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AHHOTALMA

Helpopeabunutauma NOCTUHCY/bTHBIX MAaLMEHTOB C [OBUraTENIbHbIMU HapYLWEHWAMM ABMAETCA aKTyalbHOW U [aneKo
He peLUéHHOM npobnemoii BOCCTaHOBUTENBHOWM MeaMLMHbL. HaMy NpeanoreHa HoBas TEXHONOMMA peabunmTaumum nocTmH-
CYNbTHbIX MALMEHTOB C UCMO/b30BAHNEM YPE3KOMKHOM INEKTPUUECKOW CTUMYNALMM cnuHHoro Mo3sra (Y3CCM), Bospei-
CTBYIOLLIEN HAa HEMPOHHbIE TOKOMOTOPHbIE CETW MOACHUYHOIO YTOJLLEHWA CIMHHOIO Mo3ra yenoseka [1]. [1na ynpaeneHuna
CTUMYNALMOHHBIMU BO3AEUCTBUAMM CO3AaHO0 YCTPOKCTBO «CnMHaNbHLIN HeiponpoTe3», N03BOAAIOLLEE OCYLLECTBAATb He-
WHBa3MBHYI0 $Ha303aBMCMMYI0 aKTMBALMI0O MOTOHEMPOHHBIX NMYNOB crbaTeneii/pasrubatenein B onpefenéHHylo ¢asy Lia-
raTeflbHoro LKA B COYETAHUW C aKTUBALMEN HEMPOHHBIX TOKOMOTOPHBIX CeTen [2].

Lenb uccnepoBanusa. OueHNTb 3QPEKTUBHOCTb UCMO/b30BaHMA «CNMHANBHOr0 HEMPONpOoTe3a» B KOPPEKLIMM JIOKOMOTOp-
HbIX QYHKLMI C OBUraTeNbHbIMU HapYLLEHUAMMU MOCIe UHCYMbTA.

Wccneposanve npoBogunock Ha 6ase Poccuiickoro Hay4HO-MCCeoBaTeNlbCKOro HEMpOXMPYPrUYECKOr0 MHCTUTYTa
uM. npod. AJ1. MoneHoBa. B nccnepoaHnm npuHaAnm yyactue 20 NaumMeHTOB C BbIpaXKeHHbIMU JBUraTeNbHbIMU HapyLLIEHM-
AIMU HUXKHUX KOHEYHOCTEN B BUAE reMunape3oB. Cpok nepeHecEéHHOro MHCynbTa coctaBnAn ot 3 ao 12 mecaues. MauueHThbl
bbinK pa3geneHbl Ha 2 FpynMbl: KOHTPOJIbHYIO U SKCMEPUMEHTanbHYI0. Pa3nnune Meway rpynnamy 3aKniyanoch B TOM,
YTO KOHTponbHaA rpynna nonyyana ¢uktueHylo (HICCM—) cTMMynALMI0 Bo BpeMA ceaHca ABUraTeNbHOM peabunutaumu,
a 3KcnepuMeHTanbHaa rpynna nonyyana uctuHhyio (43CCM+) ctumynaumio. PeabunutaumorHbIi Kypc coctoan us 15 ce-
aHCOB CTUMYNALMK CNIMHHOTO Mo3ra. Kypc neyeHuns BKAoYan: nepemyHoe obcnefoBaHue (OLeHKa HEBPOIOrMYECKOro U pe-
abunuTauMoHHoro cTaTyca, uccnefoBaHue NpoCTPAHCTBEHHO-BPEMEHHBIX M KMHEMATUYECKWUX NapaMeTpoB XxoAbbbl), npo-
BeAeHNe peabunnTaLMOHHbIX CeaHCOB, KOTOpbIE COCTOANM M3 X0Abbbl Mo TpeabaHy 1 poBHoW nosepxHocT ¢ YICCM (+/-)
W 3aKnumMTeNbHOE 06CnefoBaHMe NaLMeHToB (OLeHKa HEBPONOrMYECKOro U peabunMTaLmMoHHOro cTaTyca, UccnejoBaHme
MPOCTPaHCTBEHHO-BPEMEHHBIX M KMHEMATUYECKUX NapaMeTpoB X0Ab0bl).

Pe3ynbTathl MccnefoBaHMA MOKa3anu, YTo B Havane Kypca paccTofAHWe, MpOiAeHHOe MpU BbIMOSHEHUM TecTa 6-MUHYTHOM
x0Ab6bl, Y NALMEHTOB KOHTPOMBLHOW U 3KCMEPUMEHTANBHOM IPynn 3HAYMMO He pasnunyanuch. [ocne Kypca naumeHTbl aKcne-
PVMEHTabHOM rPYNMbl NPOXOAMNM 3HAUMTENbHO BOMbLLYI0 AMCTaHLMIO, YeM MaLMeHTbl 0CHOBHOW rpynnbl. B Tecte 10-meTpo-
BOW X0[b0bl y NauueHToB 0benx rpynn 6bino 06HapyEeHO YBEMYEHNE CKOPOCTY NPOXOXAEHWNA AUCTAHLMM, HO Y MaUUEeHTOoB
3KCMEPUMEHTANTBHOM IPYNMbl CKOPOCTb BO3pocna 6ofbLUe, YeM Y MaLMEHTOB KOHTPOsbHOM rpynnbl. Mo pe3ynbTatam HeBpoio-
MMYECKMX LUKaN B 06eMX rpynnax 0TMeYaeTcs YBeIMYEHVE MbILLIEYHON CUAbI, YiyuLleHne GYHKLMI paBHOBECUA U YBENIUYEHWE
(YHKUMOHANBHOM HE3aBMUCUMOCTM, HO Y MALMEHTOB SKCMEPUMEHTANBHOM MPYNMbl OHW ObINW BbIABMEHI B HONbLUEW CTEMEHN.
TakuM obpasoM, nonyyeHHble pe3ynbTaTbl CBUAETENbCTBYIOT, YTO «CrMHaNbHLIA HelponpoTes» ABNAETCA IPPEKTUBHBIM
1 6e30nacHbIM CPeCTBOM KOPPEKLMM NaTTepHa XoAbbbl U BOCCTAHOBNEHWS IOKOMOTOPHOM GYHKLMM Y MaLMEHTOB nocne
uHcynbTa. MNpn Mcnonb3oBaHWM HEMPOMPOTE3a B TEYEHWUE ABYX HELEMb AOCTUMAIOTCA KIMHUYECKME 3HAUMMblE U3MEHEHUA.
Y nauuMeHTOB B pe3ynbTaTe TPEHMPOBOK BO3PAcTaeT TONEPAHTHOCTb K Harpy3Ke B BPEMA Xobbbl, YBENIMUMBAETCA CKOPOCTb
nepeaBUMKEHUA U NPOMCXOOAT KaYeCTBEHHbIE M3MEHEHWA (YHKLIMOHANbHON He3aBUCMMOCTM.

KnioueBbie cnoBa: MOTOPHbIN KOHTPOSIb; X0Ab6a; HEMPOMOAYNALMS; HepopeabunuTaums; CIMHHOM MO3T; YPE3KOMKHas
3M1EeKTPOCTUMYNALMA.
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ABSTRACT

Neurorehabilitation of post-stroke patients with motor impairments is a significant and yet unresolved issue in restorative
medicine. We propose a novel approach to rehabilitating such patients using transcutaneous electrical spinal cord stimulation
(scTS), which targets the neural locomotor networks of the lumbar enlargement of the human spinal cord [1]. The Spinal
Neuroprosthesis device was developed to control stimulation, providing noninvasive and phase-dependent activation
of motoneuronal pools of flexors and extensors during a certain phase of the stepping cycle, combined with the activation
of neuronal locomotor networks [2].

The aim of this study is to assess the efficacy of Spinal Neuroprosthesis in regulating locomotor functions among post-
stroke patients with motor disorders. The study is designed to provide an objective evaluation of the medical device's
effectiveness.

The study was conducted at the Russian Research Institute of Neurosurgery named after Prof. A.L. Polenov. The study
enrolled 20 patients who had been experiencing severe motor disorders of the lower extremities in the form of hemiparesis.
The duration of stroke among these patients ranged from 3 to 12 months. They were divided into two groups: control
and experimental. The control group underwent sham (scTS-) stimulation during a motor rehabilitation session,
while the experimental group received real scTS, establishing the difference between the groups. The rehabilitation
program comprised 15 sessions of stimulation to the spinal cord. The treatment protocol comprised an initial evaluation
of patients’ neurological and rehabilitation status and an investigation of spatial-temporal and kinematic parameters
of walking. Subsequently, patients participated in rehabilitation sessions, which entailed walking on the treadmill and
over-ground stepping with scTS. Finally, patients underwent a follow-up examination that included a re-evaluation
of their neurological and rehabilitation status, as well as an investigation of spatial-temporal and kinematic parameters
of walking.

At the beginning of the program, the distance traveled by patients in the control and experimental groups during a six-
minute walk test, according to the study results, did not differ significantly. However, following the treatment, patients in
the experimental group demonstrated a substantially lengthier distance covered during the 6-minute test than the control
group. Both groups of patients in the 10-meter walk test demonstrated an increase in distance walking speed, although
the patients in the experimental group had a greater increase in speed compared to those in the control group. These
improvements were more pronounced in patients from the experimental group. The results from neurological scales
indicated an increase in muscular strength, improvement in balance functions, and an increase in functional independence
in both groups.

The findings provide evidence that the Spinal Neuroprosthesis effectively regulates stepping movements and restores
locomotor function in patients post-stroke. Clinically significant improvements are observed within two weeks
of neuroprosthesis use. Additionally, training increases patients’ exercise tolerance while walking, speed of movement, and
functional independence.

Keywords: motor control; walking; neuromodulation; neurorehabilitation; spinal cord; percutaneous electrical stimu-
lation.
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