHTepsan; MK — uHTepdeinc mosr—komnstotep; HpK — HepaHgomusmpoBaHHoe
KOHTponupyemoe uccneposanue; N — npeacraenenve aswxkenunsi; PKU — paHgomusnpoBaHHOE KOHTpONMpyemoe mncene-
poBaHue; PC — pasHuua B cpegHnx; CLl — ctpemneHune coBepwmntb asukeHune; CPC — ctaHgapTMavMpoBaHHas pa3HOCTb
cpegHux; TOC — TpaHcKpaHmanbHas anekTpuyeckas ctumynsaums mosra; PMPT — dyHKUMOHaNbHAA MarHUTHO-PE30HaHC-
Has Tomorpacdmst; POC — dyHKUMoHanbHas anekTpocTumynaums; LUGM-BK — wkana dyrn—Menepa ons BepxHen KOHeYHo-
ctn; A3 — anekTpoaHuedanorpamma; ARAT — Action Research Arm Test; MAL — Motor activity log.
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