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Gait disturbances are a common consequence of stroke. New technologies, such as exoskeletons (ESs), may aid recovery, but their effectiveness

has not yet been proven enough.

Objective: to evaluate the effectiveness of medical ESs and spasticity treatment for gait rehabilitation in patients with spastic hemiparesis due to

acute stroke.

Patients and methods. The study included 42 patients with spasticity and gait disturbances who has had a stroke 1.5–4 years ago. Clinical

assessment included: Tardieu scale (TS), Modified Ashworth scale (MAS), Rankin Scale, Visual Analogue Scale (VAS); 10 Meter Walk Test

(10MWT) and Berg balance scale (BBТ), Rivermead Mobility Index (RMI). The patients were divided into two representative groups (22 and

20 participants). Patients of the 1st group were training in the ES ExoAtlet for 10 days (original method and method of differentiation of efforts

were used), the 2nd group was assigned to physical therapy for the same period. Then all patients received an injection of 300–400 U of botu-

linum neurotoxin (BNT) under ultrasound control into the spastic muscles of the lower limb. The examination was carried out at three control

points (CPs): 1st day (1st), 12th day (2nd), and 33rd day (3rd).

Results and discussion. Comparison of both groups on the 2nd CT showed significantly (p<0.05) better results in the 1st group: 10MWT (0.43

and 0.47 m/s), BBT (42 and 44.5), muscles of the back of the thigh – hamstrings assessed by TS (132° and 137.5°). Gait speed apparently

increased due to balance training, correction of postural-phobic disorders, stretching of spastic muscles, and suppression of the stretch reflex. At

the 2nd CPs, injections of incobotulinum toxin (Xeomin®) were performed. On the 3rd CP, significantly (p<0.05) better results were obtained in

the 1st group according to tests: 10MWT (0.49 and 0.56 m/s), BBT (46 and 49), TS (144° and 155°). Comparison of group differences between

the 1st and 3rd CPs showed an absolute increase in test results (p<0.01): 10MWT (0.07 and 0.12 m/s), BBT (3.5 and 8.5), TS (14.5° and 22°).

Improvement in gait indicators on the third CP demonstrates the potentiating effect of BONT injections and ES exercises. 

Conclusion. ES ExoAtlet use is a promising technique for restoring gait: the combined use of an exoskeleton and BONT gives a pronounced

potentiating effect. 
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Disability caused by brain injuries of various etiologies in

the vast majority of cases accompanies movement disorders.

According to various estimates, walking disorders affect from 460

thousand to 1.5 million out of the 12 million disabled people liv-

ing in the Russian Federation [1]. Long-term neurological

deficits mainly persist in the consequences of stroke and brain

injury, which are most often characterized by the formation of

spastic hemiparesis. At the same time, the rehabilitation

approach underlying the International Classification of

Functioning, Disability and Health (ICF, 2001) allows us to con-

sider the problems of patients considering only their syndromes,

regardless of the etiology of brain damage [2].

The features of the sanogenesis of central nervous system

injuries associated with the processes of neuroplasticity lead to

the formation of compensatory functional systems in the early

recovery period, which further complicate restoring the move-

ments to their former capability. One of them is a pathological

stereotype of walking, the direct causes of which are muscle

weakness and a violation of proprioception, leading to violations

of the body schema and postural stability, the development of

spasticity and postural anxiety-phobic disorder [3, 4].

The popular statement that «walking is trained only in

walking» allows you to encourage the patient to practice using

walkers, rollators and bars, which, unfortunately, does not allow

you to re-form the correct image of walking with the correction of

pathological stereotypes and syndromes [4–7]. Physical therapy

specialists do not have the physical ability to simultaneously con-

trol the position of the pelvis, back, hip, lower leg and foot to

restore the physiological pattern of walking, so physical therapy

classes often restore the ability to move, but through the forma-

tion and consolidation of pathological stereotypes – as the only

possible option at this stage of sanogenesis and rehabilitation.

Currently, there is a limited number of methods that can create a

permanent correction system that functions directly during walk-



ing and has a neuromodulating effect – this is the correction of

muscle tone in the treatment of spasticity, taping and the use of

functional electrical stimulation.

Treatment of spasticity with botulinum neurotoxin (BoNT)

is currently the most obvious and accessible method, which has

become a full-fledged medical technology over the past 3–

4 years. It includes original methods: manual muscle spasticity

testing, comprehensive assessment of spasticity and paresis on the

Tardieu scale (TS), targeted administration of BoNT using ultra-

sound (US) and electromyographic navigation [8–10]. At the

same time, botulinum therapy, pushing the framework of the

«rehabilitation window», opens up opportunities for further reha-

bilitation, but cannot replace it [11].

The duration of adaptation, the physical and financial costs

of patient management, the lack of staff and the limitations of the

time of hospitalization determine the growing need for the devel-

opment of new effective means and methods of rehabilitation

[12]. One of these opportunities is the development and creation

of robotic systems. In the last decade, locomotor assisting robots

(exoskeletons – ES) have been increasingly used to restore walk-

ing, based on the method of external reconstruction of walking

with extensive possibilities for modeling patient movements in

real time [13–18]. Currently, the practice of using two types of ES

designed to restore the function of the lower extremities both sta-

tionary and mobile is being developed in neurorehabilitation.

The most well-known among stationary systems is

Lokomat (Hocoma AG, Switzerland). Walking in this ES is per-

formed on a moving surface with fixed lower limbs in accordance

with the physiological movements of the hip, knee and ankle

joints, with the unloading of body weight and limited or complete

absence of movement of the center of body mass. This does not

allow complex coordinated activity of the muscles of the trunk,

pelvic girdle and extremities, which limits the restoration of their

interaction, does not sufficiently affect proprioception, and this,

in turn, complicates the restoration of balance, muscle control,

balance and body schema. The patient is completely dependent

on the exoconstruction during the training process, which does

not leave him the opportunity to overcome the difficulties of

walking, restore self-confidence and increase motivation. In the

stationary system, there are no visual and spatial changes while

walking, which limits the semantic significance of training, which

is especially important for rehabilitation, i.e. there is no basic bio-

logical meaning of walking «to reach the goal».

The mobile ES is fixed on the patient, equipped with its

own processor, which processes the signals from the sensors and

generates control signals to the drives of the ES. In contrast to sta-

tionary systems, mobile ES has fundamental design and user

advantages [19]. One example of such devices is the original

ExoAtlet ES of domestic production (ExoAtlet LLC, Russia),

which is currently being introduced into rehabilitation practice in

the Russian Federation and is intended for social readaptation

and medical rehabilitation of patients with walking disorders 

[16, 17, 20, 21].

The aim of the study was to evaluate the effectiveness of

using medical exoskeletons and the treatment of spasticity to

restore walking for patients with the consequences of acute brain

damage in the form of spastic hemiparesis.

The patients and the methods used. The effect of the new

rehabilitation equipment on the recovery of walking for patients

with hemiparesis and its combined use with the treatment of spas-

ticity with BoNT drugs was studied. We used: mobile type ES of

domestic production (ExoAtlet); therapeutic exercises to restore

walking (exercise therapy); BoNT (incobotulotoxin – Xeomin ®).

The inclusion and exclusion criteria were determined in

accordance with the study objectives and the ExoAtlet ES

instructions. Also, at the stage of selecting patients, the results of

clinical trials and the accumulated experience with ExoAtlet

equipment, reflected in scientific and methodological publica-

tions, were taken into account [13–15, 22–25]. The reason for

inclusion in the study was the presence of the consequences of

stroke with the development of hemiparesis and impaired walk-

ing. The exclusion criteria were: the presence of joint contrac-

tures; the difference in the length of the legs >2 cm; intolerance

or contraindications to physical exertion, including verticaliza-

tion; severe osteoporosis; <24 points on the Short Mental Status

Assessment Scale; paresis in the leg <2 points on the five-point

muscle strength assessment scale of the Medical Research

Council (MRCS); paresis in the arm <3 points on the MRCS;

spasticity in the arm >2 points on the Modified Ashworth Scale

(MAS).

The study included 42 patients [35 men (83%) and 7 women

(17%)] at the age of 47 to 75 years (average age – 61.2±8.6 years),

who had a stroke from 1.5 years to 4 years ago (average period

after stroke – 2.8±1.1 years) and had spastic hemiparesis and

walking disorders.

The study was an open controlled study with the selection

of the main (n=22) and control (n=20) groups by simple ran-

domization and direct analysis. Patients of the main group

received classes in the ES, the control group-classes in therapeu-

tic gymnastics with walking training (physical therapy). At the

end of the 10-day training course, patients of both groups were

treated for spasticity with BoNT injection.

The examination was carried out according to three

Checkpoint studies (ChpS): the 1st ChpS (day 1) – initial exam-

ination and the beginning of the course of treatment and rehabil-

itation; the 2nd ChpS (12±2 days) – evaluation of the effective-

ness of the 10-day course of training (the main group – in

ExoAtlet, the control group-physical therapy) and the introduc-

tion of 300 to 400 units of incobotulotoxin under ultrasound nav-

igation into the spastic muscles of the leg (the dosage was deter-

mined individually after a manual muscle test); 3rd ChpS scan

(33±2 days) – final assessments of the complex application of the

rehabilitation method (ES or physical therapy) and botulinum

therapy and evaluation of the effectiveness of the treatment of

spasticity (23±2 days after the introduction of BoNT).

To assess the patient's condition and the effectiveness of

rehabilitation measures on ChpS, the following scales were used:

MRCS, MAS, TS; 10-Meter Walk Test (10MWT) and the

Rivermead mobility index (RMI) – to assess walking and mobil-

ity; Berg Balance Scale (BBS) – to assess balance and balance;

Modified Rankin scale (mRS) – to assess activity and participa-

tion [26–33]. A visual analog scale (VAS) was used to assess the

patient's satisfaction with the treatment results.

It should be noted that the design of the study did not allow

the physical therapy specialists to take advantage of the effect of

the introduction of BoNT (BoNT was introduced only after the

methods of physical influence – classes in ES or physical thera-

py). This construction of the study was necessary for the correct

assessment of the effect of physical therapies on spasticity.

During the 10-day training course, in accordance with the

ExoAtlet operating manual, training modes (step-by-step, con-

tinuous, by effort) and the following techniques were used: 1)
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training walking; 2) rhythmic continuous walking; 3) walking

with tension in the mode of effort; 4) alternating walking. Taking

into account the characteristics of patients (hemiparesis), the

software «differentiation by effort» was used for the first time, tak-

ing into account the asymmetry of movement and strength of the

limbs. This allowed us to choose a combination of modes, offer

and test an original method for training patients with hemipare-

sis.

The introduction of BoNT on the 2nd ChpS was carried

out within the framework of the developed technology for the

treatment of spasticity, which includes diagnostics, treatment

methodology and evaluation of its effectiveness [8, 9]. The data

analysis included the assessment of MAS and TS only hamstrings,

the muscles of the posterior surface of the thigh, responsible for

shortening the step with an increase in tone in them and the most

indicative for assessing the effect of ES on spasticity.

The hypothesis of study for the possible recovery of walking

when using the ExoAtlet mobile ES was the following: conduct-

ing a two-week course (10 classes) for 1 hour a day in conditions

of real movement on a flat surface with transferring the body cen-

ter of gravity and a double step of the specified characteristics will

re – induce static and statokinetic reflexes, through the mecha-

nisms of intero-and proprioception, launch the mechanisms of

restoring the image of the body schema and maintaining balance,

destroy the pathological stereotype of walking and activate the

«lumbar locomotor center» [34–37]. Mechanical action on mus-

cle contractures and rhythmic long-term resistance to the stretch

reflex (stretch reflex) will increase the threshold of triggering

muscle spindles and intrafusal fibers, which will reduce the man-

ifestations of spasticity and increase the step length of the paretic

limb. The subsequent use of botulinum therapy will lead to a

mutual potentiation of the effect by reducing the activity of small

α-motor neurons by blocking the release of acetylcholine, which

will create conditions for the consolidation and development of

the rehabilitation effect.

The data was recorded in the individual registration card of

the patient. The formation of an electronic database, statistical

analysis and charting were carried out using the application soft-

ware packages MS Office 2010 and Statistica for Windows 8.0

(StatSoft Inc., USA). The following methods were used: determi-

nation of numerical characteristics of variables and indicators in

the dynamics of changes in the values of variables, estimation of

the normal distribution by the Shapiro–Wilk test, Wilcoxon T-

test (Wilcoxon Matched Pairs Test), Mann–Whitney U–Test

(Mann–Whitney U-Test), correlation coefficient r-Spearman.

The study protocol was approved by the local ethics com-

mittee of the Military Medical Academy. The subjects were

informed about the objectives of the study and signed an informed

consent.

The results. Patients in the main and control groups were

similar in terms of gender, age, disease duration and baseline val-

ues of the estimated parameters (p<0.05). As part of the confir-

mation of the working hypothesis, the following areas of analysis

of the obtained data were formed:

1) evaluation of the effectiveness of the use of medical ES in

the main group of patients in comparison with the control group

(Table. 1);

2) evaluation of the combined effect of ES and botulinum

therapy (Tables 2, 3);

3) assessment of the overall dynamics of the recovery

process in the comparison groups (Table 4).

As can be seen from Table 1, there are several blocks for

assessing vital activity and the degree of influence of ES and exer-

cise therapy on them:

– walking and balance (10MWT, BBT) [27, 33];

– spasticity and muscle contractures (MAS, TS) [9, 31];

– muscle strength indicators (MRCS) [32];

– general rehabilitation assessment (mRS, RMI) [28, 30];

– assessment of the patient's activities (VAS) [29].

The main areas for which significant improvements were

noted were the indicators of balance, walking and spasticity. At

the same time, if balance and walking had positive trends in both

groups (r=+0.65) and were confirmed by a broader RMI score

(r=+0.77), spasticity indicators were characterized by greater

variability in response to the use of ES. This was especially notice-

able for MAS, where indicators had minimal changes in the con-

trol group. The severity of spasticity was the main factor affecting

balance and walking (r=-0.82 and r=-0.51, respectively). The use

of hardware rehabilitation had a positive effect on the stretching

of the muscles in the posterior thigh surface (hamstrings), which

was demonstrated by a significant (p<0.001) dynamics by MAS in

response to the use of ES. The absence of such an effect in the

control group indicated that the usual course of physical therapy

was not sufficient to affect the muscle contracture.

The TS score also allowed us to study the reaction of ham-

strings in case of provoking the stretch reflex [9]. Changes in the

scale indicators, obviously, demonstrated a return inhibition of

the reflex and an increase in the threshold of irritation if provoked

during classes in the apparatus. It was assumed that the use of

BoNT on the 2nd ChpS would strengthen these trends.

The improvement of balance and balance had more stable

and pronounced trends in the main group (Me=44.5; p<0.001)

compared to the control group (Me=42.0; p<0.05).

In addition, there was a positive trend in the 10MWT and

RMI tests, as well as in the VAS indicators, which directly corre-

sponded to changes in the real capabilities of the patient and

affected the assessment of the rehabilitation methods used (Me=4

and Me=3, respectively; p<0.001).

The low significance and dynamics of changes in mRS in

both groups were due to the fact that the study solved only one

of the rehabilitation problems – the restoration of walking,

which did not affect other aspects of human activity included in

the mRS assessment [30]. There were no significant differences

in the severity of paresis according to MRCS [32]. The assess-

ment of the dynamics of changes on the studied scales is pre-

sented in Table 2.

Table 1. Indicators of muscle tone, muscle strength, gait function and
functional independence before (1st ChpS) and after (2nd ChpS) rehabilita-
tion course in both groups, Me [25th; 75th percentile] 

Note. Pairwise comparison before and after rehabilitation in the control

and main groups; * – p<0.05, # – p<0.001; the Wilcoxon T-test is 0.00

in all pairwise measurements.



Analysis of the degree of positive dynamics of the evalua-

tion scales on the 2nd ChpS (see Table. 2) confirms the trends

noted in the intergroup analysis of indicators (see Table 1). The

main areas that can be affected by walking in the apparatus,

namely, a decrease in the severity of muscle contractures in ham-

strings (by 0.5 vs 0.0; p<0.05), a decrease in the reflex muscle

reactivity of hamstrings (by 7 vs 4; p<0.001) and balance training

during movement (by 3 vs 2; p<0.05), were realized through a

pronounced increase in 10MWT (by 0.06 vs 0.04; p<0.001).

0.001) and reflected in the increase in RMI (by 1 vs 0; p<0.05).

The analysis of changes on the 3rd ChpS was the result in

both groups, both for the treatment of spasticity with the intro-

duction of BoNT, and for the rehabilitation methods used. All

indicators on the 3rd ChpS, with the exception of the MRCS and

mRS scores, showed a pronounced prevalence of positive dynam-

ics in the main group. The dynamics of the indicators of balance,

walking, and spasticity in the main group with high significance

(p<0.01 and p<0.001) showed almost twice the increase in the

indicators of these scales in the control group and relative to the

initial data: respectively, BBT-8.5 vs 3.5 and 3.0 points; MAS –

1.0 vs 0.5 and 0.5 points; TS-22.0° vs 14.5° and 7.0°. The main

indicator demonstrating the achievement of the patient's rehabil-

itation goal which was the increase in speed and confidence in

walking 10MWT, the increase of which also showed a twofold

excess compared to the control group and the initial data (0.12 vs

0.06 and 0.07 m/s, respectively). This was also reflected in the

VAS indicators, which demonstrated the patient's satisfaction

with the treatment (7 vs 4 and 3 points, respectively; p<0.001).

To demonstrate the changes in the absolute values of the

evaluation scales between the initial and final data of patients of

both groups, an analysis of the effectiveness of BoNT administra-

tion was performed; its results are presented in Table. 3.The data

of the general group (n=42) are presented as the initial indicators.

When analyzing the data presented in Table 3, the indica-

tors of 10MWT (0.56 m/s) and TS of hamstrings (255°) deserve

special attention. Normal indicators of a healthy person are a

comfortable walking speed of 0.59 m / s and TS indicators for

hamstrings of 260–270°.

The dynamics of the recovery process were evaluated by

calculating the coefficients of absolute advance on the scales and

its average value (see Table 4). The evaluation scales, that did not

show significant differences in the dynamics, were not taken into

account.

The analysis of the presented calculations showed the

severity of changes per unit of time in the intergroup analysis (see

Table 4). With this method, the integral severity of the effect of the

use of ES on the six presented scales was 65.5%. At the same time,

it should be taken into account that in this case it was impossible

to take into account the potential effects of complex rehabilita-

tion and ES.

Discussion. The results of pilot studies of the use of

ExoAtlet ES for patients with injuries and diseases of the central

nervous system revealed its effectiveness in a number of indicators

[6, 38]. The main attention of research is focused on the study of

the effectiveness of robotic systems in the rehabilitation for

patients with paraparesis due to spinal cord injuries of various eti-

ologies (autoimmune, traumatic, vascular) [5–7, 13, 14, 20, 22].

When dealing with asymmetric neurological deficits (hemi-

paresis), there is always a question of the adequacy of the efforts

generated by robot-assisted systems. At the same time, the results

of studies devoted to the restoration of movement for patients

who have suffered brain damage, as a rule, do not have a sufficient

number of observations and are ambiguous in the choice of

assessment methods [12, 16, 21, 23, 24]. So, for example, in the

work of E.V. Pismennaya et al. [39] a full assessment of biome-

chanics was also carried out after a course of training in ExoAtlet

ES for patients with the consequences of ONMC. There was an

improvement in all the main characteristics of the step and an

increase in the speed of movement, while the study was per-

formed on five patients, spasticity was not evaluated, and the

question of the correctness of the use of clinical and rehabilitation

scales remained unresolved.

Design by A. Picelli et al. [40] is based on the study of the

effect of ES on the spasticity of the lower leg muscles that cause

equinovarus deformity of the foot. The study was conducted

against the background of already conducted treatment of BoNT
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Table 2. Comparison of the absolute increases in the indices of 
the assessment scales on the 2nd ChpS and 3rd ChpS in both groups, 
Me [25th; 75th percentile]

Note. The significance of differences between the main and control

groups on the 2nd and 3rd ChpS: * – p<0.05; # – p<0.01; the Wilcoxon

T-test is 0.00 in all pairwise measurements.

Table 3. Comparison of rating scales results after injection of BoNT i
n the 3rd ChpS and the initial data of the general group, Me [25th; 75th
percentile]

Table 4. Comparative assessment of the dynamics (between 1st and 3rd

ChpSs) of the recovery process in the study groups
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spasticity. Both in the control group and in the main group, it was

shown that training in ES did not affect the already achieved

effects of BoNT, but improved the indicators of walking speed. D.

Erbil et al. [41] used a similar work design, but the emphasis was

on assessing balance and mobility indicators. We compared the

groups of patients who underwent stroke, after treatment of

BoNT spasticity, as well as those who received physical therapy

and ES classes. Improved balance and walking and reduced spas-

ticity were shown in both groups, with significant prevalence of

balance and mobility indicators in the ES group. The design of

both of these studies excludes the possibility of assessing the direct

impact of ES on spasticity. The muscles selected for the analysis

are not indicative, since the main obvious effect of ES has on the

mechanics of movement in the knee and hip joints, which was

clearly shown in their work on changing the biomechanics of

walking by E. V. Pismennaya et al. [39]. The construction of our

work, on the contrary, makes it possible to assess the isolated

effect of ES on walking performance and spasticity, while the group

of muscles of the posterior thigh surface was chosen as the study

group. The subsequent use of BoNT gave consolidation of the

effects and developed the trends identified during training in ES.

In general, the results of the study confirmed the formulat-

ed working hypothesis. The observed decrease in the severity of

spasticity (demonstrated by the MAS and TS data) combined

with the use of ExoAtlet and BoNT ES can be explained by

mechanical stretching of muscle contractures and an increase in

triggering the threshold of the stretch reflex. Traditionally, one of

the important indicators of neurological deficits is the degree of

paresis severity according to MRCS [32]. The lack of dynamics of

this indicator is quite understandable, since the restoration of

muscle strength is possible only through independent training and

cannot be achieved by hardware techniques. The walking score

(10MWT) and mobility score (RMI) are actually integral indica-

tors which demonstrate the end result and the expansion of life

opportunities for a particular patient. The positive dynamics of

10MWT was based on both an increase in the step length achieved

by reducing spasticity and contracture, and an improvement in

balance and related effects. A similar situation was with RMI. The

less pronounced dynamics (compared to 10MWT) is quite under-

standable, since its calculation includes parameters that could not

be trained with the help of ES classes (lifting objects from the

floor, taking a bath, etc.) [28, 33]. Obviously, in this case, 10MWT

was the most indicative test with high environmental friendliness

in terms of assessing the recovery of walking and assessing the

impact of the use of ES on the restoration of real life activity.

Special attention should be paid to the results that demon-

strate an improvement in balance and correlate with an increase

in walking speed. According to the literature, the use of stationary

ES (such as Lokomat) does not demonstrate such results [16–18,

39, 42, 43]. These achievements, apparently, are connected with

the capabilities of mobile ES, which include ExoAtlet, namely,

with real movement in space with full weight transfer of the body

and the work of the muscles of the back and pelvic girdle. The

«effort differentiation» mode used for the first time allowed cor-

recting the asymmetry of neurological deficits, improving the

dynamics of recovery of walking speed and confidence in patients

with the consequences of brain damage. The statistically signifi-

cant improvement in balance and balance revealed by us in the

course of the study against the background of ExoAtlet ES and

BoNT injections, compared with the control group, is probably

due to the compensation of several links in the pathogenesis of

walking disorders:

– balance training in the process of real movement;

– activation of the intero-and proprioreceptor apparatus of

joints and tendons in the process of real movement;

– a positive request to segmental systems for the formation

of a balanced walk;

– psychoemotional training to overcome postural-phobic

disorder;

– training of static and statokinetic reflexes.

The methods used and the results achieved characterize an

increase in the ability to move (speed, stability), but cannot show

changes in the quality of walking. To assess the quality of walking

and its compliance with physiological biomechanics, it is neces-

sary to conduct research in a full-fledged laboratory of walking

and video analysis of movement (gate analysis).

Conclusion. Therefore, it should be noted that it looks

promising to use ES in the complex rehabilitation of patients suf-

fering from consequences of brain damage, which allows to

increase the efficiency of restoring the speed and confidence of

walking through the mechanisms of restoring balance, reducing

the severity of muscle contractures and destroying the pathologi-

cal stereotype of walking in the conditions of real movement

model implementation. The combined use of ES with incobotu-

lotoxin (Xeomin) showed a mutual potentiation of the effects,

and BoNT in a total dosage of 300 to 400 Units, in turn, demon-

strated the effectiveness and safety in the treatment of spasticity of

the muscles of the lower extremities. The developed scheme of

complex application of exorehabilitation and botulinum therapy

for restoring walking has shown its effectiveness and is appropri-

ate for use for patients with the consequences of brain damage,

accompanied by hemiparesis and movement disorders. Its use

allows us to expect an increase in the walking speed from 0.4 to

0.56 m/s, bringing these characteristics of the patient closer to the

indicators of the normal speed of comfortable walking. The use of

ES cannot reduce the specific period of rehabilitation and the

period of hospitalization, but, having a higher efficiency and the

possibility of achieving a positive result, it allows to count on

reducing the overall duration of rehabilitation and the number of

hospitalizations.

To study the mechanisms of the restorative effects of ES, to

clarify the degree of influence of the proposed methods in

patients with different etiologies of brain damage, further studies

are required.

1. Ткаченко ПВ, Даминов ВД, Карпов ОЭ.

Использование экзоскелета в комплексной

реабилитации пациентов с позвоночно-

спинномозговой травмой. Вестник 

восстановительной медицины.

2017;78(2):126-32.

[Tkachenko PV, Daminov VD, Karpov OE.

Application of exoskeleton exoatlet in complex

rehabilitation of the spinal cord injury patients.

Vestnik vosstanovitel'noy meditsiny.

2017;78(2):126-32 (In Russ.)].

2. International classification of functioning,

disability and health: ICF. Geneva: World

Health Organization; 2001. 311 р.

3. Коваленко АП. Патофизиология спасти-

ческого пареза. Гипотеза «незавершённого

R E F E R E N C E S



O R I G I N A L  I N V E S T I G A T I O N S  A N D  M E T H O D S

Nevrologiya, neiropsikhiatriya, psikhosomatika = Neurology, Neuropsychiatry, Psychosomatics. 2021;13(2):56–646

движения». Вестник Российской военно-ме-

дицинской академии. 2019;111(12):54-61. 

[Kovalenko AP. Pathophysiology of spastic

paresis. The hypothesis of «incomplete move-

ment». Vestnik Rossiyskoy voyenno-meditsinskoy

akademii. 2019;111(12):54-61 (In Russ.)].

4. Коваленко АП, Мисиков ВК. 

Ботулинический токсин в лечении спастич-

ности нижней конечности при повреждени-

ях головного мозга. Журнал неврологии

и психиатрии им. С.С. Корсакова.

2018;118(9):28-34.

[Kovalenko AP, Misikov VK. Botulinum toxin

in treatment of lower limb spasticity in patients

with brain damage. Zhurnal nevrologii i psikhia-

trii im. S.S. Korsakova. 2018;118(9):28-34 

(In Russ.)].

5. Даминов ВД, Горохова ИГ, Ткаченко ПВ.

Антигравитационные технологии восстано-

вления ходьбы в клинической нейрореаби-

литации. Вестник восстановительной меди-

цины. 2015;(4):33-6.

[Daminov VD, Gorokhova IG, Tkachenko PV.

Antigravity technologies for walking recovery 

in clinical rehabilitation. Vestnik vosstanovitel'noy

meditsiny. 2015;(4):33-6 (In Russ.)].

6. Даминов ВД. Роботизированная локо-

моторная терапия в нейрореабилитации.

Вестник восстановительной медицины.

2012;(1):57-62.

[Daminov VD. Robotic locomotor therapy 

in neurorehabilitation. Vestnik vosstanovitel'noy

meditsiny. 2012;(1):57-62 (In Russ.)].

7. Конева ЕС, Лядов КВ, Шаповаленко ТВ,

Серебряков АБ. Восстановление стереотипа

ходьбы с использованием роботизирован-

ного устройства у пациентов после тоталь-

ного эндопротезирования коленных суста-

вов. Травматология и ортопедия России.

2013;2(68):31-8.

[Koneva ES, Lyadov KV, Shapovalenko TV,

Serebryakov AB. The restoration of walking

stereotype with robotic device in patients after

knee replacement. Travmatologiya i ortopediya

Rossii. 2013;2(68):31-8 (In Russ.)].

8. Коваленко АП, Мисиков ВК. Атлас

ультразвуковой визуализации мышц для 

ботулинотерапии. Спастичность. Диагно-

стика и лечение. Методическое руководст-

во. Санкт-Петербург: Либрайт; 2020. 264 с.

[Kovalenko AP, Misikov VK. Atlas ul'-

trazvukovoy vizualizatsii myshts dlya botulinoter-

apii. Spastichnost'. Diagnostika i lecheniye.

Metodicheskoye rukovodstvo [Atlas of ultrasound

imaging of muscles for botulinum therapy.

Spasticity. Diagnostics and treatment.

Methodical guidance]. St Petersburg: Librayt;

2020. 264 p. (In Russ.)].

9. Коваленко АП, Мисиков ВК, Искра ДА

и др. Шкала Тардье в диагностике спастич-

ности. Журнал неврологии и психиатрии

им. С.С. Корсакова. 2019;119(9):83-90.

[Kovalenko AP, Misikov VK, Iskra DA, et al.

Tardue scales in the diagnostic of spasticity.

Zhurnal nevrologii i psikhiatrii im.

S.S. Korsakova. 2019;119(9):83-90 (In Russ.)].

10. Коваленко АП, Синельников КА, 

Шамигулов ВД и др. Картирование мотор-

ных точек мышц конечностей для таргетно-

го введения ботулинического токсина при

лечении фокальной и сегментарной спа-

стичности. Неврология, нейропсихиатрия,

психосоматика. 2020;12(6):61-70. 

doi: 10.14412/2074-2711-2020-6-61-70 

[Kovalenko AP, Sinelnikov KA, Shamigulov VD,

et al. Mapping the limb muscle motor points 

for targeted administration of botulinum toxin

in the treatment of focal and segmental spastici-

ty. Nevrologiya, neiropsikhiatriya, psikhosomatika

= Neurology, Neuropsychiatry, Psychosomatics.

2020;12(6):61-70. doi: 10.14412/2074-2711-

2020-6-61-70 (In Russ.)].

11. Искра ДА, Коваленко АП, 

Кошкарев МА, Дыскин ДЕ. Спастичность:

от патофизиологии к лечению. Журнал 

неврологии и психиатрии им. С.С. Корсакова.

2018;118(10):108-14.

[Iskra DA, Kovalenko AP, Koshkarev MA,

Dyskin DE. Spasticity: from pathophysiology 

to treatment. Zhurnal nevrologii i psikhiatrii im.

S.S. Korsakova. 2018;118(10):108-14 

(In Russ.)].

12. Jung H, Ko C, Kim JS, et al. Alterations 

of relative muscle contribution induced by

hemiplegia: Straight and turning gaits. Int J

Precis Eng Manufact. 2015;16(10):2219-27. 

doi: 10.1007/s12541-015-0286-8

13. Ткаченко ПВ, Даминов ВД, Карпов ОЭ.

Использование экзоскелета в комплексной

реабилитации пациентов с позвоночно-

спинномозговой травмой. Вестник восста-

новительной медицины. 2017;78(2):126-32.

[Tkachenko PV, Daminov VD, Karpov OE.

Application of exoskeleton exoatlet in complex

rehabilitation of the spinal cord injury patients.

Vestnik vosstanovitel'noy meditsiny.

2017;78(2):126-32 (In Russ.)].

14. Котов СВ, Лиждвой ВЮ, Секирин АБ

и др. Эффективность применения экзоске-

лета ExoAtlet для восстановления функции

ходьбы у больных рассеянным склерозом.

Журнал неврологии и психиатрии

им. С.С. Корсакова. Спецвыпуски.

2017;117(10):41-7.

[Kotov SV, Lizhdvoy VYu, Sekirin AB, et al.

The efficacy of the exoskeleton ExoAtlet to

restore walking in patients with multiple sclero-

sis. Zhurnal nevrologii i psikhiatrii im.

S.S. Korsakova. Spetsvypuski. 2017;117(10):41-7

(In Russ.)].

15. Макарова МР, Лядов КВ, Турова ЕА,

Кочетков АВ. Возможности современной

механотерапии в коррекции двигательных

нарушений неврологических больных. 

Вестник восстановительной медицины.

2014;(1):54-62.

[Makarova MR, Lyadov KV, Turova EA,

Kochetkov AV. Possibilities of modern mechan-

ical therapy in the correction of motor 

disorders of neurological patients. Vestnik

vosstanovitel'noy meditsiny. 2014;(1):54-62 

(In Russ.)].

16. Клочков АС, Черникова ЛА. Роботизи-

рованные системы в восстановлении навы-

ка ходьбы у постинсультных пациентов. 

Вестник восстановительной медицины.

2014;(3):54-5.

[Klochkov AS, Chernikova LA. Robotic systems

in the restoration of walking skills in post-stroke

patients. Vestnik vosstanovitel'noy meditsiny.

2014;(3):54-5 (In Russ.)].

17. Guidali M, Duschau-Wicke A, Broggi S, 

et al. A robotic system to train activities of daily

living in a virtual environment. Med Biol Eng

Comput. 2011 Oct;49(10):1213-23. 

doi: 10.1007/s11517-011-0809-0. 

Epub 2011 Jul 28.

18. Воробьев АА, Андрющенко ФА, Засып-

кина ОА и др. Терминология и классифика-

ция экзоскелетов. Вестник Волгоградского

государственного медицинского университе-

та. 2015;3(55):71-7.

[Vorob'yev AA, Andryushchenko FA, 

Zasypkina OA, et al. Terminology and classifi-

cation of exoskeleton. Vestnik Volgogradskogo

gosudarstvennogo meditsinskogo universiteta.

2015;3(55):71-7 (In Russ.)].

19. Wolbrecht ET, Chan V, Le V, et al. 

Real-time computer modeling of weakness fol-

lowing stroke optimizes robotic assistance for

movement therapy. In: 2007 3rd International

IEEE/EMBS Conference on Neural

Engineering. IEEE; 2007. P. 152-8.

20. Бушков ФА, Клещунов СС, Косяева СВ

и др. Клиническое исследование примене-

ния экзоскелета «ExoAtlet» у спинальных

пациентов. Вестник восстановительной ме-

дицины. 2017;78(2):90-100.

[Bushkov FA, Kleshchunov SS, Kosyayeva SV,

et al. Clinical trial applications of the locomo-

tion exoskeleton «ExoAtlet» in spinal patients.

Vestnik vosstanovitel'noy meditsiny.

2017;78(2):90-100 (In Russ.)].

21. Abdollahi F, Case Lazarro ED, 

Listenberger M, et al. Error augmentation

enhancing arm recovery in individuals 

with chronic stroke: a randomized crossover

design. Neurorehabil Neural Repair. 2014

Feb;28(2):120-8. 

doi: 10.1177/1545968313498649. 

Epub 2013 Aug 8.

22. Cruciger O, Schildhauer TA, Meindl RC, 

et al. Impact of locomotion training with a neu-

rologic controlled hybrid assistive limb (HAL)

exoskeleton on neuropathic pain and health

related quality of life (HRQoL) in chronic SCI:

a case study. Disabil Rehabil Assist Technol. 2016

Aug;11(6):529-34. 

doi: 10.3109/17483107.2014.981875. Epub 2014

Nov 10.

23. Kasai R, Takeda S. The effect of a hybrid

assistive limb® on sit-to-stand and standing pat-

terns of stroke patients. J Phys Ther Sci. 2016

Jun;28(6):1786-90. doi: 10.1589/jpts.2016.1786.

Epub 2016 Jun 28.

24. Mehrholz J, Elsner B, Werner C, et al.

Electromechanical-assisted training for walking

after stroke. Cochrane Database Syst Rev. 2013

Jul 25;2013(7):CD006185. 

doi: 10.1002/14651858.CD006185.pub3.

25. Casadio M, Sanguineti V. Learning, reten-

tion, and slacking: a model of the dynamics of



O R I G I N A L  I N V E S T I G A T I O N S  A N D  M E T H O D S

Nevrologiya, neiropsikhiatriya, psikhosomatika = Neurology, Neuropsychiatry, Psychosomatics. 2021;13(2):56–64 7

recovery in robot therapy. IEEE Trans Neural

Syst Rehabil Eng. 012 May;20(3):286-96. 

doi: 10.1109/TNSRE.2012.2190827. Epub 2012

Apr 16.

26. Коваленко АП, Камаева ОВ, Мисиков ВК

и др. Шкалы и тесты для оценки эффектив-

ности лечебно-реабилитационных меропри-

ятий у пациентов со спастичностью нижней

конечности. Журнал неврологии и психиат-

рии им. С.С. Корсакова. 2018;118(5):120-8.

doi: 10.17116/jneuro201811851120

[Kovalenko AP, Kamayeva OV, Misikov VK, 

et al. Scales and tests in the rehabilitation and

treatment of patients with spasticity of the lower

limbs. Zhurnal nevrologii i psikhiatrii im.

S.S. Korsakova. 2018;118(5):120-8. 

doi: 10.17116/jneuro201811851120 (In Russ.)].

27. Blum L, Korner-Bitensky N. Usefulness 

of the Berg Balance Scale in stroke rehabilita-

tion: a systematic review. Phys Ther. 2008

May;88(5):559-66. doi: 10.2522/ptj.20070205.

Epub 2008 Feb 21.

28. Collen FM, Wade DT, Robb GF, 

Bradshaw CM. The Rivermead mobility index:

a further development of the Rivermead motor

assessment. Int Disabil Stud. Apr-Jun 1991;

13(2):50-4. doi: 10.3109/03790799109166684

29. Crichton N. Visual analogue scale (VAS). 

J Clin Nurs. 2001;10(5):706-6.

30. Quinn TJ, Dawson J, Walters M, Lees KR.

Reliability of the modified Rankin Scale: a sys-

tematic review. Stroke. 2009 Oct;40(10):3393-5.

doi: 10.1161/STROKEAHA.109.557256. 

Epub 2009 Aug 13.

31. Bohannon RW, Smith MB. Interrater relia-

bility of a modified Ashworth scale of muscle

spasticity. Phys Ther. 1987 Feb;67(2):206-7. 

doi: 10.1093/ptj/67.2.206

32. Van der Ploeg RJO, Oosterhuis H,

Reuvekamp J. Measuring muscle strength. 

J Neurol. 1984;231(4):200-3. 

doi: 10.1007/BF00313939

33. Watson MJ. Refining the ten-metre walking

test for use with neurologically impaired people.

Physiotherapy. 2002;88(7):386-97. 

doi: 10.1016/S0031-9406(05)61264-3

34. Бернштейн НА. Очерки по физиологии

движений и физиологии активности. 

Москва: Наука; 1990. 

[Bernnsain NA. Ocherki po fiziologii dvizheniy 

i fiziologii aktivnosti [Essays on the physiology 

of movements and physiology of activity].

Moscow: Nauka; 1990 (In Russ.)].

35. Гранит Р. Основы регуляции движений.

Пер. с англ. Под ред. Гурфинкеля В.С.

Москва: Мир; 1973. 

[Granite R. Osnovy regulyatsii dvizheniy 

[The Basics of the regulation of movements].

Ed. Gurfinkel VS. Moscow: Mir; 1973 

(In Russ.)].

36. Суханов ВБ. Общая система симметрич-

ной локомоции наземных позвоночных

и особенности передвижения низших 

тетрапод. Ленинград: Наука; 1968. 

[Suchanov VB. Obshchaya sistema simmetrich-

noy lokomotsii nazemnykh pozvonochnykh 

i osobennosti peredvizheniya nizshikh tetrapod

[General system of symmetric locomotion 

of terrestrial vertebrates and peculiarities 

of movement of lower tetrapods]. Leningrad:

Nauka; 1968 (In Russ.)].

37. Янсон ХА. Биомеханика нижней 

конечности человека. Рига: Зинатне; 1975. 

[Yanson KhA. Biomekhanika nizhney 

konechnosti cheloveka [Biomechanics 

of the human lower limb]. Riga: Zinatne; 1975

(In Russ.)].

38. Котов СВ, Исакова ЕВ, Лиждвой ВЮ

и др. Методические рекомендации по ней-

рореабилитации больных рассеянным 

склерозом, имеющих нарушения ходьбы,

с использованием экзоскелета ExoAtlet. 

Москва; 2018. 26 с.

[Kotov SV, Isakova EV, Lizhdvoy VYu, et al.

Metodicheskiye rekomendatsii po neyroreabilitat-

sii bol'nykh rasseyannym sklerozom,

imeyushchikh narusheniya khod'by, s ispol'zo-

vaniyem ekzoskeleta ExoAtlet [Methodological

recommendations for neurorehabilitation 

of patients with multiple sclerosis, with walking

disorders, using ExoAtlet exoskeleton].

Moscow; 2018. 26 p. (In Russ.)].

39. Письменная ЕВ, Петрушанская КА, 

Котов СВ и др. Клинико-биомеханическое

обоснование применения экзоскелета 

«Экзоатлет» при ходьбе больных с последст-

виями ишемического инсульта. Российский

журнал биомеханики. 2019;23(2):204-30. 

[Pismennaya EV, Petrushanskaya KA, 

Kotov SV, et al. Clinical and biomechanical

foundation of application of the exoskeleton

exoatlet at walking of patients with poststroke

disturbances. Rossiyskiy zhurnal biomekhaniki =

Russian Journal of Biomechanics.

2019;23(2):204-30 (In Russ.)]. 

40. Picelli A, Bacciga M, Melotti C, et al.

Combined effects of robot-assisted gait training

and botulinum toxin type A on spastic equinus

foot in patients with chronic stroke: a pilot, sin-

gle blind, randomized controlled trial. Eur J

Phys Rehabil Med. 2016 Dec;52(6):759-66.

Epub 2016 Apr 21.

41. Erbil D, Tugba G, Murat TH, et al. Effects

of robot-assisted gait training in chronic stroke

patients treated by botulinum toxin-a: A pivotal

study. Physiother Res Int. 2018 Jul;23(3):e1718.

doi: 10.1002/pri.1718. Epub 2018 May 28.

42. Meng W, Liu Q, Zhou Z, et al. Recent

development of mechanisms and control strate-

gies for robot-assisted lower limb rehabilitation.

Mechatronics. 2015;31:132-45. 

doi: 10.1016/j.mechatronics.2015.04.005

43. Zhang X, Yue Z, Wang J. Robotics 

in lower-limb rehabilitation after stroke. 

Behav Neurol. 2017;2017:3731802. 

doi: 10.1155/2017/3731802. Epub 2017 Jun 8.

Received/Reviewed/Accepted

11.02.2021/15.03.2021/17.03.2021

Conflict of Interest Statement 

This article has been supported by Merz. The sponsor has participated in the development of the investigation project and supported

the investigation program, as well as in the decision to submit the article for publication. The conflict of interest has not affected the

results of the investigation. The authors are solely responsible for submitting the final version of the manuscript for publication. All the

authors have participated in developing the concept of the article and in writing the manuscript. The final version of the manuscript has

been approved by all the authors.

Kovalenko А.P. https://orcid.org/0000-0001-5762-5632

Rodionov А.S. https://orcid.org/0000-0002-7455-8600

Kremlev D.I. https://orcid.org/0000-0001-7919-3383

Averkiev D.V. https://orcid.org/0000-0002-4377-0115

Lobsin V.U. https://orcid.org/0000-0003-3109-8795

Guseva А.V. https://orcid.org/0000-0003-4923-9154


