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BACKGROUND

Currently, one of the main objectives of early 

rehabilitation among the patients after an acute 

cerebrovascular event (CVA) is restoring the functions 

of walking without assistance [1, 2].

It is known that, already at the early stage after 

the CVA, hemiparesis typically develops, which is 

associated with gait abnormalities caused by the 

developing asymmetry both in the spatial and the 

timing parameters of the step cycle, which significantly 

restricts the ability of unassisted walking, also affecting 

the balance control, leading to the increased risk of 

falling [3, 4].

According to the data from the research on the 

biomechanics of walking, the gait parameters in 

patients with a past episode of stroke show typical 

impairment patterns of this function [5–8]. The 

patients after a cerebral stroke have lower walking 

speed with their gait being аsymmetrical by many 

parameters, the stance phase on the paretic side is 

significantly shorter than the one on the contralateral 

side. Significantly less is the amplitude of motions in 
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ABStRACt

Multi-channel functional electrostimulation (MFES) represents a promising method for the rehabilitation 

of post-stroke patients, aimed at restoring the walking function in various periods after an acute 

cerebrovascular event. The review systematizes the modern concepts of using the MFES in patients with 

the consequences of cerebral stroke, analyzing the technical parameters of stimulation, the methodical 

approaches to conducting the procedures and the clinical efficiency of the method. The analysis of 

literature data demonstrates significant variability of MFES protocols: the stimulation frequency varies 

from 20 to 100 Hz, the duration of the procedure ranges from 15 to 60 minutes, the treatment course 

can last from 3 to 30 weeks. The main targets of stimulation are the four groups of muscles in the lower 

limbs — the anterior tibial muscle, the plantar flexors, the quadriceps muscle of thigh and the group of 

muscles on the posterior surface of thigh. The synchronization of stimulation with the walking cycle is 

conducted predominantly by means of contact sensors, accelerometers and electromyographic signals; 

modern developments include the inertial systems and the machine learning algorithms. The review 

presents a combined analysis of the technical aspects of MFES from the point of view of staging of motor 

learning and individualization of the stimulation parameters. Special attention was paid to the integration of 

MFES with the robotic devices, including the exoskeletons, which represents a new trend in rehabilitation. 

Along with the absence of the unified criteria for choosing the stimulation parameters, it is worth noting 

that there is a necessity of differentiated approach depending on the type of motor disorders, on the 

duration of the disease and on the cognitive capabilities of the patient. The analysis presented justifies the 

necessity of developing personalized MFES protocols and arranging a large-scale research for optimizing 

the stimulation parameters in the rehabilitation of post-stroke patients. 
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the joints on the paretic side [5–7]. Electromyographic 

(EMG) examinations of the muscles in the lower 

limbs in hemiparetic patients show the changes in 

the electric activity of muscles, which manifests by 

the absence or by the decrease in the amplitudes  

and by the presence of pre-term or delayed muscle 

activity peaks [8].

One of the variants of restoring the walking function 

in general and of achieving the walking symmetry in 

particular is the method of repeated teaching the 

motor skills, for which, the high-intensity repeating 

specific training sessions are necessary at the early 

period of rehabilitation after the CVA [9]. One of the 

promising methods of restoring the walking function is 

Многоканальная функциональная электростимуляция:  

метод восстановления функции ходьбы у пациентов, 

перенёсших острое нарушение мозгового кровообращения 

Д.В. Скворцов1, 2, 3, Л.В. Климов1, Д.А. Лобунько1, Г.Е. Иванова1, 2 
1 Федеральный центр мозга и нейротехнологий, Москва, Россия;

2 Российский национальный исследовательский медицинский университет имени Н.И. Пирогова, Москва, Россия;

3 Федеральный научно-клинический центр специализированных видов медицинской помощи и медицинских технологий, 

Москва, Россия 

АннотАцИя

Многоканальная функциональная электростимуляция (МФЭС) представляет собой перспектив-

ный метод реабилитации постинсультных больных, направленный на восстановление функции 

ходьбы в различные периоды после острого нарушения мозгового кровообращения. Обзор сис-

тематизирует современные представления о применении МФЭС у пациентов с последствиями 

церебрального инсульта, анализируя технические параметры стимуляции, методические подходы 

к проведению процедур и клиническую эффективность метода. Анализ литературных данных де-

монстрирует значительную вариабельность протоколов МФЭС: частота стимуляции варьирует от 

20 до 100 Гц, длительность процедур составляет от 15 до 60 минут, курс лечения может продолжать-

ся от 3 до 30 недель. Основными мишенями воздействия являются четыре группы мышц нижних 

конечностей — передняя большеберцовая мышца, подошвенные сгибатели, четырёхглавая мыш-

ца бедра и группа мышц задней поверхности бедра. Синхронизация стимуляции с циклом ходьбы 

осуществляется преимущественно посредством контактных датчиков, акселерометров и электро-

миографических сигналов; современные разработки включают инерциальные системы навигации 

и алгоритмы машинного обучения. В обзоре представлен комплексный анализ технических аспек-

тов МФЭС с позиций этапности двигательного обучения и индивидуализации параметров стимуля-

ции. Особое внимание уделено интеграции МФЭС с робототехническими устройствами, включая 

экзоскелеты, что представляет новое направление в реабилитации. Наряду с отсутствием единых 

критериев выбора параметров стимуляции следует отметить необходимость дифференцированно-

го подхода в зависимости от типа двигательных нарушений, периода заболевания и когнитивных 

возможностей пациента. Представленный анализ обосновывает необходимость разработки пер-

сонализированных протоколов МФЭС и проведения масштабных исследований для оптимизации 

параметров стимуляции в реабилитации постинсультных больных. 
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the method of functional electrostimulation of muscles 

(FES)1. Specifically, this context of fulfilling a certain 

functional task, as it was initially described by the 

authors of the method — J.H. Moe and H.W. Post [10], 

makes this field topical in modern rehabilitation. In 

particular, FES is used for reproducing the example 

of automatic activation of muscles in the lower limbs 

during the process of restoring the walking function [11], 

and specifically for this purpose, the artificial external 

excitation of muscles with electric current is used.

The mechanism of FES efficiency, nevertheless, 

remains unclear. For example, in the research by 

G.F. Santos et al. [12], it was found that FES improves 

walking in patients with a foot drop syndrome, with 

this, the basis of this effect is not evident.

The MFES method was assessed as promising in 

terms of restoring the walking function, beginning from 

the early rehabilitation period after the cerebral stroke 

and up to the onset of the residual neurological deficit 

period. Thus, at the early recovery period, when the 

pathological gait is still at the development phase,  

the use of MFES, evidently can be associated with 

higher efficiency. 

The aim of this research is exploring the possibilities 

of MFES for restoring the walking functions in patients 

with a past episode of cerebral stroke.

Methodology of searching 

the literature sources

For searching the literature sources, the PubMed, 

eLibrary and Google Scholar databases were used.  

The search with a depth of up to 10 years was using the 

following key words and their combinations: “stroke”, 

“CVA”, “rehabilitation”, “walking”, “multi-channel 

functional electrostimulation”, “stroke”, “rehabilitation”, 

“gait”, “multichannel functional electrical stimulation”. 

The inclusion criteria for the analysis were the following: 

the analytical reviews, the clinical and experimental 

research, the recommendations from the scientific 

communities, the full texts of articles in Russian  

or in English. 

Exclusion criteria: clinical cases; research works 

devoted to the foot drop syndrome; the ones where 

stimulation was applied to only one muscle; the use 

of implanted stimulation systems; other methods of 

walking, except the common one or the static position; 

1 Decree issued by the Ministry of Health of Russia dated July 31, 

2020, No. 788n «Concerning the approval of the Procedure of 

organizing the medical rehabilitation of adults». Access mode: 

https://www.garant.ru/products/ipo/prime/doc/74581688/?ysc

lid=mc8qui3cc6321811374

stimulation with using the training devices (exercise 

bicycle and others); research works employing the 

survey method; the ones where stimulation was used 

as the experimental variable; the research works with 

multi-channel constant stimulation; multi-channel 

stimulation in healthy test subjects. 

NUMBER Of ChANNELS 

AND thE MUSCLES StIMULAtED

FES was first used for compensating the foot drop 

syndrome in rehabilitation after a cerebrovascular 

stroke by V.T. Liberson et al. [13] in 1961. The authors 

have obtained positive results of correcting the foot 

drop symptom in patients after the CVA. Later on, 

multiple research works have demonstrated that 

FES is an effective method of improving the motor 

function [14], of increasing the walking speed [15] and 

of decreasing the degree of intensity for spasticity 

after a cerebrovascular stroke. With this, it is known 

that single- or double-channel FES in a sufficiently 

effective way stimulates the dorsal flexing of the ankle 

joint, which is accompanied by the decreased flexing 

amplitude in the knee joint along with the plantar 

flexion of the ankle joint at the second half of the 

stance phase, at the beginning of the swing phase [11], 

decreasing the repulsive momentum generated 

at the end of the stance phase. The application of 

multi-channel FES can compensate and provide the 

insufficient momentum force. In particular, a number of 

research works reported the positive results of using 

MFES in early rehabilitation of individuals after the 

CVA in a context of affecting the balance control and 

mobility. In the research works by the groups headed 

by Z.  Tan [16] and T.  Yan [17], it was demonstrated 

that using the four-channel FES for the main  

flexors-extensor muscles of thigh and shin can improve 

the motor function, the balance, the ability to walk,  

as well as the ability to perform everyday activities in 

CVA patients at the early rehabilitation period.

In the research on the effects of FES of the anterior 

tibial muscle, an effect of increasing the walking speed 

and frequency was described [14], with this, the FES 

of the anterior tibial muscle, of the long peroneal 

muscle, of the quadriceps and the hamstring muscles, 

was to a significant extent increasing the efficiency 

and the speed of walking [18], while the involvement 

of the femoral abductor stimulation into the process 

has stabilized the positioning of the coxofemoral joint 

itself and to a significant extent has increased the 

ability of unassisted walking, contributing to re-gaining  

the balance [19].

https://www.garant.ru/products/ipo/prime/doc/74581688/?ysclid=mc8qui3cc6321811374
https://www.garant.ru/products/ipo/prime/doc/74581688/?ysclid=mc8qui3cc6321811374
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Upon taking off the table the separate topic of 

stimulation in cases of foot drop syndrome, in other 

cases the muscles used for FES are the main flexors-

extensors of the shin and the thigh. When training the 

walking motions using FES, the main target muscles 

are the groups represented in table 1 [17, 20–25].

OptIMAL tIMING pARAMEtERS 

Of fUNCtIONAL ELECtROStIMULAtION

The main MFES parameters may include the 

following: the duration of a single procedure, the 

number of procedures per weeks and the total course 

duration. The conducted research works describe 

various timing parameters of the procedure. For 

example, the possibility of using the stimulation lasting 

from 15–30 minutes [26] to 30–45 minutes [17, 27] was 

studied. In general, it is worth noting that the optimal 

timing of FES, for example, in case of correcting 

the foot drop symptom in CVA patients, can vary 

extensively. In particular, S.K. Sabut et al. [15] report 

the positive results of daily usage of the device with 

sessions lasting 20–30 minutes. Some research works 

describe the gradual increase of session duration (from 

15 minutes during the first week to 30–45 minutes 

in the following weeks [14]), which can contribute to 

better adaptation of patients to electric stimulation 

and can decrease the risk of muscular fatigue at the 

initial stages of rehabilitation, at the same time, the 

stimulation device itself is claimed to be the means of 

prosthetic replacement for the function.

Regarding the frequency of training, the majority of 

FES protocols recommend arranging the sessions not 

less than 5 times a week [17, 28], though no justification 

is provided by the authors. In the research by Z. Hong  

et al. [29] with arranging the FES training sessions 

among the patients at the chronic stage of stroke, 

the sessions lasted 20 minutes 3  times a week for 

7  weeks with good clinical effect. In the systematic 

review published in 2024 [30], the authors came to the 

conclusion that less long training sessions are more 

effective than the long-lasting ones.

Thus, the practice of using FES most frequently 

includes the so-called standard protocols, which are 

used regardless of the stroke period, namely: from 3 to 

5 training sessions a week with the duration from 30 to 

60 minutes depending on the patient status with a total 

course of 3–12 weeks for the purpose of improving the 

walking parameters, such as speed and balance, as well 

as for the correction of spasticity [14, 31]. If necessary, 

the FES duration can reach up to 6 months for achieving 

the stable effect with sessions performed daily or several 

times a week [25]. It was noted that the early initiation 

of FES and its long-term application are of fundamental 

importance for achieving the optimal results. 

Currently, a trend can be seen towards combining 

the MFES itself with other technologies of training to 

walk (treadmill sessions, motorized exercise bicycle 

training sessions etc.) for increasing the functionality of 

the process [32, 33].

MODES Of fUNCtIONAL 

ELECtROStIMULAtION 

Currently, the stimulation models known as the 

variable-frequency trains (VFT), have a number 

of benefits comparing to the traditional constant-

frequency trains (CFT). In particular, it was noted 

that the VFT enhance the isometric [34] and  

non-isometric [35] parameters of the muscles, as 

Table 1

Muscles of the lower limb and their combinations used for functional electrostimulation

Source Stimulated muscles

Allen, 2018 [20]; 

Aout, 2023 [21]

The anterior tibial muscle has the fundamental importance for performing the dorsal 

flexion of the ankle joint at the swing phase 

Allen, 2018 [20]; 

Aout, 2023 [21]

Plantar flexors of the ankle joint are stimulated at the second half of the stance phase 

to improve the repulsion and frontal motion when walking

Hakansson, 2011 [22] Isolated stimulation of only the anterior tibial and gastrocnemial muscle 

Tenniglo, 2018 [23] Stimulation of only the posterior group of thigh muscles

Purohit, 2024 [24]
The quadriceps muscle is being selectively stimulated for the purpose of improving 

the stability of the lower limb

Shin, 2022 [25]
The abductor muscle of the thigh and the gluteus maximus muscle for supporting 

the vertical position of the body when walking

Yan, 2005 [17]

Four muscles simultaneously (main flexors-extensors) — anterior tibial, medial 

gastrocnemial, whole posterior group of thigh muscles and the quadriceps 

muscle of thigh
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shown in the healthy quadriceps muscles of the thigh 

comparing to the CFT of similar frequency, especially 

when the muscles are tired. Besides providing the 

improved performance of skeletal muscles, the VFT are 

considered a more physiologically justified stimulation 

pattern comparing to the CFT [36].

The difficulties of predicting the effect of FES 

have multiple factors, which are difficult to take into 

account in the real-life settings: thus, for example, the 

mode of muscles working can significantly change at 

various motion phases, the response to FES can also 

be different. For more precise exposure, mathematical 

models are being developed that operate the data 

sets accessible as of today [12], nevertheless, the 

information currently available is insufficient and the 

research must be continued.

The main FES parameters in the published articles 

were summarized in table 2 [10, 11, 14–18, 20, 22–24, 

26–28, 31–33, 37–41]. The analysis of stimulation 

parameters has revealed a wide variability of FES 

protocols used by various investigators for various forms 

and clinical stages of stroke. The stimulation frequency 

varies from 30 to 100 Hz with the predominance of the 

30–40 Hz range in the majority of research works. It 

is important to note that only 8 of 22 research works 

state the current force. The average procedure duration 

is approximately 30 minutes with the marginal values 

from 15 to 60 minutes. Notably, the multiplicity of the 

procedures varies from 2 to 7 a week (with a mean of 

5 sessions) and the total course duration — from 3 to 

30 weeks, more often 4–6 weeks.

The synchronization of FES with the walking cycle 

represents a critically important aspect of the effective 

usage of the methods. The analysis of literature data 

shows a variety of synchronization methods applied 

in various researches. Thus, the most widespread is 

the usage of contact switches located in the shoes 

of the patient [14, 18, 21, 22, 37]. Contact sensors 

determine the step cycle, then the algorithm supposes 

the presence of the needed delay before switching on 

one or another channel, however, contact sensors are 

temperamental, they have a certain activation threshold, 

bouncing and other technical drawbacks. More modern 

systems use the data from the accelerometers [27, 38] 

or more complex inertial systems [11], which allows for 

increasing the accuracy of determining the step cycle. 

Some research works employ the synchronization 

based on the EMG-activity of the contralateral limb [16] 

or of the paretic limb itself [32], as well as manual 

activation [10, 17]. Modern developments include the 

integration of inertial sensors (inertial measurement 

unit, IMU) with the algorithms of machine learning [39], 

which potentially can provide a more adaptive and 

personalized synchronization of stimulation with the 

individual features of the pathological gait in a patient.

ExtERNAL ACCESSORIES 

fOR thE MOtION ORGANIzAtION 

The complete correction of known disorders when 

walking using FES is not possible for the majority of 

patients, which is why, during the course of stimulation, 

as well as in everyday life, the patients continue to receive 

aid with special technical means that not just assist the 

movement, but also organize it. Such technical means 

include both the simple ortheses for supporting the 

normal positioning of the ankle joint [40] and much more 

sophisticated training equipment along with walking 

imitators, the robotic devices and neuroprostheses [41]. 

As of today, the hybrid set including the exoskeleton 

combined with FES is estimated as one of the most 

promising technologies for restoring the walking 

function. In a number of research works, it was noted 

that using FES causes the rapid onset of muscular 

fatigue [42], which, in turn, decreases the ability of the 

muscles to maintain or produce the contraction force 

and significantly decreases the training session time. 

Based on this, attempts were made to combine FES 

with passive orthesis [43], which was used to dampen 

the consequences of muscular fatigue, but these 

devices failed to provide an additional torsional moment 

required, in particular, for the knee joints. Autonomous 

exoskeletons [44, 45] can compensate this and other 

moments: in this combination, the supportive robotic 

aid decreases the general operating cycle of muscle 

contractions induced by FES, also delaying the onset 

of muscular fatigue during the course of physical 

exercises with high torsional moment, such as the “sit-

stand”. Besides, active muscle contractions induced 

by FES, promote to the neuroplasticity that restore the 

lost functioning of the limb, unlike the electrically driven 

exoskeletons, which provide only passive motions [46]. 

Exoskeletons with integrated FES have appeared on 

the Russian medical market at the beginning of 2020s. 

The topic of integration was discussed previously [47], 

which lead to the increase in the number of such devices 

offered at the national medical market and allowed for 

arranging a research on the combination of FES when 

moving with the aid of the exoskeleton among the 

patients after a cerebral stroke [48, 49]. The authors have 

revealed a positive effect for the immediate and early 

rehabilitation periods, however, so far the experience of 

using such devices is significantly limited.
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Due to the fact that the main function of the 

exoskeleton is the decrease of the excessive  

monotonous loading and easing the hard work of the 

nursing medical staff [50], the usage of additional 

methods of increasing the training efficiency is deemed 

justified. In a later research work by M.T.  Dantas 

et al. [38], it was noted that FES, undoubtedly, positively 

contributes to the training among the  post-stroke 

patients using the exoskeleton and proposes an 

adaptive stimulation algorithm with taking into 

consideration the motion amplitude developed.

thE StAGING Of tEAChING thE MOtOR SKILLS

The process of teaching the motor skills can and 

must be analyzed stagewise [51]. Even though, in 

practice, the transition from one stage of learning the 

motor skills to another is smooth and it is not always 

clearly understandable at which specific stage the 

patient is currently, three phases can be isolated —  

the initial, the associative and the autonomous.

At the initial stage of learning the motor skills, or 

at the so-called cognitive stage, in order to master 

a specific motor task, various strategies are employed 

for selecting the optimal motion variant. The support 

from the rehabilitation therapist at this stage is 

extremely important and, depending on the degree of 

deficit in a patient, it can be implemented either in the 

form of physical or the verbal feedback [52].

When transitioning to the associative stage of 

learning, the patient demonstrates a sharper skill of 

the motion trained. The motor training task is done 

with lesser variability, until the optimal strategy could 

be finally found [53]. From this moment, the specialist 

shall restrain from manual support, but the target 

feedback is still important. This feedback should be 

provided with a delay relative to the motor task to avoid 

overlapping with the inner feedback for the motion 

control [54]. After the motion strategy is defined, the 

training sessions can be modified a little.

The autonomous stage suggests mainly the 

automatic motor skill, the task should be repeatedly 

modified until the moment of the patient being capable 

of doing it in any type of environment conditions. At 

the autonomous stage of motor learning, the program 

is already automated: this means that the motion can 

be done in the almost optimal manner, not requiring 

significant attention or concentration [53]. At this stage, 

it is possible to more precisely focus on the separate 

components of motion to preserve them. Variations of 

exercises, as well as the inclusion of higher difficulty 

elements, are now necessary for supporting the 

motivation of the patient [52].

thE EffICIENCy Of fUNCtIONAL 

ELECtROStIMULAtION 

AND thE tEChNICAL ASpECtS

In a randomized research by Z.  Tan et al. [16], the 

efficient rehabilitation cycle lasted for 3  weeks, while 

the improvements could persist within at least 3 months 

upon the end of the course. Special attention is attracted 

by the time of the onset of the possible positive FES 

effect, for example, the increase of the walking speed. 

It was noted that the gradual increase of this parameter 

occurs when using FES within the first 18 weeks, but 

later on no changes could be observed [40].

In the accessible literature, researchers do not 

emphasize in any manner the clinical form of stroke and 

which time period exactly after the CVA is the best to 

initiate training. In a research by T.M. Kesar et al. [11], 

it was reported that FES is used to restore the lost or 

abnormal motions. Nevertheless, the most effective FES 

is considered the one that was initiated at the subacute 

stage of stroke, usually within several weeks or months 

after a cerebrovascular accident, for this period has the 

fundamental importance for the maximal restoration 

of motor activity and for functional improvement [31]. 

Arranging the FES in 6 months from the moment of 

disease onset is also considered as effective, for the 

sessions allow for preserving or improving the walking 

function and mobility, though the speed of developing 

the functional changes is already not so high [21]. 

According to the data from the review by Z.  Hong 

et al. [29], FES also remains effective in patients at the 

chronic stage of stroke. It was shown that the quality 

of walking could be improved along with its symmetry 

when using the stimulation of the anterior tibial muscle 

and of the triceps muscle of the calf in patients with 

insufficient motion control in the ankle joint. In one of the 

recent systematic reviews, the authors make a cautious 

conclusion that FES can be more effective for patients 

exactly at the chronic phase [30]. Similar conclusion was 

drawn up in the research by M.J. Nam et al. [37]: based 

on the proprietary data, the authors recommend FES for 

patients at the chronic stage of stroke.

Among the technical aspects of arranging the FES, 

the importance of correct positioning of electrodes at 

the stimulated muscles was noted: in order to fulfill this 

task, it is necessary not only to have the knowledge of 

functional anatomy, but also the possibility of individual 

approach in each specific case. At the present 

moment, there is a general rule for the positioning of 

electrodes: the electrodes are first placed above the 

nerve(s) innervating the stimulated muscle, after which 

stimulation is undertaken. If the resulting motion is 

desirable, the positioning remains. In case of the 
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negative result, the electrodes should be repositioned 

(usually by not more than several centimeters) and 

the test should be repeated until achieving the 

desired motion, with this, the patient should have the 

motivation for conducting the FES [55]. The majority 

of manufacturers of such an equipment provide 

the stereotypical schemes of electrode positioning 

without taking into account the places were the nerves 

originate, but recommending that the main belly of the 

muscle is positioned between the electrodes. In this 

case, the property used for the applied stimulation is 

the direct excitation of muscle fibers. 

DISCUSSION

The majority of research works on FES is still 

focused on the single-channel stimulation for 

compensating the foot drop syndrome [20–22], with 

this, the multi-channel stimulation in various forms is 

recognized as more effective, however, it is much less 

frequently applied. There are various variants of it, but 

the main ones include four groups of flexors-extensors 

of the lower limb: the quadriceps muscle of thigh (or its 

separate head), the posterior group of thigh muscles 

(or separate muscles), the anterior tibial muscle and 

one or both gastrocnemial muscles. Our analysis has 

shown that the clinical reports on using the MFES in 

patients after an episode of cerebral stroke were quite 

few. There are only single ones that are modern. With 

this, there are publications submitted over the last 

years which are of technical or experimental nature 

and fall outside the ranges of the inclusion criteria  

for this review. 

The duration of the FES session significantly varies 

(from 15 to 60 minutes), with the absence of justification 

for this or that duration provided by the authors. In fact, 

the spread of the parameter values, where the minimal 

value is 4 times less than the maximal one, speaks for 

itself. The FES parameters were also not matching the 

physical stamina of the patients. It is evident that this  

or that duration should be manageable for the whole  

test group, but this is all that could be suggested taking 

into consideration that the patients with similar clinical 

form and the degree of hemiparesis can show various 

exercise tolerance and, probably, require different  

timings of FES sessions. Our suggestion is that the 

specialists involved into performing the FES sessions 

commonly remain within the frames of treatment schemes 

approved, in which the session time is some kind of  

a constant not anticipating any individual approach.

The number of procedures per week is also 

subject to variability, mainly within the range from 

3 to 5. This aspect is also presented as a constant 

with no discussion, why this or that number is used. 

Evidently, it is related to the organizational aspects 

of the rehabilitation process, not to the physiological 

justification. The trend of arranging 5 sessions a week, 

as it is set in the research works by J.S. Cheng [28] and 

T. Yan [17], can be resulting from the reference to the 

number of work days and not the optimal stimulation 

mode. For the first case (3 days a week) they come 

every other day (Monday, Wednesday, Friday), while for 

the second one (5 days a week) — all the work days. 

Thus, even this parameter is not in fact related to the 

clinical form or to the status of the patient.

The duration of FES course varies with a factor 

of eight — from 3 to 24 weeks, with this, the number 

of authors report that the longer the course is, the 

higher is its efficiency [23]. The objective criteria for the 

duration of a certain course were also not provided by 

the authors. It can be agreed that the changes in the 

walking function as a result of cerebral stroke by no 

means can be restored in all the cases. The remaining 

stable abnormalities require supporting activities for 

the life term, and in this context, the long-term courses 

can be surely justified. But it seems that the judicious 

balance here will depend on very numerous factors, 

including the system of organizing the rehabilitation 

therapy, and it is still not the object of research.

As for the modes of used FES, the majority of 

research works use constant frequency. This aspect 

is also not supported by any explanations: the 

authors just state the name of the equipment used. 

And here, the most important role is played by two 

circumstances. The first one that the stimulation devices 

with constant frequency are technically much simpler 

and more available for use [56]. These reasons are 

already enough to have the overwhelming dominance 

in the research works. Second off — the methods 

with variable frequency are not just incomparably 

more complex: the experience of their application 

is very limited, while the criteria for controlling the 

new variable (the frequency) are even less clear, with 

the effect of decreased spasticity — the one of the 

essential ones — is reported for the stimulation with 

constant frequency current  [57]. Besides, it is known 

that various muscles, even at the normal conditions, 

have various sensitivity and response to changing the 

frequency at various activity phases [58], and we have 

even less understanding of the various conditions of 

muscles in patients after a cerebral stroke, depending 

on its specific form. Besides, it is necessary to note 

that applying the data for healthy muscles to the 

muscles with pathological neuromuscular regulation is 

still not possible. Another essential moment is that the 
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pathological locomotion itself results in changes in the 

functions of the muscles [56], due to which, the cause 

and effect can not always be clearly differentiated.

The analysis of published research data 

demonstrates significant variability in the parameters 

of electric stimulation. The stimulation frequency in 

the majority of research works varies from 30 to 50 Hz 

[16, 17, 22, 27], though separate articles describe 

both the lower (20–45 Hz [24]) and significantly higher 

(80 Hz [37]) frequencies. The 30–50 Hz frequency has 

a certain physiological justification [58], however, for 

patients after a cerebrovascular stroke presenting with 

hemiparesis, the status of the muscles changes from 

the immediate to the residual period. What frequency 

for which type of muscle impairment and at what  

phase would be the best, remains disputable. 

The duration of impulses also significantly 

differs — from 50 µsec [32] to 450 µsec [24], with the 

most commonly used range being the 200–350 µsec. 

The impulse duration has a number of justified 

criteria [58], but what needs to be taken as guidance 

when determining this parameter for each specific 

muscle in the given patient remains unclear. With 

other factors being equal, the longer impulse carries 

more energy, but this is probably and so far the only 

evident criterion to be used to achieve the required 

response from the muscle.

The current amplitude, where provided, usually 

varies from 10–12 to 60–70  mA with an individual 

adjustment for each patient. Oftentimes, the amplitude 

is not reported in the research at all, and this is not 

a mistake made by the authors. The thing is that this 

parameter is too much related to many other factors, 

among which are the following: the surface area of the 

electrodes employed, the stimulated muscle itself and 

its status, the thickness of subcutaneous-fatty tissue, 

some technical features of the stimulating channel etc. 

Thus, even when the current amplitude is mentioned, 

this can only serve as the guiding point.

It is important to note the absence of unified criteria 

for choosing the stimulation parameters for specific 

groups of patients. The majority of protocols are 

developed empirically, without the clear justification 

of selecting these or those parameters. S.  Chen 

et al.  [30] in their research note the urgent need for 

studying the specific features of operating with FES 

with various adjustments of stimulation frequency  

and other parameters.

The topic of synchronizing FES with walking is 

technically the most complex. The method of contact 

switches, which is used in the majority of cases,  is 

the result of permissible simplification. The contact 

sensors themselves are used for various types and 

constructions, but they operate in harsh conditions 

of the body weight affecting them and, with this, they 

need to have a low activation threshold and a short 

(within milliseconds) hysteresis (returning to initial 

conditions upon the removal of the load). These issues 

fall outside the frames of solely medical field, however, 

in the current century, new methods were proposed 

for detecting the step cycle phase, in particular, the 

inertial sensors, which at the present moment have 

almost completely replaced the contact sensors in the 

autonomous systems for the correction of foot drop. 

Synchrodrives can be used only as a part of robotic 

devices with walking imitation, which limits their usage. 

The methods for initiating a pack of stimulating impulses 

based on the EMG-activity  detection is another new 

method. From the methodical point of view, it can be 

deemed adequate only for the muscles which have 

no phasic activity impairments. In other cases, this 

method is inapplicable. How precisely the EMG-signal 

can detect the time parameters of synchronization, also 

remains disputable. In one of the research works [16] 

this method was used in the modification that employed 

the unaffected side for initiating the FES on the paretic 

one. Such a variant can not be considered as good or 

applicable for the reason that the EMG-activity on the 

unaffected side is not compensatory modified, but also 

the step cycles themselves have substantial reciprocal 

shifts [7] i.e. the shifting of step cycles relative to each 

other is present, which may reach the values of 10–30%  

of the step cycle. Thus, the error of “detecting” the 

step cycle becomes unacceptable. Nevertheless, the 

synchronization based on the EMG-activity can be 

a very reasonable choice for voluntary movements, but 

it is already out of the frames of the walking function. 

The manual option of activating FES might as well have 

only the historical value due to its extreme inaccuracy.

There is no doubt that, in cases of significantly 

impaired walking biomechanics, its feasible correction 

may be required. The matter if it is possible to achieve 

the decrease in the degree of motor disorders by this, 

remains unexplored and requires further research 

activities. At what degree and for which clinical cases 

the exoskeleton or other devices with integrated 

stimulation system could be useful, the results of 

further research works will show.

The staging of rehabilitation can serve the purpose 

of the individual estimation of the current status of the 

patient and its dynamic changes, with this in mind and 

with all the other factors being equal, it gives ground for 

using the MFES method from the first days of starting 

to teach the patient to move without assistance.
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It could be stated that there is no existing all-purpose 

MFES protocol fitting all the patients with a history of 

cerebrovascular stroke. The differentiated approach 

is necessary, the one taking into account several key 

factors, the most important of which are the following.

Type of motor disorder. For the patients with 

predominant decrease of muscle strength without 

pronounced spasticity, the effective stimulation 

could be the one having the parameters aimed at 

strengthening the muscles and at improving their 

stamina (low frequency — 20–30 Hz, longer sessions). 

In patients with significant spasticity, the more effective 

could be the mode with high stimulation frequency 

(more than 50 Hz) [15, 57].

Rehabilitation period after a cerebrovascular stroke. 

At the immediate and the early period of rehabilitation, 

MFES can contribute to the prevention of developing 

pathological motor stereotypes and could be a valuable 

addition to the traditional methods of rehabilitation.  

At the residual stage, MFES can be especially useful for 

overcoming the rehabilitation plateau and for improving 

the functional capabilities [30].

Cognitive abilities of the patient. For patients with 

cognitive disorders, the more preferable could be the 

systems with automatic synchronization, not requiring 

the active participation of the patient in the stimulation 

process. For patients with intact cognitive functions, 

the more effective systems could be the ones with 

biological feedback, requiring the active participation 

of the patient [52].

CONCLUSION

Multi-channel functional electrostimulation is 

considered an effective method of restoring the 

walking function in patients after a cerebrovascular 

stroke, however, the existing application protocols are 

characterized by the significant variability of parameters 

without the clear physiological justification. It was found 

that the recommended duration of procedures varies 

from 15 to 60 minutes, the stimulation  frequency — 

from 20 to 80 Hz, while the course duration — from 3 to 

24 weeks, with the choice of specific parameters having 

a predominantly empirical pattern and depending on the 

organizational factors, not on the clinical status of the 

patient. A necessity was demonstrated for developing 

a  differentiated approach to the application of MFES 

with taking into consideration the type of motor disorder, 

the period of rehabilitation after a cerebrovascular stroke 

and the cognitive capabilities of the patient. The optimal 

technical parameters of stimulation were defined: 

30–50 Hz frequency, 200–300  µsec impulse duration 

with individual adjustment of amplitude and obligatory 

synchronization with the step cycle in the paretic 

limb. Modern trends of improving the method include 

the integration of MFES and of the robotic devices 

and systems with biological feedback, which opens 

new possibilities for personalized rehabilitation. The 

obtained results justify the necessity of arranging large-

scale clinical research for the standardization of MFES 

protocols and for compiling the scientifically justified 

recommendations on its use in various clinical situations.

ADDItIONAL INfORMAtION

Author contributions. D.V.  Skvortsov: research 

concept development, literature search and analysis, 

writing the original draft; L.V. Klimov: literature search, 

data analysis, editing, and results interpretation; 

D.A. Lobunko: literature search, text editing, and data 

visualization; G.E.  Ivanova: project supervision and 

organizational support. The authors made a substantial 

contribution to the conception of the work, acquisition, 

analysis, interpretation of data for the work, drafting 

and revising the work, final approval of the version 

to be published and agree to be accountable for all 

aspects of the work.

funding sources. The work was carried out as 

part of the R&D project “NeuroStim 2024” [LOS1]  

Reg. No. EGISU R&D 124031100047-5.

Disclosure of interests. The authors have no 

relationships, activities or interests for the last three 

years related with for-profit or not-for-profit third 

parties whose interests may be affected by the content  

of the article.

Statement of originality. The authors did not use 

previously published information (text, illustrations, 

data) while conducting this work.

Data availability statement. The editorial policy 

regarding data sharing does not apply to this work, 

data can be published as open access.

Generative AI. Generative AI technologies were 

not used for this article creation.

provenance and peer-review. This paper was 

submitted to the journal on an initiative basis and 

reviewed according to the usual procedure. Two 

external reviewers and the scientific editor of the 

publication participated in the review.

REfERENCES
1. Maeda A, Yuasa T, Nakamura K, et al. Physical 

performance tests after stroke: Reliability and 

validity. Am J Phys Med Rehabil. 2000;79(6):519–525.  

doi: 10.1097/00002060-200011000-00008

2. Langhammer B, Stanghelle JK, Lindmark B. Exercise and 

health-related quality of life during the first year following 

acute stroke. A randomized controlled trial. Brain Inj.  

2008;22(2):135–145. doi: 10.1080/02699050801895423

https://doi.org/10.1097/00002060-200011000-00008
https://doi.org/10.1080/02699050801895423


REVIEW

79www.clinpractice.ru

Vol 16 №2
2025

3. Lewek MD, Bradley CE, Wutzke CJ, Zinder  SM. The 

relationship between spatiotemporal gait asymmetry and 

balance in individuals with chronic stroke. J  Appl Biomech.  

2014;30(1):31–36. doi: 10.1123/jab.2012-0208

4. Awad LN, Palmer JA, Pohlig RT, et al. Walking speed and 

step length asymmetry modify the energy cost of walking 

after stroke. Neurorehabil Neural Repair. 2015;29(5):416–423. 

doi: 10.1177/1545968314552528

5. Perry J, Burnfield JM. Gait analysis: Normal and pathological 

function. Slack Incorporated: West Deptford, NJ, USA; 2010.

6. Wang Y, Mukaino M, Ohtsuka K, et al. Gait characteristics 

of post-stroke hemiparetic patients with different 

walking speeds. Int J Rehabil Res. 2020;43(1):69–75.  

doi: 10.1097/MRR.0000000000000391

7. Skvortsov DV, Kaurkin SN, Grebenkina NV, Ivanova  GE. 

Typical changes in gait biomechanics in patients with 

subacute ischemic stroke. Diagnostics (Basel). 2025;15(5):511.  

doi: 10.3390/diagnostics15050511

8. Do A, Soares S, Almeida C, et al. Late physiotherapy 

rehabilitation changes gait patterns in post-stroke patients. 

Biomed Hum Kinet. 2017;9(1):14–18. doi: 10.1515/bhk-2017-0003

9. Veerbeek JM, van Wegen E, van Peppen R, et al. What is 

the evidence for physical therapy poststroke? A systematic 

review and meta-analysis. PLoS One. 2014;9(2):e87987.  

doi: 10.1371/journal.pone.0087987

10. Moe JH, Post HW. Functional electrical stimulation for 

ambulation in hemiplegia. Lancet. 1962;82:285–288. 

11. Kesar TM, Perumal R, Jancosko A, et al. Novel patterns of 

functional electrical stimulation have an immediate effect on 

dorsiflexor muscle function during gait for people poststroke. 

Phys Ther. 2010;90(1):55–66. doi: 10.2522/ptj.20090140

12. Santos GF, Jakubowitz E, Pronost N, et al. Predictive simulation 

of post-stroke gait with functional electrical stimulation. Sci 

Rep. 2021;11(1):21351. doi: 10.1038/s41598-021-00658-z

13. Liberson WT, Holmquest HJ, Scot D, Dow  M. Functional 

electrotherapy: Stimulation of the peroneal nerve synchronized 

with the swing phase of the gait of hemiplegic patients. Arch 

Phys Med Rehabil. 1961;42:101–105.

14. Sabut SK, Sikdar C, Mondal R, et al. Restoration of gait and 

motor recovery by functional electrical stimulation therapy 

in persons with stroke. Dis Rehab. 2010;32(19):1594–1603. 

doi: 10.3109/09638281003599596

15. Sabut SK, Sikdar C, Kumar R, Mahadevappa  M. Functional 

electrical stimulation of dorsiflexor muscle: Effects on 

dorsiflexor strength, plantarflexor spasticity, and motor 

recovery in stroke patients. NeuroRehab. 2011;29(4):393–400.  

doi: 10.3233/NRE-2011-0717

16. Tan Z, Liu H, Yan T, et al. The effectiveness of functional 

electrical stimulation based on a normal gait pattern on subjects 

with early stroke: A randomized controlled trial. Biomed Res Int. 

2014;2014:545408. doi: 10.1155/2014/545408

17. Yan T, Hui-Chan CW, Li LS. Functional electrical stimulation 

improves motor recovery of the lower extremity and walking 

ability of subjects with first acute stroke: A randomized 

placebo-controlled trial. Stroke. 2005;36(1):80–85.  

doi: 10.1161/01.STR.0000149623.24906.63

18. Yang CY, Kim TJ, Lee JH, et al. The effect of functional electrical 

stimulation on the motor function of lower limb in hemiplegic 

patients. J Korean Acad Rehab Med. 2009;33(1):29–35.

19. Mercer VS, Chang SH, Williams CD, et al. Effects of an exercise 

program to increase hip abductor muscle strength and improve 

lateral stability following stroke: A single subject design. 

J Geriatr Phys Ther. 2009;32(2):50–59.

20. Allen JL, Ting LH, Kesar TM. Gait rehabilitation using functional 

electrical stimulation induces changes in ankle muscle 

coordination in stroke survivors: A preliminary study. Front 

Neurol. 2018;9:1127. doi: 10.3389/fneur.2018.01127

21. Aout T, Begon M, Jegou B, et al. Effects of functional 

electrical stimulation on gait characteristics in healthy 

individuals: A systematic review. Sensors. 2023;23(21):8684.  

doi: 10.3390/s23218684

22. Hakansson NA, Kesar T, Reisman D, et al. Effects of fast 

functional electrical stimulation gait training on mechanical 

recovery in poststroke gait. Artif Organs. 2011;35(3):217–220. 

doi: 10.1111/j.1525-1594.2011.01215.x

23. Tenniglo MJ, Buurke JH, Prinsen EC, et al. Effect of reduced 

afferent feedback on adaptation of walking pattern in functional 

electrical stimulation. J  Rehabil Med. 2018;50(8):719–724. 

doi: 10.2340/16501977-2367

24. Purohit R, Varas-Diaz G, Bhatt T. Functional electrical 

stimulation to enhance reactive balance among people with 

hemiparetic stroke. Exp Brain Res. 2024;242(3):559–570.  

doi: 10.1007/s00221-023-06729-z

25. Shin HE, Kim M, Lee D, et al. Therapeutic effects of functional 

electrical stimulation on physical performance and muscle 

strength in post-stroke older adults: A review. Ann Geriatr Med 

Res. 2022;26(1):16–24. doi: 10.4235/agmr.22.0006

26. Van Bloemendaal M, Bus SA, de Boer CE, et al. Gait training 

assisted by multi-channel functional electrical stimulation early 

after stroke: Study protocol for a randomized controlled trial. 

Trials. 2016;17(1):477. doi: 10.1186/s13063-016-1604-x

27. Kojović J, Djurić-Jovicić M, Dosen S, et al. Sensor-driven 

four-channel stimulation of paretic leg: Functional electrical 

walking therapy. J  Neurosci Methods. 2009;181(1):100–105. 

doi: 10.1016/j.jneumeth.2009.04.005

28. Cheng JS, Yang YR, Cheng SJ, et al. Effects of combining 

electric stimulation with active ankle dorsiflexion while standing 

on a rocker board: A pilot study for subjects with spastic foot 

after stroke. Arch Phys Med Rehabil. 2010;91(4):505–512. 

doi: 10.1016/j.apmr.2009.11.022

29. Hong Z, Sui M, Zhuang Z, et al. Effectiveness of neuromuscular 

electrical stimulation on lower limbs of patients with hemiplegia 

after chronic stroke: A systematic review. Arch Phys Med Rehabil. 

2018;99(5):1011–1022.e1. doi: 10.1016/j.apmr.2017.12.019

30. Chen S, Gao J, Zhou Y, et al. Implications of neuromuscular 

electrical stimulation on gait ability, balance and 

kinematic parameters after stroke: A systematic review 

and meta-analysis. J  Neuroeng Rehabil. 2024;21(1):164.  

doi: 10.1186/s12984-024-01462-2

31. Sharif F, Ghulam S, Malik AN, Saeed  Q. Effectiveness of 

Functional Electrical Stimulation (FES) versus conventional 

electrical stimulation in gait rehabilitation of patients with stroke. 

J Coll Physicians Surg Pak. 2017;27(11):703–706. 

32. Lee HJ, Cho KH, Lee WH. The effects of body weight support 

treadmill training with power-assisted functional electrical 

stimulation on functional movement and gait in stroke 

patients. Am J Phys Med Rehabil. 2013;92(12):1051–1059.  

doi: 10.1097/PHM.0000000000000040

33. Alon G, Conroy VM, Donner TW. Intensive training of subjects 

with chronic hemiparesis on a motorized cycle combined 

with functional electrical stimulation (fes): A feasibility 

and safety study. Physiother Res Int. 2011;16(2):81–91.  

doi: 10.1002/pri.475

34. Binder-Macleod S, Kesar T. Catchlike property of skeletal 

muscle: Recent findings and clinical implications. Muscle Nerve. 

2005;31(6):681–193. doi: 10.1002/mus.20290

35. Maladen RD, Perumal R, Wexler  AS, Binder-Macleod  SA. 

Effects of activation pattern on nonisometric human 

skeletal muscle performance. J  Appl Physiol (1985).  

2007;102(5):1985–1991. doi: 10.1152/japplphysiol.00729.2006

36. Garland SJ, Griffin L. Motor unit double discharges: 

Statistical anomaly or functional entity? Can J Appl Physiol.  

1999;24(2):113–130. doi: 10.1139/h99-010

37. Nam MJ, Kim YJ, Tian MY, Kim  MK. Effects of functional 

electrical stimulation during gait training on gait, 

balance, and lower extremity function in chronic stroke 

patients. J  Korean Soc Phys Med. 2024;19(3):29–36.  

doi: 10.13066/kspm.2024.19.3.29

38. Dantas MT, Fernani DC, da Silva TD, et al. Gait training with 

functional electrical stimulation improves mobility in people 

post-stroke. Int J Environ Res Public Health. 2023;20(9):5728. 

doi: 10.3390/ijerph20095728

https://doi.org/10.1123/jab.2012-0208
https://doi.org/10.1177/1545968314552528
https://doi.org/10.1097/MRR.0000000000000391
https://doi.org/10.3390/diagnostics15050511
https://doi.org/10.1515/bhk-2017-0003
https://doi.org/10.1371/journal.pone.0087987
https://doi.org/10.2522/ptj.20090140
https://doi.org/10.1038/s41598-021-00658-z
https://doi.org/10.3109/09638281003599596
https://doi.org/10.3233/NRE-2011-0717
https://doi.org/10.1155/2014/545408
https://doi.org/10.1161/01.STR.0000149623.24906.63
https://doi.org/10.3389/fneur.2018.01127
https://doi.org/10.3390/s23218684
https://doi.org/10.1111/j.1525-1594.2011.01215.x
https://doi.org/10.2340/16501977-2367
https://doi.org/10.1007/s00221-023-06729-z
https://doi.org/10.4235/agmr.22.0006
https://doi.org/10.1186/s13063-016-1604-x
https://doi.org/10.1016/j.jneumeth.2009.04.005
https://doi.org/10.1016/j.apmr.2009.11.022
https://doi.org/10.1016/j.apmr.2017.12.019
https://doi.org/10.1186/s12984-024-01462-2
https://doi.org/10.1097/PHM.0000000000000040
https://doi.org/10.1002/pri.475
https://doi.org/10.1002/mus.20290
https://doi.org/10.1152/japplphysiol.00729.2006
https://doi.org/10.1139/h99-010
https://doi.org/10.13066/kspm.2024.19.3.29
https://doi.org/10.3390/ijerph20095728


80

REVIEW

https://doi.org/10.17816/clinpract684717

39. Ji F, Qiu S, Liu Y, et al. A trajectory-adaptive walking assistance 

strategy based on functional electrical stimulation for 

exoskeleton to help stroke patients restore natural gait. In: 2022 

IEEE/ASME International Conference on Advanced Intelligent 

Mechatronics (AIM). doi: 10.1109/AIM52237.2022.9863314

40. Kluding PM, Dunning K, O’Dell MW, et al. Foot drop 

stimulation versus ankle foot orthosis after stroke: 

30-week outcomes. Stroke. 2013;44(6):1660–1669.  

doi: 10.1161/STROKEAHA.111.000334

41. Thrasher TA, Flett HM, Popovic MR. Gait training 

regimen for incomplete spinal cord injury using functional 

electrical stimulation. Spinal Cord. 2006;44(6):357–361.  

doi: 10.1038/sj.sc.3101864

42. Bao X, Luo JN, Shao YC, et al. Effect of functional electrical 

stimulation plus body weight-supported treadmill training for 

gait rehabilitation in patients with poststroke: a retrospective 

case-matched study. Eur J Phys Rehabil Med. 2020;56(1):34–40.  

doi: 10.23736/S1973-9087.19.05879-9

43. Bickel CS, Gregory CM, Dean JC. Motor unit recruitment during 

neuromuscular electrical stimulation: A critical appraisal. Eur  

J Appl Physiol. 2011;111:2399–2407. doi: 10.1007/s00421-011-2128-4

44. Sharma N, Mushahwar V, Stein R. Dynamic optimization 

of FES and orthosis-based walking using simple models. 

IEEE Trans Neural Syst Rehabil Eng. 2014;22(1):114–126.  

doi: 10.1109/tnsre.2013.2280520

45. Strausser K, Kazerooni H. The development and testing of a 

human machine interface for a mobile medical exoskeleton. In: 

2011 IEEE/RSJ International Conference on Intelligent Robots 

and Systems. San Francisco, CA, USA; 2011. Р.  4911–4916. 

doi: 10.1109/iros.2011.6095025

46. Farris RJ, Quintero HA, Murray SA, et al. A preliminary assessment 

of legged mobility provided by a lower limb exoskeleton for 

persons with paraplegia. IEEE Trans Neural Syst Rehabil Eng. 

2014;22(3):482–490. doi: 10.1109/TNSRE.2013.2268320

47. Popovic MR, Masani K, Micera S. Functional electrical 

stimulation therapy: Recovery of function following spinal cord 

injury and stroke. London: Springer London; 2012. Р. 105–121. 

doi: 10.1007/978-1-4471-2277-7_7

48. Kastalskiy IA, Khoruzhko MA, Skvortsov DV. A functional 

electrical stimulation system for integration in an exoskeleton. 

Modern technologies in medicine. 2018;10(3):104–109. 

doi: 10.17691/stm2018.10.3.12 EDN: SIPAQH

49. Lutokhin GM, Kashezhev AG, Rassulova MA, et al. Application 

of exoskeleton with functional electrostimulation for rebalancing 

of patients in acute and early recovery periods of ischemic 

stroke. Problems of balneology, physiotherapy and exercise 

therapy. 2023;100(5):5–13. doi:  10.17116/kurort20231000515 

EDN: QZOLDH

50. Lutokhin GM, Kashezhev AG, Pogonchenkova IV, et al. 

Effectiveness and safety of robotic mechanotherapy with FES 

and VR in restoring gait and balance in the acute and early 

rehabilitation period of ischemic stroke: Prospective randomized 

comparative study. Bull of Rehabil Med. 2023;22(5):22–29. 

doi: 10.38025/2078-1962-2023-22-5-22-29

51. Nam YG, Lee JW, Park JW, et al. Effects of electromechanical 

exoskeleton-assisted gait training on walking ability of stroke 

patients: A randomized controlled trial. Arch Phys Med Rehabil. 

2019;100(1):26–31. doi: 10.1016/j.apmr.2018.06.020

52. Fitts PM, Posner MI. Human performance. Belmont: Brooks/

Cole Publishing Company; 1967.

53. Freivogel S, Fries W. Motorische rehabilitation. In: Frommelt P, 

Lösslein  H, editors. Neuro-rehabilitation. Berlin/Heidelberg: 

Springer; 2010. P. 225–266.

54. Wulf D. Motorists lernen. In: Hüter-Becker A, Dölken M, editors. 

Physiotherapie in der neurologie. Stuttgart: Georg Thieme; 

2010. P. 41–72.

55. Majsak MJ. Application of motor learning principles to the 

stroke population. Top Stroke Rehabil. 1996;3(2):37–59.  

doi: 10.1080/10749357.1996.11754113

56. Marquez-Chin C, Popovic MR. Functional electrical stimulation 

therapy for restoration of motor function after spinal cord 

injury and stroke: A review. Biomed Eng Online. 2020;19(1):34. 

doi: 10.1186/s12938-020-00773-4

57. Vitenzon AC. Patterns of normal and pathological human 

walking. Moscow: Zerkalo-M; 1998. 271 p. (In Russ.)

58. Bakhtiary AH, Fatemy E. Does electrical stimulation 

reduce spasticity after stroke? A randomized 

controlled study. Clin Rehabil. 2008;22(5):418–425.  

doi: 10.1177/0269215507084008

59. Skvortsov DV, Klimov LV, Grebenkina NV. Functional 

electrical stimulation method: Recommended application 

parameters. Physical and rehabilitation medicine, medical 

rehabilitation. 2024;6(3):263–279. doi:  10.36425/rehab635187  

EDN: QBJAEZ 

об АВторАх

Автор, ответственный за переписку:

Скворцов Дмитрий Владимирович, д-р мед. наук, 

профессор;  

адрес: Россия, 117513, Москва, ул. Островитянова,  

д. 1, стр. 10; 

ORCID: 0000-0002-2794-4912;  

eLibrary SPIN: 6274-4448; 

e-mail: dskvorts63@mail.ru

Соавторы:

Климов Леонид Владимирович, канд. мед. наук;  

ORCID: 0000-0003-1314-3388; 

eLibrary SPIN: 5618-0734; 

e-mail: dr.klimov@mail.ru

Лобунько Данила Александрович; 

ORCID: 0009-0009-7741-2904; 

eLibrary SPIN: 6226-5283; 

e-mail: doctorlobunko@gmail.com

Иванова Галина Евгеньевна, д-р мед. наук, профессор; 

ORCID: 0000-0003-3180-5525;  

eLibrary SPIN: 4049-4581; 

e-mail: reabilivanova@mail.ru

AUthORS’ INfO

The author responsible for the correspondence: 

Dmitry V. Skvortsov, MD, PhD, Professor; 

address: 1 Ostrovityanova st, bldg 10, Moscow,  

Russia, 117513; 

ORCID: 0000-0002-2794-4912;  

eLibrary SPIN: 6274-4448; 

e-mail: dskvorts63@mail.ru 

Co-authors:

Leonid V. Klimov, MD, PhD; 

ORCID: 0000-0003-1314-3388; 

eLibrary SPIN: 5618-0734; 

e-mail: dr.klimov@mail.ru

Danila A. Lobunko; 

ORCID: 0009-0009-7741-2904; 

eLibrary SPIN: 6226-5283; 

e-mail: doctorlobunko@gmail.com

Galina E. Ivanova, MD, PhD, Professor; 

ORCID: 0000-0003-3180-5525;  

eLibrary SPIN: 4049-4581; 

e-mail: reabilivanova@mail.ru

https://doi.org/10.1109/AIM52237.2022.9863314
https://doi.org/10.1161/STROKEAHA.111.000334
https://doi.org/10.1038/sj.sc.3101864
https://doi.org/10.23736/S1973-9087.19.05879-9
https://doi.org/10.1007/s00421-011-2128-4
https://doi.org/10.1109/tnsre.2013.2280520
https://doi.org/10.1109/iros.2011.6095025
https://doi.org/10.1109/TNSRE.2013.2268320
https://doi.org/10.1007/978-1-4471-2277-7_7
https://doi.org/10.17691/stm2018.10.3.12
https://elibrary.ru/sipaqh
https://doi.org/10.17116/kurort20231000515
https://elibrary.ru/qzoldh
https://doi.org/10.38025/2078-1962-2023-22-5-22-29
https://doi.org/10.1016/j.apmr.2018.06.020
https://doi.org/10.1080/10749357.1996.11754113
https://doi.org/10.1186/s12938-020-00773-4
https://doi.org/10.1177/0269215507084008
https://doi.org/10.36425/rehab635187
https://elibrary.ru/qbjaez
https://orcid.org/0000-0002-2794-4912
https://www.elibrary.ru/author_profile.asp?spin=6274-4448
mailto:dskvorts63@mail.ru
https://orcid.org/0000-0003-1314-3388
https://www.elibrary.ru/author_profile.asp?spin=5618-0734
mailto:dr.klimov@mail.ru
https://orcid.org/0009-0009-7741-2904
https://www.elibrary.ru/author_profile.asp?spin=6226-5283
mailto:doctorlobunko@gmail.com
https://orcid.org/0000-0003-3180-5525
https://www.elibrary.ru/author_profile.asp?spin=4049-4581
mailto:reabilivanova@mail.ru
https://orcid.org/0000-0002-2794-4912
https://www.elibrary.ru/author_profile.asp?spin=6274-4448
mailto:dskvorts63@mail.ru
https://orcid.org/0000-0003-1314-3388
https://www.elibrary.ru/author_profile.asp?spin=5618-0734
mailto:dr.klimov@mail.ru
https://orcid.org/0009-0009-7741-2904
https://www.elibrary.ru/author_profile.asp?spin=6226-5283
mailto:doctorlobunko@gmail.com
https://orcid.org/0000-0003-3180-5525
https://www.elibrary.ru/author_profile.asp?spin=4049-4581
mailto:reabilivanova@mail.ru

	КЛИНИЧЕСКАЯ ПРАКТИКА, 2025, Том 16, № 2
	Multi-Channel Functional Electrostimulation: The Method 
of Restoring the Walking Function in Patients with a Past History of Acute Cerebrovascular Event
	Abstract
	For citation: 

	BACKGROUND

	Многоканальная функциональная электростимуляция: 
метод восстановления функции ходьбы у пациентов, перенёсших острое нарушение мозгового кровообращения 
	Аннотация
	Для цитирования: 
	Methodology of searching 
	the literature sources

	Number of channels 
	and the muscles stimulated
	Optimal timing parameters 
	of functional electrostimulation
	Modes of functional electrostimulation 
	External accessories 
	for the motion organization 
	The staging of teaching the motor skills
	The efficiency of functional electrostimulation 
	and the technical aspects
	Discussion
	Conclusion
	Additional information
	References
	Authors’ info
	Об авторах



