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ABSTRACT

INTRODUCTION. Impaired gait and balance after a stroke significantly affect patients' daily activities and quality of life. Robotic
mechanotherapy and virtual reality technologies are actively studied and used to restore lower limb muscle strength, balance and gait
pattern.

AIM. To assess the effectiveness and safety of rehabilitation using robotic mechanotherapy (exoskeleton) with functional electrical
stimulation (FES) and virtual reality (VR) technology with plantar stimulation in the restoration of gait and balance disorders in patients
in acute and early recovery periods of ischemic stroke.

MATERIAL AND METHODS. Men and women aged 39 to 75 with ischemic stroke in acute and early recovery periods with gait
impairment and lower limb paresis from 0 to 4 MRC scores. The patients were randomized using the envelope method into 4 groups:
Group 1 (33 people) — exoskeleton with FES, Group 2 (32 people) — combined application of robotic mechanotherapy with FES and
VR with plantar stimulation, Group 3 (35 people) — VR with plantar stimulation, Control group (30 people) — conventional training.
RESULTS. Group 2 and 3 had significantly greater increases in muscle strength in the hip extensors, tibia flexors and flexors of the
foot compared to the control group. Patients in the main groups also had a significant improvement in Tinetti Walking and balance
Scale at follow-up. The analysis of the stabilometry results on the first and last day of the study revealed a decrease in the area of the
statokinesiogram in the main groups both in the intragroup comparison and in the comparison with the control group.

DISCUSSION AND CONCLUSION. Exoskeleton gait training with FES and exercises on a VR with plantar stimulation, as well as combined
use of these techniques allowed to achieve better recovery of lower limb muscle strength, walking functions and balance in patients
in acute and early rehabilitation periods of stroke. This is probably due to the large number of steps or their imitation performed by
the patient during rehabilitation sessions, which leads to activation of neuroplasticity and better recovery. The study demonstrated the
safety and efficacy of an exoskeleton interval training system that prevents the development of orthostatic hypotension in patients in
the acute period of ischemic stroke.
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OnbIT NPUMEHEeHUs TEXHONOr UM
pO60TUIUPOBAHHON MEXaHOTepanuu
C PYHKLMOHANIbHON 3NEKTPOCTUMYNSILUEN
U BUPTYQINIbHOW PeanbHOCTH
B BOCCTAHOBJIEHUMU XOAb6bI U PABHOBECUS
B OCTPOM U PAOHHEM pea6bUnUTALMOHHOM nepuope
ULLIEMHUYECKOIrO UHCYNbTA

Nytoxun LM.", &) Kawexes A.l., " NoroHyeHkoBa U.B.,
Yrerenosa 10.B., '“ llynbkuna A.B., ' Camoxsanos P.U.

TAY3 «Mocko8ckul Hay4HO-npakmuyeckul yeHmp MeoduyuHCcKoU peabuaumayuu, 80CCMaHo8UMesbHOU U CNopmueHoU
MeduyuHsl» JlenapmameHma 30pasooxpaHeHus 2. Mockaei, Mockea, Poccus

Paccynosa M.A., '’ TypoBa E.A.,

PE3IOME

BBEJEHUE. HapyLeHune xoabbbl 1 paBHOBECHA MOC/E NepeHeCeHHOTO UHCYSbTa B 3HAUUTENIbHOW CTEMEHM BAVAIOT Ha MOBCEAHEBHYIO
AKTVIBHOCTb M KauecTBO XM3HU 60/bHbIX. POGOTV3NPOBaHHaA MexaHOTepanua 1 TEXHOIOMN BUPTYanbHOW peanbHOCTY akTUBHO 13-
YUatoTCA 1 NCNONb3YIOTCA AJ19 BOCCTAHOBNEHMA CUJTbl MbILLILL HVXKHMX KOHEYHOCTEN, 6aaHca 1 naTTepHa xofbobl.

LIEJIb. ViccnepoBaHue 3¢ peKTBHOCTY 1 6€30MacHOCTM peabunmnTaLMOHHbIX MPOrPaMm C MPUMEHEHVEM TEXHOJIOMN PO6OTU3MPOBaH-
HOW MexaHoTepanuu (3K3ockeneT) ¢ GyHKLUMOHanbHow snekTpoctumynauuen (03C) n TexHonorum BUpTyanbHoOM peanbHocTu (BP) ¢ no-
[OLWBEHHON CTUMYNALME B BOCCTaHOBIEHUN HaPYLUEHWIA XO4b0bl 11 Y MaLMEHTOB B OCTPOM U PaHHEM BOCCTAaHOBUTENIbHOM Neprogax
NLLIEMNYECKOrO NHCYbTa.

MATEPUAJIbl U METO[bI. B nccnepoBaHue 6biny BKIOYEHbI MYXXUMHbI 1 »KEeHLMHbI B BO3pacTe oT 35 go 75 neT ¢ BnepBble BO3-
HUKLLUM MLLEMUYECKUM VHCYSIBTOM B OCTPOM 1 paHHEM BOCCTaHOBUTENIbHOM NepuroAe. BbipaXXeHHOCTb nape3a HUXKHUX KOHEeYHOCTeN
cocTaBnsAna ot 0 fo 4 6annos no MRC. MauneHTbl 66NN pacnpefeneHbl ClyYaiiHbIM NOPALKOM B 4 rpynnbl: rpynna 1 (33 nayueHTa) —
nprimeHeHue sk3ockeneta ¢ ®3C, rpynna 2 (32 nayneHTa) — KOMOMHUPOBAHHOE NpUMeHeHe 3k3ockeneTta ¢ ®3C n BP ¢ nopolwuseH-
HoW cTuMynsAumeri, rpynna 3 (35 nauyneHToB) — npumeHeHvie BP ¢ nofoLwBeHHON cTUMynsLMeit, KOHTposbHas rpynmna (30 60/bHbIX).
OBCYXXAEHUE U 3AKJTIOYEHUE. BoccTaHoBNEeHMe xofb0bl B 3k30ckeneTe ¢ OIC 1 3aHATHA Ha TpeHaxepe BP ¢ nofolwBeHHO cTumynsa-
Lren, a Takke KOMOUHUPOBaHHOE MPYMEHEHME STUX METOAMK MNO3BONMIN JOOUTHCA NyYLLEro BOCCTaHOBEHWA CUMbI MbILLILL HAXKHUX KO-
HeuyHoCTel, PYHKLMI XOLbObl N PAaBHOBECUA Y NALMEHTOB B OCTPOM 11 PaHHEM BOCCTAHOBUTEIbHOM NepUofax NLEMNYECKOrO NHCYIbTa.
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INTRODUCTION
According to WHO, stroke is recognized as the second

main statolocomotor disorders are gait asymmetry,
increased muscle tone of the lower extremities and

leading cause of death among cardiovascular diseases
after myocardial infarction [1,2]. In adults, stroke is the
main factor causing long-term disability. The result of
the population aging and an increase in the efficiency
of medical care was an annual increase in the number
of patients with the consequences of a stroke, especially
hemiplegia [3]. Gait disorder is considered the most
common in the strength decrease in lower extremities.
Up to 80 % of patients with ischemic stroke have an
altered walking pattern and 70 % have episodes of
falling during the first year after disease onset [4]. The
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balance disorders [3]. In the acute stroke, spasticity and
imbalance contribute most to the restriction of daily
activity [1]. It is known that there are processes of self-
recovery of muscle strength, which can be completed in
2-3 months. However, the pathological walking pattern
(impairment of the neural mechanism of movement
control, occurrence of pathological synergies, leading
to improper muscle activation in movement and at
rest, incomplete hip extension, circumferential leg
movement, improper transfer of the center of gravity)
[5] can become anchored, therefore, early rehabilitation
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with the formation of correct movement stereotypes is
crucial for optimizing human functioning after a stroke
[6]. Correction of the resulting neurological deficit occurs
in the first months after a stroke, but some functions can
be actively restored during the first year [7,8].

In the last 15 years, robotic mechanotherapy (RM),
in particular exoskeletons, has become actively studied
and introduced into clinical practice, presenting an
alternative to classical conventional rehabilitation [9,10].
There is evidence that the use of an exoskeleton allows
not only muscle strength recovery, but also contributes
to the improvement of cognitive functions in stroke
patients [11,12]. This phenomenon is explained by the
active production of myokines during walking, which,
penetrating through the blood-brain barrier, activate
the processes of neuroplasticity and neurogenesis. One
of the latest trends is the combination of functional
electrostimulation (FES) with robotic orthoses, which
allows achieving greater efficiency in the reconstruction
of walking pattern [13,14].

The use of virtual reality (VR) technology is another
recognized method for restoring muscle strength after
a stroke [7,15]. However, most of the data in the clinical
guidelines focus on upper limb paresis. According to one
systematic review on the role of virtual reality in post-
stroke rehabilitation, this technique slightly improves
walking speed (by 0.09 m/s) [16]. There are also sporadic
data on the combined and combined application of these
techniques, but this direction needs further study.

AIM

The main purpose of this clinical trial was to study the
effect of RM with FES and VR with plantar stimulation on
gait and balance recovery in patients in the acute and
early rehabilitation period of ischemic stroke. The main
objectives were to prove the safety and effectiveness of
the use of innovative technologies, as well as to create
a program of motor rehabilitation using these methods.

MATERIALS AND METHODS

The clinical protocol of the study was approved
by the local ethical committee of Moscow Centre
for Research and Practice in Medical Rehabilitation,
Restorative and Sports Medicine of Moscow Healthcare
Department, protocol 1 date 17.03.2022 and registered
at ClinicalTrails.gov ID: NCT05423626. Before starting
the study, all patients received detailed information
about the rehabilitation technologies applied and
signed informed agreement. The inclusion criteria were
as follows: men and women aged 18 to 75 years with
established diagnosis of ischemic stroke in acute (up to 3
weeks) and early recovery (up to 6 months) periods with
walking impairment, lower limb paresis from 0 to 4 MRC
scores. An important criterion was the preservation of
cognitive functions (at least 27 points on the MoCA) and
a Rankin scale score of 3 to 4, the weight of the patients
was no more than 100 kg, and the height varied from 160
to 190 cm, this was due to the technical characteristics
of the exoskeleton. The exclusion criteria were as follows:
significant muscle spasticity (more than 3 score MAS),
boneand jointdiseasesorserious diseases affecting organ
function, expressed vegetative dysreflexia, uncontrolled
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arterial hypertension visual or hearing disorders, unable
to cooperate with the study. All patients underwent
physical and neurological examination on admission and
discharge. The degree of lower limb paresis was assessed
according to the five-point MRC scale, National Institutes
of Health Scale (NIHSS). Spasticity was determined
using the modified Ashworth scale (MAS). Functional
independence was examined using the modified Rankin
Scale (mRS) and the Rivermead Mobility Index. Gait and
balance impairment were assessed using the Tinetti
Scale. Diagnostic stabilometry was also performed
on admission and at discharge. The patients were
randomized using the envelope method into 4 groups:

e Group 1 (robotic mechanotherapy with FES) —
in addition to basic therapy, patients received 10
procedures of walking in ExoAtlet | exoskeleton with FES,
5 times a week, the duration of medical rehabilitation
course — 12-14 days. The duration of the procedure was
30 minutes.

e Group 2 (combined application of robotic
mechanotherapy with FES and VR with plantar
stimulation) — besides basic therapy, the patients
received 10 procedures on Virtual reality simulator with
sole stimulation (ReviVR), the duration of one procedure
was 30 minutes, 5 times a week, followed by training in
ExoAtlet | exoskeleton with FES after 90 minutes. Duration
of motor activity during one session was 30 minutes, 5
times a week, duration of medical rehabilitation course
was 12-14 days.

e Group 3 (VR technologies with plantar
stimulation) — besides basic therapy patients received
10 procedures on ReviVR simulator, 5 times a week, the
duration of medical rehabilitation course was 12-14 days.
The duration of one procedure was 30 minutes.

» Control group — restoration of walking and balance
was carried out with the help of conventional training
(individual or group therapeutic exercise classes), 5
times a week, the duration of the medical rehabilitation
course — 12-14 days.

Exoskeleton training duration, according to the
patient's condition, up to 1 hour (taking into account
the time for exoskeleton readjustment and patient
positioning). Measurement of pulse, pressure and
saturation in the preparatory, main and final parts. The
length of time in the upright position depends on the
patient's condition. In patients in the acute period of
stroke, a pause for rest in a sitting position is made every
10 minutes of training. Transition to the formation of
subsequent skills is recommended after mastering the
skills of the previous procedure. Starting from the 4th
session, patients are switched to continuous walking. The
total duration of the VR procedure is 30 minutes. Before
the procedure, BP and HR are measured and the size of
pneumatic cuffs on the feet is selected. After briefing
the patient and selecting the virtual environment and
optimal speed of movement in VR, VR glasses are fitted.
Next, rehabilitation exercises are performed for 15
minutes. The patient moves in the virtual environment,
receiving visual, auditory and tactile cues that form the
correct walking pattern. At the end of the exercise, the VR
goggles are disassembled. Then BP and HR are measured
and information about the feeling and sensations during

CTATbU




BULLETIN OF REHABILITATION MEDICINE | 2023 | 22(5)

Table 1. Characteristics of groups on admission

Feature G;o=u:31, G;o::zz, G;o=u§53, Contrl'ro=l g(l;oup, p
Age (years) 625+77 57.4 +8.2 60.6 +7 62 +6.5 > 0.05
Stroke onset time (days) 15[12;2 4] 21[13;91] 15[12;67] 17.5[12; 67.5] > 0.05
BMI 26 [23.9;29.9] 28 [25.7;29.4] 27.7 [24;30.4] 27.5[25;29.3] >0.05
Systolic BP 130[120; 132.5] 130[122;139] 130 [120; 140] 130[120; 130] >0.05
MRC int. 3.66 [2.5; 4] 3.44 [2.38; 4] 3[2.66; 4] 3.5[2.9;4] >0.05
MAS int. 01[0; 1] 0.33[0; 1] 01[0; 1] 01[0; 1] >0.05
mRS 3[3;4] 3[3;3] 3[3;4] 3[3;4] > 0.05
Rivermead Mobility Index 7[5; 8] 717;9.75] 717;9] 717;7] > 0.05
Tinetti Scale balance 6 [4; 9] 8[5.25; 9] 7 [4; 9] 6[3.75; 9] > 0.05
Tinetti Scale walking 41[2;5.5] 5[4; 6] 4[3;6] 5[2;7] > 0.05
MoCA 28 [27; 28] 28 [28; 28] 28 [27; 28] 27.7 [27; 28] >0.05

Note: MRC int. — integral index of strength in all studied muscles; MAS int. — integral index of muscle tone in all studied

muscles.

the procedure is recorded. Basic therapy included laser
therapy, magnetic therapy, and therapeutic massage of
the lower extremities. The control group additionally
used electrical stimulation of the affected limb. All basic
therapy was performed according to protocols from
the National Physical Therapy Manual [17]. A system of
interval training was developed for groups using RM
with FES, which consisted in dividing the exercise into
10-minute intervals with mandatory 5-minute breaks,

B SGHE [] SGFF

100

80

60

40

Percentage gain, %

20
20

Group 2 Control group

Fig. 1. Comparison of strength gains in the hip extensors
and foot flexors in groups 2 and 4

Note: SGHE — strength gain in hip extensors; SGFF — strength
gain in the foot flexors.
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which the patient spent in a sitting position. This
approach allowed the patients to adapt faster to physical
activity and achieve a distance of 1500-1800 steps per
exercise, as well as to avoid orthostatic reactions during
the exercise.

Statistical analysis

Statistical analysis to assess the effectiveness of
rehabilitation in different groups was performed by
comparing initial and final data, as well as changes in
the main and additional neurological scales before and
after the rehabilitation course. Nonparametric tests
(Wilcoxon test, Mann-Whitney test, Kruskal-Wallis test)
were used to reveal statistically significant changes. The
data were checked for normality using the Kolmogorov-
Smirnov test. Spearman correlation analysis was used to
determine the mutual influence of the variables. Results
are presented as mean values with standard deviation,
medians with the 25th and 75th percentiles.

RESULTS

The study included 130 patients (38 women and
92 men), mean age was 60.6 + 7.6 years. Patients were
divided into a main (group 1 — 33 patients, group 2 — 32
patients, group 3 — 35 patients) and a control group (30
patients). The comparative characteristics of the groups
are shown in Table 1.

On admission, the groups were comparable for
all parameters. On examination after the course of
treatment, patients in all groups had comparable values
of absolute strength indices for all muscle groups. Group
2 had significantly greater increases in muscle strength in
the hip extensors and flexors of the foot compared to the
control group (Figure 1).
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Fig. 2. Comparison of hip extensor strength gains in
groups 3and 4
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Fig. 3. Comparison of balance values on the Tinetti scale
at admission and discharge in the main and control
groups

Note: TSB1* — Tinetti scale balance value at admission;
TSB2* — Tinetti Scale balance value at discharge.
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Fig. 4. Comparison of Tinetti Walking Scale values on
admission and discharge in the main and control groups
Note: TSW1 — Tinetti Walking Scale value at admission;
TSW2 — Tinetti Walking Scale value at discharge.
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Fig. 5. Comparison of the dynamics of statokinesiogram
area in the main groups and the control group on the first
and the last day of the study

Note: Statokinesiogram area 1% is the area of the
statokinesiogram on admission; statokinesiogram area 2* —
statokinesiogram area at discharge.

There was significantly more growth in the tibia
flexors in the VR technology group compared to the
control group (Figure 2).

Patients in the main groups also had a significant
improvement in balance on the Tinetti Scale (Kruskal-
Wallis test, p = 0.606 vs 0.007) at follow-up (Figure 3).
However, no difference was found when comparing
between the main groups.

In the Tinetti Walking Scale assessment, patients
in the combined VR and RM with FES group achieved
better results both when compared to the control group
(Kruskal-Wallis test, p = 0.314 vs 0.023) (Figure 4), and to
the main groups (Mann-Whitney test, group 2 vs group 1
p=0,028, group 2 vs group 3 p =0,048, group 2 vs control
group p =0,001).

The analysis of the stabilometry results on the first
and last day of the study revealed a decrease in the area
of the statokinesiogram in the main groups both in the
intragroup comparison and in the comparison with the
control group. In the control group, there was an increase
in the values of this index (Figure 5).

DISCUSSION AND CONCLUSION

VR technologies and robotic mechanotherapy have
been used in motor rehabilitation after stroke for the
past 15 years. National guidelines around the world
mention these approaches to the restoration of walking
and balance in one way or another, but there are no clear
criteria for the severity of neurological symptoms and
the timing of the application of these technologies [18].
At present, there is a lack of sufficient data proving the
superiority of RM or VR over conventional (traditional)
methods of gait and balance restoration [18]. The main
advantage of training in an exoskeleton is considered
to be the possibility of achieving a large number of
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correct walking cycles. On the one hand, these trainings
help to restore the physiological gait pattern — the
correct weight distribution and hip extension of the
affected limb. On the other hand, the patient performs
about 1500-1800 steps per workout, it contributes to
myokine production and increases afferent innervation
from the lower extremities, which leads to activation
of neuroplasticity [19]. When using the ReviVR, walking
is induced by plantar stimulation combined with the
projection of movement in a virtual reality helmet.
During these trainings proprioceptive stimulation is
significantly increased in combination with simulation
of movement in the virtual environment without the risk
of falling.

According to the results of the study, the use of
VR technology and RM with FES demonstrated its
effectiveness and safety in restoring muscle strength of
the lower extremities. The VR group and the combined
technology group showed a significantly better increase
in lower limb muscle strength compared to the control
group.Moreover, Group 2 achieved statistically significant
strength gains in the hip extensors and foot flexors, the
main muscles involved in the step cycle. Patients in all
main groups achieved a significant improvement in
balance according to stabilometry data. Improvement of
support function was directly related to recovery of gait
and general stability, which was confirmed by the results
of the motor performance evaluation scale (Tinetti
Scale). After the course of rehabilitation, the patients in
Group 2 were able to walk at a faster pace and walk a
greater distance compared to the other groups.

An important achievement was the creation
and testing of a system of interval training in an
exoskeleton with FES, which demonstrated its safety
and effectiveness in reducing the risks of orthostatic
reactions, as there were no adverse events during
the entire study. Also, patients reached the required
distance of 1500-1800 steps in 3-4 training sessions.
When comparing with the results of other studies on
the effect of robotic mechanotherapy on gait recovery
after a stroke [20-26], the small number of patients both
in the main groups and the practical absence of control
groups is immediately noted. Masafumi M. [20] — 10
patients in the main group, no control group; Tan CK.
[21] — 8 patients in the main group, absent of control
group; Molteni F. [22] — 12 patients in acute stroke
group and 8 patients with consequences of cerebral

circulation disorder, no control group; in Murray S.A.
[23] and Lifang Li [24] 3 patients each without control
groups, in the study of Hassan M. [25] included 5
patients. Only in the study of Jayaraman A. [26] study, 27
patients were included in the main and control groups.
Also, the vast majority of studies included patients
with both ischemic and hemorrhagic stroke [20-26].
Practically all researchers note high efficiency of RM
use in gait recovery, except Hassan M., in whose study
patients had increased asymmetry and desynchrony of
step after HAL use. This can be explained by the presence
of a robotic orthosis only on the affected side and the
absence of FES, which has proven to be an effective
method to restore synchronous contraction of the lower
limb muscles. In the Jayaraman A. study, patients in the
main group showed an increase in muscle strength in
the lower extremities, and the authors attribute this
to the greater number of steps walked during the day,
including per exoskeleton training, compared with
the control group (4,100 vs 3,000 steps per day). It is
worth noting that heterogeneity in the etiology and
localization of stroke, can greatly affect the rehabilitation
process. For example, a patient with a subarachnoid
hemorrhage differs from a patient with a hemispheric
ischemic stroke, including the amount and intensity
of physical activity they are able to perform. Similarly,
stem stroke differs from hemispheric in the presence of
more pronounced coordinator and ataxic abnormalities.
Homogeneity and sample size is a significant strength
of our study. Also, there are practically no studies
comparing effectiveness of RM and VR technologies with
traditional methods of walking and balance restoration
in patients with ischemic stroke, as well as their cross-
sectional comparison and comparison with the group of
combined application.

Thus, combining robotic mechanotherapy with
FES and VR technology with plantar stimulation
during rehabilitation allows to achieve a significant
improvement in gait and balance, as well as restoration
of lower limb muscle strength. Further studies are
required to investigate the long-term results of these
technologies. It is likely that an increase in the number
of procedures, as well as repeated rehabilitation cycles
will contribute to the improvement of motor functions.
It is possible that the results achieved will trigger the
activation of neuroplasticity and contribute to a fuller
recovery of patients in the future.

ADDITIONAL INFORMATION

Gleb M. Lutokhin, Ph. D. (Med.), Senior Researcher, Medical
Rehabilitation Department, Moscow Centre for Research and
Practice in Medical Rehabilitation, Restorative and Sports
Medicine of Moscow Healthcare Department.

E-mail: gleb.lutohin@gmail.com, khodakovals@zdrav.mos.ru;
ORCID: https://orcid.org/0000-0003-1312-9797

Alim G. Kashezhev, Ph. D. (Med.), Senior Researcher, Medical
Rehabilitation Department, Moscow Centre for Research and
Practice in Medical Rehabilitation, Restorative and Sports
Medicine of Moscow Healthcare Department.

ORCID: https://orcid.org/0000-0001-7483-1796

ARTICLES

Irena V. Pogonchenkova, Dr. Sci. (Med.), Associate Professor,
Director, Moscow Centre for Research and Practice in Medical
Rehabilitation, Restorative and Sports Medicine of Moscow
Healthcare Department, Chief external specialist in medical
rehabilitation and sanatorium-resort treatment of the Moscow
Health Care Department.

ORCID: https://orcid.org/0000-0001-5123-5991

Marina A. Rassulova, Dr. Sci. (Med.), Professor, First Vice
Director of Moscow Centre for Research and Practice in Medical
Rehabilitation, Restorative and Sports Medicine of Moscow
Healthcare Department.

ORCID: https://orcid.org/0000-0002-9566-9799

BILVLO BYHALVHMINGO | 'dT U1 "W I HUXOLALS

27



GLEB M. LUTOKHIN ET AL. | ORIGINAL ARTICLE

28

Elena A. Turova, Dr. Sci. (Med.), Professor, Deputy Director for
science of Moscow Centre for Research and Practice in Medical
Rehabilitation, Restorative and Sports Medicine of Moscow
Healthcare Department.

ORCID: https://orcid.org/0000-0002-4397-3270

Yuliya V. Utegenova, Neurologist, Medical Rehabilitation
Department No. 1, Branch No. 3 of the Multidisciplinary
Medical Rehabilitation Clinic of Moscow Centre for Research
and Practice in Medical Rehabilitation, Restorative and Sports
Medicine of Moscow Healthcare Department.

ORCID: https://orcid.org/0000-0002-3277-6255

Anna V. Shulkina, Neurologist, Medical Rehabilitation
Department No. 1, Branch No. 3 of the Multidisciplinary
Medical Rehabilitation Clinic of Moscow Centre for Research
and Practice in Medical Rehabilitation, Restorative and Sports
Medicine of Moscow Healthcare Department.

ORCID: https://orcid.org/0000-0003-2842-3016

Roman I. Samokhvalov, Ph. D. (Med.), Deputy Head, Branch
No. 3 of Moscow Centre for Research and Practice in Medical
Rehabilitation, Restorative and Sports Medicine of Moscow
Healthcare Department.

ORCID: https://orcid.org/0000-0001-9038-296X

Author Contributions. All authors confirm their authorship
according to the international ICMJE criteria (all authors
contributed significantly to the conception, study design
and preparation of the article, read and approved the final
version before publication). Special contributions: Lutokhin
G.M. — development of the concept of the article, analysis

BECTHUK BOCCTAHOBWUTE/IbBHOM MEOQULIUHBI | 2023 | 22(5)

of factual data, writing and editing of the text of the article,
justification of scientific significance; Kashezhev A.G. —
writing and editing the text of the article; Pogonchenkova
I.V. — checking, editing and approval of the text of the article;
Rassulova M.A. — development of the concept of the article,
checking and approval of the text of the article; Turova E.A. —
elaboration of the concept of the article, editing of the text
of the article, checking and approval of the text of the article;
Utegenova Y.V. — selecting and examining patients, review
of publications on the topic of the study; Shulkina A.V. —
selection and examination of patients, review of publications
on the subject of the study; Samokhvalov R.I. — selection
and examination of patients, review of publications on the
subject of the study.

Funding. This study was supported by grant No. 1712-5/22
(Russia).

Disclosure. The authors declare no apparent or potential
conflicts of interest related to the publication of this article.

Ethics Approval. The authors declare that all procedures used
in this article are in accordance with the ethical standards of
the institutions that conducted the study and are consistent
with the 2013 Declaration of Helsinki. The study was approved
by the Local Ethics Committee of the Moscow Centre for
Research and Practice in Medical Rehabilitation, Restorative
and Sports Medicine of Moscow Healthcare Department,
Protocol No. 1 dated 17.03.2022.

Data Access Statement. Data supporting the findings of this
study are publicly available. Registration: ClinicalTrails.gov
identifier: NCT05423626. Registered June 14, 2022.

References

1. Erbil D., Tugba G., Murat T.H. et al. Effects of robot-assisted gait training in chronic stroke patients treated by botulinum toxin-a: A pivotal study.
Physiotherapy Research International. 2018; 23(3): e1718. https://doi.org/10.1002/pri.1718

2. Mayr A, Quirbach E., Picelli A. et al. Early robot-assisted gait retraining in non-ambulatory patients with stroke: a single blind randomized controlled
trial. European Journal of Physical and Rehabilitation Medicine. 2018; 54(6): 819-826. https://doi.org/10.23736/51973-9087.18.04832-3

3. LiY, FanT, QiQ.etal.Efficacy of a Novel Exoskeletal Robot for Locomotor Rehabilitation in Stroke Patients: A Multi-center, Non-inferiority, Randomized
Controlled Trial. Frontiers in Aging Neuroscience. 2021; (13): 706569. https://doi.org/10.3389/fnagi.2021.706569

4. Rosenblum David. Stroke Recovery and Rehabilitation. American Journal of Physical Medicine & Rehabilitation. 2010; 89(8): 687 p.

https://doi.org/10.1097/PHM.0b013e3181e722c8

5. Khatkova S.E., Kostenko E.V., Akulov M.A. et al. Modern aspects of the pathophysiology of walking disorders and their rehabilitation in post-stroke
patients. Zhurnal Nevrologii i Psikhiatrii imeni S.S. Korsakova. 2019; 119(122): 43-50. https://doi.org/10.17116/jnevro201911912243 (In Russ.).

6. Chung B.PH. Effectiveness of robotic-assisted gait training in stroke rehabilitation: A retrospective matched control study. Hong Kong Physiotherapy

Journal. 2017; (36): 10-16. https://doi.org/10.1016/j.hkpj.2016.09.001

7. Laver K.E., Lange B., George S. et al. Virtual reality for stroke rehabilitation. Cochrane Database of Systematic Reviews. 2017; 11(11): CD008349.

https://doi.org/10.1002/14651858.CD008349.pub4

8. Teasell RW., Murie Fernandez M., Mcintyre A., Mehta S. Rethinking the continuum of stroke rehabilitation. Archives of Physical Medicine and
Rehabilitation. 2014; 95(4): 595-596. https://doi.org/10.1016/j.apmr.2013.11.014

9. Lamberti N., Manfredini F,, Lissom L.O. et al. Beneficial Effects of Robot-Assisted Gait Training on Functional Recovery in Women after Stroke: A Cohort
Study. Medicina. 2021; 57(11): 1200. https://doi.org/10.3390/medicina57111200

10.Van Peppen R.P, Kwakkel G., Wood-Dauphinee S. et al. The impact of physical therapy on functional outcomes after stroke: what's the evidence?
Clinical Rehabilitation. 2004; 18(8): 833-862. https://doi.org/10.1191/0269215504cr8430a

11. Bequette B., Norton A., Jones E., Stirling L. Physical and Cognitive Load Effects Due to a Powered Lower-Body Exoskeleton. Human Factors: The Journal
of the Human Factors and Ergonomics Society. 2020; 62(3): 411-423. https://doi.org/10.1177/0018720820907450

12.Resquin F,, Cuesta Gomez A., Gonzalez-Vargas J. et al. Hybrid robotic systems for upper limb rehabilitation after stroke: A review. Medical Engineering
& Physics. 2016; 38(11): 1279-1288. https://doi.org/10.1016/j.medengphy.2016.09.001

13. Laffont I., Bakhti K., Coroian F. et al. Innovative technologies applied to sensorimotor rehabilitation after stroke. Annals of Physical and Rehabilitation
Medicine. 2014; 57(8): 543-551. https://doi.org/10.1016/j.rehab.2014.08.007

14.Vaughan-Graham J., Brooks D., Rose L. et al. Exoskeleton use in post-stroke gait rehabilitation: a qualitative study of the perspectives of persons post-
stroke and physiotherapists. Journal of NeuroEngineering and Rehabilitation. 2020; 17(1): 123. https://doi.org/10.1186/512984-020-00750-x

CTATbU



BULLETIN OF REHABILITATION MEDICINE | 2023 | 22(5)

15.Demain S., Burridge J., Ellis-Hill C. et al. Assistive technologies after stroke: self-management or fending for yourself? A focus group study. BMC Health
Services Research. 2013; (13): 334. https://doi.org/10.1186/1472-6963-13-334

16.Hobbs B., Artemiadis P. A Review of Robot-Assisted Lower-Limb Stroke Therapy: Unexplored Paths and Future Directions in Gait Rehabilitation.
Frontiers in Neurorobotics. 2020; (14): 19. https://doi.org/10.3389/fnbot.2020.00019

17.Ponomarenko G.N. (Ed.) Fizioterapiya: nacional'noe rukovodstvo. Moscow: GEOTAR-Media. 2013. 864 c. (Series «National Guidelines»)

18. Lutokhin G.M., Kashezhev A.G., Rassulova M.A. et al. Implementation of robotic mechanotherapy for movement recovery in patients after stroke.
Voprosy kurortologii, fizioterapii, i lechebnoi fizicheskoi kultury. 2022; 99(5): 60-67. https://doi.org/10.17116/kurort20229905160 (In Russ.).

19.Kim H., Park G., Shin J.H., You J.H. Neuroplastic effects of end-effector robotic gait training for hemiparetic stroke: a randomised controlled trial.
Scientific Reports. 2020; 10(1): 12461. https://doi.org/10.1038/s41598-020-69367-3

20. Mizukami M., Yoshikawa K., Kawamoto H. et al. Gait training of subacute stroke patients using a hybrid assistive limb: a pilot study. Disability and
Rehabilitation: Assistive Technology. 2017; 12(2): 197-204. https://doi.org/10.3109/17483107.2015.1129455

21.Tan CK., Kadone H., Watanabe H. et al. Lateral Symmetry of Synergies in Lower Limb Muscles of Acute Post-stroke Patients After Robotic Intervention.
Frontiers in Neuroscience. 2018; (12): 276 p. https://doi.org/10.3389/fnins.2018.00276

22.Molteni F, Gasperini G. Gaffuri M. et al. Wearable robotic exoskeleton for overground gait training in sub-acute and chronic
hemiparetic stroke patients: preliminary results. European Journal of Physical and Rehabilitation Medicine. 2017; 53(5): 676-684.
https://doi.org/10.23736/51973-9087.17.04591-9

23. Murray S.A,, Ha K.H., Hartigan C., Goldfarb M. An assistive control approach for a lower-limb exoskeleton to facilitate recovery of walking following
stroke. I[EEE Transactions on Neural Systems and Rehabilitation Engineering. 2015; 23(3): 441-449. https://doi.org/10.1109/TNSRE.2014.2346193

24.LiL., Ding L., Chen N. et al. Improved walking ability with wearable robot-assisted training in patients suffering chronic stroke. Bio-Medical Materials
and Engineering. 2015; 26(1): $329-5340.

25.Hassan M., Kadone H., Ueno T. et al. Feasibility of Synergy-Based Exoskeleton Robot Control in Hemiplegia. IEEE Transactions on Neural Systems and
Rehabilitation Engineering. 2018; 26(6): 1233-1242. https://doi.org/10.1109/TNSRE.2018.2832657

26.Jayaraman A., O'Brien M.K,, Madhavan S. et al. Stride management assist exoskeleton vs functional gait training in stroke: A randomized trial.
Neurology. 2019; 92(3): e263-e273. https://doi.org/10.1212/WNL.0000000000006782

ARTICLES

BILVLO BYHALVHMINGO | 'dT U1 "W I HUXOLALS

29



