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SUMMARY

Infroduction.The article presents an overview of innovative technologies based on methods sensomotor retraining
of the patient using neuromuscular electrical stimulation (NFES) and biofeedback (BFB) as the most promising
in the medical rehabilitation (MR) of motor impairment in patients with brain stroke (BS). The results of our own
study are also presented.

The aim of the study - an assessment of the effectiveness of a comprehensive rehabilitation program with the
inclusion of NFES and stabilometric postural control using the BFB method in patients with after-stroke motor
disfunction in the chronic ischemic stroke (IS).

Material and methods. We examined 87 patients (41 women and 46 men) in the chronic IS, mean age 58.4+6.4
years. The stroke duration was 228.59+31.9 days. The main group included 52 patients who, along with the
standard freatment regimen, underwent NFES and BFB-stabilometric training. The comparison group consisted
of 35 patients whose rehabilitation complex did not include the above methods.

Results and conclusion. Due to comlex rehabilitation with NFES and BFB stabilometric postural training it has been
improved the function of walking. The clinical effect was noted 3 weeks after the start of rehabilitation, reaching
a maximum by the 5th week. The inclusion of BFB-based methods in the medical rehabilitation leads to earlier
motor and social adaptation of the after-stroke patient, restoration of the impairment balance function, which

is associated with an increase in neuroplasticity.

KEYWORDS: stroke, motor disorders, rehabilitation, neuromuscular electrical stimulation, biofeedback.

CONFLICT OF INTEREST. The authors declare no conflict of interest.
Supporting agencies: Funding for the study was carried out from the personal funds of the authors.

Loss of functional movement and coordination are the most
common consequences of stroke which lead to disability
[1-2]. Muscle weakness, abnormal muscle activity and muscle
dyssynergia due to brain stroke (BS) cause walking function
asymmetry and gait changes [3]. Motor deficit in central
hemiparesis is also determined by the severity of spasticity,
contractures and arthralgia.

Balance disorders after BS increase the risk of falls, make
it difficult for patients’ movement, reduce the level of daily ac-
tivity and the restoration of walking function [4—6]. In addition,
post-stroke cognitive impairment and depressive disorders
associated with motor deficits slow down the rehabilitation
process [7]. In general, post-stroke motor disfunction is as-
sociated with low quality of life and risk of premature death.

The gait of hemiplegic patients has very specific features
[8-9]: reduced walking speed, increased double stance phase,
and reduced amplitude of movement in the leg joints [10]. The
common features of the hemiparetic gait include specific spa-
tio-temporal patterns, including a decrease in the rotation fre-
quency, an increase in the duration of the swing on the paretic
side and the duration of the support, an asymmetry of the step
length compared with the gait parameters of healthy subjects
[11-12], a decrease in walking speed. There are four main gait
abnormalities associated with hemiparesis [13]: the drop-foot gait,
the circumduction gait, the hip hiking gait, and the back-knee gait.

The relevance of the topic
and the current state of the problem

A universal factor in improving post-stroke motor im-
pairments is physical activity, which is associated with the
formation of new reciprocal and interhemispheric connections,
increased neuroplasticity [1, 3, 14]. When muscle synergy in
after-stroke patients were analyzed an improvement in the
motor activity of the lower extremities, in particular, the
module of the plantar flexor of the ankle joint during the re-
habilitation period of BS against the background of walking
training was shown [15]. In the most recent study on subacute
stroke participants an increased lateral symmetry in muscle
synergies while walking, associated with improvements in
gait kinematics measurements, was found after 3 weeks of
walking training supported by a lower limb exoskeleton [16].

Thus, repeated motor practice and motor activity in a
real-world environment have been identified in several pro-
spective studies as a favorable factor for restoring motor
activity in after-stroke patients [17].

Neuromuscular functional electrical stimulation (NFES)
of paretic muscles is the main additional method of therapy,
usually used with kinesiotherapy (functional rehabilitation)
and pharmacological treatment in patients after BS [1-4].

The therapeutic effect of electrical stimulation on muscle
regeneration after the denervation from the spinal motor neuron
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level has been confirmed both in experimental animal studies

[18] and in the rehabilitation of patients with upper motor neuron

syndrome (consequences of spinal cord injury, BS and cerebral

palsy). NFES has been shown to improve motor impairment in

BS, probably by modifying neural transmission at the synaptic

junctions of the corticospinal tract with spinal motor neurons.
[19-20]. In addition, NFES promotes an increase in the number
of motor units, which is closely associated with increasing mus-
cle strength [21]. The available literature provides the specific

effects of NFES, reflecting its important role in neuromodulation

at the spinal and supraspinal levels in patients with BS [22].
Therapeutic applications of NFES include upper and lower limb

motor relearning and reduction of poststroke shoulder sublux-
ation and pain. TepaneBTrueckue acrnekts! npumenenust HOIC

BKJIIOYAIOT MOTOpPHOE 1epeo0ydeHre BEPXHUX U HUKHUX

KOHEYHOCTEH, yMEHbIICHHE FeMHUIIJIErHUeCcKOi OO B LIeUe,
strengthening muscles and muscle atrophy preventing [23]. Stein

et al. showed that combination of NFES and other methods

reduced of spasticity and improvement of range of motion in

patients after BS [24].

Probably, NFES can directly cause the transmission of a
nerve impulse through biofeedback (biofeedback), causing
modulation of the work of the inhibitory interneurone Ia,
which controls the function of the antagonist muscles of the
forearm and lower limb. The discoordination of these muscle
groups is described as the most significant muscle dysfunction
in patients with BS [25].

The effect of NFES of the neuromuscular apparatus on the
walking function in after-stroke patients has been shown in
many randomized clinical trials (RCTs) of recent years [26—32].

Sharif F et al. selected from 5066 articles of 29 RCTs
involving 940 patients. NFES produced a reduction in spas-
ticity (—0.30 [95 % confidence interval,—0.58 to —0.03], n=14
RCTs) and an increase in range of motion compared with
controls (2.87 [95 % confidence interval, 1.18—4.56], n=13
RCTs) after BS. Gait training with NFES compared with
standard electrical stimulation showed better results in terms
of mobility, balance, gait performance and reduction of spas-
ticity in patients with BS [26].

The effectiveness of NFES in combination with other
rehabilitation methods has been proven in another review. It
was shown the reducing of the spasticity and increasing the
range of motion in patients after BS. [24].

In 2018, 21 RCTs were selected from 5759 articles with
1481 participants. The combined analysis showed that NFES
has a moderate but statistically significant effect on the motor
function of the lower extremities (standard mean difference
0.42, 95% confidence interval 0.26—0.58), especially when
combined with other rehabilitation methods for 6 or 12 weeks
trainings. Significant changes in gait speed, balance, spastic-
ity and range of motion were also noted, but there were no
differences in walking endurance during NFES [27].

In the most recent studies of Cochrane Library, MEDLINE,
EMBASE, CINAHL, AMED, PsycINFO, WOS, Scopus,
OpenGrey and 4 Chinese databases with only RCT analysis,
the results of the NFES-using in combination with motor
activity for the treatment of patients with post-stroke spastic
hemiparesis are summarized [28].

Thus, NFES contributes to an increase in muscle strength
and a change in the pathological motor stereotype. It allows to
restore impaired motor skills by improving muscle condition
and correctly performed movements relearning.

The optimal NFES algorithm uses stimulation frequencies
of about 15 Hz for applications on the upper extremities and
about 20 Hz for applications on the lower extremities. Mod-
ified frequencies with proven effectiveness range from 10 to
50 Hz; sessions are usually conducted five times a week for
3-8 weeks [29-32].

Proprioceptive sensory feedback may play an important
role in neuromuscular stimulation. This is confirmed by stud-
ies of multichannel near-infrared spectroscopy for non-invasive
and dynamic measurement of hemoglobin levels in the brain.
Cerebral blood flow in the sensorimotor cortex on the injured
side was higher during the NFES session than during simple
active movement or simple electrical stimulation. [17].

On this point, biofeedback (BFB) technology becomes
promising for training the walking function. It involves re-
cording a certain physiological parameter (walking parameters)
and presenting it in an obvious form for the patient so that the
latter can navigate in its change and correct the given parameter.
BFB therapy is currently considered as an effective independent
method of MR in patients after BS, successfully combined with
other intervention modalities. Biofeedback provides real-time
information about physiological processes that may not be
visible to the patient, allowing awareness and self-correction
of abnormal gait patterns [33]. BFB can be carried out with the
help of various sensory organs, such as visual, auditory, tactile
or a combination of different methods. Different modes of BFB
can have different effects on efficiency and motor skills training
[34-35]. Significant progress has been made with the initial
use of BFB on single muscle electromyography to improve
gait in hemiparesis after BS [36]. Real-time BFB reflecting
limb positioning or muscle strength during walking aims to
improve walking function when post-stroke hemiparesis [37].
Thus, after two weeks of training on a treadmill with a visual
BFB with step length, after-stroke patients demonstrated im-
provements in step length, incl. at 6-month follow-up [37]. Ki at
al. noted a significant improvement in step length and support
response of the paretic lower limb during training with BFB
while walking in stroke patients [37]. The use of audiovisual
BFB targeting anterior ground reaction forces (AGRF) can
cause a significant improvement in AGRF in the paretic leg
without changing this option in the non-paretic low limb [38].
Despite the proven effectiveness of BFB in restoring specific
gait impairments of the paretic lower limb in after-stroke pa-
tients, the modes of BFB, as well as strategies for improving
gait and motor retraining, are not clearly defined.

According to the literature, the inclusion of NFES or
BFB-stabilometric training in the complex rehabilitation of
patients in the early recovery period of BS is more effectively
increase daily activity compared with standard methods, such
as traditional kinesiotherapy [1, 3—4, 24-25].

Our study focused on the use of NFES in combination
with BFB-stabilometric postural control in the recovery of
patients with post-stroke stato-locomotor disturbances. This
approach is not presented in the literature.
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Purpose of the study: to evaluate the effectiveness of a
complex rehabilitation program with NFES and BFB-stabi-
lometric postural control in patients with post-stroke motor
disturbances in the chronic period of ischemic stroke (IS).

Material and methods

The study included 87 patients in the chronic period of IS,
41 women and 46 men, aged 45 to 75 years (mean 58.4+6.4
years). The duration of a stroke ranged from 181 to 356 days,
averaging 228.59+31.9 days; patients with a stroke duration
of 180272 days prevailed (71.2 %). Hemispheric localization
of the lesion was observed in all patients: in the right hemi-
sphere —in 44.8 %; in the left—in 55.2 %; The diagnosis was
verified by CT or MRI of the brain. The main reasons for the
development of IS were hypertension, atherosclerosis, and
their combination.

The inclusion criteria for the study were: age from 45 to
75 years; the presence of mild or moderate monoparesis of
the lower limb/hemiparesis; chronic period of IS, the patient’s
ability to independently (without support) maintain balance
when standing for at least 2 minutes, mild cognitive disor-
ders, the absence of the osteoarticular system pathologies
and severe visual impairment that prevent the study; signed
informed consent.

The exclusion criteria were: the presence of an implant-
able pacemaker; benign and malignant neoplasms; epilep-
sy; somatic diseases decompensation; unstable angina and
paroxysmal cardiac arrhythmias; increased excitability of
the patient, intolerance to minimal electrical irritations; the
impossibility of obtaining a contraction of the muscles of
the lower limb under electrical action within the limits of
tolerable pain sensations; acute neurological diseases of the
spinal cord and its roots; acute infectious diseases; acute
thrombophlebitis of deep and superficial veins of low limbs;
the muscle contractures in the knee and ankle joints; lower
paraparesis; pregnancy and lactation.

All patients received medical therapy according to the
standards of specialized medical care; physical therapy, ki-
nesiotherapy, psychotherapy.

The subjects were randomly divided into 2 groups.

The first, main group included 52 patients with chronic
IS, who underwent NFES and BFB-stabilometric training.

Table 1
Methods used in the study

Examination methods

The 6-point Medical Research Council

Scale for assessing muscle strength: MRCS;
Modified Ashworth Scale: MAS (0 to 4 points),
10 meter walking test

Tinetti scale stabilometry

Walking Difficulty Global Score - On a scale
of 1 (no sign) to 4 (most severe), the following

Studied function

State of the locomotor
system

Postural disturbances

Comprehensive L A .
characteristics of the patient’s walking are

assessment of motor ” - .

el assessed: unsteadiness, effort required to

walk, impression of pain, difficulty moving in

general; biomechanics of movements
Cognitive functions MMSE (Mini-Mental State Examination)

Presence and severity
of depression

Functional
independence

Life quality assessment

Hospital Anxiety and Depression Scale HADS

Index Barthel

EuroQol EQ-5D-5L (version 1.0, 2011)

The second comparison group consisted of 35 patients with
IS, who did not include the two above—mentioned methods.
The main group and the comparison group were the same
age-sex composition, clinical manifestations.

The biomechanical study was performed on the Trust-M
hardware and software system (‘Nevrokor’, Moscow). Methods
of gait and main stance analysis were used — stabilometry. The
gait was studied by temporal, kinematic parameters and support
reactions. The NFES technique was carried out on the simulator

‘Correction of Movements ‘Trust M’ (‘Nevrokor’, Moscow)
according to the standard scheme. The duration of the training
was 20-30 minutes, 15 sessions (3 times a week, 5 weeks).

The balance and movement impairments were correct-

ed by the method of BFB-exercises on the stabiloplatform
‘Trust-M’ (‘Nevrokor’, Moscow). Romberg’s test was carried
out according to the European version of the installation of the
feet (heels together, toes apart at an angle of 30 degrees) in 2
phases: with open (OE) and closed (CE) eyes. Each phase of
the study lasted 30 seconds. For the comparison with the norm
the general standard values proposed by D. V. Skvortsov were
used [39]. It was used static (‘Target’) and dynamic (‘Man’)
BFB-tests with an exposure of 20-30 minutes, 3 times a week
for 5 weeks. The BFB- training was performed in the first
half of the day, before the NFES, to minimize the impact of
external factors. At the end of the BFB-training course control
stabilometry study was performed for dynamics.

The examination was carried out at baseline, before the
start of therapy (Ist visit), after 3 weeks of therapy (2nd visit),
after 5 weeks from the start of rehabilitation (3rd, final visit)
using different methods and scales (Table 1). Side effects and
adverse events were evaluated at each visit.

Statistical analysis of the data included a comparison of
dependent and independent series of variables and methods
of descriptive statistics. The type of data distribution was
assessed using the Shapiro-Wilk test. Parametric quantitative
data were represented by mean values and standard error of
the mean (M+m). Nonparametric quantitative and rank vari-
ables were presented as median and interquartile range: IQR
(Me [P25; P75]). The validity of differences was determined
using Student’s t-test. The differences between qualitative bi-
nary traits were assessed using the y? criterion. The statistical
significance level was accepted as p=0-05. Nonparametric
Spearman correlation test was used to reveal the relationship
between two features. The results obtained were processed
using the licensed software Statistics 7.0 and Microsoft Excel.

Results

All patients completed the study.

At the initial examination, patients had pyramidal (from
reflex to moderate hemi- and monoparesis) and sensory im-
pairments (superficial sensitivity like hypo- and anesthesia),
varying severity ataxia, as well as vestibular (both peripheral
and central) disturbances.

A manual study revealed a deficiency of muscle function
in the quadriceps, gluteal muscles (100 %), leg flexors (73.6 %),
tibia (100 %) and gastrocnemius (67.8 %) muscles. Lameness,
impaired transfer of the affected limb was noted in 100 % of
cases; in 37.9 % of patients, foot rolling was impaired, 42.5 %
of patients used additional means of support.
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Changes in the biomechanics of gait in patients were nonspe-
cific of a decrease in the pace of the step. In addition, functional
consequences of insufficiency of the quadriceps femoral muscle
in the form of passive closure of the knee joint and insufficiency
of the triceps tibia muscle were found. It was shown a decrease
in the amplitude of repulsion of the longitudinal component
of the support reaction and a decrease in the amplitude of
plantar flexion of the ankle joint; asymmetry of the periods of
the step cycle; decreased stability, which was accompanied by
a deviation of the center of pressure (CP) to the healthy side.
The position of the CP in the sagittal plane was characterized
by a forward displacement of about 9 mm. The oscillations
of the CP exceeded the norm in both the frontal and sagittal
planes; the area of the statokinesiogram exceeded the norm in
both phases of the study. Patients’ energy consumption was
increased, especially during the CE-phase. In patients with
lower monoparesis or hemiparesis, a significant changes in the
standard deviation of the CP in the frontal plane were regarded
as a markers of pathological posture (the transfer of the center

Table 2

Dynamics of indicators of the Global assessment of difficulty in
movement scale in complex rehabilitation of post-stroke patients
(number of patients, %)

. Instability, R General
L0 [l unsteadiness Lzt Pain walking
of MR p of efforts : :
of gait difficulties
Main group (n=52)
Before MR
4 points - - 7.1 -
3 points 52,3 81 26,2 47,7
2 points 47,7 19 66,7 523
1 point - - - -
3 weeks
4 points - - - -
3 points 45,3 66,7 333 42,9
2 points 54,7 333 66,7 57.1
1 point - - - -
p 0,19 1,0 0,46 0,07
X2 1,67 0,0 0,53 3,13
5 weeks
4 points - - - -
3 points 33,3 57,1 9,6 26,2
2 points 66,7 42,9 83,3 73.8
1 point - - 71 -
p <0,001* <0,001* <0,001* <0,001*
X2 7.68 13,4 228 7.03
Comparison group (n=35)
Before MR
4 points - Ny ¢ =
. 52 80 28
3 points 8 20 o4 48
2 points 52
1 point B - : -
3 weeks
4 points - - 4 -
3 points 48 68 28 40
2 points 52 32 68 60
1 point - - - -
p 0,57 0,052 0,5 0,25
X2 03 3,72 1,455 1.3
5 weeks
4 points - - - -
3 points 32 58,0 20 28
2 points 68 42,0 76 72
1 point - - 4 -
p 0,005* <0,001* 0,003* 0,004*
X2 82 0,53 14,33 8,5

Note: the reliability of the differences is p —initially and at a certain point
in the study; * p<0.05.

of gravity to a healthy ‘nonparetic’ limb or, in some cases, to
the affected limb with a moderate degree of spasticity).

When assessing postural disorders on the Tinetti scale,
mild motor disorders were detected in 63.2 % and moderate —
in 36.8 % of cases. After a course of medical rehabilitation
(MR) positive dynamic was observed in patients of both
groups. There were an increase in strength in the paretic limb,
its involvement in the process of orthostasis. The difference
of tendon reflexes, the severity of the vestibuloatactic syn-
drome decreased. Balance tests and the patient’s stability in
the Romberg position were normalized.

After 5 weeks it was shown a decrease in spasticity scores
according to the Ashworth scale in the distal lower limb.
However, these changes were not statistical significance
(p>0.05). At the end of the course of NFES there were the
increase in muscle strength averaged 0.5—1 point, in 54.7 %
of patients at the time of the procedure, a more correct foot
placement on the support.

By the 5th week of therapy, a statistically significant in-
crease in walking speed was observed in patients of the main
group (from 73.6 to 56.2 s; p<0.05).

A study of the Global assessment of walking difficulties
after 5 weeks MR revealed a statistically significant improve-
ment in all indicators (7able 2).

Functional movement improvement was confirmed by the
results of the Tinetti scale. In patients of the main group, mild
and moderate statolocomotor disturbances were registered in
52.3% and 9.5 % of cases; normal motor activity was recorded
in 38.2 % of patients. In the comparison group, these figures
were 68 %, 12% and 20 %, respectively.

Posturological parameters in the main group after com-
plex NFES and BFB- stabilometric training rehabilitation
were presented in Table 3. There was a significant (p<0.05)
decrease in the area of the statokinesiogram and a decrease in
the deviation of the total CP in the sagittal plane. Such a result
can be considered as an objective increase in the stability of
patients. The Romberg coefficient decreased, which indicated
the restoration of deep proprioceptive sensitivity. In patients
with low-limb paresis, the index of the position of the common
CP in the frontal plane improved (p<0.05) when performing
functional tests (regression of paresis and postural asymmetry).
There was a trend towards a decrease in the speed of movement
of the CP (indicator of general stability). Thus, the stabilogram
restructuring coincided with the clinical regression of statolo-
comotor impairments.

In the comparison group, a positive dynamics of indicators
was also observed (7able 3). The CP leveled out in both planes
(significantly along the X axis), the area of the statokinesio-
gram decreased, the speed of CP movement decreased, the
Romberg coefficient normalized significantly. These changes
indicated a decrease in paresis and an increase in the overall
stability of patients. By the end of the study in the main group,
the length of the statokinesiogram decreased by an average of
27.4% with OE and by 30 % with CE (596.77+89.6) and the
area of the statokinesiogram decreased by 50.7 % compared
with the beginning of treatment (p <0.05). In the comparison
group the changes were not statistically significant.

In general, the data obtained indicate a more pronounced
improvement in resistance parameters in main group patients.
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Table 3

Dynamics of motor disfunction during complex rehabilitation of post-stroke patients of two groups

Data

Main group (n=52)

Tinetti scale, fotal score
Tinetti scale, stability subscale, points
Tinetti scale, gait subscale, points
Length of the statokinesiogram, mm
Area of the statokinesiogram, mm?

Area of the statokinesiogram, mm? (CE)
Frequency of oscillations in the sagittal plane, Hz
Frequency of oscillations in the frontal plane, Hz

Romberg Coefficient

lpynna cpasHeHus (n=25)

Tinetti scale, total score
Tinetti scale, stability subscale, points
Tinetti scale, gait subscale, points
Length of the statokinesiogram, mm
Area of the statokinesiogram, mm?

Area of the statokinesiogram, mm? (CE)
Frequency of oscillations in the sagittal plane, Hz
Frequency of oscillations in the frontal plane, Hz

Romberg Coefficient

Before 5 weeks p
19.3+3,4 27,4+28 p=0,045*
102+28 15,72 2,65 p=0,2

9,66 £3,45 11,63+£3,2 p=0,67
852,53 £84,3 618,12+ 91,2* 0,049
576,7£93,6 292,2 +100,2* 0,049
576,44+53,63 369,42+62,22 0,014

1,27 £0,36 1,14£0,41 0,84

2,78+0,86 2,16+0,92 0,65

55,8+6,81 95,2+6 47* p=0,002
19.8+238 254+27 p=0,15
10,5+3,0 14,58 2,95 p=0.4
98+3,1 11,33+3,0 p=0,7
872,53+ 92,07 699,71+ 98,23 0.21
554,7 £100,5 309,47 +£101,8 0,09
581,4+53,63 471,74+58,6 0,17
1,3+0,42 1,24+0,36 0,92
2,79+1,01 2,30£1,09 0,78
56,9+6,88 73,1%6,6 0,09

Note: the reliability of the differences is p —initially and at a certain point in the study; * p<0.05.

As aresult of the MR, there was a positive dynamics in the
neurodynamic (p>0.05) and regulatory functions (p>0.05) in
patients of both groups. There were no intergroup differences
in the total MMSE score in the two groups throughout the
study (p>0.05).

The assessment of psychoemotional disturbances by the
HADS scale revealed 12 patients with moderate anxiety
(13.7%); 55 patients (63.2 %) with mild anxiety and depressive
disorders and 12 patients (13.7 %) with ‘obvious’ depression.
Moderate impairments of the anxiety-depressive series were
present in patients with severe motor disfunctiuon that reduce
daily activity and the ability to self-care. After 5 weeks of MR,
the average score of anxiety and depression on the HADS
scale decreased in most patients (Table 4). Changes in anxiety
and depression indicators on the HADS scale were associated
with improved walking characteristics.

Statistically significant dynamics of the Bartel index total
in patients of the main group was due to an increase in move-
ment criteria scores (climbing stairs —46 % increase in 5 weeks,
transplanting —40 %, walking — 80.6 %) and self-service skills
(eating 54 % increase in 5 weeks, taking a bath—60 %, using
toilet—46 %). In the comparison group, similar dynamics were
observed but were not statistically significance.

A similar dynamic was observed in quality of life ques-
tionary. In the main group, the changes reached a degree of
statistical significance.

The overall Bartel score significantly correlated with the
HADS score (r=-0.68, p<0.05) and MMSE (r=0.49, p<0.05)
after 5 weeks of MR The overall score of the EQ-5D scale
after 5 weeks significantly correlated with the MMSE score
(r=0.47; p<0.05), the HADS depression subscale after 5 weeks
of MR(r=-0.28; p<0.05).

During NFES and BFB-training there was no destabili-
zation of systemic hemodynamics. So, this technology can
be used in patients with cardiovascular diseases.

Discussion

BS often leads to motor impairments characterized by
a mediolateral deviation towards the intact lower limb and
greater instability of the PC [40]. These dysfunctions lead
to balance disorders [4, 8—11], which are responsible for an
increased risk of falls and a lower level of activity and par-
ticipation in stroke patients [10—11]. Balance is associated
with the ability to move and the quality of life [40]. Moreover,
balance is a predictor of the possibility of walking recov-
ery, and is also potentially changed by physical activity [4,
8—11, 40]. The development of rehabilitation technologies
to improve balance and walking function is relevant for
patients with BS.

The necessary stability in the vertical position of post-
stroke patients is realized by consistent training of patients
in standing and walking conditions. A MR-complex with the
inclusion of NFES and BFBstabilometric postural training
significantly improve the function of walking by the restoring
a motor stereotype and the correct placement of the foot on
the support. The clinical effect was observed 3 weeks after
the start of MR, reaching a maximum by the 5th week. There
was a decrease in the severity of pain in the paretic limb.
The game accent during the use of BFB required mental
efforts from the patient. Thus, there were shown significant
positive changes in impaired cognitive functions, as well as
indicators of anxiety and depression after the course of NFES
and BFB-training.

In the study, there were improved limb support, increased
walking speed, exercise tolerance, improved psychoemotional
state and quality of life of the after-stroke patients.

Conclusions

1. The patients in the chronic period of IS demonstrate a
pathological type of stance, which is confirmed by devia-
tions in computer stabilometry. Deviation of the common
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CP in the frontal plane indicates the presence of paretic
disorders; an increase in the area of the statokinesiogram
confirms the presence of atactic syndrome.

. The stabilometric estimation indicates the high effect

of rehabilitation training with stabilometric platform in
achieving static stability in patients in the chronic period
of alS.

. The effect of complex NFES and BFB-stabilometric train-

ing in the chronic period period of a stroke is confirmed
by the Tinetti scale: in 67 % of cases, gait and standing
process are normalized in patients with mild disorders,
which is 2 times higher than in the group comparisons.
The BFB-based methods in the complex rehabilitation
leads to earlier social adaptation of the patient and resto-
ration of the impaired balance function.

The positive effect of complex rehabilitation with the

NFES and BFB-computer stabilometry on statolocomotor
disfunction in patients in the chronic period of IS has been
proven. The study justifies its use in the MR of an after-stroke
motor defect.
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FEATURES OF HUMAN MICROFLORA AND LOCAL IMMUNITY
IN AN ARTIFICIAL ENVIRONMENT

llyin V., Solovyova Z., Sheblayeva A.

Federal State Budgetary Scientific Institution Russian State Scientific Centre —Institute of Medical
and Biological Problems of the Russian Academy of Sciences

SUMMARY

The article shows the role of exfreme influences on the development of pathological changes in the dento-
mandibular system. The possibility of developing a system of preventive measures non-biocidal action, mainly

using probiotics, in particular autoprobiotics is considered.

Infroduction. Artificially modified habitats are created by humans when they learn the nature of things that lie outside
the everyday conditions of existence. This primarily concerns the exploration of space, the ocean and the Earth'’s
interior. To meet these challenges, artificial anthropo-ecosystems with modified habitat parameters are created.
Under such altered conditions, the phylogenetically established coactant relationships of the human-micro-organism
ecological system undergo changes. It fakes the form of a syndrome of impaired colonization resistance [1].

The aim of the work was to characterise the three main barriers to infection that form in humans: defence group
microflora, covering tissues and immunity, in conditions of isolation in hermetically sealed objects with altered
environments in long-duration diving, in conditions simulating several factors of space flight (isolation and

hypokinesia) and in spaceflight conditions.
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