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Abstract

Background: As neurological conditions are considered the
leading cause of disability and the second leading cause of
death worldwide, it is necessary to respond to their
increased burden by introducing new medical technologies
enabling safe, effective and time-saving rehabilitation.

Materials and methods: A total of 39 neurological patients
from 3 indication groups (neuromuscular diseases and
disorders, paresis after stroke and postoperative/post injury
states of CNS and PNS) completed a treatment program
involving six body-weight supported treadmill exercise
sessions combined with conventional rehabilitation.
Symmetry indexes of gait parameters (stance time, step
length, step time, swing time, swing/stance time ratio and
weight loading proportion) measured during the first and
last session were statistically processed and evaluated.

Results: The asymmetry of all monitored gait parameters
improved statistically significantly within the entire cohort
of treated patients by 40%, 50%, 61%, 62%, 67% and 68% in
terms of stance time, step length, step time, swing time,
swing/stance time ratio and weight loading proportion,
respectively. The comparison of the indication groups
shows that post-stroke patients achieved the highest
average improvement across all gait parameters.

Conclusion: The research was the first to prove the
effectiveness of Body-Weight Supported Treadmill (BWST)
therapy in restoring gait symmetry in neurological patients.
Presented findings predispose BWST therapy to become
an integral part of the gait retraining program already in
the early phase of rehabilitation.

Keywords: Treadmill rehabilitation; Gait parameters; Neuro-
muscular diseases; Neurological conditions; Neurological
disorders

Introduction

With the growth and aging of the population, there is a global
increase in the prevalence of neurological disorders and the
associated demands for treatment, rehabilitation and supportive
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care of neurological patients. Given that neurological conditions
are considered the leading cause of disability and the second
leading cause of death worldwide, it is necessary to respond to
their increased burden by introducing new medical technologies
enabling safe, effective and time-saving rehabilitation [1]. The
main limitations of these patients are difficulties with walking
and above all the loss of mobility, which represents the most
valued activity [2]. Up to 60% of neurological patients suffer
from impaired mobility caused by gait and balance disorders.
These limitations can have a major impact on the patient's
independence in performing daily activities, his involvement in
social life and overall quality of life. Gait impairment in
neurological patients is often associated with an increased risk of
falling, subsequent musculoskeletal injury and risk of death [3].
Up to 46% of neurological patients experience one or more falls
per year and the incidence of falls is approximately 2-4 times
higher than in healthy individuals of the same age. Existing
clinical research suggests a possible link between fall risk and
some gait parameters and their between-limb asymmetry [4].

Identical behavior of the limbs during the gait cycle leads to a
symmetrical gait pattern, which, however, can be disturbed due
to pain or as a result of underlying impairment. In the long term,
the persistence of an asymmetric gait pattern can lead to the
development of associated musculoskeletal problems. For
example, the uneven distribution of limb load in post-stroke
patients leads to a loss of bone mineral density in the paretic
limb, patients with unilateral amputation or osteoarthritis may
suffer from low back pain, osteoarthritis or even amputation of
a healthy limb. The design of the gait retraining protocol should
therefore be designed in such a way that gait asymmetry is
reduced or completely eliminated already in the early phase of
rehabilitation [5].

Due to the health limitations of neurological patients and
their increased risk of falls, the Body-Weight Supported
Treadmill (BWST) is the only suitable method of gait retraining.
During walking, the patient's lower half of the body is ixed in an
overpressure chamber, which allows partial or complete relief of
his body weight and at the same time makes it impossible to fall.
The elimination of overloading of the lower limbs reduces the
need for the patient to compensate for the movement with an
uneven load and thus allows the restoration of the symmetrical
pattern earlier compared to standard overground rehabilitation.


http://www.imedpub.com/
https://www.imedpub.com/neurodegenerative-diseases-disorders/

2024

Journal of Neurodegenerative Diseases and Disorders

The BWST principle of gait symmetry restoration was confirmed
in patients recovering after total joint replacement surgery and
in a case series study also in patients with various neurological
disorders [6-8]. Although there are studies focusing on the effect
of BWST on gait asymmetry in post-stroke patients, there is
practically no evidence of a positive impact of this therapy on the
symmetry of gait parameters during the gait retraining program.
While Hassid et al. rather focused on evaluating the correlation
between BWST therapy settings and single limb stance time ratio
and loading ratio, Combs et al. were not able to demonstrate a
positive effect of BWST on gait symmetry restoration for any gait
parameter [9,10]. Despite the absence of direct evidence of
asymmetry improvement in neurological patients, the benefit of
BWST therapy has been demonstrated in patients with multiple
sclerosis, spinal cord injury, cerebral palsy, Parkinson's disease
and post-stroke survivors [11-21].

The primary aim of the present study is to evaluate the effect
of BWST therapy on the reduction of gait asymmetry in
neurological patients. A secondary aim is to compare the results
across various neurological diseases: Post-stroke paresis,
neuromuscular disease and postoperative/post injury states of
the Central Nervous System (CNS) or Peripheral Nervous System
(PNS). This research is unique in its scope, allowing mutual
comparison of effectiveness for individual neurological
conditions. Clinical evidence in this regard is still insufficient as
there is a complete lack of research into the effect of BWST on
gait asymmetry in patients with neuromuscular diseases or post-
operative conditions of CNS or PNS.

Materials and Methods

Patients suffering from one of three neurological disorders
neuromuscular disease, post-stroke paresis or after surgery/injury
of the CNS or PNS were recruited. Patients who, in addition to a
neurological disorder, also suffered from some contraindication
bronchial asthma, angina pectoris, severe cardiovascular disease,
disc herniation, pregnancy, epilepsy or any conditions with
increased abdominal pressure were excluded. Before starting the
treatment program, all patients were properly informed about its
course and possible risks and were then asked to sign an informed
consent. The study met the criteria of the 1975 declaration of
Helsinki Ethical Guidelines adopted by the Convention on Human
Rights and Biomedicine of the Council of Europe (1997) and by the
General Assembly of the World Medical Association (1997-2000)
[22].

As this is the very first study on neurological patients, it was
not possible to estimate the sample size based on the published
results. For that reason, the minimum number of patients was
estimated based on research performed on patients with
musculoskeletal disorders at least 33 patients were required to
detect statistical significance of 0.05% with a power of 80% [6,7].

As part of the treatment program, participants completed 6
BWST gait retraining sessions followed by conventional
rehabilitation. These combined sessions were scheduled three
days apart and data acquisition using pressure sensors (H8C cell
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load) integrated within the treadmill path was part of each BWST
exercise. In the current research, a positive pressure BWST (BTL
Industries, Ltd.) was used, which, unlike its predecessors, does
not create a tensile force on the patient due to suspension vests
and other accessories. The principle of positive pressure enables
completely natural walking without a negative effect on gait
parameters [23]. Before the start of the therapy, the patient is
fixed in an inflatable bag surrounding the treadmill path and the
lower half of the patient's body. Special shorts equipped with a
half zipper, which can be zipped into the bag opening, are used
for this purpose. The device is then calibrated to the patient's
weight and adjusted to their physical and health capabilities. It
enables adjusting treadmill inclination in the range of 0%-15%,
unweighting element in the range of 0%-100% and speed from
-8 km/h to 25 km/h. The settings are adjusted by the operator
before each session and at least minimal patient progress is
assumed during each exercise. During the therapy, the inflatable
bag is inflated and thereby lightens the patient's weight by the
desired proportion. The patient can thus fully concentrate on
walking correctly without fear of overloading or falling.

Gait parameters including stance time, step time, step length,
swing time and weight bearing proportion were recorded for the
left and right limbs. The values measured during the first and last
exercise session were used to evaluate BWST effectiveness.
Subsequently, the swing/stance time ratio was determined and
the Symmetry Index (SI) was calculated for all values using the
following formula:

2X(PR—PL)
(Pr+P)

SI= x 100

Where:

Pr=Value of the parameter measured on the right or affected
limb, if it was possible to determine this side in the patient.

P.=Value of the parameter measured on the right or
unaffected limb, if it was possible to determine this side in the
patient.

While SI level=0% means complete symmetry, Sl level=100%
corresponds to complete gait asymmetry.

Data processing for the purposes of visual representation and
statistical evaluation was performed in the Matlab programming
environment using a custom written script. (MatLab R2010b,
Mathworks, Inc., Narick, MA, USA). In the first step, the data
were tested for normality using the Shapiro-Wilk test. As the
normal distribution was rejected, the statistical significance of
the achieved result of the treatment program was evaluated by
the non-parametric Wilcoxon Sign Rank test.

Results
The total number of 40 recruited patients with various
neurological disorders, 39 completed the entire treatment

program. One patient did not complete the full study course due
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to his decision not to participate in the study any further. During the the therapy was generally well accepted. The distribution of indi-
entire program, none of the patients experienced any side effects;  vidual indications and patient demographics are shown in Table 1.

Table 1: Demographics and distribution of indications in study participants.

Total number Gender, male/female Age, mean (SD)
Neuromuscular diseases and| 22 12/10 61.86 (11.43)
disorders
Paresis after stroke 8 5/3 73.63 (8.53)
Postoperative/post injury states| 9 5/4 45 (4.61)
of CNS and PNS
Total 39 22/17 60.38 (13.58)

A comparison of symmetry index values for individual gait indication groups. The evaluation of the results within the entire
parameters measured during the first and last session across treated cohort showed a statistically significant improvement in
individual neurological indications is shown in Table 2. Improve- gait symmetry for all monitored gait parameters.
ment in asymmetry was noted for all gait parameters across all

Table 2: Development of gait asymmetry in terms of symmetry index for individual indication groups during the treatment program.
A value of P<0.05 determined using the Wilcoxon sign rank test is considered statistically significant.

Gait parameter Indication Before After Improvement (%) P
Stance time Sl Neuromuscular 12.06 4.86 59.72 <0.001
diseases and
disorders
Paresis after stroke | 11.78 3.6 69.43 0.016
Postoperative/post | 15.84 5.44 65.67 0.02
injury states of CNS
and PNS
Total 12.73 4.96 61.01 <0.001
Step length SI Neuromuscular 5.03 2.99 40.58 0.073
diseases and
disorders
Paresis after stroke | 7.57 4.08 46.11 0.109
Postoperative/post | 9.52 5.41 43.24 0.04
injury states of CNS
and PNS
Total 6.06 3.64 40 0.002
Step time SI Neuromuscular 15.17 7.71 49.19 0.019
diseases and
disorders
Paresis after stroke | 14.88 5.48 63.2 0.016
Postoperative/post | 14.42 9.46 34.36 0.027
injury states of CNS
and PNS
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Total 14.42 7.15 50.39 <0.001
Swing time Sl Neuromuscular 24.93 14.28 42.71 <0.001
diseases and
disorders
Paresis after stroke | 29.32 9.12 68.9 0.008
Postoperative/post | 24.4 6.96 71.46 0.02
injury states of CNS
and PNS
Total 25.16 9.49 62.31 <0.001
Swing/stance time Sl | Neuromuscular 34.89 12.51 64.14 <0.001
diseases and
disorders
Paresis after stroke | 41.61 12.22 70.64 0.008
Postoperative/post | 38.17 10.96 71.3 0.012
injury states of CNS
and PNS
Total 37.63 11.89 68.39 <0.001
Weight bearing Neuromuscular 12 4 66.67 <0.001
proportion Sl diseases and
disorders
Paresis after stroke | 10 4 60 0.09
Postoperative/post | 12 8 33.33 0.02
injury states of CNS
and PNS
Total 12 4 66.67 <0.001
Unaffected/Left limb Affected/Right limb
: I
Stance time Pe——————
I
The between-limb difference in stance time decreased AFTER [
statistically significantly during the treatment program in the BEFORE
entire patient cohort as well as within the individual indication AFTER
groups. Post-stroke survivors experienced the greatest reduction BEFORE
in asymmetry, patients recovering from neuromuscular diseases AFTER
and disorders experienced the smallest reduction, still achieving 0% 25% 50% 75% 100%

almost a 60% improvement (Table 2). While the decreasing
trend of the between-limb difference in stance time is visualized
in Figure 1, the development and distribution of the symmetry
index data across the indication groups are shown in Figure 2.
From Figure 3, it can be seen that out of a total of 39 patients,

Figure 1: Visualization of the average values of the stance
time parameter for affected (if possible to determine) or
right limb versus unaffected or left limb across individual
indication groups. It is noticeable that the between-limb
difference found during the first BWST therapy (before) is

only 6 patients did not experience improvement and therefore,
it can be concluded that almost 85% of patients improved their
gait symmetry from the standpoint of the stance time para-
meter.

significantly greater than during the last session (after).
Note: (' B): Neuromuscular diseases and disorders; ( @ ):
Paresis after stroke; (@ ): Postoperative/post injury states
of CNS and PNS.
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Figure 2: Box plot graph showing the evolution of the
stance time symmetry index distribution during the first
(before) and last (after) BWST session for individual
indication groups.

Note: (#®): Neuromuscular diseases and disorders; ( @ ):
Paresis after stroke; ( @ ): Postoperative/post injury states
of CNS and PNS.
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Figure 3: Dots on the scatter plot represent patients with
individual indications who experienced improvement
(below the line) or deterioration (above the line) in the
stance time symmetry index during the treatment
program. Dots placed directly on the line indicate patients
with no or negligible improvement/deterioration.

Note: ( @ ): Neuromuscular diseases and disorders; ( @ ):
Paresis after stroke; ( @ ): Postoperative/post injury states
of CNS and PNS.

Step length

Although an improvement in step length asymmetry was
noted within the entire cohort of neurological patients, in some
indication groups this improvement did not reach statistical
significance, specifically in patients recovering from neuro-
muscular diseases and disorders and in post-stroke patients. It
can be seen from Figure 4 that these two indication groups
already showed a minimum level of between-limb difference in
step length before the start of the treatment program. In its
course, an average improvement of 40% was recorded (Table 2),
which is also confirmed by the decreasing trend of the symmetry
index in Figure 5. A total of 10 patients did not experience
improvement and therefore almost 75% of patients experienced
a reduction in step length asymmetry (Figure 6).

© Copyright iMedPub
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Unaffected/Left limb Affected/Right limb

BEFORE
AFTER
BEFORE
AFTER
BEFORE
AFTER

0% 25% 50% 75% 100%

Figure 4: Comparison of average step length values for
affected (if possible to determine) or right limb versus
unaffected or left limb across individual indication groups.
The between-limb difference has a decreasing trend when
comparing values measured during the first (before) and
last (after) BWST sessions.

Note: ( #): Neuromuscular diseases and disorders; (@ ):
Paresis after stroke; ( @ ): Postoperative/post injury states
of CNS and PNS.
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Figure 5: Box plot graph showing the evolution of the
step length symmetry index distribution during the first
(before) and last (after) BWST session for individual
indication groups.

Note: (@ ): Neuromuscular diseases and disorders; ( @ ):
Paresis after stroke; ( @ ): Postoperative/post injury states
of CNS and PNS.
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Figure 6: Dots on the scatter plot represent patients with
individual indications who experienced improvement
(below the line) or deterioration (above the line) in the
step length symmetry index during the treatment
program. Dots placed directly on the line indicate patients
with no or negligible improvement/deterioration.

Note: ( @): Neuromuscular diseases and disorders;
( ®): Paresis after stroke; ( @ ): Postoperative/post injury
states of CNS and PNS.
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Step time

Patients of all indication groups reported a statistically
significant improvement in step time asymmetry during six BWST
sessions by an average of 50%. While the largest reduction
exceeding 63% was recorded by post-stroke patients, the least
significant improvement was observed in patients after CNS and
PNS surgery or injury, by almost 35% (Table 2). These findings
are not entirely consistent with Figure 7 showing the largest
mean between-limb difference in patients after PNS and CNS
injury or surgery. A simple explanation is provided by the fact
that in this type of injury, the affected part of the body and
therefore the affected limb is relatively easy to determine and
therefore the between-limb difference can be more striking. The
decreasing trend of step time asymmetry for all indicator groups
is also confirmed in Figure 8, which enables comparison of the
symmetry index data distribution. Almost 80% of patients
noticed an improvement in step time symmetry during the
treatment program, which leaves only eight patients without a
positive change in step time asymmetry (Figure 9).

Unaffected/Left limb Affected/Right limb

BEFORE
AFTER
BEFORE

AFTER

BEFORE
AFTER

0% 25% 50% 75% 100%

Figure 7: Average step time values for affected (if possible
to determine) or right limb displayed against unaffected or
left limb across individual indication groups. A decreasing
trend in between-limb difference is noticeable when
comparing values measured during the first (before) and
last (after) BWST sessions.

Note: ( »): Neuromuscular diseases and disorders; ( @ ):
Paresis after stroke; ( @): Postoperative/post injury states
of CNS and PNS.
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Figure 8: Visualization of the distribution and evolution of
step time symmetry index data using a box plot graph.
Before values represent data obtained during the first
BWST session, after values during the last BWST session.
Note: ( @ ): Neuromuscular diseases and disorders; ( @ ):
Paresis after stroke; ( @ ): Postoperative/post injury states
of CNS and PNS.
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Figure 9: Visualization of the progression of step time
asymmetry in individual patients using a scatter plot. The
dot of the corresponding color represents the patient
from the given indication group and the central black line
represents the threshold determining the degree of
improvement/deterioration during the therapy course.
While dots placed below the line express patients who
experienced improvement, dots above the line point to
those who, on the contrary, noticed deterioration.

Note: ( ® ): Neuromuscular diseases and disorders; ( @ ):
Paresis after stroke; ( @ ): Postoperative/post injury states
of CNS and PNS.

Swing time

Swing time asymmetry improved statistically significantly in
patients of all indication groups by an average of 62% (Table 2).
This trend is confirmed by the swing time ratio of both limbs
shown in Figure 10 and the box plot graph visualizing the
distribution of the swing time symmetry index in Figure 11. Out
of the total number of 39 patients, only 6 remained without
improvement, which means that almost 85% of patients
experienced an improvement in swing time asymmetry (Figure
12. Interestingly, positive progress was reported for all post-
stroke survivors who completed the entire treatment program.

Unaffected/Left limb

Affected/Right limb

BEFORE

AFTER

BEFORE

AFTER

BEFORE

AFTER

0% 25% 100%

50%

75%

Figure 10: Comparison of average swing time measured
for affected (if possible to determine) or right limb versus
unaffected or left limb. The between-limb difference was
suppressed during the entire treatment program when
comparing the values obtained during the first (before)
and last (after) treatment session.

Note: ( #): Neuromuscular diseases and disorders; ( @ ):
Paresis after stroke; ( @ ): Postoperative/post injury states
of CNS and PNS.
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Figure 11: Box plot graphs showing the development of
the swing time symmetry index between the first (before)
and the last (after) treatment session.

Note: (@ ): Neuromuscular diseases and disorders; (@ ):
Paresis after stroke; ( @): Postoperative/post injury states
of CNS and PNS.
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Figure 12: Visualization of patients' swing time asymmetry
progression during a BWST treatment program. The center
line represents the threshold distinguishing patients who
experienced improvement (below the line) from those
who reported worsening (above the line).

Note: (@ ): Neuromuscular diseases and disorders; ( @ ):
Paresis after stroke; ( @ ): Postoperative/post injury states
of CNS and PNS.

Swing/stance time ratio

The swing/stance time ratio showed a significant asymmetry
before the start of the treatment program and recorded the
most significant improvement of all the monitored gait
parameters. Asymmetry reduction exceeded 68% across the
treated cohort of neurological patients. For all indication groups,
the improvement reached statistical significance and exceeded
60%. This finding is confirmed by the graphic visualization of the
between-limb difference and the evolution of the symmetry
index data distribution in Figure 13 and Figure 14, respectively.
From Figure 15, showing the improvement achieved in individual
patients, it can be seen that only 5 patients experienced deteriora-
tion during the treatment program and more than 87% of patients
reported a reduction in swing/stance time asymmetry.
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Unaffected/Left limb Affected/Right limb
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Figure 13: Change in swing/stance time ratio between
affected (if possible to determine) or right limb and
unaffected or left limb achieved between first (before)
and last (after) BWST therapy session.

Note: ( B): Neuromuscular diseases and disorders; ( @ ):
Paresis after stroke; ( @ ): Postoperative/post injury states
of CNS and PNS.
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Figure 14: Development of swing/stance time ratio
asymmetry for individual indication groups during the
treatment program. Before graphs represent values
measured during the first and after graphs during the last
BWST session.

Note: (#®): Neuromuscular diseases and disorders; ( @ ):
Paresis after stroke; ( @ ): Postoperative/post injury states
of CNS and PNS.
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Figure 15: Visualization of swing/stance time asymmetry
progression in patients of individual indication groups.
While dots placed below the line indicate patients in whom
a reduction in asymmetry was reported, dots above the
line represent those who experienced worsening.

Note: ( @ ): Neuromuscular diseases and disorders; ( @ ):
Paresis after stroke; ( @ ): Postoperative/post injury states
of CNS and PNS.
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Weight bearing proportion

Asymmetry of weight bearing proportion recorded a
statistically significant decrease across the entire treated patient
cohort. In post-stroke patients, this decrease did reach a 60%
improvement, but the Wilcoxon Sign Rank test did not show
statistical significance. For the remaining indication groups, the
test confirmed a statistically significant improvement in
asymmetry. The decreasing trend of the between-limb loading
difference can be observed in Figure 16 and the decrease in
weight loading proportion asymmetry for individual indication
groups in Figure 17. A total of 10 patients did not notice an
improvement in weight loading asymmetry during the BWST
sessions 4 experienced deterioration and 6 remained at the
same values. Almost 75% of patients showed an improvement in
limb load asymmetry (Figure 18).

Vol.7 No.1:5
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Figure 18: Graphical representation of patients' progress-
ion in weight loading asymmetry achieved during the BWST
treatment program. The center line represents patients
who noted no change, while the dots above the line depict
patients who showed a worsening and the dots below the

Unaffected/Left limb

Affected/Right limb
|

BEFORE

AFTER

BEFORE

AFTER

BEFORE

AFTER

|
0% 25% 50% 75% 100%

Figure 16: Comparison of weight load distribution on
affected (if possible to determine) or right limb and
unaffected or left limb measured during the first (before)
and last (after) BWST session.

Note: ( »): Neuromuscular diseases and disorders; ( @ ):
Paresis after stroke; ( @ ): Postoperative/post injury states
of CNS and PNS.
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Figure 17: Decrease in weight loading asymmetry during
the BWST treatment program. Data were collected
during the first (before) and last (after) sessions.

Note: ( @ ): Neuromuscular diseases and disorders; ( @ ):
Paresis after stroke; ( @ ): Postoperative/post injury states
of CNS and PNS.

line those who, on the contrary, noted an improvement in
weight loading asymmetry.

Note: ( @ ): Neuromuscular diseases and disorders; ( @ ):
Paresis after stroke; ( @ ): Postoperative/post injury states
of CNS and PNS.

Discussion

The present study is the first research on an appropriate
sample size to demonstrate the effectiveness of BWST therapy in
reducing gait asymmetry in neurological patients. These findings
are in line with the proven beneficial impact of BWST therapy in
patients with multiple sclerosis, spinal cord injury, cerebral palsy,
Parkinson's disease and post-stroke survivors [11-21]. The
positive effect on gait asymmetry can be further explained by
the theory and principle of BWST therapy. This therapy enables
exercise with reduced or zero body-weight bearing, allowing
neurological patients to begin a gait retraining program despite
their common muscle weakness and inability to bear full body-
weight [8,24]. The therapy also prevents the patient from falling,
which is one of the key features of walking therapy for
neurological patients suffering from impaired balance. In
general, it can be assumed that once the gait retraining protocol
is designed with regard to suppressing the source of the patient's
need for compensatory behavior, gait asymmetry will be
significantly reduced. This was confirmed in patients after
locomotor system operations, in whom the main cause of
asymmetry is the need to compensate for pain and weakness in
the impaired segment [6,7]. This may not apply to neurological
patients who, in addition to the above-mentioned, also show
limitations of a nervous origin. It can be expected that the very
possibility of integrating walking exercise into their rehabilitation
routine will lead not only to the improvement of gait parameters
but also to the reduction of gait asymmetry. The only existing
practical evidence of the authenticity of this theory is a small-
scale case series study monitoring the progression of gait
asymmetry during the BWST program in 4 neurological patients
[8]. Now the positive effect has been demonstrated in a large-
scale study.

General conclusions cannot be drawn from the comparison of
results between patients of individual indication groups. First,
the sample of patients for the individual groups is not sufficient

This article is available from: https://www.imedpub.com/neurodegenerative-diseases-disorders/
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and second, the between-group difference in the reduction of
asymmetry is not significant. Post-stroke patients achieved the
greatest average improvement across individual monitored gait
parameters, patients with neuromuscular disease or disorder
and those recovering from PNS or CNS injury or surgery also
experienced an improvement exceeding 50%. This finding can be
seen as very promising in the context of neurological
rehabilitation BWST therapy can improve walking asymmetry
and walking parameters in general, regardless of the origin and
nature of the neurological disease.

The main limitation of the present trial is the absence of a
control group that would have completed a stand-alone program
of conventional rehabilitation. It would enable a better
evaluation of the effect of BWST therapy compared to standard
methods. A mutual comparison of efficacy for individual
neurological indications would require a larger sample size. The
present study leaves these goals to future research, which could
also focus on other neurological diseases, e.g., multiple
sclerosis, Parkinson's disease, radicular syndrome, etc. A
detailed analysis of the gait cycle and gait parameters and their
asymmetry could provide information about the course of gait
recovery in the rehabilitation of various neurological
impairments.

A detailed analysis of the gait cycle and gait parameters and
their asymmetry could provide information about the course of
gait recovery in the rehabilitation of various neurological
impairments. The present trial, despite certain shortcomings,
brings revolutionary findings about the possibilities of using
BWST therapy in a gait retraining program for neurological
patients. Complete or partial removal of asymmetry already in
the early phase of rehabilitation represents the promise of
walking recovery, independence in daily activities and
reintegration of patients into society.

Conclusion

The research was the first to prove the effectiveness of BWST
therapy in restoring gait symmetry in neurological patients. The
average reduction of asymmetry exceeding 58% across the
monitored gait parameters in only 6 sessions predisposes BWST
therapy to become an integral part of the gait retraining
program already in the early phase of rehabilitation. It is very
important for patients suffering from a neurological disability to
be able to perform effective walking training without the risk of
falling. The principle and effectiveness of the BWST method thus
represent a unique tool for their independence and return to
normal activities.
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