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AHHOTAIIUA

esp mcceoBaHUA — IMPOBECTH OIEHKY BJIUAHUSA TPEHUPOBOK C HCIOJIb30BAHUEM HK30CKeJeTa Ha KayeCTBO
sxu3HH (K2K) nmanueHToB ¢ MO3BOHOYHO-CTUHHOMO3r0BOM TpaBMo# (IICMT) B BOCCTaHOBUTEIFHOM U IIO3/THEM MTEPUO/IE
3a00JieBaHU .

B uccieoBaHMM y4yacTBOBasin 80 MAIMEHTOB, KOTOPble TPOXOMMJIN JIeUeHHe B YCJIOBUAX CTAI[MOHAapa Ha 6aze
OI'BY «HOBOCHOMPCKHUH HAyYHO-HCCIIEAOBATEIHCKUH UHCTUTYT TPABMATOJOTUH U opronennu um. f.JI. I{uBbsHA».
KommiekcHast mporpaMMa peabuInTalllH COCTOSIA U3 2 CECCHH 10 20 AHEH U BKJII0Yasa B cebs TPDEHUPOBKH C IIpHUMe-
HEHHeM alnapaTHO-IIPOIPAMMHOTO KOMILJIEKCA «DK30ATIEeT», J1edeOHyI0 THMHACTUKY U GU3HO0Tepanuio. Bee mamuen-
THI 3ATI0JTHAJIN CTAHAPTU3UPOBAHHBINA OTPOCHUK SF-36 Ha BU3UTAX 1—4 /10 HaYaJia ¥ 10 OKOHYAHHUHU KaK/IOTO CTAI[UO-
HApHOTO WHTepBaJa peabUIUTAIINN U Yepe3 1 MeC [0 OKOHYAHUU PeabUINTAIMOHHBIX MepOonpuATH. OTeHUBAINUCh
HUCXOHBIHA ypoBeHb nokaszareseid KK manuenTtos ¢ IICMT u BO3MOKHOE BIIUSIHHE TPEHUPOBOK C UCIIOJIH30BAHUEM K-
30CKeJIeTa Ha IICUXOJIOTHYeCKUY U PU3UUECKUI KOMIIOHEHTHI 3/J0POBbsI yIACTHUKOB.

BpUIH MOJIyYeHbl CTATUCTUYECKU JIOCTOBEPHBIE JTaHHbIE O noBblmeHNN KK, CBA3aHHOTO C IICUXOJIOTHYECKOHN CO-
CTaBJISIONIEN 3/10pOBbs, y manueHToB ¢ [ICMT B BOCCTAaHOBUTEJILHOM U ITO3/THEM II€PHO/IE IO BJIUSIHUEM peabuinTa-
[V C BKJIIOYEHUEM TPEHUPOBOK B HK30CKeseTe. IlokazaTein KauecTBa KU3HHY, CBA3aHHbIE C (PU3MIECKUM KOMIIOHEH-
TOM 37I0POBbS, Y YUaCTHUKOB B BOCCTAHOBUTEJILHOM IIEPHO/IE IIOCJIe TPABMBI TAKIKe YIIYULINJINCh, TOTZIa KaK Y aIueH-
TOB B [TIO3/THEM TIEPHOJIE TPABMATHYECKON O0JIE3HU 3TH ITOKA3ATEJIH CYIIECTBEHHO HE U3MEHUIIUCH. Jl0OCTOBEPHBIE H3Me-
HEHU N3yJYaeMBbIX II0Ka3aTesel BO BCeX CIydasX PeruCTPUPOBAJINCH TOJIBKO IOCJIE 2 CeCCUH TPEHUPOBOK C IpUMEHe-
HHEM 5K30CKeJIeTa.

Taxum o6pas3oM, IpHMeHeHHe POOOTU3NPOBAHHOIO HK30CKeeTa «DK30ATIIET» CIIOCOOCTBYET MOBBIIIEHHIO Kade-
cTBa ’ku3HU manueHToB ¢ [ICMT u MoxkeT OGbITh PEKOMEH/IOBAHO /IJIsI BKJIOUEHHUs B KOMIIJIEKCHYIO PeaOUIUTAINIO U
abMJIUTAINIO JAHHON KaTerOPUU HAIMEeHTOB.

Kaouesble co6a: mo3BOHOYHO-CITHHHOMO3TOBA s TpaBMa, peabuIuTaIus, 9K30CKeIEeT, KaueCcTBO KU3HU, SF-36.

ABSTRACT

The aim of the study is to assess the impact of exoskeleton training on the quality of life (QL) of patients with spinal
cord injury (SCI) during the recovery and the late period of the disease.

The studies involved 80 patients who received treatment in a hospital setting on a basis of the Novosibirsk Research
Institute of Traumatology and Orthopedics n.a. Y.L. Tsivyan. The comprehensive rehabilitation program consisted of
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2 sessions of 20 days each and included training using the ExoAtlet powered exoskeleton, therapeutic exercises and phy-
siotherapy. All patients completed a standardized SF-36 Health Survey Questionnaire during visits 1—4 before and after
each inpatient rehabilitation interval and a month after the rehabilitation activities. The baseline QL of patients with SCI
and possible impact of exoskeleton training on the psychological and physical health components of participants were
estimated.

Statistically significant data on the increase in QL associated with the psychological component of health in patients
with SCI during the recovery and late disease period under the influence of rehabilitation with the exoskeleton training
were obtained. The quality of life parameters associated with the physical component of health also improved in par-
ticipants during the recovery period of the traumatic disease, whereas in patients in the late period of it these indicators
did not change significantly. In all cases the reliable changes of the studied parameters were recorded after 2 sessions of

exoskeleton training only.

Thus, the use of the ExoAtlet powered exoskeleton contributes to the improving of the quality of life in patients with
SCI and can be recommended for inclusion in the comprehensive rehabilitation and habilitation program of this category

of patients.

Keywords: spinal cord injury, rehabilitation, exoskeleton, quality of life, SF-36.

BBEJAEHHNE

ITo3BoHOYHO-cTTMHHOMO3TOBAs TpaBMa (IICMT)
I10 JIAHHBIM CTAaTHUCTUKU COCTABJISAET 180 000 ciIyda-
eB B roJ] BO BceM mupe [1]. B Poccutickout ®@eneparun
€Xero/THO OKOJIO 10 000 dYejl. IOJIy4aloT TPaBMY
CIIMHHOTO MO3Ta, B OOJIBIITMHCTBE CJIyYaeB 3TO JIUIA
TpyAocnoco6HOTO Bo3pacra. I1o HEKOTOPHIM OIleH-
KaM B HaCTosIIIee BpeMs YK CIIO TAI[UeHTOB C ITOCJIe -
creuamu [ICMT B Poccuu cocraBiseT OKojso 200
000 YeJl., CpeIu KOTOPHIX OOIBIIMHCTBO — MOJIOZBIE
MY?KYHHBI OT 18 710 45 jieT [2]. IloBpek/ieHne CrivH-
HOTO MO3ra BjIeueT 3a coOOH mocsenyoliee pa3Bu-
THE TpaBMaTU4YeCKOU OO0JIE3HU CIIMHHOTO MO3ra
(TBCM), koTOpas paclieHHBaeTCs Kak OJHO U3 Hau-
0oJ1ee TXKETBIX U MIPOTHOCTUYECKU HEOJIarOmpHsT-
HBIX IIOBPEXK/IEHUHN y YeJI0BeKa, rpyboe 1 HeoOpaTH-
MOe HapylleHUe JABUTATeJIbHBIX, UyBCTBUTEIBHBIX,
BeretaTUBHO-Tpopuueckux byaknuid. [ICMT asisa-
eTCsI CEphE3HOU CTPECCOBOU CHTyallHel, HapyIlai-
el CJI0KUBIIUICSA CTEPEOTHII )KU3HH, UTO BBI3BIBA-
€T yV YaCTH IMOCTPAJIaBIINX IICUXOJOTHYECKUE IIPO-
6s1embI [3]. Okosio 80 % GosbHBIX ¢ [ICMT mpusna-
I0TCA MHBAJIUJIAMU 1-U U 2-1 rpymI, B 61 % ciyyaeB
rpyIa HHBAJIUIHOCTU Y 3THUX MMAI[UEHTOB HA MPOTSI-
JKEHUHU JajIbHENIIeN »KU3HN He U3MeHsercs [4].

OrpaHuyeHHe CIIOCOOHOCTU K IEPEBIIKEHUIO Y
601pHBIX ¢ [ICMT NPUBOIUT K CHIKEHHUIO YZIOBJIETBO-
PEHHOCTH JKU3HBIO U YPOBHS COI[MATIBHOTO B3aMMO-
JIeHICTBUSA, SABJIAETCA NMPUYUHON JTAJIbHEHIIIEro YXy/I-
meHus (GU3NYECKOro 3710poBbiA. M3-3a Masoll Mo-
6mwtpHOCTH TTanueHTs! ¢ IICMT crpazaioT ot oxkupe-
HUs, CHIDKEHHUS MUHEPAJIbHON IIOTHOCTU KOCTHOH
TKAHH BIUIOTb JI0 OCTEOIIOP03a, CEPAETHO-COCYIUCTHIX
3a00JIEBAHMH, XPOHUUYECKOH BEHO3HOW HEI0CTATOY-
HocTH [5, 6]. BoccraHOoBIeHME JIBUTATEIBHON (DYHK-
MU SIBJISIETCS TJIABHBIM ITPUOPUTETOM JIJISI TAI[UEH-
TOB C ITOBPEKAESHISMU CIITHHOTO MO3Ta Ha 3Talle pea-
6wintanyuy. J[OMOJHUTENBHO K PACIIUPEHUI0 MO-

INTRODUCTION

According to statistics, spinal cord injury (SCI)
amounts to 180 000 cases per year worldwide [1]. In
the Russian Federation about 10 000 people get spi-
nal cord injury annually. In most cases these are peo-
ple of working age. It is estimated that currently the
number of patients with the consequences of SCI in
Russia is about 200 000 people, among whom the
majority are young men from 18 to 45 years old [2].
Spinal injury entails subsequent development of the
traumatic spinal disease (TSD) which is regarded as
one of the most severe and prognostically unfavor-
able injuries in humans, a gross and irreversible
damage of motor, sensory, autonomic and trophic
functions. SCI is a serious stressful situation that vio-
lates the current stereotype of life, which causes psy-
chological problems in some patients [3]. About 80%
patients with SCI are recognized as disabled persons
of the 1%t and 2" groups. In 61% cases the disability
group in these patients does not change over the
course of their life [4].

Motor incapacitation in patients with SCI leads
to a decrease in levels of life satisfaction and social
interaction. It is the cause of further deterioration of
physical health. Due to low mobility patients with
SCI suffer from obesity, decreased bone mineral
density up to osteoporosis, cardiovascular diseases,
chronic venous insufficiency [5, 6]. Restoring motor
function is a top priority for patients with spinal cord
injuries during the rehabilitation phase. In addition
to increasing patient’s mobility and solving some so-
cial problems associated with the inability to stand
or walk, regular rehabilitation courses help to cope
with problems associated with insufficient physical
activity [7]. In a long term of injury, the basis of reha-
bilitation programs constitute physical recovery
methods among which in recent years the close at-
tention of rehabilitation therapists has been attract-
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OMIBPHOCTH IAIMEHTA U Pa3PelIeHnI0 HEKOTOPBIX CO-
[IUATBHBIX TPO0JIEM, CBSI3aHHBIX C HECTIOCOOHOCTBHIO
CTOSITh WJIN XOJIUTH, PETYJIIPHBIE KYyPChI peabrinTa-
[IMH TIOMOTAIOT OOPOTHCA € MPOOIEMaMHU, CBSI3aHHBI-
MM C HEIOCTATOUYHOH (PU3MUECKON aKTUBHOCTHIO [7].
B otmanenHsIil mepHoA TPAaBMbI OCHOBOU ITPOrPaMM
peabuinuTanuy ABJIAIOTCA QU3NUECKUe METOJbI BOC-
CTAHOBJIEHUS, CPEAM KOTOPHIX B TIOCJIEHUE TOJIbI
[IPUCTATIbHOE BHUMAHWE Bpaudel-peabuINTOIOrOB
[IpUBJIEKAET TaKoe WHHOBAIMOHHOE TeXHUYECKOe
YCTPOMCTBO, KakK POOOTH3UPOBAHHBIA DK30CKEJIET.
B mupe 3a mocsenHee necsaTuieTre pa3paboTaHo He-
CKOJIBKO BHU/IOB MEIUITMHCKUX 9K30CKeJIETOB JIJIf pea-
OWUIUTAIIUY JIUI] C YTPATOU JIBUTATEILHOH (DYHKIIMH
HIDKHUX KOHeuHocTeH. OTImJasch 0COOEHHOCTSMU
KOHCTPYKIIMY U IIPOIPAMMHOTO o0ecIieueHus B 3aBHU-
CHUMOCTH OT IPOU3BOJMTEJISA, BCE DK30CKEIETHI 00e-
CIEYHBAIOT BO3MOKHOCTh BEPTUKATM3AINH TAI[eH-
Ta, XOAB0OBI 10 POBHOU IMOBEPXHOCTH U, IIPU OIIpE/Ie-
JIEHHBIX HABBIKAX, IMOJTbEMA U CIIyCKa IO JIECTHHIIE.
MHorue aBTOpPHI OXKHU/IAIOT OT IPUMEHEHUsT 9K30CKe-
JleTa He TOJIbKO YJIy4IIeHNsI MOOMIBHOCTH, HO U CTU-
MYJIAIMA HEHPOIIACTUYHOCTH, BOCCTAHOBJIEHUS U
VJIyUIIIeHUS TPOITPUOIIENITHBHON MHHEPBAIINUY JJA’Ke B
MO3THUH 1Iepuoy] TpaBMbl [8, 9]. IllupokoMy BHenpe-
HHUIO 3TOTO MHHOBAIIMOHHOTO METOZ[a PeabHIuTAIIIHI
B KJIMHUYECKYIO ITPAKTUKY IPEIMSTCTBYET HECKOJIBKO
IIPUYHH, BKJIIOYAst TPYHOCTH B SKCILIyaTallMH, Tpe-
Oyrolye MOCTOSTHHOW TIOMOIIY OFHOTO MJIU JIBYX ac-
CUCTEHTOB, OTCYTCTBHE MEIUIIMHCKONU TEXHOJIOTHH
PpeabuIuTaIOHHBIX TDEHUPOBOK B 9K30CKEJIETE U CU-
CTeMBI OIIeHKH 3(P(HEKTUBHOCTH 3TUX TPEHUPOBOK.

B 2016 1. B Poccuu ObLT 3apervcTpUpPOBaH Mep-
BBI OTEUECTBEHHBI SK30CKEJIET — aIlapaTHO-
nporpaMMHbIi KoMmiuvieke (AITK) «39k30ATier», He
VCTYTIAIOIUE 3apyOeKHBIM aHajoraM 10 OOJIbIIUH-
cTBy napametrpoB. C 2017 1o 2019 r. Ha 6aze ®I'BY
«HoBOCHOUPCKUI HAYUHO-UCCIIEOBATEILCKUM MH-
CTUTYT TpaBMarosioruu u oproneguu um. A.J1. [{luBbsa-
Ha» Mun3zapasa Poccuy IIpoBOAMIOCH KIIMHUYECKOE
uccienoBanue (K1), B mporecce KOTOPOTO OIeHUBa-
sachk 3G @PEKTUBHOCTh METO/Ia PeabIIINTAIINN Tally-
€HTOB C TPaBMOH IPYAONOSCHUYIHOTO OT/eJIa II03BO-
HOUHMKA U TIOBPEXK/IEHNEM CIITHHOTO MO3Ta MPH I0-
MOIIIM 9K30CKeseTa. B kauecTBe MHCTPYMEHTOB TaKOH
OIIEHKU, IOMHMO METO/I0B HEBPOJIOTHYECKOTO U MH-
CTPYMEHTAJIPHOTO HCCJIEIOBAHUS, CIIEIIUAIU3UPO-
BanHo# mkaibl SCIM III «l3mepeHne He3aBUCHMO-
CTU HAI[MEHTA IIPH MTOBPEXKAEHUAX CIIMHHOTO MO3Ta»,
HCIIOJIH30BAJICA HecnenuduIecKuii CTaH/1IapTH30BaH-
HbIH orrpocHuK SF-36 «KpaTkas ¢opma oneHKu 370-
PpOBbsI». JlTaHHBIN OIIPOCHUK OTHOCHUTCS K YHCJTy Hau-
6osiee anIpOOUPOBAHHBIX U YaCTO MPUMEHAEMBIX JIJIA
oreHku kavectBa *ku3Hu (K2K), cBsI3aHHOTO €O 3710pO-

ed by such an innovative technical device as an exo-
skeleton. Over the past decade several types of medi-
cal exoskeletons have been developed in the world
for the rehabilitation of individuals with loss of mo-
tor function of the lower extremities. Differing in the
design and software characteristics depending on the
manufacturer, all exoskeletons provide the possibil-
ity of verticalizing the patient, walking on a flat sur-
face and climbing and descending stairs given the
acquirement of certain skills. Many authors expect
the use of exoskeleton not only to improve mobility,
but also to stimulate neuroplasticity, repair and im-
prove proprioceptive innervation even in the late in-
jury period [8, 9]. Several reasons impede the wide-
spread introduction of this innovative method of re-
habilitation into clinical practice. They include op-
erational difficulties requiring the constant atten-
dance of one or two assistants, the lack of medical
technology for rehabilitation exoskeleton training, as
well as systems for assessing it’s efficacy.

In 2016 the first domestic exoskeleton was re-
gistered in Russia. It was the ExoAtlet powered exo-
skeleton, which compares favorably with foreign
analogues in most parameters. From 2017 to 2019 a
clinical study (CS) was conducted on the basis of the
Novosibirsk Research Institute of Traumatology
and Orthopedics n.a. Y.L. Tsivyan. The efficacy of
rehabilitation method of patients with thoracolum-
bar spinal cord injury with exoskeleton was evalu-
ated during the study. In addition to neurological
and instrumental research methods, and the Spinal
Cord Independence Measure (SCIM III), the Short-
Form Health Survey (SF-36) was used as a tool for
this assessment. This questionnaire is among the
most tested and frequently used to assess health-
related quality of life (QL). It is generally agreed that
the study of QL indicators at the stages of clinical
research allows to monitor the participants’ condi-
tion with the assessment of early and long-term re-
sults of treatment and rehabilitation, and give a
more comprehensive expert assessment of new
methods and medical technologies being developed
[10]. The on-treatment quality of life improvement
is the main goal of the patients with the consequenc-
es of SCI themselves, since this pathology, thanks to
the achievements of medicine and the level of mod-
ern social support, does not limit life expectancy,
but significantly changes the QL for the worse. An
interpretation of psychological and physical health
indicators, determined using the SF-36 Question-
naire, helps to assess the impact of a rehabilitation
program on the level of daily and social activity of
the patient, his ability to adapt in society, lead
everyday life.
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BbeM. [Io 00IeMy MHEHHIO, U3yYeHHe MOoKa3aTesIeH
KJK Ha sramax KJIMHHYECKOTO HCCJIEAOBAHMS ITO3BO-
JIseT IPOBOJIUTh MOHUTOPUHT COCTOSTHUS YUaCTHUKOB
C OIEHKOU PaHHUX U OT/IAJIEHHBIX PE3YJIHFTATOB JIeue-
HUS U pea0HInuTAIlUY, AaTh Oojiee OTHYIO DKCIIEpPT-
HYyI0 OIIEHKY HOBBIM pa3pabaThIBA€MbIM METOAAM H
METUIIMHCKUM TEXHOJIOTHAM [10]. YiyullleHune Kaue-
CTBA JKU3HU B IIPOIECCE TEPAIIUHU SIBJISETCS OCHOBHOU
IEeJIBI0 CaMUX IalueHTOB ¢ mocaeactBusmMu ITCMT,
TaK KaK JJaHHasI TaTOJIOTH A, 6J1aroapsi TOCTIKEHUSIM
MEIUIUHbI U YPOBHIO COBPEMEHHOM COIMAIbHOU
TIO/IIEPKKH, HE OTPAHUYMBAET IMPOOJIKUTEIHHOCTh
JKU3HHU, HO CyIIIECTBEHHO MEHSIET €€ B XY/IIIIyI0 CTOPO-
Hy. HTEpHIpeTanus nokazaTesied IICUX0JIOTHIECKOTO
1 (GUBUUECKOTO 37I0POBbs, OIpeZiesIseMbIX € ITOMO-
b0 onpocHUKa SF-36, moMoraeT olleHUTh BIUSAHUE
MMPOBOJIUMBIX Pea0HIUTAIIMOHHBIX MEPOIPUATHH Ha
YPOBEHD ITOBCEJHEBHON U COIUAIIBHON aKTUBHOCTU
MaIeHTa, Ha €ro BO3MOXKHOCTU aIalITUPOBATHCA B
00IIeCTBE, BECTH IIOBCETHEBHYIO JKHU3Hb.

IEJIb ICCJIEJOBAHUA

O11eHUTD BJIUSAHKE PeabMIUTAIIMOHHBIX TPEHU-
POBOK B pOOOTU3UPOBAHHOM K30CKeJIeTe Ha Kaue-
CTBO JKH3HU ITAIIUEHTOB C MOCJEJCTBUSAMH IM03BO-
HOYHO-CITHUHHOMO3TOBOH TPaBMBI C ITIOMOIIIHIO OIIPO-
cauka SF-36.

MATEPUAJIBI 1 METOAbI

B uccnenoBanue ObLTU BKJIIOYEHBI 80 yIaCTHU-
KOB (57 My>KYHH U 23 KEHIIUHBI, CPETHUN BO3PaACT
36.7 + 9.1 T0/1Q), HYK/TAIOIUXCS B PEaOUIUTAIIAN 10
MIPUYHHE TPABMBI TPY/THOTO WJIU MIOSICHUYHOTO OT/Ee-
Jla TO3BOHOYHUKA Y TIOBPEXKEHUS CITUHHOTO MO3Ta.
JlaBHOCTH TpaBMBI KoJyiebasiach OT 1 rojia 0 15 JIeT.
B BoccTaHOBHUTENBHOM TIEpHO/ie (OT 1 TOfa 0 3 JIET
TocJjIe TPaBMbl) HaXoAuuIcs 21 ues. (26.3 %), B mo3z-
HeM (Oosiee 3 JieT mociyie TpaBMbl) — 59 (73.7 %).
Kputepuu BKJIIOUEHUS B KJIMHUYECKOE HCCJIEIOBA-
HHE: BO3PaCT NAlEHTOB OT 19 JI0 55 JIET, YPOBEHb
HEBPOJIOTHYECKOTO TopakeHusi He Boiire Thi, cre-
IeHb HapyIIeHUs IMPOBOJIMMOCTH CIIMHHOTO MO3Ta
o mkasie ASIA ot A g0 C, coxpaHeHUe HaBBIKOB ca-
MOCTOSITEJIBHOTO TIEPEMEIEHHS B KOJISCKE U CaMo-
00CITy>KMBaHUs, HABBIKOB ITOJIb30BAHUSA O0EUMH
BEPXHUMHU KOHEYHOCTSIMH M CIIOCOOHOCTH KOHTPO-
JIMPOBATH CHJIY X MBIIIIEYHOTO yCTHsA. Bputo mosty-
YeHO 07100peHne JIOKATLHOTO 3TUYECKOTO KOMUTETA.
Bce yuyacTHUKHM moanucaan WHOOPMHUPOBAHHOE CO-
IJlacie Ha ydJacTHhe B HCCIeZoBaHUU. [10JTHOCTHIO
MIPOIILTH BCE UCCIeI0BaHUE 65 MAIIMEHTOB, 15 BHIOBI-
JTY TIO Pa3JIMYHBIM ITPUYHHAM.

[IporpamMa peabUIUTALIH COCTOsLIA U3 2 Cec-
CUU MPOIOJIKUTETBHOCTIO 20 + 2 JTHS B YCJIOBHUAX
CTAIlMOHAPAa, B KAKAYI0 U3 KOTOPBIX ITPOBOUIIOCH

AIM OF THE RESEARCH

To assess the impact of rehabilitation training in
a robotic exoskeleton on the quality of life of patients
with the consequences of spinal cord injury using the
SF-36 Questionnaire.

MATERIALS AND METHODS

The study included 80 participants (57 men and
23 women, average age 36.7 + 9.1 years) standing in
need of rehabilitation due to thoracolumbar spine
injury. The age of injury ranged from 1 to 15 years.
There were 21 individuals (26.3%) in the recovery
period (from 1 to 3 years after injury) and 59 indi-
viduals (773.7%) in late period (more than 3 years af-
ter injury). The criteria for inclusion in the clinical
study were: the age of patients from 19 to 55 years
old; level of neurological lesion not higher than Thi;
degree of conduction impairment of the spinal cord
on the ASIA Impairment Scale from A to C; the re-
tention of skills of moving independently in a wheel-
chair and self-maintenance, of using both upper
limbs, and the ability to control the strength of their
muscular effort. Local ethics committee approval
was obtained. All participants signed an informed
consent to participate in the study. 65 patients com-
pleted the entire study, 15 dropped out for various
reasons.

The rehabilitation program consisted of 2 ses-
sions lasting 20 + 2 days in a hospital setting. Each
session included 15—16 trainings for 30 min in the
ExoAtlet exoskeleton in combination with special-
ized therapeutic exercises and physiotherapeutic
procedures (magnetotherapy and multichannel
electrical stimulation of trunk and lower limbs’
muscles). Four week breaks were provided between
the two inpatient rehabilitation sessions. The study
was completed with a final visit in a month after the
completion of the second session of training and in
4 months after the start of rehabilitation respec-
tively.

To assess the impact of rehabilitation training
in a robotic exoskeleton on the quality of life, par-
ticipants completed SF-36 questionnaire at visits
1—4 before and at the end of each inpatient rehabili-
tation interval, and in a month after the completion
of the rehabilitation program (visit 5). The SF-36
quality of life assessment Questionnaire is general
and involves the patients to fill out the question-
naire on their own after a short briefing. Questions
are grouped into 8 scales, including 2 components
of the quality of life which form the final indicators
of the scale. The psychological component (MH
sum) includes an assessment of vitality, social func-
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15—16 TPEHUPOBOK B 3K30CKeJIeTe «IDK30ATIET» IO
30 MUH B KOMOWHAIINH CO CIEITUATU3UPOBAHHOM Jie-
yeOHOUW TMMHACTUKOU W (U3NOTEPANEeBTHUECKIMU
MpoIieAypaMu (MarHUTOTEPATIUSA K MHOTOKaHAIbHAs
3JIEKTPOCTUMYJISAINA MBIIII TYJIOBUINA U HIKHHUX
KOHewHocCTel). MeKy IByMsI CTaIlMOHAPHBIMU Cec-
CUSAMHU peabrIuTanui ObUIH IIPEAYCMOTPEHBI YeThI-
pexHeleIbHbIE TIePEPBIBBI. 3aBEPIIATIOCh HCCIIEN0-
BaHUe QUHATHHBIM BU3UTOM Uepe3 1 MeC IOCJIe 3a-
BEpIIIEHUsI BTOPOU CECCUU TPEHUPOBOK M, COOTBET-
CTBEHHO, Uepes3 4 Mec ocjie Hayajia peabrIuTalH.

JI71 OTIeHKU BJIUSIHUSI PeabHIUTAIHOHHBIX Tpe-
HHUPOBOK B pOOOTU3UPOBAHHOM 3K30CKEJIETE HA Kaue-
CTBO KM3HU YYaCTHUKAMH 3aIlOJIHSJICS OIPOCHUK
SF-36 Ha Bu3uTax 1—4 /10 Havajia U MO0 OKOHUYAHUU
Ka)K/I0T'0 CTAIlMOHAPHOTO MHTEPBAJIa Peab IUTAIH 1
yepe3 1 MeC 110 OKOHYAHHUH PeaOTUTAIIMOHHBIX Me-
ponpustuii (Busut 5). OIMPOCHUK OIEHKH KadyecTBa
>ku3HU SF-36 siBJ1sIeTCst OOIIUM U ITPEATIOIIaraeT camMmo-
CTOATEILHOE 3aTI0JITHEHUE AHKETHI MAIMEHTOM I0CTIe
KOPOTKOTO WHCTPYKTaka. BOIpOChl IPynmupyioTest B
8 mIKas, B KauecTBe MTOTOBBIX IOKAa3aTeslel IIKaJIbI
(opMHpYIOT 2 KOMIIOHEHTA KavyecTBa KU3HU. [Icuxo-
sormyecknii kommnoHenT (MH sum) Bxrogaer B cebst
OIIEHKY KU3HEHHOU aKTUBHOCTH, COITUATILHOTO (DyHK-
[IMOHUPOBAHUS, POJIeBOr0 (PYHKIIMOHUPOBAHHUA, 00y-
CJIOBJIEHHOTO SMOITHOHATBHBIM COCTOSTHHEM, IICHXH-
YeCcKOTO 3/10poBbsi. Pusnyeckuii kommoHeHT (PH sum)
OXBATHIBAET TaKHe IIOKA3aTeNM, Kak (QHU3HYECKoe
(pyHKITHOHUPOBaHKE, POJIEBOe (QYHKIIMOHUPOBAHUE,
00yc/10BIEHHOE (DUBUUECKUM COCTOSTHUEM, UHTEHCHB-
HOCTB 00J1H, 00IIIee COCTOSTHHE 3/I0POBbs [11].

O6paboTka pe3yIbTaTOB aHKETHPOBAHHUS IIPO-
BOJIWJIACH C KCIIOJIb30BAHUEM IIPOTPAMMHOrO 0Oe-
crieuenuss IBM SPSS Statistics 25.0 myrem Bbraucie-
HUsS OMHCATEBHBIX CTATUCTUK W BBHITTOJIHEHUS BHY-
TPUTPYIIIIOBOTO CPAaBHEHHUs BEJIUYHH JUCKPETHBIX
mapaMeTpoB. OnrcaTesIbHbIE CTATUCTHKH IIPEICTAB-
JIeHbl B Bujie cpefuei (M) u cpeIHEKBAPATUUHOTO
oTkiioHeHus (SD): M + SD. CTaTUCTHYECKYIO 3HAUH-
MOCTb Pa3JIMYUi MEXy CPABHHUBAEMBIMHU BEJIMUH-
HaMU JUCKPETHBIX IapaMETPOB OIEHHUBAJIH C HC-
MOJIb30BAHUEM HelapaMeTPUUYECKOrOo 3HAKOBOTO
PaHroBOrO KpUTepua YUIKOKCOHA. Jlig ucciaeosa-
HUS BO3MOKHBIX B3AUMOCBS3€H MEKAY JUCKPETHDI-
MH U KaTerOpHMHHBIMHU IMMapaMeTpaMHu IIPOBOUJICS
KOPPEJISIMOHHBIA aHamu3 1mo merony Kenpmasna.
YpoBens anbda 7711 IPUHATHS WK OTKJIOHEHUS HY-
JIEBOU TUIOTE3bl IPUHUMAJIH PABHBIM 0.05.

PE3YJIBTATDBI 1 OBCYXKIEHUNE

OI_[eHKa HEBPOJIOTHYECKOI'0 CTaTyca a0 HadaJjia
pea6I/I.TII/ITaLII/IOHHbIX MepOHpI/IHTI/Iﬁ IIOKa3ajia, 4ToO
II0 CTEIICHU! IMOPaXXE€HUA CIIMHHOI'O MO3Tra II0 IIKaJie

tioning, role-emotional functioning and mental
health. Physical component (PH sum) covers such
indicators as Physical functioning, Role-physical
functioning, Bodily pain, General state of health
[11].

Processing of the survey results was carried out
using IBM SPSS Statistics 25.0 software by calculat-
ing descriptive statistics and performing intra-
group comparisons of discrete parameter values.
Descriptive statistics are presented as mean (M)
and mean square deviation (SD): M + SD. The sta-
tistical significance of the differences between the
compared discrete parameter values was estimated
using the Wilcoxon nonparametric signed rank test.
The Kendall correlation test to investigate possible
relationships between discrete and categorical pa-
rameters was conducted. The alpha level for accept-
ing or rejecting the null hypothesis was taken equal
t0 0.05.

RESULTS AND DISCUSSION

An assessment of neurological status before the
start of the rehabilitation program showed that ac-
cording to the degree of spinal cord impairment on
the ASIA Impairment Scale patients were distributed
as follows: ASIA A — 53 individuals (66.3%),
ASIA B — 11 individuals (13.7%), ASIA C — 16 indi-
viduals (20.0%). Patients with ASIA A and B impair-
ments have inferior paraplegia due to complete or
gross incomplete spinal cord injury respectively; pa-
tients with ASTA C — lower paraparesis [3, 4]. All pa-
tients used wheelchairs for independent motion.

During the reporting period 2346 trainings
were conducted using ExoAtlet powered exoskele-
ton. 340 SF-36 Questionnaires were completed by
patients. Results of statistical processing of 8 scales
of the SF-36 Questionnaire are presented in Table 1.
Most QL indices were significantly lower than 100
points corresponding to the “ideal health” in pa-
tients with SCI. The lack of motor function of the
lower extremities in 80% of patients led to extreme-
ly low values of indicators such as Physical function-
ing, Role-physical functioning, General state of
health. The values of the Bodily pain index, also
characterizing physical health, were close to stan-
dardized QL indicators reflecting the average level
of population health [11].

The psychological component indices were re-
duced to a lesser extent than those of physical health.
Their average values evidenced a restriction in social
functioning and vitality, and the level of mental
health did not reach standardized population indica-
tors. During rehabilitation the values of the majority
of studied parameters increased by an average of
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ASTA manueHThl paclpeiesTUINCh CIIEeAYIIMUM 00-
pasom: tun ASIA A — 53 uei. (66.3 %), ASIA B —
11 uei. (13.7 %), ASIA C — 16 uen. (20.0 %). Bojib-
Hble ¢ nopaxkenueMm tuna ASIA A u ASIA B umeror
HIDKHIOIO [aparvIeruio BCJIEACTBHE IIOJIHOTO WJIH
rpy6OTo HEMTOJTHOTO TOBPEK/IEHUS CIIMHHOTO MO3Ta,
¢ Tuniom ASIA C — HwxHUH napamapes [3, 4]. Bece
MaNMeHThl JUIS CaMOCTOSITEBbHOTO IepeBIKEHUS
HCII0JIb30BAJIM HHBAJIW/IHBIE KOJISCKH.

B oTueTHBIH IEpHO/1 OBLIIO MTPOBEAEHO 2346 Tpe-
HUPOBOK ¢ ucnosb3oBanueM AIIK «9k30ATiier», na-
IIMeHTaMU 3alloJIHeHO 340 onpocHUkKoB SF-36.
B Tab;n. 1 mpencTaBieHbl pe3yJIbTATHl CTATHCTUYE-
ckoil obpaboTku 8 mkain ompocHuka SF-36. Bosb-
muHCETBO nokasaresedt KK y 6ospabix TECM 6butH
CYILIECTBEHHO HIKE 100 6AJIJIOB, COOTBETCTBYIOIIHX
[IOKa3aTeTi0 «UeIbHOe 3710pOBbe». OTCYTCTBHE
JIBUTATEJIbHON (DYHKIMM HUKHUX KOHEYHOCTEH Y
80 % HabJIIOTaeMBbIX MTAIHEHTOB 00YCIOBUIIO KpaliHe
HU3KUeE 3HAUeHUs TaKUX [TOKasaresel, Kak «dusu-
yeckoe (QYHKITMOHUPOBAHUE», «POJIEBOE (PYHKITHO-
HUPOBaHUE, 00YCIIOBIEHHOE (PU3MIECKUM COCTOSHU-
eM», «00lIIee COCTOsIHUE 3/I0POBbsI». 3HAUEHHUSA I10-
Kazaresisi «MHTEHCUBHOCTb OOJIM», TaKXKe XapaKTe-
pusyoIero (Gpusudeckoe 310pOBbe, ObUIH OJU3KHU K
CTaH/IapTU30BaHHBIM NokazarenaMm KK, orpakaro-
IITUM CPETHUH YPOBEHD 37I0POBBS B IMOMYJIAINH [11].

3—5%, but this increase was statistically insignificant
(p,_, ranged from 0.074 for the Bodily pain to 0.294
for the General health index). Statistically significant
improvement by the time of visit 5 showed the Men-
tal health indicator only. Its value increased by 8%
(pks = 0.043). In fact, there was no change in index
of the Physical functioning scale which assesses spe-
cifically the motor function that in the late period of
spinal injury does not restore any longer (see
Table 1).

Taking into account the observed trend towards
improvement of QL parameters on most SF-36
Questionnaire scales, we analyzed changes in the
overall physical (PH sum) and psychological (MH
sum) indices of health components to assess the
possible positive or negative effect of each exoskele-
ton training session on health-related quality of life
(Table 2).

Before the start of rehabilitation the PH sum
score was 34.9 + 7.53. Four months after the start of
rehabilitation the value of the overall indicator of the
physical component of health increased by 0.8 + 6.27
points from the baseline, which is statistically not
significant (Z = —0.847; p = 0.403). Comparison of
the PH sum value after the 1 and 2™ training ses-
sions (visit 2 and 4) with the baseline and final values
of the indicator (visits 1 and 5 respectively) during

Ta6suna 1. J[uHaMuKa oKasareseil KauecTBa 3Ku3HU y 60s1bHbIX TBCM 11071 BIAUSHHEM

pea6I/I.TII/ITaI.lI/IOHHBIX TPEHHUPOBOK B 9K30CKeEJIETE, GasLTb

Table 1. Dynamics of quality of life indices in patients with TSD under the influence of rehabilitation training

in the exoskeleton, points

Busur 1 (mo Hayasna 1-ii  Busur 5 (4epes3 MecsIy 1o OKOH-

CeCCHUU TPEHUPOBOK)
Visit 1 (prior to the
1°t training session)

[Tokazatesnpb / Index

YaHWM 2-1 CECCHU TPEHUPOBOK)
Visit 5 (one month after theend  p,_,
of the 2" training session)

(n=280) (n=65)
Ousnyeckoe QyHKIIMOHUPOBAaHE 8.9 +14.18 0.2 + 20.34 0.490
Physical functioning
PosieBoe QyHKIIMOHUPOBaHUE, 00YCIIOBJIEHHOE — 15.5 + 21.47 17.0 £ 24.89 0.283
(PU3UYECKIM COCTOSTHUEM
Role-physical functioning
WurencuBHOCTH 60111 / Bodily pain 64.8 £ 16.74 68.2 +13.18 0.074
O61ee cocrosinve 3710poBhs / General health 38.4 + 14.78 40.7 + 12.63 0.294
Icuxuueckoe 3m0poBbe / Mental health 52.3 + 16.44 56.7 + 10.28% 0.043
PosieBoe QyHKIIMOHUPOBaHUE, 00yC/IOBIEHHOE  63.4 + 14.35 65.2 + 18.92 0.252
5MOIMOHAJIBHBIM COCTOSTHUEM
Role-emotional functioning
CoruanbHOe QYHKITMOHUPOBAHUE 47.1 £18.72 48.8 + 14.64 0.065
Social functioning
JKuznennast akTuBHOCTD / Vitality 45.8 + 26.38 46.5 + 25.72 0.267

* ﬂOCTOBeprIe pas3yinyud 110 OTHOIIEHUIO K IEPUOAY 10 HaYaia peaﬁnnHTaunn.

Significant differences in relation to the period prior to rehabilitation.
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ITokasaTtenu, ¢opMupyolyue IICUX0JI0THYe-
CKHUI KOMIIOHEHT 3/I0POBbsI, ObIN CHIKEHBI B MEHB-
IIIeH cTeleHu, YeM IoKas3aTesiu (PU3UIECKOTO 3/10PO-
Bbf, OJHAKO WX CPETHUE 3HAUEHUS CBUJIETETHCTBO-
Basti 00 OrpaHUYEHUH COIUATIBHOTO (DYHKITMOHUPO-
BaHWA U KU3HEHHOW aKTUBHOCTH, & YPOBEHB COCTOsI-
HUS IICUXUYECKOTO 3/I0POBBS HE JJOCTUTAJ CTaH/IAp-
THU30BAaHHBIX MOIYJIAIIMOHHBIX OKa3artesen. B xoze
peabwIuTaIiy BeIUYWHA OOJIBIIUHCTBA HCCIIETye-
MBIX TIOKa3aTeJied BO3pocJia B CpeTHEM Ha 3—5 %, O71-
HAaKO 5TO yBeJWUYeHHe ObLIO CTATHCTHYECKH HEe3Ha-
YUMBIM (3HAUEHUS D, K0J1€0aJIUCh OT 0.074 JJIs I10-
KasaTess « MHTEHCHUBHOCTH 00JIM» 0 0.294 IJIS II0-
KazareJsisg «00Ilee COCTOSTHUE 30POBbs). CTaTUCTH-
YECKHU JJOCTOBEPHOE YJTyUllleHUe K BUSUTY 5 HACTYITH-
JIO TOJIBKO TIO TIOKA3aTeJi0 «IICHXUYECKOE 370pPO-
BbE»: BEJIMYMHA 3TOTO IOKa3aTesis B 6ajiax Bo3poc-
naHa8 % (plfs = 0.043). PakTHUYECKH HE U3MEHUJICS
TOKa3aTeb MIKaJIbl «(pu3nueckoe QyHKIIMOHUPOBA-
HHE», OIIEHUBAIIEH UMEeHHO (QYHKITUIO JIBIKEHUS,
KOTOpasi B MO3JHEM IIePHOJIe CIIUHAIHPHON TPaBMBI
y>Ke He BoccTaHaBuBaeTcs (cM. TabJt. 1).

YuuThIBasi BBISIBJEHHYIO TEH/IEHITUIO K yJIyYIIIe-
Huio mokasaresei KXK 1mo 60J1bIIMHCTBY IIKAJT OIIPO-
cuuka SF-36, HaMu ObUIH ITPOAHATU3UPOBAHBI U3-
MeHeHHs o0IuX UHIeKcoB pusmueckoro (PH sum)
u rncuxosornyeckoro (MH sum) KOMIIOHEHTOB 3710-
POBBS IJII OIIEHKA BO3MOXKHOTO ITOJIOXKUTEIHHOTO
TN OTPHUIIATEIHHOTO BJIMAHUS KKJIOU CeCCHUU Tpe-
HUPOBOK B JK30CKeJIETE HAa KauyeCTBO JKWU3HH, CBs-
3aHHOE CO 3710pOBbeM (TabJI. 2).

bannpHasg onenka PH sum cocraBuia g0 Haua-
Jla peabunutanuu 34.9 + 7.53. Uepes 4 Mec mocie
Hayajia peabWINTAIlUK BeJIMYMHA OOIIEro mokasa-
TeJist GU3NIECKOTO KOMIIOHEHTA 3/T0POBBS YBEJTHUH -
J1ach Ha 0.8 + 6.27 6ajia OT KCXOJHOI, UTO SBJISIET-
Cs CTATHCTHYECKH HE CYIIECTBEHHBIM (Z = —0.847;

rehabilitation did not reveal any reliable dynamics in
the physical component of health.

The average baseline score value of the psycho-
logical component of health MH sum was higher
than that of PH sum, which is typical for patients
with impairment of the lower extremities function
due to SCI [12]. Positive dynamics of the MH sum
indicator was recorded throughout the rehabilita-
tion period. So, upon completion of the first session
of rehabilitation training its average value increased
by 1.7 £ 9.48 points, but this increase was not sta-
tistically significant. Positive dynamics persisted
during the interval between the two training ses-
sions and increased during the 2" one. The esti-
mate of the MH sum at the visit 4 increased by
3.4 + 6.48 points compared to the period before the
start of rehabilitation program, which was statisti-
cally significant (Z = —2.780; p = 0.021). One month
after completion of the rehabilitation program, the
MH sum value remained significantly higher than
before the start of rehabilitation (Z = -2.162;
p = 0.030).

Since at the start of rehabilitation 74% of CS
participants were in the late period of SCI, character-
ized by fully formed persistent motor and sensitive
disorders below the damage level, and at the same
time, 26% of patients were in the recovery period in
which the formation of neurological disorders had
not been completed and under the influence of the
rehabilitation program it was possible to restore or
replace lost functions. For this reason we have ana-
lyzed the dynamics of the general indicators of QL
for each of these groups (Table 3).

The results of the analysis showed that walking-
based rehabilitation in the exoskeleton had a positive
effect on the patient’s psychological state regardless
of the injury period. The MH sum values significantly

TaGauna 2. XapaKkTepuCTHKA 00X UHAEKCOB 37I0POBbsI 10 ONPOCHUKY SF-36 y 60s1bHBIX TBCM B X071€ peabuanTanuu

Ha OCHOBE TPEHHPOBOK B AK30CKeJIETE, OAILIBI

Table 2. Characteristics of General state of health indices according to SF-36 Questionnaire in patients with TSD during

rehabilitation based on exoskeleton training, points

ITokasatesnp / Index S 1L AR

Busur 2 / Visit 2 Buswur 3 / Visit 3 Busur 4 / Visit 4 Busur 5 / Visit 5

(n=80) (n=78) (n=69) (n=65) (n=65)
PH sum — ¢usuueckuii  34.9 + 7.53 34.9 £ 7.03 34.1+7.56 34.3 £ 7.93 35.6 £+ 8.4
KOMIIOHEHT 37J0POBbs p, ,=0.928 D= 0.722 p,_,=0.815 D,,=0.403
PH sum — physical D, .= 0.442 p, .= 0.850 p,,=0.338
component of health
MH sum — 56.1 + 10.56 57.8 £10.31 58.3+9.37 59.5 + 9.02* 59.1 + 9.47*
TICUXOJIOTUYECKUH p,,= 0.205 D, ,=0.132 p, ,=0.021 D,,=0.030
KOMIIOHEHT 3710POBbS P, = 0.142 p,..=0.350 p, = 0.362 )

MH sum — psychological
component of health

* JlocTOBEpHbIE PA3JINUUs [10 OTHOLICHUIO K IEPUOJLY 10 HAauasa peabrIuTaluu.
Significant differences in relation to the period prior to rehabilitation.
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p = 0.403). ComnocrasiieHue BestnuuHbl PH sum mo-
cjie 1-U 1 2-1 cecCHU TPEHUPOBOK (BU3HUT 2 U 4) C UC-
XOJTHOM ¥ UTOTOBOM BEJIMYUHON MOKasaTesist (BU3HU-
THI 1 ¥ 5 COOTBETCTBEHHO) TaK)Ke He BBIABUIIO KAKOH-
JI00 JTOCTOBEPHOU TMHAMUKH (DU3UUECKOTO KOMIIO-
HEHTA 3/I0POBbsI B X0O/Ie PeabIUTAIUH.

CpenHss BesTMunHA OOIIETO ITOKA3ATENIs IICUXO0-
JIOTUYECKOT0 KOMIIOHEHTA 3/10poBbsa MH sum B 6aJi-
JIax UCXOIHO ObLIa BhIlIe, yeM nokaszatess PH sum,
YTO XapaKTEPHO /IS MANVEHTOB C HAPYIIEHUSMH
(pyHKIIM HIDKHUX KOHeUYHOcTel BesesictBue [IICMT
[12]. Ha mpoTs:keHUHM BCEro Mepuojia peabuanTa-
I[UY PETUCTPUPOBAJIACH [TOJIOKUTEIIbHAS JUHAMUKA
nokasaresnsa MH sum. Tak, nmocjie OKOH4YaHUA mep-
BOH ceccMU peabWIUTAIMOHHBIX TPEHUPOBOK €ro
CpeIHsAsA BeJIMYMHA BO3pOCia Ha 1.7 + 9.48 6ainia,
O/THAKO O3TO YBEJIMYEHHWE HE ObLIO CTATHCTHYECKU
3HAaUUMBIM. [loJIOKUTEIbHAS JUHAMUKA COXPAHI-
JIach BO BpeMs MHTEPBAJIA MEXAY JIBYMS CECCUIMU
TPEHUPOBOK U YBEJIMYHJIACh B XOJe 2-H CECCHU Tpe-
HUPOBOK, B pe3yJbTaTe Yero OIeHKa I0Ka3aTeJsd
MH sum k BU3HTY 4 BO3pocJa Ha 3.4 + 6.48 Gaia
[0 CPAaBHEHUIO € IIEPUOJIOM JI0 Hayasia peabunTa-
I[UM, YTO OKA3JIOCh CTATUCTHYECKH 3HAYUMBIM
(Z = —2.780; p = 0.021). Yepes Mecs1l ocsie 3aBep-
MEHUsA TPOrPaMMbl peabWINTAall  BeJIMYMHA
MH sum ocraBayiach JJOCTOBEPHO OOJIbIIIE, UEM /10
Hayasia peabuiutanuu (Z = —2.162; p = 0.030).

[TockosbKy Ha MOMEHT Hadasia peabuInTaIluu
74 % yayacTHUKOB K/ Haxouinch B MO37HEM TI€PU-
one IICMT, xapakTepusymoIeMcs ITOJTHOCThIO chop-
MUPOBAaHHBIMH CTOWKHUMU JBUTATEJIbHBIMU K UyB-
CTBUTEJILHBIMU HAPYIIEHUsMU HUKE YPOBHs IOpa-
JKeHUs, a 26 % MaleHTOB — B BOCCTAHOBUTEIHbHOM
IepuoJie, B KOTOpoM (OPMHUPOBAHUE HEBPOJIOTHYE-
CKUX HapYIIEHUH elle He 3aKOHYEHO U TI0J] BIIUSTHU-
€M peabITUTAIMOHHBIX MEPONIPUATUHA BO3MOXKHO
BOCCTAHOBJIEHHE WJIA 3aMeIeHHe yTPayeHHBIX
dyHKIUMi, HaMu GBI IPOBEZIEH aHAIN3 AUHAMUKH
obmux nokasatesneil KK paszesbHO 11 KaK/I0H U3
9THX rpym (TabJ. 3).

Pe3yspTaThl MPOBEIEHHOTO aHAJN3a CBUZE-
TEJILCTBOBAIHM O TOM, YTO peabMIUTanusa Ha OCHOBE
XOZIbOBI B HK30CKEJIETE IOJIOKHUTETHHO BIIMAJIA HA
IICUXOJIOTHYECKOE COCTOSIHHE TalleHTa HEe3aBUCU-
MO OT IEepHUOo/a TPaBMbl. 3HAUEHHUS IIOKA3aTeJIsd
MH sum z0cTOBEPHO BO3POCIIH II0CIIE JIBYX KYPCOB
peabMINTAIIMOHHBIX TPEHUPOBOK KaK B TPYIIIE Ia-
IIMEHTOB C JIABHOCTBIO TPaBMBI OT 1 Toza 0 3 JIeT,
TaK ¥ y MMAI[UEHTOB C JIABHOCTBHIO TPAaBMbI OT 3 JIO
15 jieT. B 06eux rpymmax moyioKuTeTbHasA JMHAMUIKA
o0Iero Imokasaresisi ICUXUYECKOTO KOMIIOHEHTA
37I0POBbBS COXPAHAJIOCH JI0 BU3UTA 5, T. €. KAK MUHH-
MyM B TeUeHUe MecAla I0cjie OKOHYAaHUSA IIePHoia

increased after two courses of rehabilitation training
both in the group of patients with the age of injury
1-3 years and in patients with the age of injury
3—15 years. In both groups the positive dynamics of
the general mental health component persisted until
visit 5, that is for at least a month after the end of the
rehabilitation period. The dynamics of the general
physical health component’s general indicator in the
compared groups was different. This indicator did
not change during rehabilitation both in patients in
the late injury period and in the group of patients in
the recovery period. In the latter the rehabilitation
program led to a significant increase in the average
score from 33.0 + 6.82 at the first visit to 37.5 + 6.56
at the final visit (ka = 0.043).

When using the SF-36 Questionnaire, the posi-
tive impact of comprehensive rehabilitation program
on the basis of exoskeleton walking on a psychologi-
cal component of health of patients with conse-
quences of a spinal cord injury in the form of the
lower paraplegia was revealed. The emergence of the
long-lost opportunity to move upright with the sup-
port of lower extremities contributes to the increase
of subjective self-assessment of health state and sat-
isfaction with the results of rehabilitation, motivates
a patient to participate more actively in the rehabili-
tation process, as reported by other authors [13, 14].
A number of studies have shown that the improve-
ment of psychological health in the recovery and the
late periods of SCI has a positive effect on the adap-
tation of patients in the social sphere and contributes
to the expansion of their opportunities in everyday
life [12, 15]. Thus, improving the mental health of pa-
tients during walking-based rehabilitation in the
ExoAtlet exoskeleton testifies to the efficacy of reha-
bilitation training using this innovative robotic de-
vice.

A significant increase in the MH sum training
occurred only after the second course of rehabilita-
tion, that is after each patient received 30 to 35 exo-
skeleton trainings within 3 months. The first session
consisted of 15 trainings. It did not affect quality of
life indicators. It should be noted that in the first ses-
sion patients switched to independent walking in the
exoskeleton with the support of cane and the help of
an assistant only after 8—10 trainings including ver-
ticalization and standing with the support of crutch-
es, then walking in bars. The need for a long reha-
bilitation period involving at least 30-40 trainings is
indicated by many researchers who studied the pos-
sibility of using exoskeleton from different manufac-
turers to optimize rehabilitation after SCI [16, 17].

No change in the general physical health com-
ponent (PH sum) in CS participants was expected.
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Taoauna 3. /IluHaMuKa oOLUX HH/IEKCOB 3/J0POBbsI 110 ONTPOCHUKY SF-36 B X0/1e peabMINTAIIIN HA OCHOBE TPEHHPOBOK

B 9K30CKeJieTe B pasHble repuoasl TBCM, 6asuts

Table 3. Dynamics of the General state of health indices by SF-36 Questionnaire during rehabilitation based on the
exoskeleton training at different periods of TSD, points

I'pynma 1 (JaBHOCTb TPAaBMEI < 36 Mec)
Group 1 (injury age < 36 months)

I'pymnma 2 (1aBHOCTH TPaBMBI > 36 Mec)
Group 2 (injury age > 36 months)

Ilepuon
peabuiutanuu n n
Rehabilitation (xo1-BO (xo11-BO
period PH sum MH sum yuactaukoB K1) PH sum MH sum yuacTHUKOB K1)
(number of CS (number of CS
participants) participants)
Buswur 1 33.0 £ 6.82 60.5 £ 7.97 21 35.3 £ 7.45 56.2 +10.86 59
Visit 1
Busur 2 34.9 £ 7.34 61.4 £10.59 20 34.6 £ 7.06 56.9 £10.01 58
Visit 2 p, ,=0.123 p,,=0.334 p,,=0.506 p ,=0.606
D, = 0.158 D,,= 0.158 P2_5: 0.947 P2_5: 0.142
Busur 3 33.9 £ 6.92 60.4 + 9.89 17 33.9 + 7.92 57.2+9.51 52
Visit 3 p,,=0.326 P, ,=0.920 p,,=0.315 p,,=0.316
p,,=0.122 D, = 0.062 D,.= 0.480 D, = 0.338
Busur 4 35.7 + 6.54 62.2 £ 9.16 16 33.7 = 8.45 58.6 £ 8.90% 49
Visit 4 p,,=0.099 p_ =0.25 p,,=0.372 p,,=0.025
D, = 0.279 p,.= 0.932 p,.= 0.512 p,.= 0.886
Busur 5 37.5 + 6.56%  62.5+7.43% 16 34.4 £ 9.02 58.3+£9.80* 49
Visit 5 D, ,=0.043 p, _,=0.045 D= 0.610 D= 0.038

* JlocTOBEpHBIE PA3INYUs 10 OTHOLIEHHUIO K IEPHO/Y ZI0 Hadala peaOuIuTaIiH.
Significant differences in relation to the period prior to rehabilitation.

peabwiutanuu. [nHaMuKa 001ero mokasaress Qu-
3UYECKOTO KOMITOHEHTA 37I0POBbsI B CPABHUBAEMBIX
rpynnax 6p1a pa3InaHON. Y MaIlEeHTOB B MTO3THEM
TIEpHOJIe TPABMBbI, KaK U B TPYIIIE NAaIlEHTOB B BOC-
CTAaHOBHUTEJIBHOM IEPHOJiEe, AAHHBIH ITOKA3aTeIb B
X0JIe peabuauTanuy He U3MeHuIcs. B rpymme maru-
€HTOB, HAXO/IAIIHUXCSA B BOCCTAHOBUTEJIBHOM TIEPHO-
e, Ha ¢GoHe pPeabUIUTAIIOHHBIX MEPOIPUATHI
MPOU30IIUIO JIOCTOBEPHOE YBEJIUUYEHUE BETUUUHBI
cpeaHero 6ayuta ¢ 33.0 + 6.82 Ha HAYaJTbHOM BU3UTE
70 37.5 % 6.56 Kk puHAIBHOMY BU3UTY (P,_, = 0.043).

IIpu umcnonp3oBanum ompocHuka SF-36 ObLIO
BBIABJIEHO ITOJIOKUTEJIHLHOE BJIMSIHUE KOMILIEKCHOM
peabuuTau Ha OCHOBE XO/IbOBI B 9K30CKEJIETe Ha
MICUXOJIOTUYECKUH KOMIIOHEHT 3/I0POBbsI OOJIBHBIX C
MTOCJIEJICTBUSIME CITUHAJIPHOU TPaBMBI B BUJIE HIDK-
Hel maparuiernu. IlosiBJieHWe JaBHO yTpadueHHOH
BO3MOX>KHOCTH TIE€PEIBUTATHCS B BEPTHKAIBHOM II0O-
JIOKEHHH C OTIOPOH HA HMKHUE KOHEYHOCTH CII0CO0-
CTBYET TIOBBIIIIEHUIO CYObEKTUBHOM CAMOOIIEHKU CO-
CTOSIHUSI CBOETO 3/I0POBBSI U Y/TOBJIETBOPEHHOCTHU pe-
3yJIBTaTaMH PEaOUIUTAIIH, MOTHBUPYET OOJIBHOTO K
boJjiee aKTUBHOMY Yy4YacTHIO B PeaOHIUTAIIMOHHOM
MpOIleCCe, O UeM COOOIIAIOT U JIPYTHE aBTOPHI [13, 14].
B psge wccieoBaHUN JJOKa3aHO, YTO IIOBBHINIIEHUE
YPOBHSI TICIXOJIOTHYECKOTO 3/I0POBBSI B BOCCTAHOBH-
TEJIbHBIM U MO3AHUN nepuoibl mociie IICMT okasbl-

Thus, there could not be an increase in the baseline
extremely low scores on the Physical functioning
and Role-physical functioning scales as the ques-
tions of these scales suggested the possibility of mo-
tor function improving under the influence of treat-
ment and rehabilitation, and 80% of participants
had a severe degree of spinal cord impairment
(ASIA A — in 66.3% and ASIA B — in 13.7% of pa-
tients) in our study. From the standpoint of the In-
ternational Classification of Functioning, Disability
and Health, the rehabilitation potential for motor
function in this category of patients is either absent
(ASIA A) or regarded as low (ASIA B) [18]. At the
same time, in the distribution of the entire popula-
tion of CS participants into injury-age groups, it was
found that under the influence of training-based re-
habilitation in the exoskeleton, the value of PH sum
in group 1, which included patients in the SCI recov-
ery period, increased significantly (see Table 3).
During this period, the main goal of the rehabilita-
tion is maximum restoration of lost functions since
the possibility of improving the conduction of the
spinal cord remains, especially with its incomplete
impairment. It can be assumed that an improve-
ment in the physical health indicator is associated
with activation of neuronal plasticity and motor
function during walking in the exoskeleton. This ef-
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BaeT MMOJIO’KUTETFHOE BIMSHIE Ha QJIalITAI[HI0 TaIU-
€HTOB B COIIMAIBHOU cepe U CrocoOCTBYET paCIIn-
peHUI0 X BO3MOXKHOCTEH B ITOBCETHEBHOMN KU3HU
[12, 15]. Takum oOpaszom, yJydIlleHHE COCTOSHUSA
[ICUXUYECKOTO 3/J0POBbsI AIEHTOB B XOZ€ PeabmIn-
TaI[Md HAa OCHOBE XOABOBI B HK30CKEJIEeTe «IK30AT-
JIeT» CBHUJIETETBCTBYET 00 3 (PEKTUBHOCTH peabrin-
TAIlMOHHBIX TPEHUPOBOK C IPUMEHEHHEM JIAHHOTO
MHHOBAIIIOHHOTO POOOTU3UPOBAHHOTO YCTPOUCTBA.
JlocToBepHOe yBesinueHue mokasaresss MH sum
HACTYIIIJIO TOJIBKO ITOCJIE BTOPOT'O Kypca peabuinTa-
1Y, T. €. I0CJIe TOTO, KaK KaXKJbIH MaIueHT MMOIy-
YWJI B TEUEHHE 3 MeC OT 30 JI0 35 TPEHUPOBOK B DK30-
ckertete. [TepBas ceccusi, cocTosIIasa U3 15 TPEHUPO-
BOK, He TIOBJIMAJIA HAa ITOKa3aTeIu KauecTBa JKU3HU.
CreyeT OTMETHTD, UTO B IIEPBYIO CECCHIO K CAMOCTO-
SAITEILHOH X0/1b0E B 9K30CKEJIeTe C OIIOPOI HA TPOCTH
U IIOMOIIBIO ACCUCTEHTA MAleHTHl IePeNd TOIb-
KO mocsie 8—10 3aHATUH, BKIIOUABIINX BEPTHKAJIH-
3AIHIO U CTOSTHUE C OTIOPOY Ha KOCTBLIH, 3aTEM XOZb-
6y B 6pychbax. Ha He06X0ITUMOCTD JIJTUTEJIBHOTO Pea-
OMIUTAIMOHHOTO TEPUOZa, BKJIIOYAIOIIETO HE Me-
Hee 30-40 TPEHUPOBOK, YKa3bIBAIOT MHOTHE HCCIIE-
JIOBaTeHM, U3y4yaBlINe BO3MOKHOCTH HCIIOJIH30Ba-
HUS DK30CKeJIeTa OT PA3HBIX MPOU3BOAUTENIEH IS
ontuMusanuu peadbuauraruu rnocie [IICMT [16, 17].
OtcyTcTBHE U3MeHEeHHH OOIero mokasares
¢dusnueckoro kommnoHeHnta 3m0poBbsa (PH sum) y
yaactHukoB KU 6wt oxkuymaembiM. Tak, He MOTJIO
IIPOMBOUTU yBeJIWYeHNe HCXOJHO KpaliHe HUBKHUX
ToKasaTeJied 1o IKajgaM «@usmyeckoe (QYHKITHNO-
HUPOBaHHE» U «POJIEBOE PYHKIIMOHUPOBAHUE, 00Y-
CJIOBJIEHHOE (DUBUYECKUM COCTOSTHUEM », IIOCKOJIBKY
BOIIPOCHI 3TUX IIKaJ onnpocHuka SF-36 npezamnosara-
IOT BO3MOKHOCTH YJIyUIIIeHUs IBUTATEIBHOU (DYHK-
LMY IO/ BIUSHUEM JIeUeHUs U peabWIuTanuy, a B
HallleM uccaeloBaHuu 80 % y4aCTHUKOB UMeJIH Ts-
JKEJIyI0 CTelleHb IOBPEXIEHUs CIUHHOTO MO3Ta
(tun ASTA A — y 66.3 % u ASIA B — y 13.7 % manu-
enToB). C mo3unuii MexxyHapogHOU Kiaccuduka-
ou¥ (PYHKIIMOHUPOBAHUS PEaOWINTAIMOHHBIN I10-
TeHIIWaJ B OTHOIIEHUM JBUTATEJIbHOH (QYHKIUU Y
TaKOW KaTeropuu MAI[HeHTOB JUOO OTCYTCTBYET
(ASIA A), tubo pacrieHnBaercs kak Hu3kuii (ASIA B)
[18]. B To ke BpeMs Ipu pacIipeieJIeHHuH BCeH MOITy-
Jgsinuu yaactHUKOB KV Ha Ipymimsl ¢ yueToM TaBHO-
CTH TPaBMBI OBLIO YCTAHOBJIEHO, YTO IO/ BIIUSTHUEM
peabwinTanuu Ha OCHOBE TPEHUPOBOK B DK30CKeJIe-
Te 3HAUMMO Bo3pocia BesmynHa PH sum B rpynne 1,
B KOTOPYIO BOIIIA ITAIIIEHTHI B BOCCTAHOBUTEILHOM
nepuogie [ICMT (cm. Tab. 3). B aToT mepuos 0cHOB-
HOH IeJIBI0 PeabMINTAIMOHHBIX MEPOIIPUITUN IB-
JISIeTCSI MAKCHMaIBHOE BOCCTAHOBJIEHHE YTPAdeH-
HBIX QYHKIUH, TaK KaK COXpaHsAeTCs BO3MOKHOCTh

fect has been reported in several studies conducted
in our country and abroad [8, 19].

It should be noted that significant changes in the
studied indicators were recorded only after 2 ses-
sions of training using the exoskeleton. Evaluation of
delayed results at the final fifth visit showed that the
effect achieved was maintained for at least a month
after the completion of the rehabilitation program.

CONCLUSION

The findings of the study are as follows:

1. Patients with severe impairment of lower ex-
tremities function due to SCI define their quality of
life associated with the physical component of health
as low (PH sum = 34.9 points), quality of life associ-
ated with the psychological component as moderate-
ly reduced (MH sum = 56.1 points) in both recovery
and late injury periods.

2. Comprehensive rehabilitation based on walk-
ing in the ExoAtlet powered exoskeleton contributes
to improving the quality of life associated with the
psychological component of health in patients with
the consequences of spinal injury in the recovery and
late periods.

3. The quality of life indicators associated with
the physical component of health are not changed
significantly during rehabilitation with the ExoAtlet
powered exoskeleton in patients in the late period,
while in the recovery period a statistically significant
increase in the average score of physical health by
SF-36 is recorded.

4. For patients with severe impairment of lower
extremities function due to SCI (ASIA A and B), a
walking-based rehabilitation program in an exoskel-
eton may be recommended. The program consists of
two sessions of 15—20 trainings, taking into account
the need for gradual adaptation to the training pro-
cess during the first session.

Conflict of interest. The authors declare no
conflict of interest.

YJIyUIIeHUs] TPOBOAUMOCTH CIIMHHOTO MO3Ta, 0CO-
OeHHO NpU ero HEeNOoJHOM HOBpexaeHuu. MOKHO
MIPEIOIOKUTh, UTO YJIydIlleHHe MOoKa3aTessd, Xa-
PaKTEPU3YIOIIEr0 COCTOSHUE (PUBUUECKOTO 37I10PO-
BbSI, CBSI3aHO C aKTHUBAIlMed HEWPOHAJIbHOU ILjIa-
CTUYHOCTH U JBUTATEJIbHOU (DYHKI[UU B IIpOIECcCe
x0/1bOBI B 9K30cKesere. O TakoM addekTe coobIa-
JIOCh B HECKOJIbKUX UCCJIEJIOBAHUSIX, ITPOBEIEHHBIX B
HaIlled cTpaHe u 3a pyoexxom [8, 19].

Heo6x0AMMO OTMETUTD, UTO JAOCTOBEDHBIE H3-
MeHEeHUsI U3YYaeMbIX IIOKa3aTesel BO BCEX CIIydasax
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PEerucTpUPOBAINCH TOJIBKO IOCTIE 2 CeCCUU TpeHU-
POBOK ¢ IpUMeHeHNeM 3K30cKesieTa. OeHKa 0TCpo-
YeHHBIX Pe3yJIbTaTOB Ha (GUHAIBHOM, IITOM BU3UTE
IoKas3ajia, YTo JOCTUTHYTHIH 3(hdeKT coxpaHsics
Kak MUHUMYM B Te4eHUe MecAIa [10cjIe OKOHYaHUA
IIpOTpaMMBbl peabuINTAIIH.

3AK/TIOYEHUE

IIpoBe/ieHHOE WCCIIEIOBAHUE TIO3BOJISIET CJle-
JIaTh CJIEIyIOIHe BEIBOIbI:

1. ITanpieHTHI ¢ TSPKEJIBIM HapylieHueM (QyHK-
MY HUKHUX KoHewHocTel Beseacteue [ICMT ompe-
JIEJIIOT CBOE KaUeCTBO JKU3HH, CBA3aHHOE C (hr3mye-
CKUM KOMIIOHEHTOM 3/I0pOBbsl, KaK HU3KOe
(PH sum = 34.9 6ajj1a), Ka4ecTBO KU3HU, CB3aHHOE
C IICUXOJIOTHYECKUM KOMIIOHEHTOM — KaK YMEPEHHO
camkennoe (MH sum = 56.1 6aj11a) Kak B BOCCTaHO-
BUTEJIbHBIN, TAK U B TIO3THUN TTEPUOBI TPABMBI.

2. KomiutekcHass peabwauTaiiuss Ha OCHOBE
X0ZB0bI B POOOTU3UPOBAHHOM 3K30CKeJIeTe «DK30-
ATyieT» CITOCOOCTBYET MOBBIIIEHUIO KAayecTBa KHU3-
HH, CBS3aHHOTI'O C IICUXOJIOTUYECKOU COCTABJIAIONIEN
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37I0POBBS, Y HAIEHTOB C ITOCJIEZCTBUSMU CIITHAIIb-
HOU TPaBMbI B BOCCTAHOBUTEJIbHBIN U O3/HUU IIe-
pHOBL.

3. IlokazaTesn kadecTBa >KU3HU, CBSI3aHHBIE C
(puzmyecKM KOMIIOHEHTOM 37[0POBbSI, CYII[ECTBEH-
HO He MEHAIOTCA B XOZle peabUIUTAINH C IIOMOIIIBIO
POOOTH3MPOBAHHOTO 3K30CKeJIeTa «DK30ATIIET» Y
MMaIEHTOB B IIO3/THEM IIEPUO/IE, TOT/Ia KaK B BOCCTA-
HOBUTEJIbHBIN IEPUO]T PETUCTPUPYETCS CTATUCTHUYE-
CKM 3HAauuMOe YyBeJMUYeHUe cpemaHel OayIbHOHN
OLleHKHU YPOBHs (PU3UUECKOT0 3710POBbs 110 SF-36.

4. JIns TAlMEeHTOB C TSIKEJIBIM HapyIleHUeM
yukMy HIKHEIX KOHEeUHOCTeH BesaencrBue [ICMT
(Tumbr ASIA A, B) MoKeT OBITh pEKOMEH/I0OBaHA IIPO-
rpaMMa peabUIUTAllMH HA OCHOBE XOABOBI B DK30-
CKeJIeTe, COCTOAIIAA U3 JIBYX CECCUU 10 15—20 Tpe-
HUPOBOK Ka’KJlasl, ¢ yI€TOM HEOOXOIUMOCTH I10CTe-
MEHHOU a/IalTallii K TPEHUPOBOYHOMY IPOIIECCY B
TIEPUO/T IEPBOU CECCHH.

KondaukT nHTEpecoB. ABTOPHI 3asBJISIOT 00
OTCYTCTBUU KOH(JIMKTA NHTEPECOB.
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CBEJEHUA Ob ABTOPAX

T'Bo3gapeBa Mapusa AHapeeBHA — 3aBeayIONIUN
¢usnoTepaneBTUUYECKUM OT/AeJeHueM, Bpau-pusuno-
TepaneBT Bbicield kareropun ®I'BY «HoBocubup-
CKUU HAYYHO-UCCJIE0BATEIHCKUH WHCTUTYT TPaBMa-
ToJsioruu u oproneauu um. A.JI. Huspana» Munsapa-
Ba Poccuu.

UnscoBa Exarepuna CepreeBHa —  Bpau-
¢usuorepanent Boiciieln kateropuu OT'BY «HoBocu-
OGUPCKUI HAYUHO-MCCIeIOBATENBCKUN UHCTUTYT TPAB-
matosiorun u oproneauu um. fA.JI. IluBpana» MuH-
3z1pasa Poccuun.

JApo3mos I'eopruii O1eroBUY — Bpay — MaHyaIbHBIN
TepameBT, CTAPLINN JIa0OpaHT Kadenpbl TOCIUTAIb-
HOU Tepanuu U MeAUIUHCKOU peabunutanuu ®TBOY
BO «HoBocubUpcKuil rocyapcTBEHHBIA MeETUITUH-
cKkui yHuBepcuteT» Munsznpasa Poccun.

KapeBa Huna IlerpoBHa — 1-p MeZ. HayK, mpodeccop
xadeapbl rOCIUTAIBHON Tepaluy U MeAUIIMHCKOU pe-
abumuranuu OTBOY BO «HoBocubupckuii rocymap-
CTBEHHBI MEIUIMHCKUN YHUBepcuUTeT» MUH3ApaBa
Poccun; Bemymuii HayuHbd cotpyaHuk ®I'BY «Ho-
BOCHUOMPCKUN HAYyYHO-HCCIIEOBATEIbCKUNA ~ HHCTH-
TyT TpaBMaTosioruu u oproneauu um. A.JI. lluspana»
Munszapasa Poccun.
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